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ADVERTISEMENT

The present seriei*, entitled " Smithsonian IVIiscellaneous Collections," is

intended to embrace all the publications issued directly by the Smithsonian

Institution in octavo form ; those in quarto constituting the " Smithsonian

Contributions to KnoAvledge." The (piarto series includes memoirs, embrac-

ing the records of extended original investigations and researches, resulting

in what are believed to be new truths, and constituting positive additions to

the sum of human knowledge. The octavo series is designed to contain

reports on the jii'esent state of our knowledge of particular branches of

science; instructions for collecting and digesting facts and materials for

research ; lists and synopses of species of the organic and inorganic world

;

museum catalogues ; rejDorts of explorations ; aids to bibliographical investi-

gations, etc., generally prepared at the express request of the Institution,

and at its expense.

The assignment of a work to one or the other of the tw'o series will some-

times depend upon wdiether the required illustrations can be presented more

conveniently in the quarto or the octavo form.

In the Smithsonian Contributions to Knowledge, as well as in the present

series, each article is separately paged and indexed, and the actual date of

its publication is that given on its special title j^age, and not that of the

volume in which it is placed. In many cases works have been published,

and largely distributed, years before their combination into volumes.

While due care is taken on the part of the Smithsonian Institution to

insure a proper standard of excellence in its publications, it will be readily

understood that it cannot hold itself responsible for the facts and conclusions

of the authors, as it is impossible in most cases to verify their statements.

S. F. BAIRD,

Secretary S. I.
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ADVERTISEMENT.

The following forms the fourth part of a general work on the

" Constants of Nature," of which the first three are as fol-

lows :

Part I and' Supplement.—Specific Gravities, Boiling Points and

Melting Points, by F. W. Clarke.

Part II.—A Table of Specific Heats for Solids and Liquids, by

F. W. Clarke.

Part III.—Tables of Expansion by Heat for Solids and Liquids,

by F. W. Clarke.

The manuscript of the present work has been presented to the

Smithsonian Institution by Mr. G. F. Becker and is published at

the expense of its fund.

' S. F. BAIRD,
Secretary Smithsoyiian Institution.

Washington, August, 1880.
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PREFACE.

Of the fundamental importance of the most accurate

attainable knowledge concerning the true atomic weights

of the elements there can be no two opinions. If the enor-

mous mass of known facts relating to the properties of

matter is ever to be brought under wide generalizations, it

is with the simple substances that a beginning must be

made, and with the simplest property of these substances,

the relative weights of their ultimate particles. Berzelius

held this view and the labors of Mendelejeff, Meyer and

others leave no question as to the fact of a relation between

the atomic w^eights and the properties of simple and com-

pound matter. Accurate information on the subject, how^-

ever, is not easily attainable ; different writers on chemistry

follow different authorities, and some even take a mean
between the results arrived at by experimenters of different

degrees of skill and accuracy, or assume some convenient

number without experimental foundation. Nowhere, to my
knowledge, is there even an approximately complete list of

the determinations that have been made.

Forced back, myself, upon the original memoirs for in-

formation, I believed that I should do other chemists a

service in presenting to them a short but systematic digest

of each investigation on the subject, including the following

points, so far as they could be ascertained : The nature of

the material experimented upon, and the method of its

preparation; the experimental method adopted to effect the

determination, and the number of experiments; the mean
result reached by the experiments, and the extreme differ-

ence between the results; such a record of the constants

employed in the calculation as will enable any one to recal-

culate the results for different constants; and the place in

literature where the original paper is to be found.

The following pages are the result. From the information
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he will find in them, the experienced chemist will, in most
cases, I think, be able to decide which determination offers

the best guarantees for accuracy, or at least between which
determinations his choice must lie, forming his judgment to

a great extent independently of the comparative reputation

of the observers—not always a safe guide where one is, in a
general way, the unquestionable superior of the other—and
no guide at all when the names carry on the whole an equal

weight. As a record of the direction investigations have

taken and of analytical methods of the most exact character

also, I hope that this digest may not be without value.

As this compilation would serve rather to mislead than

to assist investigators, unless it be accurate and practically

exhaustive, it seems proper to explain the manner in which
it has been prepared. Believing it best to work independ-

entl}'' of any previous compilations, I selected as my base

the three great German journals

—

Poggendorjfs Annahny
Liebig's Annalen^ and JErdmann's Journal filr Praktische

Chemie. My choice was determined not only by the posi-

tion these journals take in chemico-physical science, but by
the fact that their indices are admirable, and their tone

cosmopolitan ; all of them, until lately, having furnished

their readers with the scientific news of the time, and with

abstracts from and translations of the important papers

published elsewhere and in whatever language, as well as

with original investigations. The indices of these journals

I read through from beginning to end, making an extract

of every entry which bore on the subject of atomic weights,

or which I suspected might do so. In studying the arti-

cles thus reached, every reference to other atomic weight
determinations was preserved, and the originals, so far as

possible, sought out; a task in which the Royal Society's

Catalogue of Scientific Papers was of the greatest assistance.

Having exhausted the supply of information in these jour-

nals, I turned to Berzelius' Jahresbcricht, and to its continua-

tion edited by Kopp, Liebig et al., and made a study of their

contents by the same method. Later, I made a similar

systematic study of the Amiales de Chimie et de Physique, the

Bericht der Deutschen Chemischen Gesellschaft, tlie Chemical
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News, Fresenius' Zeitschrift fiir Analytische Chemie, the

Journal of the CJiemical Society, the Proceedings of the Royal

Society, and the Philosophical Transactions, and of SiUiman's

American Journal of Science. I have also made some use of

the Philosophical Magazine, and a great deal of use of the

Paris Comptes Rendus. These publications are not so in-

dexed as to make their contents readily available ; but what

appears in the Comptes Rendus is pretty sure to be noticed

elsewhere, and T scarcely think that any determinations

there published have escaped me. I have also made use of

the Bibliotheque Universelle, Archives des Sciences of Geneva,

(an incomplete set, unfortunately,) the Zeitschrift fiir Berg-

Hiltten-und Salinen-Wesen im Preussischen Staate, Thomson's

Annals of Philosophy, Gilbert's Annalen der Physik und der

Physikalischen Chemie, the British Association Reports, tlie

Transactions of the Royal Society of Edinburgh, the Transactions

of the Academies ofBrussels and oi St. Petersburg, andi have con-

sulted numerous works on chemistry, particularly Berzelius'

Lehrbuch der Chemie and Gmelin-Kraut' s Handbuch der Chemie.

I have not thought it necessary, or even desirable, to ex-

tend my search for atomic weight determinations further

back than Wollaston's famous " Table of Equivalents,"

published in the Philosophical Transactions for 1814. It is

true that numerous determinations had been made before

that time, byit, with the exception of those mentioned by
Wollaston, few which can be of either interest or value to

the chemist of the present day, except from a purely histori-

cal point of view. From Wollaston's table onwards, I have

not felt that the purposes of this paper permitted of any
selection between atomic weight determinations, however
valueless many of them might appear to my own judgment.

Indeed, it has cost me more labor to put many ill-made and
ill-reported investigations into proper form for this digest

than was required for a majority of those determinations

upon which I set the highest value. In the attempt to make
a complete collection of the determinations since the time

indicated, a few may have escaped my search ; but, if so,

they must have fallen singularly dead upon the chemical

world, and would be unlikely to repay further labor in seek-
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ing them. On the other hand, I have rigidly excluded

atomic weights calculated from analyses never designed so

to be used. Any chemist, upon whose experiments we
could rely, would proceed in a very difterent manner in

making an atomic weight determination, from that which

he would select for an ordinary analysis, and to put his

credit at stake by calculating atomic weights from analyses

not designed for this use is alike unfair to him and to the

scientific public, which is asked to receive as an atomic

weight determination what really is not such.

The purpose of this paper is distinctly not critical, and

the remarks I have added to, or inserted in, the digest are

simply explanatory. I have, however, frequently mentioned

criticisms -which have appeared in literature when they

seemed pertinent.

As for the accuracy with which the digests have been

made, I may state that the preponderating importance of

this point has been constantly before my mind. In the

effort to crowd the maximum amount of information into

the fewest words, I have had occasion to refer to most of

the papers digested a number of times, and at long inter-

vals. I have always taken advantage of such occasions, as

well as those on which I have met with a reprint, transla-

tion or abstract of a determination, to verify the rough

draughts of my digests. Only in a couple of instances have

I thus discovered a trifling error. On the other hand, I

have been able to detect and point out numerous misprints

and miscalculations in the original sources. While, there-

fore, I cannot hope entirely to have escaped error in tHe

thousands of values I have copied, and the almost equal

number of calculations I have made, I have strong hopes

that the accuracy of this digest will be found at least on a

par with that of the original papers.

When, as is the case with provoking frequency, chemists

have given their analytical data, but have omitted to state

the atomic weights, or other constants, assumed in calculat-

ing their results, I have recalculated their data with accepted

constants, which I hav-^e in each case stated. I have also, iu

many instances, recalculated determinations of importance,



PREFACE. 5

in which constants varying considerably from those now
received were assumed. I have further reduced the deter-

minations originally given in terms of O = 100, or of O =
15.96, to = 16. 'No confusion, however, will be found

between the numbers for which the original investigators

are responsible and my own. All values which I have cal-

culated are in italics, or, with my explanations, enclosed in

square brackets. The only arithmetical operation I have

permitted myself to perform without these indications is a

multiplication or division by two ; and even in such cases

it will usually appear from the digest itself that this opera-

tion has been performed.

The abbreviations of the literary references are essentially

those adopted in the Royal Society's Catalogue of Scientific

Papers. The first reference in each case is to the source

upon which I have depended. "When two references are

necessary, they are connected by the word and. When my
authority is not the original source, that to which it is ac-

credited in my authority is also mentioned.

In conclusion, I shall be grateful to any one who, by

drawing my attention to omissions or mistakes, will assist

me in perfecting a labor which has occupied all my availa-

ble time for twenty months.

Berkeley, Cal., April, 1878.

Postscript.

In preparing the following paper, I designed making it

preliminary to a discussion of the various determinations

and of the value to be assigned to each, and in this work I

had already made some progress. After presenting this

paper to the Institution, however, I learned that Prof. F. W.
Clarke had been for some time engaged on a similar under-

taking, and to him I gladly resigned the discussion of the

data here compiled. The two papers will appear in the

same form, and may be regarded as complementary.

G. F. B.





ATOMIC WEIGHT DETERMINATIONS.

ALUMINIUM.

The specific heat of aluminium, as determined by Regnault
aad by Kopp, and the vapor density of volatile compounds,
as determined by Deville and Troost and by Odling, indicate
that the atomic weight of this element is about 27.5. (Gme-
lin-Kraut, Handbueh der Chemie, 1, 39; and L. Meyer, Modeme
Theorien der Chemie, 50.)

J. J. Berzelius : S7.S67 (0 = 16).

100 parts of anhydrous aluminic sulphate decomposed by
heat, gave 29.934 parts of oxide. Preparation not described.
Number of experiments, probably 1. In Berzelius' Lehrbuch
these data are calculated for S = 200.75, and give Al =
170.9 (O = 100,) or 37.3U (O = 16.) [If S = 32, the data
give Al = 27.267.] {Poggend. Ann., S, 1826, 187.*)

T. Thomson: 30 (O = 16).t

Thomson found, probably from analysis of the sulphate,
(see appendix.) that 125 Al = 100 0. Thomson supposed
aluminic oxide to be a protoxide. [If it is a sesqui-oxide,

the data give Al at 30.] {Thomson's System of Chemistry, 7th
€d., 1, 1831, 454.)

W. W. Mather: 20.55 (0 = 16).

According to this chemist 0.646 grammes of chloride,

prepared according to Woehler, gave 2.055 grammes argen-

* This article by Berzelius, which contains the particulars of a large part
of his earlier atomic weight determinations, will be referred to frequently

in the course of this paper. It is unfortunately full of misprints, all of

which are, by no means, corrected in the table of errata at the end of the

volume. The correctly printed values of the atomic weights discussed in

it are to be found in Poggend. Ann., lo, 1827, 339.

f It must be remarked, in justice to Dr. Thomson, that his atomic weight
determinations are, properly speaking, of a different nature from those of
other chemists. So thoroughly persuaded was he of the truth of Front's
hypothesis, (that the atomic weights of the elements are all exact multiples

of that of hydrogen,) that his experiments were directed merely towards
ascertaining which multiple, in any case, was to be adopted.

7
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tic cliloride, and 0.2975 aluminic oxide. {Silliman's Ayner,

Journ., ^7 1835, 138, 241.) Berzelius points out the incon-

sistency of these data. [Berzelius' Jahresberiehi, 15, 1835.

138.)

C. TissiER : ^7.12 (O = 16).

Determined by dissolving aluminium in chlorhydric acid,

evaporating to dryness with excess of nitric acid and de-

composing the nitrate by heat. The aluminium employed
contained 0.135 per cent, sodium. 1.935 of this metal gave

3.645 oxide. [If Na = 23, these data give Al = 27.12.]

The metal was prepared by heating aluminic fluoride with

purified sodium in a graphite crucible. {Paris Comptes

Bend., Jfi, 1858, 1105.)
^

J. Dumas : 27.446 (O = 16).

Determined by six experiments on the titration of aluminic

chloride with argentic nitrate. The mean result was Al =
13.723 (0=8) ; extreme difference 0.09. The aluminic chlo-

ride, which had been prepared on a large scale, was purified

by sublimation over iron-tilings and over aluminium filings,

and by a third sublimation in a current of hydrogen over

aluminium tilings, after which it was melted. Experiments

on the oxidation of aluminium were found unsatisfactory on

account of the difiiculty of obtaining the metal pure. They
gave Al at from 13.74 to 13.89. D^umas takes Ag = 108;
CI = 35.5. {Ann. de Chim. et de Phys., (3,) 55, 1859, 151.)

W. Odling : 27.5 (0 = 16).

Determined from the vapor density of aluminium methide
and ethide at 220° and upwards. {Phil. 3Iag., (4,) 29, 1865,

316.)

— . IsNARD : 27 (O = 16).

Pure aluminium dissolved in chlorhydric acid, evaporated

and heated to redness, gives y of its weight in oxide. {Paris-

Comjjtes Rend., 66, 1868, 508.)

Pelouze and Fremy give 27.357 (O = 16) ; 170.98 (O =
100,) for the atomic weight of aluminium, and assert that

this value is derived from the composition of potash-alum,

but they give no authority for the value. The experiments-

were made by precipitation with barium chloride. {Traite

de Chimie, 3d ed., 1, 50.)



ANTIMONY.

ANTIMONY.

From the specific heat of antimony, as determined by
Bunsen, Regnault, and others, and from the vapor density

of volatile compounds, as determined by Mitscherlich, Loe-
wig and Schweizer and others, it is certain that the atomic
weight must be about 120. [Gmelin-Kraut, L. c; and L.
Meyer, L c.)

J. J. Berzelius : 129.03 (0 = 16) ; 806.452 (O = 100).

100 parts of pure antimony, oxidized with nitric acid,

evaporated to dryness, and heated to redness, gave 124.8
antimonic antimoniate. The number of experiments and
the preparation of the metal are not given. [Poggend. Ann.^

8, 1826, 23.)

R. Schneider: 120.3 (O = 16); 751.9 (0 = 100).

Determined by experiments on the reduction of native
antimonic ter-sulphide in a current of hydrogen. The only
foreign substance to be found in the mineral was silicic acid,

which was determined in each case. The temperature was
kept as low as possible, and the amount of sulphide vola-

tilized, and of that undecomposed by the process, was
determined. The mean composition, as ascertained by eight
experiments, was 71.48 antimony—extreme difference, 0.078;
and 28.52 per cent, sulphur. The atomic weight was cal-

culated from the mean for S = 200. {Poggend. Ann., 98,

1856, 293.) Schneider published a preliminary note in

Poggend. Ann., 97, 1856, 483, in which, from a portion of
the above-mentioned experiments, he deduced the value
120.25.

H. Rose and Weber : 1W.626 (0 = 16).

Rose published this determination expressly as a confirma-
tion of Schneider's value. Antimony ter-chloride was dis-

solved in water containing tartaric acid, and decomposed
by hydrogen sulphide. Sulphur was removed from the
filtrate by ferric sulphate, and the chlorine determined with
argentic nitrate. 2.162 antimony chloride were found equiv-
alent to 4.097 argentic chloride. [If Ag = 107.93 and CI
= 35.457, these data give Sb = 120.626 ; or, for O = 100,
Sb = 753.92.] Rose, adopting some other values gets

1508.67 [twice 754.34.] He also recalculates some earlier
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analyses of the ter-chloride, and the penta-chloride {Poggend.

Ann., 3, 1825, 443) made by himself by the same method,
which give respectively 1512.91 and 1508.6. {Poggend. Ann.^

98, 1856, 455.)

W. P. Dexter: 122.336 (0 = 16); 764.6 (0 = 100).

Attempts were made to determine the atomic weight of

antimony from its reducing action on the chloride of gold,

but no constant result was obtained. Berzelius' method (vide

supra) was, therefore, adopted. From the mean of ten irre-

proachable experiments Dexter deduces the value 1529.2;

extreme difference, 3. The metal was prepared as follows:

From antimony tartrate, sodium metantimonate was pre-

pared, and antimonic acid separated out with nitric acid.

The antimonic acid was reduced with carbon, and melted
with another portion of antimonic acid to remove traces of
sodium, etc. It was also heated in a current of hydrogen
to remove traces of oxide. The investigation was carried

out in Bunsen's laboratory, and with his assistance. {Pog-
gend. Ann., 100, 1857, 563.)

J.Dumas: 122 (0 = 16).

Neither the reduction of cervantite nor of the sulphide,

nor the oxidation of metallic antimony gave accordant re-

sults. Dumas, therefore, resorted to the analysis of the
ter-chloride with argentic nitrate. The chloride was pre-

pared by three different methods, and was dissolved in water
acidulated with tartaric acid. Seven experiments gave an
average of 121.975; extreme difference, 0.69. Ag = 108

;

CI = 35.5. {Ann. de Chim. et de Phys., (3,) 1859, 175.)

F. Kessler : 122.24 (0 = 16).

In four experiments crystals of antimony ter-oxide were
employed. This oxide had been sublimed in a current of
pure, dry carbonic acid. A known weight of the compound
was nearly oxidized in a chlorhydric acid solution by a
known, slightly insufficient, weight of potassic chlorate.
The remainder was titrated with a standard solution of
potassic bi-chromate, and countertitrated with ferrous chlo-
ride. The mean result was Sb = 122.16. In three experi-
ments metallic antimony was employed. It was prepared
by reducing the precipitate formed when ammonic hydrate
is added to stibium-ammonium tartrate. The metal was
oxidized in chlorhydric acid solution by potassic chlorate,
(not weighed,) and reduced to antimony ter-chloride by
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stannous chloride. The excess of this reagent was chlori-

dized by mercuric chloride, calomel being separated by fil-

tration. The experiment was continued exactly as in the

cases where the oxide was taken to start with. The mean
of the experiments on metallic antimony was 122.34. The
mean of the seven experiments above described is 122.24;
extreme difference, 0.94. K =: 39.12 ; CI = 107.97. Kessler
also made experiments by Rose's method, but got discord-

ant results. [Poggend. Anii., 113, 1861, 145.)

B. Unger: 119.76 (0 = 16).

Determined by analysis of sodium sulph-antimonate,
(Schlippe's Salt.) {Kopp's Jarresbericht, 1871, 325; Arch,
der Pharm., (2,) 1^7, 193; 14-8, 1.) A single determination
by a method from which great accuracy could not be ex-

pected. S = 32 ; Na = 23. (J. P. Cooke, Jr., in Proc.

Amer. Acad., IS, 6.)

J. P. Cooke Jr.: 120 (O = 16).

Cooke objects to the determinations of Dexter and Dumas,
on the ground that there is no sutHcient evidence of the
absence of higher or lower compounds of the same elements
in the salts employed.

In two experiments antimony was dissolved and precipi-

tated as sulphide, which was heated to 240° before weigh-
ing. The formation of free S was prevented, occluded
tartaric acid was determined, but occluded oxy-chloride was
neglected. The experiments gave each Sb = 120.6 for S
= 32. In thirteen experiments Sb was dissolved in a mini-
mum of nitric acid, and the solution boiled over bullets of
Sb to complete saturation. The sulphide was then precipi-

tated in an atmosphere of carbon di-oxide. The precipitate

contained no free S. The oxy-chloride was driven off at

180° and determined. The tartaric acid was decomposed
at 210° and determined. The errors are opposed and min-
ute. The mean of the weighings of sulphide, dried at 180°,

gave Sb = 119.994 for S = 32; extreme difference, 1.01.

The mean of weighings of sulphide heated to 210° gave Sb
= 120.295; extreme difference, 1.07. General mean Sb =
120.145. Fifteen analyses of antimonious bromide gave the
Br contents at 66.6665 per cent, for Ag = 108, Br = 80, with
an extreme difference of 0.195. This composition gives Sb
120. In seven experiments the iodide was analyzed. For
I = 127 and Ag = 108, it gave a mean of 76.051 per
cent. Sb, or Sb = 120. It was also shown that the chloride
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cannot be prepared free from oxy-chloride, and that its Sb
and CI contents correspond to Sb = 120. Metallic Sb was
prepared by reduction of sodic antimoniate, or of oxide,

with potassic cyanide, or by Liebig's method. In all cases

it was fused for several hours under its own oxide. The
haloid salts were purified by fractional recrystallization and
distillation, in part in a current of carbon di-oxide. {Proe.

Am. Acad., 13, 1877, 1.)

ARSENIC.

The specific heat of metallic arsenic, as determined by
Regnault, and the vapor density of a number of volatile

compounds, as determined by Dumas, Mitscherlich, Bunsen,
and others, prove that the atomic weight of this element
must be in the neighborhood of 75. {Gmeliii-Kraut, I. c;
and L. Meyer, I. c.)

J. J. Berzelius: 75.1 (0 = 16); 469.4 (0 = 100).

2.203 grammes of arsenious acid, heated with sulphur in

a distilling apparatus in such a manner that sulphurous
acid, but no sulphur, could escape, set free 1.069 grammes
sulphurous acid. If S = 200.75, the value follows. {Pog-

gend. Ann., 8, 1826, 22; and Lehrbuch, 5 ed., 3, 1205.)

J. Dumas : 75 {O = 16).

Dumas found the vapor density of arsine 2.695. [This
value multiplied by 28.94278 gives As = (sensibly) 75.]

{Ann. de Chim. et de Phys., 33, 1826, 337.)

J. Pelouze: 75 (O = 16); 468.75 (O = 100).

A known weight of arsenic ter-chloride was introduced
into a nitric acid solution of a known weight of perfectly

pure silver, the chloride being in slight excess. The excess
of chloride was then titrated with decimal silver solution.*

As the mean of three experiments Pelouze found As =
937.50; extreme difference, 0.8. Ag = 1349.01; CI =
443.2. The ter-chloride was repeatedly distilled to free it

from excess of chlorine. It was colorless, dissolved com-

* This method, which has heen frequently emploj'cd in the determination
of atomic weights, will be referred to as " Pelouze's method."
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pletely in chlorine, and boiled between 134° and 135°.

(Paris Comptes Rend., 20, 1845, 1047.)

J. Dumas : 74.94 (O = 16).

Determined by four experiments on the titration of arsenic
ter-chloride with argentic nitrate, the ter-chloride being
prepared in several lots. The number is the mean of the
experiments; the extreme difference being 0.15. Dumas
takes Ag = 108 ; CI = 35.5. [Annal. de Chimie et de Physique,

(3,) 65, 1859, 174.)

F. Kessler: 75.2 (O = 16).

In six experiments arsenious acid was titrated with potas-

sic bichromate and counter-titrated with ferrous chloride.

The number so obtained was 75.15. In twelve experiments
a known weight of arsenious acid was oxidized in caustic

potash solution by potassic chlorate, the arsenious acid be-

ing slightly in excess, acidified with chlorhydric acid and
the excess of arsenious acid titrated with potassic bichro-

mate and counter-titrated with ferrous chloride. The oxi-

dizing action of the potassic bichromate was experimentally
determined. The number obtained from these experiments
was 75.24. Five experiments were made with acid instead

of alkaline solutions of arsenious acid; they gave 75.15.

The arsenious acid was colorless, transparent, volatilized

without any residue, and was thoroughly dessicated. Kess-
ler assumed K = 39.12; 01 = 107.97. [Poggend. Annal.,

95, 1855, 210; 113, 1861, 140.)

BARIUM.

The specific heat of barium compounds, especially of the
chloride, as determined by Regnault and by Kopp, shows
that the atomic weight of this element lies in the neighbor-
hood of 137. {Gmelin-Kraut, I. c.)

WoLLASTON and Klaproth . 139.2 (O = 16) ; 870
(0 = 100).

Klaproth found that 100 parts of carbon di-oxide were
equivalent to 352.57 parts barium oxide, and that 34 parts
sulphuric anhydride were equivalent to 66 parts of barium



14 ATOMIC WEIGHT DETERMINATIONS.

oxide. If C = 75.4, and S = 200, the value follows. {Phil

Trans., lOJ^, 1814, 20.)

J. J. Berzelius : 136.79 (O = 16).

100 parts of barium chloride gave 138.08 and 138.06 parts

argentic chloride. [If Ag = 107.93, and CI = 35.457, the

above value follows.] Berzelius also determined barium
from the sulphate ; 100 parts barium chloride gave 112.17

and 112.18 parts sulphate. Calculated for S = 200.75 this

determination is almost identical with the other; Berzelius,

however, expressly adopts the former. [Calculated for S =
32.0742, it gives 135.74.] {Poggend. AnnaL, 8, 1826, 189,

and Lehrbuch der Chemie, 5th ed., 3, 1229.)

E. Turner: 137.4 (0 = 16).

Turner determined the chlorine contents of barium chlo-

ride at 34.016 per cent, by precipitation with- silver. This
number was the mean of the best two experiments made,
and the value follows from it on the assumption that CI =:

85.42. The barium chloride was prepared from native car-

bonate by solution in chlorhydric acid, precipitation of

impurities with barium oxide, ignition of the chloride, treat-

ment with alcohol, and recrystallization. {Pfdl. Trans., 119,

1829, 291.*)

T. Thomson : 136 (0 = 16) ; 850 (O = 100).

Thomson had formerly determined this atomic weight at

875 by mixing potassic sulphate with barium chloride in

such proportions that the supernatant liquid contained no
sensible amount of either sulphuric acid or barium. Turner
having shown the fallacy of this method, Thomson substi-

tuted ammonium sulphate, and also sulphuric acid for the

potassium salt, and found 9.5006 barium oxide equivalent to

5.00 sulphuric anhydride. lie also analyzed the chloride

with argentic nitrate, assuming silver = 1375, and chlorine
= 450, and reached the same conclusion with reference to

barium. {Thomson's System of Chemistry, 7th ed., 1, 1831,
426.)

* Turner made the discovery in the course of this investigation that
barium sulphate curries down other salts, such as potassic sulphate, wliich

cannot he extracted from the precipitate h,y any degree of washing, and that
determinations, with harium sulphate, are consequently unreliable. Al-
though Berzelius drew attention to the importance of the observation, and
Thomson was obliged to acknowledge errors in his work from this cause,
the fact was for a long time nearly forgotten, as can readily be proved from
the contents of this digest.
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—. Salvetat: 136 (0 = 16); 850 (0 = 100).

Determined from the loss of weight ensuing on the de-

composition of barium carbonate by sulphuric acid. Details
not given. {Paris Comptes Hendus, 17, 1843, 318.)

J. Pelouze : 137.28 (O = 16) ; 858.01 (O = 100).

Into a nitric acid solution of a known weight of perfectly

pure silver, a known and slightly more than equivalent
weight of barium chloride was introduced. The excess
was titrated with decimal silver solution. The value is the
mean result of three experiments, which give an extreme
difference of 0.22 for O = 100. The barium chloride was
purified by recrystallizations continued till determinations
gave a constant result, and was dessicated in part at 200°,

and in part at a temperature just below redness. Pelouze
took Ag = 1349.01, and CI = 443.2. {Paris Comptes Rendus,
20, 1845, 1047.)

C. Marignac: 137.08 (0 = 16); 856.77 (0 = 100).

Determined by six experiments on the equivalence of sil-

ver and barium chloride performed by Pelouze's method,
{vide supra.) 100 silver were found equivalent to 96.365
barium chloride ; extreme difference, 0.038 ; hence the value
taken. Marignac takes Ag = 1349.01, and CI = 443.2. The
barium chloride was purified as follows : Commercial chlo-

ride was crystallized from boiling aqueous solution ; the
crystals were heated to redness, dissolved in boiling water,
treated with carbon di-oxide, filtered and crystallized, and
these crystals were washed with alcohol and again recrystal-

lized. Determinations were made at each stage and the

purification was continued until constant results were ob-

tained. {Liebig, Annal., 68,1%^'^, 214:', Bibl. Univ., Arch, des

Sciences, 8, 265.)

H. Struve: 136.26 (0 = 16).

100 parts of barium chloride gave 112.0938 parts of sul-

phate as a mean of two experiments; extreme difference,

0.005. S = 32; 01 = 35.4624. {Liebig, AnnaL, 80, 1851,

204; Oefversigt af Kongl. vet. Acad. Foehr., 6, 165.)

T. Andrews : 137.578 (O = 16).

Andrews obtained this number from two nearly coinci-

dent experiments of which he gives no details. iBrit. Assoc.

Hep., 1852, pt. 2, 33.)
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C. Marignac : 137.1G (O = 16).

Three experiments were made on the titration of air-dried

barium chloride in crystals by Pelouze's method, {pide. supra.)

Five grammes of the salt required for precipitation (1)

4.4205; (2) 4.4195; (3)4.4210 grammes silver. Three ex-

periments were made on the conversion of the same barium
chloride into sulphate. Ten grammes of the salt gave (1)

9.543; (2) 9.544; (3) 9.542 grammes sulphate. In each of

the latter experiments the water was determined, and was
found to vary no more than 0.0005 grammes. Comparison
of the two series gives for Ag = 108, S = 16, and O =
8; barium equal to (1) 68.57; (2)68.61; (3) 68.55; in mean
68.58, or one-half of 137.16. This result is independent of

the possible trace of water the chloride might have con-

tained. In another series of three experiments the water

was driven off at a low red heat and determined, and the

salt analyzed by Pelouze's method. It was proved that

barium cliloride is not decomposed at the temperature em-
ployed. (1) gave 68.61 ; (2) 58.59; and (3) 68.55, or a mean
of 68.583. The salt for the experiments marked (1) was
prepared by recrystallization and precipitation with alcohol

;

that for (2) by a repetition of the same process, and for

(3) by resolution of (2) and precipitation with chlorhydric

acid gas. Marignac proved that the precipitated argentic

chloride contained entirely insignificant traces of barium
salt. CI =- 35.5. {Bibl. Univ., Archives des Sciences, Nouv.

Serie., 1, 1858, 209.)

J. Dumas : 137 (0 = 16).

Determined by fifteen experiments on the titration of

barium chloride with argentic nitrate, which give a general

average of 68.516 with an extreme difference of 0.11. The
barium chloride was prepared from pure nitrate and pure

carbonate, and from commercially pure chloride after it had
been freed from lead by precipitation with barium sulphide.

The chloride was precipitated from solution by chlorliydric

acid gas and melted in a current of chlorine to prevent oxi-

dation. Ag = 108 ; CI = 35.5. {Annates de Chimie et de

Physique, (3,) 65, 1859, 137.)

BERYLLIUM.

The atomic heat of beryllium has been determined by J.

Emerson-Reynolds by direct comparison with that of silver.
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In a calorimetric apparatus constructed for the purpose, the

amount of heat given off during cooling by 108 parts of

silver heated to 100° was found to be equal to that commu-
nicated by a little more than 9.2 parts of beryllium under
the same conditions. Assuming the atomic weight of

the metal to be 9.2, the atomic heat found would be 5.91.

The smallness of this number the observer accounts for by
supposing that there was a trace of platinum present intro-

duced b}' the use of platinum vessels in the course of re-

duction. {Phil. 31ag., (5,) 3, 1877, 38.)

J. J. Berzelius : 14-^ (0 = 16).

Berzelius analysed the salt formed by saturating dilute

sulphuric acid with beryllium oxide. From the amount of

barium sulphate obtained he inferred that the atomic
weight of beryllium was 331.261 on the supposition that

the oxide was BCj -|- O3 and that the salt was neutral. Ber-
zelius took O = 100; S = 200.75, and Ba = 855.29. [Awde-
jew having discovered that this salt is basic, this value is

reduced to 90.63 ; or, for = 16, to 14.5.] Berzelius
accepted Awdejew's determination in preference to his own.
[Poggend. AnnaL.S, 1826, 187 ; and Lehrbuch der Chemie, 5th
ed., 3, 1225.)

T. Thomson: 36 (0 = 16).

Experiments not given. The value is four times nine,

and may have arisen from a mistake as to saturation.

{Sgstem of Cliem. 7 ed., 1, 1831, 459.)

— . AwDEJEW : 13.85 (O = 16) ; 86.58 (0 = 100).

Beryllium sulphate, in chlorhydric acid solution, was de-
composed with barium chloride. In the filtrate the excess
of barium chloride was precipitated with sulphuric acid,

and the beryllium oxide thrown down with ammonia, dried,

heated, and weighed. The beryllium sulphate was prepared
from pure carbonate by treatment with sulphuric acid and
precipitation with alcohol. It was purified by recrystalli-

zation. Four experiments were made, the mean of which
calculated for S = 201.165, gave Be = 58.084 with an ex-
treme difference of 1.955. {Poggend. Annal., 56., 1842, 106.)
Weeren recalculated these analyses for S = 200 and got
57.^2, [or f of 86.58.] {Poggend. Annal, 92, 1824, 124.)
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J. Weeren : 13.83 (0 = IG) ; 8646 (0 = 100).

Weercn followed the same method as Awdejew, except
that he precipitated the beryllium with ammonium sulphide,

the oxide being soluble in excess of ammonia. The mean
of four experiments gave 57.64, the extreme difference

being 1.52 for O = 100, [57.64 is f of 86.46.] Weeren
took^S = 200. {Poggeml. Annal, 92, 1854, 124.)

G. Klatzo : 13.89 (O = 16).

Klatzo made five analyses of the sulphates containing
seven and four molecules of water, precipitating the sul-

phuric acid as barium sulphate, and the beryllium as oxide
by means of ammonia. From a comparison of the sum of
the oxide found in all the analyses with the total amount of
barium sulphate found, Klatzo deduces Be= 9.227, for Ba =
137, and S = 32. [If Ba is taken equal to 137.16, and S =
32.07, and if each of the analyses is calculated for itself, Be
= 13.89. The extreme difference is 0.45.] The sulphates
were purified by recrystallization, and treatment wnth alco-

hol. {Erdiiianii's Journ. far Prak. Cheniie, 106, 1868, 227;
Klatzo, Ueber die Constitution der Beryllerde, Dorpat, 1868.)

L. F. Nilson and 0. Pettersson have redetermined the
specific heat of beryllium within a few weeks. They find

the specific heat 0.4079, corresponding to a trivalent metal
and a sesqui-oxide. The investigation seems to have been
made with great care, while that of Emerson-Reynolds was
merely preliminary. (Berlin, Bericht der chcm. Ge.s., 11, 1878,
386.)

BIS:\IUTH.

Dulong and Petit, Regnault, and Kopp, have determined
the specific heat of Bismuth. It corresponds to an atomic
weight of about 210. {Gmelin-Kraut, I. c.)

P. Lagerhjelm : 212.86 (O = 16) ; 1330.377 (0 =
100).

Metallic Bismuth was oxidized in a weighed vessel by
nitric acid, and the nitric acid expelled by heat. 10 grammes
of bismuth gave 11.1275 oxide. {Berzelius' Lehrbuch der

Chemie, 5th ed., 3, 1216; Stockholm, Akad. Handl, 31^, 1313,
219.)
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K.Schneider: 208 (0 = 16); 1299.98 (0 = 100).

Determined by eight experiments on the conversion of
metallic bismuth into oxide by solution in nitric acid and
decomposition of the nitrate in the same vessel. The es-

caping gases were led through nitric acid, and the bismuth
caught in this way was separately converted into oxide and
weighed. In four experiments the bismuth was prepared
by the reduction of basic nitrate, and for the other four by
the reduction in hydrogen of the oxide formed in those

which preceded. 100 bismuth oxide were found to contain

a mean of 89.655 metal ; extreme dift"erence, 0.048. {T^og-

gend. AnnaL, 82, 1851, 303.)

J. Dumas: 210.44 (0 = 16).

Determined by seven experiments on bismuth chloride,

which was decomposed in solution by sodium carbonate,

and the sodium chloride thus formed titrated with silver

solution. The value taken is the mean result. The extreme
difference is 1.12. Dumas takes Ag = 108, and CI ^ 35.5.

The bismuth chloride was prepared by the action of chlo-

rine on bismuth, and was purified by fractional distillation

over bismuth. That employed in the experiments was
colorless. {Annal. de Chimie et de Physique, (3,) 55, 1859,

176.)

BORON,

The specific gravities of a number of volatile compounds
of boron have been determined by Dumas, Woehler and
Deville, and others, and correspond to an atomic weight of

about 11. [Gmelin-Kraut, l. c; L. 3Ieyer, I. c.)

H. F. Weber has discovered that the specific heat of boron
rises rapidl}"- with the temperature, becoming nearly constant

at 600°. Above this temperature its specific heat is 0.5, and

.

its atomic heat 5.5. {Foggend. Annul., loJf., 1875, 575.)

J. J. Berzelius : 11.01 (0 = 16).

Davy's investigations having shown that boracic acid con-

tains about 68 per cent, oxygen, and having thus established

the formula of borax, Berzelius determined the atomic
weight from the water contents of that salt. He found in

three experiments, without variation, 47.1 per cent. Gme-
lin-Kraut recalculates this composition with Stas' atomic
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weights, and gets the value given. {Poggend. AnnaL, S, 1826,

19.)

-A. Laurent: 10.86 (0 = 16).

Laurent found that borax retains some water even when
melted, which, however, can be expelled by the addition of
Iceland spar. By repeating Berzelius' experiments, and
adding a known weight of spar, he found the water con-

tents in two experiments 47.15 and 47.20. He did not

regard the experiments as accurate. Gmelin-Kraut recalcu-

lates these data with Stas' atomic weights, and gets B =
10.91 and 10.81. {Paris Comptes Rendus, 29, 1849, 5.)

WoEHLER and Deville : 10.87 (0 = 16).

These chemists titrated the bromide and the chloride of
boron with argentic nitrate. They do not offer the analy-

ses as atomic weight determinations, but Dumas applies the

data to this object. Taking Ag = 108, and CI = 35.5, Dumas
calculates from the analysis of the chloride prepared by the

action of H CI on B, B := 11 ; from the analysis of the

chloride prepared by the action of CI on B, B = 10.6 ; from
the analysis of the bromide prepared by the action of bro-

mine on boron, B = 11. {AnnaL de Chimie el de Physique,

(3,) 53, 1858, 88; 55, 1859, 129.)

T. Thomson : 10.67 (0 = 16).

Thomson supposed boracic acid to be composed of one
atom of boron and two of oxygen, and concluded from
Davy's and his own experiments that the atom of B was
exactly equal to that of 0. For the correct composition of

the acid his value must be reduced one-third. {System of
Chem., 7th ed., 1, 1831, 214.)

BROMINE.

!Mitscherlich determined the vapor density' of bromine,
and Regnault the specific heal in a solid condition at very
low temperatures. Both of these constants correspond to

an atomic weight of 80. {Gmelin-Kraut, I. c; L. 31eyer, L c.)

A. J. Balard : 75 (O = 16) ; 468.85 (0 = 100).

1.27 potassium bromide decomposed with sulphuric acid
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gave a residue of 0.973 potassic sulphate. [If this analysis

is calculated with Stas' atomic weights, it gives Br = 74.65.]

In another experiment 100 parts of argentic bromide reduced
with zinc, the excess of which was extracted with sulphuric
acid, gave 58.9 parts silver. [Calculated with Stas' data
this gives Br = 75.3.] Balard mentions no special precau-
tions in the preparation of his salts for this determination.
{Annal. de Chimie et de Physique, 32, 1826, 357, 362.)

J. Liebig: 75.29 (0 = 16); 470.55 (0 = 100).

2.521 potassic bromide precipitated with argentic nitrate

gave 4.041 argentic bromide. The potassic bromide was
obtained by adding potassic hydrate to an alcoholic solution

of bromine until the solution began to lose color. {Annal.

de Chimie et de Physique, 33, 1826, 331.)

J. J. Berzelius : 78M4. (O = 16) ; 489.15 (0 = 100).

Berzelius suspected that insufficient precautions had been
taken in the preceding determinations to get rid of chlorine.

He washed bromine for a long time, and converted it into

zinc bromide and ammonium bromide. These salts he par-

tially precipitated with argentic nitrate to get rid of chlorine.

From the filtrate he precipitated argentic bromide which he
washed, dried, and melted. 7.202 of this bromide, decom-
posed in a current of chlorine, yielded 5.546 argentic chlo-

ride; 7.8805 bromide gave 6.069 chloride. IfAg = 1351.607,
and CI = 442.652, the mean value of Br is as above ; differ-

ence, 0.09. [Poggend. Annal., 1^^ 1828, 565 ; Kongl. vet.

Akad. Handl, 1828.)

C. Loewig: 75.76 (0 = 16).

According to Gmelin-Kraut, Handbuch der Chemie, the
determination was published in a treatise entitled Brom und
Seine Chemische Verhdltnisse, Heidelberg, 1829.

C. Marignac : 79.957 (0 = 16).

In three experiments a known weight of silver was dis-

solved in nitric acid, precipitated with potassium bromide,
and the argentum bromide dried at 200° and weighed. [For
Ag = 107.93 these experiments give Br = 79.938, with an
extreme difference of 0.018.] In vacuo this result is, accord-
ing to Stas, 79.968. In seven experiments a known weight
of silver was precipitated by a determinate amount of potas-

sic bromide by titration. [If K = 39.137, and Ag = 107.93,
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this gives bromine = 79.924 with an extreme difference of

0.046.] In vacuo this becomes, according to Stas, 79.945.

In four experiments potassium bromate was decomposed by
heat, and the potassic bromide weighed. [For K = 39.137

these experiments give bromine at 80.11 with an extreme
difference of 0.56. These latter are evidently much less

accurate than the preceding, and I have therefore averaged
the first and second series in. vacuo.'] The KBr was prepared
by heating bromate purified by recrystallization. [Berzelius'

Lehrbuch der Chemie, 5th ed.,3, 1194; BibL Univ., 4-^, 1843,

357.)

W. Wallace : 79.74 (O = 16).

Determined by analysis of arsenic ter-bromide, by titra-

tion with argentic nitrate, according to the method of
Pelouze, (see arsenic, Pelouze's determination.) Three ex-

periments were made, giving a mean of 79.738; extreme
difference, 0.051. As = 75; Ag = 107.97. The arsenic

and bromine were directly combined, and the compound
was purified by fractional distihation and recrystallization.

{Phil. Mag., (4,) 18, 1859, 279.)

J. Dumas : 80 (O = 16).

Determined by three experiments on the conversion of
argentum bromide into chloride in a current of dry chlorine.

The mean is 80.03; the extreme difference is 0.18. Silver

is taken at 108, and chlorine at 35.5. The argentum bro-
mide was prepared with bromine free from iodine, and was
purified from chlorine by digestion with argentum bromide.
[Annal. de Chemie et de Physique, (3,) 55, 1859, 162.)

J. S. Stas : 79.952 (O = 16).

Four complete syntheses (the weight of each of the con-
stituents, and of the compound being determined) were
made of argentum bromide, a known weight of silver being
converted into sulphate, and precipitated with a known
weight of bromine which had been converted into hydro-
bromic acid. The mean result was that 100 Ag =: 74.0805
Br; with an extreme ditierence of 0.004. Two analyses of
argentic bromate, made by reducing the salt in suspension
with sulphurous acid, gave for the molecular weight of the
bromide 187.84, and 187.90, mean 187.87. A comparison
of these data gives Br = 79.940. [This, I think, must be a
misprint for 79.949.] Fourteen experiments were made on
the equivalence of KBr and Ag by Pelouze's method, (see
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As, Pelouze's determination.) The mean result was that

100 Ag = 110.345 KBr; extreme difterence, 0.029. This
gives Br = 79.958 for Ag = 107.93, and K = 39.137. The
bromate of silver was prepared from potassic bromate and
silver salts. For the preparation of Ag see Stas' determi-
nation of it. The potassic bromate was prepared by the

action of chlorine on a mixture of KBr and KHO. The
bromide was prepared by the action of heat on bromate, by
treating bromine with KHO, and in other ways. No reagents

were probably ever prepared with such care as those em-
ployed in this and the accompanying determinations. The
weights are all in vacuo. {Stas, Untersuch. ilher Chem. Pio-

2)ort., Leipzig, 1867.)

CADMIUM.

Regnault, Kopp, and Bunsen have determined the specific

heat of cadmium, which corresponds to an atomic weight
of 112. Deville and Troost determined the density of cad-

mium vapor at above 1000°. It answers to an atomic weight
of 114. {Gmelin-Kraut, I. c; L. Meyer, I. c.)

F. Stromeyer : III4S (0 == 16); 696.767 (0 = 100).

Stromeyer found that 100 parts of cadmium combine with
14.352 parts of oxygen to form the oxide. {Berzelius' Lehr-
huch der Chemie, 5th ed., 3, 121 9 ; Schweiggefs Journ., 22, 1818,

362.)

T. Thomson : 112 (0 = 16); 700 (0 = 100).

Thomson says that he has shown this to be the true value
bv analysis of the sulphate in two difi'erent states. [System

of Chem., 7th ed., 1, 1831, 555.)

K. VON Hauer : 112 (0 = 16) ; 700 (0 = 100).

Determined by nine experiments on the reduction of cad-

mium sulphate to sulphide in a current of hydrogen sulphide
under pressure. The mean of the experiments gave Cd =
55.999 ; extreme difference, 0.16. Von Hauer took S = 16.

The sulphate was purified by repeated recrystallizations and
by conversion into oxide. It was dried at 200°. The sul-

phide was in each case carefully examined for undecomposed
sulphate. [Erdmann's Journ.'fllr Prak. Chem., 72, 1857, 346.)
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J. Dumas: 112.24 (0 = 16).

Determined by six experiments on the titration of cadmium
chloride with argentic nitrate. The mean of all the experi-

ments was Cd =: 56.12 ; extreme difi'erence, 0.49. The third

experiment varies considerably from the rest, and Dumas
seems inclined to omit it in the average. If it is left out,

the mean becomes 56.06; extreme difference, 0.29. Dumas
takes 01 = 35.5; Ag =: 108. The cadmium chloride was
prepared in two lots by solution of cadmium in chlorhydric

acid, evaporation and melting for several hours in a current

of chlorhydric acid gas. {Annal. de Chimie et de Physiquey

(3,) 55, 1859, 158.)

E. LexXssen : 112.06 (0 = 16).

Three experiments were made on the decomposition of
cadmium oxalate, the salt and the resulting oxide being
weighed. The mean result was Cd =: 56.03 ; extreme dif-

ference, 0.19. C =: 6. The oxalate was prepared from pure
chloride by precipitation with oxalic acid, washing and dry-
ing at 150°. It was carefull}^ tested, and was found to be
anhydrous. [Erdmami's Journ. far Prak. Chemie, 79, I860,

281.

CESIUM.

The great similarity between caesium and the other alka-

line metals renders the deduction of its atomic weight from
its equivalent sufficiently certain.

KiRcniiOFF and Bunsen : 123.35 (0 = 16).

Determined by three experiments on the analysis of the
chloride with argentic nitrate. The value is the mean

;

extreme difference, 0.13. The caesium was separated from
the other alkalies by extracting a mixture of oxides and car-

bonates with alcohol. It was converted into chloride by
precipitation with platinum chloride, reduction of the dou-
ble chloride in h3-drogen and solution. These operations,

were repeated until the caesium salt gave sensibly the same
results after successive purifications. Its purity was also
tested spectroscopically. Silver was taken at 107.94, and
chlorine at 35.46. {Poggend. Annal., 113, 1861, 363.)
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Johnson and Allen : 133 (0 = 16).

Determined by four experiments on the precipitation of
ctesium chloride with argentic nitrate. The mean result

was Cs = 133.036 ; the extreme difterence, 0.842. Ag =
107.94; CI = 35.46. Caesium and rubidium were separated
by partial crystallization of their bitartrates. The cgesium
bitartrate was converted into chloride by precipitation with
platinum chloride, reduction and solution. The nitrate

formed on the precipitation of the caesium chloride with
silver was reconverted into caesium chloride and redeter-

mined, and so on. The purity of the salt w^as tested spec-

troscopically. {Silliman's Amer. Joiirn., (2,) oS, 1863, 96.)

R. W. BuNSEN: 133 (0 = 16).

Determined by three experiments on the precipitation of

caesium chloride with argentic nitrate. The mean result

was 132.99; extreme difterence, 0.02. Ag = 107.94; CI
= 35.46. In order to prepare pure chloride, a mixture of
caesium and rubidium salts was converted into carbonates,

a little more tartaric acid was added than was necessary to

form acid tartrate with the rubidium and neutral tartrate

with the cfBsium, and the mixture was exposed on a filter

to the action of a saturated atmosphere of aqueous vapor.

The caesium salt is deliquescent, and gradually passes

through the filter, while the rubidium salt is unafl:ected.

The caesium tartrate was turned into pure chloride b}^ re-

peated precipitation with platinum chloride, reduction in

hydrogen and solution. The determinations were made on
the product of successive purifications, and only those were
taken into consideration which were made after analysis

showed a constant composition. The spectroscope was em-
ployed to test the purity of the salt. [Poggend. AnnaL, 119,

1863, 5.)

— . Mercer : 133 (0 = 16).

The fact of this determination, without details, is men-
tioned by Frankland. {Chem. Nexus, 8, 1863, 18.)

R. GoDEFFROY : 132.557 (0 = 16).

Derived from the mean of four analyses of caesium chlo-

ride with argentic nitrate, the extreme difterence being
0.185. CI = 35.5 ; Ag = 108. The caesium was separated
from the other alkalies by the fractional crystallization of
their alums continued until the caesium compound was
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spectroscopical]}' pure. The aluminium was removed with
ammonia, the sulphuric acid with barium chloride and
traces of barium with ammonium carbonate. The csesium

chloride, which was not deliquescent, was dried at 150°.

{Liebifs Annal, 181, 1876, 185.)

CALCIUM.

Bunsen has determined the specific heat of calcium. It

corresponds to an atomic weight of 40. {Gmdin-Kraut, L c.)

F. 11. Wollaston: 4,0J36 (0 = 16); 254.6 (0 =
100).

Wollaston found that 43.7 parts of carbon di-oxide satu-

rated 56.3 parts of lime. If C = 75.4, the value follows.

{PhiL Trans., 104, 1814, 20.)

J. J. Berzelius : 40.32 (O = 16) ; 252.075 (O = 100).

301 parts of anhydrous calcium chloride gave 775 parts

argentic chloride. If CI = 443.28 and Ag = 1349.66 the
value follows. This analysis, made in 1818, was erroneously
calculated from a mistake in setting down its results and
the atomic weight of Ca was taken at 256.019. [Poggend.

Annal.,8, 1826,189; and Lehrbuch der Chemie, 5th cd., 3,

1227.)

•J. Dumas: 40 (0 = 16).

Three experiments were made on the calcination of cal-

cium carbonate which contained 0.03 per cent, of ferric oxide
and silicic acid. The weight of the residue was in mean
56.07, or, subtracting 0.03, 56.04, with an extreme difference

of 0.08. These figures give almost exactly 40. The weigh-
ings are reduced to vacuum. {Paris Comptes Rendus, 14,
1842, 537.)

—
. Salvetat : 40 (0 = 16) ; 250 (O = 100).

It is to be inferred from the context that this determina-
tion was made from the loss of weight ensuing on the de-
composition of calcium carbonate bv heat or sulphuric acid.

{Paris Comptes Pendus, 17, 1843, 318.)
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C. Marignac: Jf^O.^OS (0 = 16); 251.3 (O = 100).

Determined by precipitating calcium chloride with argen-
tic nitrate ; Ag = 1349.01 ; CI = 443.2. Marignac laid no
weight on this determination finding it impossible to pre-
pare calcium chloride which did not show an alkaline re-

action. The presence of caustic lime would make the result

erroneously high ; no doubt Berzelius' early analysis was
defective from the same cause. {Berzelius' Jahresbericht, S4->

1844, 103; Bibl. Univ., ^6, 1843, 367.)

Erdmann and Marchand : 40.007 (O = 100).

Four experiments were made on the calcination of cal-

cium carbonate enclosed in a double platinum crucible in a
wind-furnace, till the weight was constant. A mean of 56
per cent, calcium oxide was found with an extreme dif-

ference of 0.05. This gives Ca = 40 for C = 12. Two ex-

periments were made by decomposing calcium carbonate
by sulphuric acid. These gave a mean of 43.99 carbonic
acid; diflerence, 0.02. The value taken is the mean of all

experiments. The carbonate was prepared by precipitating

calcic chloride with ammonium carbonate, and drying at

160° to 180°. Confirmatory experiments were made on ice-

land spar. The weighings are reduced to vacuum. {Erd-
mami's Journ. fllr Prak. Chem., 26, 1842, 472.)

Berzelius maintained that Erdmann and Marchand em-
ployed material containing water, chlorine and magnesium.
Erdmann and Marchand answered that there could be no
magnesium and was no chlorine but that they had convinced
themselves that spar is the only compound of certain and
constant composition. Berzelius replied that the}' then
admitted that their carbonate contained water. Erdmann
and Marchand appealed to their experiments on spar, upon
which Berzelius made experiments showing that s[)ar, too,

retains water at 200°. This Erdmann and Marchand de-

nied and finally assert that all the carbonic acid is not driven

off at any attainable temperature, and that their results

were therefore too his^h instead of being too low. The
error they estimate to exactly cover the difterence between
their averages and 40. (Erdmann's Journ. fiir Prak. Chem.,

31, 1844, 257; 37, 1846, 75; 50, 1850, 237.)

Erdmann and Marchand: 4,0.062 {0 = 1Q)', 250.30

(O = 100).

The spar experiments referred to above. Six analyses were
made as before, giving a mean of 56.028 oxide ; extreme
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difference 0.047. [Erdmanyi's Journ. fiir Pmk. Chemie, 31,
1844, 268.) Another experiment, in which the absence of
water was proved, gave 56.03 lime. The weighings are re-

duced to vacuum. {Erdmami's Journ. fiir Frak. Chem., 37,
184G, 77.)

J. J. Berzelius : 40£64. (O = 16) ; 251.651 (0 =
100).

Five experiments were made on the conversion of caustic

lime into sulphate. The value is the mean for S = 200.75

;

extreme difference 0.962 for O = 100. The lime was care-

fully purified and burnt, but Berzelius says nothing of test-

ing it for carbonic acid, upon which Erdmann and Marchand
found an objection. Berzelius expresses himself ill satisfied

with the results. {Liebig's AnnaL, Ifi, 1843, 241; also

Lehrbuch der Chemie, 5th ed., 3, 1228.)

J. Dumas : 40.02 (0 = 16).

Five experiments were made on the titration of calcium
chloride with argentic nitrate. They give a mean of 20.065,
but Dumas considers only three of them as entitled to a
voice. These give 20.01; extreme difference, 0.03. The
calcium chloride was prepared by dissolving marble in

chlorhydric acid, digestion with lime water, filtration,

evaporation, treatment with chlorhj'dric acid and heating
in a current of chlorine. For the three experiments
averaged the chloride was kept melted in the current of gas
for from 8 to 10 hours. Ag = 108 ; CI = 85.5. {Annal. de

Chimie et de Physique, (3,) 65, 1859, 129.)

CARBON.

The specific gravity of gaseous carbon compounds shows
that the atomic weight must be nearly 12. [Gmelin-Kraut,
I. c.) Weber has shown that the specific heat of carbon at

high temperatures obeys Dulong and Petit's law.

F. H. Wollaston: 12.06J^ (0 = 16); 75.4 (O = 100).

Biot and Arago found the specific gravity of carbon di-

oxide 1.5196, and that of oxygen, 1.1036. Calculation from
these data gives the value. {Phil. Trans., 104-, 1814, 20.)
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J. J. Berzelius : earlier determinations.

In 1817 Berzelius attempted to determine the atomic
weight of carbon by two analyses of plumbic carbonate.

[These analyses calculated for "Pb = 206.926 (Stas,) give C
= 11.998 and 11.984, or 74.99 and 74.90.] Considering the
diflerence too great, he calculated the atomic weight from
Biot and Arago's determination of the specific gravities of
carbon di-oxide and oxygen, 1.10359 and 1.51961. Berze-
lius gives 75.33 as the result; [I make it 75.394.] Subse-
quently, (1819,) Berzelius and Dulong determined these
specific gravities more accurately at 1.524 and 1.1026 whence
he calculated C = 76.487. This number was accepted until

Dumas showed it to be false, although in the mean time
carbon di-oxide had been shown to be a condensible gas.

According to Dumas, Berzelius at one time accepted a value

76.52 of which I have found no account. In Berzelius'

Lehrbuch, 3, 1174, 76.48 is a misprint for 76.437. {Berzelius'

Lehrbuch der Chemie, 5th ed., 3, 1197, et passim.)

T. Thomson : 13 {O = 16) ; 75 (0 = 100).

Thomson found the specific gravity of carbon di-oxide

1.52673. Assuming the specific gravity of oxygen at 1.1111,

chiefly to accord with the supposition that air is a compound
containing 20 per cent, of oxygen, he calculates the atomic
weight of carbon at 75. {Erdmann's Journ. fUr Prak. Chem.,

8, 1836, 372 ; Records of General Science, by R. D. Thomson,
1836, 179.)

J. Dumas : about 12.16 (0 = 16); 76 (O = 100).

From analysis of well crystallized naphthaline, Dumas in-

fers that the atomic weight of carbon cannot be so high as

76.44, and must be nearly as above. {Poggend. AnnaL, 44^

1838,110.)

J. J. Berzelius: 12.23 (0 = 16 ); 76.458 (0 = 100).

One experiment was made on the decomposition of plum-
bic carbonate by heat, which gave C = 76.405. [If Pb =:

206.926, the data give C = 12.185, or 76.157.] Another
experiment was made on the oxalate, which gave C = 76.511.

Berzelius regards these results as confirmatory of the value

76.438. The plumbic carbonate was prepared by precipi-

tating the nitrate with ammonium carbonate. The oxalate

was obtained by decomposing the acetate with oxalic acid.

{Liebig's AnnaL, 30, 1839, 241.)
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G. FowNES: 12.12 (0 = 16).

Determined by three analyses of naphthaline with cupric

oxide, the usual precautions being observed. The value is

the mean ; extreme difference, 0.14. The naphthaline was
purified b}^ slow sublimation in a florence tlask, and was
brilliantly white. Fownes does not regard his results as

conclusive as to the exact value. {Phil. 31ag., (3,) i5, 1839,

62.)

E. MiTSCHERLiCH : 12.016 (O = 16) ; 75.1 (0 = 100).

Experiments made on the analysis of naphthaline by the

ordinary method of organic analysis gave never more than

75.2, and those wdiich seemed most accurate very nearly 75.

{Mitscherlich's Lehrbuch der Chemie, 4th ed., 1, 1844, 595.)

Dumas and Stas : 1:? (0 = 16); 75 (0 = 100).

Determined by fourteen experiments on the combustion
of carbon in oxygen, the resulting carbon di-oxide being
weighed. In five cases natural graphite was employed, and
in four graphite from charcoal pig-iron. Both were puri-

fied by treatment with acid and heating in chlorine. The
necessary oxygen was developed in the combustion-tube
from potassic chlorate and cupric oxide. In five experi-

ments diamond was employed, and the oxygen was furnished
from a gasometer. The oxygen was displaced by air, espe-

cially purified from carbon di-oxide by milk of lime. The
products of combustion were collected in tubes filled with
pumice stone moistened with sulphuric acid, Liebig potash-

bulbs and tubes filled with dry potash. The mean of the

experiments on graphite gave = 74.982; those on dia-

mond gave 75.005 ; the extreme difference was 0.238. The
observers point out that the result would not be affected by
reduction to vacuum. [Annal. de Chimie et de Phi/sique, (3,)

i, 184], 5.)

Liebig thinks that potash must have been volatilized, and
says that there is no assurance that the oxygen was com-
pletely expelled by air. He also points out that the analyses

of camphor and benzoic acid, accompanying the investiga-

tion, show an excess of carbon for = 75. {Licbig's

Anrial, 38, 1841, 195.)

Erdmann and Marcuand : 12.000 (0 = 16) ; 75.054

(0 = 100).

Erdmann and Marchand repeated Dumas' and Stas' ex-

periments. Five experiments on diamond gave = 75.028

;
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extreme difference, 0.38. Three experiments on natural
and one on artificial graphite gave C = 75.087; extreme
difference, 0.13. The number is the mean of all experi-

ments. Erdmann and Marchand adopt 75. Calcium chlo-

ride was used in these experiments instead of sulphuric

acid to avoid objections as to the possible volatility of the

acid. {Erdmann's Journ. fur Frak. Chem., ^3, 1841, 159.)

Berzelius and Liebig and Redtenbacher : 13.110

(0 = 16) ; 75.741 (O = 100).

Five analyses by Berzelius of the tartrate of lead, the

decomposition being effected by heat, gave 62.7431 per cent.

plumbic oxide ; extreme difference, 0.045. Several analyses

of plumbic racemate gave a mean of 62.75 per cent, oxide;
extreme difference, 0.05. The salts were prepared by frac-

tional precipitation of plumbic acetate with tartaric and
racemic acids respectively. They were dried at 100°. {Pog-

gend. AnnaL, 19, 1830, 306.) From the analyses of the
tartrate Liebig and Redtenbacher calculate C = 75.771, and
from the racemate 75.711, taking Pb = 1294.489 and H =
6.2394. {Liebig's AnnaL, 38, 1841, 137.)

Liebig and Redtenbacher: 13.137 (0=16); 75.854
(O = 100).

Determined by decomposing known weights of organic
salts of silver in a covered crucible by heat and weighing
the silver. Five analyses of each of the following salts

showed that 18.6113 Ag = 28.8098 acetate ; 9.6171 Ag =
16.223 tartrate; 16.2641 Ag = 27.438 racemate; 16.0596
Ag = 25.9019 malate. If Ag = 1351.607 and H = 6.2394,

the above value for C follows, with an extreme difference

for the 20 analyses of 0.705, (0 = 100.) The figures are all

calculated for vacuum. [If Ag = 107.93 and H = 1.0025,

the average number obtained from the mean of each set of

analyses gives C = 12.06865 or 75.429.] The acetate was
prepared by partially neutralizing pure acetic acid with
ammonia, precipitating with argentic nitrate and recrystal-

lizing the salt from hot aqueous solution. The crystals

were dried at 103°. The acetic acid was prepared from
plumbic acetate. The tartrate was prepared by adding tar-

trate of sodium and potassium to a hot (80° to 85°) dilute

solution of argentic nitrate till a small permanent precipi-

tate was formed, and cooling the solution. The racemate
was prepared from pure acid racemate of ammonium like

the tartrate. The malate was prepared from calcium



32 ATOMIC WEIGHT DETERMINATIONS.

malate and argentic nitrate. The salt thus obtained was
dissolved in mtric acid, and reprecipitated with ammonia
added drop by drop, not to complete neutralization, washed
and dried. {Lkbir/s AnnaL, 88, 1841, 139.)

A. Strecker recalculated Liebig and Redtenbacher's

analyses given above, independently of the atomic weight

of silver, from the difference in their atomic composition,

employing the method of least squares. He found C =
75.415 ± 0.061, or 12.066 ± 0.01. In the sanie way, and

from the same analyses he calculated the atomic weight of

silver at 1348.79, or 107.9032. [The close coincidence be-

tween this result and Stas', is certainly worthy of remark,]

{Liebig's Annal, 59, 1846, 280.)

Marignac repeated Liebig and Redtenbacher's experi-

ments and got almost the same results, but, by varying the

method so as to preclude loss by spirting, different ones.

{Liebig's AnnaL, 59, 1846, 287.)

Stas had the same experience as Marignac, and also

ascribes Liebig and Redtenbacher's high results to loss by
spirting. {Bulletin de VAcad. Roy. des Sciences de Belgique,

16, 1849, 9.)

C. Marignac : 11.986 (0 = 16).

Determined by three analyses of the acetate of silver. The
salt was decomposed by heat in a tube in such a way that

the products of decomposition were forced to pass through
porous silver, and loss by spirting was impossible. 100 parts

of the salt were found to contain a mean of 64.664 silver, with

an extreme difference of 0.005 in vacuo. [If Ag := 107.93,

these figures give the above value.] Marignac regards the

analysis as a confirmation of Dumas and Stas' determina-

tion. The acetate was prepared by solution of argentic

carbonate in acetic acid and successive recrystallizations.

{Liebifs Annul, 59, 1846, 287; Bibl. Univ., Arch, des

Sciences, 1. 1846.)

Strecker believes that the silver in Marignac's determina-

tion must have retained carbon. {Ibid. 284.)

F. VON Wrede: 12.019 (0 = 16); 75.12 (0=100).

Von Wrede determined the specific gravity of carbon di-

oxide, taking into consideration its variation from the law

of Marriotte. He found it equal to 1.52037 —ytt^T"^''

He also found the specific gravity of oxygen 1.1052 and
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that of carbonic oxide 0.96779, Comparison gives C =
75.11 to 75.14. (Berzetius' Jahrcsbericht, £?, 1842, 72.) Berze-
lius adopted this determination.

Accordino; to Graelin-Kraut, 1, (2,) 70, Regnault's value

for the specific gravity of oxygen combined with von Wrede's
for carbon di-oxide gives C = 12.0037, and with that for car-

bonic oxide C= 12.0105.

J. S. Stas : 13.005 (O = 16) ; 75.030 (0 = 100).

Determined by passing carbonic oxide over a known
weight of pure cupric oxide, and weighing the carbon di-

oxide formed. Stas got from eight experiments C = 74.993

to 75.055. [The number taken is the mean of the results,

which is misprinted in Stas' paper 75.039.] The carbonic
oxide was prepared from oxalic acid by the action of sul-

phuric acid. It was purified from carbon di-oxide by pass-

ing through potash tubes, and from oxygen by passing over
hot copper filings, and was kept in a gasometer over water,

in which was dissolved a solution of stannous oxide in pot-

ash. The cupric oxide was prepared by igniting pure cupric

nitrate. The carbonic acid formed in the experiments was
caught in potash and sulphuric acid tubes. The amount of
carbon di-oxide weighed was from 23 to 67 grammes. The
weighings are reduced to vacuum. {Bulletin de VAcad. Roy.
des Sciences de Belgique, 16, 1849, 9.)

GRAPHON.

B. C. Brodie : 33 (0 = 16).

By the action of potassic chlorate and nitric acid on gra-

phite, Brodie obtained a compound of carbon, oxygen and
h^'drogen containing 11 atoms of carbon, and by the action

of heat on this substance two others containing, respectively,

22 and 66 atoms. The first of these is analogous to the
hydrated oxide of silicon obtained by Buft' and Woehler,
if Si = 21. From this fact, and the specific heat of gra-

phite, Brodie concludes that the atomic weight of the
graphitic form of C is 33. {Phil. Trans., 1^9, 1859, 249.)

Graham-Otto points out that if Si = 28, graphon must be
44, and that, in that case, the argument from the specific

heat loses its applicability.
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CERIUM,

The specific heat of metallic cerium, as determined by
W. F. Hillebrand, is 0.04479, and the atomic heat G.18 if the

atomic weight is 138. {Poggend. AnnaL, 158, 1876, 86.)

It is well known that cerium is always accompanied in

nature by lanthanium and didymium. The former was dis-

covered in 1839, and the latter in 1843, both by Mosander.

W. HisiNGER : 137.93 (0 = 16).

According to Hisinger, as reported by Berzelius, the lower
oxide of cerium contains 14.821 per 100 Ce, giving the

atomic weight at 574.718 for = 100, if the lower oxide is

regarded as a protoxide. {Poggend. AnnaL, 8, 1826, 186.)

T. TnoMSON : 150 (0 = 16).

Thomson analysed the sulphate and obtained for cerium

the value 625, (O = 100.) [He probably took barium = 70.]

{System of Chem., 7th ed., 1, 1831, 466.)

F.J. Otto: 138.91 (0 = 16).

According to Gmelin, Otto found in an approximate de-

termination Ce = 578.8, and recorded it in his revised trans-

lation of Graham's Chemistry, 1, 1840, 222.

A. Beringer : 138.^,8 (O = 16).

[Three analyses of cerous chloride with silver give the

atomic weight of cerium at 576.375, or 92.22, if Ag =
107.93, and CI = 35.457. Inconsistent results are given for

an analysis of the sulphide.] Three analyses of the sul-

phate in which the oxide was determined, gave 57.4717 per

cent, so-called protoxide, [or Ce = 576.31, or 92.21, if S =
32.0742.] Analysis of the formate gave Ce = 577.04 for

C == 75.85. The material for the preparations was eerie

oxide obtained from cerite, and purilied from lanthanium
by digestion with very dilute nitric acid. The lower oxide

was assumed to be Co 0. {Liebig's AnnaL, 4^, 1842, 134.)

E. Hermann : 138 (O = 16).

The lower oxide was assumed to be Ce O. 23.523 parts of

anhydrous cerous sulphate gave 29.160 parts of barium sul-

phate, giving Ce = 575, for O = 100, Ba = 856.88, and
S = 201.16. The salt was obtained by precipitating basic
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sulpbate from a sulphuric solution of the cerite oxides, and
converting this precipitate into the neutral salt. [Erdmann's

Journ.fUr Prak, Chem., 30, 1843, 184.)

C. Rammelsberg : 1S7.93 (O = 16).

Hermann states that Rammelsberg experimented on
cerium salts free from lanthanium, and got Ce = 574.7, the

lower oxide being supposed to contain one atom of oxygen.

[I cannot find the original paper.] [JErdmarm's Journ. far
Prak. Chem., 30, 1843,^184.)

C. Marignac : U1.79 (O = 16).

The result of seven experiments on the titration of cerous

sulphate, prepared from basic sulphate, with barium chlo-

ride. [Erdmann's Journ.fUr Prak. Chem.., ^8, 1849,40(3;
Bibl. Univ. Arch des Sciences, 8, 265.) Marignac subsequently
made experiments which showed these results to be too high
from the impurity of the barium sulphate precipitate, (see

note to Turner's determination of Barium,) and that the

number 575 (for O = 100 and cerous oxide Ce 0) was more
probable, [xinnal. de Chimie et de Physique, (3,) 38, 1853,

148.)

T. Kjerulf : 174.56.

Kjerulf obtained, by three organic analyses of cerium
oxalate, Ce ^ 727.33 on the protoxide theory, = 100. The
salt was prepared by dissolving cerium oxide in oxalic acid.

(Liebig's Annal., 87, 1853, 12.) Bunsen points out that this

must have been a basic salt. [Ibid, 105, 1858, 50.)

R. Bunsen and J. Jegel : 138.192 (O = 16).

The lower oxide was presumed to contain one atom of
oxygen. In two experiments cerous sulphate was decom-
posed with ammonium oxalate. The sulphuric acid thus
liberated was determined with barium sulphate ; the cerium
oxalate precipitate was decomposed by heat with the forma-
tion of eerie oxide, which was weighed and the additional

oxygen, introduced by heating, determined by iodometric
titration. The salt was not anhydrous ; the water contents
was estimated by difference. The experiments gave respec-

tively 57.49 and 57.46 per cent cerous oxide in the anhvdrous
salt, or Ce = 576.3 and 575.25 if S = 200. One experiment
was made on hydrous cerium oxalate. The cerous oxide
was found as before ; the water was determined and the
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oxalic acid was estimated by difference. This gave GO.02
per cent, cerous oxide, calculated for the anhydrous salt, or
Ce = 575.65. The salts were prepared from cerite as fol-

lows : the mineral was digested with sulphuric acid, the
sulphates formed were leached with water and with dilute

nitric acid ; this solution was treated with hydrogen sul-

phide, chlorhydric acid was added and cerium oxalate was
precipitated. The oxalate was heated with magnesia to

convert the cerium into the higher oxide, which was dis-

solved in concentrated nitric acid. After diluting the solu-

tion, chemically pure basic sulphate was precipitated. In
the preparation of cerous sulphate and oxalate oxidation
was prevented by the action of sulphurous acid. [Liebig's

Annal, 105, 1858, 45.)

C. Kammelsberg : 138.216 (0 = 16).

One experiment on the organic analysis of cerium oxalate

by heating in a current of oxygen behind copper oxide gave
Ce = 575^:9, (O = 100,) or 92.144, (O = 16,) cerous oxide
being regarded as Ce O. Ramraelsberg does not adopt his

own, but Hermann's determination. [Poggend. AiinaL, lOS,

1859, 44.)

C. Wolf : 136.993 (O = 16).

Determined from experiments on the sulphate, prepared
and analyzed as by Bunsen and Jegel. Wolf purified the
basic sulphate by solution in nitric acid and reprecipitation

in hot water, aided by recrystallizations. He found that

the oftener these processes were repeated the smaller was
the atomic weight resulting from the analysis. The purifi-

cations were repeated until the salt was spectroscopically

free from didymiura, and was perfectly white, (that employed
by other investigators had been yellowish or buffi) The
value taken, 45.664, [or ^ of 136.992,] was the smallest

and last value reached. The investigation was made in

Bunsen's laboratory. {SilUman's Am. Joimi., (2,) 4-^, 1868,

53.)

C. H. Wing: 137.01 (0 = 16).

Two experiments were made on the decomposition of
hydrous cerium sulphate with oxalic acid, the cerium oxalate

being converted into eerie oxide by heat. The amount of
cerous oxide in the eerie oxide was calculated according to

Wolfs results, giving for the atomic weight of cerium 45.64
and 45.69, S being 32. The cerium was six times recon-
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verted into basic sulphate, and repeated recrystallizations

were made. The salt was white and spectroscopically pure.

The determination was made in Gibbs' laboratory. [SiUi-

man's Amer. Journ. (2,) 4-^, 1870, 356.)

D. Mendelejeff: 138 (0 = 16).

Mendelejefl' first suggested raising the atomic weight of

cerium from 92 to 138. His reasons were a specific heat
determination which he had made with very impure metal,

and the fact that the supposed sesquioxide had never been
shown to exist. He believes that the atomic weight will

be found somewhat below 138, because that is the atomic
weight of barium. {Liebifs AnnaL, suppl., 8, 1871, 186.)

H. BuEHRiG : UO.64.8 (0 = 16).

Determined from ten analyses of the hydrous oxalate per-

formed by combustion in a current of pure oxj-gen behind
copper oxide. The water was collected in tubes filled with
calcic chloride, and the carbonic acid in potash. Five ex-

periments in which the cerium oxide was not determined
gave a mean of 94.1304, on the supposition that cerous

oxide contains 1 atom of oxygen and that O = 15.96, with
an extreme difference of 0.0445. Five determinations in

which the cerium was determined as eerie oxide gave
94.2260, with an extreme dift'erence of 0.0431. Carbon was
taken at 11.97. The mean result is Ce = 94.1782 for the

above mentioned assumptions, [or 140.648 for O = 16, and
on the supposition that cerous oxide is a sesqui-corapound.]

The oxalate was prepared from basic nitrate purified by
Gibbs' method of oxidation with minium and nitric acid.

The salt was spectroscopically pure. (Mrlmarm's Journ. far
Prak. Chem., 120, 1873, 222.)

CHLORINE.

The density of chlorine gas and the specific heat of chlo-

rine compounds leave no doubt that the atomic weight of

this element is nearly 35.5. {Gmclin-Kraut, I. c.)

Marcet, Berzelius, Wollaston : 35.28 (0 = 16).

Marcet, by experimenting on the calcination of pure mar-
ble, and on the saturation of chlorhydric acid with lime,
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foimcl as the mean of many trials, that 50.77 calcic carbo-

nate are equivalent to 56.1 calcic chloride. Wollaston,
taking the equivalent of calcic carbonate at 630, and that

of calcium at 255, calculates the equivalent of chlorine at

441 for O = 100. Wollaston cites Berzelius as having ob-

tained the same number by the conversion of plumbic car-

bonate into chloride. {Fhil Trans., 97, 1807, 301; lOJ^,

1814, 20.)

J. J. Berzelius : 35413 (O = 16) ; 221.327 (0 =
100).

The molecular weight of potassium chloride was ascer-

tained from four experiments on the decomposition of

potassium chlorate, which on being heated lost 39.15 per

cent, oxygen. This gives for the chloride 932.567, (0 =
100.) 100 parts of potassium chloride were further found
equivalent to 192.4 parts argentic chloride, and 100 parts of

silver to 132.75 argentic chloride. The value follows.

Berzelius in his Lehrbuch accepts Marignac's determination

and ascribes the error of the value he had obtained to the

imperfect decomposition of that portion of the chlorate

which was carried off as dust during the experiment. {Pog-

gend. AnnaL, 8, 1826, 17; also Lehrbuch der Chemie,3, 1189,

1191.)

E. Turner : 35.42 (0 = 16).

Turner made two experiments on the decomposition of

plumbic chloride with argentic nitrate. Assuming the

atomic weight of lead at 103.6, and that 100 silver = 132.8

chloride, these analyses gave CI = 35.43 and 35.48. Turner
also decomposed corrosive sublimate with calcic oxide neu-

tralized with nitric acid and precipitated with argentic

nitrate. If mercury = 201, these analyses give a maximum
of 35.28, and a minimum of 35.21, of which Turner selects

the largest. From calomel treated in the same way, he
arrived at the value 85.35. From his experiments on the
composition of argentic chloride (and apparently compari-
son with potassic chloride and chlorate) Turner got
35.45. The mean of the other experiments was 35.35, but
Turner considers 35.42 as being the most likely value. The
plumbum chloride was prepared from the carbonate, and
was purified by recr^^stallization, as was also the corrosive

sublimate. The calomel was " prepared by Mr. Howard,"
and retained traces of moisture at 300°, which would make
the atomic weight derived from its analysis too small. The
values are for vacuum. {Phil. Trans., 123, 1833, 529.)
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F.Penny: 35.454 (0 = 16).

Six experiments on the conversion of silver into nitrate

gave 100 Ag = 157.441 nitrate ; extreme diiierence, 0.028.

Twelve experiments by three different methods on the con-

version of silver into chloride gave 100 Ag = 132.837 chlo-

ride. Four series of experiments on the interconvcrsion of

potassic chloride, chlorate and nitrate gave for the difference

between the molecular weights of the chloride and the

nitrate 26.56. Corresponding experiments with sodium
salts gave the same difference 26.568. The mean combined
with the data for the silver salts gives the molecular weight
of argentic chloride at 143.424, and CI = 35.454. For fur-

ther details see Penny's determinations of potassium, sodium,
nitrogen and silver. The weighings were calculated for

vacuum. {Phil Trans., 19.9, 1839, 32.*)

R. Phillips : 35.688 (0 = 16).

In order to avoid the error possibly incurred by the melt-

ing, of argentic chloride, etc., Phillips mixed known and
nearly equivalent quantities of silver dissolved in nitric acid,

or of crystallized argentic nitrate, with ammonium chloride
;

filtered, washed, and precipitated the comparatively minute
amount of chlorine in the filtrate with silver solution. The
fusion of this small quantity could cause no loss of import-

ance. Phillips confesses that his ammonium chloride was
acid and the only conclusions he draws are that CI = 36,

N = 14, = 8 and H = 1 may be taken without consider-

able error if silver is 108. [The method seems to have been
original and is nearly that afterwards adopted by Pelouze.

The acidity of the ammonium chloride would of course give

CI too high.] (PM. Trans., 129, 1839, 35.)

C. Marignac : 36.001 (O = 16) ; 225.007 (0 = 100).

Determined by passing chlorhydric acid gas over hot
cupric oxide and condensing the water formed. The mean
of three experiments was CI = 450.013 ; the extreme difi'cr-

ence is 0.2 for = 100. The gas was made from recrj^s-

*This is one of the most elegant investigations of the kind to be found
in chemical literature, though it scarcely receives a mention except from
Stas, who accords to it the praise it deserves. Stas' wonderfully exhaustive

researches were necessary to prove beyond question that chemistry has a
mathematical basis, and that the atomic weights of the elements are incom-
mensurate. Penny's investigation, taken in connection with Stas', shows
that the highest degree of accuracy is not incompatible with the simplest

means when the}- are applied with the care and acumen, without which
«xact results cannot, under any circumstances, be obtained.
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tallized sea-salt and concentrated sulphuric acid and was
dried by passing through nine tubes filled with sulphuric
acid and pummice stone and with calcium chloride. The
water was collected in a condenser to which drying tubes
were appended. {Paris Comptes Hendus, I4., 1842, 570.)

A. Laurent : 35.468 (0 = 16) ; 221.672 (0 = 100),

Determined by three analyses of chloronaphthalintetrach-
loride, which he found to contain 58.22 ; 58.29; 58.28

;
per

cent. CI. The mean is 58.27 from which the value follows.
{Paris Comjjtes Rendus, i^, 1842, 456.)

,

According to Maumene, Laurent confessed that his salt

was impure, containing chlorose compounds, in Gerhardt's
Comptes Pendus, 1845, "1O8. {Annal de Chimie et de Phusigue.

(3,) 18, 1846, 45.)

C. Marignac: 35.37 (0=16); 221.07 (0 = 100).

One synthesis of argentic chloride showed that 100 silver
equals 32.74 chlorine. Berzelius had found 32.75, which
Marignac adopts. Marignac found by six experiments 011

the decomposition of potassic chlorate by heat, that the
molecular weight of potassic chloride was 932.14. He tested
the equivalence of potassic and argentic chlorides by pre-
cipitating the former with argentic nitrate, filtering with-
out the use of paper through a funnel with a capillary neck.
The precipitate was dried and weighed, then melted and
reweighed, no loss being observable. 100 potassium chlo-
ride gave 192.33 and 192.34 argentic chloride in two ex-
periments, or reduced to vacuum, 192.26. Hence the atomic
weight is 442.13. The potassic chloride was prepared by
heating chlorate which had been purified by repeated
recrystallizations. {Liebifs Annal, ^, 1842, 23.)

C. Marignac: 35.4S6 (0 = 16); 221.6 (0 = 100).

Li accordance with Pelouze's suggestion, Marignac re-
peated his determination of the composition of argentic
chloride and of the equivalence of potassic and argentic
chlorides, retaining the molecular weight of potassic chlo-
ride mentioned in the last paragraph. That value was
obtained from the mean of six experiments on the decom-
position of the chlorate which gave the percentage of oxygen
at from 39.155 to 39.167 ; mean 39.161. Pelouze had got, as
the mean of three experiments, 39.157. {Paris Comptes Pendus,
15, 1842, 959.) Marignac made eleven experiments on the
equivalence of silver and potassium chloride by Pelouze's
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method, a known weight of silver being dissolved in nitric

acid and added to a known and nearly equivalent amount
of potassic chloride in solution, after which the excess was
titrated with decimal standard solution. 100 parts of silver

were precipitated by from 69.049 to 69.067, in mean by
69.062 chloride. 100 parts of chloride were precipitated by
from 192.33 to 192.37, in mean by 192.348 silver. Five
experiments were made on the composition of argentic
chloride by dissolving silver in nitric acid, with precautions
against loss by spirting, precipitation witli chlorhydric acid,

washing, drying, melting and weighing in the same vessel.

100 parts of silver gave from 132.825 to 132.844 chloride,

mean 132.84. Calculation from these data gives in vacuo

Ag = 1349.01 ; K = 488.94 ; CI = 443.20 ; for O = 100 [or

Ag = 107.921 ; K = 39.115 ; CI = 35.456, for = 16.]

{Berzelius' Jahresbericht, 24., 1844, 58 ; Bibl. Univ., 4.6, 1843,
350.)

C. Gerhardt : 36 (O =16).

By heating potassic chlorate in a current of oxygen Ger-
hardt got, when he took precautions against loss by spirt-

ing, a mean of 60.949 chloride, from which he deduces 36
for chlorine without giving further data. [Paris Comptes
Rendus, ^1, 1845, 1280.) Marignac shows that no data have
ever been published which, in connection with Gerhardt's
experiments, would give this value for chlorine. He adds
further experiments of his own which, without aiming to

establish more exactly the true atomic weight, prove it less

than 36 [Liebifs Annul, 59, 1846, 284; Bibl. Univ., Arch,
des Sciences, 1, 1846.)

E. J. Maumene: 35.^62 (0 = 16).

Maumene made seven analyses of argentic chloride by
reduction in a current of pure hydrogen. Five of these ex-
periments were made with quantities less than 10 grammes,
and gave a mean of 100 silver = 32.736 CI. Two experi-
ments were made with about 30 grammes each, and gave 100
silver equal to 32.86 and 32.853 chlorine. Maumene pre-
fers the latter, and deduces from them for chlorine the value
443.67 or 35.494 taking silver according to his own experi-
ments at 1350.32. [If silver is taken at 107.93 (Stas) the
same analyses give 35.462.] [Annal. de Chimieeide Physique.

(3,) IS, 1846, 41.)
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A.Laurent: 35.5 (0=16); 221.88 (0 = 100).

A single experiment was made as follows : pure silver

was weighed otf and placed in a matrass, nitric and chlor-

hydric acids were added, the liquid was evaporated and
the chloride melted. An empty test was carried on at the

same time to act as tare. Silver was taken at 1350. {Paris

Comptes Bendus, 20, 1849, 5.)

J. Dumas : 35.5 (0 = 16).

Determined by chloridizing different weights of pure silver

by heating the metal in a current of chlorine. Experiments
on 10 grammes and 20 grammes gave a mean of 35.5055,

the difference being 0.013, for chlorine, if silver is 108.

{Annal. de Chimie et de Physique, (3,) 55, 1859, 135.)

J. S. Stas: 35.457 (0 = 16).

Stas found the atomic weight of chlorine by three inde-

pendent methods

:

(1.) From analysis of argentic chlorate and synthesis of
argentic chloride. A known weight of the chlorate was
dissolved in water, precipitated with sulphuric acid to secure
advantageous division of the salt, and reduced while in

suspension by a slow stream of sulphurous anhydride. The
chloride was washed, dried, and weighed in the flask in which
it was produced. The minute amount of chloride present

in the chlorate was collected and taken into consideration,

and the wash-water was carefully examined for silver. Two
analyses (of about 140 and 260 grammes) gave for the

molecular weight of the chloride 143.383 and 143.407, mean
143.395. A variety of syntheses of argentic chloride in the

wet and in the dr}- way showed that 100 parts silver com-
bined with nearl}^ 32.850 parts chlorine. Stas assumes that

none of his syntheses can possibly have given too mu(;h
chloride and accepts the relation stated. These data give

01 = 35.458.

(2.) From the mutual relations of potassic chlorate and
chloride and argentic chloride, combined with the composi-
tion of the last. The chlorate was decomposed either by
gentle heat or in the wet way with chlorhydric acitl. 100
parts of chlorate were found to contain 60.846 parts chlo-

ride as the mean of eight experiments ; extreme difference,

0.012,'which gives the molecular weight of potassic chloride

at 74.59. The relation between potassic and argentic chlo-

ride was ascertained by Pelouze's method, (see Marignac's
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determination above.) Twenty experiments on quantities

of 32 urrammes, and less, of silver gave 100 parts Ag =
69.103 parts KCl ; extreme difference, 0.008. These data
combined with the composition of argentic chloride given
above, indicate for chlorine 35.460.

(3.) The composition of argentic nitrate was determined,
and the difference betVeen the atomic weights of nitrogen
and chlorine. In two experiments silver was dissolved in

nitric acid, the solution evaporated to dryness, and the

nitrate kept melted until there was no further loss of

weight. The result obtained was that 100 silver = 157.484
nitrate; difference, 0.008. From series of experiments on
the relation of the chlorides of potassium, sodium, lithium

and silver to the nitrates, Stas found the difference between
a chloride and a nitrate from 26.586 to 26.591 ; mean 26.588.

These data show that the atomic weight of chlorine lies

between 35.455 and 35.460, and confirm the mean of all the

determinations of Penny, Marignac, and Stas, 35.457. The
silver for this investigation was either distilled or compared
with distilled silver; it was found impossible to reduce
the amount of silica in the alkaline salts below 0.002 of one
per cent., it was therefore determined and allowed for;

every possible method of purification by recrystallization

and otherwise was resorted to to ensure purity. The weigh-
ings are all reduced to vacuum. (Stas, Unters. ilber Chem.
ProporL, Leipzig, 1867.)

CHROMIUM.

The specific heat of chromium, as determined from that

of the oxide by Kopp, Regnault, and Neumann, corresponds
to an atomic heat of from 5.4 to 5.98, if the atomic weight
is taken at 52.4. [Gmelin-Kraut, I. c.)

J. J. Berzelius : 56.29 (O = 16) ; 351.819 (O = 100).

100 parts of plumbic nitrate, on precipitation with potas-

sic chromate, gave 98.772 parts plumbic chromate. The
value follows for Pb == 1294.498, and N = 88.518. {Poggend.

AnnaL, 8, 1826, 22.)

T. Thomson : 64, {O = 16) ; 400 (0 = 100).

8.14 grains of metallic chromium, converted into chromic
acid by heating with potash and nitre, gave a precipitate of

16.23 grains plumbic chromate. [Phil. D^ans., 117, 1827,

159.)
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E. Peligot : 5248 (0 = 16) ; 328 (0 = 100).

Peligot reached this value by a careful carbon determina-
tion of chromous acetate, produced by precipitating a dilute

solution of chromium protochloride with sodium acetate,

C = 75. Peligot does not regard the experiment as defini-

tive, the salt possessing but little stability. {Annal. de

Chimie et de Physique, (3,) 12, 1844, 527.)

K J. Berlin : S2.S4. (O = 16) ; 328.39 (O = 100).

Five experiments were made on the decomposition of
argentic chromate with chlorhydric acid and alcohol. The
silver chloride was washed in the flask in which it was pre-

cipitated, treated with aqua regia, melted and weighed with-
out removal. The decanted fluid and the wash-water were
evaporated to dryness with excess of ammonia, treated with
water and the chromium oxide filtered otF, heated to redness
and weighed. [Nothing is said of the recovery of any
argentic chloride that might have been removed by the
decantation.] The value taken is calculated from the com-
parison of the amounts of argentic chloride and of chro-

mium oxide obtained, Ag = 1349.66; CI = 443.28. The
extreme diflference is 1, for O = 100. The argentic chro-
mate was prepared by adding nitrate to a solution of potassic

chromate. [Erdmann's Journ. fiir Prak. Chem., 38, 1846,
145.)

V. A. Jacquelin : 50.08 (0 = 16) ; 313 (0 = 100).

By washing and purifying violet chromium chloride,

Jacquelain obtained a substance which he took to be the
pure chloride and which was more soluble than the un-
puritied salt. He analysed it by melting with soda, and
arrived at the above number. [Liebig's Annal., 64, 1847,
275 ; Pevue Scient, 11,,, 198.)

A. Moberg: 53.563 (O = 16); 334.769 (O = 100).

Moberg made twelve experiment^ on the decomposition
of chromium salts by heat. In two cases the sulphate
dried at a low red heat was decomposed by strong ignition

in a platinum crucible ; the results being, 335.65 and 335.29
for chromium. Ten experiments were made on the decom-
position of ammonium-chromium-alum which had been
dried in a pulverized state for a long time. These deter-

minations gave from 333.965 to 335.739. The value taken
is the mean. The alum employed was prepared from pure
materiid, and was repeatedly recrystallized. S = 200 ; X =
87.5. {Erdmann's Journ. fiir Prak. Chem., Iy3, 1848, 115.)
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J. Lefort : 52.97 (O = 16).

Determined by fourteen experiments on the precipitation
of barium with sulphuric acid from a nitric acid solution of
barium chromate. The barium chromate was prepared by
precipitating potassium chromate with barium nitrate and
drying the precipitate at 250°. [If these analyses are cal-

culated for barium = 137 and S = 32, they give 100 barium
chromate = 60.244 barium oxide, extreme difference, 0.26,

and the atomic weight as above. Lefort seems to have
taken Ba = 136.72. Berlin points out the correction which
I have verified.] {Erdmami's Joarii. filr Prak. Ohem., 51,

1850, 261
;" Journ. de Pharm. et de C/wn., 18, 27.)

R. WiLDENSTEIN : 5S485 (O = 16).

Determined by thirty-two experiments on the precipitation

of barium chloride, desiccated at a red heat, by pure, neutral
potassic chromate. The mean of these analyses gave 100
barium chromate = 81.70 barium chloride ; extreme differ-

ence 0.35. Wildenstein calculates 334.48 without giving
the assumption for chlorine. [If CI = 35.457 ; Ba = 137,
the value follows.] {Erdmann's Journ. fw' Prak. Ghem., 59,

1853, 28.)

F. Kessler : 52.3 (0 = 16).

Kessler reached this value by comparing the oxidizitig

action of potassic chromate with that of potassic chlorate on
arsenious acid. Six experiments were made on the oxidiz-

ing power of the chromate and twelve on that of the chlorate

by a method of titration. By combining the maximum of

one with the minimum of the other series, Kessler finds the

atomic weight of chromium between 25.93 and 26.40 ; in

mean 26.15, K being = 39.12 and CI = 35.45. Confirma-
tory experiments were made on the oxidation of ferrous

chloride in the same way. These gave a mean of 26.1.

{Poggend. Annul, 113, 1861, 137; 95, 1855, 208.)

M. SiEWART : 52.094 (0 = 16).

Determined from the amount of chlorine in sublimed
violet chromium chloride. Siewart criticises Kessler's de-

termination and deduces from the latter's data a value 25.02.

{Kopjy's Jahresbericht, 14-, 1861, 240; Halle, Zeitschr. fiir die

Gesammt. Naturwis., 17, 530.)

Kessler points out that the number 25.02 is a misprint in

the Jahresbericht, and that Siewart's paper ascribes to him
the value 26.02. {Poggend. Ann., 117, 1862, 352.)
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COBALT.

The atomic heat of cobalt as determined by Regnault is

6.27 if the atomic weight is assumed at 58.8. [Gmelin-

Kraut, I. c.)

E. Rothoff: 68.98(0 = 16); 368.65(0 = 100).

269.2 parts of cobalt oxide converted into neutral cobalt-

ous chloride and precipitated with argentic nitrate gave
1029.9 argentic chloride, according to Berzelius' report.

{Poqgend. Annal., 5, 1826, 185.) Berzelius recalculates this

analysis for CI = 221.64 and Ag = 1.349.66, and gets the

value taken. [Berzelius' Lehrbuch, 3, 1220.)

R. Schneider: 60.006 (0 = 16); 375.04 (0 = 100).

Determined from four analyses of the oxalate. The car-

bon was determined as in organic analysis ; the metal by
heating a known weight of the salt first in a current of air,

then in oneof oxygen, and by reduction of the oxide in hydro-

gen. The mean of the four analyses gave cobalt at 30.003,

with an extreme difference of 0.026 for C = 6. The
oxalate was prepared by converting the chemically pure
cobalt of commerce into roseo-cobaltic cLloride, from which
the metal was again reduced, then dissolved in chlorhydric

acid and carbonate precipitated, which was digested with
oxalic acid. [Poggend. AnnaL, 101, 1857, 398.)

Marignac objects to this determination that the oxalate,

being insoluble, may very likely have retained portions of

the carbonate which could not be removed bv washing.

{Bibl Univ., Arch, des Sciences, (2,) 1, 1858, 372.)"

Schneider answers that he obtained nearly identical results

from lots prepared at different times, and that he believes

that he has convinced himself that the oxalate contained no
carbonate. [Poggend. Annal., 107, 1859, 610.)

Gibbs, reporting Schneider's determination, remarks

:

" Very numerous and carefully made analyses of the ammo-
nium-cobalt bases, executed in my laboratory, indicate 29.5

as the true equivalent of cobalt." [Silliman's Amer. Journ.,

(2,) ^5, 1858, 438.)

C. Marignac : about 59 (O = 16).

Five experiments were made on the decomposition of

cobalt sulphate by heat. This salt can be readily dried

without decomposition, and the acid is completely driven

off by heat, but the resulting protoxide contains a slight
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excess of oxygen. In order to remove this excess it was
melted under a known weight of an acid silicate of lead.

The results for cobalt varied from 29.32 to 29.38. The sul-

phate was purified by recrystallization. Marignac also ex-

perimented on the chloride. The weight of this salt varies

greatly with the moisture of the atmosphere when crystal-

lized, and attempts to desiccate it usually result in the

formation of some insoluble compound. Three analyses of

chloride appearing to contain one molecule of water, and
dried at 100°, performed by titration with silver solution,

gave cobalt at 29.42 to 29.51. Five experiments were made
in the same way on chloride either melted in a current of

chlorine or of chlorhydric acid gas, or calcined with ammo-
nium chloride. These determinations gave from 29.36 to

29.42. {Bihl Univ., Arch, des Sciences, \2,) 1, 1858, 374.)

[Marignac, in another investigation in the same volume,
takes Ag = 108; CI = 35.5.]

J. Dumas : 59 (0 == 16).

Determined by five experiments on the titration of cobalt

chloride with silver. The mean result for cobalt was 29.542

;

extreme difiPerence 0.09 ; Ag = 108 ; CI = 35.5. The chlo-

ride was prepared by dissolving pure cobalt in aqua regia,

evaporating in the presence of excess of chlorhydric acid

and heating to redness in a current of chlorhydric acid gas.

In two of the determinations cobalt from a difiterent lot,

which had been heated in a vacuum was employed. [Annal.

de Chimie et de Physique, (3,) S5, 1859, 148.)

W. J. Russell : 58.74 (0 = 16).

Determined by fifteen experiments on the reduction of
cobalt oxide in hydrogen. The value is the mean ; the ex-

treme difference is 0.19. To obtain pure cobalt oxide
Claudet's salt was prepared, purified by recrystallization,

etc., reduced in hydrogen, the metal dissolved in nitric acid

and the resulting salt decomposed by heating in a stream
of carbon di-oxide. {Chem. Soc. Journ., (2,) 1, 1863, 57.)

Schneider considers that no sufficient precautions were
taken to exclude air in these experiments, and that higher
oxides were formed. [Poggend. Annal., 130, 1867, 310.)

E. VON SOMMARUGA : 60 (O = 16).

Determined by seven experiments on the reduction of
purpureocobaltic chloride in a current of hydrogen. The
mean of the experiments is 29.965; four of them give a
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mean 29.996. The extreme difference is 0.093. The salt

was prepared by solution of the carbonate in chlorhydric

acid, addition of ammonia in excess, exposure to the air,

washing of the precipitate with acidulated, then with pure
water and drying at 110°. A special examination showed
it free from other metals. Sommaruga took CI =: 35.5

;

]Sr = 14. [Erdmann's Journ. fiir Prak. Chem.,100, 1867, 113
;

Sitz.-Bericht dcr k. k. Akad., 1866.)

C. Winkler : 59 (0 = 16).

This value is derived from the mean of five experiments
on the precipitation of gold from a solution of neutral

crystallized chloride of gold and sodium. The metallic

cobalt employed was prepared by the reduction of purpureo-
cobaltic chloride. The latter was made from oxide, and was
purified by recrystallization. Gold was assumed at 196.

The mean of the results was 29.496 ; extreme difference,

0.071. {Fresenius' Zeitschr. fiir Anal. Chem., 6, 1867, 22.)

P. 'Welesky : 58.98 (0 = 16).

Determined from the analysis of cobalti-cyanides, per-

formed by drying the salt at 100°, and heating to redness,

first in a current of oxygen then of hydrogen. Four experi-

ments with phenylammonium-cobalti-cyanide gave cobalt at

from 29.38 to 29.59. Two experiments with ammonium-
cobalti-cyanide gave from 29.46 to 29.55. Mean, 29.48;
extreme difference, 0.21. A single experiment by Winkler's
method gave 29.42. {Berlin, Beriehtder Chem. Ges., 2, 1869,

592.)

W. J. RussEL : 58.76 (O = 16).

Determined by the amount of hydrogen set free by the
solution of cobalt in hydrochloric acid. The value is the

mean of 2 (or 4 ?) trials. The cobalt employed was that

reduced by Russel in his former experiments on the same
atomic weight. {Chem. News, W, 1869, 20.)

R. H.Lee: 59.10 (0 = 16).

Determined by analysis of cobalti-cyanide salts. They
were decomposed in a crucible by heating from above. The
carbon separated was burned oft" in air and then in oxygen,
and the metallic oxide reduced in hydrogen. Six experi-

ments on the strychnine salt gave a mean of 59.05. Six

experiments on the brucine salt gave 59.15. Six experi-
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ments, made with especial care, on the reduction of pur-

pureo-cobaltic chloride by hydrogen gave 59.09. (Reported

by Gibbs. Berlin, Bericht der Chem. Ges., 4, 1871, 789.)

COPPER.

Regnault, Kopp, and others have determined the specific

heat of copper. It corresponds to an atomic heat of about
6 if the atomic weight is taken at 63.3. ( Gmelin-Kraut, I. c.)

R. Chenevix: F. H. Wollaston: 64. (O = 16); 400
(0=100.)

Chenevix found 20 parts of oxygen equivalent to 100 parts

of copper, whence Wollaston deduces the atomic weight.

{Phil. Trans., IO4., 1814, 21.)

J. J. Berzelius : 63.^96 (0 = 16) ; 395.6 (0 == 100).

Determined by two experiments on the reduction of cupric

oxide with hydrogen, which gave 395.695 and 395.507. The
water was not weighed. [Poggend. AnnaL, 8, 1826, 182 ; and
Lehrbuch, 3, 1216!)

ErdxMANN and Marchand : 63.456 (O = 16) ; 396.6

(0 = 100.)

Determined by four experiments on the reduction of
large quantities of cupric oxide in a current of hydrogen.
The hydrogen was displaced by air after the completion of
the reduction. The weight of the oxide and of the copper
were reduced to vacuum, but not that of the weights em-
ployed. To obtain pure cupric oxide, pure vitrol was pre-

pared and electrolytically decomposed. The copper thus
obtained was dissolved in nitric acid, and the nitrate decom-
posed by heat. The value is the mean; the extreme differ-

ence is 0.056 for O = 8, or 0.112 for = 16. {Urdm.. Journ.

filr Prak. Chem., 31, 1844, 389.)

Berzelius points out that these analyses vary among them-
selves much more than his own. He makes the difference

somewhat greater than it really is by neglecting the reduc-
tion to vacuum. [Ibid., 37, 1846, 72.)

Ilampc shows that these analyses, correctly calculated,

give Cu = 63.46. {Zeitschr. fiir Berg Hiltten-und-Sal- Wesen
im Preus. St., £1, 1873, 261.)

4
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J. Dumas : 63.5 (O = 16).

Dumas says that experiments on the reduction of cupric

oxide and on the sulphidation of copper have shown him
that the atomic weight of copper lies between 31.5 and 82,

near 31.75, but that his experiments cannot be regarded as

decisive. {Annal. de Chimie et de Physique, (3,) S5, 1859, 129.)

MiLLON and Commaille : 63.128 (0 = 16); 394.55

(O = 100).

These (three) experiments were in most respects a repeti-

tion of Erdmann and Marchand's. The value is the mean;
the extreme diflference is 0.49 for O = 100, or 0.0784 for O
= 16. The sulphate was prepared free from iron or zinc

by dissolving copper in ammoniacal sulphate or nitrate.

The oxide was obtained by heating the nitrate. (Paris

Comptes Pcndus.SS, 1863, 1249; and 57, 1863, 145.)

Fresenius sees no reason for preferring this to Erdmann
and Marchand's value. [Fresenius^ Zeitschr. filr Anal. Chem.y

^, 1863, 474.)

W. Hampe : 63.3296 (0 = 16).

In three experiments cupric oxide was reduced in a cur-

rent of hydrogen with all possible precautions. The hydro-
gen was displaced by air before weighing, though it was
shown by experiment tliat porous copper does not condense
hydrogen. The metal was heated till incipient melting was
observed. The reduction and melting were repeated with-

out altering the weight. Hampe attempted to control his

results by reconverting the metal into oxide, but was unable
to effect complete oxidation. The water produced by the

reduction was found to be perfectly pure. The mean result

was Cu = 31.6696, maximum,, 31.6729, minimum, 31.6648.

The oxide was prepared from metallic copper. To obtain

pure metallic copper, sulphate free from bismuth was elec-

trolytically decomposed, the iinely divided metal well washed,
then melted, lirst in a current of carbon di-oxide, afterwards

in hydrogen, and then again in carbon di-oxide. From the

metal, basic nitrate was formed and from this salt, by heat-

ing first in air and then in oxygen, oxide. In two experi-

ments the atomic weight of copper was determined by
decomposing cupric sulphate by electrolysis, and weighing
the metal. The residual fluid was evaporated, and a minute
amount of copper, which had escaped decomposition, was
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recovered and determined as sulphide. For S = 16.037 and
= 8, these experiments gave Cu = 31.6577 and 31.66.

The vahie taken is the mean of the two series. All weigh-

ings were reduced to vacuum. [Zeitschr. fiir Berg Hutten-

unci Sal.-Wesen im Freus. St., 21, 1873, 260.)

DIDYMIUM.

W. F. Hillebrand found the specific heat of this metal

0.04563, which corresponds to an atomic heat of 6.60 for

an atomic weight of 144.78. [Foggend. AnnaL, 158, 1876, 78.)

C. Marignac: U8.8 (0 = 16); 930 (O = 100).

Determined by decomposing disulphate with barium chlo-

ride. Assuming the lower oxide as a prot-oxide, he calcu-

lated the atomic weight at 620. As Marignac was not
confident of the purity of his salt, and subsequently became
certain that the method was untrustworthy, details are

unnecessary. [Liebig^s AnnaL, 71, 1849, 313.)

C. Marignac : 143.81 (0 = 16) ; 898.8 (0 = 100).

Five experiments were made on the sulphate by decom-
position with ammonium oxalate. The didymium oxalate

was heated to redness, and the resulting oxide weighed.
On the assumption that the oxide was protoxide, these
determinations gave a mean of 598.2 for Di, with an ex-

treme difference of 2.5. Three experiments were made on
the chloride, the insoluble oxychloride, which is unavoida-
ble in drying the salt, being separated. The chlorine was
determined with silver, and the Di as in the previous experi-
ments. These determinations gave Di at 600.2, with an
extreme diflerence of 5.2 for CI = 443.2 and S = 200. The
salts were prepared from cerite. The cerium was extracted
by treatment at first with dilute and afterwards with con-
centrated nitric acid. The sulphates of Di and La were
separated by partial precipitation with oxalic acid and by
partial recrystallization. {ArniaJ. de Chimie et de Fhys., (3,)

38, 1853, 148.)

R. Hermann : U^.U (0 = 16) ; 890.25 (O = 100).

In one experiment sulphate which had been heated to a
low red heat, was dissolved, decomposed with ammonium
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oxalate, the precipitate incinerated and the oxide weighed.

The result was Di = 594.46, on the prot-oxide hypothesis,

fQY g _ 200. In one experiment the chloride was decom-

posed with argentic nitrate, oxychloride being filtered off

and allowed for, and the argentic chloride weighed, ihis

experiment gave Di = 592.54 for CI = 443.2. For the prep-

aration of the salt see Lanthaninm. {Erdmami s Journ.fur

Prak. Chem., 83, 1861, 387.)

H. ZscniESCHE : About lU (0 = 16).

In five experiments the sulphate was exposed to a white

heat until the weight became constant and the oxide on

beino- tested showed no traces of sulphur. The results

varied from Di = 46.585 to 48.08, probably, Zschiesche

thinks, on account of the presence of La. S ^16. Di was

separated from La by the partial precipitation of the nitrates

with oxalic acid, the first portion falling being redissolved,

and the partial precipitation repeated twenty times. [J^rd-

mann's Journ.fur Prak. Chem., 107, 1869, 74.

C. Erk : IJ^.695 (O = 16).

The sulphate was decomposed with ammonium oxalate,

the oxalate incinerated and the oxide weighed. The sul-

phuric acid was also precipitated as barium salt, and

weighed. Three experiments gave a mean of Di == 95.13,

on the prot-oxide hypothesis, with an extreme difference of

0.78. The Di salt was found to contain yttrium which was
removed by repeated fractional precipitation with sodium
sulphate. This re-agent precipitates a double salt of Di and
sodium. The purification was continued until the atomic

weight became constant. {Kopp' s Jahresbericht, 1870, 819,

Jena'sche Zeitschr,fUr Med. und Nat, 6, 299.)

Casselmann thinks that the salt may still have retained

yttrium, and Fresenius objects to the barium sulphate

determination on the well-known grounds. {Fresenius'

Zeitschr, 10, 510.)

D. Mendelejeff : 138 (O = 16).

From the analogy between Di and cerium and other

elements, and from the fact that it forms two oxides, Men-
delejeff believes that its lower oxide is a sesqui-oxide, and
its atomic weight 138. Mendelejeff points out that an

error is to be apprehended in the received values from the

fact that we have no guarantee of the pureness of Di salts

except recrystallization. {Liebig's Annal. Suppl. 8, 1871,

190.)
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P. T. Cleve : 147.01 (O = 16).

Determined by the conversion of didymium oxide into sul-

phate. The number is the mean of six experiments ; ex-

treme difterence 0.58. The Di was separated from lantha-

nium by repeated precipitations of basic nitrate from nitric

acid solution, conversion into formate and decomposition of

this salt by heat. {Kopp's Jahresbericht, 1874, 259. Bulle-

tin Soc. Chimique, (2,) SI, 246.)

W. F. HiLLEBRAND : 144.78 (0 = 16).

Determined by one experiment on the conversion of

metallic Di into nitrate, and then, by heat, into oxide. The
impurities were determined. The metal was reduced elec-

trolytically from the chloride. {Poggend. Annul., 168, 1876,

78.)

ERBIUM.

The physical and chemical analogies of the salts of this

element have led MendelejefF {Liebig'sAnnaL, Suppl. 8, 1871,

195,) and P. T. Cleve {Kopfs Jahresbericht, 1874, 260; Bul-
letin Soc. Chimique, (2,) 21, 344,) to regard it as triatomic,

and its atomic weight as about 170.'&'

M. Delafontaine : 113.04. (O = 16).

M. Delafontaine investigated gadolinite by Mosander's
method, and obtained besides yttrium, two substances which
he regarded as erbium and terbium. From the sulphates,

in which he supposed the metals to exist as protoxides, he
determined erbium at 496 and terbium at 471 for O = 100.

Popp (Liebig's Annalen, 131, 189,) and Bunsen and Bahr
{Ibid, 137, 1,) have shown that Mosander's method gives
only mixtures. Delafontaine's terbium is thought to have
been chiefly the erbium of other chemists. {Biebig's Annul.,

134, 1865, 108.)

Bahr and Bunsen : 168.9 (O = 16).

A known weight of erbium oxide was treated with a very
slightly excessive quantity of sulphuric acid; the solution

evaporated and the excess of acid driven off at as low a
temperature as possible. The increase of weight indicates

112.6 for S = 32. The oxide was prepared from gadoli-
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nite. The mineral was decomposed with chlorhydric acid,

and the earths precipitated with oxalic acid. The oxalates

were converted into nitrates, the cerium metals separated

with potassic sulphate, and calcium and magnesium with

ammonia. If the nitrates of yttrium and erbium are dis-

solved in boiling water, basic erbium nitrate with some
yttrium crystallizes out, leaving yttrium nitrate with some
erbium in solution. The process of partial crystallization

was continued as long as the atomic weight of the erbium
salt continued increasing. Bahr and Bunsen believe, how-
ever, that the atomic weight may be some hundredths higher.

The salt was spectroscopicall}- free from didymium. [Liebig^s

AnnaL, 137, 1866, 2.)

P. T. Cleve and 0. M. Hoeglund : 170.55 (0 = 16).

Determined from four syntheses of the sulphate, giving

113.7 on the diatomic hypothesis. The oxide was purified

bj^ heating the nitrates, etc., according to Berlin. {Blom-

strand in ^Berlin, Ber. der Cliem. Ges., 1873, 1467; Bull. Soc.

CMmique, 1873, 193 and 289.)

FLUORINE.

Dumas and Peligot and others have determined the vapor-

density of a number of fluorine compounds. They corres-

pond to an atomic weight of about 19. {L. Meyer, I. c.)

H. Davy : 18.86 (O = 16).

Determined by the conversion of Derbyshire spar into sul-

phate. 100 parts of spar gave a maximum of 175.2 parts

calcic sulphate. [If 8 = 32; Ca = 40; the value follows.]

{Phil. Ti^ans., IO4., 1814, 64.)

J. J. Berzelius : 18.85 (0 = 16).

Determined by conversion of calcic fluoride into sulphate.

100 parts fluoride gave, in mean of three experiments, 175

parts sulphate ; extreme diflerence, 0.2. [If S = 32 ; Ca
= 40; the value follows.] [Poqgevd. AnnaL, 8, 1826, 18,

and Lehrhuch, 3, nm.)
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P. LouYET : 19 (0 = 16).

Determined bj' six experiments on the conversion of fluor-

spar into calcic sulphate. The mean result was 100 parts

spar equal 174. S6 sulphate, with an extreme difference of
0.3, Spar from Derbyshire was pulverized, digested with
chlorhydric acid, and the foreign matter removed by lutra-

tion in water. It w^as completely dissolved in sulpliuric acid,

the excess of which was driven off by heat continued
till a constant weight was obtained. S = 200 ; Ca = 250.

{Erdmami's Journ. fur Prak. Chem., ^7, 1849, 104 ; Annal. de

Chim. ctde Fhjs., (3,) 25, 1849, 291.)

E. Fremy.

This chemist says that his analyses essentially confirm
Berzelius' determination. {Annal. de Chimie et de Phys., (3,)

4.7, 1856, 27.)

J. Dumas : 19 (O = 16).

Determined bj'the conversion of fluorides into sulphates.

A single experiment on the conversion of calcic fluoride

gave 18.96 ; two experiments on sodic fluoride, 19.06 ; and
two on potassic fluoride, 18.99. The mean is 19.01; ex-

treme diflerence, 0.12. Ca= 20 ; Na = 2o ; K = 39 ; S =
16. The alkaline salts were well crystallized and were fused
before use. (Annal. de Chim. et de Phys., (3,) 56, 170.)

S. DE Lucca : 18.96 (O = 16).

Determined by four experiments on the conversion of a
pure spar from Gerfalco into sulphate. The extreme difler-

ence was 0.15, The decomposition was very difficult. The
loss on ignition and the residue left on evaporation of the
acid employed were taken into consideration. [S apparently
= 16; Ca = 20.] {Paris Comptes Bendus, 51, 1860, 299.)

GALLIUM.

Berthelot has determined the specific heat of gallium at
0.079 corresponding to an atomic heat of 5.52, if the atomic
weight is 69.9. {Paris Comptes Bend., 86, 1878, 786.)
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L. DE BOISBAUDRAN : 69.9 (0 = 16).

This chemist " has prepared several chlorides, [^samples

of chloride ?] several bromides, and several anhydrous iodides
of gallium. He has determined the atomic weight of gal-
lium, and found it 69.9, (mean of two experiments.) " {Paris
Comptes Bend., 86, 1878, 756.)

GOLD.

Dulong and Petit and Regnault have determined the
specific heat of gold. It corresponds to an atomic weight of
about 200. {Gmelin-Kraut, I. c.)

J. J. Berzelius : 1964 (0 = 16).

Determined by the amount of mercury necessary to pre-
cipitate a known weight of gold from solution of chloride.
142.9 mercury were found equivalent to 93.55 gold. [If
Hg = 200, this gives Au = 196.397.1 (Poggend. AnnaL, 8,
1826, 178.)

T. Thomson : 200 (0 = 16).

This value is derived from a somewhat inaccurate experi-
ment on the reduction of auric chloride by ferrous sulphate.
{Edinh. Trans. Roy. Soc, 11, 1831, 26.)

J. J. Berzelius : 196.73 (O = 16).

Determined by five experiments on the relative amount,
of gold and of potassic chloride in the residue obtained by
heating the double chloride of the two metals in an atmos-
phere of hydrogen. [Calculated for KCl = 74.594, (Stas,)
these experiments give a maximum of 196.79, minimum of
196.63 and a mean of 196.727. The atomic weight derived
from the first experiment is misprinted in the Lehrbuch, as
is the mean in the Jahresbericht.] {Berzelius' Jahresbericht,.

25, 1846, 41 ; and Lehrbuch, 3, 1845, 1212.)

A. Levol : 196.26 (O = 16).

_A known weight of gold was converted into chloride, and
this salt decomposed in boiling solution by a current of
pure, washed sulphurous acid. "The sulphuric acid formed
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was precipitated as barium salt, and the atomic weight cal-

culated by comparison of the gold employed and the barium
sulphate obtained. 1000 gold gave 1782 sulphate. [If the

atomic weight of S = 32.0742, and that of Ba = 137.08, the

above value follows.] [Annal. de Chimie et de Phys., (3,) 30,

1850, 355.)

HYDROGEN.

The density of hydrogen as determined by a great num-
ber of investigators, especially Regnault, is about y^g of that

of oxygen. If oxygen is 16, the atomic weight of hydrogen
is consequently about 1.

The atomic weights of the elements are compared either

with that of oxygen or with that of hydrogen. The main
advantage of assuming hydrogen as unity is the simplicity

of the approximate values expressed in terms of the atomic
weight of this element. The hypothesis of Prout has also

had much influence in giving currency to this unit. The
advantages of oxygen as a standard of comparison consist

in the fact that it combines with all the elements, except
fluorine, and in the superior accuracy of the determination
of its specific gravity. The percentage variation between
Regnault's determinations of the specific gravity of hydrogen
was thirty-six times as great as occurred in his experiments
on oxygen. Unnecessary complication in the approximate
values of the atomic weights is as well avoided by assuming
oxygen at 16 as by taking hydrogen at 1.

These reasons for the adoption of the atomic weight of
oxygen as a standard of comparison appear to me conclu-
sive, and accordingly all values in this paper have been re-

duced to = 16.

F. H. WoLLASTON : 1.06 (0 = 16 ); 6.64 (O = 100).

Gay-Lussac and Humboldt having shown that two vol-

umes of hydrogen and one of oxygen form water, and Biot
and Arago having determined the specific gravity of these
gases, Wollaston calculated the above atomic weight. iPhiL
Trans., IO4,, 1814, 20.)

Berzelius and Dulonq : 0.9984. (0 = 16) ; 6.24 (O
= 100).

Determined by three experiments on the reduction of
cupric oxide by hydrogen. The hydrogen was made from
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pure materials, and passed through a solution of litharge

in potash, and ov6r a coarse powder of caustic potash
before use. The resultant water was caught in calcic chlo-

ride and weighed. The determination was also confirmed
by experiments on the specific gravity of oxygen and
hydrogen. The minimum result for hydrogen was 0.9934,

the maximum 1.0086. {Thomson's Annals of Phil., ^, 1821,

48.)

T. Thomson: 1 {0 = 16); 6.25 (0=100).

Thomson found the Sp. Gr. of H = 0.0694. Taking that

of O as 1.1111 on theoretical grounds (the supposed com-
pound nature of air, etc.,) he calculates the above value.

[Erdmann's Journ. fiir Prak. Che?n., 8, 1836, 374; Records

of Gen. Sci., R. D. Thomson, 1836, 179.)

J. Dumas : 1.0012 (O = 16) ; 6.2575 (O = 100).

Determined by nineteen experiments on the reduction of
cupric oxide with pure hydrogen. The gas was made from
pure materials and was passed through solutions of plumbic
nitrate and argentic sulphate, and over potash, and dried

with cold sulphuric acid or with phosphoric acid. The
weighings of the oxide and of the reduced copper were
made in vacuo. [Dumas corrected the results obtained for

the air contained in the sulphuric acid, but does not ex-

plain how he estimated it, while certain other possible cor-

rections are not mentioned.] The mean of the corrected
results is 12.515. The extreme difference is 0.09 for =
100. Without the correction for absorbed air the mean is

12.533, [or 1.00264]; maximum 12.583; minimum 12.481.

{Paris Oomptes Rend., U, 1842, 537.)

Erdmann and Marchand : 1.0016 (0 = 16); 6.26

(O = 100).

Determined by eight experiments on the reduction of
cupric oxide with hydrogen, the number is the mean of the

results. In four of the experiments the correction for

vacuum was calculated. These gave H = 12.548 ; extreme
difference, 0.067. In four experiments the weighings were
made in vacuo. These gave a mean of 12.492, with an ex-

treme difference of 0.015. The oxide employed was either

copper scale or was produced from cupric nitrate. The
hydrogen was made from pure zinc and sulphuric acid, and
was purified with potash in solution and in lumps, mercuric
chloride, sulphuric acid, and chloride of calcium. In the
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last five experiments the gas was also passed over red-hot
copper to remove traces of oxygen.) * {Erdmami's Journ.

fur Prak. Chem., 26, 1842, 461.)

J. S. Stas: 1.0025 (0 = 16).

From all the investigations that have been made on the
specific gravity of the gases, the composition of water, etc.,

Stas is inclined to believe that the atomic weight of hydrogen
cannot be less than above. Stas found that 100 silver were
equivalent to 49.5973 ammonium chloride. [If N := 14.044,

and 01 = 35.457, this relation would give II = 1.0074.]
{Slas, Untersuch. ilber. Ghem. Prop., Leipzig, 1867.)

J. Thomsen : 1.0025 (0 = 16).

Thomsen made three experiments on the oxidation of a
known volume of h3'drogen by cupric oxide, and five ex-
periments on the combustion of a known volume of hydro-
gen in oxygen, which proved that 2 litres of hydrogen gave
1.6082 grammes of water under normal conditions, and at

latitude 45°. According to Regnault, 1 litre of oxygen and
2 litres of hydrogen would weigh 1.6084 grammes. Hence
1 volume oxygen and 2 volumes hydrogen form water ; and
if H = 1, O = 15.96, [or if O = 16, H = 1.0025.] {Berlin,

Per. der Chem. Ges., 3, 1870, 928.)

INDIUM.

Bunsen found the specific heat of In 0.565 and 0.574,

which correspond to an atomic weight of about 114. {Pog-

gend. AnnaL, lJf.1, 28.)

F. Reich and T. Richter : 111.39 (0 = 16).

In one experiment pure indium was dissolved in nitric

acid, the oxide precipitated with ammonia and weighed.
This experiment gave In = 463.4 for O = 100, and on the

supposition that the metal was di-atomic. In a second ex-

periment indium sulphide was dissolved in nitric acid, and
the resulting sulphuric acid precipitated with barium chlo-

ride. This gave In = 464.9. The number taken is the mean.
S = 200. The metal was prepared from the oxide. After
the removal of lead, etc., with hydrogen sulphide, the oxides
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of iron and indium were precipitated with ammonia, the
precipitate dissolved in acetic acid and impure indium sul-

phide reprecipitated. This operation was repeated, and the

last traces of iron were removed by partial precipitation

with ammonia. {Erdmaim's Journ. fur Prak. Cheyji., 92,

1864, 484.)

C. Winkler : 107.754, (O = 16).

Determined by decomposing the nitrate by heat, and
weighing the resulting oxide. The mean result of three

experiments was In = 35.918 for = 8, and assuming
the univalence of the metal. Extreme difference, 0.079.

Metallic indium was prepared by solution of the impure
sulphide in chlorhydric acid, precipitation of indium by
barium carbonate, solution in sulphuric acid, and precipita-

tion by ammonia of the oxide which was reduced by
hydrogen. [This indium seems to have contained iron.

J

{Erdmami's Journ. far Prak. Chejii., 94-, 1865, 1.)

C. Winkler : 113.439 (0 = 16).

In two experiments the double chloride of gold and so-

dium was decomposed by pure indium, giving 37.73 and
37.80 for = 8, and assuming univalence for the metal.

In two experiments the nitrate was decomposed by heat,

giving In =: 37.845 and 37.879. In one experiment the

oxide was precipitated from nitric acid solution by ammonia.
This experiment gave In =: 37.811. The number taken is

the mean. The impure indium sulphide was puriiied as in

Winkler's former determination with barium carbonate, but
this process requires to be repeated several times. The re-

duction of the oxide was performed witli sodium, the excess

of which was removed from the regulus by cupellation in

soda. {Erdmann's Journ. far Prak. ^Chem., 102, 1867, 282.)

E. Bunsen: 113.76 (0 = 16).

Determined by converting metallic indium into oxide by
means of nitric acid and heat. He seems to regard the ex-

periment only as confirmatory of Winkler's. The metal
was the same which served for the determination of the

specific heat, and was carefully tested for all impurities.

{Poggend. Amial, I4I, 1870, 28.)
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IODINE.

Dumas determined the specific gravity of iodine vapor.

It answers to an atomic weii^bt of about 127. {Annal. de

Chim. et de Phys., 83, 1826, 33>.)

L. J. Gay-Lussac : 123.9 (0 = 16).

100 parts of iodine were found equivalent to 26.225 parts

of zinc. [If Zn = 65, these figures give the atomic weight
at 123.9.] {Poggend. Annal.., I4,, 1828, 559 ; Annal. de

Chimie, 91, 1814, 5.)

W. Prout : W6 (0 = 16).

Prout found 100 parts of iodine equivalent to 25.8 parts

of zinc. [If Zn = 65, this ^ives I = 125.97.] {Thomson's
Annals of Phil, 6, 1815, 323.')

T. Thomson : I24. (0 = 16) ; 775 (0 = 100).

Thomson found 20.5 potassic iodide = 19.75 zinc iodide,

= 20.75 plumbic nitrate. [IfK = 39.1, and plumbic nitrate

= 331, the relation given leads to an atomic weight of 124.41.]

Thomson thinks that his iodine may have been somewhat
impure, as he purified it only by sublimation.

(
Thomson's

System of Chem., 7th ed., 1, 1831, 81.)

J. Dumas : 126.13 (0 = 16).

Dumas determined the density of iodine vapor at 8.716
for air = 1. [Referred to the molecular weight of oxygen,
this density gives the above number for the atomic weight.]
Dumas thinks it probable that it can be more accurately
determined by analysis. [Annal. de Chim. et de Phys., 33,

1826, 337.)

J. J. Berzelius : 126.26 (0 = 16) ; 789.14 (0 = 100).

Determined by decomposing a known weight of argentic

iodide in a current of chlorine, melting the chloride and
expelling free chlorine by atmospheric air. The number is

the mean of two experiments; diflference, 0.01. Ag =
1351.607; CI = 442.653. The iodide was prepared by pre-

cipitation from a solution of potassic iodide with argentic

nitrate. The first portion of the precipitate was set aside

as possibly contaminated with chlorine. [Poggend. Ann.,

U, 1828, 562.)



62 ATOMIC WEIGHT DETERMINATIONS.

C. Mariqnac : 126.844 (0 = 16).

In five experiments a known weight of silver was dissolved

in nitric acid and precipitated by a known amount of potas-

sic iodide according to Pelouze's modification of Gay-Lussac's
method. The mean result was 100 Ag = 153.74 KI in air;

extreme difference, 0.14. Stas has recalculated this result

for Ag = 107.93, and K = 39.137. The atomic weight so
found is, in vacuo, 126.847. In three experiments a known
weight of silver was dissolved and precipitated as iodide

;

mean result, 100 Ag = 217.511 iodide. Extreme difference,

0.04. From these data Stas gets I = 126.84. The iodine
was purified by recrystallization as potassic iodate. The
methods employed by previous experimenters were ineffec-

tual. (Berzelius' Jahresbericht, ^^, 75 ; Bibl. Univ. de Genhe,
4,6, 1842, 367; also, Stas, Untersuch. iiber Chem. Prop., 153.)

E. xMiLLON : 126.07 (0 = 16); 787.915 (0 = 100).

Three experiments were made on the decomposition of
potassic iodate. The mean loss of oxygen was 22.473 per
cent ; extreme difference, 0.03. If K = 488.94, this gives I =
1580.93. In three experiments argentic iodate, which had
been dried for a long time at 200°, was employed, which lost

17.0467 per cent. ox3^gen; extreme difference, 0.03. If Ag
= 1349.01, these data give 1 = 1570.73. [Berzelius cites

this as an atomic weight determination ; Millon, however,
seems to have regarded it only as a confirmation of Ber-
zelius' number.] Millon prepared pure iodine by passing a
current of chlorine through a solution of KI till the precipi-

tated I was redissolved, and reprecipitating with an excess
of KI. {Amial de Chim. et de Phi/s., (3,) 9, 1843, 407.)

V. A. Jacquelin : 125.6 (0 = 16); 785 (0 = 100).

Determined by the analysis of iodic acid with silver.

The acid was prepared by the oxidation of iodine with
nitric acid of sp. gr. 1.5. The purity of the preparation
does not seem to have been tested. Ag = 1351. (JErd-

mann'sJourn. fur Prak. Chem.., 51, 1850, 458"; Annal de Chim.
et de Phys., (3,) 30, 1850, 332.)

J. Dumas: 127 (0 = 16).

Determined by the conversion of argentic iodide into
chloride in a current of dry chlorine. Two experiments
gave 127.04 and 127.01 for Ag = 108 ; CI = 35.5. In Gme-
lin-Kraut's Handbuch these data are recalculated for As- =
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107.93 and CI = 35.457, giving 1 = 126.941 and 126.928.
The argentic iodide used was prepared from zinc iodide
which had been prepared from iodine in hirge crystals.

The argentic iodide was fused. {Annal. de Chim. et de

Phys., (3,) 55, 1859, 163.)

J. S. Stas : 126.851.

Stas ascertained the molecular weight of argentic iodide

as follows

:

In two complete analyses, a known weight of argentic

iodate was decomposed by heat in a current of pure, dry
nitrogen. The oxygen set free was caught by hot copper
and weighed, as well as the residual argentic iodide. In
one experiment argentic iodate was dissolved in ammonia,
precipitated by sulphuric acid, (to secure advantageous divi-

sion of the salt,) and reduced while in suspension by a slow
current of sulphurous acid. The mean molecular weight
reached was 234.779; extreme difference, 0.063. The sam-
ples of iodate employed were prepared : (1.) From argentic
sulphate and potassic iodate, mixed boiling, the latter in

excess, thorough washing and drying in air freed from
organic particles; (2.) By the reaction of potassic iodate on
argentic hyposulphite. The purity of the salt was carefully

tested.

Stas ascertained the composition of argentic iodide as

follows

:

(1.) A known weight of argentic nitrate was precipitated
by hydro-iodic acid and the argentic iodide washed, dried,

and weighed in the same vessel. (2.) A known weight of
Ag was dissolved in nitric acid, converted into sulphate,
dissolved in very dilute sulphuric acid, and precipitated with
hydro-iodic acid. The precipitate was washed at tempera-
tures increasing up to 90°. (3.) A known weight of argen-
tic sulphate was allowed to react on a known and nearly
equivalent weight of iodine in an aqueous solution of sul-

phurous and sulphuric acids at 10°, and in the dark,till all

the iodine was taken up. The excess of iodine was titrated

with silver solution, and the iodide w^eighed. This method
was employed in two experiments. (4) differed from (3)
mainly in the conversion of the iodine into ammonium
iodide before bringing it into contact with argentic sul-

phate. Four experiments were made by the last method.
The mean composition of the iodide, as derived from all

the experiments, is 100 Ag = 117.5343 iodine. From these
data Stas calculates the atomic weight of I at 126.857, and
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that of silver at 107.928. [The sum of these weights is not
the molecular weight, and this, as well as recalculation of
the data, shows that the number is a misprint for 126.851.

Stas' results are, therefore, even closer to Marignac's than
his memoir would indicate.]

Most of the experiments were made with iodine prepared
by the decomposition of nitric iodide decomposed in a large

volume of water at 65°. The iodine was further purified

by distillation over barium oxide and by other means. For
the preparation of silver see that metal. All possible pre-

cautions were observed in the preparation of all reagents
and in the conduct of the experiments. {Stas, Untersuch.

uber Chem. Prop. Leipzig, 1867.)

IRIDIUM.

Regnault determined the specific beat of iridium. It cor-

responds to an atomic weight of about 198. {Gmelin-Kraut^

l.c.)

J. J. Berzelius : 197.19 (0 = 16).

Berzelius determined this value from analysis of potas-

sium chloro-iridiate. This salt reduced in hydrogen lost 29

per cent., the same quantity lost by the corresponding pla-

tinum salt, {vide platinum.) Berzelius originally calculated

the atomic weight of the platinum metals both from the

loss of chlorine of these double salts and from the relation

between the metal and the potassic chloride left after reduc-

tion. In his Lehrbuch he points out the impossibility of

complete desiccation, and resorts exclusively to the latter

method of calculation. With respect to iridium he merely
asserts that its atomic weight is the same as that of plati-

num, without there, or elsewhere, giving data as to the

amounts of iridium and potassic chloride found in the

reduced salt. It is, therefore, open to question whether he
assumed the identity from the loss on reduction or not. [It

Pt = Ir, and if KCl = 74.594, the value follows; see plati-

num.] Osmium and iridium were separated by fusion with

nitre, solution, and distillation. The residue was fused with

potassic chloride and sodium carbonate. On solution the

iridium remains behind. This residue was repeatedly roasted

and reduced to drive off osmium compounds. The potas-

sium chloro-iridiate was formed from the pure metal. {Pog-

gend. Ann., 13, 1828, 408; Kongl Vet. Acad. Handl, 1828.)
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C. E. Claus : W. M. Watts : 197.6 (O = 16).

Watts recalculated two analyses of potassium chloro-

iricliate by Claus from the loss in reduction, and for CI =
35.457, (Stas.) From one analysis he finds K = 39.87, and
Ir = 198.56; from the other K = 39.93, and Ir = 196.62.

{Chem. News, 19, 1869, 302.)

IRON.

Regnault, Kopp and others have determined the specific

heat of this metal. It corresponds to an atomic weight of

about 56. [Gmelin-Kraut, I. c.)

L. J. Thenard : F. H. Wollaston : 55£ (0 = 16)

;

345 (O = 100).

Thenard determined the composition of the oxide at 22.5

O and 77.5 Fe, whence Wollaston calculates the value.

{Phil Trans., lOJ^, 1814, 21.)

J. J. Berzelius : 5^37 (O = 16) ; 339.213 (0 =
100).

Determined by repeated experiments on the oxidation of
iron, such as is used for piano wire, w^ith nitric acid. The
carbon was determined and allowed for. Berzelius in his

Lehrbuch shows that the error in this determination lay in

the unsuspected presence of soluble silica and on reiinalysis

he found enough of it to correct the number when taken
into account. [Poggend. Ann., 8, 1826, 185.)

G. Magnus : 54..S5 (0 = 16) ; 339.06 (O = 100).

Magnus' experiments were made by reducing ferric oxide
in a current of hydrogen at about the temperature of boil-

ing mercury. He regarded them simply as comfirmatory
of Berzelius' number. [Poggend. Ann., 3, 1825, 84.)

F. Stromeyer : 65.6 (0 = 16).

Determined by reducing ferric oxide at a red heat by
hydrogen. The oxide is reduced only with great difficulty

at a lower temperature. The mean of the experiments
gave the oxygen contents at 30.15 per cent, [whence I have
calculated the value.] {Poggend. Ann., 6, 1826, 475.)

6
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H. Capitaine : 51.36 (0 = 16) ; 321 (0 = 100).

Determined by the peroxidation of galvanically reduced
iron and by measuring the hydrogen evolved on the solution

of iron in sulphuric acid. {Annal. de Chim. et de Phys., (3,)

^, 1841, 126.)

H. Wackenroder : 5548 (0 = 16).
'

Wackenroder helped Stromeyer in his reduction of ferric

oxide, of which he gives the details. He also describes five

experiments of his own, which gave the oxygen contents of

ferric oxide at from 30.01 to 30.38. He took no precautions

to purify his hydrogen and thinks that the loss of oxygen
may have been apparently reduced. [30.195 oxygen cor-

responds to the above value for Fe.] [Berzelius' Jahresbe-

richt, U, 1844, 121 ; Arcliw. der Pharm., 36, 1844, 22.)

Svanberg and Norlin: 55.97 (0 = 16); 349.805

(0 = 100).

In seven experiments a known weight of iron was dis-

solved in nitric acid and the salt decomposed by heat. The
operation was performed in a glass flask. The mean re-

sult in vacuo, was 349.104; extreme difference, 0.803. In

seven experiments ferric oxide was reduced with purified

hydrogen. The mean was Fe = 350.514 ; extreme differ-

ence, 0.735. The number .taken is the mean of all the ex-

periments, m vacuo. Berzelius in his Lehrbuch cites the

experiments and, by neglecting the reduction to vacuum,
gets a slightly different number. He also expresses a pre-

ference for the experiments by reduction. [Berzelius^ Jah-

resbericht, ^i, 1844, 121 ; and Poggend. Ann., 62, 1844, 270.)

J. J. Berzelius : 56.05 (0 = 16) ; 350.32 (0 = 100).

Berzelius, as a check on the last determination, made two
experiments on the oxidation of iron by nitric acid with

special precautions against partial reduction. The number
is the mean ; difference, 0.101. The iron was melted down
with glass and magnetic oxide. In his Lehrbuch he adopts

the mean of these experiments and Svanberg and ISTorlin's

reduction determinations. [Poggend. Ann., 62, 1844, 270.)

Erdmann and Marchand : 56.016 (0 = 16); 350.1

(0 = 100).

Erdmann and Marchand made eight experiments on the

reduction of ferric oxide in a carefully purified current of
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hydrogen. The weighings of the metal were made in

vacuo to avoid possible reoxidation in displacing the gas by
air. The number is the mean of the experiments ; extreme
difference, 1.4 for O = 100. The ferric oxide was prepared

by incineration of the oxalate, moistening the residue with
nitric acid and reheating. [Erdmanii's Journ. fur Prak.

Chem., 33, 1844, 1.)

L. E. RiYOT : SJ^M (0 = 16) ; 339.01 (0 = 100).

Determined by two experiments on the reduction of pure
ferric oxide in a current of hydrogen. 100 parts of oxide
gave 69.31 and 69.35 parts metallic iron. [Annal. de Chim.

ei de Phys., (3,) 30, 1850, 188.)

E. Maumene: S6.0016 (O = 16); 350.01 (0 = 100).

Maumene made six experiments by dissolving iron wire
in aqua regia, precipitating with ammonia, heating the pre-

cipitate to redness and weighing. The number is the mean
;

extreme difference, 0.34. Maumene had convinced himself
by analysis of the extreme purity of the wire. {Erdmann^s
Journ. filr Prak. Chem., 51, 1850, 350.)

J. Dumas : 56.2 (0 = 16).

Two experiments on the precipitation of ferric chloride by
argentic nitrate gave each 28.1. A single experiment by
the same method on ferrous chloride which was sligbtly

yellow, gave 28.1. An experiment made on ferrous chlo-

ride, which had been heated in a current of hydrogen and
of HCl and was colorless, but contained metallic iron, gave
when the admixture was determined, 27.99. Dumas takes
Ag = 108 ; CI == 35.5. [Annal de Chim. et de Phys., (3,) 55,
18"59, 157.)

LANTHANIUM.

W. F. Hillebrand has determined the specific heat of
metallic lanthanium. It corresponds to an atomic heat of
6.23, if the atomic weight is taken at 139. {Poggend. Ann.,
168, 1876,82.)

Several investigations on the atomic weight of lanthanium
were made previous to Mosander's announcement of the
discovery of didymium. F. J. Otto found it 108.J/,1 shortly
after its discovery, and announced it in his translation of
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Graham's chemistry. {Gmelin's Handbuch, 5th ed., 1, 46.)

Choubiue, from analysis of the chloride and of the sulphate,

arrived at 108.46. {Erdmann's Journ. fur Prak. Chem., S6,

1842, 443.) Rammelsberg determined it from the sulphate,

which was rose-colored, at 133.17. {Poggend. Ann., 55, 1842,

65.) R. Hermann found La = i^ from rose-colored sul-

phate. {Erdmann's Journ. fiir Prak. Chem., 30, 1843, 198.)

C. G. MosANDER : 139£ (0 = 16) ; 870 (O = 100).

Mosander says that his experiments show the true value

to be in the neighborhood of 680, (the metal being assumed
bivalent,) but that his salts were not pure, and the determi-

nation of little value. {Poggend. Ann., 60, 1843, 301.)

C. Marignac: U1.12 (0 = 16); 882 (O = 100).

Eleven experiments were made on the decomposition of

the sulphate by barium chloride. The results vary greatly.

Marignac wrote later {Annal. de Chim et de Phys., (3,) 38,

1853, 148) that experiment had convinced him of the incor-

rectness of this determination, and that the true value is

about 575. (La bivalent.) {Liebig's Ann., 71, 1849, 306.)

M. HoLZMANN : 139.S2 (0 = 16) ; 870.15 (0 = 100).

In three experiments La sulphate was decomposed by
ammonium oxalate. In the filtrate from the precipitated

oxalate the sulphuric acid was determined as barium salt.

The oxalate was decomposed by heat, and the lanthanium

oxide weighed. These experiments gave a mean of 580

;

extreme difterence, 5.6; for bivalent lanthanium. In three

experiments the iodate was decomposed by oxalic acid, the

oxide determined as before, and the iodine titrated by Bun-
sen's method. Those experiments gave a mean of 580.2;

extreme difference, 5.3. S = 200 ; Ba = 855. In the prepa-

ration of the salts analyzed the cerium was separated by

peroxidation with magnesium oxide and precipitation as

basic sulphate. After the removal of yttrium by potassic sul-

phate, the lanthanium and didymium salts were separated,

by making a saturated solution of the sulphates at a temper-

ature of three or four degrees, and gradually raising the

temperature. Lanthanium salt then crystallizes out nearly

pure. The purification was repeated until the salts were
not discolored when heated in an open crucible over the

glass-blower's lamp. Bunsen assisted at this investigation.

{Erdmann's Journ. fiir Prak. Chem., 75, 1858, 343.)
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C. CzuDNOWicz : U0.3 (O = 16) ; 876 (O = 100).

Czudnowicz especially disclaims making this as an atomic
weight determination and he adopts Holzmann's value.

The salt analysed was the sulphate, and the method the

same as that employed by Holzmann. [Erdmann's Journ.

fur Prak. Chem., 80, 1860, 31.)

R Hermann : 139.32 (0 = 16) ; 870.75 (0 = 100).

Hermann analyzed the carbonate by decomposing it over

mercury by sulphuric acid, and measuring the carbon di-

oxide liberated. The residue was heated to redness and
weighed. This experiment gave La = 580.4, the metal
being assumed as bivalent. The carbonate was prepared
by precipitating the sulphate with sodium bicarbonate. In
three experiments the sulphate was decomposed by ammo-
nium oxalate and the oxide, obtained by incinerating the

oxalate, weighed. These analyses gave La = 580.7. In
one experiment the chloride was analysed with argentic

nitrate, giving La = 580.4. The number taken is the mean

;

extreme difference 2.3. In the preparation of the salts,

cerium was separated as basic sulphate. La and didymium
were partially separated by crystallization after which a por-

tion of the nearly pure sulphate was precipitated by ammo-
nia, and this precipitate digested with the mother liquor.

Didymium sulphate is by this means completely precipitated.

S = 200; 01=443.2; = 75. Hermann remarks that

his former determination was made with impure material.

{Erdmann's Journ. fiir Prak. Chem., 82, 1861, 395.)

H. ZscHiESCHE : 135.27 (0 = 16).

Determined by six experiments on the sulphate. The
water was driven off at 230°, and the anhydrous salt ex-

posed to a white heat until the weight became constant, and
on being tested, showed no sulphur. The mean result was
La= 45.09; extreme difference, 1.15. In preparing the
salt from cerite, the cerium was peroxidized with red lead

and nitric acid and was precipitated as basic nitrate. The
didymium was separated by partial precipitation with
oxalic acid and concentration, these operations being re-

peated as long as the absorption lines of Di were percepti-

ble in the spectroscope. A correction was made for the
loss of weight of the crucible, and there was no dust upon
its sides. S = 16. [Erdmann's Journ. fur Prak. Chem.,

lOJf., 1868, 174; 107, 1869, 72.)
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C. Erk : 135.39 (0 = 16).

Determined by analysis of the sulphate by the method
employed by llolzmann. The bases were separated by the

methods which Hermann used. Yttrium w^as also elimi-

nated. Fresenius in his Zeitschrift, 10, 509, objects to the

details of the Erk's manipulation of barium sulphate.

{Kopjy's Jahresberichi, 1870, 319 ; Jena Zeitschr. fur Med. und

Nat, 6, 1870, 299.)

D. Mendelejeff : 180 (0 = 16).

As La forms but one oxide, the salts of which are not,

according to Marignac, isomorphous with those of the

lower oxide of didymium, Mendelejefi' concludes that it

belongs to the same group, but that its oxide is a binoxide,

and its atomic weight 180. {Liebig's Ann., SuppL, 8, 1871,

190.)

C. Marignac : 138.75 (0 = 16).

By heating the sulphate till all acid was expelled, Marig-

nac, in two experiments, determined La (bivalent) at 92.52

and 92.56 ; by precipitation with ammonia and heating at

92.24 and 92.48. The sulphate was purified by a great num-
ber of partial rccrystallizations, and showed only doubtful

traces of didymium in the spectroscope. CS ^= 16. {AnnaL

de Chim. et de Fhys., (4,) 30, 1873, 67.)

P. T. Cleve: 139.15 (0 = 16).

Determined by the conversion of lanthanium oxide into

sulphate. The number is the mean ; extreme difference

0.55. The oxide was purified from didymium by repeated

partial precipitation from nitric acid solution with ammonia,

basic didymium nitrate going down. The lanthanium

was finally precipitated with oxalic acid. The oxide was

found to be spectroscopically pure by Thalen. {Kojxp's Jah-

resberichi, 1874, 257; Paris Bull, de la Soc. Chim., 31, 196,

246, 344.)

LEAD.

Regnault, Kopp and others have determined the specific

heat of lead. It answers to an atomic weight of about 207.

{Gmelin-Kraut, I. c.)
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J. J. Berzelius and F. H. Wollaston : 207J{. (O =
16); 1295 (0 = 100).

Berzelius found 16.5 parts carbon di-oxide equal to 83.5

lead oxide, whence the value, if C = 75.4. [If C = 12,

these figures give lead at 206.67.] Berzelius also determined
the composition of the oxide at 7.15 oxygen and 92.85 lead,

giving Pb = 207.52 or 1297. {Fhil Trans., IO4., 1814, 20.)

J. J. Berzelius: 207.12 (0 = 16); 1294.498 (O =
100).

Determined by the reduction of a known weight of oxide
of lead by hydrogen and the weight of the resultant lead

;

mean of four nearly coincident experiments. [Poggend.

Ann., 8, 1826, 184.

— Longchamp is credited in some books with an atomic
weight determination of lead. He made none, but only
speculated on the composition of minium, taking Berzelius'

determination as a basis. {AnnaL de Chim. et de Phys., 34-,

1827, 105.)

J. J. Berzelius : 207.078 (O = 16) ; 129Jf.2J^ (O =
100).

This value is the mean of six experiments on the reduc-
tion of the oxide in a current of hydrogen. The oxide was
produced by the decomposition of the nitrate by heat. As
this compound reacts upon Pt, the crucible was lined out
with a coating of a very basic nitrate, w^hich prevented the
lumps of neutral salt from coming in contact with the cruci-

ble. The glass in which the oxide was reduced was not
attacked. [The third analysis is miscalculated. It should
show an atomic weight of 1295.595. The mean is, there-

fore, as above, and the extreme difference 2.421,] [Poggend.
Ann., 19, 1830, 314.)

J. J. Berzelius: 207.U (0 = 16); 1294.645 (0 =
100).

In his Lehrbuch, Berzelius selects five analyses made by
the above method, three of them the same. These give the
above mean, with an extreme difference of 0.704 for =
100. [Lehrbuch, 3, 1219.)

E. Turner : 207.3 (0 = 16).

Determined by experiments on the conversion of metallic
lead and of oxide of lead into the sulphate by solution in
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nitric acid and evaporation with sulphuric acid. In three
experiments, Turner found 100 lead = 146.401 sulphate ;

extreme difference 0.055. Berzelius had found 100 Pb =
146.419 sulphate ; extreme difference 0.078. Turner takes
the mean of his own and Berzelius' determinations, 146.41.

In one experiment Turner found 100 oxide = 135.92 sul-

phate. Combination of these results gives Pb = 103.6 [or
more accurately 103.65.] The oxide was prepared from
subnitrate. The lead was prepared from plumbic acetate
which was converted into carbonate, then into nitrate, in

which form it was recrystallized, then again into carbonate^
and reduced by black flux. On testing, it was found per-
fectly pure. Weighings reduced to vacuum. [Phil. Trans.

y

123, 1833, 524.)

C. Marignac : 207.04 (0 = 16).

Marignac made four experiments on plumbic chloride by
Pelouze's modification of the silver titration method. He
found Pb = 103.57-.49-.55-.46. The number taken is the
mean. The salt was titrated cold, argentic chloride being
soluble in hot solutions of plumbic nitrate. The plumbic
chloride was purified by recrystallization, and, after being
pulverized, was dried at about 200°. According to Marig-
nac there is no difficulty in desiccating it completely at this

temperature. Ag = 108 ; 01 = 35.5. Marignac found it

impossible to convert the chloride into the sulphate com-
pletely. {Bibl. Univ., Arch, des Sciences, (2,) 1, 1858, 223.)

J. Dumas : 207.1 (0 = 16).

From a single experiment on the precipitation of the
chloride with argentic nitrate. The chloride used wa&
heated for twelve hours in a current of dry HOI, and the
amount of water retained determined. Dumas found it im-
possible entirely to desiccate the salt without decomposition,,
drying at 250° does not desiccate it. 01 = 35.5 ; Ag = 108.

{Annal. de Chim. et de Phys., (3,) 55, 1859, 129.)

J. S. Stas: 206.926 (0 = 16).

According to the mean of 10 syntheses of plumbic nitrate,

100 lead = 159.9703 nitrate; extreme difference, 0.023. If
1^= 14.044, this relation gives Pb = 206.918. Stas also

made six syntheses of the sulphate, which gave in mean
100 Pb = 146.4275 sulphate ; extreme difference, 0.024. If
S = 32.0742, this relation gives Pb = 206.934. The syntheses
were made in the same way as in the determination of the
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atomic weight of silver. The drying of the nitrate could

be accomplished only in vacuo and at about 155°. The
weighings are for vacuum. The lead used was prepared

from commercial acetate by precipitation with metallic lead,

of copper, etc., conversion into sulphate, then into carbo-

nate and reduction by potassic cyanide or black flux. [Stas,

Untersuch. ilher Chem. Prop. Leipzig^ 1867, 324.)

LITHIUM.

Regnault has determined the specific heat of lithium. It

corresponds to an atomic weight of about 7.
(
Gmelin-

Kraut, I. c.)

The earliest determinations of this constant seem to

have been made with a double salt of lithium and potassium,
at all events with a very impure material. According to

Arfvedson, 420.4 lithium chloride give 1322.4 argentic
chloride, whence he deduces as the atomic weight the num-
ber 127.757 [or 10.22.] [Poggend. Ann., 8, 1826, 189.) L.
X. Vauqueliii found 430 lithium sulphate equivalent to

875 barium sulphate. [If S i= 32; Ba = 137.08, this rela-

tion gives Li = 9.27.] Vauquelin does not describe the
preparation of his salt. {Annal. de Chem. et de Phgs., 7, 1818,
287.) C. G. Gmelin found Li = 191.21 [or 7.65.] {Poggend.
Ann., 15, 480 ; Gilbert's Ann., 62, 1819, 399.) Kralovanszky
by two analyses of the sulphate with barium chloride jyot

Li at from 10.096 to 10.168 {Liehig's Ann., 121, 94;
Schweigger's Journ., S4, 1828, 231.) Thomson and Stro-
meyer also each got similar values. [Thomson's System of
Chem., 7th ed., 1, 1831, 420.)

R. Hermann : 6.085 (O = 16) ; 38.03 (O = 100).

Experiments were made on the carbonate by decomposing
it with acid over mercury, and measuring the resultant
di-oxide. For C = 75.33, these determinations give Li =
38. Several experiments were also made by analyzing the
sulphate with barium chloride. For S = 201.06 and Ba =
856.88, these give Li =: 38.05. liermann precipitated
lithium carbonate with ammonium carbonate, and subse-
quently converted it into sulphate. The chloride was pre-
pared from the phosphate by Berzelius' method. {Poggend,
Ann., 15, 1829, 480.)
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J. J. Berzelius : 6.533 (0 = 16) ; 40.83 (0 = 100).

Berzelius found that 1.874 lithium sulphate gave 3.9985

barium sulphate, and calculated this relation for S = 200.75

;

Ba = 855.29. He also found 4.4545 melted carbonate =
6.653 sulphate, but rejected the analysis. {Lehrbuch, 3, 1229,

and Jahresbericht, 10, 1830, 96.)

R. Hagen : 6.57 (0 = 16).

Hagen precipitated lithium sulphate with barium chlo-

ride, and found that 0.852 dry lithium sulphate gave 1.8195

barium sulphate whence he calculates Li := 6.493. [If

Ba = 137.08; S = 32 ; this relation gives Li = 6.57.]

{Foggend. Ann., 4.8, 1839, 363.)

J. W. Mallet: 6.95 (0 = 16); 86.89 (O = 100).

In two experiments a known weight of lithium chloride

was precipitated by argentic nitrate, and the argentic chlo-

ride weighed. In one experiment lithium chloride was
titrated with argentic nitrate by Pelouze's method. The
number is the mean; the extreme difference is 0.18 for O
= 100. Mallet takes Ag = 1349.66 ; CI = 443.28. The
alkalis were separated from the lithium salt by repeated
treatment with ether and alcohol. The salt was examined
for impurities, and was fused with a little ammonium chlo-

ride to prevent the formation of oxy-chloride. {Silliman's

Amer. Journ., (2,) 22, 1856, 349.)

L. Troost: 6.5 (0 = 16).

Troost found this number from analysis of the carbonate
which had been crystallized from water containing carbon
di-oxide and dried at 200°, but does not regard it as defini-

tive. {Annal. de Chim. et de Phjs., (3,) 51, 1857, 111.)

J. W. Mallet: 7 (0 = 16).

Troost having objected to Mallet's former method of
determination, he redetermined it by precipitating the
sulphate with a standard solution of barium chloride,

the precipitating power of which had been tested on the
sulphates of magnesium and sodium. This method was
adopted to avoid the well-known imperfections of the sul-

phur determination. Compared with sodium sulphate the
atomic weight of Li was found = 6.92 and 6.95. Compared
with magnesium sulphate it was found = 7.07 and 7.09.
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Mg = 24 ; Na = 23. The sulphate was prepared from car-

bonate, and dried somewhat below a red heat. [SUliman's

Amer. Journ., (2,) S8, 1859, 349.)

K DiEHL : 7.026 (0 = 16).

Determined by analysis of lithium carbonate with Bun-
een's apparatus and in his laboratory. Four experiments

;

extreme difference, 0.024. C = 12. The salt was purified

from alkalis by precipitation as carbonate, resolution in acid

and reprecipitation, repeated until the sodium line was no
longer visible. Diehl found that precipitation of the sul-

phate with barium chloride gave a nearly constant error on
account of the retention of lithium in the precipitate, and
led to nearly the same results as Berzelius got. [Liebig's

Ann., mi, 1862, 93.)

L. Troost : 7 (O = 16).

Troost found 1.309 grammes lithium chloride = 4.42

argentic chloride, and 2.75 lithium chloride = 9.3 argentic

chloride. From these analyses he deduces the values 7.03

and 6.99. By decomposing the carbonate, dried at 100°,

with silicic acid, he found 0.97 carbonate = 0.577 carbon
di-oxide and 1.782 carbonate = 1.059 di-oxide, and infers

for Li 7 and 7.02. In one experiment the carbonate was
converted into sulphate. 1.217 carbonate gave 1.808 sul-

phate. Troost calculates Li = 7.06. [If CI = 35.457 ; Ag
= 107.93; C=:12; S=:32; these determinations give, in

the same order as above, 7.01; 6.94; 6.98; 7.02; 7.07.]

The carbonate was purified by solution in water containing

carbon di-oxide, and reprecipitation by boiling, the opera-

tion being repeated until the salt was spectroscopically pure.

{Paris Comptes Rend., 5/,., 1862, 366.)

J. S. Stas : 7.022 (0 = 16).

According to the mean of three determinations, 100 parts

of silver =: 39.358 lithium chloride; extreme diff'erence,

0.005. If Ag = 107.93; 01 = 35.457; this ratio gives Li
=: 7.022. This value is confirmed by experiments on the

conversion of the chloride into the nitrate, the results of
which give Li =: 7.018. The comparison with silver was
made according to Pelouze's modification of the silver titra-

tion method. The chloride was purified from alkalis, after

preliminary treatment with ether and alcohol, by pouring
the dissolved salt into a boiling solution of ammonium car-
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bouate containing ammonia in excess. All weighings re-

duced to vacuum. {Stas, Untersuch. iiber Chem. Prop.,
Leipzig, 1867.)

MAGNESIUM.

Kegnault and Kopp have each determined the specific

heat of this metal. It answers to an atomic weight of
about 24. {Gmelin-Kraut, L c.)

J. J. Berzelius : ^6.3 (0 = 16) ; 158.139 (0 = 100).

Determined by dissolving magnesium oxide in dilute sul-

phuric acid, evaporating and heating to incipient redness.

100 oxide were found = 293.985 sulphate. The sulphate

was perfectly soluble in water and had therefore lost none
of its acid. The oxide was purified by solution in an
aqueous solution of carbon di-oxide and reprecipitated by
boiling. S = 200.75. {Poggend. Ann., 8, 1826, 188; and
Lehrbuch, 3, 1227.)

Marchand and Scheerer recalculated this analysis for S =
200 and reached the value 157.74. They assert that the
oxide may have contained alkalis and that the sulphuric

acid carries oft* magnesium sulphate in volatilizing. [Erd-
mann's Journ. filr Prak. Chem., 50, 1850, 392.)

W. Henry : F. H. Wollaston : 23.36 (0 = 16); 146
(O = 100).

Henry found that magnesium sulphate contained 33 per
cent, magnesium oxide. If S = 200 the value follows.

[Phil Trans., 104, 1814, 21.)

— LoNGcnAMP : 15.35 (0 = 16).

In two experiments, Longchamp found that five parts of
crystallized magnesium sulphate are equivalent to 4.91
barium sulphate. [If Ba = 137.08 ; S = 32, the number
follows.] Longchamp found 53 per cent, water which is

much too high. According to Marchand and Scheerer, the
data for the anhydrous salt give Mg = 97.37, for S = 200 ;

Ba = 856.8, [or 15.74.] [Annal de Chirn. et de Phys., 12,

1819, 265.)

L. J. Gay-Lussac : 23.62 (O = 16).

16.205 grammes crystallized sulphate were found equal
to 15.345 barium sulphate, and 19.395 magnesium sulphate
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to 18.3455 barium sulphate. Calculating from the anhy-
drous salt Gay-Lussac found from these experiments re-

spectively Mg =147.23 and Mg = 148.09 for Ba = 856.8

;

S = 200. The salt was found to contain 51.43 water.

[Calculated from the anhydrous salt these data give Mg
= 23.55 and 23.68. Calculated from the hydrous salt (7

molecules water) the numbers give 24.14 and 24.41, if S =
32 ; Ba = 137.08.] Gay-Lussac remarks that the sulphate

is partially decomposed at a red heat. (Annal. de Ghim. et

de Phys., 13, 1820, 308.)

T. ScHEERER : U'lQ (O = 16) ; 150.97 (0 = 100).

Mean of six experiments on the precipitation of the sul-

phate with barium chloride. Extreme difference, 0.79. S
= 200.75; Ba=: 855.29. After weighing, the barium sul-

phate was treated with dilute HCl and the chloride thus
extracted allowed for. {Poggend. Ann., 69, 1846, 535.)

T. ScHEERER : Si£l (0 = 16) ; 151.33 (0 = 100).

Barium sulphate formed as in the last determination was
fused with soda, the barium carbonate dissolved in HCl, and
reprecipitated as sulphate. In the filtrate additional mag-
nesia was found. If the error in the former determination
was the same, its corrected value would be as above.
{Poggend. Ann., 70, 1847, 407.)

SVANBERG and NORDENFELDT : 2Jli,.72 (0 = 16)

;

154.504 (0 = 100).

Four experiments were made on the calcination of the
oxalate, and three on the conversion of the magnesia so

obtained into sulphate. The oxalate was dried at from
100° to 105° and heated to redness until the weight was
constant. The oxide was dissolved in sulphuric acid, evapo-
rated and the excess driven off by heat. The oxalate was
prepared from the sulphate by precipitation with sodium
carbonate and digestion with oxalic acid. The number is

the mean of all experiments; extreme difference, 0.514.

S = 200.75; C == 75.12; H = 12.48. [Urdmann's Journ.

fur Prak. Ghent., 45, 1848, 473.)

According to Marchand and Scheerer, the data give Mg
= 154.27 for S = 200 ; H = 12.5 ; C = 75.

Marchand and Scheerer: 24..03 (0 = 16); 150.19

(0 = 100).

Eleven experiments were made in calcining massive mag-
nesium carbonate from Frankenstein, and weighing the
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caustic magnesia formed. The carbonate was dried at

300°, and the carbon di-oxide, which passes off above 230°,

was caught by caustic baryta solution and determined. The
traces of carbon di-oxide not expelled by a yellow heat

were set free by solution in chlorhydric acid and also de-

termined as barium carbonate. The silicic acid, etc., were
also determined. The mean in air is 150.34 ; in vacuo as

above. Extreme difference, 0.57. C = 75. Eleven other

experiments were made with comparatively impure material

and less precaution, tending to confirm the above. (M'd-

mann's Journ. fiir Prak. Cliem.,60, 1850, 409.)

T. ScHEERER : 24 (0 = 16) ; 150 (0 = 100).

By separating the neutral sulphates of magnesium and
calcium by means of alcohol, Scheerer found that the mag-
nesites used by Marchand and himself contained from one-

fourth to one-half per cent, calcium oxide. This correction

would make their determination almost exactly 250 or 24.

{Liebifs Ann., 110, 1858, 236.)

V. A. Jacquelin: 34,408 (O = 16); 152.55 (O =
100).

Anhydrous, neutral magnesium sulphate, obtained by
solution of the oxide in sulphuric acid and heating to red-

ness, gave 33 56 per cent, pure oxide. The method adopted

is not described. This oxide by treatment with sulphuric

acid gave the original amount of sulphate. If S = 200,

the number follows. {Annal. de Chim. et de Phys., (3,) 32,

1851, 195.)

A. Macdonnell : 23.9 (0 =16).

Determined from analyses of anhydrous and of crystal-

tized magnesium sulphate. (Brit. Assoc. Pep., 1852, part

2, 36 ; and Kopp's Jahresbericht, 6, 364.)

J. F. Bahr: ^^.77 (0 = 16) ; 154.842 (O = 100).

A known weight of purified magnesium oxide was dis-

solved in sulphuric acid, evaporated and heated to redness

till the weight was constant. The number is the mean of

three experiments; extreme difference, 0.515. The oxide

was obtained from meteoric olivin. After removal of the

heavy metals, the solution was evaporated to dryness with

soda, washed and heated to redness. The oxide so obtained

was dissolved in acetic acid, oxalic acid was added, the
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solution evaporated nearly to dryness, and the oxalate

thoroughly washed. Bahr says that the presence of alkalis

could not be suspected, S =: 200. {Erdmanri's Journ. filr

Prak. Chem., 66, 1852, 310 ; (Efversigt af Akad. Fcerh., 1851,

303.)

Scheerer says that oxide so prepared retains carbonic
acid, that sulphate is carried ofl" in heating the sulphate to

redness, and that the presence of alkalis is to be suspected.

{Erdmann's Journ. filr Prak. Chem., 66, 1852, 489.)

J. Dumas : 24.6 (O =16).

Dumas made eleven experiments on the titration of mag-
nesium chloride with argentic nitrate. He found great

ditficulty in preparing pure chloride, and does not feel con-
fident of his results. The number is the mean ; extreme
difference, 0.28. Ag = 108 ; CI = 35.5. The chloride

was prepared from various salts, but was in all cases finally

heated in an atmosphere of HCl. Dumas points out,

however, that this process does not remove oxide if present.

{AnnaL de Chim. et de Phys., (3,) 66, 1859, 129.)

MANGANESE.

Regnault has determined the specific heat of manganese.
It corresponds to an atomic weight of about 55. [Gmelin-
kraut, I. c.)

J. J. Berzelius : 66.93 (O = 16) ; 355.787 (O =
100).

By dissolving manganese in nitric acid, evaporating and
heating to a low red, Berzelius found 100 Mn = 142.16
oxide. It was not known at the time that the oxide might
be partially reduced by this process. {Poggend. Ann., 8,

1826, 185 ; and Jahresbericht, 9, 136.)

J. A. Arfvedson : 66.25 (O = 16) ; 351.56 (0 =
100).

From 1.508 chloride Arfvedson obtained 3.408 argentic
chloride. If Ag = 1351.607 ; CI = 221.325 ; the number
follows. {Berzelius' Jahresbericht, 9, 1829, 136 ; Afhandl. i.

Fysik., 6, 236.)
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E. Turner : 5Jf.9 (0 = 16).

Turner analyzed the carbonate in an apparatus similar to

Bunsen's. He found 34.72 per cent, carbon di-oxide and
8.427 water. For C = 6, he calculates Mn = 28.024. By
dissolving the protoxide in sulphuric acid, evaporating and
heating to redness, he found 9 oxide = 19.01 sulphate. If

S = 16, this gives Mn = 27.96. A second experiment gave
27.93. From 12.47 Mn chloride he obtained 28.42 argentic

chloride. [If CI = 35.5, Ag = 108 ; this gives Mn = 54.9.]

The carbonate v^^as obtained by precipitation with potassium
carbonate. The protoxide was obtained by reduction of

higher oxides in hydrogen. The chloride was melted in a
current of HCl gas. [Edinh. Trans., 11, 1831, 143.)

J. J. Berzelius: S5.S4, (0 = 16); 345.9 (0 = 100).

Berzelius repeated Turner's experiments, taking larger

quantities. From the chloride he got from 345.84 to .96

;

from the sulphate from 346.03 to .29. Ag = 1351.607; 01
= 221.325 ; S = 201.165. {Berzelius' Jahresbericht, 9, 1830,

136.)

J. J. Berzelius: 55.14. (0 = 16); 344.684 (0 = 100).

In his Lehrbuch he apparently takes the analyses of the

chloride above cited, recalculated for 01 = 221.64 ; Ag =
1349.66. {Lehrbuch, 3, 1224.)

E. Brandes: 57.06 (O = 16); 356.602 (0 = 100).

Determined by analysis of crystallized chloride. The
chlorine was determined by precipitation with silver. The
Mn was precipitated as carbonate, and converted into oxide

by heat. The water was determined by difference, and the

composition of the oxide was assumed to be as given by
Berzelius, (!) whose values for Ag and 01 were also taken.

{Poggend. Ann., 22, 1831, 256.)

K von Hauer : 54.98 (0 = 16); 343.632 (O = 100).

Determined by nine experiments on the reduction of the

sulphate to sulphide by heating the salt in a current of

hydrogen sulphide. The reduction was performed in a

porcelain tube enclosed in a charcoal fire. ISTuraber, mean

;

extreme difference, 0.34, for O = 16. The sulphate was
prepared from a pyrolusite containing only silica, iron, and

barium. It was reduced to protoxide, dissolved in sulphu-

ric acid, oxidized with nitric acid, precipitated with oxalic
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acid, converted into red oxide, dissolved in chlorbydric acid
and alcohol, precipitated with ammonium carbonate, dis-

solved in sulphuric acid, repeatedly heated to redness and
recrystallized, and was dried at 300°. Accurate experi-

ments on the reduction of the red oxide proved impractica-
ble on account of the hydrosOopicity of the compound.
Two experiments on the oxidation of the protoxide, under-
taken as a check on the other method, gave 27.486 and
27.527 for = 8; S = 16. {Erdmann's Journ. fur Prak.
Chem., 72, 1857, 361; Sitz.-Bericht der k. k. Akad., 1857.)

J. Dumas : 54.96 (0 = 16).

Determined by the decomposition of the chloride with
argentic nitrate. The number is the mean of five experi-

ments; extreme diflference, 0.1 for = 16. 01 = 35.5;
Ag = 108. Dumas had previously made experiments on
the reduction of the hyperoxide to protoxide by hydrogen.
These gave the atomic weight at from 25.99 ito 26.09 for

O =: 8. Dumas believes that a part of the oxide was re-

duced to metal. The peroxide was prepared from nitrate

of the protoxide. {Annal. de Chim. et de Phys., (3,) 55, 1859,
150.)

— Rawack : 54.02 (0 = 16).

Determined, in Schneider's laboratory, by- reducing a

known weight of red oxide to protoxide in a current of
dry hydrogen, and weighing the water formed. The num-
ber is derived from the mean of six selected experiments.
The extreme difference is 0.22 for ^ 16. [Poggend. Ann.,
107, 1859, 607.)

R. Schneider : 54,038 (O = 16).

The mean result of .four analyses of the oxalate by the
ordinary method of organic analysis. Extreme difference,

0.04 for O = 16. C = 12. The oxalate was prepared from
chemically pure sulphate by precipitation wath sodium car-

bonate, digestion with oxalic acid, and drying over sulphu-
ric acid. [Poggend. Ann., 107, 1859, 613.)

MERCURY.

The specific heat of mercury in the solid state, as observed
by Regnault, and the vapor density, as determined by Dumas,
correspond to an atomic weight of slightly above 200.

{Gmelin-Kruut, I. c; L. Meyer, I. c.)

6
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FouRCROY AND Thenard, Davy, Wollaston : W0.8
(0 = 16); 1255 (0 = 100).

Fourcroy and Thenard found 8 = 100 Hg. Davy found
30 = 880 Hg, giving Ilg = 1266. The latter also found
134 CI = 380 Hg, which for CI = 441, gives Hg=1254.
{Phil Trans., IO4,, 1814, 21.)

N. G. Sefstroem : 202.53 (0 = 16); 1265.822 (0 =
100).

Determined by three analyses of the oxide according to

which 100 Hg = 7.89, 7.9, and 7.97 0. {Berzelius' Lehr-
buch, S, 1215.)

E. Turner : W0.72 (0 = 16).

Turner made a number of determinations of this atomic
weight but regarded the value he adopted, 202, only as

an approximation. From the oxide, prepared from nitrate,

he got 200.77 and 199.97. The compound was decomposed
by heat, and the products carried over silver and gold in a
narrow tube. Four experiments were made on mercuric
chloride which was decomposed by pure calcic oxide, and
the CI precipitated with argentic nitrate. [These analyses

recalculated for the Stas' atomic weights of Ag and CI

give 202.079, 201.701, 201.815.] Turner also made two
experiments on the reduction of the chloride with stan-

nous chloride, the Hg being collected, dried and weighed.
[These experiments recalculated give 199.423 and 199.289.]

The mercuric chloride was purified by recrystallization.

Weighings reduced to vacuum. [Phil. Trans., 123, 1833,

535.)

Erdmann and Marchand: 2OO.II1, (0 = 16); 1250.6
(O = 100).

Determined from the mean of four experiments on the
reduction of the oxide in a current of carbon di-oxide.

Copper, carbon (from sugar) oxide, and carbon, were intro-

duced in successive layers in a combustion tube. Dry car-

bon di-oxide was passed through and the mercuric oxide
heated. The metal was collected in a receiver to which a
tube filled with gold foil was appended. The metal was
perfectly clean. Moisture was removed by a stream of dry
air after distillation. The oxide was purified by heating it

to incipient decomposition the metallic fumes being removed
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by a current of dry air. It was tested before being analysed.

The extreme difierence in the results was 0.8 for O = 100.

All weighings in vacuo. [Erdmanri's Journ.fur Prak. Chem.,

31, 1844, 392.)

E. Millon: 199.94. (0 = 16); 1249.63 (0 = 100).

Millon made two experiments by beating mercuric chlo-

ride with calcic oxide in a current of hydrogen and con-

densing the metal. The experiments gave 73.87 and 73.82

per cent, mercury. If CI = 442.64, the value follows. The
chloride was dissolved in ether and sublimed. It was per-

fectly soluble in ether and alcohol, and was well crystallized.

[Faris Comptes Bend., W, 1845, 1291.)

L. Svanberg: 200 (0 = 16); 1250 (0 = 100).

Svanberg made three experiments by the same method
employed by Millon. The mean result was 1248.47; ex-

treme difference, 0.94 ; but Svanberg shows that there was
probably loss, and that the larger the quantity of chloride

employed the higher the result. He regards Erdmann and
Marchand's result as most probable, but in need of con-

firmation. CI = 443.28. {Erdmami's Journ. fur Prak.

Chem., 45, 1843, 468; Kongl. Vet. Akad. Handl, 1845, 135.)

MOLYBDENUM.

Regnault determined the specific heat of molybdenum.
It answers to an atomic weight of about 96. {Gmelin-Kraut,

I. c.)

J. J. Berzelius: 95.36 (0 = 16); 596.1 (0 = 100).

One hundred parts of anhydrous plumbic nitrate, dis-

solved and precipitated with neutral ammonium molybdate,
gave 110.68 parts plumbic molybdate. If Pb = 1294.645,
N = 87.53, the value follows. Berzelius expresses himself
dissatisfied with the accuracy of the determination. {Pog-

gend. Ann., 8, 1826, 23; and Lehrbuch, 3, 1208.)

Svanberg and Struve: 92.13 (0 = 16); 575.829
(O = 100).

After trying various methods without getting accordant
results, these chemists made ten experiments on the sul-
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phide by roasting it first in a current of moist, and then of

dry air. Three experiments were excluded as imperfect.

The remainder gave a mean of 89.7523 molybdic acid from
100 sulphide ; extreme difference, 0.22. The value follows

for S = 200. Objections have been made [Liebig's Aim.,

68, 211) that the dift'erence in weight between the acid and
the sulphate is too small for the purpose of the determina-

tion, and that the different analyses give very different

atomic weights. The sulphide was prepared by melting
together molybdic acid, sulphur, and caustic potash, and
leaching the product with water and chlorhydric acid. The
sulphide was dried in a current of hydrogen. The molyb-
dic acid was dissolved in ammonia to prove the absence of

sulphide. [Urdmann's Journ.fUr Prak. Chem., 4~^, 1848, 315.)

N. J. Berlin : 91.96 (0 = 16) ; 574.75 (0 = 100).

Determined by four analyses of the double mono-sesqui-

molybdate of ammonium by heating gently with nitric acid

in a platinum crucible until only molybdic acid was left.

Extreme difference, 3.32 for O = 100 ; N" = 175 ; H = 12.5.

The preparation of the salt is not given. {Erdmami's Journ.

filr Prak. Chem., 4,9, 1850, 446.)

J. Dumas : 96 (O = 16).

Dumas made five experiments on the reduction of molyb-
dic acid (prepared from the natural sulphide) by means of

hydrogen. The reduction was begun at a low temperature

in a glass tube, and completed in an unglazed porcelain tube

in a reverberatory furnace, where it was kept till several

hours heating produced no further alteration in weight.

The molybdenum did not assume a metallic appearance.

The number is the mean ; extreme difference, 0.8 for =
16. {A7inal. de Chim. et de P/ujs., (3,) ^5, 1859, 142.)

M. Delafontaine : 92 (0 = 16); 575 (0 = 100).

This chemist made many experiments in various ways
without being able to reach constant results, and only re-

marks that his experiments indicate Svanberg and Struve's

value as the best. [Erdmaiin's Journ. fur Prak. Chem., 95,

1865, 137; Bibl. Univ., Arch, des Sciences, 23, 1865.)

H. Debray: 95.94 (O = 16).

Debray made three experiments on the reduction of

molybdic acid. The acid was first converted into the red
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oxide in platinum, and at a low temperature, and the small
portion of the acid volatilized during this operation was
caught and determined. The reduction was completed in

a porcelain tube at a white heat. Debray gives his results

at 48.03; 48.04; and 47.84. [The analytical data, recalcu-

lated, give 95.30; 95.55; 95.73; perhaps on account of
misprints. Reduction to vacuum would still further reduce
the numbers.] The acid was purified by sublimation in

platinum, conversion into ammonium salt, and regeneration
by heat. In two experiments ammoniacal solution of molyb-
dic acid was evaporated in the dark with excess of argentic
nitrate, the argentic molybdate dissolved out and the excess

of silver determined. Debray found 5.510 acid = 7.657
silver, and 7.236 acid = 10.847 silver. Hence he calculates

M = 48 and 47.98. [A little calculation shows that the
first data are misprinted. They should read 5.11 acid =
7.657 silver. The corrected data give for Ag = 107.93 ; M
= 96.06 and 95.99. The mean of the recalculated analyses

is 95.73.] {Paris Comptes Rend., 66, 1868, 732.)

L. Meyer : 96.10 (O = 16).

Calculated from three analyses of the dichloride, two
analyses of the tetrachloride, and two analyses of the pen-
tachloride, made by Leichte and Kempe in Meyer's labora-

tory. The dichloride was analyzed by heating in a current

of hydrogen sulphide, and subsequently in a current of
hydrogen. Molybdenum disulphide is the residue. The
HCl formed was caught in ammonium hydrate and precipi-

tated by argentic nitrate, after the hydrogen sulphide had
been driven oflT by boiling in a flask provided with a con-
densing drip-tube. The tetra and pentachloride were
decomposed with nitric acid, excess of ammonium hydrate
was added, and molybdenum trisulphide precipitated with
ammonium sulphide. A weighed portion of the dry pre-

cipitate was converted into disulphide by heating in a cur-

rent of hydrogen. The chlorine of the higher chlorides

was determined in the filtrate after precipitation of the

trisulphide. By comparing the amount of chloride analyzed
with the amount of argentic chloride obtained, Meyer finds

in mean M = 95.92 ; extreme diflTerence, 1.87 for O = 15.96.

By comparing the amount of disulphide with that of argen-
tic chloride, M = 95.75 ; extreme difference, 1.35. By com-
paring the amount of chloride analyzed with the amount of
disulphide obtained for one analysis of tetrachloride and
two analyses of pentachloride, begets M = 95.94; extreme
difierence, 2.15. The general mean is M = 95.86; extreme
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difference, 2.15. Ag = 107.66; S = 31.98; 01 = 35.37;

O = 15.96. The specific gravities of the chlorides not hav-

ing been determined, the weighings are not reduced to

vacuum. The pentachloride was prepared from M by heat-

ing it in a current of 01 entirely free from air. The metal

had been freed from oxide by heating in an atmosphere of

HCl. By moderate heating of the pentachloride in dry H,
and by distilling pentachloride over the product in dry

carbon di-oxide, the trichloride is obtained. The trichlo-

ride heated in carbon di-oxide is decomposed into tetrachlo-

ride and di-chloride, which latter must be purified with
warm dilute nitric acid. {Liebig's Ann., 169, 1874, 360,

344.)

NIOKEL.

Regnault has determined the specific heat of nickel. It

corresponds to an atomic weight of about 59. {Gmelin-

Krauty I. c.)

E. RoTHOFF : 69.09 (O = 16) ; 369.333 (O = 100).

Rothoff converted 188 parts of oxide into chloride, a

neutral solution of which gave 718.2 parts argentic chlo-

ride. If 01=221.64, Ag= 1349.66, the value follows.

{Berzelius' Lekrbuch, S, 1221.)

. P. Berthier.

Lassaigne having announced the atomic weight of nickel

at 500, {Schweigger's Jahrbuch, 9, 108,) Berthier re-ex-

amined the subject and found Eothoff's number confirmed.

{Berzelius^ Jahresbericht, 5, 1825, 148 ; Annul, de Chim. et de

Fhys., 25, 1824, 148.)

Erdmann and Marchand : 58.2 ( = 16); 365.9 (O
= 100).

Determined "with all precaution " by the reduction of

the oxide with hydrogen. The results varied from 29.1 to

29.3, but Erdmann has reason to believe the smaller number
the more accurate. [Erdmann's Journ. fiir Prak. Chem.,

55, 1852, 202.)
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H. Sainte-Claire Deville :

100 parts fused nickel, containing three-tenths per cent,

silicon and one-tenth per cent, copper, gave 262 parts anhy-
drous, yellow nickel sulphate, " corresponding to the atomic
weight as given by Berzelius." [Annal. de Chim. et de Phi/s.,

(3,) 46, 1856, 182.)

R. Schneider : 58.05 (O = 16) ; 362.8 (0 =100).

Determined from four analyses of the oxalate. The car-

bon determinations were made by the ordinary method of
organic analysis, because some hydrocarbon forms when
the salt is decomposed by heat alone. The metal was de-

termined by heating a known weight of the salt first in air

and then in a current of oxygen, and subsequent reduction

by hydrogen. In the preparation of the salt the usual pre-

cipitate with ammonium sulphide was washed with dilute

chlorhydric acid, and the cobalt separated w^ith barium car-

bonate and chlorine. From the nickel salt obtained the

oxalate was precipitated with oxalic acid. The number is

the mean of four analyses; extreme difference, 0.082 for

= 8. [Poggend. Ann. 101, 1857, 396.)

C. Marignac : 59 (0 = 16).

Marignac made two analyses of the sulphate by decom-
posing the salt by heat. The decomposition is perfect. To
avoid errors arising from possible reduction of a portion of
the oxide, it was moistened with nitric acid, and recalcined

at a moderate temperature. The results obtained were Ni
=: 29.2 and 29.5. The sulphate was purified by recrystalli-

zation. He also made experiments on the chloride by titra-

tion with argentic nitrate, according to Pelouze's modifica-

tion of Gay-Lussac's method. Three such analyses gave
from 29.4 to 29.5. In one experiment he also evaporated
the nickel nitrate, after filtering ofl' the argentic chloride,

and converted it into oxide by heat. This experiment gave
Ni = 29.64. The chloride, whether it be distilled or cal-

cined with ammonium chloride, is apt to leave an insoluble

residue the weight of which must be deducted. S = 16

;

Ag = 108 ; CI = 35.5. {Bibl. Univ. Arch, des Sciences, (2,)

1, 1858, 375.)

J. Dumas : 59.028 (0 = 16).

The number is the mean result of five experiments on
the titration of the chloride with argentic nitrate ; ex-
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treme difference 0.08. Ag = 108; CI = 35.5. In three

cases the nickel chloride was prepared by dissolving fused

nickel in aquia regia, repeated evaporation to dryness with
HCl, and heating for from twelve to twenty-four hours in a
current of HCl gas. In two cases it was produced by pass-

ing a current of chlorine over spongy nickel. The chloride

analyzed was crystalline and volatile without residue.

{Annal. de Chim. et de Phys., (3,) 65, 1859, 149.)

E. Schneider : 58.058 (O = 16).

In consequence of Marignac's criticism (that as nickel

oxalate is insoluble it cannot be purified by recrystaltiza-

tion) Schneider repeated his former determination, making
special tests for oxalic acid, sodium, and chlorine, with the
above result. [Poggend. Ann., 107, 1859, 616.)

W. J. Russell : 58.738 (0 = 16 ).

Determined from the mean of thirteen experiments on
the reduction of the oxide in hydrogen. Extreme differ-

ence, 0.12 for O = 16. The oxide was prepared from three

specimens of commercial nickel, which were first converted
into pure oxalate and then into nitrate. The oxide was
obtained by decomposing the nitrate by a very strong heat.

{Journ. Chem. Soc, (2,) 1, 1863, 61.)

Schneider remarks that a portion of the oxide analyzed
may have been reduced during the process of decomposing
the nitrate. {Poggend. Ann., 130, 1867, 310.) Marignac
points out the same danger. (Bibl. Univ., Arch, des Sciences^

(2,) 1, 374.)

E. VON SoMMARUGA : 58.026 (0 =16).

Determined from the amount of barium sulphate obtained
by precipitating the double sulphate of nickel and potassium
with barium chloride. The number is the mean of six

experiments; extreme difference, 0.168 for = 8, S = 16 ;

Ba [no doubt] = 68.5 ; K = 39.2. The salt was prepared
by solution of commercial nickel in sulphuric and nitric

acid, adding potassic sulphate to the solution, and repeatedly

recrystallizing the double sulphate. [JErdmann's Journ. fiir

Prak. Chem.,^100, 1867,115; Sitz.-Ber. der k. k. Akad., 1866.)

C. Winkler : 59.05 (O = 16).

Determined by the amount of gold precipitated from a
solution of neutral crystallized potassium chloro-aurate by
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a known weight of nickel. The number is the mean of
four experiments; extreme difference, 0.186 for = 16,

Au = 196. The nickel was prepared as follows : commer-
cial nickel carbonate was dissolved in chlorhydric acid,

cobalt was repeatedly precipitated with sodium hypochlo-
rite, copper, etc., were removed with hydrogen sulphide,

the nickel was precipitated with sodium carbonate, the pre-

cipitate dissolved in chlorhydric acid, the chloride sublimed
and reduced in a current of hydrogen. [Fresenius' Zeitsch.,

6, 1867, 22.)

W. J. Russell : 58.76 (O = 16).

Determined by the amount of hydrogen set free by solu-

tion of nickel in chlorhydric acid. The nickel was that

obtained in Russell's former determination of the atomic
weight of nickel. {Chem. News, 20, 1869, 20.)

R. H. Lee: 58.01 (0 = 16).

Determined by analyses of nickel cyanide salts. They
were decomposed in a platinum crucible by heat from above.
The carbon separated out was burned oft" first in air and
then in oxygen. The metallic oxide was reduced in a cur-

rent of hydrogen. The mean of six experiments on the
strychnine salt gave Ni = 58.04. The mean of six experi-
ments on the brucine salt gaveM =: 57.98. The salts were
purified by recrystallization. {Berlin. Bericht der Chem,
Ges., 4, 1871, 790.)

NIOBIUM.

The vapor density of the chloride and of the oxychloride,
as determined by Deville and Troost, places the atomic
weight at about 94. {Paris Comptes Bend., 66, 1863, 891.)

H. Rose : 122 (O = 16).

Rose deduced the atomic weight of niobium from analy-
ses of what he supposed to be the tetrachloride, determin-
ing the niobium as niobic acid, and the chlorine as argentic
chloride. The results, which varied greatly, indicated the
value 97.64. [Marignac having proved that the salt is a
peutachloride, this number becomes 122.] Marignac showed
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that Rose dealt with a compound containing a large amount
of the corresponding tantalium chloride. {Foggend. Ann.,

104., 1858, 439.)

Rose ; Rammelsberg : 94 (O = 16).

Rose analysed the oxychloride, but did not recognize it

as an oxychloride. Rammelsberg calculated the atomic
weight from Rose's figures and found that the highest chlo-

rine contents corresponds to an atomic weight of 94.

Rose's salt must have been nearh^ pure as there is no cor-

responding tantalium compound. {Poggend. Ann., 136,

1869, 353.)

R. Hermann : 104.8 (0 = 16).

Hermann deduces this value from analyses of a number
of chlorides and sodium salts. The formulas which he
gives these compounds are complicated, unlikely, and un-

supported b}' evidence. Marignac has shown that Her-
mann's salts contained tantalium. [Erdmann^s Journ. fiir

Prak. Chem., 68, 1856, 73.)

C. W. Blomstrand: 95(0 = 16).

Blomstrand made three determinations of the chlorine

contents of the pentachloride, getting 64.712 per cent., ex-

treme difference, 0.32. He also made eleven determina-
tions of the niobium in the same compound, weighing it as

niobic acid. 100 chloride gave in mean 49.794 acid. The
atomic weight calculated from the chlorine contents is

96.67; from the niobic acid, 96.16. Blomstrand also made
experiments on sodium niobate which led him to the con-

clusion that the most probable number is 95. {Gmelin-

Kraut, 2, part 2, 73 ; Acta Univ. Lund., 1864.)

C. Marignac : 94 (O = 16).

Determined from a number of analyses of potassium
fluoniobate containing two atoms of potassium. The com-
pound was decomposed by sulphuric acid with which it

was evaporated to dryness. The residue was leached with
water, the filtrate evaporated and the potassic sulphate

melted and weighed. The sulphuric acid remaining with
the niobic acid was driven off by heat and the acid weighed.
The salt being readily soluble and crystallizing well, can
easily be purified from all substances except titanium which
Marignac knows no way of separating or determining.
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The larger the amount of titanium present, the lower will

the atomic weight be ; Marignac therefore takes the highest
value. {Liebifs Ann., S. 4, 334, 288, 338; Bibl. Univ.,

Arch, des Sciences, 28, 1865, 25, 1866.)

NITROGEN.

Regnault has determined the specific gravity of nitrogen.

It indicates an atomic weight slightly above 14. {Gmelln-

Kraut, I. c.)

BiOT and Arago ; Wollaston : 14-.03 (0 = 16)

;

87.7 (0 = 100).

Biot and Arago found the specific gravities of N and H
0.96913 and 0.07321. If H = 13.27 the value follows.

[This very accurate value is of course the result of two
compensating errors.] [Phil. Trans., 104-, 1814, 20.)

J. J. Berzelius ; U.163 (0 = 16) ; 88.518 (O =100).

Calculated from the specific gravity as determined by
Berzelius and Dulong, compared with that of oxygen. By
decomposing the nitrate of lead by heat, Berzelius also

found I^ = 88.61 for Pb = 1294.498. {Poqgend. Ann., 8,

1826, 14.)

E. Turner: 14.15 (0 = 16).

Determined by experiments on the nitrates of lead, silver,

and barium, which were precipitated with sulphuric and
hydrochloric acids, and gave respectively N = 14.201

;

14.09; 14.17; if Pb = 103.6; Ba = 68.7 ; 01 = 35.42; S
= 16.085 ; the weighings being reduced to vacuum. The
salts were purified by recrystallization. Turner recom-
mends more direct methods. {Phil. Trans., 123, 1833, 537.)

T. Thomson : i^ (O = 16).

From the hypothesis that air is a compound containing
four parts of N and one part oxygen, and from the average
of various selected determinations of the specific gravity of
oxygen, Thomson concludes the specific gravity of oxygen
is 1.1111, and that of N 0.9722. These numbers stand
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to one another as 16 to 14. {Erdmann's Journ. fur Prak.

Chem., 8, 1836, 375; Records of General Science^ by R. D.
Thomson, 1836, 179.)

F. Penny : 14.018 (O = 16).

From the mean of three series of experiments (vide

Penny's determination of potassium) it follows that 100

potassic chloride = 135.636 potassic nitrate. Penny found
the molecular weight of KCl = 74.527 ; hence the difference

between a chloride and a nitrate is 26.560. Similar experi-

ments were made on the sodium salts. In four experiments

100 sodium chlorate were found = 54.930 chloride ; extreme
difierence, 0.02. In three experiments, 100 sodium chlo-

rate were found = 79.882 sodium nitrate; extreme difier-

ence, 0.015. In six experiments 100 sodium nitrate were
found = 68.771 chloride ; extreme difference, 0.013. In

seven experiments 100 chloride were found ^= 145.416

sodium nitrate ; extreme difference, 0.016. These data

give sodium chloride = 58.5, and the nitrate = 85.068, or

the difference between a chloride and a nitrate = 26.568.

Penny found 01 = 35.454. If NO3 - CI = 26.564, N =
14.018. Weighings for vacuum. {Phil Trans., 129, 1839, 25.)

L. SvANBERQ : 13.91 (O = 16).

Determined by four experiments on the decomposition of

plumbic nitrate by heat which gave a mean of 67.4016 per

cent, oxide ; extreme difference, 0.0087. [If Pb = 206.926

(Stas) the value follows.] {Berzelius^ Jahresbericht, 22, 1842,

38.)

C. Marignac: U.02 (0 = 16); 87.625 (O = 100).

Marignac made five experiments by dissolving a known
weight of silver in nitric acid and melting and weighing

the nitrate formed. The silver carried out of the retort by

the vapors was precipitated and determined. The mean
result was that 100 silver = 157.430 nitrate ; extreme

difference, 0.046 ; or, if Ag = 1349.01, N = 87.535. Six

experiments were made by the decomposition of a known
weight of argentic nitrate with a know^n weight of potassic

chloride by Pelouze's method. Mean, 100 KCl = 227.986

argentic nitrate ; extreme difference, 0.18. This gives N =
87.685 if K = 488.94 and CI = 443.2. Seven experiments

by the same method showed that 100 silver dissolved in

nitric acid = 49.522 ammonium chloride : extreme differ-
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ence, 0.063; Hence 1^=87.655. The weighings are re-

duced to vacuum. {Berzelius' Jahresbericht, S^-, 1842, 44

;

Bihl Univ. de Geneve, 4.6, 1842, 363.)

T. Anderson : 13.95 (0 = 16); 87.204 (0 = 100).

Determined by four experiments on the decomposition
of plumbic nitrate by heat at a sufficiently low temperature
to permit of complete decomposition. The number is the
mean; extreme difierence, 0.198 for 0=100. Pb =
1294.5. {Annal. de Chim. et de Phijs., (3,) 9, 1843, 254.)

J. Pelouze: U.OU (0 = 16); 87.59 (O = 100).

A known weight of argentic nitrate was brought. in con-
tact with a known and slightly excessive weight of ammo-
nium chloride and the excess titrated with silver solution.

One experiment gave IST = 175.58 ; a second gave N =
174.78. Ag= 1349.01; CI = 443.2. The ammonium
chloride was purified bv sublimation and recrystallization.

{Paris Comptes Bend., W, 1845, 1047.)

P. EiNBRODT : i^ (O = 16); 87.5 (0 = 100).

Experiments on the decomposition of plumbic nitrate by
heat gave N =: 87.5 plus a vanishing quantity if Pb =
1294.2239. {Leibig's Ann., 70, 1849, 286.)

J. Dumas : 14 (O = 16).

Determined by experiments on the combustion of ammo-
nia and cyanogen. Particulars not given. = 6; H = 1.

{Annal. de Chim. et de Phys., (3,) 65, 1859, 134.)

J. S. Stas : 14.044 (0 = 16). •

Stas made seven determinations of the relation between
silver and its nitrate by dissolving pure silver in nitric acid,

evaporating to dryness and keeping the salt melted until

there was no further loss of weight. In two of these experi-

ments the salt was melted in vacuo. The mean result was
that 100 Ag = 157.472 nitrate ; whence N = I4..O4.O. Later
Stas made two more experiments by the same method with
all possible precautions to secure accuracy. These gave 100
Ag = 157.484 nitrate and N = 14.042. By the conversion
of the chlorides of potassium, sodium, lithium and silver

into nitrates, Stas found the difference between a chloride

and a nitrate 26.5882. This gives N = 14.045. The weigh-
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ings are reduced to vacuum. CI = 35.457 ; Ag = 107.93.

{Stas, Unters. uber Cheni. Prop. Leipzig, 1867.)

OSMIUM.

Regnault has determined the specific heat of osmium. It

corresponds to an atomic weight of about 199. [G-melin-

Kraut, I. c.)

J. J. Berzelius : 199.04, (O = 16).

Berzelius analyzed potassium chloro-osmate by reduction

in a current of hydrogen and solution of the potassium
chloride from the residue. 1.3165 grammes of the double
salt lost 0.3805 in reduction and the residue was composed
of 0.401 potassium chloride and 0.535 osmium. The atomic

weight may be calculated either from the chlorine lost or

from the relation of the chloride to the metal in the residue.

Berzelius preferred the latter as more probably accurate.

[If K = 39.137; 01 = 35.457 (Stas;) this relation gives

199.04.] According to W. M. Watts, (Ohem. News, 19,

302) the loss of chlorine gives for Stas's values Os =: 199.42.

Hyperosraic acid was separated from iridium compounds by
distilling at a gentle heat. The first portion is perfectly

pure. The metal was precipitated from chlorhydric acid

solution of hyperosmic acid by mercury and subsequently

purified by heating in a current of hydrogen. Potassium
chloro-osmate was formed by heating comminuted metal

and KCl in a current of chlorine. {Foggend. Ann., 13, 1828,

530 ; Kongl. Vet. Acad. HandL, 1828.)

E. Fremy : 199.65 (0 = 16) ; 1247.8 (0 = 100).

Pure osmium was burned in a current of oxygen and
the fumes led over potassic hydrate, by which they are

absorbed. An additional potash tube did not increase in

weight. Oorks were avoided. Number of experiments not

given. {Erdmann's Journ. fiir Prak. Chem., 83, 1844, 409
;

Journ. de Pharm. et Chim., 1844, 241.)

Deville and Debray : 198 (O = 16).

These chemists determined the vapor density of hyper-

osmic acid by Dumas' method, finding it 8.89 at 246°,
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and 8.87 at 286°. They hence consider it probable that

the atomic weight of osmium is the same as that of plati-

num. The acid was very pure and was prepared by the

combustion of metallic osmium in oxygen. {Paris, Comptes

Rend., U. 1857, 1101.)

OXYGEN.

The atomic weight of oxygen is assumed at 16 for the

reasons stated under hydrogen, q. v. If hydrogen is taken

as unity, O = 15.96.

PALLADIUM.

Regnault determined the specific heat of palladium. It

corresponds to an atomic weight of about 106. {Gmelin-

Kraut, I. c.)

J. J. Berzelius ; 106.61 (O = 16).

In his earliest determinations of this constant, Berzelius
saturated the metal with sulphur, getting about 711 for S
= 201,165 ; and decomposed the chloride with mercury,
getting 704. [711 appears to be a misprint for 714.618 the

number given with corresponding data at Poggend., 8, 180.]

In this investigation a known weight of potassium chloro-

palladate was reduced in a current of hydrogen, the weight
of the residue determined, the potassium chloride leached
from the residue and the metallic palladium weighed. The
double salt was strongly heated, but not to fusion, in a current
of dry air before weighing. It being impossible to desiccate

this and the similar platinum-metal salts completely with-

out decomposition, the atomic weight was calculated irom the

relation between the metal and the KCl. Berzelius found
0.575 Pd = 0.809 KCl, and 0.851 Pd = 1.192 KCl. [If KCl
= 74.594 (Stas) the former gives Pd = 106.036, the latter

106.509.] Berzelius had reason to consider the latter analy-

sis the more accurate. {Poggend. Ann., 13, 1828, 454 / Kongl.
Vet. Acad. IlandL, 1828.)

'
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PHOSPHORUS.

The specific beat of this element, as well as the density

of phosphorus and its numerous volatile compounds in the

gaseous state, corresponds to an atomic weight slightly

above 31. {Gmelin-Kraut, I. c.)

V. Rose; F. H. Wollaston : 35.1 {0 = 1Q).

Wollaston adopted the analysis of Rose, who found that

phosphoric anhydride contained 63.28 per cent, oxygen and
46.72 per cent, phosphorus. [This relation gives the above
value.] {Phil Trans., 101^, 1814, 20.)

J. J. Berzelius : 31.225 (0 = 16).

Berzelius made experiments on the reduction of auric

chloride and of argentic sulphate by phosphorus. His re-

sults were 0.8115 P = 13.98 Ag; 0.829 P = 8.714 Au
;

0.754 P = 7.93 Au. [The first of these analyses is misprinted

in the original memoir (Gilbert's Ann., 53., 433).] In the

Lehrbuch it is miscalculated as Ruecker has shown. Ber-

zeUus preferred deducing the atomic weight of P from that

of silver, because the atomic weight of the latter was more
accurately known than that of gold. [If Ag = 107.93, the

data give P = 31.325, for Au = 196.67 the latter analyses

give P = 31.176 and 31.165.] In all the experiments the

precipitated metal was boiled with the solution when the

reduction was nearly complete. A trace of gold was
observed to precipitate after the experiments were over.

The silver was heated to redness before weighing. [J. P.

Cooke, Jr., has shown (atomic weight of antimony) that

silver is volatile at a red heat. Berzelius must therefore

have got too large a result.] The phosphorus was distilled,

melted in a glass tube and cooled very slowly, to permit
traces of oxides to rise to the surface, and the lower portion

of the tube with the phosphorus broken oft' and instantly

weighed. {Gilbert's Ann., 53, 1816, 433, and Lehrbuch 3,

1188.)

J. Pelouze : 32.0U (0 = 16) ; 200.15 (O = 100).

A known weight of argentic nitrate was brought in con-

tact with a known and slightly excessive weight of phos-

phorous chloride and the excess titrated. The number of

experiments is not given. Ag = 1349.01 ; CI = 443.2.
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The terchloride was prepared by chloridizing finely divided

P with dry chlorine, adding finely divided P, decanting,

agitation with tin amalgam and rectification over the same.

The fluid was colorless and did not give any precipitate

with water. {Paris, Comptes Bend., SO, 1845, 1047.)

V. A. Jacquelin : 29.83 (0 = 16) ; 186.438 (O =
100).

Determined by experiments on the chlorides of phos-

phorus with argentic nitrate and plumbic oxide. The re-

sults are utterlv discordant. {Paris, Corn,ptes Rend., 33,

1851, 693.)

A. ScHROETTER : 31.0274 (0 = 16).

Determined by burning perfectly pure amorphous phos-
phorus in dry oxygen and weighing the phosphoric anhy-
dride. The number is the mean of 10 experiments

;

extreme difterence, 0.1242. Previous to burning, the phos-
phorus was heated for a long time in carbon di-oxide or

hydrogen. It was burned not in powder but in lumps.
{jErdmann's Journ. filr Prak. Chem., 53, 1851, 435 ; Sitz.-

Berichi der k. k. Akad., 18^1.)

B. C. Brodie : 31.31 (0 = 16).

Three experiments made by oxidation of phosphorus
with aqua regia and determination as magnesium pyrophos-
phate gave this mean. Brodie seems to regard these deter-

minations only as evidence that the atomic weight needs
redetermination. {Journ. Chem. Soc, 6, 1852, 295.)

J. Dumas: 31.03 (0 = 16).

Determined by five experiments on the titration of the
terchloride with argentic nitrate. The chloride was pre-
pared by the action of dry chlorine on amorphous phos-
phorus and distillation after the chlorine had been displaced
by carbon di-oxide. The portion distilling between 76°

and 78° only was used. The number is the mean of the
results; extreme difference, 0.08. Ag=108; 01 = 35.5.

{Ayinal. de Chiru. et de Phys., (3,) 55, 1859, 172.)
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PLATINUM.

Regnault and Kopp have determined the specific heat of
platinum. It answers to an atomic weight of about 197.

{Grnelin-Kraut, I. c.)

J. J. Berzelius : 197.19 (0 = 16).

Determined by the same method as osmium, q. v., from
a single experiment on potassium auroplatinate. 2.135

potassium chloride accompanied 2.822 platinum. [If KCI
= 74.594 (Stas,) this gives the above value.] The salt was
prepared by precipitating an alcoholic solution of platinum
chloride with potassium chloride, washing with alcohol and
heating to redness in a current of chlorine. Berzelius re-

marks that the metal used in his former determinations
was impure. [Poggend. Ann., 13, 1828, 468, and Lehrbuch,

3, 1213.)

T. Andrews : 197.88 (0 = 16).

Determined by three experiments on potassium chlo-

roplatinate. The salt was dried at 105° in vacuo, decom-
posed by zinc, the excess of zinc removed by acetic acid,

the solution filtered ofiF, and the chlorine titrated. The
number is the mean ; extreme difference, 0.22. The values

assumed for Ag and CI are not given. They were most
likely Mariguac's. {Brit. Assoc. Rep., 1852, part 2, 33.)

J. S. Stas made preparations for determining the atomic
weight of platinum, but not being able to produce potas-

sium chloroplatinate entirely free from water, and being
unacquainted with Bunsen's method of accomplishing this

end, resigned the attempt. He made, indeed, three analy-

ses by the same method employed by Berzelius, but un-
fortunately does not communicate the results. {Stas, Unter-

such. iiber Chem. Prop., Leipzig, 1867, 265.)

POTASSIUM.

Regnault determined the specific heat of potassium. It

corresponds to an atomic weight of about 39. {Gmelin-
Kraut, l. c.)
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M. H. Klaproth ; F. H. Wollaston : 39.517 (O =
16).

Klaproth found that 441 CI = 591 potassium oxide.

Hence "Wollaston deduced the value 491 (0 = 100) for

K. [If CI = 35.457, this relation gives K = 39.517.] {Phil

Trans., m, 1814, 20.)

J. J. Berzelius : 39.193 (O = 16) ; 244.958 (O =
100).

Berzelius found that 100 KCl = 192.4 Ag CI. If Ag =
1351 .607 ; CI = 442.65 ; the above value follows. {Poggend.

Ann., 8, 1826, 190.)

F. Penny : 39.073 (0 = 16).

Penny made six experiments on the conversion of the
chlorate into the chloride. Potassic chlorate was dried at

about 105°, dissolved in a flask with HCl, evaporated, dried
and weighed. The cake contained some free HCl. It was
broken up, pulverized, and a known quantity heated to dull

redness but not to fusion, and the HCl expelled allowed for.

The mean result was that 100 KCl O3 = 60.823 KCl ; ex-

treme difference, 0.015. This relation gives KCl = 74.527
and if CI = 35.454 (Penny,) the value for K follows,

i^umerous experiments were also made on the introconver-
sion of the nitrate, the chloride and the chlorate, which
established the difference between a chloride and a nitrate,

besides confirming the value of K. The salts were purified

by recrystallization and were carefully tested for impurities.

The weighings are all for vacuum. (Phil. Trans., 129, 1839,
18.)

C. Marignac : 39.2 (O = 16); 245 (0 = 100).

By six experiments on the decomposition of the chlorate

by heat, 100 chlorate were found to lose 39.161 oxygen
;

extreme difference 0.012 ; hence KCl = 932.14. By com-
paring this value with the molecular weight and the compo-
sition of argentic chloride, CI was calculated at 442.13, leav-

ing for K the number 490. Confirmatory experiments were
made on potassic perchloride. The chlorate was purified by
recrystallization. The weighings are for vacuum. [Liebig's

Ann., U, 1842, 23.)
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C. Marignac : 39.115 (O = 16) ; 244.47 (0 = 100).

Having determined the atomic weight of chlorine from
syntheses of argentic chloride, and found it 443.2, the

molecular weight of KCl in the last determination, gives

K = 244.47, for vacuum. Berzelius, by rejecting some
analyses and the correction for vacuum, deduces the value

244.429. {Berzelius' Jahresbericht, 26, 1845, 31 ; Bibl. Uiiiv.

de Geyieve, ^6, 1842, 350.)

J. Pelouze : 39.lU (0 = 16); 244.65 (O = 100).

A known weight of KCl was brought into contact with a
known amount of silver dissolved in nitric acid, the chlo-

ride being slightly in excess. This excess was titrated with
a decimal solution of silver. The number is the mean of

three experiments. Ag= 1349.01 ; CI = 443.2. The chlo-

ride was prepared by heating the chlorate and recrystalliz-

ing the residue. {Paris Comptes Rend., W, 1845, 1047.)

According to Pelouze, Levol found the molecular weight
of KCl 466.245, which combined with Marignac's value of
CI would give K = 244.645 or 39.11,3. {Ibid.)

E. J. Maumene : 38.96 (0 = 16) ; 243.502 (O =
100.)

The mean of three experiments on the decomposition of
KCl with an excess of argentic nitrate showed that 100
KCl = 192.75 AgCl. If Ag = 1350.32 and CI =443.67,
according to Maumene's determinations, the number fol-

lows. The KCl was prepared from the chlorate by heat.

To coriiirm his values for K and CI, he made seven experi-

ments on the decomposition of the chlorate by heat, and
found that 100 chlorate gave 60.791 chloride. An unac-

counted for increase in the weight of the flask occurred in

these experiments. {Annal. de Chim. et de Phys., (3,) 18,

1846, 41.)

J. S. Stas : 39.137 (O = 16).

According to the mean of seven determinations, 100
parts of KCl dissolved in nitric acid, and evaporated to

drj'ness give 135.6423 parts of nitrate ; extreme difiference,

0.017. If CI = 35.457; N = 14.044; the value follows.

This value is confirmed by previous experiments which
gave 39.130. Potassic chloride, by whatever means it is

prepared, still retains silica. Stas, therefore, determined
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the amount of silica in the KCl and allowed for it. Weigh-
ings for vacuum. {Stas, Untersuch. ilber Chem. Prop.^

Leipzig, 1867.)

Stas mentions that Dumas, who was the first to place K
at 39, afterwards became convinced that this number was
too low. {Ibid, page 318.)

RHODIUM.

Regnault has determined the specific heat of rhodium.
It corresponds to an atomic weight of about 104.

(
Gmelin-

KraiU, I. c.)

J. J. Berzelius : 104,.3 (O =16 ).

Berzelius made two analyses of dipotassic chlororhodiate.

This salt can be completely desiccated in a current of chlo-

rine at a red heat without decomposition. 3.146 grammes
gave on reduction in a current of hydrogen 0.930 CI, and
the residue contained 1.304 KCl and 0.912 metallic rhodium.
[If KCl = 74.594, CI = 35.457, (Stas,) the atomic weight of
the salt calculated from the CI contents is 359.831, and that of
Rh 104.272. The relation between the Rh and the CI gives

Rh =104.31 2. The relation between the KCl and the Rh
gives Rh = 104.340. The mean is 104.308.] Berzelius
made a second analysis of the crystallized salt in which he
determined the water of crystallization. [Under the same
suppositions and in the same order, the resulting values for

Rh are 106.279; 104.762; 103.708.] In the Lehrbuch only
the former analysis is used to deduce the atomic weight.
Rhodium was separated from other metals by its insolu-

bility in aqua regia. The double salt was formed by heat-

ing finely pulverized Rh in mixture with KCl in a current
of chlorine. The double salt was dissolved in water, pre-

cipitated with alcohol, washed with alcohol and dried.

(Poggend Ann., 13, 1828, 437; Kongl. Vetens. Akad. HandL,
1828.)

In his earlier determination (Rh = 750.68 for = 100)
Berzelius mistook an hydrated oxide for a chloride. [Ibid.)
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RUBIDIUM.

Kopp determined the specific heat of rubidium chloride.

It corresponds to an atomic weight of about 85. [Gmelin-

Kraut, I. c.)

KiRCHHOFF and Bunsen : 85.36 (O = 16).

Determined from the mean of four experiments on the

precipitation of the chloride with argentic nitrate. The
extreme difference was 0.24. Ag = 107.94; CI = 35.46.

An impure mixture of rubidium and potassium chlorides,

nearly free from lithium and the earths, was partially pre-

cipitated with platinum chloride and the precipitate freed

from KOI by repeated boiling with water. The residue

was reduced in a current of hydrogen, the rubidium chlo-

ride extracted with water, and reprecipitated with platinum

chloride. This process was repeated until the potassium

lines in the spectrum disappeared. The rubidium was then

converted into a mixture of carbonate and oxide, and the

caesium separated by extraction with alcohol. The amount
of silver precipitated was also tested from time to time and
the purification continued till this became constant. {Pog-

gend. Ann., 113, 1861, 339.)

J. PiccARD : 85.41 (0 = 16).

Determined by four analyses of rubidium chloride with
argentic nitrate. The number is the mean ; extreme differ-

ence, 0.09. The separation of potassium from rubidium
was effected for the different analyses by 6, 7, and 8 succes-

sive partial precipitations with platinum chloride, and the

separation of caesium by thirty successive extractions of

the anhydrous carbonates with warm absolute alcohol. The
salt analysed was spectroscopically pure. Ag = 107.94

;

01 = 35.46. The experiments were made with Bunsen's
assistance. [Erdmann's Journ. fur Prak. Chem., 86, 1862,

449.)

L. Grandeau, who is sometimes credited with making a

determination of Rb, expressly disclaims doing so. He
mentions Bunsen's value as the true atomic weight and says

that his analyses of the sulphate, undertaken to test its

purity, led him to adopt the number 85.4 ; apparently for

brevity's sake. {Annal. de Chim. et de Phys., (3,) 67, 1863,

227.)
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R GoDEFFROY : 85.476 (0 = 16).

Determined by four analyses ofrubidium chloride prepared
and analysed exactly as Godeffroy determined caesium, q. v.;

extreme difference, 0.04. CI = 35.5 ; Ag = 108. [Liebig's

Ann., 181, 1877, 189.)

RUTHENIUM.

Bunsen has determined the specific heat of ruthenium.
It corresponds to an atomic weight of about 104. [Gmelin-

Kraut, I. c.)

C. E. Glaus : 104,.S7 (0 = 16).

Determined from three analyses of potassium chlororuthe-
niate by the same method Berzelius had employed for other
platinum metals. Glaus found an average of 28.783 per
cent. Ru ; extreme difference 0.48, and 41.063 KCl ; ex-

treme difference, 0.51. [If K = 39.137, Gl = 35.457; this

composition gives Ru = 104.57. Tlie weighings as given
in the memoir are misprinted.] Glaus also determined
the chlorine with silver; the results were such as to show
that the salt was not anhydrous, though it had been dried
at 200° in an atmosphere of CI. The salt was prepared by
the evaporation of a solution of ruthenium and potassic

hydrate in aqua regia, solution of other chlorides of Ru in

dilute HGl, and removal of basic compounds by mechanical
concentration in water. Glaus later takes the atomic
weight of Ru = 104. In this memoir he puts it at 651.387

(0 = 100,) 104.£2 (O = 16,) without mentioning the values
of K and Gl. {Poggend. Ann., 65, 1845, 218.)

SELENIUM.

Regnault determined the specific heat of selenium, which
accords with an atomic weight of about 79. {Gmelin-Kraut,
I. c.)
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J. J. Berzelius : 79.23 (O = 16).

Berzelius found that 100 Se absorb 179 dry chlorine gas,

and that the product was exactly decomposed by water into

chlorhydric acid and selenious acid. [If CI = 35.457 (Stas)

the value follows.] [Poggend. Ann., 8, 1826, 21.)

F. Sacc : 78.65 (0 = 16) ; 490.93 (O = 100).

Sacc's experiments are very discordant. He made three

experiments on the reduction of a known weight of sele-

nious acid with ammonium bisulphite and chlorhydric acid.

The mean result was Se = 490.38 ; extreme difference, 5.5.

In four experiments barium seleniate was decomposed by
heating to redness with sulphuric acid in excess. The salt

was found to contain 41.95 selenious acid ; extreme differ-

ence 0.04. For Ba = 856.877 the resulting value is 491.49.

The selenium was purified by solution in nitric acid, evap-

oration and sublimation, and by reduction with HCl and
ammonium bisulphite. Selenious acid was prepared by
oxidation with nitric acid. Barium seleniate was prepared
by precipitation of barium nitrate with sodium seleniate and
heating to redness. Sacc regards 490.3 as the most prob-

able value of Se. {Annal. de Chim. etde Phgs., (3,) 31, 1851,

119.)

A. SCHROETTER : 78.6 (O = 16).

Details not given. {Kopp's Jahresbericht, 4^, 1851, 318;
Sitz.-Bericht der k. k. Acad., 6, 1851, 214.)

Erdmann and Marchand : 78.6 (O = 16) ; 492.5

(0 = 100).

Determined from experiments on mercuric selenide by
the same niethods employed for the determination of S,

q. v. Three experiments gave 71.726, 71.731, 71.741, per

cent, mercury. {JSrdmami's Journ. fur Prak. Chem., 55

y

1852, 202.)

J. Dumas : 76.46 (O = 16).

Determined by seven experiments on the chloridation of
selenium. The chloride was condensed in a tube cooled to

— 20°, after which the escaping gases were led through
other tubes filled with asbestos. The extreme difference

in the results was 0.46. CI = 35.5. {Annal. de Chim. et de

Phys., (3,) 55, 1859, 129.)
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O. Pettersson and G. Ekman : 79.08 (O = 16).

Determined by five analyses of selenious acid. A warm
solution of the acid was acidified with chlorhydric acid,

precipitated with sulphurous acid and the selenium collected

on a glass filter. Many precautions are necessary in the

precipitation and drying. The value is the mean ; extreme
difierence, 0.04. {Berlin, Bericht der Chem. GeselL, 9, 1876,
1212; in extenso in the Acta of the Scientific Soc. of Upsala.)

SILICON.

The vexed question of the composition of silicic acid has
been settled by H. F. Weber, who found that the specific

heat of this element becomes nearly constant above 200°

and that the atomic heat is 5.8 for Si = 28. {Poggend.

Ann., 154-y 1875, 575.)

J. J. Berzelius : 39.63 (0 = 16) ; 185.19 (O = 100).

100 parts of silicon, which had been heated to redness,

and freed from silicic acid by hydrofluoric acid, gave 208
parts silicic acid, whence the value. Berzelius also made
analyses of barium fluosilicide from which he calculated

the oxygen contents of the acid at 51.975. This gives for

the -atomic weight of Si 29.58. [Poggend. Ann., 8, 1826, 20

;

and Lehrbuch, 3, 1200.)

J. Pelouze : S8.4.6 (0 = 16 ) ; 177.88 (0 = 100).

A known weight of perfectly pure silver, dissolved in

nitric acid, was brought in contact with a known and slightly

excessive weight of silicon tetrachloride and the excess
titrated with decimal silver solution. The value is derived
from the mean of two experiments; difference 0.76 for O
= 100 ; CI = 443.2, Ag = 1349.01. The chloride was pre-

pared by Ebelraen ; it was perfectly transparent, volatilized

without residue, and had been dried for a long time in a
vacuum. [Paris, Comptes Bend., W, 1845, 1047.)

J. Dumas: 28.02 (0 = 16).

Determined from the mean of two experiments on the
tetrachloride which was weighed off in a glass bulb and
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introduced, so enclosed, into a vessel containing water.
The bulb was broken and the chlorine contents titrated with
argentic nitrate. The dijfference between the experiments
was 0.2 for = 16, Ag = 108, CI = 35.5. The chloride

was repeatedly rectified; its boiling point was 59°. {Annal.

de CUm. et de Phys., (3,) 65, 1859, 129.)

J. ScHiEL: 28.01 (0 = 16).

Determined by two analyses of the tetrachloride. The
salt was decomposed with a slight excess of ammonium
hydrate and the chlorine titrated with argentic nitrate.

The atomic weights of CI and Ag used are not stated.

Schiel found 0.6738 silicic chloride = 2.277 argentic chlo-

ride, and 1.3092 silicic chloride = 4.418 argentic chloride.

[For Ag = 107.93, CI = 35.457, these data give Si =
28.13, and 27.89.] {Liebig's Ann., ISO, 1861, 94.)

SILVER.

Dulong and Petit, Regnault and others have determined
the specific heat of silver and found it in accord with an
atomic weight of about 108. {Gmelin-Kraut, I. c.)

Marcet; Davy; Wenzel; Wollaston.

Wollaston in his table of equivalents mentions that Marcet
found 441 CI = 1350 silver, and Davy the same quantity of
chlorine = 1360 silver. Wenzel found 200 sulphur = 1360
silver. {Phil. Trans., IO4., 1814, 21.)

J. J. Berzelius: 108.1S9 (0 = 16); 675.804 (0 =
100).

Berzelius found that 100 silver gave 132.75 argentic chlo-

ride. Taking CI = 221.325 he calculates Ag = 1351.607.

He expresses uncertainty whether or no this value should
not be reduced to one half {Poggend. Ann., 8, 1826, 180.)

E. Turner : 108 (0 = 16).

Turner determined the composition of argentic chloride

at 100 silver to 132.8 chloride. These numbers are for
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vacuum. If CI = 35.42 (Turner) the value follows. {Phil.

Trans., 1^3, 1833, 586.)

F. Penny : 107.97 (0 = 16).

Penny made six experiments on the conversion of silver

into nitrate. The silver was dissolved in cold nitric acid,

the solution evaporated, and the nitrate fused all in one
flask and with precautions against loss by spiriting. He
found 100 Ag = 157.441 nitrate ; extreme difi:erence, 0.028.

In five experiments the nitrate from the preceding determi-
nations was converted into chloride, by means of chlorhy-

dric acid, in the same flask, dried, fused, and weighed.
Penny could detect no decomposition in fusion. He found
100 Ag = 132.8372 chloride ; extreme difference, 0.01. In
two experiments silver was dissolved in nitric acid, precipi-

tated with chlorhydric acid, evaporated and fused, giving
132.830 and 132.838. The mean of all seven experiments
is 132.836. Penny takes 132.837. From the relations of

the chlorides, chlorates, and nitrates of potassium and
sodium, Penny had determined the difference between the

atomic weights of a chloride and a nitrate at 26.565. This
gives the molecular weight of argentic chloride at 143.424

and Ag = 107.97. The silver used, as well as the water
and the acids, were carefully tested for impurities and a

minute amount of solid residue in the twice distilled water
and in the acids was allowed for. The weighings were all

reduced to vacuum. [Phil Trans., W9, 1839, 27.)

C. Marignac : 108 (O = 16) ; 675 (O = 100).

Silver was dissolved in nitric acid and precipitated with
chlorhydric acid. One experiment, reduced to vacuum,
gave 100 silver =: 132.74 chloride, which Marignac consid-

ered confirmatory of Berzelius' value, 132.75. He therefore

adopted the latter number, 100 potassic chloride were
found to produce 192.26 argentic chloride, in two experi-

ments, the difference between which was 0.01. By analysis,

by means of heat, of potassic chlorate, Marignac had found
the molecular weight of the chloride 932.14, these relations

give the molecular weight of argentic chloride at 1792.13

and the atomic weight of silver at 1350. The potassic

chloride was prepared by heating the chlorate and cooling

the resulting chloride over sulphuric acid. {Liebig's Ami.,

U, 1842, 23.)
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C. Marignac : 107M2 (0 = 16) ; 674.505 (0 = 100).

Marignac redetermined the relation between silver and
potassic chloride by Pelouze's method. He found 100 Ag
= 69.062 KCl in six experiments, the extreme difterence

between which was 0.018. In five experiments he found
100 KCl = 192.848 Ag; extreme difierence 0.04. He also

redetermined the composition of argentic chloride. The
silver was dissolved in a long-necked flask and the fumes
passed into a second flask containing water. Solution being
effected, the water from the second flask was added to the

contents of the first, and the whole precipitated with HCL
The chloride w^as washed, dried, melted and weighed in the
same flask. The result was 100 Ag = 132.84 chloride

;

extreme difterence 0.019. Combination of these data with
Marignac's old value for the molecular weight of KCl,
932.14, gives Ag = 1349.01. All weighings reduced to

vacuum. Berzelius revised the result by thi^owing out one
experiment and by rejecting the correction for vacuum.
He thus got Ag = 1349.66. {Berzelius^ Jahresbericht, 24-y

58; 25, 31 ; BibL Univ. de Geneve, 46, 1842, 350.)

In opposition to Prout's hypothesis, Marignac cites his

analyses of argentic acetate, in which the escaping gases

were forced to pass over porous silver. They gave in three

experiments 64.664 silver from 100 acetate; extreme dif-

ference 0.005. If C = 75, this gives Ag = 1349.6. He
also found 100 Ag = 157.455 nitrate. [If IST = 87.5, this

gives Ag = 1348.88.] He also found 100 Ag = 49.556

ammonium chloride. [Liebig's Ann., 59, 284; Bibl. Univ.

de Geneve, 1846.)

LiEBiG and Eedtenbacher ; Strecker : 107.903 (O
= 16) ; 674.395 (O = 100).

Strecker recalculated Liebig and Redtenbacher's analyses

of argentic acetate, tartrate, racemate and malate by the

method of least squares, and from the difference in the

atomic composition of these salts. He obtained for Ag the

value 1348.79. Vide Carbon. {Liebig's Ann., 59, 1846,^280.)

E. J. Maumene: 108.026 (0 = 16); 675.16 (0 =
100).

In four experiments argentic oxalate was mixed with sand

in a flask and decomposed by heat in a current of air. The



SILVER. 109

products of decomposition were passed over cupric oxide,

and through drying tubes and potash tubes. In five experi-

ments the acetate was treated in the same way, but not
mixed with sand. The mean result was Ag = 1350.32

;

extreme dift'erence 0.77. Maumene found it very difficult

to purify the oxalate, which showed traces of nitric acid

after 100 washings. {Aiinal. de Chim. ei de Phys., (3,) 18,

1846, 41.)

J. S. Stas : 107.93 (0 = 16).

Thirteen syntlreses of argentic iodide, performed by
bringing hydroiodic acid in contact with argentic sulphate
or nitrate, gave 100 Ag= 117.5343 iodine. Three analyses
of argentic iodate, performed by decomposition by heat in

a current of nitrogen or by reduction of the salt, while in

suspension, by a current of sulphurous anhydride, gave
Agl = 284.779. Hence Ag = 107.928. Four syntheses of
the bromide, performed by bringing hydrobromic acid in

contact with argentic sulphate, gave 100 Ag = 74.0805 Br.
Two analyses of argentic bromate, by reduction while in

suspension with sulphurous anhydride, gave Ag Br =
187.87. Hence, Ag = 107.921. Seven syntheses of argen-
tic chloride, three of them by combustion of silver in chlo-

rine, three by precipitation with HCl, and one by precipita-

tion with ammonium chloride, gave 100 Ag = 32.8445 CI.

Stas adopts the number 32.85 on the supposition that no
excess of chlorine was possible. The chloride was fused.

Two analyses of the chlorate, accomplished by heat or by
evaporation with chlorhydric acid, gave Ag CI = 143.395.

Hence Ag = 107.937. Five syntheses of the sulphide, per-

formed by heating silver in a current of sulphur vapor, or

of hydrogen sulphide, gave 100 Ag =: 114.8522 argentic
sulphide. Six analyses of the sulphate by reduction in a
current of hydrogen, showed that 100 sulphate contained
69.203 silver, hence Ag =107.920, [107.926 ? vide Sulphur.]
From analysis of potassium chlorate, Stas had determined
the molecular weight of KCl at 74.59. By twenty-four
determinations he found 100 Ag = 69.103 KCl, hence
Ag =: 107.943. The silver was prepared either by Levol's
method or b}' decomposing an ammoniacal solution of
argentic nitrate with a mixture of ammonium sulphite and
a copper salt. The metal was heated to the boiling point
until the sodium line disappeared and the metallic fumes
were a pale blue. To test its purity, it was compared with
distilled silver. See Stas's determinations of CI, Br, I, S,
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and K. All weighings reduced to vacuum. [Stas, Unter-

such. iiber Chem. Prop., Leipzig, 1867.)

SODIUM.

The specific heat of sodium has been determined by Keg-

nault and indicates an atomic weight of about 23. (
Gmelin-

Kraut, l. c.)

H. Davy; F. H. Wollaston : £3.^8 (0 = 16) ; 145.5

(O = 100).

Davy found that 134 CI combine with 88 Na to form

sodium chloride. If CI = 441, the value follows. (Fhil

Trans., m, 1814, 20.)

J. J. Berzelius : S3J64. (0 = 16).

Berzelius found that 100 Na CI = 244.6 Ag CI. [If Ag
CI = 143.387, (Stas,) the value follows.] {Poggend. Ann., 8,

1826, 189.)

F..PENNY : 23.046 (0 = 16).

Penny made four experiments on the conversion of the

chlorate into the chloride by means of HCl. A known
weight of the salt was dissolved in a flask in the acid and

evaporated, dried and weighed without removal. The
sodium chloride was not fused. The mean result was tbat

100 chlorate equals 54.930 chloride; extreme difference, 0.02.

This relation gives the molecular weight of the chloride at

58.5. Penny had found the atomic weight of CI = 35.454
;

hence the value for Na. [If CI = 35.457 (Stas,) Na =
23.043. Stas himself found 23.043.] The sodium chlorate

was prepared by precipitating potassium chlorate with

sodium bitartrate, and purifying the sodium chlorate by

recrystallizatiou. The weighings are for vacuum. {Phil.

Trans., 129, 1839, 25.)

J. Pelouze: 22.97 (0 = 16); 143.59 (0=100).

A known weight of perfectly pure silver was dissolved

in nitric acid, and brought in contact with a known and
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slightly excessive weight of sodium chloride, and the excess

titrated with decimal silver solution. The mean result of

three experiments was that 100 Ag = 51.141 Na CI ; ex-

treme difference, 0.033. The value follows for Ag^
1349.01; CI = 443.2. The sodium chloride was prepared

either from sodium sulphate and barium chloride, or from
sodium carbonate and chlorhydric acid, or from a very pure

rock salt. It was repeatedly recrystallized and was dried

at 200° or melted. {Paris Comptes Bend., W, 1845, 1047.)

J. Dumas : 23.011 (O = 16).

Determined from the mean of seven experiments on the

titration of sodium chloride with argentic nitrate ; extreme
difference, 0.09. Ag = 108 ; CI = 35.5 [Dumas gives the

mean as 23.014 instead of 23.0114.] For five experiments

Na CI recrystallized ten times and melted was employed.

For two experiments (giving an average of 23.036) the

residue from the incineration of the acetate was used to

prepare Na CI, which was recrystallized four times and
melted. [Annal. de Ghim. et de Phys., (3,) 66, 1859, 129.)

J. S. Stas : 23.043 (O = 16).

According to the mean of 10 determinations 100 Ag =
54.2078 Na CI; extreme difference 0.0033. The sodium
chloride was found to contain a minute quantity of silicic

acid which reduces the result from Na = 23.049 to 23.045

for Ag = 107.93; CI = 35.457. According to the mean of

five determinations 100 Na CI = 145.4526 sodium nitrate
;

extreme difference 0.025. If N = 14.044 this gives Na =
23.045. The lowest determination gives Na= 23.042. The
sodium chloride was purified by recrystallization and in part

by conversion into sodium chloroplatiijiate. The weighings
are for vacuum, {Stas, Untersuch. iiber Chem. Prop., Leip-

zig, 1867.)

STRONTIUM.

Regnault determined the specific heat of strontium chlo-

ride. It corresponds to an atomic weight of about 87.5.

{Gmelin-Kraut, I. c.)
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M. H. Klaproth ; F. H. Wollaston : 9J^.I^. (O = 16)

;

590 (0 = 100).

Klaproth found 42 sulphuric anhydride = 58 strontium
oxide; whence the value for 8 = 200. (PM. Trans. ^ 104;

1814, 20.)

F. Stromeyer ; 87.34. (O = 16) ; 545.929 (0 = 100).

According to Berzelius, Stromeyer found that 100 stron-

tium chloride = 181.25 argentic chloride; whence the value,

for Ag= 1349.66; CI = 221.64. {Berzelius' Lehrbuch, 3,

1229.) In Gilberfs Ami., 54, 1816, 251, Stromeyer refers to

this analysis as by V. Rose. Stromeyer himself found 0.5

grm. carbonate = 75.5394 c. c. carbon di-oxide [which
gives Sr := 88.26 if 1000 c. c. carbon di-oxide weigh
1.96433 grm.] Stromeyer calculated Sr = 552.28 for O =
100.

— . Salvetat: 88 (0 = 16); 550 (0 = 100).

Determined from the loss of weight of strontium carbo-

nate by calcination and on driving off carbon di-oxide with
sulphuric acid. Details not given. {Paris Comptes Rend.,

17, 1843, 318.)

J. Pelouze : 87.68 (O = 16) ; 548.02 (0 = 100).

A known weight of perfectly pure silver was brought in

contact with a known and slightly excessive amount of

strontium chloride and the exce'ss titrated with decimal

silver solution. The number is the mean of two experi-

ments; extreme difference, 0.2. Ag= 1349.01; CI =
443.2. The chloride was purified by recrystallization and
was dried at 200° or below redness. {Paris Comptes Bend.,

W, 1047.)

C. Marignac : 87.54 (0 = 16).

Marignac made experiments on three different prepara-

tions of strontium chloride, (1,) (2,) (3.) Compared with
silver by Pelouze's method it was found that ten grammes
strontium chloride = (1) 8.103; (2)8.099; (3) 8.101 silver.

The same strontium chloride converted into sulphate gave

(1) 6.887; (2) 6.8855; (3)6.884 sulphate. In both these

series of experiments the strontium was weighed as air-

dried, hydrous, crystalline chloride. Comparison gives Sr
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= (1)43.79; (2)43.82; (3)43.77. In each experiment of

the latter series the water was determined by driving it off

at a red heat. It was proved that the chloride does not

undergo decomposition at this temperature, and the water

contents was found to vary no more than 0.0005 of the

total weight. In three more experiments the water was
determined, and the anhydrous salt analysed by Pelouze's

method giving (1) 43.77 ; (2) 43.74 ; (3) 43.76. Ag = 108

;

CI = 35.5; 8 = 16. The chloride was prepared (1) from

the chemically pure chloride of commerce by precipitating

barium with sulphuric acid, separation of lime by precipi-

tation of the strontium chloride by HCl gas and washing
with chlorhydric acid. The purity was tested by the solu-

bility of a portion converted into sulphate. The chloride

was finally redissolved and precipitated with alcohol. (2)

was prepared from (1) by a repetition of the same process.

(3) was prepared from (2) by recrystallization. {Bibl. TJniv.^

Arch, des Sciences, (2,) 1, 1858, 220.)

J. Dumas : 87.52 (0 = 16).

Determined from the mean of six experiments on the

analysis of strontium chloride with argentic nitrate. The
extreme difference was 0.14, CI = 35.5 ; Ag = 108. The
salt was purified by boiling with sulphuric acid, and pre-

cipitation with and recrystallization from chlorhydric acid.

These processes were in some cases several times repeated.

The pure salt was fused in a current of HCl gas. {AnnaL,

de Chim. et de Phys., (3,) 65, 1859, 129.)

SULPHUR.

Deville and Troost and others have determined the den-

sity of sulphur in the gaseous form. It corresponds to an

atomic weight of about 32. The specific heat of sulphur

also agrees moderately well with this value. [Gmelin-Kraut,

I. c. ; L. Meyer, I. c.)

J. J. Berzelius; F. H. Wollaston : 32 {0 = 16);

200 (0= 100).

According to Wollaston, Berzelius found that plumbic
sulphide was composed of 86.64 lead and 13.36 S. Hence
the value, for lead = 1295. [Phil. Trans., 104, 1814, 20.)
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J. J. Berzelius : 32.19 (O = 16) 201.165 (0 = 100).

A known weight of lead was dissolved in pure nitric acid,

precipitated with sulphuric acid and evaporated. The mean
result of four experiments was that 100 Pb = 146.44 sul-

phate. The variation was only in the fifth figure. If lead
= 1294.498 the value follows. [If this relation is recalcula-

ted with Stas's atomic weight of lead, S = 32.096.] (Poggend.

Ann. 8, 1826, 16.)

E. Turner: 32.17 (0 = 16).

Determined from syntheses of plumbic and baric sul-

phates. The former gave 16.083, the latter, 16.087. Ba =
68.7, Pb = 103.6. The numbers are for vacuum. Vide

Barium and Lead. {Phd. Trans., 123, 1833, 539.)

T. Thomson : ,^^ (O = 16) ; 200 (O = 100).

This chemist found the specific gravity of sulphurous
acid in mean of two experiments, 2.22216, almost exactly

double 1.1111 which he takes (on utterly untenable grounds)
for the specific gravity of oxygen. [Erdmann^s Journ. fiir

Prak. Chem., 8, 1836, 370; Records of General Science by R.
D. Thomson, 1836, 179.)

Erdmann and iMarchand : 32.004 (0 = 16) ; 200.026

(O = 100).

Determined by four experiments on the decomposition of

mercuric sulphide by copper, in a current of carbon di-

oxide, the mercury being caught in a cold receiver. The
mean composition was found to be for vacuum 86.211 mer-
cury and 13.789 sulphur, extreme difiference, 0.017 Hg. If

Hg = 1250.6, the value follows. In purifying the sulphide

it was first heated to drive oif excess of sulphur and then

sublimed three times, the first and last portions of the sub-

limate being rejected. {JErdmann's Journ. fiir Prak. Chem.,

31, 1844, 396.)

J. J. Berzelius : 32.12 (0 = 16) ; 200.75 (O = 100).

Berzelius' former value, 201.165, is changed by the new
value for lead, 1294.645 to 200.8017. Three nevv experi-

ments were made by gently heating argentic chloride in a

current of hydrogen disulphide. The ^mean of three ex-

periments gives S = 200.706 ; extreme difl:erence 0.11. CI

= 443.38, Ag = 1349.66. {Berzelius' Jahresbericht, 25, 1845,

37, and Lehrbuch, 3, 1185.)
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H. Struve: 32.002 (0 = 16).

Determined by six experiments on the reduction of a

known weight of argentic sulphate in a current of hydro-
gen. The number is the mean ; extreme difference, 0.146.

Ag = 108. The sulphate was prepared by precipitating

the nitrate with an excess of sulphuric acid, and drying at

a high temperature. (Liebig's Ann., SO, 1851, 20S ; Berze-

lius' Jahresbericht, 30, 20.)

J. Dumas : 32.0196 (0 = 16).

Determined by five experiments on the combustion of
silver in sulphur vapor. The number is the mean ; ex-

treme difference, 0.054. Ag = 108. The sulphur was
purified by repeated distillation. The silver was heated to

redness in a current of sulphur vapor, the excess of sulphur
being afterwards distilled ofi'in a current of carbon di-oxide.

{Annal de Chim. et de Phys., (3,) 55, 1859, 147.)

J. S. Stas : 32.0742 [?] (0 = 16).

According to the mean of six analyses of argentic sul-

phate by decomposition in a current of hydrogen at as low
a temperature as possible, 100 sulphate yield 69.203 [more
exactly 69.20317] silver; extreme difference, 0.012. Five
syntheses of the sulphide, performed by heating silver in a
current of sulphur vapor or hydrogen disulphide, showed
that 100 silver = 114.8522 sulphide ; extreme difference,

0.005. By comparing these figures, which are for vacuum,
Stas deduces S = 32.0742 ; Ag = 107.920. [There seems
to be a trifling error in this calculation. The weighings
seem to be correct, for the means correspond to the de-

tails given. As given, the numbers indicate S = 32.058;
Ag = 107.926. The latter is almost identical with Stas's

mean value, 107.930.] The sulphate was prepared by the
action of sulphuric acid on argentic nitrate, or by solution

of silver in sulphuric acid. The salt was heated above the
boiling point of sulphuric acid. [Stas, [Inters, iiber Chem.
Prop., Leipzig, 1867.)
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TANTALIUM.

Deville and Troost liave determined the vapor density of
tantalium chloride. It agrees with an atomic weight of
182. [Paris Comptes Bend., 6i, 1867, 29-4.)

J. J. Berzelius : 167.74 (0 = 16).

Berzelius decomposed the sulphide in dry chlorine gas
and decomposed the resulting chloride with water. 99.75

parts sulphide yielded 89.35 tantalic acid. On the suppo-
sition that the acid contains three atoms of oxygen Berze-
lius calculates the atomic weight at 1148.365 for S = 200.75.

[If the acid contains five atoms of oxygen the value becomes
167.74.] (PoggencL Ann., 4, 1825, 14, and Lehrbuch, 3,

1209.)

Rose denies that the sulphide formed, as Berzelius pre-

pared it, by heating tantalium in carbon disulphide vapor
is a constant compound. [Poggend. Ann., 99, 580.) Alarig-

nac, however, shows that Berzelius, Rose and Hermann,
obtained constant results from its analysis, from 89.50 to

90 acid from 100 sulphide. If Ta == 182, the sulphide

would give 90.24 acid. {Liebifs Ann., S, 4., 1866, 358.)

H. Rose : 172 (O = 16).

Out of twelve analyses of the chloride, in which both

the chlorine and the tantalic acid were determined, Rose
selected two in which the agreement was best. [These
analyses calculated for Ag = 107.93, 01 = 35.457, give Ta
= 171.96.] The chloride was prepared from tantalic acid

especially freed from tungsten and tin by mixing with car-

bon, drying in carbon di-oxide, and heating in a current of

chlorine in which the salt was allowed to cool. Excess of

chlorine was expelled by dry air, and the salt was hermeti-

cally sealed in glass. Rose supposed the acid to contain

two atoms of oxygen and therefore deduces the value 859.81

(0 = 100). {Poggend. Ann., 99, 1856, 75.)

Marignac seems to prove that the material with which
Rose dealt contained niobium. He states that the chlorides

of the two elements cannot be separated from one another,

and that there are no characteristics by which their purity

can be decided. {Liebig's Ann., S, 4, 1866, 352.)
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R. Hermann :

Hermann made many analyses of tantalium salts to

which, however, he ascribea quite incomprehensible for-

mulas. Marignac has shown that his methods were utterly
inadequate to produce pure preparations. He assumes two
atoms of tantalium and three atoms of oxygen in the acid
and gives the atomic weight as 645. (O = 100.) {Erd-
mann's Journ.fUr Prak. Chem., 70, 1857, 193.)

C. Marignac : 182 (0 = 16).

Berzelius', Rose's and Marignac's analyses of the double
fluoride of tantalium and potassium show that the fluorine
is combined with Ta and potassium in proportions of two
to Ave. The salt has also exactly the crystal form of the
niobium salt. Hence the acid is a ditantalic pentoxide.
Four experiments were made on this salt by drying at

100°, moistening with sulphuric acid and heating grad-
ually till the excess of acid was driven off". The potassic
sulphate was leached out, evaporated, melted and weighed,
and the tantalic acid heated to redness and weighed. The
mean potassic sulphate contents was found to be 44.29 per
cent; extreme difterence, 0.15. The mean amount of tan-

talic acid obtained was 56.59; extreme difference, 0.25. If

K = 39, these data give Ta =: 182.3. Four analyses were
also made of the ammonium salt. This contained traces

of potassium which were determined and allowed for in

each case. The mean amount of tantalic acid obtained was
65.25 per cent; extreme difference, 0.34. This gives Ta=
182, the number which Marignac adopts. The salts were
obtained by dissolving tantalic acid, which had not been
heated to redness, in fluohydric acid, adding potassic or
ammonic hydrate and purifying by recrystallization. These
salts are much less soluble than the corresponding niobium
and titanium salts. {Liebicfs Ann., S. 4-, 1866, 234.)

TELLURIUM.

Regnault and Kopp have each determined the specific

heat of tellurium and found it in accord with an atomic
weight of about 128. [Gmelin-Kraut, I. c.)
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J. J. Berzelius 129.03 (O = IG) ; 806.452 (0 =
100).

•

A known weight of metallic tellurium was oxidized with
nitric acid, the excess of acid being driven off by heat. It

was found that 100 Te gave 124.8 tellurious acid. {Poggend.

Ann., 8, 1826, 24.)

J. J. Berzelius : 128.28 (O = 16); 801.76 (0 =
100).

Determined as before but with purer material. Three
expenments were made, which gave 802.838, 801.786, 801.74.

Berzelius took the mean of the latter two. The tellurium

was prepared from tetradymite by heating with potassium
carbonate and olive oil in a closed crucible, dissolving the

potassium telluride so formed in water free from air, pre-

cipitating the tellurium by a current of air and distilling it

in a current of hydrogen. {Poggend. Ann., 22, 1834, 16.)

K VON Hauer : 128.06 ( = 16).

Determined from the mean of five experiments on the

precipitation of bromine with argentic nitrate from the

double bromide of potassium and tellurium. The bromine
contents was found to be 69.9236 per cent., for Ag = 108.1 ;

Br = 80; extreme difference 0.172. If K = 39.2, the

value follows. The salt was prepared by mixing tellurium

and potassic bromide in atomic proportions, adding water
and bromine, heating to drive off excess of bromine and
repeated recrystallization. {Erdmann^s Journ. fiir Prak.

Client., 73, 1858, 98; Sitz-Bericht der k. k. Acad.)

J. Dumas : 129 (0 = 16).

No details are given. [Annal. de Chim. et de Phys., (8,)

55, 1859, 129.)

THALLIUM.

Regnault determined the specific heat 'of thallium. It

agrees with an atomic weight of 204. {Gmelin-Kraut, I. c.)

A. Lamy : 204 (0 = 16).

Three analyses of the chloride with argentic nitrate gave
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a mean of 204; extreme difference 1.2. An experiment on
the precipitation of the sulphate with harium nitrate gave
204.3. [The atom'ic weights used were probably those ac-

cepted by Dumas.] The salts were purified by recrystalli-

zation. [Annal. de Chim.. et de Phi/s., (3,) 67, 1863, 411.)

W. Crookes : 202.96 (O = 16).

These determinations were made from the sulphate, which
was prepared with great care. By decomposing the sulphate
with potassic iodide and weighing the thallic iodide formed,
the atomic weight was found at 202.73; by precipitation

with barium nitrate, 203.55 ; with chlorhydric acid and
alcohol, thallic chloride being weighed, 201.85 ; from the
amount of sulphate produced from a known weight of metal,

203.1 ; by precipitation with platinum chloride, 203.56. The
values taken for CI, I, etc., are not given

;
[they were prob-

ably those accepted by Dumas.] [Erdmaiw's Journ. filr

Prak. Chem., 92, 1864, 277 ; Chem. News.)

H. Werther : 204 (0 = 16).

In five experiments Werther decomposed thallic iodide

with potassic hydrate and zinc, both perfectly pure, and
precipitated the iodine with silver. The mean result of

these experiments was Tl = 204.4 ; extreme difterence 1.7.

[The value assumed for I is not stated. One experiment,
which gave exactly 204, according to Werther, recalculated

for Ag = 107.93 ; I = 126.85 gives Tl = 203.63.] Three
experiments were made by decomposing the iodide with
aramoniacal solution of argentic nitrate and weighing the

argentic iodide formed. These determinations gave Tl =
203.47; extreme difference 0.3. The preparation of the

iodide is not given. [Erdmann's Journ. filr Prak. Chem., 92^

1864, 136.)

M. Hebberling : 203.94 (O = 16).

Hebberling made three experiments on the sulphate by
precipitation with barium chloride, which gave in mean Tl
= 204.13; extreme difference 0.2. ITe also made two ex-

periments on the chloride by precipitation with argentic

nitrate. These gave 203.8 and 203.5. The atomic weights
assumed are not stated. [If Ag = 107.93 ; CI = 35.457

;

the first analysis of the chloride gives Tl = 203.44. The
data for the second analysis are misprinted. If a probable
correction of a single figure is made, the data give Tl =
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203.026.] The salts were purified by recrystallization.

{LieUg's Ami., 134, 1865, 11.)

W. Crookes : S04-.155 (0 = 16).

Determined by experiments on the solution of metallic thal-

lium in nitric acid and evaporation to dryness. The number
is the mean of ten experiments; extreme difference, 0.038.

The balance stood in a partial vacuum, and the weighings
were made at two different pressures and calculated for

vacuum. Very elaborate precautions were taken through-

out. Crookes also mentions determinations made with

barium nitrate, but gives no data. The thallium was pre-

pared in seven different lots by the reduction of as many
different salts which had been purified by recrystallization

&c. The metal was fused in lime. The reagents were ex-

pecially prepared by methods similar to those of Stas.

Crookes took N = 14.009, = 15.96, and calculated for Tl

the value 203.642. [If O = 16, the value becomes 204.155.]

{PhU. Trans., 163, 1873, 277.)

THOEIUM.

From the isomorphism existing between thorium, tin,

and titanium, and from the similarity of thorium to zir-

conium, Delafontaine and Marignac believe the oxide to

contain two atoms of oxygen. {Llebig's Ann., 131, 100.)

Neither the specific heat of this element nor the vapor

density of any of its compounds has been determined so

far as I know.

J. J. Berzelius; ^38 (P = 16); 1887.72 (0 = 100).

From the sulphate, precipitated by heating a solution of

the salt and redissolved in cold water, Berzelius got the

values 748.493 and 735.713 by precipitating with barium
chloride, lie also analysed the double sulphate of potas-

sium and thorium. From the relation between the sul-

phuric acid and the thorium oxide found, the atomic weight

would seem to be 750.63, while the relation between the

potassic sulphate obtained, and the amount of oxide gives

740.6. These numbers are calculated on the supposition

that the oxide contains a single atom of oxygen. Ba =
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855.29, S = 200.75, K = 488.856. {Poggeiid. Ann., 16, 1829,

398, and Lehrbuch, S, 1224.)

J. J. Chydenius : 236.64 (O = 16).

This chemist analysed the sulphate, the double sulphate
of potassium and thorium, the oxalate, the acetate and the
formate, getting results which vary from 228.52 to 243.76.

He averages with his own results analyses made by Ber-
zelius and by Berlin, which, however, alter the result in-

appreciably. According to Delafontaine, the methods
employed for purification are ineffectual. Chydenius
assumes a single atom of oxygen in the oxide. {Poggend.

Ann., 119, 1863, 55.)

K J. Berlin: 231.64 (O = 16).

Chydenius reports two analyses of the oxalate by Berlin
which gave for thorium 57.87 and 57.95, or 231.48 and
231.80. {Poggend. Ann., 119, 1863, 56.)

M. Delafontaine : 231.5 (0 = 16).

Determined from analyses of the sulphate. Fourteen
experiments on the decomposition of this salt, by the heat
of a strong double-draught lamp, gave a mean of 52.51 per
cent, oxide ; extreme difference, 0.83. In three experiments
the sulphur contents of the salt was determined by precipi-

tation with barium chloride after the sulphate had been
decomposed with ammonium oxalate. The mean amount
of sulphuric anhydride so found was 31.92 per cent.; ex-

treme difference, 0.78. Three experiments on the water
contents gave 15.68 per cent ; extreme difference, 0.21.

The sum of these means is 100.11. The value of thorium
was calculated from the relation of the oxide to the sul-

phuric anhydride for S = 32, Ba = 137. The salt was pre-

pared from thorite and from orangite by decomposition
with sulphuric acid and recrystallization of the sulphate
with the help of heat. The purification was continued
until the crystals and the mother liquor had exactly the

same composition. Marignac assisted at this investigation.

[Liebig's Ann., 131, 1864, 100.)

P. T. Cleve : 233.88 (O = 16).

Cleve made six analyses of the anhydrous sulphate, get-

ting in mean Th = 233.8 ; extreme difference, 1.36. From
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analyses of the oxalate he got 233.97 ; extreme difference,

0.6. {Kopp's Jahresbericht, 1874, 261; Bull. Soc. Chim.,

(2,) ^i, 116.)

TIN.

Regnault and Kopp have each determined the specific

heat of tin. It agrees with an atomic weight of about 118.

Dumas, Cahours and others have determined the vapor
density of volatile tin compounds with a similar result.

{Gmelin-Kraut^ I. c. ; L. Meyer, I. c.)

J. J. Berzelius; 117.64-7 (0 = 16); 735.294(0 =
100).

Berzelius determined this value by oxidizingi^ure tin foil

by means of nitric acid and weighing the oxide. He found
100 tin = 127.2 stannic acid. [Poggend. Ann., 8, 1826, 184.)

G.J.Mulder: 116.112 (0 = 16); 725.7 (0 = 100).

Two experiments were made by oxidizing tin with nitric

acid, evaporating, drying, and heating to redness. They
gave each 100 tin =: 127.56 stannic aci^; whence the value.

All possible precautions are said to have been taken. The
metal was prepared by the reduction of pure oxide with

soot and a flux. {Erdmann's Journ. fur Prak. Chem., 48,

1849, 35 ; Seheikundige Onderzoek., 5. J)eel, 260.)

C. L. Vlaanderen: about 118. (O = 16).

Determined from experiments on the oxidation and re-

duction of tin and stannic acid in vessels of various ma-
terials. The experiments regarded as the most accurate

were made on the reduction of the acid in a current of

hydrogen in porcelain vessels. The acid had been heated

in platinum. These experiments gave 59.04 and 59.12.

Stannic acid heated in glass or porcelain was found to

retain nitric acid. {Kopp's Jahresbericht, 11, 1858, 138

;

Midder, Seheikundige Verh. en Onderzoek., 2. Deel, 150.)

J. Dumas: 118.08 (0 = 16).

Two experiments were made on the oxidation of pure

tin by nitric acid. The stannic acid being heated white
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hot in platinum vessels gave for the atomic weight 59.1

and 58.96. The tin employed was prepared from pure
chloride. Two experiments on the titration of the chlo-

ride with argentic nitrate gave 59.06 and 59.03. Ag =
108, CI = 35.^5. {AiinaL de Chim. et de Phys., (3,) 55, 1859,

156.)

TITANIUM.

The specific heat of titanic acid has been determined by
Regnault and by Kopp, and indicates an atomic weight of

about 50. Dumas determined the vapor density of the
tetrachloride at 6.836. [If the molecular weight of O =
32, and if CI = 35.457, this gives Ti = 56.025.] [Gmelin-

Kraut, I. c, and Foggend. Ann., 9, 1827, 441.)

H. Rose : 61.17 (0 = 16).

Determined by roasting titanium sulphide and weighing
the titanic acid formed. The highest result obtained was
1.017 sulphide from 0.757 acid. This result Rose adopted on
the supposition that an excess was impossible. For S =
201.16 these data give Ti = 62.25 (0 = 16) ; 389.1 ( =
100.) [If S = 32,Ti=:61.17.] The sulphide was prepared
by heatino; titanic acid in a current of carbon disulphide.

{Gilberts Ann., 7S, 1823, 135.)

Rose subsequently expressed the opinion that the sulphide
employed in this analysis was impure, and contained unde-
composed titanic acid, but afterwards came to the conclu-

sion that it was perfectly pure, accounting for the variation

of the results from those he obtained later by the theory
that the sulphide and the oxide of this element, like those
of tantalium, were entirely dissimilar compounds. Marig-
nac has shown that tantalium sulphide is of normal consti-

tution. {Poggend. Ann., 99, 1856, 576.)

H. Rose: 48.28 (0 = 16).

Titanium chloride was decomposed with water, titanic

acid precipitated by amm(5nic hydrate, and the chlorine
precipitated from the filtrate with argentic nitrate. Taking
Ag =^ 1351.607, CI = 221.325 ; Rose calculated the chlorine
contents in four experiments at from 74.43 to 74.53 per
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cent ; mean 74.46 and Ti at 303.686. According to Gmelin-
Kraut, these analyses recalculated for Stas's values give Ti
= 48.28. The chloride was prepared by the action of chlo-

rine on a mixture of titanic acid and carbon, and was recti-

fied four or five times over potassium and mercury. It was
clear and developed no chlorine on decomposition with
water. {Poggend. Ann., 15, 1829, 145.)

C. G. Mosander: 4,7.33 (0 = 16); 295.81 (0 = 100).

Mosander determined the oxygen contents of titanic acid

at from 39.83 to 40.82 per cent. ; mean 40.427. Mosander
never described the method of analysis. [The oxygen con-

tents was probably determined from the chloride, for the

above data give Ti =: 294.7, while Berzelius records the de-

termination as having given 295.81.] {Poggend. Ann., 19,

1830, 212, and Berzelms' Lehrbuch, 3, 1211.)

J. Pierre : 50.36 (O = 16).

Determined by three experiments on the titration of the

chloride with argentic nitrate by Pelouze's method. Pierre

does not give the values taken for CI and Ag. He calcu-

lates the atomic weight of Ti at 314.69. [If Ag = 107.93,

01 = 35.457; his data give Ti = 314.75 (0 = 100); 50.36

(O =: 16), with an extreme diflerence in the latter case of

0.08.] He made two other determinations giving lower
results, but it was found that the chloride employed was
slightly decomposed by contact with air. The chloride

was prepared from artificial titanic acid which was free

from iron, and was further purified by fractional distilla-

tion. {Annal. de Chim. et de Phys., [^,)20, 1847, 257.)

A. Demoly : 56.51^ (0 = 16).

Determined by experiments on the tetrachloride. The
salt was decomposed with water, the titanic acid precipi-

tated by ammonic hydrate, and the chlorine precipitated in

the filtrate, after the excess of ammonic hydrate had been
volatilized and the solution acidified. Both precipitates

were weighed. Demoly calculates the atomic weight of Ti

at 350, without mentioning what values he accepted for

silver and chlorine. [If Ag = 107.93, 01 = 35.457 ; the

atomic weight, calculated frortl the argentic chloride, is

353.2 (0 = 100) ; or 56.512 (O = 16), with an extreme differ-

ence in the three experiments of 0.88 for O = 16.] The
chloride was prepared from rutile by preliminary conver-
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siou into nitride, &c. It was purified by rectification over
mercury and potassium. (Liebig's Ann., 7^, 213 ; Laurent
mid Gerhardt, Comptes Rend., 1849, 325.)

TUNGSTEN.

Regnault has determined the specific heat of tungsten,
and Roscoe the vapor density of the chloride. These ex-

periments place the atomic weight of tungsten at about 184.

{Gmelin-Kraut, I. c; L. Meyer, I. c.)

J. J. Berzelius : 189M (O = 16) ; 1183.355 (O =
100).

A weighed quantity of tungstic acid was reduced in a
current of hydrogen, again weighed, then re-oxidized and
reweighed. The number is the mean result of the two
operations. The number is given in Berzelius' Lehrbuch
as 1188.36 with the data, which are also given in Poggend.
Ann., 8, 23. It is pointed out in Graham-Olto that this

value must be misprinted, an observation which I have
verified. {Poggend. Ann., 4, 1825, 152.)

Berzelius made an earlier determination than the fore-

going by the oxidation of the sulphide, getting 1207. He
points out the source of error in this experiment arising

from the formation of irreducible sulphate. {Berzelius'

Jahresbericht, 5, 1825, 121.)

R. Schneider : 184.12 (O = 16) ; 1150.78 (O =100).

Schneider made five experiments on the reduction of
tungstic acid with hydrogen in a porcelain tube heated by
a charcoal fire. These analyses gave the mean contents of
the acid at 79.316 tungsten per hundred ; extreme difier-

ence, 0.096. This composition corresponds to an atomic
weight of 1150.39. He also made three experiments on
the combustion of tungsten, getting a mean of 79.327
tungsten per 100 acid ; extreme difference, 0.005, or an
atomic weight of 1151.17. The value taken is the mean.
The tungstic acid was prepared by decomposing ammonio-
tungstic sulphide with chlorhydric acid, washing the pre-

cipitate with acid, solution in ammonia, reprecipitation with
chlorhydric acid, and so on until a perfectly pure product
was obtained. The tungstic acid was finally dried and
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heated to redness. {Erdmann's Journ. far Prak. Chem., 50

^

1850, 163.)

R. F. Marchanb : ISJ^.l (O = 16) ; 1150.6 (0 = 100).

Determined from two experiments on the reduction of
tungstic acid in a current of hydrogen, and two experiments
on the combustion of tungsten. These determinations
were made in the same manner as and at the same time
with Schneider's. The extreme difference was 3.5 for O =
100. (iiV6?^'5^ww., 77, 1851, 263.)

J. B. VON Borck: 183.816 (O = 16); 1148.85 (0 =
100).

Determined by seven experiments on. the reduction of

tungstic acid at a white heat by hydrogen, and by two ex-

periments on the combustion of tungsten. The number is

the mean; extreme difference, 10.38 for = 100. The
tungstic acid was prepared from Wolframite by fusing the

mineral with potassium carbonate, solution in water con-

taining alcohol, precipitation with calcic chloride and de-

composition of the calcic tungstate with chlorhydric acid.

The tungstic acid so produced was converted into ammonium
salt which, on decomposition, yields a compound free from
iron and manganese. {ErdmanrCs Journ. fiir Prak. Chem.,

54, 1851, 254.)

A. KiCHE : 174 (0 = 16).

This value was reached by five determinations of the

amount of water produced by the reduction of tungstic

acid in a current of hydrogen, which gave a mean of 87.07
;

extreme difference, 1.78. The tungstic acid w^as obtained

by heating the ammonium salt, or by the decomposition of

the oxychloride produced by heating tungstic acid and
carbon in a current of chlorine. {Annul, ae Chini. et de

Phys., (3,) 50, 1857, 10.)

J. Dumas : I84. (0 = 16).

Dumas made six experiments on the reduction of tungstic

acid in hydrogen at a high temperature in a nacelle of un-
glazed porcelain, and two experiments on the titration of
the chloride with argentic nitrate. The extreme difference

between the results was 0.69 for = 8. The acid was pre-
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pared by gently heating the ammonium salt in a muffle.

{Ajinal. de Chim. etde Plu/s., (3,) 55, 1859, 144.)

F. A. Bernoulli : 186.8 (O = 16) ; 1167.5 (0 =
100).

Bernoulli made five experiments on the reduction of

tungstic acid by hydrogen in a porcelain tube at a very
high temperature, two experiments on the amount of water
formed in reduction, and four experiments on the oxidation

of tungsten. The mean result was W = 93.41 ; extreme
difference, 0.75. [If experiment 9, in which oxidation

seems to have taken place, is left out, the mean becomes
93.35; extreme difference, 0.18.] The tungstic acid was
prepared from ammonium tungstate which had been boiled

for several days with nitric acid. The tungstic acid was
heated to redness. One part of it was green, another part

yellow. The determinations from the different colored

acids did not differ, and Bernoulli considers them isomeric
modifications of the same compound. There appear to be
misprints in the data given. [Poggend. Ann., Ill, 1860,

599.)

0. SCHEIBLER : 184 (O = 16).

Scheibler reached this value by five determinations of
the water contents (9 molecules) of barium metatungstate.
From determinations of the barium and the tungsten in

the same compound Scheibler reached other values, but he
regards the water determination as the most trustworthy.

{JErdm-ann's Juurn. fiir Prak. Chem., S3, 1861, 328.)

E. Zettnow: 183.952 (0 = 16).

Determined from analyses of ferrous tungstate and
argentic tungstate. A known weight of ferrous tungstate

was melted with sodium carbonate and the mass dissolved.

The ferric hydrate was thoroughly washed, dissolved in

chlorhydric acid, reduced to ferrous chloride with zinc of

known composition, and titrated with potassic permanga-
nate in several measured portions. Four such series of

experiments were made, and gave a mean of 92.038 for W

;

extreme difference, 0.33. The ferrous tungstate was pre-

pared by melting pure anhydrous sodium tungstate with
ferrous chloride and sodium chloride, dissolving, separat-

ing impurities, crystallizing, washing the crystals with
water, chlorhydric acid and sodium carbonate. The argen-
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tic tungstate was decomposed with nitric acid and titrated

with sodium chloride or decomposed with hot sodium
chloride solution, the argentic chloride being weighed.
Five experiments gave a mean of 91.915 for W ; extreme
difierence, 0.13. The argentic tungstate was prepared by
the precipitation of sodium tungstate with argentic nitrate,

thorough washing and drying in yellow light. The per-

manganate solution was prepared according to Mohr and
tested with ammonio-ferrous sulphate. Fe = 28, Ag :=

108. {Poggend. Ami., 130, 1867, 30.)

H. E. KoscoE : 184.04 (0 = 16).

Determined by reducing tungstic acid in a current of
hydrogen, by reoxidizing the metal, and by reducing the

chloride in a current of hydrogen, the chlorhydric acid

being condensed and estimated as argentic chloride. In
the experiments on the acid, that compound was reduced,
and reoxidized three times with almost identical results.

The mean of the second and third reductions of the same
sample gave W = 183.84. In the experiments on the
chloride, the chlorine and the tungsten were each deter-

mined, and gave a mean of 184.25 for CI = 35.5. The
tungstic acid was prepared by the decomposition of the

chloride, washing and heating to redness in a platinum
vessel. It was canary yellow. The chloride was prepared
from pure tungsten. [Liebig's Ann., 163, 1872, 366.)

URANIUM.

No certainty exists as to the relation between the equiva-

lent and the atomic weight of uranium. The latter is com-
monly accepted as about 120. Mendelejeft" gives grounds
for supposing it to be 240, {Liebig's Ann., S. 8, 1871, 178,)

and L. Meyer regards it as probably 180, a value which
accords well with the specific heat of the black oxide as

observed by Regnault. [Gmelin-Kraut, I. c.) For the pur-

poses of this paper it seems best to retain the customary
value.

J. A. Arfvedson : 128.6 (O = 16).

Determined by experiments on the reduction of uranoso-
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uranic oxide and on the oxidation of uranous oxide. By
combustion of uranous oxide in oxygen he found in two ex-

periments that 100 oxide combined with 3.695 and with
3.73 oxygen. From the reduction of the green oxide he
found that 100 uranous oxide combine with 3.67 oxygen.
He deduces as the mean 3.688. Regarding uranous oxide

as the metal, Arfvedson calculated the atomic weight at

2711.36. [If the lower oxide is a protoxide, the data give

128.6 for O = 16.] The uranous oxide was prepared from
pitchblende by solution in aqua regia, precipitation of heavy
metals with hydrogen sulphide, precipitation with ammonic
hydrate, solution in ammonium carbonate to remove iron,

reprecipitation, heating to redness, washing with chlorydric

acid to remove impurities, and reduction in hydrogen.
{Poggend. Ann., 1, 1824, 254.)

E. Peligot : 119.128 (O = 16)

.

In two experiments the amount of carbon in the acetate

•was found to be 11.27 and 11.3; mean 11.285. In one ex-

periment the uranic oxide was determined at 67.3 per cent.

[From these data the above value follows.] Peligot takes
120 or 750, C = 75. The preparation of the salt is not
given. Peligot mentions the oxalate and gives analyses,

but does not deduce an atomic weight from them. {Annul,

de Chim. et de Phgs., (3,) 5, 1842, 39.)

J. J. Ebelmen : 118.86 (0 = 16) ; 742.875 (O =
100).

Ebelmen made six experiments on the reduction of the
oxalate to uranous oxide by hydrogen and heat. The value
follows with an extreme difference of 0.65 for C = 75 ; H
= 12.5. All the weighings were reduced to vacuum. To
obtain pure oxalate, the nitrate was precipitated by oxalic

acid and this preparation decomposed by heat. The oxide
thus obtained was digested with chlorhydric acid, washed,
dissolved in nitric acid, recrystallized, and precipitated with
oxalic acid. The oxalate was dried at 100°. According
to Rammelsberg the reduction of the oxalate is accompa-
nied by the separation of carbon which remains with the
oxide. {Annal. de Chim. et de Phgs., (3,) 5, 1842, 189.)

Berzelius, Arfvedson, Marchand : 128.4 (0 = 16);
802.49 (O = 100).

While Arfvedson was making his first determination,
Berzelius also made an experiment on the combustion of ura-

9
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nous oxide getting 103.685 urauic from 100 uranous oxide.

Marchand {Erdmann's Journ. fur Prak. Chem., £3, 1841,

498) got in the same way 103.668. The average of the

combustion experiments of all three chemists is 103.694,
whence Berzelius calculates the value. {Berzelius' Jahres-

bericht, 2S, 1842, 113.) Peligot and Rammelsberg, as well

as Marchand, point out faults in this method, such as the

probable condensation of hydrogen in the protoxide and
the tendency to form higher oxides. {Poggend. Ann., 59,

1843, 4.)

C. Rammelsberg.

This chemist made experiments on the reduction by
hydrogen of the green oxide, prepared in various ways,
and got results varying from 580.4 to 767.6 for O = 100.

[Poggend. Ann., 59, 1843, 9.) By precipitation of uranous
chloride with silver he reached the number 787.5 for CI =:

442.65. The chlorine contents found varies in three ex-,

periraents from 73.89 to 74.46. The chloride was prepared

by heating uranous oxide in an atmosphere of chlorine.

{Poggend. Ann., 55, 1842, 321.)

J. Wertheim : 119.4^ (0 = 16) ; 746.36 (0 = 100).

Determined by three experiments on the decomposition
of the double acetate of uranium and sodium. The mean
loss of acetic acid by heating the salt to redness was 32.477

per cent.; extreme difference, 0.036. The number follows

for C = 75, H = 6.25, Na = 390.9. [In Poggend. Ann., 57,

484, an abstract is given of a paper read before the academy
(of Berlin ?) by Mitscherlich, in which he states that Wert-
heim's experiments above described give 740.512. Berze-

lius in his Jahresbericht, 23, 137, makes or quotes the same
statement, so also does Rammelsberg, Poggend. Ann., 59,

4, and it has been repeated elsewhere. I have recalculated

the data given by Wertheim and find the results correctly

deduced in his own report. For Na = 23.043 (Stas) ; the

data give U = 119.53.] The salt was prepared from urani-

nite by solution in nitric acid, precipitation with hydrogen
sulphide, evaporation of the filtrate to dryness, solution

in hot water, crystallization and recrystallization, heating

the crystals to drive off nitric acid, solution in acetic acid,

digestion with sodium carbonate and recrystallization.

{Erdmann's Joiirn. fiir Prak. Chem., 29, 1843, 209.)
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C. Rammelsberg : about 120 (0 = 16).

Determined in six experiments, undertaken at Berzelius'

suggestion, by treating uranous oxide with nitric acid and
sulphuric acid and weighing the sulphate. It is very diflB-

cult to weigh the uranous oxide which constantly increases

in weight. Two experiments were made on the green

oxide, which was prepared either by heating uranous oxide,

or the nitrate, in air. Two experiments were made on

magnesium uraniate by dissolving the compound in nitric

acid and heating to redness. The compound was found

unstable in character. One experiment was made by heat-

ing the double acetate of uranium and sodium and three

experiments by heating the double acetate of barium and
uranium. The results obtained varied from 633.17 to

753.76. Rammelsberg considers the determinations confir-

matory of Wertheim's and Ebelmen's. {Poggend. Ann.,

66, 1845, 95.)

E. Peligot : 120 (O = 16) ; 750 (0 = 100).

Determined by combustion of the oxalate in a current of

air, both the carbonic acid and the green oxide of uranium
being weighed. At first Peligot got only 730 as the atomic

weight by this process, but by repeating the recrystalliza-

tion of the salt until determinations gave constant results,

he got a mean of 750. He says that he came to the same
value by comparing the amount of uranic oxide obtained

from the acetate with the weight of the salt employed.
{Paris Comptes Bend., 22, 1846, 487.)

VANADIUM.

Roscoe has determined the vapor density of vanadium
chloride. It agrees with an atomic weight of about 51.

{L. Meyer, I. c.)

J. J. Berzelius : 52.4? (O = 16).

Berzelius made four experiments on the relation between
the higher and the lower oxides of vanadium, three by re-

duction with hydrogen at a very high temperature and one
by oxidation. He supposed the higher oxide to have the

formula VO3, and the lower VO, and consequently got for
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the atomic weight the number 855.84 (0 = 100). R.
Schneider has shown that the data as given by BerzeUus are

discordant, {Poggcnd. Ann., 88, 319,) a fact of small import-
ance in view of the succeeding investigation. The higher
oxide analyzed by Berzelius was produced by gently heat-

ing the ammonium salt. [Poggend. Ann., 22, 1831, 14;
Kongl. Vet. Akad. Handl, 1831.)

Roscoe examined some ammonium vanadate which Ber-
zelius had sent Faraday and found that it contained phos-

phorus. {Liebifs Ann., S, 6, 1868, 93.)

H. E. RoscoE : 51.33 (O = 16).

Roscoe made four experiments on the reduction of vana-
dic acid (V2 O5) in carefully purified hydrogen. The acid

was prepared from ammonium vanadate. To free this

compound from phosphorus and silicic acid it was powdered,
decrepitated with sodium in an iron crucible, washed with
water and with chlorhydric acid, re-oxidized with nitric

acid, chloridized in a current of chlorine, the chloride rec-

tified and decomposed with water. The acid so obtained
was dried, moistened with sulphuric acid, exposed to the

fumes of fluohydric acid for ten days and melted. This pure
acid was first heated for several hours in dry air and after-

wards in hydrogen. The mean result of four experiments was
V = 51.371 ; extreme difference, 0.228. Nine experiments
were made on the titration of the chloride by Pelouze's
method. Eight experiments were also made on the analy-

sis of the chloride with argentic nitrate by the ordinary
method. The mean of the seventeen experiments on the

chloride gives the contents in chlorine at 61.276 per cent.;

extreme difference, 0.69. This composition indicates an
atomic weight of 51.29. Roscoe takes CI = 35.457, Ag =
107.93. The vanadium chloride was purified by rectifica-

tion over sodium in a current of carbon di-oxide. - The re-

agents were prepared according to Stas. {Liebig's Ann., S,

6, 1868, 86.)

Roscoe mentions atomic weight determinations by Czud-
nowicz as giving 55.35. This chemist, however, did not
calculate an atomic weight from his analyses, but used that

obtained by Berzelius. {Poggend. Ann., 120, 1863, 17.)
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YTTRIUM.

The composition of yttrium oxide is not definitely settled.

Mendelejeft" concludes from the general behavior of its

compounds that it is a sesqui-oxide. As, however, all the

chemists who have made atomic weight determinations of

this element have considered it a prot-oxide, I shall assume
it to be so and the atomic weight, therefore, about 60.

J. J. Berzelius : 6Jf..^9 (O = 16); 401.84 (O = 100).

This determination was made before the discovery of

erbium and can scarcely be correct. The value was reached

by analysis of the sulphate with barium chloride. Ba =
856.88, 8 = 201.165. [Poggend, Ann., 8, 1826, 186; 10,

1827, 341.)

X. J. Berlin: 59.7 (0 = 16).

According to Blomstrand in Berlin, Ber. der Cheni. Ges.,

1873, 1467. I can find no other record of this determina-

tion which probably appeared in the Forhandl. ved de Skandi-

naviske Naturforsk, 1860, 448.

0. Popp : 68 (0 = 16),

The mean of four analyses of the sulphate showed that

40.15 oxide were equivalent to 38.23 sulphuric anhydride,

giving a molecular weight for the oxide of 42.015 ; extreme
difierence, 0.013. The yttrium was precipitated with sub-

limed oxalic acid, the free acid being afterwards neutralized

with ammonia. The sulphuric acid was precipitated with

barium chloride in the filtrate with precautions. Popp, who
denies the existence of erbium and terbium, separated yttri-

um from the cerite oxides by precipitation with barium
carbonate, yttrium remaining in solution, S = 16, Ba =
68.5. {Liebifs Ann., 131, 1864, 183.)

M. Delafontaine : about 64 (0 = 16).

Delafontaine does not pretend that this number is exact.

It is derived from analyses of the sulphate. His method
of separation was essentially Mosander's, which was proved
by Popp and by Bunsen and Bahr to give impure salts.

{Lkbig's Ann., 13J^, 1865, 108.)
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Bahr and Bunsen : 61.7 (O = 16).

Determined by saturating the oxide with sulphuric acid

as in the determination of erbium, q. v. Partial recrystal-

lization does not produce pure yttrium nitrate, but only

concentrates traces of didymium in the salt. Didymium
must be separated with potassic sulphate. Erbium nitrate

is more easily decomposed by heat than yttrium nitrate.

The nitrates were therefore partially decomposed, yttrium

nitrate dissolved out and the process repeated until there

was no trace of erbium or didymium visible in the spectro-

scope. The mean of two determinations gave Y = 30.85 ;

diflerence, 0.1. S = 16. [Liebig's Ann., 137, 1866, 21.)

M. Delafontaine : 58.5 (0 = 16).

Determined by three experiments on the sulphate which
gave in mean 48.28 per cent, oxide for S = 32. [In the

Jahresbericht this determination is reported as giving Y =
74.5. Yttrium is apparently a misprint for yttrium oxide.]

The yttrium salt seems to have been prepared according to

the method of Bahr and Bunsen. {Kopp's Jahresbericht,

1866, 184; Bibl. Univ., Arch, des Sciences, (2), 26, 1866, 112.)

P. T. Cleve and O. M. Hoeglund : 59.7 (0 = 16).

Determined by analysis of the sulphate. The oxide was
purified by heating the nitrates, etc., according to N". J.

Berlin. (Blomstrand, in Berlin, Bericht der Chem. Ges.,

1873, 1467; Bihang till Vet. Akad. Handl, 1873, B. 1, 3,

No. 8.)

ZINC.

The specific heat of zinc has been determined by Regnault
and others. The vapor density of volatile organic com-
pounds has been determined by Frankland and others.

These experiments agree in placing the atomic weight at

about 65. {Gmelin-Kraut, I. c; L. Meyer, I. c.)

Gay-Lussac, Berzelius, TVollaston : 65.54-7 (0 =
16) ;

4.09.67 (O = 100).

In his experiments on the oxidation of zinc Gay-Lussac



ZINC. 135

found that 100 Zn = 24.41 oxygen. This value is repeatedly

cited in his memoir. {Gilbert's Ann., oO, 1811, 297; Me-
moire D'Arceuil, 2, 174.) Wollaston. gives the same figures

on Gay-Lussac's authority. {Phil. Trims., 104, 1814, 21.)

Wollaston calculates from these data Zn = 410, (O = 100.)

Berzelius in each of two experiments got 100 Zn = 124.4

oxide. {Gilbert's Ami., 37, 1811, 460.) In Poggend. Ann.,

8, 1826, 184, as well as in his Lehrbuch, Berzelius cites

Gay-Lussac as having found 100 Zn = 24.8 oxygen. He
states that his own determinations were in perfect accor-

dance with these figures, and calculates from them the

atomic weight of zinc at 403.226 or 64-53, and this was the

accepted value for many years. I cannot find any other

determinations hy either of these chemists, and am obliged

to suppose that there was a mistake made in recording the

data from which Berzelius made his calculations ; if so,

it is remarkable that neither Berzelius nor the other

chemists who determined this value perceived it ; for the

question was reopened during Berzelius' life, and A. Erd-
mann made his determination at Berzelius' request.

V. A. Jacquelin : 66.24, (O = 16) ; 414 (0 = 100).

This number was reached by measuring the amount of

hydrogen developed by a known weight of zinc from sul-

phuric acid on the supposition that the specific gravity of

hydrogen is 0.0624. The results seem to have been incon-

sistent. Subsequently Jacquelain arrived at the same
number by oxidizing an impure zinc of known composi-

tion. {Paris Comptes Bend., I4, 1842, 636; and Annal. de

Chvm. €t de Phys., (3,) 7, 1843, 204.)

P. A. Favre : 66, (O = 16 ) ; 412.5 (O = 100).

Favre made four experiments on the combustion of zinc

oxalate, the carbon di-oxide being collected and its weight

compared with that of the oxide. The mean result was

Zn = 412.66 ; extreme difterence, 1.11. C = 75. He also

made three experiments by passing the hydrogen developed

by a known weight of zinc over cupric oxide, the water

being caught. These experiments gave in mean Zn =
412.16; extreme difiference, 0.65 for H = 12.5. {Annal. de

Chvm. et de Phys., (3), 10, 1844, 163.)

A. Erdmann; 65.05 (0 = 16); 406.591 (O = 100).

Determined by oxidizing pure zinc with nitric acid, and
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driving off the acid by heating the salt in a porcelain cruci-

ble. Platinum is attacked. The number is the mean of

four experiments ; extreme difference, 0.698. The zinc

was prepared by mixing pure oxide with carbon, and distill-

ing in a current of hydrogen. {Berzelius' Jahresbericht, ^^,

1844, 132 ; (Efversigt af Kongl Vet. A/cad. HandL, 1, 3.)

ZIRCONIUM.

Deville and Troost have determined the vapor density of

the chloride. It agrees with an atomic weight of about 90.

(L. Meyer, I c.)

J. J. Berzelius : 89.6 (O = 16).

In one experiment the sulphate was decomposed with
ammonic hydrate, the oxide weighed and the sulphuric

acid precipitated with barium chloride. In five experi-

ments the sulphate was decomposed at a white heat, ammo-
nium carbonate being added at the close of the operation.

The mean result was that 100 parts of sulphuric anhydride
unite with 75.853 parts of zirconium oxide ; extreme differ-

ence, 0.23. Berzelius deduces the value 840.08 for =
100, S = 201.165 ; on the supposition that the oxide con-

tains three atoms of oxygen. [Being a binoxide, this re-

lation gives Zr = 89.6 for O = 16.] The sulphate seems to

have been prepared by dissolving the oxide in sulphuric

acid and expelling the excess of acid by heat. [Poggend.

Ann., 4, 1825, 126.)

R. Hermann :

This chemist made some experiments on the chloride

getting in three determinations a mean of 839.45 for :=

100 and on the tri-oxide supposition. The extreme differ-

ence was 20.1. 01 = 443.65. The chloride was produced
by heating the oxide with carbon in a current of chlorine.

Hermann adopts not his own but Berzelius' determination.

{Erdmami's Journ. filr Prak. Chem., 31, 1844, 77.)

C. Marignac : 90 (O = 16).

Determined from analyses of potassium fluo-zirconiate.

The salt was decomposed with sulphuric acid, the excess
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of acid driven off by heat, the residue weighed, the

potassic sulphate leached out with water, and the residue

again weighed. Marignac does not pretend that the deter-

mination is accurate. The results gave from 45.01 to 45.48.

He thinks that some potassic sulphate may have escaped

solution, and therefore takes the minimum. K = 39, S =
16.

According to Marignac, Deville also found the atomic

weight of zirconium somewhat higher than Berzelius by
analysis of the chloride with which he determined the

vapor density. {Annal. de Chim. et de Phys., (S,) 60, 18Q0,

257.)





APPENDIX.

DETERMINATIONS BY T. THOMSON.

In Thomson's Annals of Philosophy, volumes 16 and 17,

1820-21, Thomson published a series of papers descrip-

tive of experiments undertaken for the purpose of verifying

Front's hypothesis. His method consisted in mixing re-

agents in what he considered equivalent proportions, and
after precipitation examining portions of the supernatant
liquid for an excess of each of the salts supposed to neu-
tralize one another. In all except four cases, either the
salt analyzed was a sulphate and the precipitant barium
chloride, or the determination was dependent upon such
an analysis

;
yet although Thomson took barium = 70, in

no instance was he able to detect either barium or sul-

phuric acid in the residual solution when the quantity of

the re -agents corresponded to the atomic weights which he
adopts. Comparison of his results with those reached by
more accurate experimenters will make this exact neutrali-

zation appear impossible, nor were his contemporaries able

to repeat his experiments successfully. Thomson's deter-

minations are, as such, utterly valueless, yet as they were
for many years extensively accepted in English and Ameri-
can scientific literature they are inserted here for reference.

In the following table Thomson's numbers are multiplied,

when necessary, for the sake of comparison with the values
now accepted.

Determinations Involving Barium = 70.

Arsenic 76 Magnesium 24
Barium 140 Manganese 56
Bismuth 216 Nickel 52
Calcium 40 Nitrogen 14
Carbon 12 Phosphorus 32
Chlorine 36 Potassium 40
Chromium 56 Silver 110
Cobalt 52 Sodium 24
Copper 64 Strontium .. 88
Iron 56 Sulphur 32
Lead 208 Zinc 68

139
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Thomson Further Determined—
Antimony at 132 by oxidation.

Boron at 12 from analysis of borax.

Mercury at 200 by conversion of the oxide into chloride.

Tin at 116 by oxidation with nitric acid.

REDUCTION OF WEIGHINGS TO VACUUM.

In discussing the analyses recorded in the foregoing pages,

or in reconciling atomic weight determinations by various

chemists, it may be found convenient to employ the follow-

ing table. The maximum error involved is less than 0.01

per cent, or 0.1 milligram per gram.

GRAM weights BEING OF BRASS, FRACTIONS OF PLATINUM.

For substances the sp* gr. of which exceeds 6.1; no cor-

rection is necessary.

For substances the sp. gr. of which is less than 6.1 :

—

To correct the entire grams ; multiply their number by the

correction in the table opposite the sp. gr. of the substance,

found in the first column, and add the product to the observed

weight.

To correct the fractions of a gram, multiply the correction

opposite the sp. gr. of the substance, found in the third col-

umn of the table, by the first two decimal figures of the

observed weight, if the sp. gr. of the substance is less than

3, and by the first decimal only, if the sp. gr. exceeds 3, and
add the product to the observed weight.

ALL weights used BEING OF PLATINUM.

For substances the sp. gr. of which exceeds 7.8, no correc-

tion is necessary.

For substances the sp. gr. of which is less than 7.8 :

—

Multiply the correction opposite the sp. gr. of the substance,

found in the third column, by the number of grams, tenths

and hundredths observed, if the sp. gr. falls short of 3, or

by the number of grams and tenths, if the sp. gr. exceeds

3, and add the product to the observed weight.

The table shows within what limits it is necessary to know
the sp. gr.
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INTRODUCTION.

In the autumn of 1877 the writer began collecting data

relative to the determinations of atomic weights, with the

purpose of preparing a complete resume of the entire sub-

ject, and of recalculating all the estimations. The work
was fairly under way, the material was collected and partly

discussed, when I received from the Smithsonian Institu-

tion a manuscript by Professor George F. Becker, entitled

" Atomic Weight Determinations : a Digest of the Investi-

gations Published since 1814." This manuscript, which has

lately been issued as Part IV of the " Constants of Nature,"

covered much of the ground contemplated in my own
undertaking. It brought together all the evidence, pre-

senting it clearly and thoroughly in compact form ; in

short, that portion of the task could not well be improved

upon. Accordingly, I decided to limit my own labors to a

critical recalculation of the data ; to combine all the figures

upon a common mathematical basis, and to omit everything

which could as well be found in Professor Becker's " Digest."

At the very beginning of my work certain Cjuestions con-

fronted me. Should I treat the investigations of different

individuals separately, or should I combine similar data to-

gether in a manner irrespective of persons ? For example,

ought I, in estimating the atomic weight of silver, to take

Stas' work by itself, Marignac's work by itself, and so on,

and then average the results together; or should I rather

combine all series of figures relating to the composition of

potassium chlorate into one mean value, and all the data

concerning the composition of silver chloride into another

mean, and, finally, compute from such general means the

constant sought to be established ? The latter plan was

finally adopted ; in fact, it was rendered necessary by the

method of least squares, which method was alone adequate

to supply me with good processes for calculation.

(VII)



VIII INTRODUCTION.

The mode of discussion and combination of results was

briefly as follows. The formulEe employed are given in

another chapter. I began with the ratio between oxygen

and hydrogen ; in other words, with the atomic weight of

oxygen referred to hydrogen as unity. Each series of ex-

periments was taken by itself, its arithmetical mean was

found, and the probable error of that mean was computed.

Then the several means were combined according to the

appropriate formula, each receiving a weight dependent

upon its probable error. The general mean thus established

was taken as the most probable value for the atomic weight

of oxygen, and, at the same time, its probable error was

mathematically asssigned.

Next in order came a group of elements which were best

discussed together, namely, silver, chlorine, potassium, so-

dium, bromine, iodine, and sulphur. For these elements

there were data from thirteen experimenters. All similar

figures were first reduced to common standards, and then

the means of individual series were combined into general

means. Thus all the data were condensed into twenty

ratios, from which several independent values for the atomic

weight of each element could be computed. The probable

errors of these values, however, all involved the probable

error of the atomic weight of oxygen, and were, therefore,

higher than they would have been had the latter element

not entered into consideration. Here, then, we have sug-

gested a chief peculiarity of this whole revision. The

atomic weight of each element involves the probable errors

of all the other elements to which it is directly or indirectly

referred. Accordingly, an atomic weight determined by

reference to elements whose atomic weights have been defec-

tively ascertained will receive a high probable error, and its

weight, when combined with other values, will be relatively

low. For example, an atomic weiglit ascertained by direct

comparison with hydrogen will, other things being equal,

have a lower probable error than one which is referred to

hydrogen through the intervention of oxygen ;
and a metal

wdiose equivalent involves only the probable error of oxygen
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will be more exactly known than one which depends upon

the greater errors of silver and chlorine. These points

will appear more clearly evident in the subsequent actual

discussions.

But although the discussion of atomic weights is osten-

sibly mathematical, it cannot be purely so. Chemical con-

siderations are necessarily involved at every turn. In as-

signing weights to mean values I have been, for the most

part, rigidly guided by mathematical rules; but in some

cases I have been compelled to reject altogether series of data

which were mathematically excellent, but chemically worth-

less because of constant errors. In certain instances there

were grave doubts as to whether particular figures should

be included or rejected in the calculation of means ; there

having been legitimate reasons for either procedure. Prob-

ably many chemists would differ with me upon such points

of judgment. In fact, it is doubtful whether any two chem-

ists, working independently, would handle all the data in

precisely the same way, or combine them so as to produce

exactly the same final results. Neither would any two

mathematicians follow identical rules or reach identical con-

clusions. In calculating the atomic weight of any element

those values are assigned to other elements which have been

determined in previous chapters. Hence a variation in the

order of discussion might lead to slight differences in the

final results.

As a matter of course the data herein combined are

of very unequal value. In many series of experiments

the weighings have been reduced to a vacuum standard;

but in most cases chemists have neglected this correc-

tion altogether. In a majority of instances the errors thus

introduced are slight ; nevertheless they exist, and interfere

more or less with all attempts at a theoretical consideration

of the results. For example, they affect seriously the in-

vestigation of Front's hypothesis, and at'e often great enough
to account for seeming exceptions to it. Such questions as

these will be considered in the appendix.

Another serious source of error affecting many of the re-
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suits was not discovered until recently. A large number of

computations had been actually finished, involving, among
other things, the greater part of Stas' work, when Dumas
published his investigation upon the occlusion of oxygen by
silver. Here it was shown that a very great number of

atomic weight determinations must have been vitiated by
constant errors, which, though constant for each series, were

probably of different magnitude in different series, and,

therefore, could not be systematically corrected for. At the

time of the announcement of this discovery of Dumas my
work was so far under way that I thought it best to com-

plete my discussion without reference to it, and then to

study its influence in the appendix. In the chapter upon
aluminum, however, it will be noted that Mallet eliminated

this error in great part from his experimental results.

Necessarily, this work omits many details relative to ex-

perimental methods, and particulars as to the arrangements

of special forms of apparatus. For such details original

memoirs must be consulted. Their inclusion here would

have rendered the work unwarrantably bulky. There is

such a thing as over-exhaustiveness of treatment, which is

equally objectionable with under-thoroughness.

Of course, none of the I'esults reached in this revision

can be considered as final. Every one of them is liable to

repeated corrections. To my mind the real value of the

work,' great or little, lies in another direction. The data

have been brought together and reduced to common stand-

ards, and for each series of figures the probable error has

been determined. Thus far, however much my methods

of combination may be criticized, I feel that my labors will

have been useful. The ground is now cleared, in a measure,

for future experimenters ; it is possible to see more distinctly

what remains to be done ; some clues are furnished as to the

relative merits of different series of results. I hope to be

able, from time to tinfe, as new determinations are published,

to continue the task here begun, and perhaps, also, to add,

in the near future, some data of my own establishing.

In addition to the usual periodicals the following works
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have been freely used by me in the preparation of this

volume :

Berzelius, J. J. Lehrbuch der Chemie. 5 Auflage. Drit-

ter Band. SS. 1147-1231. 1845.

Van Geuns, W. A. J. Pro3ve eener Geschiedenis van de

iEquivalentgetallen der Scheikundige Grondstoffen

en van hare Soortelijke Gewigten in Gasvorm, voor-

namelijk in Betrekking tot de vier Grondstoffen der

Bewerktuigde Natuur. Amsterdam, 1853.

Mulder, E. Historisch-Kritisch Overzigt van de Bepal-

ingen der ^quivalent-Gewigten van 13 Eenvoudige

Ligchamen. Utrecht, 1853.

Mulder, L. Historisch-Kritisch Overzigt van de Bepal-

ingen der ^quivalent-Gewigten van 24 Metalen.

Utrecht, 1853.

Oudemans, a. C, Jr. Historisch-Kritisch Overzigt van de

Bepaling der ^quivalent-Gewigten van Twee en

Twintig Metalen. Leiden, 1853.

Stas, J. S. Untersuchungen iiber die Gesetze der Chem-

ischen Proportionen iiber die Atomgewichte und ihre

gegenseitigen Verhiiltnisse. Uebersetzt von Dr. L.

Aronstein. Leipzig, 1867.

The four Dutch monographs above cited are especially

valuable. They represent a revision of all atomic weight

data down to 1853, as divided between four writers.
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FORMULA FOR THE CALCULATION OF
PROBABLE ERROR.

Although the ordinary formula for the probable error of

an arithmetical mean is familiar to all physicists, it is per-

haps best to reproduce it here, as follows :

Here n represents the number of observations or experi-

ments in the series, while S is the sum of the variations of

the individual results from the mean.

In combining several arithmetical means, representing

several series, into one general mean each receives a weight

indicated by its probable error
;
greater as the latter becomes

less, and vice versa. Let A, B, C, etc., be such mean results,

and a, b, c, their probable errors respectively. Then the

general mean is determined by this formula

:

a'^ ^ d^
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we have for the sum or difference of two quantities, A and

B:

(4.) ' = \/a'^ + b'

For the product of A multiplied by B the probable error is

(5.) ' = \/{Mf + (B«)^

For the product of three quantities, ABC

:

(6.) ^ = -/(BCa)'' + {hfZbf + (ABf)*

For a quotient, j, the probable error becomes

(x)" + -

A

Given a proportion, A : B : : C : a;, the probable error of

the fourth term is as follows

:

(8.) \ (¥)' + (^-^^^ + (^')'

This formula is used in nearly every atomic weight cal-

culation, and is, therefore, exceptionally important. Rarely

a more complicated case arises in a j^roportion of this kind

:

A:B::C + .r:D-fx

In this proportion the unknown quantity occurs in two

terms. Its probable error is found by this expression, and

is always large

:

(9-) ' = -x/l-^TT^I
(E'^^'^ + ^'^') + [A — B)'^

When several independent values have been calculated

for an atomic weight they are treated like means, and com-

bined according to formulae (2) and (3.) Each final result
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is, therefore, to be regarded as the general mean of all re-

liable determinations. This method of combination may
not be the best one theoretically possible, but it seemed to

be the only one practically available. The data are too im-

perfect to warrant the use of much more elaborate processes

of discussion.







RECALCULATION OF THE ATOMIC WEIGHTS.

OXYGEN.
The ratio between oxygen and hydrogen is the foundation

upon which the entire system of atomic weights depends.

Hence, the accuracy of its determination has, from the

beginning, been recognized as of extreme importance. A
trifling error here may become cumulative when repeated

through a moderate series of other ratios.

Leaving out of account the earliest researches, which have

now only a historical value, we find that three methods

have been employed for fixing this important constant.

First, the synthesis of water, effected by passing hydrogen

gas over red hot oxide of copper. Secondly, the exact

determination of the relative density of the two gases.

Thirdly, by weighing the quantity of water formed upon
the direct union of a known volume of hydrogen with

oxygen.

The first of these methods has been employed in three

leading investigations, namely, by Dulong and Berzelius,*

by Dumas, and by Erdmann and Marchand. The essential

features of the method are in all cases the same. Hydrogen
gas is passed over heated oxide of cop23er, and the water

thus formed is collected and weighed. From this weight

and the loss of weight which the oxide undergoes, the exact

composition of water is readily calculated. Dulong and
Berzelius made but three experiments, with the following

results for the percentages of oxygen and hydrogen in

in water

:

O. H.

88. 942 11.058

88.809 1 1. 191

88.954 11.046

* Thomson's Annals of Philosophy, July, 1821, p. 50.
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These figures, rather roughly determined, and by no

means exact enough to meet the requirements of modern

science, give a mean vakie of 16.021 for the atomic weight

of oxygen. As the weighings were not reduced to a vacuum,

this correction was afterwards applied by Clark,* who showed

that these syntheses really make O = 15.894; or, in Ber-

zelian terms, if = 100, H = 12.583.

In 1842 Dumasf published his elaborate investigation

upon the composition of water. The first point was to get

pure hydrogen. This gas, evolved from zinc and sulphuric

acid, might contain oxides of nitrogen, sulphur dioxide,

hydrosulphuric acid, and arsenic hydride. These impuri-

ties were removed in a series of wash bottles ; the HgS by a

solution of lead nitrate, the HgAs by silver sulphate, and

the others by caustic potash. Finall}^ the gas was dried by

passing through sulphuric acid, or, in some of the experi-

ments, over phosphorus pentoxide. The copper oxide was

thoroughly dried, and the bulb containing it was weighed.

By a current of dry hydrogen all the air was expelled from

the apparatus, and then, for ten or twelve hours, the oxide

of copper was heated to dull redness in a constant stream of

the gas. The reduced copper was allowed to cool in an

atmosphere of hydrogen. The weighings were made with

the bulbs exhausted of air. The following table gives the

results

:

Column A contains the symbol of the drying substance.

B gives the weight of the bulb and copper oxide. C, the

weight of bulb and reduced copper. D, the weight of the

vessel used for collecting the water. E, the same, plus the

water. F, the weight of oxygen. G, the weight of water

formed. H, the crude equivalent of H when = 10,000.

I, the equivalent of H, corrected for the air contained in the

sulphuric acid employed. This correction is not explained,

and seems to be questionable.

* Philosophical Magazine, 3d series, 20, 341.

f Compt. Rend., 14, 537.
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In the sum total of these nineteen experiments, 840.161

grammes of oxygen form 945.439 grammes of water. This

gives, in percentages, for the composition of water, oxygen

88.864; hydrogen, 11.136. Hence the atomic weight of

oxygen, calculated in mass, is 15.9608. In the following

column the values are given as deduced from the individual

data given under the headings F and G

:

15-994

16.014

16.024

15.992

15.916

15.916

15-943

16.000

15.892

15-995

15-984

15-958

15.902

15-987

15.926

15.992

15.904

15.900

16.015

Mean, 15.9607, with a probable error of ± .0070.

In calculating the above column several discrepancies

were noted, probably due to misprints in the original me-

moir. On comparing columns B and C with F, or D and E
with G, these anomalies chiefly appear. They were detected

and carefully considered in the course of my own calcula-

tions ; and, I believe, eliminated from the final result.

The paper by Erdmann and Marchand* followed closely

after that of Dumas. The method of research was essen-

tially the same as that of the latter chemist, varying only

in points of comparatively unimportant detail. The results

are given in two series, in one of which the weighings were

* Journ. f. Prakt. Chem., 1842, bd. 26, s. 461.
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not actually made in vacuo, but were, nevertheless, reduced

to a vacuum standard. The second series represents actual

vacuum weighings. The quantity of water formed in each

experiment, was from 41.664 to 95.612 grammes. I give

below only the percentages of oxygen and hydrogen in

water as deduced from Erdmann and Marchand's data

:
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By Dumas O — 15.9607, dr .0070

By Erdmann and Marchand O = 15.9733, d= .0113

General mean O = 15.9642, zh .0060

In discussing the relative density of oxygen and hydro-

gen gases we need only consider the more modern researches

of Dumas and Boussingault, and of Regnault. As the older

work has some historical value, I may in passing just cite

its results. For the density of hydrogen we have .0769,

Lavoisier ; .0693, Thomson ; .092, Cavendish ; .0732, Biot

and Arago ; .0688, Dulong and Berzelius. For oxygen there

are the following determinations : 1.087, Fourcroy, Vauque-

lin, and Seguin; 1.103, Kirwan; 1.128, Davy; 1.088, Allen

and Pepys; 1.1036, Biot and Arago; 1.1117, Thomson;

1.1056, De Saussure ; 1.1026, Dulong and Berzelius ; 1.106,

Buff; 1.1052, Wrede.*

In 1841 Dumas and Boussingaultf published their deter-

minations of gaseous densities. For hydrogen they obtained

values ranging from .0691 to .0695 ; but beyond this mere

statement they give no details. For oxygen three determi-

nations were made, with the following results

:

I-I055

I. 1058

I. 1057

Mean, 1. 10567, dz .00006

If we take the two extreme values given above for hydro-

gen, and regard them as the entire series, they give us a

mean of .0693, ± .00013.

This mean hydrogen value, combined with the mean

oxygen value, gives for the atomic weight of the latter ele-

ment the number 15.9538, ± .031.

Regnault's researches, published four years later,t were of

* For Wrede's work, see Berzelius' Jahresbericht for 1843. ^^^ Dulong and

Berzelius, see the paper already cited. All the other detenninations are taken

from Gmelin's Handbook, Cavendish edition, v. I, p. 279.

f Compt. Rend., 12, 1005. Compare also with Dumas, Compt. Rend., 14, 537.

I Compt. Rend., 20, 975.
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a more satisfactory kind. Indeed, the}^ are among the

classics of physical science ; and probably approach as near

to absolute accuracy as is possible for experiment.

For hydrogen three determinations of density gave the

following results

:

.06923

.06932

.06924

Mean, .069263, rb .000019

For oxygen four determinations were made, but in the

first one the gas was contaminated by traces of hydrogen,

and the value obtained, 1.10525; was, therefore, rejected by

Regnault as too low. The other three are as follows

:

1.10561

I. 10564

1.10565

Mean, 1. 105633, ±: .000008

Now, combining the hydrogen and oxygen series, we have

for the atomic weight of oxygen, 15.9628, dr .0044.*

Upon combining the result of Regnault's work with that

from Dumas and Boussingault's we get the following value

:

From Dumas and Boussingault O = I5-9538, ± .031

From Regnault O = 15.9628, dz .0044

General mean O = 15.9627, it .0043

This result, it will be seen, agrees remarkably well with

that obtained in the experiments upon the synthesis of

water.

* Since these computations were made, Professor John Le Conte has called my
attention to the existence of slight numerical errors in Regnault's own reductions.

As corrected by Le Conte, Regnault's figures give 1.105612 for the density of

oxygen, and 0.069269 for that of hydrogen. Hence the atomic weight of O be-

comes 15.961 1, instead of 15.9628. The difference is slight, but still it ought

not to be ignored. All the computations in the body of this work, having been

finished before I received Professor Le Conte's figures, must stand, nevertheless,

as they are. For further details Le Conte refers to Phil. Mag., (4,) 27, p. 29,

1864; and also to the Smithsonian Report for 1878, p. 428.
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The third method indicated at the beginning of this dis-

cussion has been recently employed in part by J. Thomsen*
of Copenhagen. Unfortunately this chemist has not pub-

lished the details of his work, but only the end results.

These serve to confirm the values for oxygen fixed by other

methods, but they cannot well be included in the systematic

discussion. Partly by the oxidation of hydrogen over

heated copper oxide, and partly by its direct union with

oxygen, Thomsen finds that at the latitude of Copenhagen,

and at sea level, one litre of dry hydrogen at 0° and 760

mm. pressure will form .8041 gramme of water. According

to Regnault, at this latitude, level, temperature, and press-

ure, a litre of hydrogen weighs .08954 gramme. From
these data, = 15.9605. It will be seen at once that Thom-
sen's work depends in great part upon that of Regnault,

and yet that it affords an admirable reinforcement of the

latter.

It is now plain, in conclusion, that all the different lines

of research point to an atomic weight for oxygen a little

below 16.00. Five distinct investigations confirm each other

wonderfully. Upon combining the values obtained by the

two chief methods we get the following final results :

From synthesis of water O = 15.9642, it .0060

From gaseous densities O = 15.9627, rfc .0043

In the general mean the atomic weight of oxj^gen be-

comes 15.9633, with a probable error of ± .0035.t

*Ber. d. Deutsch. Chem. Gesellschaft, 1870, s. 928.

f Le Conte's correction of Regnault's figures introduced here would make O =
15.9622, instead of 15.9633. Difference, .0011.
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SILVER, POTASSIUM, SODIUM, CHLORINE,

BROMINE, IODINE, AND SULPHUR.

The atomic weights of these seven elements depend upon
each otlier to so great an extent that they can hardly be

considered independently. Indeed, chlorine, potassium, and
silver have always been mutually determined. From the

ratio between silver and chlorine, the ratio between silver

and potassium chloride, and the composition of potassium

chlorate, these three atomic weights were first accurately

fixed. Similar ratios, more recently worked out by Stas

and others, have rendered it desirable to include bromine,

iodine, sulphur, and sodium in the same general discussion.

Several methods of determination will be left altosrether

out of account. For example, in 1842 Marignac* sought to

fix the atomic weight of chlorine b}^ estimating the quantity

of water formed when hydrochloric acid gas is passed over

heated oxide of copper. His results were wholly inaccu-

rate, and need no further mention here. A little later Lau-

rentf redetermined the same constant from the analysis of

a chlorinated derivative of naphthalene. This method did

not admit of extreme accuracy, and it presupposed a knowl-

edge of the atomic weight of carbon; hence it may be prop-

erly disregarded. Maumene's| analyses of the oxalate and
acetate of silver gave good results for the atomic weight of

that metal ; but they also depend for their value upon our

knowledge of carbon, and will, therefore, be discussed fur-

ther on with reference to that element.

Let us now consider the ratios upon which we must rely

for ascertaining the atomic weights of the seven elements in

question. After we have properly arranged our data we
may then discuss their meaning. First in order we may

*Compt. Rend., 14, 570. Also, Joum. f. Prakt. Chem., 26, 304.

f Compt. Rend., 14, 456. Journ. f. Prakt. Chem., 26, 307.

:!: Ann. d. Chim. et d. Phys., (3,) 18, 41. 1846.
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conveniently take up the percentage of potassium chloride

obtainable from the chlorate.

The first reliable series of experiments to determine this

percentage was made by Berzelius.* All the earlier estima-

tions were vitiated by the fact that when potassium chlo-

rate is ignited under ordinary circumstances a little solid

material is mechanically carried away with the oxygen gas.

Minute portions of the substance may even be actually vol-

atilized. These sources of loss were avoided by Berzelius,

who devised means for collecting and weighing this trace

of potassium chloride. All the successors of Berzelius in

this work have benefitted b3^his example; although for the

methods by which loss has been prevented we must refer to

the original papers of the several investigators. In short,

then, Berzelius ignited potassium chlorate, and determined
the percentage of chloride which remained. Four experi-

ments gave the following results :

60.854

60.850

60.850

60.851

Mean, 60.851, with a probable error of dr .0006

The next series was made by Penny,t in England, who
worked after a somewhat different method. He treated po-

tassium chlorate with strong hydrochloric acid in a weighed
flask, evaporated to dryness over a sand bath, and then

found the weight of the chloride thus obtained. His results

are as follows, in six trials :

60.825

60.822

60.815

60.820

60.823

60.830

Mean, 60.8225, i .0014

*Poggend. Annalen, 1826, bd. 8, s. i.

t Phil. Transactions, 1839, p. 20.
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In 1842 Pelouze* made three estimations by the ignition

of the chlorate, with these results :

60.843

60.857

60.830

Mean, 60.843, =t -0053

Marignac, in 1842,t worked with several different recrys-

tallizations of the commercial chlorate. He ignited the

salt, with the usual precautions for collecting the material

carried off mechanically, and also examined the gas which

was evolved. He found that the oxygen from 50 grammes
of chlorate contained chlorine enough to form .003 gramme
of silver chloride. Here are the percentages found by Ma-
rignac :

In chlorate once crystallized 60.845

In chlorate once crystallized 60.835

In chlorate twice crystallized 60.833

In chlorate twice cr\'stallized 60.844

In chlorate three times crystallized 60.839

In chlorate four times crystallized 60.839

Mean, 60.8392, ±z -0013

In the same paper Marignac describes a similar series of

experiments made upon potassium perchlorate, KCIO4. In

three experiments it was found that the salt was not quite

free from chlorate, and in three more it contained traces of

iron. A single determination upon very pure material gave

46.187 per cent, of oxygen and 53.813 of residue.

In 1845 two series of experiments were published by
Gerhardt.f The first, made in the usual way, gave these

results

:

60.871

60.881

60.875

Mean. 60.8757, zh .0020

* Compt. Rend., 15, 959.

f Ann. d. Chem. u. Pharm., bd. 44, s. 18.

X Compt. Rend., 21, 1280.
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In the second series the oxygen was passed through a

weighed tube containing moist cotton, and another filled

with pumice stone and sulphuric acid. Particles were thus

collected which in the earlier series escaped. From these

experiments we get

—

60.947

60.947

60.952

Mean, 60.9487, rfc .001

1

These last results were afterwards sharply criticized by
Marignac,* and their value seriously questioned.

The next series, in order of time, is due to Maumene.f
This chemist supposed that particles of chlorate, mechani-

cally carried away, might continue to exist as chlorate, un-

decomposed ; and hence that all previous series of experi-

ments might give too high a value to the residual chloride.

In his determinations, therefore, the ignition tube, after

expulsion of the oxygen, was uniformly heated in all its

parts. Here are his percentages of residue

:

60.788

60.790

60.793

60.791

60.785

60.795

60.795

Mean, 60.791, ^b .0009

The question which most naturally arises in connection

with these results is, whether portions of chloride may not

have been volatilized, and so lost.

Closely following INIaumene's paper there is a short note

by Faget,! giving certain mean results. According to this

chemist, when potassium chlorate is ignited slowly, we get

* Supp. Bibl. Univ. de Geneve, Vol. I.

t Ann. d. Chim. et d. Phys., (3,) 18, 71. 1S46.

X Ann. d. Chim. et d. Phys., (3,) 18, 80. 1846.
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60.847 per cent, of residue. When the ignition is rapid, we
get 60.942. As no detailed experiments are given, these

figures can liave no part in our discussion.

Last of all we have two series determined by Stas.* In

the first series we have the results obtained by igniting the

chlorate. In the second series the chlorate was reduced by
strong hydrochloric acid, after the method followed by

Penny

:

First Series.

60.8380

60.8395

60.8440

60.S473

60.8450

Mean, 60.84276, =b .0012

Second Series.

60.850

60.853

60. 844

Mean, 60.849, ± .0017

In these experiments every conceivable precaution was

taken to avoid error and ensure accuracy. All weighings

were reduced to a vacuum standard ; from 70 to 142

grammes of chlorate were used in each experiment; and

the chlorine carried away with the oxygen in the first series

was absorbed by finely divided silver and estimated. It is

difficult to see how any error could have crept in.

Now, to combine these different series of experiments.

Berzelius, mean result 60.851, =h .0006

Penny, " 60.8225,^.0014
Pelouze, " 60.843, ±.0053
Marignac, " 60.8392, drz .0013

Gerhardt, 1st "
60.8757, d= .0020

'• 2d " 60.9487, rb .001

1

Maumene, " 60.791, ±.0009
Stas, 1st " 60.8428, rfc .0012
" 2d '• 60.849, dr .0017

General mean, from all nine series, representing forty

experiments 60.846, ±.00038

* See Aronstein's Translation, p. 249.
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This value is exactly that which Stas deduced from both

of his own series combined, and gives great emphasis to his

wonderfully accurate work. It also finely illustrates the

compensation of errors which occurs in combining the fig-

ures of different experimenters.

Similar analyses of silver chlorate have been made by

Marignac and by Stas. Marignac's figures I have not been

able to find,* and Stas gives but two experiments. The fol-

lowing are liis percentages of oxygen in silver chlorate :t

25.081

25.078

Mean, 25.0795, zt .0010

For the direct ratio between silver and chlorine there are

seven available series of experiments. Here, as in many
other ratios, the first reliable work was done by Berzelius.J

He made three estimations, using each time twenty

grammes of pure silver. This was dissolved in nitric acid.

In the first experiment the silver chloride w^as precipitated

and collected on a filter. In the second and third experi-

ments the solution was mixed with hydrochloric acid in a

flask, evaporated to dryness, and the residue then fused and

weighed without transfer. One hundred parts of silver

formed of chloride

:

* Since all the calculations were finished I have secured a copy of Marignac's

figures. They are as follows : The third column gives the percentage of O in

AgClOj.

24.510 grm. AgClOg gave 18.3616 .-VgCl. 25.103

25.809 " " 19-3345 " 25.086

30.306 " " 22.7072 " 25.074

28.358 •' ' 21.2453 " 25.082

28.287 - " 21.1833 •' 25.113

57.170 ' " 42.8366 •• 25.072

Mean, 25.088, dz .0044

The introduction of these figures into the subsequent calculations could not

produce any appreciable result. They would practically vanish from the general

mean. However, they serve here as confirmation of Stas' work.

f Aronstein's Translation, p. 214.

J Thomson's Annals of Philosophy, 1820, v. 15, ]). 89.
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132.700

132.780

132.790

Mean, 132.757, dr .019

Turner's work* closely resembles that of Berzelius. Silver

was dissolved in nitric acid and precipitated as chloride.

In experiments one, two, and three the mixture was evapo-

rated and the residue fused. In experiment four the chlo-

ride was collected on a filter. A fifth experiment was

made, but has been rejected as worthless.

The results were as follows : In a third column I put the

quantity of AgCl proportional to 100 parts of Ag.

28.407 grains Ag gave 37-737 AgCl. 132.844

41.917 " " 55-678 " 132.829

40.006 " " 53143 *' 132.837

30.922 " " 41.070 " 132.818

Mean, 132.832, zh -0038

The same general method of dissolving silver in nitric

acid, precipitating, evaporating, and fusing without transfer

of material was also adopted b} Penny.f His results for

100 parts of silver are as follows, in parts of chloride

:

132-836

132.840

132.830

132.840

132.840

132.830

132.838

Mean, 132.8363, ± .0012

In 1842 Marignact found that 100 parts of silver formed
132.74 of chloride, but gave no available details. Later,||

* Phil. Transactions, 1829, 291.

t Phil. Transactions, 1839, 28.

X Ann. Chem. Pharm., 44, 21.

I
See Berzelius' Lehrbuch, 5th Ed., Vol. 3, pp. 1192, 1193.
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in another series of determinations, he is more explicit, and
gives the following data : The weighings were reduced to

a vacuum standard.

79.853 grm. Ag gave 106.080 AgCI. Ratio, 132.844

69.905 " 92.864 " 132-843

64.905 " 86.210 " 132.825

92.362 " 122.693 " 132-839

99.653 « 132.383 " 132.844

Mean, 132.839, dr .0024

The above series all represent the synthesis of silver chlo-

ride. Maumene* made analyses of the compound, reducing

it to metal in a current of hydrogen. His experiments

make 100 parts of silver equivalent to chloride

:

132.734

132.754

132.724

132.729

132.741

Mean, 132.7364, ± .0077

By Dumast we have the following estimations :

9.954 Ag gave 13.227 AgCI. Ratio, 132.882

19.976 " 26.542 " 132.869

Mean, 132.8755, ± .0044

Finally, there are seven determinations by Stas,| made
with his usual accuracy and with every precaution against

error. In the first, second, and third, silver was heated in

chlorine gas, and the synthesis of silver chloride thus

effected directly. In the fourth and fifth silver was dis-

solved in nitric acid, and the chloride thrown down by

passing hydrochloric acid gas over the surface of the solution.

The whole was then evaporated in the same vessel, and the

chloride fused, first in an atmosphere of hydrochloric acid,

* Ann. d. Chim. et d. Phys., (3,) 18, 49. 1846.

f Ann. Chem. Phaim., 113, 21. i860.

J Aronstein's Translation, p. 171.
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and then in a stream of air. The sixth synthesis was simi-

lar to these, only the nitric solution was precipitated by
hydrochloric acid in slight excess, and the chloride thrown
down was washed by repeated decantation. All the de-

canted liquids were afterwards evaporated to dryness, and
the trace of chloride thus recovered was estimated in addi-

tion to the main mass. The latter was fused in an atmos-

phere of HCl. The seventh experiment was like the sixth,

only ammonium chloride was used instead of hydrochloric

acid. From 98.3 to 399.7 grammes of silver were used in

each experiment, the operations were performed chiefly in

the dark, and all weighings were reduced to vacuum. In

every case the chloride obtained was beautifully white.

The following are the results in chloride for 100 of silver

:

132.841

132.843

132.843

132.849

132.846

132.848

122.8417

Mean, 132.8445, =b .oooS

We may now combine the means of these seven series,

representing in all thirty-three experiments. One hundred

parts of silver are equivalent to chlorine, as follows :

Berzelius 32.757, dr .0190

Turner 32.832, ±.0038
Penny 32.8363, i .0012

Marignac 32.839, it .0024

Maumen6 32.7364, zh .0077

Dumas 32.8755, dr .0044

Stas 32.8445,^.0008 •

General mean 32.8418, ± .0006

Here, again, we have a fine example of the evident com-

pensation of errors among different series of experiments.

We have also another tribute to the accuracy of Stas, since

this general mean varies from the mean of his results only

within the limits of his own variations.
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The ratio between silver and potassium chloride, or, in

other words, the weight of silver in nitric acid solution

which can be precipitated by a known weight of KCl, has

been fixed by Marignac and by Stas. Mai;ignac,* reducing

all weighings to vacuum, obtained these results. In the

third column I give the weight of KCl proportional to 100

parts of Ag.

4.7238 grm. Ag = 3.2626 KCl. 69.067

21.725
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First Series.

69.105

69.104

69. 103

• 69.104

69.102

Mean, 69.1036, zh .0003

Second Series.

69.105

69.099

69.107

69.103

69.103

69.105

69.104

69.099

69. 1034

69.104

69.103

69.102

69.104

69.104

69.105

69.103

69,101

60.105

69. 103

Mean, 69.1033, ±.0003

Now, combining the three series, with their thirty experi-

ments, we get the following

:

Marignac 69.062, =b .0017

Stas, 1st series 69.1036, ± .0003

Stas, 2d series 69.1033, zh .0003

General mean. 69.1032, rh .0002

The quantity of silver chloride which can be formed from

a known weight of potassium chloride has also been deter-

mined by Berzelius, Marignac, and Maumene. Berzelius*

found that 100 parts of KCl were equivalent to 194.2 of

* Poggend. Annal., 8, 1. 1826.
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AgCl ; a value which, corrected for weighings in air, be-

comes 192.32. This experiment will not be included in our

discussion.

In 1842 Marignac* published two determinations, with

these results from 100 KCl

:

192.33

192-34

Mean, corrected for weighing in air, 192.26, zb .003

In 1846 Marignacf published another set of results, as

follows. The weighings were reduced to vacuum. The

usual ratio is in the third column.

17.034 grm. KCl gave 32.761 AgCl. 192.327

14.427 " 27.749 " 192.341

15.028 " 28.910 " 192.374

15. 131
" 29.102 " 192.334

15.216 " 29.271 " 192.370

Mean, 192.349, =b .006

Three estimations of the same ratio were also made by

Maumene,! as follows

:

10.700 grm. KCl gave 20.627 AgCl. 192.776

10.5195 " 20.273 " 192.716

8.587 " 16.556 " 192.803

Mean, 192.765, ± .017

The three series of ten experiments in all foot u[) thus:

Marignac, 1842 192.260, it .003

" 1846 192.349, db .006

Maumene 192.765, ± .017

General mean 192.294, +: .0029

These figures show clearly that the ratio which they rep-

resent is not of very high importance. It might be rejected

altogether without impropriety, and is only retained for the

* Ann. Chem. Pharm., 44, 21. 1842.

f Berzelius' Lchrbuch, 5th Ed., Vol. 3, pp. 1192, 1193.

X Ann. d. Chim. et d. Phys., (3,) 18, 41. 1846.
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sake of completeness. It will obviously receive but little

weight in our final discussion.

In estimating the atomic weight of bromine the earlier

experiments of Balarcl, Berzelius, Liebig, and Lowig may all

be rejected. Their results were all far too low, probably be-

cause chlorine was present as an impurity in the materials

employed. Wallace's determinations, based upon the anal-

ysis of arsenic tribromide, are tolerably good, but need not

be considered here. In the present state of our knowledge,

Wallace's analyses are better fitted for fixing the atomic

weight of arsenic, and will, therefore, be discussed with ref-

ference to that element.

The ratios with which we now have to deal are closely

similar to those involving chlorine. In the first place there

are the analyses of silver bromate by Stas.* In two careful

experiments he found in this salt the following percentages

of oxygen

:

20.351

20.347

Mean, 20.349, zh .0014

There are also four analyses of potassium bromate by

Marignac.f The salt was heated, and the percentage loss of

oxygen determined. The residual bromide was feebly alka-

line. We cannot place much reliance upon this series.

The results are as follows

:

28.7016

28.6496

28.6050

28.7460

Mean, 28.6755, ± .0207

When silver bromide is heated in chlorine gas, silver

chloride is formed. In 1860 Dumas| employed this method

* Aronstein's Translation, pp. 200-206.

f See E. Mulder's Overzigt, p. 117; or Berzelius' Jahresbericht, 24, 72.

J Ann. Chem. Pharm., 113, 20.
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for estimating the atomic weight of l)romine. His results

are as follows : In the third column I give the weight of

AgBr equivalent to 100 parts of AgCl.

2.028 grm. AgBr gave 1.547 AgCI. 131.092

4.237 " 3.235 " 130-974

5.769
" 4.403 " 131.024

Mean, 131.030, dr .023

This series is evidently of but little value.

But the two ratios upon which, in connection with Stas'

analyses of silver bromate, the atomic weight of bromine

chiefly depends are those which connect silver with the

latter element directly and silver with potassium bromide.

Marignac,* to effect the synthesis of silver bromide, dis-

solved the metal in nitric acid, precipitated the solution

with potassium bromide, washed, dried, fused, and weighed

the product. The following quantities of bromine were

found proportional to 100 parts of silver :

74.072

74-055

74.066

Mean, reduced to a vacuum standard, 74.077, zh .003

Much more elaborate determinations of this ratio are due

to Stas.f In one experiment a known weight of silver was

converted into nitrate, and precipitated in the same vessel

by pure hydrobromic acid. The resulting bromide was

washed thoroughly, dried, and weighed. In four other

estimations the silver was converted into sulphate. Then a

known quantity of pure bromine, as nearly as possible the

exact amount necessary to precipitate the silver, was trans-

formed into hydrobromic acid. This was added to the

dilute solution of the sulphate, and, after i)recipitation was

complete, the minute trace of an excess of silver in the clear

supernatant fluid was determined. All weighings were re-

* E. Mulder's Overzigt, p. 116. Berzelius' Jahresbericht, 24, 72.

f Aronstein's Translation, pp. 154-170.
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duced to a vacuum. From these experiments, taking both

series as one, we get the following quantities of bromine

corresponding to 100 parts of silver :

74-0830

74.0790

74.0795

74.0805

74.0830

Mean, 74.081, d= .0006

Combining this with Marignac's result, 74.077, ± .003, we
get as a general mean the value 74.0809, dr .0006.*

The ratio between silver and potassium bromide was first

accurately determined by Marignac.f I give, with his

weighings, the quantity of KBr proportional to 100 parts of

Ag:

2. 131 grm. A
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110.361

110.360

110.360

110.342

110.346

110.338

110.360

110.336

110.344

110.332

110.343

110.357

110.334

"O.335

Mean, 1 10.3463, dz .0020

Combining this with Marignac's mean result, 110.343, ±
.005, we get a general mean of 110.3459, ± .0019.

The ratios upon which we must depend for the atomic

weight of iodine are exactly parallel to those used for the

determination of bromine.

To begin with, the percentage of oxygen in potassium

iodate has been determined by Millon.* In three experi-

ments he found

:

22.46

22.49

22.47

Mean, 22.473, zfc .005

Millon also estimated the oxygen in silver iodate, getting

the following percentages

:

17-05

17-03

17.06

Mean, 17.047, rb .005

The analysis of silver iodate has also been performed with

extreme care by Stas.f From 70 to 157 grammes were used

* Ann. d. Chim. et d. Phys., (3,) 9, 400. 1843.

f Aronsteins' Translation, pp. 179-200.
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ill each experiment, the weights being reduced to a vacuum
standard. As the salt could not be prepared in an abso-

lutely anhydrous condition, the water expelled in each

analysis was accurately estimated and the necessary correc-

tions applied. In two of the experiments the iodate was

decomposed by heat, and the oxygen given off was fixed

upon a weighed quantity of copper heated to redness.

Thus the actual weights, both of the oxygen and the resid-

ual iodide, were obtained. In a third experiment the iodate

was reduced to iodide by a solution of sulphurous acid, and

the oxygen was estimated only by difference. In the three

percentages of oxygen given below the result of this analysis

comes last. The figures for oxygen are as follows

:

16.976

16.972

16.9761

Mean, 16.9747, dr .ocxjq

This, combined with Millon's series above cited, gives us

a general mean of 16.9771, ± .0009.

The ratio between silver and potassium iodide seems to

have been determined only by Marignac,* and without re-

markable accuracy. In five experiments 100 parts of silver

were found equivalent to potassium iodide as follows

:

1.616 grm. Ag =
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Stas* in his experiments worked after two methods, which

gave, however, results concordant with each other and with

those of Marignac.

In the first series of experiments Stas converted a known

weight of silver into nitrate, and then precipitated with

pure hydriodic acid. The iodide thus thrown down was

washed, dried, and weighed without transfer. By this

method 100 parts of silver were found to require of iodine :

117.529

117-536

Mean, 117.5325, =b .0024

In the second series a complete synthesis of silver iodide

from known weights of iodine and metal was performed.

The iodine was dissolved in a solution of ammonium sul-

phite, and thus converted into ammonium iodide. The

silver was transformed into sulphate and the two solutions

mixed. When the precipitate of silver iodide was com-

pletely deposited the supernatant liquid was titrated for the

trifling excess of iodine which it always contained. As the

two elements were weighed out in the ratio of 127 to 108,

while the atomic weight of iodine is probably a little under

127, this excess is easily explained. From these experi-

ments two sets of values were deduced; one from the

weights of silver and iodine actually employed, the other

from the quantity of iodide of silver collected. From the

first set we have of iodine for 100 parts of silver

:

"7-5390

117.5380

117.531S

117-5430

117.5420

117.5300

Mean, 1 17-5373. ± -ooi5

From the weight of silver iodide actually collected we

* Aronstein's Translation, pp. 136, 152.
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get as follows. For experiment number three in the above

column there is no equivalent here

:

117-529

"7-531

"7-539

"7-538

"7-530

Mean, 117.5334, =b .0014

Now, combining these several sets of results, we have the

following general mean

:

Marignac 117.5335,^.0036
Stas, 1st series 117.5325, d= .0024

" 2d " 117.5373, d= .0015

" 3d " 117.5334,^.0014

General mean 117.5345, zb .0009

One other comparatively unimportant iodine ratio re-

mains for us to notice. Silver iodide, heated in a stream of

chlorine, becomes converted into chloride ; and the ratio

between these two salts has been thus determined by Ber-

zelius and by Dumas.

From Berzelius* we have the following data : In the

third column I give the ratio between Agl and 100 parts of

AgCl.

5.000 grm. Agl gave 3.062 AgCl. 163.292

12.212 "
7-4755 " 163.360

Mean, 163.326, i .023

Dumas't results were as follows

:

3.520 gi-m. Agl gave 2.149 AgCl. 163.793

7.on " 4.281 " 163.770

Mean, 163.782, ± .008

General mean from the combination of both series,

163.733, ± .0076.

We now come to the ratios connecting sulphur with silver

*'Ann. d. Chim. et d. Phys., (2,) 40, 430. 1829.

f Ann. Chem. Pharm., 113, 28. i860.



28 THE ATOMIC WEIGHTS.

and chlorine. Other ratios have been applied to the deter-

mination of the atomic weight of sulphur, but they are

hardly applicable here. The earlier results of Berzelius

were wholly inaccurate, and his later experiments upon the

synthesis of lead sulphate will be used in discussing the

atomic weight of lead. Erdmann and Marchand deter-

mined the amount of calcium sulphate which could be

formed from a known weight of pure Iceland spar ; and
later they made analyses of cinnabar, in order to fix the

value of sulphur by reference to calcium and to mercury.

Their results will be applied in this discussion towards ascer-

taining the atomic weights of the metals just named. For

our present purposes only three ratios need be considered.

First in order let as take up the composition of silver

sulphide, as directly determined by Dumas, Stas, and Cooke.

Dumas'* experiments were made with sulphur which had
been thrice distilled and twice crystallized from carbon di-

sulphide. A known weight of silver was heated in a tube

in the vapor of the sulphur, the excess of the latter was dis-

tilled away in a current of carbon dioxide, and the resulting

silver sulphide was weighed.

I subjoin Dumas' weighings, and also the quantity of

Ag^S proportional to 100 parts of Ag, as deduced from

them

:

9-9393 g™.
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retted hydrogen. In all cases the excess of sulphur was ex-

pelled by carbon dioxide, purified with scrupulous care.

Impurities in the dioxide may cause serious error. The
five results come out as follows for 100 parts of silver

:
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Now, combining all four series, we get the following re-

sults :

Dumas 114.8234, zh .0029

Stas 114.8522, ±z .0007

Cooke's 2d 114.888, ± .0012

" 3d 114.8165, zfc .0044

General mean 114.8581, d= .0006

Here again we encounter a curious and instructive com-

pensation of errors, and another evidence of the accuracy of

Stas.

The percentage of silver in silver sulphate has been de-

termined by Struve and by Stas. Struve* reduced the sul-

phate by heating in a current of hydrogen, and obtained

these results

:

5.1860 grm. AgjSO^ gave 3.5910 grm. Ag. 69.244 per cent.

6.0543
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The third and hist sulphur ratio with which we have now
to deal is one of minor importance. When silver chloride

is heated in a current of sulphuretted hydrogen the sul-

jjhide is formed. This reaction was applied by Berzelius*

to determining the atomic weight of sulphur. He gives the

results of four experiments ; but the fourth varies so widely

from the others that I have rejected it. I have reason to

believe that the variation is due, not to error in experiment,

but to error in printing ; nevertheless, as I am unable to

track out the cause of the mistake, I must exclude the fig-

ures involving it entirely from our discussion.

The three available experiments, however, give the fol-

lowing results : The last column contains the ratio of silver

sulphide to 100 parts of chloride.

6.6075 grm- AgCl gave 5.715 gmi. Ag^S. 86.478

9.2323 " 7-98325 " 86.471

10.1775 " 8.80075 " 86.472

Mean, 86.4737, dz .0015

We have also a single determination of this value by

Svanberg and Struve.f After converting the chloride into

sulphide they dissolved the latter in nitric acid. A trifling

residue of chloride, which had been enclosed in sulphide,

and so protected against change, was left undissolved.

Hence a slight constant error probably affects this whole

ratio. The experiment of Svanberg and Struve gave 86.472

per cent, of silver sulphide derived from 100 of chloride.

If we assign this figure equal weight with the results of

Berzelius, and combine, we get a general mean of 86.4733,

± .0011.

For sodium there are but two ratios of any definite value

for present purposes. The early work of Berzelius we may
disregard entirely, and confine ourselves to the considera-

tion of the results obtained by Penny, Pelouze, Dumas, and

Stas.

* Berzelius' Lehrbuch, 5th Ed., Vol. 3, p. 1187.

f Journ. fur Prakt. Chem., 44, 320. 1848.
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The percentage of oxygen in sodium chlorate has been

determined only by Penny,* who used the same method
which he applied to the potassium salt. Four experiments

gave the following results

:

45.060

45-075

45.080

45-067

Mean, 45.0705, rb .0029

The ratio between silver and sodium chloride has been

fixed by Pelouze, Dumas, and Stas. Pelouzef dissolved a

weighed quantity of silver in nitric acid, and then titrated

with sodium chloride. Equivalent to 100 parts of silver he

found of chloride

:

54-158

54-125

54-139

Mean, 54.141, zfc .0063

By Dumas| we have seven experiments, with results as

follows : The third column gives the ratio between 100 of

silver and NaCl.

2.0535 grm.
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six different sources, found of sodium chloride equivalent

to 100 parts of silver :

^
54-2093

54.2088

54.2070

54.2070

54.2070

54.2060

54.2076

54.2081

54.2083

54.2089

Mean, 54.2078, ± .0002

Now, combining these three series, we get the following

result :

Pelouze 54.141, ±.0063
Dumas 54.172, d= .0096

Stas 54.2078, ± .0002

General mean 54.2076, ± .0002

Here the work of Stas is of such superior excellence that

the other series might be completely rejected without ap-

preciably affecting our calculations.

We have now before us the data establishing, with greater

or less accuracy, twenty different ratios relating to the

atomic weights of the seven elements under discussion. In

these we are to discuss the results of about two hundred and

fifty separate experiments. Before beginning upon our cal-

culations we will tabulate our ratios, and number them for

convenient future reference. Of course it will be under-

stood that the probable errors given below relate to the last

term of each proportion

:

(l.) Percentage of O in KCIO;, 39.154, dr .00038

(2.) " " KBrOj 28.6755, ± .0207

(3.)
" " KIO3 22.473, ± .0050

(4.) " " NaClOg 45.0705,^.0029

(5-) " " AgClOj 25.0795, ±: .0010

(6.) " " AgBrO^ 20.349, ±.0014

(7.) " " AglO.j 16.9771, ± .0009

(8.) " Ag in AgjSO^ 69.205, ±.0011
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(9.) Ag : NaCl : : lOO : 54.2076, dr .0002

(10.) Ag : KCl : : lOO : 69.1032, d= .0002

(11.) Ag : KBr : : 100 : 110.3459, zfc .0019

(12.) Ag : KI : : 100 : 153.6994, zb .0178

(13.) Ag : CI : : loo : 32.8418, dz .0006

(14.) Ag : Br : : lOO : 74.0809, ± .0006

(15.) Ag : I : : 100 : 117.5345, ± .0009

(16.) Ag : AgjS : : 100 : 1 14.8581, ± .0006

(17.) KCl : AgCl : : 100 : 192.294, zb .0029

(18.) AgCl : AgBr : : 100 : 131.030, d= .023

(19.) AgCl : Agl : : 100 : 163.733, ± .0076

(20.) AgCl : Ag2S : : 100 : 86.4733, ;+: .0011

Now, from ratios 1 to 7 inclusive, we can at once, by

applying the known atomic weight of oxygen, deduce the

molecular weights of seven haloid salts. Let us consider

the first calculation somewhat in detail.

Potassium chlorate yields 39.154 per cent, of oxygen and

60.846 per cent, of residual chloride. For each of these

quantities the probable error is zb .00038. The atomic

weight of oxygen is 15.9633, ± .0035, so that the value for

three atoms becomes 47.8899, =t .0105. We have now the

following simple proportion: 39.154 : 60.846 : : 47.8899 : x, =
the molecular weight of potassium chloride, = 74.4217.

The probable error being known for the first, second, and

third term of this proportion, we can easily find that of the

fourth term by the formula given in our introduction. It

comes out d= .0164. By this method we obtain the follow-

ing series of values, which may conveniently be numbered
consecutively with the foregoing ratios

:

(21.) KCl,
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First, from (lo) and (21,) Ag = 107.696, ± .024

Second, " (il) "
(22,)

" = 107.948, dz .087

Third, "
(12)

"
(23,)

" — 107.488, zb .037

Fourth, "
( 9 )

"
(24,)

" = 107.671, zh .025

Fifth, "
(13)

"
(25,)

" = 107.694, =b .024

Sixth, "
(14)

"
(26,)

'• = 107.681, zb .025

Seventh, "
(15)

"
(27,)

" = 107.659, zh .024

Eighth, " (8) "
(16,)

" = 107.712, zt .025

General mean, " = 107.675, zfc .0096

It is noticeable that six of these vakies agree very well.

The second and third, however, diverge widely from the

average, but in opposite directions ; they have, moreover,,

high probable errors, and consequently little weight. Of
these two, one represents little and the other none of Stas'

work. Their trifling influence upon our final results be-

comes curiously apparent in the series of silver values given

a little further along.

When we consider closely, in all of its bearings, any one

of the values just given, we shall see that for certain pur-

poses it must be excluded from our general mean. For

example, the first is derived partly from the ratio between

silver and potassium chloride. From this ratio, the atomic

weight of one substance being known, we can deduce that

of the other. We have already used it in ascertaining the

atomic weight of silver, and the value thus obtained is in-

cluded in our general mean. But if from it we are to deter-

mine the molecular weight of potassium chloride, we must

use a silver value derived from other sources only, or we
should be assuming a part of our result in advance. In

other words, we must now use a general mean f\jr silver

from which this ratio with reference to silver has been re-

jected. Hence the following series of silver va) ues, which

are lettered for reference :

A. General mean from all eight 107.675, zh .0096

B. " rejecting the first 107.671, zfc .0105

C. " " second 107.671, zfc .0097

D. " " third 107.679,4^.0100

E. " " fourth 107.675, zfc .0104

F. " " fifth 107.671, zfc .0105

G. " " sixth 107.674, zfc .0104

H. " " seventh 107. 67S, zfc .0105

I. " " eighth 107.679, zfc .0104
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These values are essentially the same, both in magnitude

and in weight. For all practical purposes any one of them
is as good as any other. Still, on theoretical grounds, it

may be well to keep them distinct and separate in the re-

mainder of this discussion.

We are now in a position to determine more closely the

molecular weights of the haloid salts which we have already

been considering.

For silver chloride, still employing the formula for the

probable error of the last term of a proportion, we get the

following values

:

From (5) AgCl ^ 143.062, zh .032

From (13) and (F) " = 143.032, d: .014

From (17) and (21) " =143.108,^.034
From (18) and (26) " = 143.061, d= .041

From (19) and (27) " --= I43-035. ± -033

General mean " = 143.045, ± .0108

Subtracting from this the atomic weight of silver, 107.675,

it .0096, we get for the atomic weight of chlorine, CI =
35.370, d= .014.

For silver bromide we have these results

:

From (6) AgBr = 187.453, d= .043

From (14) and (G) " = 187.440, ± .018

From (18) and (25) " =187.454,^.053

General mean " = 187.443, dr .016

Hence, using the general mean for silver as above, Br =
79.768, zt .019^

Silver iodide comes out as follows

:

From (7) Agl = 234.195, dr .053

From (15) and (H) " = 234.237, ± .023

From (19) and (25) " = 234.240, rfc .054

General mean " = 234.232, d= .019

Hence I = 126.557, ± .022.

For the molecular weight of sodium chloride we have

:

From (4) NaCl = 58.366, i .0137

From (9) and (E) " =58.368, ±.0056

General mean " = 58.3676, d= .0052
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Hence, if chlorine = 35.370, ± .014, then Na = 22.998,

± .011.

For potassiiun chloride:

From (i) KCl = 74.4217, =h .016

From (10) and (B) " = 74.4041, =t .007

From (17) and (25) " = 74-3975. ± -Oi?

General mean " = 74.4057, ±z .0062

For potassium bromide we j^et :

From (2) KBr =^ 119. 11 7, zfc .096

From (II) and (C) " = 118.810, d= .0118

General mean " = 1 18.815, dr .0117

And for potassium iodide :

From (3) KI = 165.210, =b .053

From (12) and (D) " = 165.502, zh .029

General mean " = 165.432, dz .026

Now, taking the molecular weights of these three potas-

sium salts in connection with the atomic weights just found

for chlorine, bromine, and iodine, we get these values for

potassium

:

From the chloride K = 39.036, ^b .016

From the bromide " -^ 39.047, it .022

From the iodide " _= 38.875, ± .034

General mean " = 39.019, zh .012

Finally, the three sulphur ratios give us three estimates

for the atomic weight of sulphur. In the third of these I

have applied the "A" value for silver and the general mean
for silver chloride

:

From (8) and (I) S = 31.968, it .014

From (16) and (I) " = 31-995, =t .032

From (20) " = 32.041, it .028

General mean " = 31.984, it .012

We may now appropriately compare the results of this
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discussion with the atomic weights deduced by Stas from

his own experiments only. His values are given under two

headings : one for oxygen = 16, the other for = 15.96.

As we have been using the figure 15.9633 for oxygen, here

is at the outset a discrepancy. Starting from this value we
found

:

Ag = 107.675, ±z .0096

CI = 35-370, ±: .014

Br = 79.768, it .019 .,

I == 126.557, d= .022

Na = 22.998, ± .011

K = 39.019, ±: .012

S = 31.984, =b .012

If we assume 16 to be the true figure for oxygen, we get

the following results, which I have placed in a column par-

allel with the values found by Stas

:

T/ie A^eza Values. Stas. Differences.

Silver 107.923 107.930 .007

Chlorine 35-451 35-457 -006

Bromine 79-951 79-95- -OO'

Iodine 126.848 126.850 .002

Sodium 23.051 23.043 .009

Potassium 39-I09 39-137 -028

Sulphur 32.058 32.074 .016

These differences are insignificant. No other criticism

could more severely test the character of Stas' work, or more

definitely illustrate his magnificent accuracy of manipula-

tion.
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NITROOEN.

The atomic weight of nitrogen has been determined from

the density of the gas, from the ratio between ammonium
chloride and silver, and from the composition of certain

nitrates.

Upon the density of nitrogen a great many experiments

have been made. In early times this constant was deter-

mined by Biot and Arago, Thomson, Dulong and Berzelius,

Lavoisier, and others. But all of these investigations may
be disregarded as of insufficient accuracy ; and, as in the case

of oxygen, we need consider only the results obtained by

Dumas and Boussingault, and by Regnault.

Taking air as unity, Dumas and Boussingault* found the

density of nitrogen to be

—

.970

.972

•974

Mean, .972, i .00078

For hydrogen, as was seen in our discussion of the atomic

weight of oxygen, the same investigators found a mean of

.0693, ± .00013. Upon combining this with the above

nitrogen mean, we find for the atomic weight of the latter

element, N = 14.026, ± .0295.

By Regnaultf much closer work was done. He found the

density of nitrogen to be as follows

:

97148

97148

97154

97155

97108

97108

Mean, .97137, ifc .000062

* Compt. Rend., 12, 1005. 1841.

f Compt. Rend., 20, 975. 1845.
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For hydrogen, Regnault's mean value is .069263, i
.000019. Hence, combining as before, N = 14.0244, =t

.0039.*

The value found by combining both series of experiments

is N =- 14.0244, i .0039.

In discussing the more purely chemical ratios for estab-

lishing the atomic weight of nitrogen, we may ignore, for

the present, the researches of Berzelius, of Anderson, and of

Svanberg. These chemists experimented chiefly upon lead

nitrate, and their work is consequently now of greater value

for fixing the atomic weight of lead. Their results will be

duly considered in the proper connection further on.

The ratio between ammonium chloride and silver has

been determined by Pelouze, by Marignac, and by Stas.

The method of working is essentially that adopted in the

similar experiments with the chlorides of sodium and potas-

sium.

For the ammonium chloride equivalent to 100 parts of

silver, Pelouzef found

:

49-556

49-517

Mean, 49-5365. == .013

MarignacJ obtained the following results. The usual

ratio for 100 parts of silver is given also :

8.063 5,rrm. Ag = 3.992 gnn. NH^Cl. 49-51°

9.402
" 4-656

" 49-521

10.339
' 5-I20 •• 49-521

12.497
" 6. 191

" 49-54°

11.337
" 5.617 " 49-546

11.307
"

5.595
" 49-483

4.326
" 2.143

" 49-538

Mean, 49-523. ± •0°55

* Professor Le Conte, in his corrections of Regnault's calculations, already

cited in a foot note to the chapter on oxygen, finds for the density of nitrogen the

value 0.971346. Hence N = 14.0225. This correction is very slight, but it

should be considered in any future revision of the atomic weights.

fCompt. Rend., 20, 1047. 1845.

X Berzelius' Lehrbuch, 5th Ed., 3d v., 1184, 1185.
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But neither of these series can for a moment compare

with that of Stas.* He used from 12.5 to 80 grammes of

silver in each experiment, reduced his weighings to a vac-

uum standard, and adopted a great variety of precautions

to ensure accuracy. He found for every 100 parts of silver

the following quantities of NH^Cl

:

49.600

599

597

598

597

593

597

5974
602

597

598

592

Mean, 49-5973. ± -oooS

Now, combining these three series, we get

:

Pelouze 49-5365, ± -013

Marignac 49.523, =t -0055

Stas 49-5973> ± -oooS

General mean 49-597, ±.0005

The quantity of silver nitrate which can be formed from

a known weight of metallic silver has been determined by

Penny, by Marignac, and by Stas. Pennyf dissolved silver

in nitric acid in a flask, evaporated to dryness without

transfer, and weighed. One hundred parts of silver thus

gave of nitrate

:

157-430

157-437

157-458

157.440

157-430

157-455

Mean, 157.4417, i .0033

*Aronstein's Translation, pp. 56-58.

t Phil. Trans., 1839.
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Marignac's* results were as follows. In the third column

they are reduced to the common standard of 100 parts of

silver

:

68.987 grm. Ag gave 108.608 grm. AgNOj. 157-433

57.844
" 91-047 " 157-401

66.436 " 104.592 «
157-433

70.340 "
1 10.718 " 157.404

200.000 " 314-894 "
157-447

Mean, 157.4236, dz .0061

StaSjf employing from 77 to 405 grammes of silver in

each experiment, made two different series of determina-

tions at two different times. The silver was dissolved with

all the usual precautions against loss and against impurity,

and the resulting nitrate was weighed, first after long drjdng

without fusion just below its melting point; and again,

fused. Between the fused and the unfused salt there was in

every case a slight difference in weight, the latter giving a

maximum and the former a minimum value.

In Stas' first series there are eight experiments ; but the

seventh he himself rejects as inexact. The values obtained

for the nitrate from 100 parts of silver are given below in two

columns, representing the two conditions in which the salt

was weighed. The general mean given at the end I have

deduced from the means of the two columns considered sep-

arately :

IMfuscd. Fused.

157-492 157-474

157-510 157-481

157-485 157-477

157-476 157-471

157.478 157-470

157.471 157-463

157.488 157-469

Mean, 157.4857 Mean, 157.472

General mean, 157.474, dz .0014

* Berzelius' Lehrbuch, 5th Ed., 3, pp. 1184, 1185.

f Aronstein's Translation, pp. 305 and 315.
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In the later series there are but two experiments, as fol-

lows :

Unfiised. Fused.

157.4964 157-488

157.4940 157-480

Mean, 157.4952 Mean, 157.4S4

General mean, 157.486, i .0003

Now, to combine all four sets of results

:

Penny 157.4417, ± .0033

Marignac 157.4236, ± .0061

Stas, 1st series 157.4740, dz .0014

Stas, 2d series 157.4S60, i .0003

General mean 157.479, ±.0003

For the direct ratio between silver nitrate and silver chlo-

ride there are tw^o series of estimations. A weighed quan-

tity of nitrate is easily converted into chloride, and the

weight of the latter ascertained. In two experiments Tur-

ner* found of chloride from 100 parts of nitrate

:

84-357

84-389

Mean, 84.373, zb .011

Penny,t in five determinations, found the following per-

centages :

84-370

84.388

84-377

84.367

84-370

Mean, 84.3744, zb .0025

The general mean from both series is 84.3743, =b .0025.

The ratio directly connecting silver nitrate with ammo-
nium chloride has been determined only by Stas.:{: The

*Phil. Trans., 1833,537.

t Phil. Trans., 1839.

\ Aronstcin's Translation, p. 309.
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usual method of working was followed; namely, nearly

equivalent quantities of the two salts were weighed out, the

solutions mixed, and the slight excess of one estimated by
titration. In four experiments 100 parts of silver nitrate

were found equivalent to chloride of ammonium as follows

:

31.489

31-490

31-487

31.486

Mean, 31.488, i .0006

The similar ratio between potassium chloride and silver

nitrate has been determined by both Marignac aiid Stas.

Marignac* gives the following weights. I add the quan-

tity of KCl proportional to 100 parts of AgNOg

:

1.849 gl'"- i^^' -
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Second Scries.

43.864

43.869

43-876

Mean, 43.8697, =fc .0023

Third Series.

43.894

43.878

43-885

Mean, 43.8857, =h .0031

Combining all four series we have

:

Marignac 43.858, ±z .0044

Stas, 1st series 43-8755, dr .0005

" 2d " 43.8697, ± .0023

" 3d " 43.8857,^.0031

General mean 43.8715, ±i .0004

There have also been determined by Penny and by Stas

a series of ratios connecting the alkaline chlorides and chlo-

rates with the corresponding nitrates. One of these, relat-

ing to the lithium salts, will lie studied further on with ref-

erence to that metal.

The general method of working upon these ratios is due

to Penny.* Applied to the ratio between the chloride and

nitrate of [)otassium it is as follows : A weighed quantity of

the chloride is introduced into a flask which is placed upon

its side and connected with a receiver. An excess of pure

nitric acid is added, and the transformation is gradually

brought about by the aid of heat. Tlien, upon evaporating

to dryness over a sand bath, the nitrate is brought into

weighable form. The liquid in the receiver is also evapo-

rated, and the trace of solid matter which had been mechan-

ically carried over is recovered and also taken into account.

In another series of experiments the nitrate was taken, and

by pure hydrochloric acid converted into chloride; the pro-

cess being the same. In the following columns of figures I

*Phil. Trans., 1839.
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have reduced both series to one standard ; namely, so as to

express the number of parts of nitrate corresponding to 100
of chloride

:

First
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By the same general process Penny* determined how

much potassium nitrate could be formed from 100 parts of

chlorate. He found as follows :

82.505

82.497

82.498

82.500

Mean, 82. 500, db .0012

For 100 parts of sodium chlorate he found of nitrate

:

79-875

79.882

79.890

Mean, 79.8823, ± .0029

For the ratio between the chloride and nitrate of sodium

Penny made two sets of estimations as in the case of potas-

sium salts. The subjoined figures give the amount of

nitrate equivalent to 100 parts of chloride

:

First Series.—NaCl treated with HNO^
145-415

145.408

145.420

145.424

145.410

145.418

145.420

MeJin, 145.4164, zb .0015

Second Series.—NaA'O^ treated with HCl.

145.419

145-391

145.412

145-415

145.412

145.412

Mean, 145.410, =b .0026

*PhiI. Trans., 1839.
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Stas* gives the following series :

145-453

145.468

145-465

145.469

145.443

Mean, after reducing

to vacuum standard, 145.4526. ±: .0030

Combining, we have as follows

:

Penny, 1st series 145. 4164, dr .0015

" 2d " 145.410, d= .0026

Stas 145.4526, dz .0030

General mean 145.4185, =b .0012

We have now, apart from the determinations of gaseous

density, nine ratios, representing one hundred and fourteen

experiments from which to calculate the atomic weight of

nitrogen. Let us first collect and number these ratios :

(I.) Ag : AgNOj : : 100 : 157.479. ^ -0003

(2.) AgNOj : AgCl : : 100 : 84.3743, ± .0025

(3.) AgNO.^ : KCl : : lOO : 43.8715, dz .0004

(4.) AgNOj : NH^Cl : : 100 : 31.488, zh .0006

(5.) Ag : NH.Cl : : 100 : 49-597, ± -OO05

(6.) KCl : KNO3 : : 100 : 135.6363, ± .0007

(7.) KCIO3 : KNO3 : : 100 : 82.500, zh .0012

(8.) NaCl : NaNOg : : lOO : 145. 4185, d= .0012

(9.) NaClOs : NaNO,, : : 100 : 79.S823, i .0029

From these ratios we are now able to deduce the molec-

ular weight of ammonium chloride and of the three nitrates

named in them. For these calculations we may use the

already determined atomic weights of silver, oxygen, potas-

sium, sodium, and chlorine, and the molecular weights of

silver chloride and sodium chloride. These two molecular

weights involve, respectively, the most probable values for

silver, sodium, and chlorine. We cannot, however, appro-

priately use the directly determined molecular weight of

potassium chloride, since the most probable value for the

* Aronstein's Translation, p. 278.
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atomic weight of potassium is only in part derived from
that salt. The following are the values which we shall

employ

:

Ag = 107.675, =b .0096
^

K =- 39.019, ± .012

Na = 22.998, ± .oil

CI = 35-370, ± .014

O3 = 47-8899, ± .0105

AgCl = 143.045, zb -0108

NaCl = 58.3676, ± .0052

Now, from ratio number five we can get the molecular

weight of ammonium chloride, NH^Cl = 53.4048, ± .0048,

and N = 14.0336, ± .0153.

From ratio number four an independent value for nitro-

gen can be calculated, namely, N = 14.0330, =h .015.

For the molecular weight of silver nitrate three values

are deducible, namely

:

From (i) AgNUj = 169.5655, ± .0151

From (2) " = 169.5362, ±z .0138

From (3) " ^= 169.5612, zb .0429

General mean _ " ^ 169.5489, =b .0099

Hence N = 13.9840, ± .0174.

The molecular weight of potassium nitrate is twice cal-

culable, as follows

:

From (6) KNO3 = 100.8985, rb .0255

From (7) " =r 100.8801, i .0178

General mean__ " = 100.8863, ± .0146

And N = 13.9774, ±: .0216.

So also for sodium nitrate we have

:

From (8) NaNOg = 84.8773, ± .0076

From (9) " =84.8809,^.0099

General mean.. " =: 84.8785, d= .0060

And N = 13.9906, ± .0163.

We have now before us six estimates of the atomic weight

of nitrogen. It only remains for us to combine these after

.4
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the usual method, as follows, in order to obtain the most

probable value

:

From specific gravity of N N = 14.0244, ±
" ammonium chloride " =^ 14.0336, d=

" ratio number four " = 14.0330, ±
" silver nitrate " = 13.9840, ±
" potassium nitrate " =13.9774,1+;
" sodium nitrate " = 13.9906, ±

General mean. 14.0210, zfc .0035

0039

0153

0150

0174

0216

0163

If oxygen is 16, this becomes 14.0291. Stas found N =
14.044. The difference is .015, showing a remarkably close

agreement.

CARBON.

Although there is a large mass of material relating to the

atomic weight of carbon, much of it may be summarily set

aside as having no value for present purposes. The density

of carbon dioxide, which has been scrupulously determined

by many investigators,* leads to no safe estimate of the con-

stant under consideration. The numerous analyses of hydro-

carbons, like the analyses of naphthalene by Mitscherlich,

Woskrescnsky, Fownes, and Dumas, give results scarcely

more satisfactory. In short, all the work done upon the

atomic weight of carbon before the year 1840 may be safely

rejected as unsuited to the present requirements of exact

science. As for methods of estimation we need consider but

three, as follows

:

First.—The analysis of organic salts of silver.

Second.—The determination of the weight of carbon dioxide

formed by the combustion of a known weight of carbon.

* Notably by Lavoisier, Biot and Arago, De Saussure, Dulong and Berzelius,

Buff. Von Wrede, Regnault, and Marchand. For details. Van Geuns' monograph

may be consulted.
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Third.^-The method of Stas, by the combustion of carbon

monoxide.

The first of these methods, which is also the least accu-

rate, was employed by Liebig and Redtenbacher* in 1S40.

They worked with the acetate, tartrate, racemate, and malate

of silver, making five ignitions of each salt, and determining

the percentage of metal. From one to nine grammes of

material were used in each experiment.

In the acetate the following percentages of silver were

found

:

64.615

64.624

64.623

64.614

64.610

Mean, 64.6172, =fc .0018

After ap|)lying corrections for weighing in air this mean
becomes 64.6065.

In the tartrate the silver came out as follows

:

59-297

59-299

59-287

59-293

59-293

Mean, 59.2938, dr .0014

Or, reduced to a vacuum, 59.2806

In the racemate we have

:

59.290

59.292

59.287

59-283

59.284

Mean, 59.2872, =b .0012

Or, corrected, 59.2769

* j\nn. Cham. Pharm., 38, 137. Mem. Chem. Soc, i, 9. Phil. Mag., (3,)

19, 210.
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lishing, by reference to carbon, the atomic weight of silver.

We will simply reverse his results and apply them to the

atomic weight of carbon. He effected the combustion of

the acetate and the oxalate of silver, and, ])y weighing both

the residual metal and the carbon dioxide forined, he fixed

the ratio between these two substances. In the case of the

acetate his weighings show that for every gramme of me-

tallic silver the weights of CO2 were produced, which are

shown in the third column :

8.083
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From the acetate, CO^ = .40724, zh .000076

" oxalate, " = .40718, ± .oooi§5

General mean, " = .40723, dr .000071

Here the slight error due to the impurity of the oxalate

becomes of such trifling weight that it practically vanishes.

From these data, if Ag = 107.675, ± .0096, CO, =
43.8485, ± .0086.

Hence C = 11.9219, ± .0111.

As has already been said, the volatility of silver renders

all the foregoing results more or less uncertain. Far better

figures are furnished by the combustion of carbon directly,

as carried out by Dumas and Stas* in 1840 and by Erdmann
and Marchandf in 1841. In both investigations weighed

quantities of diamond, of natural graphite, and of artificial

graphite were burned in oxygen, and the amount of dioxide

produced was estimated by the usual methods. The graphite

employed was purified with extreme care by treatment with

strong nitric acid and by fusion with caustic alkali. I have

reduced all the published weighings to a common standard,

so as to show in the third column the amount of oxygen

which combines with a unit weight (say one gramme) of

carbon. Taking Dumas and Stas' results first in order we

have from natural graphite

:

I.OOO
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And with diamond

.708 grm. C gave 2.598 grm. CO.^. 2.6695

.864 " 3-1675 " 2.6661

1. 219 " 4.465 " 2.6628

1.232 " 4.519 " 2.6680

1.375
"•

5.041 " 2.6662

Mean, 2.6665, ± .0007

Erdmann and Marchand's figures for natural graphite

give the following results

:

1.5376 grm. gave 5.6367 grm. CO.^. 2.6659

1.6494 " 6.0384 " 2.6609

1.4505 " 5-3'575 " 2.6647

In one experiment 1.8935 grm. of artificial graphite gave

6.9355 grm. CO2. Ratio for 0, 2.6628. This, combined with

the foregoing series, gives a mean of 2.6636, ± .0007.

With diamond they found :

.8052 grm. gave 2.9467 grm. CO.^. 2.6596

1.0858 " 3.9875 " 2.6632

1.3557 " 4.9659 " 2.6629

1.6305 " 5-97945 " 2.6673

.7500 " 2.7490 " 2.6653

Mean, 2.6637, dr .0009

Now, combining all these series, we get the following

result

:

Dumas and Stas, ist set 2.6683, — .0005
" 2d " 2.66985, ± .0013
" 3d " 2.6665, i .0007

Erdmann and Marchand, ist 2.6636, zt: .0007
" 2d 2.6637, zh .0009

General mean 2.66655, dz .0003

Hence, if = 15.9633, ± .0035, C = 11.973, ± .0030.

Another very exact method for determining the atomic

weight of carbon was emploj^ed by Stas* in 1849. Carefully

purified carbon monoxide was passed over a known weight

* Bull. Acad. Bru.xelles, 1849, ('>) 3^-
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of copper oxide at a red heat, and both the residual metal

and the carbon dioxide formed were weighed. The weigh-

ings were reduced to a vacuum standard, and in each ex-

periment a quantity of copper oxide was taken representing

from eight to twenty-four grammes of oxygen. The method,

as will at once be seen, is in all essential features similar to

that usually employed for determining the composition of

water. The figures in the third column, deduced from the

weights given by Stas, represent the quantity of carbon

monoxide corresponding to one gramme of oxygen :

9.265 grm. O = 25.483 CO,. 1.75046

8.327 " 22.900 •'
1. 75010

13-9438
" 38.351 " 1-75040

II.6124 "
31-935

" 1.75008

18.763 " 51-6055 " 1.75039

19.581
" 53-8465

"
1-74994

22.515 " 61.926 " 1.75043

24.360 " 67.003 " 1.75053

Mean, 1.7 5029, =h .00005

Hence the molecular weight of carbon monoxide is

27.9404, d= .0062. And C = 11.9771, ±: .0071.

Now, in order to complete our discussion, we must com-

bine the four values we have found for carbon

:

1. By Liebig and Recltenbacher_.C = 12.0363, dz .0028

2. By Maumene's figures " = 11. 9219, dz .01 11

3. By combustion of carbon " = 11.9730, rfc .0030

4. By Stas' method " =: I1.9771, i .0071

General mean " = 12.0021, dr .0019

But values one and two are hardly reliable enough to be

included in our final estimate. They involve dangerous

constant errors, and ought, therefore, to be disregarded.

Rejecting them altogether, and taking a general mean from

values three and four, we get for the most probable figure

for the atomic weight of carbon, C = 11.9736, ± .0028. If

oxygen is 16, then carbon becomes 12.0011. In other words,

the ratio between oxygen and carbon is almost exactly 16

to 12.
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BARIUM.

For determining the atomic weight of barium we have a

series of six ratios, established by the labors of Berzelius,

Turner, Struve, Pelouze, Marignac, and Dumas. Andrews*

and Salvetat,t in their papers upon this subject, gave no

details nor weighings ; and, therefore, their work may be

properly disregarded. First in order in point of import-

ance, if not first chronologically, is the ratio between silver

and anhydrous barium chloride, as determined by Pelouze,

Marignac, and Dumas.

Pelouze,t in 1845, made the three subjoined estimations

of this ratio, using his well known volumetric method. A
quantity of pure silver was dissolved in nitric acid, and the

amount of barium chloride needed to precipitate it was ac-

curately ascertained. In the last column I give the quan-

tity of barium chloride proportional to 100 parts of silver

:

3.860 grm. BaClj ppt. 4.002 grm. Ag. 96.452

5.790 " 6.003 " 96.452

2.895 " 3-OOI " 96.468

Mean, 96.4573, zb .0036

Essentially the same method was adopted by Marignac
||

in 1848. His experiments were made upon four samples of

barium chloride, as follows. A, commercial barium chlo-

ride, purified by recrystallization from water. B, the same
salt, calcined, redissolved in water, the solution saturated

with carbonic acid, filtered, and allowed to crystallize. C,

the preceding salt, washed with alcohol, and again recrys-

tallized. D, the same, again washed with alcohol. For 100

parts of silver the following quantities of chloride were re-

quired :

* Chemical Gazette, October, 1852.

f Compt. Rend., 17, 318.

J Compt. Rend., 20, 1047. Jouin. fur Prakt. Chem., 35, 73.

II
Arch. d. Sci. Phys. et Nat., 8, 271.
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A.

96.356

96.345

96.362

Mean, 96.3543, dz .OO33

96.356

96.452

Mean, 96.354, ± .0013

96.358

96.363

Mean, 96.3605, ± .0017

D.

96.346

96.384

96.361

96.377

Mean, 96.367, ±z .0057

Dumas* employed barium chloride prepared from pure

barium nitrate, and took the extra precaution of fusing the

salt at a red heat in a current of dry hydrochloric acid gas.

Three series of experiments upon three samples of chloride

gave the following results

:
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1.6625 grm. BaCl2 =
2.4987

3-4468

4.0S22 "

4.2062 "

4.4564

8.6975

Scn'c's B.

1.727 grm. Ag,

2.5946

3-579

4-2395

4-3683

4.629

9.031

Ratio, 96.265

96.304

95.306

96.290

96.289

96.271

96.307
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A. B.

113109 113-135

113.135 II3.122

113.097 113.060

Mean, 113. 114, ±: .0074 Mean, 113. 106, ~ 0154

The general mean from both series is 113.113, zb .0067.

The direct ratio between the chlorides of silver and

barium was early established both by Berzelius* and Tur-

ner.f Berzelius found that 100 parts of dry barium chlo-

ride gave of silver chloride:

13S.06

138.08

Mean, 138.07, ± .007

Turner made five experiments, with the following results

:

137-45

137-54

137-70

137.62

137-64

Of these. Turner regards the fourth and fifth as the most

exact. These give a mean of 137.63, ±: .007, while the

other three are in mean 137.563, ± .049. Combining Ber-

zelius' figures with those of Turner, Ave get as follows

:

Berzelius 138.07, ± .007

Turner, i, 2, 3 137-563. ± -049

" 4,5 137-63. ±-007

General mean 137.841, ± .0047

Incidentally to some of his other Avork Marignac| deter-

mined the percentage of water in crystallized barium chlo-

ride. Two sets of three experiments each Avere made, the

first upon five grammes and the second upon ten grammes

of salt. The following are the percentages obtained

:

* Poggend. Annal., 8, 177.

t Phil. Trans., 1829, 291.

JJourn. f. Prakt. Chem., 74, 212. 1858.
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Marignac's* three results are as follows

:

8.520 grm. BaCl., gave 9.543 BaSO^. Ratio, 112.007

8.519 "
9.544 " 112.032

8.520 " 9.542 •• 1 1 1-995

Mean, 1 12.01 1, dr .0071

Rejecting Turner's single result as unimportant, we may
combine the other series

:

Berzelius 112. 175, =b -0034

Struve 112.0938, rh .0018

Marignac 112.on, ±.0071

General mean 112. 106, ±.0015

The data from which we are to calculate the atomic weight

of barium may now be tabulated as follows

:

(i.) Agj : BaCl2 : : lOO : 96.3596, zb .0009

(2.) Ag2 : BaCl2.2H.^O : : lOO : 113. 1 13, ± .0067

(3.) BaCl2 : 2AgCI : : lOO : 137. 841, ± .0047

(4.) Per cent, of H2O in BaCl2.2H20, 14.799, ± .0014

(5.) BaSO^ : BaNjOe : : 112.028, d= .014

(6.) BaCU : BaSO^ : : loo : 1 12. 106, rh .0015

From these ratios, with the aid of the atomic weights

already established, we can immediately calculate four inde-

pendent values for the molecular Aveight of BaCL,

:

From (i) BaClj = 207.510, i .019

From (2) " = 207.662, dr .027

From (3) " =z 207.536, zb .017

From (4) " =206.837,^.045

General mean " =r 207.505, i .011

We have here an interesting example of the compensation

of constant errors. Ratios (2) and (4) both represent work

done by Marignac upon barium chloride containing water

of crystallization. If now, as is not improbable, the salt

contained a trifling excess of water, the molecular weight of

barium cliloride as calculated from .(2) would come out too

high, while on the other hand the result from ratio (4)

would err in the opposite direction. In point of fact, the

*Journ. f. Prakt. Chem., 74, 212. 1858.
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two results in the present calculation nearly compensate

each other, and, on account of their relatively high prob-

able errors, they exert but an unimportant influence upon
the general mean.

In conclusion, we have tln'ee independent values for the

atomic weight of barium :

From mol. \vt. of BaCl.^ Ba = 136.765, =h .031

From ratio (5) " ^ 136.795- ± .364

From ratio (6) " = 136.595. ± -309

General mean " = 136.763,^ .031

If = 16, then Ba = 137.007. In other words, the ratio

between oxygen and barium is almost an exact ratio between

two whole numbers.

In the above discussion it will at once be noticed that the

second and third values for Ba have very high probable

errors, and that they therefore exert almost no influence

upon the general mean. This fact by no means renders

them worthless however, for, at the lowest estimate, they are

useful in confirmation of the better determinations. It is

also highly probable that the method of discussion, rigidly

carried out, does not do them absolute justice.
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STRONTIUM.

The ratios which fix the atomic weight of strontium re-

semble in general terms those relating to barium, only they

are fewer in number and represent a comparatively small

amount of work. The early experiments of Stromeyer,*

who measured the volume of CO2 evolved from a known
Aveight of strontium carbonate, are hardly available for the

present discussion. So also we may exclude the determina-

tion by Salvetat,t who neglected to publish sufficient details.

Taking the ratio between strontium chloride and silver

first in order, we have series of figures b}^ Pelouze and by

Dumas. Pelouze^ employed the volumetric method already

described under barium, and in two experiments obtained

the subjoined results. In another column I append the

ratio between SrCl, and 100 parts of silver:

1.480 grm. SiClj = 2.014 grin. Ag. 73-486

2.2IO " 3.008 " 73-471

Mean, 73.4781, d: .0050

Dumas,|| by the same general method, made sets of ex-

periments with three samples of chloride which had pre-

viously been fused in a current of dry hydrochloric acid.

His results, expressed in the usual way, are as follows

:

Series A.

3.137 gmi. .S1CI2 =^ 4.280 grm. Ag. Ratio, 73.2944

1.982 " 2.705 " 73-2717

3.041 " 4.142 " 73-4186

3-099 " 4-219 " 73-4534

Mean, 73-3595- ± -0303

* Schweigg. Journ., 19,228. 1816.

f Compt. Rend., 17, 318. 1843.

X Compt. Rend., 29, 1047. 1845.

II
Ann. Chim. Phys., (3,) 55, 29. 1859. Ann. Chem. Pharm., 113. 34.
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Series B.

3.356 grni. SrClg = 4-574 grm. Ag. Ratio, T^.-yi^l

6.3645 " 8.667 " 73-4327

7.131 " 9.712 " 73-4246

Mean, 73.4095, ± .0130

Series C.

7.213 grm. SrClj = 9. 811 gnn. Ag. Ratio, 73.5195

2.206 " 3.006 " 73-3866

4.268 " 5-8i6 " 73-5529

4.018 " 5.477 " 73-3613

Mean, 73-4551. ± -0321

Combining, we have

:

Pelouze 73.4781. d= .0050

Dumas, A 73-3595- ± -0303

B 73-4095. ± -0130

c 73-4551. ± -0321

General mean 73-4655, ± .0046 -'

The foregoing figures apply to anhydrou.s strontium chlo-

ride. The ratio between silver and the crystallized salt,

SrCla-BHjO, has also been determined in two series of ex-

periments by Marignac* Five grammes of salt were used

in each estimation, and, in the second series, the percentage

of water was first determined. The cjuantities of the salt

corresponding to 100 parts of silver are given in the last

column

:

Series A.

5 grm. .SrCl2.6H20 = 4.0515 grm. Ag. 123.4"

4.0495 " 123.472

4.0505 " 123.442

Mean, 123.442, ± .012

Series B.

5 grm. SrClj.eHgO = 4.0490 grm. Ag. 123.487

4.0500 " 123.457

4.0490 " 123.487

Mean, 123.477, ± .007

General mean of both series, 123.470, ±z .006

* Journ, Prakt. Chem., 74, 216. 1858.
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In the same paper Marignac gives two sets of determina-

tions of the percentage of water in crystallized strontium

chloride. The first set, corresponding to " B " above, comes

out thus

:

40.556

40.568

40.566

Mean, 40.563, d= .0024

In the second set ten grammes of salt were taken at a

time, and the following percentages were found

:

40.58

40.59

40.58

Mean, 40.583, ifc .0020

General mean, from both series, 40.575, ± .0015

The chloride used in the series of estimations last given

was subsequently employed for ascertaining the ratio be-

tween it and the sulphate. Converted directly into sulphate,

100 parts of chloride yield the quantities given in the third

column

:

5.942 grm. SrClj gave 6. 887 giTn. SrSO^. 115.932

5-941
" 6.8855 '' 115-949

5.942
" 6.884 " "5-927

Mean, 115.936, zfc .004

Now, to sum up the ratios and calculate the atomic

weight of strontium.

(1.) Ag : SrClj : : 100 : 73.4655, ± .0046

(2.) Ag : SrCl2.6H,p : : 100 : 123.470, rb .006

(3.) Per cent, of Ufi in SrCl2.6H20, 40.575, ± .0015

(4.) SrClj : SrSO^ : : lOO : 1 15.936, =!= .004

We now have the molecular weight of SrCL,, as follows:

From (I) SrClj = 158.208, zfc .017

From (2) " =158.113,^.034
From (3) " = 157.852, rb .032

General mean " = 158.124, rb .014
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And for the atomic weight of strontium itself we have

two values, as follows

:

1. From mol. wt. of SrCl,, Sr = 87.384, rb .032

2. From (4) " := 86.765, zb .244

General me.in_.. " = 87.374, rfc .032

If = 10, then Sr = 87.575.

CALCIUM

For determining the atomic weight of calcium we have
sets of experiments by Berzelius, Erdmann and Marchand,
and Dumas. Salvetat* also has published an estimation,

but without the details necessary to enable us to make use

of his results. I also find a referencef to some work of

^larignac ; wliicli, however, seems to have been of but little

importance. The earlier Avork of Berzelius was very in-

exact as regards calcium, and it is not until we come down
to the year 1842 that we find any material of decided value.

The most important factor in our present discussion is the

composition of calcium carbonate, as worked out by Dumas
and by Erdmann and Marchand.

In 1842 DumasJ made three ignitions of Iceland spar,

and determined the percentages of carbon dioxide driven

off and of lime remaining. The impurities of the material

were also determined, the correction for them applied, and the

weighings reduced to a vacuum standard. The percentage

of lime came out as follows

:

56.12

56.04 .

56.06

Mean, 56.073, zh .016

* Compt. Rend., 17, 318. 1843.

f See Oudeman's monograpli, p. 51.

J Compt. Rend., 14, 537. 1842.
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About this same time Erdmann and Marchand* began

their researches upon the same subject. Two ignitions of

spar, containing .04 per cent, of impurity, gave respectively

56.09 and 50.18 per cent, of residue; but these results are

not exact enough for us to consider further. Four other

results obtained with artificial calcium carbonate are more
noteworthy. The carbonate was precipitated from a solu-

tion of pure calcium chloride by ammonium carbonate, was

washed thoroughly with hot water, and dried at a tempera-

ture of 180°. With this preparation the following residues

of lime were obtained :

56.03

55-98

56.00

55-99

Mean, 56.00, rb .007

It was subsequently shown by Berzelius that calcium car-

bonate prepared by this method retains traces of water even

at 200°, and that minute quantities of chloride are also held

by it. These sources of error are, however, in opposite di-

rections, since one would tend to diminish and the other to

increase the weight of residue.

In the same jDaper there are also two direct estimations of

carbonic acid in pure Iceland spar, which correspond to the

following percentages of lime

:

56.00

56.02

Mean, 56.01, rfc .007

In a still later paperf the same investigators give another

series of results based upon the ignition of Iceland spar.

The impurities were carefully estimated, and the percentages

of lime are suitablv corrected

:

* Journ. fur Prakt. Chem., 26, 472. 1842.

t Journ. fiir Prakt. Chem., 31, 269. 1844.
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spar was carefully converted into calcium sulphate, and the

gain in weight noted. One hundred parts of spar gave of

sulphate

:

136.07

136.06

136.02

136.06

Mean, 136.0525, zh .0071

In 1843 the atomic weight of calcium was redetermined

by Berzelius,* who investigated the ratio between lime and
calcium sulphate. The calcium was first precipitated from

a pure solution of nitrate by means of ammonium car-

bonate, and the thoroughly washed precipitate was dried

and strongly ignited in order to obtain lime wholly free

from extraneous matter. This lime was then, with suitable

precautions, treated with sulphuric acid, and the resulting

sulphate was weighed. Correction was applied for the trace

of solid impurity contained in the acid, but not for the

weighing in air. The figures in the last column represent

the percentage of weight gained by the lime upon conversion

into sulphate

:

1.80425 yrm. CaO gained 2.56735 grm. 142.295

2.50400 " 3-57050 " 142.592

3.90000 " 5-55HO " 142.343

3.04250 " 4.32650 " 142.202

3.45900 " 4-93140 " 142.567

Mean, 142.3998, ± .0518

Last of all we have the ratio between calcium chloride

and silver, as determined by Dumas.f Pure calcium chlo-

ride was first ignited in a stream of dry hydrochloric acid,

and the solution of this salt was afterwards titrated with a

silver solution in the usual way. The CaCL, proportional

to 100 parts of Ag is given in a third column :

* Journ. fiir Prakt. Chem., 31, 263. Ann. Cliem. Pharm., 46, 241.

f Ann. Chim. Phys., (3,) 55, 129. 1S59. Ann. Chem. Pharm.. 113, 34.
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2.738 gmi. CaCl^ = 5.309 grm. Ag. 51-573

2.436 " 4.731 " 51-490

1.859 " 3.617 " 51.396

2.771 "
5.38.85 " 51-424

2,240 "
4-3585 " 51-394

Mean, 51.4554, ± .0230

We have now four ratios to calculate from, as follows

:

(I.) Per cent, of CaO in CaCOj, 56.0198, =!= .0029

(2.) CaO : SO3 : : loO : 142.3998, dr .051S

(3.) CaCOg : CaSO^ : : 100 : 136.0525, :±: .0071

(4.) Ag : CaCl.^ : : 100 : 51.4554, =t .0230

These give us the subjoined values for calcium

:

From (I) Ca = 39.955, ± .011

From (2) " ^40.139, zb .023

From (3) " = 39.925, zh .068

From (4) " = 40.069, zb .058

General mean " = 39.990, ± .010

If = 16, then Ca = 40.082.

A glance at the above figures will show that, if, as is

probable, the value deduced from the composition of calcium

carbonate is a trifle too high, the general mean must be too

high also. It is, therefore, interesting to see what result the

very latest of Erdmann and Marchand's experiments will

lead to. They found, after taking every precaution, in a

single exjDeriment that calcium carbonate yielded 55.998 per

cent, of lime. From this we get Ca = 39.905 ; or, if =
16, Ca = 39.997. It is possible, then, that " Front's law "

may hold good for calcium.
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LEAD.

For the atomic weight of lead we have to consider experi-

ments made upon the oxide, chloride, nitrate, and sulphate.

The researches of Berzelius upon the carbonate and various

organic salts need not now be considered, nor is it worth

while to take into account any work of his done before the

year 1818. The results obtained by Dobereiner* and by

Longchampt are also without special present value.

For the exact composition of lead oxide we have to de-

pend upon the researches of Berzelius. His experiments

were made at different times through quite a number of

years ; but were finally summed up in the last edition of

his famous " Lehrbuch."| In general terms his method of

experiment was ver}^ simple. Perfectly pure lead oxide was

heated in a current of hydrogen, and the reduced metal

weighed. From his weighings I have calculated the per-

centages of lead thus found and given them in a third

column

:
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were intended rather to fix the atomic weight of sulphur,

dissolved in each estimation ten grammes of pure lead in

nitric acid, then treated the resulting nitrate with sulphuric

acid, brought the sulphate thus formed to dryness, and

weighed. One hundred parts of metal yield of PbS04 •

146. 3S0

146.400

146.440

146.458

Mean, 146.419, =fc .012

Turner/'' in three similar experiments, found as follows

:

146.430

146.398

146.375

Mean, 146.401, ± .Oil

In these results of Turner's absolute weights are implied.

The results of Stas' syntheses,! effected after the same
general method, but with variations in details, are as follows.

Corrections for weighing in air were applied

:

146.443

146.427

146.419

146.432

146.421

146.423

Mean, 146.4275, rh .0024

Combining, we get the subjoined result

:

Berzelius 146.419, ±.012
Turner 146.401, ±.011
Stas 146.4275, ± .0024

General mean 146.4262, 4z .0023

Turner, in the same paper, also gives a series of syntheses

of lead sulphate, in which he starts from the oxide instead

*Phil. Trans., 1833, 527-538.

f Aronstein's Translation, ^iH-
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of from the metal. One hundred parts of PbO, upon con-

version into PbS04, gained weight as follows

:

35-84

35-71

35-84

35-75

35-79

35-78

35-92

Mean, 35.804, ~ .018

These figures are not wholly reliable. Numbers one, two,

and three represent lead oxide contaminated with traces of

nitrate. The oxide of four, five, and six contained traces

of minium. Number seven was free from these sources of

error, and, therefore, deserves more consideration. The
series as a whole undoubtedly gives too low a figure ; and

this error would tend to slightly raise the atomic weight of

lead.

Still a third series by Turner establishes the ratio between

the nitrate and the sulphate ; a known weight of the former

being in each experiment converted into the latter. One

hundred parts of sulphate represent of nitrate

:

109.312

109.310

109.300

Mean, 109.307, a= .002

In all these experiments by Turner the necessary correc-

tions were made for weighing in air.

For the ratio between lead chloride and silver we have a

series of results by Marignac and one experiment by Dumas.

There are also unavailable data by Turner and by Ber-

zelius.

Marignac,* applying the method used in his researches

upon barium and strontium, and working with lead chlo-

ride which had been dried at 200°, obtained these results.

* Tourn. fur Prakt. Chem., 74, 21S. 1S5S.
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The third column gives the ratio between PbCl,, and 100

parts of Ag-

:

4.9975 grin. PbCIj = 3.8S10 gi-m. Ag. 128.768

4.9980 " 3.8835
" 128.698

5.0000 " 3.8S35 " 128.750

5.0000 " 3.8860 " 128.667

Mean, 128.721, rh .016

Dumas,* in his investigations, found that lead chloride

retains traces of water even at 250°, and is sometimes also

contaminated with oxychloride. In one estimation 8.700

grammes PbCL, saturated 6.750 of Ag. The chloride con-

tained .009 of impurity; hence, correcting, Ag : PbCL : :

100 : 128.750. If we assign this figure equal weight with

those of INIarignac, we get as the mean of all, 128.72G6, ±
.013. The sources of error indicated by Dumas, if they are

realh' involved in this mean, would tend slightly to raise

the atomic weight of lead.

The .synthesis of lead nitrate, as carried out by Stas,t

gives excellent results. Two series of experiments were

made, with from 103 to 250 grammes of lead in each deter-

mination. Tlie metal was dissolved in nitric acid, the solu-

tion evaporated to dryness with extreme care, and the

nitrate weighed. All weighings were reduced to the vacuum
standard. In series A the lead nitrate was dried in an air

current at a temperature of about 155°. In series B the

drying was effected in vacuo. 100 of lead yield of nitrate

:

159

159

159

159

159

159

973

975

9S2

975

968

.973

Mean, 159.9743, rh .0012

* Ann. Cham. Pharm., 113, 35. i86o.

f Aronstein's Translation, 326.
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r..

159.970

159.964

159-959

159.965

Mean, 159.9645, i .0015

Mean from lioth .series, 159.9704, ± .0010

There still remain to be noticed two sets of experiments

upon lead nitrate, which were originally intended to estab-

lisli the atomic weight of nitrogen. Lead nitrate was care-

fully ignited and the residual oxide weighed. The first

series, bearing Svanberg's name,* gives simply the percent-

age of oxide found, as follows

:

67.4030

67.4036

67.4043

67-5956

Mean, 67.4016, zh .0014

The second series is by Anderson,t and gives the weigh-

ings upon Avhich the percentages rest. The latter come out

thus

:

5.19485 grm. PbN/Jg gave 3.5017 grm. PbO. 67.4071 percent.

9.7244 " 6.5546 " 67.4037

9.2181 " 6.2134 " 67.4044 "

9.6530 " 6.5057 " 67.3957 "

Mean, 67.4027, rt .0016

It will at once be seen that these series are identical ; the

discordance between the first figures of the two being un-

doubtedly due to some misprint in the weighings of the

Anderson set. How it hapjiens that the same work has

been published by two separate authors I will not attempt

to explain ; neither will I undertake to determine whicli of

the two is really entitled to credit.

*Journ. fiir Prakt. Chem.,27, 381. 1S42.

f Ann. Chim. Pliys., (3,) 9, 254. 1843.
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We have now seven ratios upon which to base our com-
putations :

(l.) Per cent, of Pb in PbO, 92.8271, rfc .0013

(2.) Per cent, of PbO in PbNjOg, 67.4016, zt .0014

(3.) Pb : PbSO^ : : lOO : 146.4262, ±: .0023 '

(4.) PbO : PbSO^ : : loo : 135.804, ± .018

(5.) PbSO^ : PbN^Og : : lOO : 109.307, ± .002

(6.

)

Pb : PbN^Og : : lOO : 159.9704, ± .OOIO

(7.) Al,^ : PbCI.^ : : lOO : 128.7266, ± .OI3

Discussing these separately, we get an equal number of

values for the atomic weight of lead :

From (i) Pb :-- 206.587, ± .059

" (2) " = 207.046, zt .041

" (3) " = 206.435, ± .041

" (4) '• = 207.131, zfc .118

" (5) "=204.803,^.329
" (6) " = 206.454, ± .037

" (7) " = 206.473, d= .042

General mean " = 206.604, ± -019

If = 16, this becomes Pb = 207.079.

In the above discussion are included several values which

diverge widely from this general mean, and which, for

other reasons, are probably erroneous. Although but one of

these carries much weight, it is as well to exclude them, and
to base our computations upon the others. If, now, we
reject the second, fourth, and fifth values, we get for the

atomic weight of lead, Pb = 206.471, ± .021. If = 16,

this becomes Pb = 206.946.

From the synthesis of the nitrate Stas found 206.918, and
from the sulphate, 206.934. The agreement of these values

with our own general mean is certainly very close.
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FLUORmE.

The* atomic weight of fluorine has been determined only

by one general method, namely, by the conversion of flu-

orides into sulphates. Excluding the early results of Davy,*

we have only to consider the experiments of Berzelius,

Louyet, Dumas, and DeLuca, with reference to the fluorides

of calcium, sodium, potassium, barium, and lead.

The ratio between calcium fluoride and sulphate has been

determined by the four investigators above named, and by

one general process. The fluoride is treated with strong

sulphuric acid, the resulting sulphate is ignited, and the

product weighed. In order to ensure complete transforma-

tion special precautions are necessary ; such, for instance, as

repeated treatment with sulphuric acid, and so on. For

details like these the original papers must be consulted.

The first experiments in chronological order are those of

Berzelius,t who operated upon an artificial calcium fluoride.

He found, in three experiments, for one part of fluoride the

following of sulphate

:

1.749

1-750

1-751

Mean, 1.750, zh .0004

Louyet's researches^ were much more elaborate than the

foregoing. He began with a remarkably concordant series

of results upon fluor spar, in Avhich one gramme of the flu-

oride yielded from 1.734 to 1.737 of sulphate. At first he

regarded these as accurate, but he soon found that i)articles

of spar had been coated with sulphate, and had therefore

escaped action. In the following series this source of error

was jj-uarded against.

*Phil. Trans., 1814,64.

t Poggend. Annal., 8, i. 1826.

X Ann. Chim. Phys., (3,) 25, 300. 1849.
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Starting with fluor spar, Louyet found of sulphate as

follows

:
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1.686

1.683

1.685

Mean, 1.6S47, zb .0006

The weighings published by Dumas are as follows

:

•777 gi"™- NaF give 1.312 grm. Na^SO^. Ratio, 1.689

1.737
" 2.930 " " 1.687

Mean, 1.688, zh .0007

The general mean of both series is 1.6863, ± .0004.

Dumas also gives experiments upon potassium fluoride.

The quantity of sulphate formed from one gramme of flu-

oride is given in the last column

:

1.483 grm. KF give 2.225 g^n^- KgSO^. 1.5002

1.309 "
I. 961 "

I. 4981

Mean, 1.4991, =h .0007

The ratios for the fluorides of lead and of barium are due

entirely to Louyet. One gramme BaFg gave of BaS04:

1-332

1-331

1-330

Mean, 1.331, ± .0004

With the lead fluoride a new method of treatment was

adopted. The salt was fused, powdered, dissolved in nitric

acid, and precipitated by dilute sulphuric acid. The evap-

oration of the fluid and the ignition of the sulphate was

then effected without transfer. Five grammes of fluoride

were taken in each operation, yielding of sulphate

:

6.179

6.178

6.17S

Mean, 6.1783, ih .0002

We now have five ratios to calculate from, as follows :
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(l.) CaF2 : CaSO^ : : i.o : 1.74493, d= .0002

(2.) NaF : Na,SO^ : : i.o : 1.6863, =t -0004

(3.) KF : KjSO^ : : I.O : 1.4991, ± -0007

(4.) BaFg : BaSO^ : : 1.0 : 1.3310, rh .0004

(5.) PbF.^ : PbSO^ : : 5.0 : 6. 1783, i .0002

From these we get five values for F

:

From (I) F = 18.926, ± .009

" (2) " = 19.050, zh .014

" (3) " = 18.975. ± -032

" (4)
" = 18.993, ± -033

«' (5) '• =- 19.092, rb .016

General mean " = 18.984, ifc .0065

If = 16, this becomes 19.027.

Before leaving the subject of fluorine we must notice two

possible sources of error beyond the always to be considered

one of impurities in the materials employed. First, an in-

complete conversion of a fluoride into a sulphate would lead

to results tending to raise the atomic weight of fluorine.

On the other hand, the value for fluorine which has most

weight is that derived from calcium fluoride. But it was

shown under calcium that the atomic weight determined for

that metal was probably a trifle too high. This error, intro-

duced into our fluorine calculations, tends to lower our final

results. These two errors, then, if the}^ really exist, will, in

part at least, compensate each other.
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PHOSPHORUS.

The material from which we are to calculate the atomic

weight of phosphorus is by no means abundant. Berzelius,

in his Lehrbuch,* adduces only his own experiments upon

the precipitation of gold by phosphorus, and ignores all the

earlier work relating to the composition of the phosphates.

These experiments we will consider with reference to gold.

Pelouze,t in a single titration of phosphorus trichloride

with a standard solution of silver, obtained a wholly erro-

neous result ; and Jacquelain,| in his similar experiments,

did even worse. Schrotter's criticism upon Jacquelain suf-

ficiently disposes of the latter.||

There are, in short, but two investigations upon the

atomic weight of phosphorus which have any value for

present purposes, namely, the researches of Schrotter and of

Dumas. These chemists worked with different materials

and by different methods, and yet obtained beautifully con-

cordant results.

Schrotter§ burned pure amorphous phosphorus in dry

oxygen, and weighed the pentoxide thus formed. One

gramme of P yielded P.^Or, in the following proportions :

2.28909

2.287S3

2.29300

2.2S831

2.29040

2.2S788

2.28848

2.28856

2.28959

2.28872

Mean, 2.289186, ± .00033

Hence P = 30.9562, ± .0074.

*5th Ed., 1 1 88.

f Compt. Rend., 20. 1047.

X Compt. Rend., ^2i- ^93-

ll
Journ. fiir Prakt. Chem., 57, 315.

g Journ. fur Prakt. Chem., 53, 435. 1S51.
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Dumas* prepared pure phosphorus trichloride by the

action of dry chlorine upon red phosphorus. The portion

used in his experiments boiled between 76° and 78°. This

was titrated with a standard solution of silver in the usual

manner. Dumas publishes weights, from which I calculate

the figures given in the third column, representing the

quantity of trichloride proportional to 100 parts of silver

:

1.787 grni. PCI3 == 4.208 grm. Ag. 42.4667

1.466 " 3.454 " 42.4435

2.056 •' 4.844 " 42.4443

2.925 " 6.890 " 42.4528

3.220 " 7.582 " 42.4690

Mean, 42-4553. ± -0036

Hence P = 31.0314, ± .0467.

Now, combining these two values, we have

:

By Schrotter P = 30.9562, d= .0074

By Dumas " = 31.0314, dz .0467

General mean " = 30.9580, =b .0073

If = 16, this becomes 31.0292.

The fact here noticeable, that Dumas' figures give a value

for P slightly higher than that deduced from those of

Schrotter, may be accounted for upon the supposition that

the phosphorus trichloride contained traces of oxychloride.

Such an impurity would tend to raise the apparent atomic

weight of phosphorus, and its occurrence is by no means

improbable.

*Ann. Chem. Pharm., 113, 29. i860.
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BORON

The atomic weight of this element has been determined

by Berzehus and by Laurent, and calculated by Dumas
from some experiments by Deville.

Berzelius* based his determination upon three concordant

estimations of the percentage of water in borax. Laurentf

made use of two similar estimations, and all five may be

properly put in one series, thus

:

47.10
I

47.10 [ Berzelius,

47.10J
47-^5

I Laurent.
47.20/

Mean, 47.13, ifc .013

Hence B = 10.943, ± .023.

Dumas'l calculations were based on Deville's analyses of

the chloride and bromide of boron, which give the ratios

between AgCl and BCI3, and between AgBr and BBy^. Re-

ducing the weighings to a common standard, 100 parts of

silver chloride correspond to the quantities of boron tri-

chloride given in the third column

:

.6763 grm. BCI3 -=. 2.447 grm. AgCl. 27.303

.923
"

3.395
" 27.187

Mean, 27.245, rb .0^9

* Hence B = 10.808, it .174.

With the bromide, 2.44G BBrj gave 5.496 AgBr. If we

assign this experiment equal weight with one in the chlo-

ride series, and include the probable error of Br, B =
10.964, ±1 .304.

The three values combine as follows

:

" Poggend. Annal., 8, i. 1826.

f Journ. fur Prakt. Chem., 47, 415. 18

J Ann. Chem. Pharm., 113, 31. i860.
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From borax B = 10.943, zb .023

From BCI3 " = 10.808, zb .174

From BBrj " r= 10.964, ± .364

General mean " = 10.941. ih .023

If = 16, B = 10.966.

Further investigation of the atomic weight of boron is

evidently desirable.

SILICON.

Although Berzelius* attempted to ascertain the atomic

weight of silicon, first by converting pure Si into SiOa, and
later from the analysis of BaSiFg, his results were not satis-

factory. We need only consider the estimations of Pelouze,

Schiel, and Dumas.

Pelouze,t experimenting upon silicon tetrachloride, em-
ployed his usual method of titration with a solution con-

taining a known weight of silver. One hundred parts of

Ag gave the following equivalencies of SiCl^

:

39-4325

39-4570

Mean, 39.4447, ±: .0083

Hence Si = 28.408.

Essentially the same method was adopted by Dumas.t
Pure SiCli was weighed in a sealed glass bulb, then decom-

posed by water, and titrated. The results for 100 Ag are

given in the third column

:

2.899 grm. SiCl^= 7.3558 grm. Ag. 39-41 1

1.242 " 3.154 "
39-379

3.221 " 8.1875 " 39.340

Mean, 39.377, it -014

Hence Si = 28.117.

* Lehrbuch, 5 Aufl., 3, 1200.

f Compt. Rend., 20, 1047. 1845.

J Ann. Chem. Pharm., 113, 31. i860.
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Dumas and Pelouze's series combine as follows

:

Pelouze 39.4447, zt .0083

Dumas 39-377> ±.014

General mean 39.4265, ± .0071

Hence SiCl, = 169.810, ± .034.

Schiel,* also studying the chloride of silicon, decomposed

it by ammonia. After warming and long standing it was

filtered, and in the filtrate the chlorine was estimated as

AgCl. One hundred parts of AgCl correspond to the quan-

tities of SiCl^ given in the last column

:

.6738 grm. SiCl^ gave 2.277 g™i- ^gCl. 29.592

1.3092 " 4.418 " 29.633

Mean, 29.6125, zb .013S

Hence SiCl, = 169.437, ± .080, and Si = 27.957.

Combining the values for SiCl^ we have this result

:

Pelouze and Dumas SiCI^ ^ 169.810, ^ .034

Schiel " = 169.437, ±z .080

General mean ' = 169.675, zb .031

Hence Si = 28.195, ± .066; or, if = 16, Si = 28.260.

It will be observed that all of these determinations rest

upon the composition of SiCl4, a compound for which it

would not be easy to guarantee absolute purity. All the

errors likely to occur in the determination of the atomic

weight would be plus errors, so that the value deduced

above is almost certainly too high.

*Ann. Chem. Pharm., 120, 94.
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LITHIUM.

The earlier determinations of the atomic weight of hthium

b}^ Arfvedson, Stromeyer, C. G. Gmehn, and Kralovanzky

were all erroneous, because of the presence of sodium com-

pounds in the material employed. The results of Berzelius,

Hagen, and Hermann were also incorrect, and need no

further notice here. The only investigations which we need

to consider are those of Mallet, Diehl, Troost, and Stas. *

Mallet's experiments* were conducted upon lithium chlo-

ride, which had been purified as completely as possible. In

two trials the chloride was precipitated by nitrate of silver,

which was collected upon a filter and estimated in the ordi-

nary way. The figures in the third column represent the

LiCl proportional to 100 parts of AgCl

:

7.1885 gmi. LiCl gave 24.3086 grm. AgCl. 29.606

8.5947
" 29.0621 " 29.574

In a third experiment the LiCl was titrated with a standard

solution of silver. 3.9942 grm. LiCl balanced 10.1702 grm.

Ag, equivalent to 13.511 grm. AgCl. Hence 100 AgCl =
29.5(33 LiCl. Mean of all three experiments, 29.581, ± .0087.

Diehl,t whose paper begins with a good resume of all the

earlier determinations, describes experiments made with

lithium carbonate. This salt, which was spectroscopically

pure, was dried at 130° before weighing. It was then

placed in an apparatus from which the carbon dioxide gen-

erated by the action of pure sulphuric acid upon it could

be expelled, and the loss of weight determined. From this

loss the following percentages of COj in Li^COg were deter-

mined :

59.422

59.404

59.440

59.401

Mean, 59.417, ± .006

* Silliman's Amer. Journal, November, 1856. Chem. Gazeti-e, 15, 7.

f Ann. Chem. Pharm., 121, 93.
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Diehl's investigation was quickly followed by a confirma-

tion from Troost.* This chemist, in an earlier paper,t had

sought to fix the atomic weight of lithium by an analysis

of the sulphate, and had found a value not far from 6.5

;

thus confirming the results of Berzelius and of Hagen, who
had employed the same method. But Diehl showed that

the BaS04 precipitated from Li2S04 always retained traces

of Li, which were recognizable by spectral analysis, and
which accounted for the error. In the later paper Troost

made use of the chloride and the carbonate of lithium, both

spectroscopically pure. The carbonate was strongly ignited

with pure quartz powder, thus losing carbon dioxide, which

loss was easily estimated. The subjoined results were ob-

tained :

.970 grm. Li^COj lost .577 grm. CO,^. 59-485 percent.

1.782 " 1.059 "
59-427

Mean, 59.456, zt .020

This combined with Diehl's mean, 59.417, ±: .006, gives a

general mean of 59.420, ±: .0057.

The lithium chloride employed by Troost was heated in

a stream of dry hydrochloric acid gas ; of which the excess,

after cooling, was expelled by a current of dry air. The
salt was weighed in the same tube in which the foregoing

operations had been performed, and the chlorine was then

estimated as silver chloride. The usual ratio between LiCl

and 100 parts of AgCl is given in the third column

:

1.309 grm. LiCl gave 4.420 grm. AgCI. 29.615

2.750 " 9.300 " 29.570

Mean, 29.5925, ± .0145

This combined with Mallet's mean, 29.581, ± .0087. gives

a general mean of 59.584, dz .0075.

Finally, we come to the work of Stas,t which was exe-

* Zeit. Anal. Chem., i, 402.

f Annales d. Chim. et d. Phys., 51, 108.

J Aronstein's Translation, 279-302.
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cuted with his usual wonderful accuracy. In three titra-

tions, in which all the weights were reduced to a vacuum
standard, the following quantities of LiCl balanced 100

parts of pure silver

:

39-356

39-357

39-361

Mean, 39.358, ± .001

In a second series of experiments, intended for determin-

ing the atomic weight of nitrogen, LiCl was converted into

LiNOg. The method was that employed for a similar pur-

pose with the chlorides of sodium and of potassium. One
hundred parts of LiCl gave of LiNOg

:

162.588

162.600

162.598

Mean, 162.5953, ± .0025

We have now the following ratios from which to deduce

the atomic weight of lithium

:

(l.) AgCl : LiCl : : lOO : 29.584, zt -0075

(2.) Ag : LiCl : : lOO : 39.358, ± .001

(3.) LiCl : LiNOg : : lOO : 162.5953, zb .0025

(4.) Per cent, of CO^ in Li2C03, 59.420, ± .0057

Hence two values for the molecular weight of LiCl

:

From (i) LiCl = 42.3187, 4= .0039

From (2) " = 42.3787, rb .0111

General mean " = 42.3720, ± .0037

For lithium itself we get three values :

From molecular weight of LiCl Li = 7.002, zfc .015

From ratio (3)
" = 7.0287, zb .042

From ratio (4) " = 7.0085, zb .008

General mean " = 7.0073, zb .007

If = 16, then Li = 7.0235. Stas himself gives 7.022

as his determination. Difference, .0015.
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RUBIDIUM.

The atomic weight of rubidium has been determined by

Bunsen, Piccard, and Godcffroy ; but only from analyses of

the chloride.

Bunsen,* employing ordinary gravimetric methods, esti-

mated the ratio between AgCl and RbCl. His rubidium

chloride was purified by fractional crystallization of the

chloroplatinate. He obtained the following results, to which,

in a third column, I add the ratio between RbCl and 100

parts of AgCl

:

One grm. RbCl gave 1.1873 g^m. AgCI.
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crystallization of their alums, and obtained salts of each

spectroscopically pure. The nitric acid employed was tested

for chlorine and found to be free from that impurity, and

the weights used were especially verified. In two of his

analyses of RbCl the AgCl was handled by the ordinary

process of filtration. In the other two it was washed b}'

decantation, dried, and weighed in a glass dish. The usual

ratio is appended in the third column :

1.4055 grm. RbCl gave 1. 6665 gim. AgCl. 84.33S

1.8096 " 2.1461 " 84.320

2.2473 " 2.665 " 84.326

2.273 " 2.6946 "
84.354

Mean, 84.3345, ± .0051

Combining the three series, we get the following result

Bunsen 84. 253,

Piccard 84.290,

Godeffroy 84.3345,

,031
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silver chloride by the usual gravimetric method. Reducing

their results to the convenient standard adopted in preced-

ing chapters, we have, in a third column, the ciuantities of

CsCl equivalent to 100 parts of AgCl

:

1. 8371 gim. CsCl gave 1.5634 grm. AgCl. II7-507

2.1295 " 1.8111 " 117-580

2.7018 " 2.2992 " 117-511

I. 56165 " 1.3302 " 117-399

Merai, 117.499, ± .025

Shortly after the results of Johnson and Allen appeared

a new series of estimations was published by Bunsen.* His

csesium chloride was purified by repeated crystallizations of

the chloroplatinate, and the ordinary gravimetric process

was employed. The following results represent, respectively,

material thrice, four times, and five times purified :

1.3835 grm. CsCl gave 1.1781 grm. AgCl. Ratio, 117.435

1.3682 "
1. 1644

" "7-503

1.2478 " 1.0623 " 117.462

Mean, 117.467, =h .013

Godeffroy's workf was, in its details of manipulation, suf-

ficiently described under rubidium. In three of the experi-

ments upon caesium the silver chloride was washed by

decantation, and in one it was collected upon a filter. The

results are subjoined

:

1.5825 grm. CsCl gave 1. 35 1 grm. AgCl. Ratio, 117. 135

1.3487 " 1.1501 " 117-265

1. 1880 " 1.0141 '" 117. 148

1.2309 " I.051 " 117. 107

Mean. 117.164, — .023

We may now combine the three series to form a general

mean:

* Poggend. Annal., 119, I. 1863.

f Ann. Chem. Pharm., 181, 185. 1876.
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Johnson and Allen 117.499, ifc .025 Cs = 132.706

Bunsen 117.467, dr .013 " = 132.661

Godeffroy 1 17. 164, i .023 " =132.227

General mean 1 17.413, ±z .010

Hence Cs = 132.583, ± .024 ; or, if = 16, Cs = 132.918.

THALLIUM.

The atomic weight of tliis interesting metal has been

fixed by the researches of Lamy, Werther, Hebberling, and

Crookes. Lam}^ and Hebberling investigated the chloride

and sulphate ; Werther studied the iodide ; Crooke's experi-

ments involved the synthesis of the nitrate. The last men-

tioned work was so thorough and admirable that the other

researches are included here only for the sake of historical

completeness.

Lamy* gives the results of one analysis of thallium

sulphate and three of thallium chloride. 3.423 grammes

TKSO4 gave 1.578 grm. BaS04 ; whence 100 parts of the

latter are equivalent to 216.920 of the former. In the thal-

lium chloride the chlorine was estimated as silver chloride.

The following results were obtained. In the third column I

give the amount of TlCl proportional to 100 parts of AgCl:

3.912 grm. TlCl gave 2.346 grm. AgCl. 166.752

3.000 "
I. 8015 " 166. 52S

3.912 " 2.336 " 167.466

Mean, 166.915, =b .1905

Hebberling'st work resembles that of Lamy. Reducing

his weighings to the standards adopted above, we have from

his sulphate series, as equivalent to 100 parts of BaS04, the

amounts of TI2SO4 given in the third column:

* Zeit. Anal. Chem., 2, 211. 1863.

I Ann. Chem. Pharm., 134, 11. 1865.
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1.4195 grm. T1,^S0^ gave .6534 grm. BaSO^. 217.248

I. 1924 " .5507 " 216.524

.8560 " .3957 " 216.325

Mean, 216.699

Including Lamy's single result, as of equal weight, we get

a mean of 216.754. ± .1387.

From the chloride series we have these results, with the

ratio stated as usual

:

.2984 grm. TlCl gave .1791 grm. AgCl. 166.611

.5452
" .3278 . " 166.321

Mean, 166.465, ± .097

Lamy's mean was 166.915, dz .1905. Both means com-

bined give a general mean of 166.555, ± .0865.

Werther's* determinations of iodine in thallium iodide

were made by two methods. In the first series Til was de-

composed by zinc and potassium hydroxide, and in the

filtrate the iodine was estimated as Agl. One hundred

parts of Agl correspond to the amounts of Til given in the

last column :

.720 grm. Til



THALLIUM. 95

Fi'om the foregoing results three values for the atomic

weight of thallium are calculable

:

From the sulphate TI = 204.169, rh .166

From the chloride " =: 203.879, =b .126

From the iodide " = 203.886, ± .054

In 1873 Crookes,* the discoverer of thallium, published

his final determination of its atomic weight. His method
was to effect the synthesis of thallium nitrate from weighed

quantities from absolutely pure thallium. No precaution

necessary to ensure purity of materials was neglected ; the

balances were constructed especially for the research ; the

weights were accurately tested and all their errors ascer-

tained ; weighings were made partly in air and partly in

vacuo, but all were reduced to absolute standards; and un-

usually large quantities of thallium were employed in each

experiment. In short, no effort was spared to attain as

nearly as possible absolute precision of results. The details

of the investigation are too voluminous, however, to be cited

here ; the reader who wishes to become familiar with them
must consult the original memoir. Suffice it to say that the

research is a model which other chemists will do well to

copy.

The results of ten experiments by Professor Crookes may
be stated as follows. In a final column we may state the

quantity of nitrate producible from 100 parts of thallium.

The weights given are in grains

:

Thallium. ll/VO.^ -(- Glass. Glass Vessel. Ratio.

497.972995 I12I. 851852 472.557319 130.3875

293-193507 nil. 387014 729.082713 130.3930

288.562777 971.214142 594.949719 130.3926

324.963740 II42. 569408 718.849078 130.3900

183.790232 1005.779897 766.133831 130.3912

190.842532 997.334615 748.491271 130.3920

195-544324 1022.176679 767.203451 130.3915

201.816345 1013.480135 750.332401 130.3S97

295.683523 1153.947672 768.403621 130.3908

299.203036 1159.870052 769.734201 130-3917

Mean, 130.3910, ± .00034

* Philosophical Transactions, 1873, P- 277.
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Hence, using the atomic weights and probable errors

previously found for N and 0, Tl = 203.715, ± .0365. If

O = 16, Tl = 204.183.

Crookes himself, using 61.889 as the molecular weight of

the group NO3, gets the value Tl = 203.642; the lowest

value in the series being 203.628, and the highest 203.666

;

an extreme variation of 0.038. This is extraordinary ac-

curacy for so high an atomic weight, at least as far as

Crookes' work is concerned. But its value depends in reality

upon the accuracy of other chemists in fixing the atomic

weights of N and O; a slight variation in either of the

latter constants producing a large variation here. What
Crookes really has done has been to fix with almost abso-

lute certainty the ratio between Tl and NO3. If the latter

group should have the molecular weight 62, in accordance

with Front's hypothesis, then Tl = 204.008. In other

words, the ratio thus fixed by Crookes is almost exactly

represented by two whole numbers, and supports Front's

hypothesis in a very decided way. Crookes himself seems

to have overlooked this fact, for he regards his results as

militating against the hypothesis in question.

GLUCINUM.

The atomic weight of glucinum is at present much in

doubt; our knowledge of it depending upon the unsettled

question whether the oxide is.GlO or GLOg. The formula

GIO agrees with Mendelcjeff's law, and is advocated by

Reynolds,* Lothar Meyer,t and Brauner.J The symbol

GUO;,,on the other hand, is favored by Nilson and Fetters-

son, H and by Iiumpidge.§ Ilumpidge, Meyer, and Brauner

"Phil. Mag., (5,) 3, 38. 1877. Chem. News, 42, 273. 1S80.

t Ber. der Deutsch. Chem. Gesell., 13, 1780. 1880. Also, 11, 576. 1S79.

J Phil. Mag., (5,) II. Jan., 1881.

II
Berichtc, 11, 381 and 906. 1879. Also, 13, 2035. iSSo.

^ Chem. News, 42, 261 . iSSo.
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offer only theoretical discussions of the subject ; Reynolds

and Nilson and Pettersson have determined the specific

heat of the metal, but give opposed results. In the follow-

ing calculations the simpler formula will be assumed, not as

a finality, but because of its accordance with the system of

Mcndelejeft'.

The data from which we are to calculate the atomic

weight of glucinum have been determined by Awdejew,

Weeren, Klatzo, Debray, and Nilson and Pettersson. Ber-

zelius'* single experiment on the sulphate may be left out

of account.

Awdejew,t whose determination was the earliest of any

value, analyzed the sulphate. The sulphuric acid was

thrown, down as barium sulphate ; and in the filtrate, from

which the excess of barium had been first removed, the

glucina was precipitated by ammonia. The figures which

Awdejew publishes represent the ratio between SO 3 and

GIO, but not absolute weights. As, however, his calcula-

tions were made with SO 3 = 501.165, and Ba probably =
855.29, we may add a third column showing how much
BaS04 is proportional to 100 parts of GIO

:

so,.
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GIO. BaSO^. Ratio.

.3163 grm. 2.9332 grm. 927-031

.2872 " 2.6377 " 918.419

.2954 " 2.7342 " 925-592

.5284 " 4.8823 " 902.946

Mean, 918.497, ± 3.624

Klatzo's* figures are as follows, with the third column

added by the writer :

GIO. BaSO^. Ratio.

-2339 g''"- 2.1520 grm. 920.052

.1910 " 1-7556 " 919.162

.2673 " 2.4872 " 930-490

.3585 " 3.3115 " 923-710

.2800 " 2.5842 " 922.989

Mean, 923.281, i 1.346

Combining these series into a general mean, we get the

subjoined result

:

Awdejew 921.316, rb 1-577

Weeren 918.497, d- 3.624

Klatzo 923.281, zh 1.346

General mean 922.164, =h 0.985

Hence GIO = 25.224, ± .269.

Debrayt analyzed a double oxalate of glucinum and am-

monium, G1(NH4 )2C4 08. In this the glucina was estimated

by calcination, after first converting the salt into nitrate.

The following percentages were found :

11.

5

II.

2

11.

6

Mean, 11.433, d= .081

The carbon was estimated by an organic combustion. I.

give the weights, and put in a third column the i)ercentages

of CO 2 thus obtained :

* Zeitschrift fiir Anal. Chem., 8, 523. 1869.

f Ann. de Chim. et de Phys., (3,) 44, 37. 1855.
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MAGNESIUM.

There is perhaps no common metal of which the atomic

weight has been subjected to closer scrutiny than that of

magnesium. The value is low, and its determination should,

therefore, be relatively free from many of the ordinary

sources of error; it is extensively applied in chemical anal-

ysis, and ought consequently to be accurately ascertained.

Strange discrepancies, however, exist between the results

obtained by different investigators; so that the generally

accepted figure cannot be regarded as absolutely free from

doubt.

The determinations of Berzelius* and other early chemists

need not be here considered. Nor does the estimation made

by Macdonnellf deserve more than a passing mention. He
puts the atomic weight of magnesium at 23.9, but gives no

details concerning his method of determination-. The re-

searches which we have to consider are those of Scheerer,

Svanberg and Nordenfeldt, Jacquelain, Bahr, Marchand and

Scheerer, and Dumas.

Scheerer's method of investigation was exceedingly sim-

ple.J He merely estimated the sulphuric acid in anhydrous

magnesium sulphate, employing the usual process of pre-

cipitation as barium sulphate. He gives no weighings, but

reports the percentages of SO 3 thus found. In his calcula-

tions, == 100, SO 3 = 500.75, and BaO = 955.29. It is

easy, therefore, to recalculate the figures which he gives, so

as to establish what his method really represents, viz., the

ratio between the sulphates of barium and magnesium.

Thus revised, his four analyses show that 100 parts of

MgSO^ yield the following quantities of BaS04 :

* Lehrbuch, 5 Aufl., Bd. 3, s. 1227.

f British Association Report, 1852, part 2, p.

J Poggend. Annal.,69, 535. 1846.
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and combined with the latter, the mean will be 193.700, ±:

.0331. Fr6m this the atomic weight of magnesium becomes

24.244, ±: .033. This again, corrected according to Scheerer

for the magnesium salts carried down b}^ the barium sul-

phate, becomes 0.39 higher, or INIg = 24.283. Of course

this correction, determined by Scheerer for a single experi-

ment, can only be a rough approximation in a mean like

the foregoing. It is better than no correction at all, the

character of the error involved being known.

Bahr's* work resembles in part that of Jacquelain. This

chemist converted pure magnesium oxide into sulphate, and

from the increase in weight determined the composition of

the latter salt. From his weighings 100 parts of MgO ecj^ual

the amounts of MgSO^ given in the third column

:

1.6938 grm. MgO gave 5.0157 grm. MgSO^. 296.122

2.0459 " 6.0648 " 296.437

1.0784 " 3-1925 " 296.040

Mean, 296.200, rfc .0815

About four years previous to the investigations of Bahr

the paper of Svanberg and Nordenfeldtf appeared. These

chemists started with the oxalate of magnesium, which was

dried at a temperature of from 100° to 105° until it no

longer lost weight. The salt then contained two molecules

of water, and upon strong ignition it left a residue of MgO.
The percentage of ]\IgO in the oxalate comes out as follows

:

7.2634 grm. oxalate gave I.9S72 grm. oxide. 27.359 per cent.

6.3795
" 1-7464 " 27.375

6.3653 "
I. 7418 " 27.364 "

6.2216 " 1.7027 " 27.36S "

Mean, 27.3665, d= .0023

In three of these experiments the MgO was treated with

H2SO4, and converted, as by Jacquelain and by Bahr in

their later researches, into MgSO^. One hundred parts of

MgO gave of MgSO^ as follows

:

* Journ. fiir Prakt. Chem., 56, 310. 1852.

f Journ. fur Prakt. Chem., 45, 473. 1848.



MAGNESIUM. 103

1.9872 grm. MgO gave 5.8995 gnn. MgSO^. 296.875

1.7464 " 5-1783 " 296.513

I. 7418 " 5.1666 " 296.624

Mean, 296.671, ± .072

We have now for this ratio between MgO and MgSO^
three series ; not at all concordant. We may combine them,

assigning to each of Jacquelain's two results a weight cor-

responding to one of Bahr's

:

Jacquelain 297.968, zh .0999

Bahr 296.200, ± .0815

Svanberg and Nordenfeldt 296.671, ±z .072

General mean 296.806, dr .0475

In 1850 the elaborate investigations of Marchand and
Scheerer* appeared. These chemists undertook to deter-

mine the composition of some natural magnesites, and, by
applying corrections for impurities, to deduce • from their

results the sought for atomic weight. The magnesite chosen

for the investigation was, first, a yelloAv, transparent variety

from Snarum ; second, a white opaque mineral from the

same locality ; and, third, a very pure cjuality from Frank-

enstein. In each case the impurities were carefully deter-

mined ; but only a part of the details need be cited here.

Silica was of course easily corrected for by simple subtrac-

tion from the sum of all of the constituents ; but iron and
calcium, when found, having been present in the mineral as

carbonates, required the assignment to them of a portion of

the carbonic acid. In the atomic weight determinations

the mineral was first dried at 300°. The loss in weight

upon ignition was then carbon dioxide. It was found, how-

ever, that even here a correction was necessary. Magnesite,

upon drying at 300°, loses a trace of CO2, and still retains a

little water; on the other hand, a minute quantity of CO,
remains even after ignition. The CO2 expelled at 300°

amounted in one experiment to .054 per cent. ; that retained

after calcination to .055 per cent. Both errors tend in the

*Journ. fur Prakt. Chem.,50, 385.
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same direction, and increase the apparent percentage of

MgO in the magnesite. On the yellow mineral from Snarnm
the crude results are as follows, giving percentages of MgO,
FeO, and CO2 after eliminating silica:

co.^.
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The third series was made upon very pure material, so

that the corrections, although applied, were less influential.

The results were as follows

:

4.2913 grm. MgCOg gave 2.0436 grm. MgO. 47.622 per cent.

27.S286 "
13-2539 " 47-627

14.6192 " 6.9692 " 47-672 "

18.3085 " 8.7237 « 47.648

Snartim.
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± .0022

=b .0069

ifc .0077

Result, zfc .0020, probable error of the general mean.

We may now combine the results obtained from both

magnesites

Snarum mineral Per cent. MgO, 47.624, zb .0037

Frankenstein mineral _. " 47.628, dr .0020

General mean. 47.627, zb .0018

The last investigation upon the atomic weight of magne-

sium which we have to consider is that of Dumas.* Pure

magnesium chloride was placed in a boat of platinum, and

ignited in a stream of dry hydrochloric acid gas. The
excess of the latter having been expelled by a current of dry

carbon dioxide, the platinum boat, still warm, was placed

in a closed vessel and weighed therein. After weighing, the

chloride was dissolved and titrated in the usual manner

with a solution containing a known quantity of pure silver.

The weighings whicli Dumas reports give, as proportional to

100 parts of silver, the quantities of MgCl, stated in the

third column

:

2.203 gt""!-
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(l.) MgSOt : BaSO^ : : lOO : 193.700, ±: .0331

(2.) MgO : MgSO^ : : 100 : 296.806, dz .0475

(3.) Per cent, of MgO in oxalate, 27.3665, ±: .0023

(4.) Per cent, of MgO in carbonate, 47.627, ± .0018

(5.) Ag : MgClj : : 100 : 44.261, ± .020

From these we find three values for the molecular weight

of MgO

:

From (2) MgO = 40.587, rb .0126

From (3) " r= 40.603, ± .0069

From (4) " =39.922,^.0030

Genera! mean " = 40.054, ± .0027

We have also three values for the atomic weight of mag-

nesium :

From molecular weight of MgO Mg = 24.091, i .0044

From ratio (i,) corrected " = 24.283, zfc .033

From ratio (5,) Dumas " = 24.576, ±z .032

General mean " = 24.103, it .0043

Or, if == 16, Mg becomes = 24.159.

In this general mean all the determinations are included,

good or bad. Dumas' result is unquestionably wrong ; the

error, probably, being due to the presence of oxychloride in

the MgCl, which was used. It is doubtful whether any

precautions could have eliminated that error. If we take

only Marchand and Scheerer's work on magnesium carbon-

ate as having positive value, we shall get from their analy-

ses the following result, viz : Mg = 23.959, ± .0040. Or,

if = 16, this becomes 24.014. The atomic weight of mag-

nesium, therefore, varies from the whole number 24, only

within the ordinary limits of experimental error.
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ZINC.

The several determinations of the atomic weight of zinc

are by no means closely concordant. The results obtained

by Gay-Lussac* and Berzelinsf were undoubtedly too low,

and may be disregarded here. We need consider only the

work done by Jacquelain, Favre, and Axel Erdmann.

In 1842 Jacquelain published the results of his investiga-

tions upon this important constant.^ In two experiments a

weighed quantity of zinc was converted into nitrate, and

that by ignition in a platinum crucible was reduced to oxide.

In two other experiments sulphuric acid took the place of

nitric. As the zinc contained small quantities of lead and

iron, these were estimated, and the necessar}^ corrections ap-

plied. From the weights of metal and oxide given by
Jacquelain the percentages have been calculated

:

Nitric Series.

9.917 grm. Zn gave 12.3138 grm. ZnO. 80.536 per cent. Zn.

9.809 " 12.1800 " S0.534 "

Stdphuric Series.

2.398 " 2.978 grm. ZnO. 80.524 "

3.197
" 3.968 " 80.570

Mean of all four, 80.541, ir: .007

Hence Zn = 66.072, ± .028.

The method adopted by Axel Erdmann ||
is essentially the

same as that of Jacquelain, but varies from the latter in cer-

tain important details. First, pure zinc oxide M^as prepared,

ignited in a covered crucible with sugar, and then, to com-

plete the reduction, ignited in a porcelain tube in a current

of hydrogen. The pure zinc thus obtained was converted

into oxide by means of treatment with nitric acid and sub-

* M6moire d'Arceuil, 2, 174.

f Gilb. Annal., 37, 460.

:j; Compt. Rend., 14, 636.

II
Poggend. Annal., 62, 611. Berz. Lehrb., 3. 1219.
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sequent ignition in n porcelain crucible. Erdmann's figures

give us tlie following percentages of metal in the oxide

:

80.247

80.257

80.263

80.274

Mean, 80.260, zfc .0037

Hence Zn = 64.9045, ± .019.

If we combine the results of Jacquelain with those of Erd-

mann, we get a mean percentage of zinc, 80.324, dz .0032

;

and an atomic weight of Zn = 65.168, ± .018. The reason

for the discordance l^etween the two experimenters will be

considered further along.

Favre* em23loyed two methods of investigation. First,

zinc was dissolved in sulphuric acid, the hydrogen evolved

was burned, and the weight of water thus formed was de-

termined. To his weighings I append the ratio between

metallic zinc and 100 parts of water

:

25.389 grm. Zn gave 6.928 grm. H.^O. 366.469

30.369 " 8.297 " 366.024

31.776 " 8.671 " 366.463

Hence Zn = 65.803, ± .020.

Mean, 366.319, d=

The second method adopted Ijy Favre was to burn pure

izinc oxalate, and to weigh the oxide and carbonic acid thus

produced. From the ratio between these two sets of weights

the atomic weight of zinc is easily deducible. From Favre's

weighings, if CO 2 = 100, ZnO will be as given in the third

column below

:

7.796 grm. ZnO = 8.365 grm. CO.^. 93- 19^

7-342 " 7-883 "
93- '37

5.2065 " 5.588 " 93.173

Hence Zn = 65.8395, ± .022.

Mean, 93.169, ± .012

*Ann. Chim. Phys., (3,) 10, 163. 1844.
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A fourth combustion of the oxalate is omitted from the

above series, having been rejected by Favre himself. In this

the oxide formed was contaminated by traces of sulphide.

The four values for zinc now before us are so discordant

that a combination of them after the usual method can have

only a trifling significance. The following is the result thus

obtained

:

From Jacquelain's figures Zn = 66.072, ± .028

From P'avre's water series " := 65.803, h= .020

From Favre's oxalate series__ " == 65.8395, ± .022

From Erdmann's figures " =; 64.9045, d= .019

General mean " -- 65.557, rt .011

It will be seen that three of these values agree tolerably

well, placing the atomic weight of zinc in the neighborhood

of 66, while the other is, in round numbers, about a unit

lower. This lower figure, however, has the smallest proba-

ble error, and it will be found also, upon careful considera-

tion, that it is less likely than the others to be vitiated by

experimental inaccuracies. Both chemically and mathe-

matically it is the best.

Upon comparing Erdmann's results with those of Jacque-

lain two points are worth noticing: first, Erdmann worked

with purer material than Jacquelain, although the latter

applied corrections for the impurities which he knew were

present; secondly, Erdmann calcined his zinc nitrate in a

porcelain crucible, while Jacquelain used platinum. In the

latter case it has been shown that portions of zinc may be-

come reduced and alloy themselves with the platinum of

the crucible. Hence a lower weight of oxide from a given

quantity of zinc, a higher percentage of metal, and an in-

creased atomic weight. This source of constant error has

undoubtedly aff'ected Jacquelain's experiments, and vitiated

his results. In Erdmann's work no such errors seem to be

present.

Over Favre's experiments Erdmann's have the important

merit of simplicity. In the latter it is difiicult to detect

sources of error ; in the former it is eas}'. In Favre's water
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series it was essential that the hydrogen should first be

thoroughly dried before combustion, and then that every

trace of water formed should be collected. A trivial loss of

hydrogen or of water would tend to increase the apparent

atomic weight of zinc.

In the combustion of the zinc oxalate equally great diffi-

culties are encountered. Here a variety of errors are possi-

ble, such as arc due, for example, to impurity of material,

to imperfect drying of the carbon dioxide, and to incomplete

collection of the latter. It may not be easy to prove that

such errors actually did creep into Favre's work, and yet

their possibility hinders us from absolutely accepting his

results.

All things considered, then, Erdmann's determination of

the atomic weight of zinc is the one most entitled to credit,

and must be taken for the present in lieu of the general

mean deduced from all four of the values. This determina-

tion, Zn = 64.9045, ± .019, becomes, if = 16, 65.054.

CADMIUM.

The earliest determination of the atomic weight of this

metal was by Stromeyer, who found that 100 parts of cad-

mium united with 14.352 of oxygen.* With our value

for the atomic weight of oxygen these figures make Cd =
111.227. This result has now only a historical interest.

The more modern estimates of the atomic weight of cad-

mium are four in number, by v. ITauer, Lenssen, Dumas,
and Huntington. Of these that b}^ v. Hauerf comes first

in chronological order. He heated pure anhydrous cad-

mium sulphate in a stream of dry hydrogen sulphide, and
weighed the cadmium sulphide thus obtained. His results

* See Berz. Lehrbuch, 5th Ed., 3, 1219.

f Journ. fiir Prakt. Chem., 72, 350. 1857.
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were as follows, with the percentage of CdS in CdS04 there-

from deduced:

7.7650 gim.
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was prepared by dissolving the carbonate in hydrobromic

acid, and the product, dried at 200°, was purified by sub-

limation in a porcelain tube. Upon the compound thus

obtained two series of experiments were made.

In one series the bromide was dissolved in water, and a

quantity of silver not quite sufficient for complete precipi-

tation of the bromine was then added in nitric acid solu-

tion. After the precipitate had settled, the supernatant

liquid was titrated with a standard solution of silver con-

taining one gramme to the litre. The precipitate was

washed by decantation, collected by reverse filtration, and
weighed. To the weighings I append the ratio between

CdBr2 and 100 parts of silver bromide

:

1.5592 grm. CdBr.^ gave 2 1529 grm. AgBr. Ratio, 72.423

3-7456
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From the first series CdBrj = 271.498, zh .032

From the second series__ " = 271.505, ± .027

General mean " = 271.502, ± .0215

Hence Cd = 111.966, ± .043.

According to Huntington's own calculations these experi-

ments fix the ratio between silver, bromine, and cadmium
as Ag : Br : Cd : : 108 : 80 : 112.31. This result militates

strongly against Prout's hypothesis.

Upon combining all the determinations we get the follow-

ing result

:

V. Hauer Cd := 111.684, ± •'^40

Lenssen " = 11 1.803, ± -^^^

Dumas " -^^ 11 1.969, ±: .065

Huntington " = 1 11.966, zb .040

General mean " = 111.835, 4= .024

Or, if = 16, then Cd = 112.092.

It will be seen that Dumas and Huntington's determina-

tions, both made with haloid salts of cadmium, agree with

wonderful closeness, and so confirm each other. On the

other hand, v. Hauer's data give a value for the atomic

weight of cadmium which is much lower. Apparently, v.

Hauer's method was good, and the reason for the discrep-

ancy remains to be discovered. Until it is ascertained I

prefer to use the above mean value for Cd, rather than to

adopt one investigation and rtyect the others.

MERCURY.

In dealing with the atomic weight of mercury we may
reject the early determinations by Sefstrom* and a large

part of the work done by Turner.t The latter chemist, in

addition to the data which will be cited below, gives figures

* Sefstrom. Berz. Lehrb., 5th Ed., 3, 1215. Work done in 1812.

fPhil. Trans., 1833, 531-535-
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to represent the percentage composition of both the chlo-

rides of mercury ; but these results are neither reliable nor
in proper shape to be used.

First in order we may consider the percentage composi-

tion of mercuric oxide, as established b}^ Turner and by
Erdmann and Marchand. In both investigations the oxide

was decomposed by heat, and the mercury was accurately

weighed. Gold leaf served to collect the last traces of mer-

curial vapor.

Turner gives four estimations.* Two represent oxide ob-

tained by the ignition of the nitrate, and two are from com-
mercial oxide. In the first two the o:side still contained

traces of nitrate, but hardly in weighable proportions. A
comparison of the figures from this source with the others

is sufficiently conclusive on this point. The third column
represents the percentage of mercury in HgO :

144-S05 grains Hg
125.980

173.561

114.294 "

Mean, 92.614, ±: .0050

In the experiments of Erdmann and Marchand f every

precaution was taken to ensure accuracy. Their weighings,

reduced to a vacuum standard, give the subjoined percent-

ages:

11.54 grains 0.
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With a view to establishing the atomic weight of sulphur

Erdmann and Marchand also made a series of analyses of

pure mercuric sulphide. These data are now best available

for discussion under mercury. The sulphide was mixed
with pure copper and ignited ; mercury distilling over and

copper sulphide remaining behind. Gold leaf was used to

retain traces of mercurial vapor, and the weighings were

reduced to vacuum

:

34.3568 grm. HgS gave 29.6207 grm. Hg. 86.215 percent. Hg.

24.8278 " 21.40295 ••' 86.206 "

37.2177 " 32.08416 " 86.207 "

80.7641 " 69.6372 " 86.223 "

Mean, 86.2127, ± .0027

For the percentage of mercury in mercuric chloride we
have data by Turner, Millon, and Svanberg. Turner,* in

addition to some precipitations of mercuric chloride l)v silver

nitrate, gives two experiments in which the compound was

decomposed by pure stannous chloride, and the mercury

thus set free was collected and weighed. The results were

as follows

:

44.782 grains Hg = 15.90 grains CI. 73-798 per cent.

73.09 " 25.97 " 73-784 "

Mean, 73.791, ± .005

ISIillonf purified mercuric chloride by solution in ether

and sublimation, and then subjected it to distillation with

lime. The mercury was collected as in Erdmann and Mar-

chand's experiments. Percentages of metal as follows

:

73-87

73-81

73-83

73-87

Mean, 73.845, dz -Oio

Svanberg,! following the general method of Erdmann

*Phil. Trans., 1833,531-535.

f Ann. Chim. Phys., (3,) 18, 345 1846.

J Joiirn. flir Prakt. Chem., 45, 472. 1848.
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and Marchand, made three distillations of mercuric chlo-

ride with lime, and got the following results :

12.048 gnn. HgClj gave 8.889 grm. Hg. 73. 7S0 per cent.

12.529
" 9-2456 " 73-794 "

12.6491 " 9-3363
" 73-810 "

Mean, 73-795, dr .006

Combining these series we have

:

Turner 73-79i> ± -005

Millon 73-845. ± .010

Svanberg 73-795. ± -006

General mean 73-798, =n -0034

In this mean Turner's figures undoubtedly receive undue

weight, for, on experimental grounds, they are probably in-

ferior to both of the other series. It is better, however, that

the general mean should remain as it is, than that I should

deal arbitrarily with any of the data.

We now have three figures to calculate from

:

Per cent, of Hg in HgO 92.601, zb .0014

" HgS 86.2127, ±z .0027

HgCl^ 73-798, ± .0034

These give us three values for the atomic weight of mer-

cury and a general mean as follows

:

From HgO Hg = 199.786, ± .059

From HgS " = 200.016, zt .088

From HgClj " = 199.239, ± .086

General mean " =z 199.712, ±z .042

If = 16, then this becomes 200.171.

CHROMIUM.

Concerning the atomic weight of chromium there has

been much discussion, and many experimenters have sought

to establish the true value. The earliest work upon it hav-
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ing any importance was that of Berzelius,* in 1818 and

1826, which led to results much in excess of the correct

figure. His method consisted in precipitating a known
weight of lead nitrate with an alkaline chromate and weigh-

ing the lead chromate thus produced. The error in his de-

termination arose from the fact that lead chromate, except

when thrown down from very dilute solutions, carries with

it minute quantities of alkaline salts, and so has its apparent

weight notably increased. When dilute solutions are used,

a trace of the precipitate remains dissolved, and the weight

obtained is too low. In neither case is the method trust-

worthy.

In 1844 Berzelius' results were first seriously called in

question. The figure for chromium deduced from his ex-

periments was somewhat over 56 ; but Peligott now showed,

by his analyses of chromous acetate and of the chlorides of

chromium, that the true number was near 52.5. Unfortu-

nately, Peligot's work, although good, was published with

insufficient details to be useful here. For chromous acetate

he gives the percentages of carbon and hydrogen, but not

the actual weights of salt, carbon dioxide, and water from

which they were calculated. His figures vary considerably

moreover ;
enough to show that their mean would carry but

little weight when combined with the more explicit data

furnished by other chemists.

Jacquelain'sl work we may omit entirely. He gives an

atomic weight for chromium Avliich is notoriously too low,

and prints none of the numerical details upon which his

result rests. The researches which particularly command
our attention are those of Berlin, Moberg, Lefort, Wilden-

stein, Kessler, and Siewert.

Among the papers upon the atomic weight under consid-

eration that by Berlin is one of the most important.
|i

His

starting point was normal silver chromate ; but in one ex-

* Schweigg. Journ., 22, 53, and Poggend. Annal., 8, 22.

t Compt. Rend., 19, 609 and 734; 20, 1187 ; 21, 74.

+ Compt. Rend., 24, 679. 1847.

II
Journ. fur Pralct. Chem., 37, 509. and 38, 149. 1846.
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periment the anhj'drochromate Ag-jCrjOT was used. These

salts, which are easily obtained in a perfectly pure condition,

were reduced in a large flask by means of hydrochloric acid

and alcohol. The chloride of silver thus formed was washed

by decantation, dried, fused, and weighed without transfer.

The united washings were supersaturated with ammonia,

evaporated to dryness, and the residue treated with hot

water. The resulting chromic oxide was then collected

upon a filter, dried, ignited, and weighed. The results were

as follows

:

4.66S0 grm. Ag.jCr04 gave 4.027 grm. AgCl and 1.0754 gnu. Cr^Oj.

3.4568 " 2.983 " .7960

2.5060 " 2.1605 " -5770
"

2.1530 " 1.8555 "
-4945

4-3335 grm- AgjCi-p, gave 2.8692 " 1.5300

From these weighings three values are calculable for the

atomic weight of chromium. The three ratios upon which

these values depend we will consider separately ; taking first

that between the chromic oxide and the original silver salt.

In the four analyses of the normal chromate the percentages

of CrgOs deducible from Berlin's weighings are as follows

:



120 THE ATOMIC WEIGHTS.

In the single experiment with anhydrochromate 100 AgCl
is formed from 151.035 Ag2Cr20,.

Finally, for the ratio between AgCl and Cr^O.^, the five

experiments of Berlin give, for 100 parts of the former, the

following quantities of the latter

:

26.705

26.685

26.707

26.650

26.662

Mean, 26.6S2, i .0076

These results will be discussed in connection with the

work of other investigators at the end of this chapter.

In 1848 the researches of Moberg* appeared. His method
simply consisted in the ignition of anhydrous chromic sul-

phate and of ammoniacal chrome alum, and the determina-

tion of the amount of chromic oxide thus left as residue.

In the sulphate, Cr2(S04)3, the subjoined percentages of

Cr,03 were found. The brackets indicate two different

samples of material, to which, however, we are justified in

ascribing equal value

:

.542 grm. sulphate gave .212 grin. Cr^Oa. 39.1 14 per cent.

1.337
"

.523 " 39.117 "

.5287 " .207 "
39-153 "

1.033 " -406 " 39-303 "

.868 "
.341 " 39.286 "

Mean, 39.1946, dr .0280

From the alum, (NH J.Cr^lSOJ2-24H,0, we have these

percentages of Cr^Og. The first series represents a salt long

dried under a bell jar at a temperature of 18°. The crys-

tals taken were clear and transparent, but may possibly

have lost traces of water,t wliicli would tend to increase the

atomic weight found for chromium. In the second series

the salt was carefully dried between folds of filter paper, and

* Journ. fiir Prakt. Chem., 43, 114.

f This objection is suggested by Berlin in a short note upon Lefort's paper.

Jouin. fiir Prakt. Chem., 71, 191.
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results were obtained quite near those of Berlin. Both of

these series are discussed together, neither having a remark-

able value

:

grm. alum gave .213 grm. Cr203. 16.155 percent.
]

.129
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his observations deduced the ratio between the molecular

weights of the two salts.

In his earlier paper* the mode of procedure was about as

follows: The two salts, weighed out in quantities having
approximate chemical equivalency, were placed in two small

flasks, and to each was added 100 cc. of a ferrous chloride

solution and 30 cc. hydrochloric acid. The ferrous chloride

was added m trifling excess, and, when action ceased, the

amount unoxidized was determined by titration with a

standard solution of anhydrochromate. As in each case

the quantity of ferrous chloride was the same, it became

easy to deduce from the data thus obtained the ratio in

question. I have reduced all of his somewhat complicated

figures to a simple common standard, and give below the

amount of chromate equivalent to 100 of chlorate

:

I20. IlS

120.371

120.
1
38

120.096

120.241

120. iSi

Mean, 120.191, i .02S

In his later paperf Kessler substituted arsenic trioxide

for the iron solution. In one series of experiments the

quantitj' of anhydrochromate needed to oxidize 100 parts

of the arsenic trioxide was determined, and in another the

latter substance was similarly compared with the chlorate.

The subjoined columns give the quantit}^ of each salt pro-

portional to 100 of AsjOg :

K^Cr^O^. KCIO,,

98.95 41.156

9S.94 41. 1 16

99.17 41.200

98.98 41-255

99.08 41.201

99.15 41.086

41-199

Mean, 99.045, ± .02S 41.224

* Poggend. Annal., 95, 208. 1855.

t Poggend. Annal., 113, 137. 1S61.
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KClOy

41.161

41193
41.149

41.126

Mean, 41.172, d= .009

From the data given in the earlier paper, if we use our

recent values for chlorine, potassium, and oxygen,

K^Crp, = 293.937, ± -086

And from the later, " = 294.159, zb .119

General mean, " = 294.013, ;h .0697

Finally, we come to the determinations published by Sie-

wert,* whose work does not seem to have attracted general

attention. He, reviewing Berlin's work, found that upon
reducing silver chromate with hydrochloric acid and al-

cohol, the chromic chloride solution always retained traces

of silver chloride dissolved in it. These could be precipi-

tated by dilution with water ; but, in Berlin's process, they

naturally came down with the chromium hydroxide, mak-
ing the weight of the latter too high. Hence too large a

value for the atomic weight of chromium. In order to find

a more correct value Siewert resorted to the analysis of sub-

limed, violet, chromic chloride. This salt he fused with

sodium carbonate and a little nitre, treated the fused mass
with water, and precipitated from the resulting solution the

chlorine by silver nitrate in presence of nitric acid. The
weight of the silver chloride thus obtained, estimated after

the usual manner, gave means for calculating the atomic

weight of chromium. His figures, reduced to a common
standard, give, as proportiontd to 100 parts of chloride of

silver, the quantities of chromic chloride stated in the third

of the subjoined columns

:

* Zeitschrift Gesammt. Wissenschaften, 17, 530. 1S61.
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52.948

53-150

Mean, 53.049, ± .068

This figure, reduced to the standard of Berlin's work on

the monochromate, becomes 26.525, d= .034. Berlin's mean
was 26.682, ± .0076. The two means, combined, give a gen-

eral mean of 26.676, =b .074.

We may now consider the ratios before us, which are as

follows

:

(2.

(3.

(4.

(5.

(6.

(7-

(8.

(9-

(10.

(II.

Percentage Cr^Oa from Ag2CrO^, 23.014, ± .oil

Percentage Cr-^g from AgjCr.p,, 35.236, ±: .0335

AgCl : AgjCrO^ : : 100 : 1
1 5.956, dr .023

AgCl : Ag^Cr^O, : : lOO : 150.816, ± .074

AgCl : Cr^Oj : : loo : 26.676, ± .0074

Percentage CrjOg in chromic sulphate, 39.1946, ± .0280

Percentage Cr203 in ammonia chrome alum, 16.143, i .0125

BaSO^ : BaCrO^ : : 100 : 108.9815, ± .0369

BaCrO^ : BaClj : : lOO : 81.702, d= .014

Molecular weight of KjCr^O,, 294.013, zb .0697

AgCl : CrClg : : lOO : 36.842, =b .0031

From these ratios we can at once deduce five values for

the molecular weight of Cr^Oa, as follows :

From (I) Cr^O;

" (2) " '

«
(5) "

«
(6) "

"
(7) "

= 152.612,
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From BaCiO^ ._. Cr = 53.200, d= .064

" CfjOg " = 52.482, zb .018

" Ag^CrO, " ^52.536,^.074
" Ag^Cr^Oj " = 52.188, ± .109

" KjCr^O, " =: 52.116, ± .078

" CrClg " = 51-992, d= .047

General mean " == 52.453, zb .015

Or, if O = 16 " = 52.574

On account of the wide discrepancies between different

data, and of the known constant errors vitiating some of the

series of experiments, the foregoing general mean can have

but little real value. In fact, a careful consideration of all

the work represented in it will show that the most accurate

estimate of the atomic weight of chromium must be deduced

from the experiments of either Berlin, Kessler, or Siewert.

Berlin's figures, taken by themselves, and combined, give,

if the single analysis of silver anhydrochromate be assigned

equal weight with a single analysis in the monochromate

series, Cr — 52.389, ± .019; or, if O = 16, Cr = 52.511.

Siewert's results, both for chromic chloride and the silver

anhydrochromate, properly combined, give Cr = 52.009,

± .025. If O ^ 10, this value becomes Cr = 52.129. In

brief, the atomic weight of chromium may be nearly 52.5,

or it may be 52. Only a revision of all the experiments

could enable us to decide positively between these values.

But as Siewert has pointed out probable sources of error in

Berlin's work, I am inclined to give preference to the lower

value.

MANGANESE.

Rejecting the early experiments of J. Davy and of Arf-

vedson, the first determinations of the atomic weight of

manganese which we encounter are those of Turner* and of

Berzelius.f Both of these chemists used the same method.

* Trans. Roy. Soc. Edin., ii, 143. 1831.

f Lehrbuch, 5th Ed., 3, 1224.
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The chloride of manganese was fused in a current of dry

hydrochloric acid, and subsequently precipitated with a

solution of silver. From the subjoined weighings I calcu-

late the ratio given in the third column between MnCl, and

100 parts of AgCl

:

4.20775 grm. MnCl^ = 9.575 grm. AgCl. 43-945 \ gg^^gji^j
3.063 " = 6.96912 " 43-950 i

12.47 grains MnClj = 28.42 grains AgCl. 43-878—Turner.

Mean, 43.924, ± .015

Hence the molecular weight of MnCU is 125.662, ±z .045.

Many years later Dumas* also made the chloride of man-

ganese the starting point of some atomic weight determina-

tions. The salt was fused in a current of hj^drochloric acid,

and afterwards titrated with a standard solution of silver

in the usual way. 100 parts of Ag are equivalent to the

quantities of MnCL, given in the third column :

3-3672
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Schneider himself effected the combustion of manganous
oxalate with oxide of copper. The salt was not absolutely

dry, so that it was necessary to collect both water and car-

bon dioxide. Then, upon deducting the weight of water

from that of the original material, the weight of anhydrous

oxalate was easily ascertained. Subtracting from this the

CO 2, we get the weight of Mn. If we put CO 2 = 100, the

quantities of manganese equivalent to it will be found in

the last column

:

1.5075 grm. oxalate gave .306 grm. Hfi and .7445 grm. CO.j. 61.3835

2.253 "
.4555

" I.I135 " 61.4291

3.1935
" .652 "

1.5745
" 61.4163

5.073
" 1.028 " 2.507 " 61.3482

Mean, 61.3943,^.0122

Hence Mn = 53.904, ± .014.

This result agrees beautifully with the value calculated

from Rawack's experiments.

Now to combine the four independent values which we
have thus far obtained :

From MnCl, Mn = 54.858, ± .031

" MnSO^ " =54.785,^.031
" MhoP^ " = 53.911, d= i026

" MnC20^ " =53.904,^.014

General mean " =54.128,^.011
If 0=16 " =54.251

The considerations already cited, however, go to show

that this general mean must be slightly affected by some

plus constant error. It is probable, therefore, that a more

correct jfigure will result from rcyecting the first and second

values in the above combination, and taking the data fur-

nished by Rawack and Schneider alone. Combining their

figures, we get as follows. Mn = 53.906, ± .012. Or, if

= 16, Mn = 54.029.

Since the foregoing calculations were made Dewar and

Scott* have reported the following experiments. From the

* Nature, Sept. 15, 1881, p. 470.
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complete analysis of silver permanganate, i:)utting Ag =^ 108

and ^ 16, they find in three estimations Mn = 55.51,

54.04, and 54.45. From the analysis of pure MnOa, made
from the nitrate, Mn = 53.3 to 53.G. Up to the date of

writing a detailed account of the methods employed has

not been published.

IRON.

The atomic weight of iron has been determined almost

exclusively from the composition of ferric oxide. Beyond
this there are only a few comparatively unimportant ex-

periments by Dumas relative to ferrous and ferric chlorides.

Most of the earlier data relative to the percentage of metal

and oxygen in ferric oxide we may reject at once, as set

aside by later investigations. Among this no longer valua-

ble material there is a series of experiments by Berzelius,

another by Dobereiner, and a third by Capitaine. The
work done by Stromeyer and by Wackenroder was probably

good, but I am unable to find its details. The former found

30.15 per cent, of oxygen in the oxide under consideration,

while Wackenroder obtained figures ranging from a mini-

mum of 30.01 to a maximum of 30.38 per cent.*

In 1844 Berzelius t published two determinations of the

ratio in question. He oxidized iron by means of nitric acid,

and weighed the oxide thus formed. He thus found that

when = 100 Fe =: 350.27 and 350.369.

Hence the following percentages of Fe in FeoOg.

70.018

70.022

Mean, 70.020, =b .0013

About the same time Svanberg and NorlinJ published

* For additional details concerning these earlier papers I must refer to Oude-
mans' monograph, pp. 140, 141.

f Ann. Chem. Pharm., 50, 432. Berz. Jahresb., 25, 43.

\ Berzelius' Jahresbericht, 25, 42.
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two elaborate series of experiments; one relating to the

synthesis of ferric oxide, the other to its reduction. In the

first set pure piano-forte wire was oxidized by nitric acid,

and the amount of oxide thus formed was determined. The
results were as follows

:

1-5257
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it to reduction in a stream of hydrogen. Two sets of results

were obtained with two different samples of ferrous oxalate,

prepared by two different methods. For present purposes^

however, it is not necessary to discuss these sets separately.

The percentages of iron in Fq.JJ^ come out as follows

:

70.013
^

69.962

69-979 'A.
70.030

I

69.977 J

70.044
]

70.015 !- B.

70.055

Mean, 70.0094, zfc .ooSo

In 1850 Maumene's* results appeared. He dissolved pure

iron wire in aqua regia, precipitated with ammonia, filtered

off the precipitate, washed thoroughly, ignited, and weighed,

after the usual methods of c|uantitative analysis. The per-

centages of Fe in FejOg are given in the third column

:

1.482 grm. Fe gave 2. 117 gnn. Fe^Og. 70.005 percent.

[.452
" 2.074 " 70.010

1.3585
" I-94I " 69.990

1.420 " 2.0285 " 70.002

[.492 " 2.1315 " 69.998

[.554
" 2.220 " 70.000

Mean, 70.0008, ± .0019

Two more results, obtained by Rivotf through the reduc-

tion of ferric oxide in hydrogen, remain to be noticed. The

percentages are

:

69.31

69-35

Mean, 69.33, =t -Oij

We have thus before us six series of results, which we

mav now combine.

*Compt. Rend., Oct. 17, 1850.

t Ann. Chem. Pharm., 78, 214. 1851.
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Berzelius 70.020, ±.0013
Erdmann and Maichand 70.0094, zb .0080

Svanberg and Norlin, Oxyd. 69.9534, zfc .0050
" Reduc. 70.0354, dz .0055

Maumene 70.0008, zh .0019

Rivot 69.33, db .013

General mean 70.0075, zh .0010

From this we get Fe = 55.891, ± .012; or, if = 16,

this becomes 56.0195.

Dumas'* results, obtained from the chlorides of iron, are

of so little weight that they might safely be omitted from

our present discussion. For the sake of completeness, how-

ever, we will include them.

Pure ferrous chloride, ignited in a stream of hydrochloric

acid gas, was dissolved in water and titrated with a silver

solution in the usual way. One hundred parts of silver are

equivalent to the amounts of FeCl^ given in the third

column :

3.677 grm. FeCl^ = 6.238 grm. Ag. 58.945

3.924
" = 6.675 " 58.787

Mean, 58.866, d= .053

Ferric chloride, titrated in the same way, gave these re-

sults :

1. 179 grm. Fe.^Cl5= 2.3475 grm. Ag. 50-224

1.242 " 2.471 " 50-263

Mean, 50.2435, zh .0132

These give us two additional values for Fe, as follows

:

From FeClj Fe = 56.028, zt .119

" Fe^Clg " = 56.189, ± .062

Combining these with the value deduced from the com-

position of FcjOa, Fe = 55.891, it .012, we get this general

mean, Fe = 55.913, ± .012. If = IC), this becomes Fe =
56.042.

*Ann. Chem. I'harm., 1 1 ^. 26. i860.
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COPPER.

The atomi=c weight of copper has been chiefly determined

from the composition of the black oxide and the anhydrous
sulphate. In dealing with the first named compound all

experimenters have agreed in reducing it with a current of

hydrogen, and weighing the metal thus set free.

The earliest experiments of any value were those of Ber-

zelius,* whose results were as follows :

7.6i>o75 gmi. CuO lost 1.55 grm. O. 79.820 per cent. Cu in CuO.

9.61 15
" 1.939 " 79.826

Mean, 79.823, dr .002

Erdmann and Marchand,t who come next in chronologi-

cal order, corrected their results for weighing in air. Their

weighings, thus corrected, give us the subjoined percentages

of metal in CuO

:

63.8962 grm. CuO gave 51.0391 grm. Cu. 79.878 per cent.

65.1590 " 52-0363 " 79.860 "

60.2878 " 48.1540 " 79-^74

46.2700 " 36.9449 " 79-846 "

Mean, 79.8645, ± .0038

Still later we find a few analyses by Millon and Com-

maille.i These chemists not onl}^ reduced the oxide by

hydrogen, but they also weighed, in addition to the metallic

copper, the water formed in the experiments. In three de-

terminations the results were as follows

:

6.7145 grm. CuO gave 5.3565 grm. Cu and 1.5325 grm. H^O. 79.775 per cent.

3.3945
" 2.7085 " .7680 " 79.791 "

2.7880 " 2.2240 grm. Cu. 79-770 "

Mean, 79.7787, =fc .0043

For the third of these analyses the water estimation was

not made, but for the other two it yielded results which, in

* Poggend. Annal., 8, 177.

f Journ. fiir Prakt. Chem., 31, 389. 1844.

J Fresenius' Zeitschrift, 2, 475. 1863.
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the mean, would make the atomic weight of copper 63.087,

dr .222. This figure has so high a probable error that we
need not consider it further.

The results obtained by Dumas * are wholly unavailable.

Indeed, he does not even publish them in detail. He merely

says that he reduced copper oxide, and also effected the

synthesis of the subsulphide, but without getting figures

which were wholly concordant. He puts Cu = 63.5.

Latest of all, and probably the best also, we have the de-

terminations by Hampe.f First, he attempted to estimate

the atomic weight of copper by the quantity of silver which

the pure metal could precipitate from its solutions. This

attempt failed to give satisfactory results, and he fell back

upon the old method of reducing the oxide. From ten to

twenty grammes of material were taken in each experiment,

and the weights were reduced to a vacuum standard

:

20.3260 grm. CuO gave 16.2279 grm. Cu. 79.838 per cent.

20.68851 " 16.51669 " 79-835 "

10.10793 " 8.06926 " 79-831 "

Mean, 79.8347, zh -0013

Hampe also determined the quantity of copper in the

anhydrous sulphate, CuSO^ . From 40 to 45 grammes of the

salt were taken at a time, the metal was thrown down by

electrolysis, and the weights were all corrected. I subjoin

the results

:

40.40300 grm. CuSO^ gave 16.04958 grm. Cu. 39.724 per cent.

44.64280 " 17-73466 " 39-726 "

Mean,' 39.725, =b .0007

We now have four series of experiments upon copper

oxide, as follows

:

Berzelius 79-823, ±.0020
Erdmann and Marchand 79.8645, dz .0038

Millon and Commaille 79-778?, zfc .0043

Hampe 79.8347, ± .0013

General mean 79.830, ^b -ooio

*Ann. d. Chim. at Phys., (3,) 55, 129.

f Fresenius' Zeitschrift, 13, 352.
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For copper we have-

From composition of CuO Cu ^ 63.181, ±: .036

" CuSOj, (Hampe) " = 63.171, ± .012

General mean " = 63.173, ± .011

If = 16, then Cu becomes = 63.318.

The close agreement between the two independent values

for Cu is certainly very striking. It will be seen that

Hampe's two estimates upon the sulphate carry (perhaps

accidentally) much greater weight than all the experiments

upon the oxide. This might seem like giving them undue
credit, were it not for the fact of the remarkable concordance

of the results above referred to. Either estimate for Cu
would be valid without the other.

MOLYBDENUM.

If we leave out of account the inaccurate determination

made by Berzelius,* we shall find that the data for the

atomic weight of molybdenum lead to two independent esti-

mates of its value ; one near 92, the other near 96. The
earlier results found by Berlin and by Svanberg and Struve

lead to the lower number ; the more recent work of Debray,

Dumas, and Lothar Meyer sustains the higher. The latter

value is the more probable, although both may be vitiated

by constant errors in opposite directions.

The earliest investigation which we need especially to

consider is that of Svanberg and Struve.f These chemists

tried a variety of different methods, but finally based their

conclusions upon the two following: first, molybdenum
trioxide was fused with potassium carbonate, and the car-

bon dioxide which was expelled was estimated ; secondly,

molybdenum disulphide was converted into the trioxide by

* Poggend. Annal., 8, I. 1826.

f Journ. fiir Prakt. Chem., 44, 301. 1848.
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roasting, and the ratio between the weights of the two sub-

stances was determined.

By the first method it was found that 100 parts of M0O3
will expel the following quantities of CO 2

:

31-4954

31-3749

31-4705

Mean, 31.4469, zfc .0248

The carbon dioxide was determined simply from the loss

of weight when the weighed quantities of trioxide and car-

bonate were fused together. It is plain that if, under these

circumstances, a little of the trioxide should be volatilized,

the total loss of weight would be slightly increased. A con-

stant error of this kind would tend to bring out the atomic

weight of molybdenum too low.

By the second method, the conversion by roasting of MoS,
into M0O3, Svanberg and Struve obtained these results.

Two samples of artificial disulphide were taken, A and B,

and yielded for each hundred parts the following of trioxide:

89-7919 1^
89.7291 i

89.6436 ^

89.7082
I

89.7660

89.7640

89.8635

-B.

Mean, 89.7523, ± .0176

Three other experiments in series B gave divergent re-

sults, and, although published, are rejected by the authors

themselves. Hence it is not necessary to cite them in this

discussion. We again encounter in these figures the same

source of constant error which apparently vitiates the pre-

ceding series, namel}^ the possible volatilization of the

trioxide. Here, also, such an error would tend to reduce

the atomic weight of molybdenum.

Upon discussing the data given in the foregoing para-
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graphs we get somewhat noticeable results. From the car-

bon dioxide series, Mo = 91.711, ± .113, a figure having no

unusual interest. From the other series, if S = 31.987 and

O = 15.9633, we get Mo = 92.979, ± .354 ; but if we take

S = 32 and = 16, then Mo becomes = 92.133. In this

case the higher values for oxygen and sulphur lead to a

lower number for molybdenum. In the carbonate series

the assumption of 12 and 16 for C and 0, respectively, makes
Mo = 92.033. In other words, if we assume the ordinary

even numbers for C, 0, and S, Svanberg and Struve's two

methods yield more nearly concordant results than when
the revised values for these elements are taken.

Berlin,''' a little later than Svanberg and Struve, deter-

mined the atomic weight of molybdenum by igniting a

molybdate of ammonium and weighing the residual M0O3.
Here, again, a loss of the latter by volatilization may (and

probably does) lead to too low a result. The salt used was

(NIl4)4Mo50i -. 3 HoO, and in it these percentages of M0O3
were found

:

81.598

81.612

81.558

81.555

Mean, 81.581, =h .0095

Hence Mo = 91.9817, ±: .0776 ; a result agreeing quite

well with those of Svanberg and Struve.

Until 1859 the value 92 was generally accepted on the

basis of the foregoing researches, but in this year Dumas f

published some figures tending to sustain a higher number.

He prepared molybdenum trioxide by roasting the disulph-

ide, and then reduced it to metal by ignition in hydrogen.

At the beginning the hydrogen was allowed to act at a

comparatively low temperature, in order to avoid volatiliza-

tion of trioxide ; but at the end of the operation the heat

* Journ. fur Prakt. Chem.,49, 444. 1850.

f Ann. Chem. Phann., 105, 84, and 113, 2\
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was raised sufficiently to insure a complete reduction. From
the weighings I calculate the percentages of metal in M0O3

:

.448 grm. M0O3
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sets of ratios, namely : between MoCln and n AgCl ; between

MoCIq and MoS,, and between M0S2 and n AgCl. We will

use only the first and last of these ; the probable error of

the atomic weight deduced from the second being relatively

so high as to make the value connected with it compara-

tively unimportant. The analyses of the trichloride, being

•discordant, are here rejected.

By reducing the weighings published by Liechti and
Kemp * to a common standard we get the following per-

centage results. In MoCL the subjoined quantities of the

original substance and of MoS, correspond to 100 parts of

AgCl:
MoCl.,. MoS.^.

58.299 55.762

58-194 55-591

58.524 56.065

Mean, 58.339, rh .066 Mean, 55.806, ± .093

Hence MoCl, = 166.902, ± .188, and MoS, = 159.652.

± .2GS.

With the tetrachloride similarly calculated we get these

figures, corresponding to 100 parts AgCl

:

MoCly MoS.^.

41.492 . 27.957

41-319

Mean, 4i-4055» ± -0583

Hence MoCl, = 236.914, ± .358, and MoS,, if given the

weight of a single experiment in the dichloride series,

= 159.964, ± .627.

* These are as follows :

.2666 grm. MoClj gave .2550 grm. Mo.S.^ and .4573 grm. AgCl.

.iSri " -1730

.2530 " .2422

.4126 grm. MoCl^ gave .2780

.1923 "

.5810 grm. M0CI5 gave .3414

.2466 " -1441

.3112

.4320

•9944

.4654

1.5222

.6465
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For the pentachloride the following quantities balance

100 of AgCl

:

MoCl^. MoS^.

38.168 22.428

3S.057 22.289

Mean, 38.112, ± .038 Mean, 22.3585, ± .040

Hence MoCl^ = 272.587, ± .271, and MoS, = 159.914,

± .287.

We have now the molecular weight of each chloride, and

three values for that of the disulphide. Combining the lat-

ter we get a general mean, as follows

:

From MoCU series MoS.^ = 159.652, dz .268

•' MoCl^ " •' = 159-964, =t -627

" MoCI- " •' = 159.914, dz .287

General mean " ^= 159.790, dr .187

With these data, in addition to those given by Dumas
and by Debray, we get live estimates of the atomic weight

of molybdenum

:

Dumas and Debray's data Mo =; 95.429, ifc .057

From molecular weight of M0CI2 "' "= 96.262, dz .190

MoCl^ ' =95.434,^.363
MoCl^ • ^95.737,^.280
MoS.^ " = 95.816, zb .1S8

General mean " =95.527,^.051

Or, if O = 10, Mo = 95.747.

It will at once be seen that the most reliable results arc

those obtained by the reduction of molybdenum trioxide.

Traces of oxychlorides may possibly have contaminated the

chlorides and augmented their atomic weight. Our final

figure, therefore, may be a trifle too high, but the early

value, 92, is unquestionabl}' very far too low.

Since the foregoing discussion was written a single exj^eri-

ment by Rammelsberg * has been brought to my notice.

* Berlin Monatsbericht, 1877, 574.
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Closely following Dumas' method, he reduced molj^bdenum
trioxide to metal, finding in it 66.708 per cent, of the latter.

This figure comes within the limits of variation of Dumas'
experiments, and therefore gives them additional confirma-

tion. Its introduction into the general mean, however
would exert too little influence upon the latter to justify the

labor of recalculation.

TUNGSTEN.

The atomic weight of tungsten has been determined from

analyses of the trioxide, the hexchloride, and the tungstates

of iron, silver, and barium.

The composition of the trioxide has been the subject of

many investigations. Malaguti * reduced this substance to

the blue oxide, and from the difference between the weights

of the two compounds obtained a result now known to be

considerably too high. In general, however, the method of

investigation has been to reduce WO 3 to W in a stream of

hydrogen at a white heat, and afterwards to reoxidize the

metal, thus getting from one sajnplc of material two results

for the percentage of tungsten. This method is unquestion-

ably accurate, provided that the trioxide used be pure.

The first experiments which we need consider are, as

usual, those of Berzelius.f 899 parts WO 3 gave, on reduc-

tion, 716 of metal. 676 of metal, reoxidized, gave 846 WO3.
Hence these percentages of W in WO 3 :

79.644, by reduction.

79.905, by oxidation.

Mean, 79.7745, it .0880

These figures are far too high, the error being undoubt-

edly due to the presence of alkaline impurity in the trioxide

employed.

* Journ. fiir Prakt. Chem., 8, 179. 1836.

j Poggend. Annal., 8, i. 1826.
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Next in order of time comes the work of Schneider,* who,

with characteristic carefulness, took every precaution to get

pure material. His percentages of tungsten are as follows

:

Reduction Series.

79-336

79-254

79-312

79.326

79-350

Mean, 79.3156, zfc

Oxidation Series.

79.329

79-324

79.328

Mean, 79.327, ± .0010

Closely agreeing with these figures are those of Marchand."^

published in the following year

:

Reditction Series.

79-307

79.302

Mean, 79.3045, .0017

Oxidation Series.

79-321

79-352

Mean, 79.3365, ± .0105

The figures obtained by v. Borch| agree in mean tolerably

well with the foregoing. They are as follows

:

Redtiction Series.

79.310

79.212

79.289

79-313

79.225

79.290

79.302

Mean, 79.277, ± .0106

* Journ. fiir Prakt. Chem., 50, 152. 1850.

t Ann. Chem. Pharm., 77, 261. 1851.

J Journ. fiir Prakt. Chem., 54, 254. 1851.
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Oxidation Series.

79-359

79-339

145

Mean, 79.349, d= .0067

Dumas * gives only a reduction series, based upon trioxide

obtained by the ignition of a pure ammonium tungsten.

The reduction was effected in a porcelain boat, platinum

being objectionable on account of the tendency of tungstate

to alloy with it. Dumas publishes only weighings, from

which I have calculated the percentages

:

2.784
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Two reduction experiments by Persoz * give the following

results

:

1-7999 g"Ti- WO3 gave 1.4274 grm. W. 79.304 per cent.

2.249 " 1-784 " 79-324 "

Mean, 79.314, ±z .007

Finally, we have the work done by Roscoe.f This chem-
ist used a porcelain boat and tube, and made six weighings,

after successive reductions and oxidations, with the same
sample of 7.884 grammes of trioxide. These weighings

give me the following five percentages, which, for the sake

of uniformity with foregoing series, I have classified under

the usual, separate headings

:

RechulioJi Series.

79.196

79-285

79.308

Mean, 79.263, zn .023

Oxidation Series.

79.230

79.299

Mean, 79.2645, rt .0233

There are still other experiments by Riche,| which I have

not been able to get in detail. They cannot be of any value,

however, for they give to tungsten an atomic weight of about

ten units too low. We may therefore neglect this series,

and go on to combine the others

:

Berzelius 79

Schneider, Reduction 79
" Oxidation 79

Marchand, Reduction 79
" Oxidation 79

V. Borch, Reduction 79
" Oxidation 79

* Zeit. Anal. Chem., 3, 260. 1864.

f Ann. Chem. Pharm., 162, 368. 1872.

J Journ. fiir Prakt. Ghem., 69, 10. 1857.

-7745.
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Dumas 79-312, ± .009

Bernouilli, Reduction 79.413, ± .091

" Oxidation 79-58i, dz .017

Persoz 79-314. =fc -007

Roscoe, Reduction 79.263, ±.023
" Oxidation 79.2645, rb .0233

General mean 79.3215, rfc .00085

The rejection of the figures given by Berzelius and by-

Bernoulli exerts an unimportant influence upon the final

result. There is, therefore, no practical objection to retain-

ing them in the discussion.

In 1861 Scheibler* deduced the atomic weight of tungsten

from analyses of barium metatungstate, BaO.4 WO3.9H2O.
In four experiments he estimated the barium as sulphate,

getting closely concordant results, which were, however, very

far too low. These, therefore, are rejected. But from the

percentage of water in the salt a very good result was

attained. The percentages of water are as follows

:

13-053

13-054

13-045

13.010

13.022

Mean, 13.0368, ± .0060

The work of Zettnow,t published in 1867, was somewhat

more complicated than any of the foregoing researches. He
prepared the pure tungstates of silver and of iron, and from

their composition determined the atomic weight of tungsten.

In the case of the iron salt the method of working was

this: The pure, artificial FeW04 was fused with sodium

carbonate, the resulting sodium tungstate was extracted by

water, and the thoroughly washed, residual ferric oxide was

dissolved in hydrochloric acid. This solution was then re-

duced by zinc, and titrated for iron with potassium perman-

ganate. Corrections were applied for the drop in excess of

* Journ. fiir Prakt. Chem., 83, 324.

f Poggend. Annal.. 130, 30.
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permangauate needed to produce distinct reddening, and
for the iron contained in the zinc. 11.956 grammes of the

latter metal contained iron corresponding to 0.6 cc. of the

standard solution. The permanganate was standardized

by comparison with pure ammonium-ferrous sulphate,

Am2Fe(S04)2. 6 H2O, so that, in point of fact, Zettnow es-

tablishes directly only the ratio between that salt and the

ferrous tungstate. From Zettnow's four experiments in

standardizing I find that 1 cc. of his solution corresponds to

0.0365457 grammes of the double sulphate, with a probable

error of ±: .0000012.

Three sets of titrations were made. In the first a quantity

of ferrous tungstate was treated according to the process

given above ; the iron solution was diluted to 500 cc, and
four titrations made upon 100 cc. at a time. The second

set was like the first, except that three titrations were made
with 100 cc. each, and a fourth upon 150 cc. In the third

set the iron solution was diluted to 300 cc, and only two

titrations upon 100 cc each were made. In sets one and
two thirty grammes of zinc were used for the reduction of

each, while in number three but twenty grammes were taken.

Zettnow's figures, as given by him, are quite complicated

;

therefore I have reduced them to a common standard. After

applying all corrections the following quantities of tung-

state, in grammes, correspond to 1 cc. of permanganate

solution

:

.028301
I

.028291

.028311

.028'50I

First set.

.028367 ~]

.028368
I

.028367 I"
Second set.

.028367
J

.028438 1 Third set.

.028438 i

Mean, .0283549, dz .0000115

With the silver tungstate, AgaWO^, Zettnow employed

two methods. In two experiments the substance was de-
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composed by nitric acid, and the silver thus taken into solu-

tion Avas titrated Avith standard sodium chloride. In three

others the tungstate was treated directly with common salt,

and the residual silver chloride collected and weighed.

Here again, on account of some complexity in Zettnow's

figures, I am compelled to reduce his data to a common
standard. To 100 parts of AgCl the following quantities of

AgjWO^ correspond

:

By First Method.

161.665

161.603

Mean, 161.634, ± .021

; By Second Method.

^ 161.687

161. 651

161. 613

Mean, 161.650, ± .014

General mean from both series, 161.645, =^ -C^

Finally, we have two analyses by Roscoe of tungsten hex-

chloride, published in the same paper with his results upon

the trioxide. In one experiment the chlorine was deter-

mined as AgCl ; in the other the chloride was reduced by

hydrogen, and the residual tungsten estimated. By bring-

ing both results into one form of expression we have for the

percentage of chlorine in WClg :

*

53-5S8

53-632

Mean, 53.610, dr .015

We have now five ratios from which to calculate the

atomic weight of tungsten

:

(l.) Percentage of W in WOg, 79.3215, ± .00085

(2.) Percentage of H^O in BaO.4WO3.9H2O, 13.0368, =b .0060

* The actual figures are as follows :

19.5700 grm. WClg gave 42.4127 grm. AgCl.

10.4326 " 4.8374 " tungsten.
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(3.) Ani,^Fe(SOj2-6H20 : FeWO^ : : .0365457. dr .ocx)OOl2 : .028354.9,

.0000115

(4.) AgCl : Ag2W0i : : lOO : 161.645, zb .012

(5.) Percentage of CI in WClg, 53.610, ± .015

From these we get five values for tungsten, as follows

:

From (l) W = 183.703, ±; .041

" (2) " =183.532,^.156
" (3) " = 183.923, dz .120

" (4) " ^183.248,^.069
" (5) "= 183.639, zfc .109

General mean " = 183.610, d= .032

Or, if O = 16, then " = 184.032

URANIUM.

It is not the purpose of the present investigation to ex-

amine at all systematically such questions as are involved

in the discussion whether the atomic weight of uranium is

120 or 240. For convenience we may use the formula} based

upon the smaller number, and, if eventually the larger value

proves to be correct, it will be easy to double the figures

which we obtain. Suffice it to say here, that the specific

heat of the green oxide, according to Donath,* agrees best

with the formula U3O4 and the lower atomic weight. On
the other hand, the value 240 fits best into such schemes as

that given by Mendelcjeff in his paper on the periodic law.

An accurate determination of the specific heat of the metal

itself is much needed, for the material with which Rcgnault

worked was of uncertain quality ; furthermore, the vapor

density of some volatile uranium compounds ought to be

ascertained.t Until some such data have been rigidly

*Ber. d. Deutsch. Chem. Gesell., 12, 742. 1879.

t The value of 240 for uranium is strongly sustained by tlie recent experiments

of Zimmermann upon the vapor density of the tetrachlorid and tetrabromid. For

UBr^ the vapor density is 19.46, while theory (U = 240) requires 19.36. For

UCl^ the v. d. 13.33 was found. Theory, 13.21. (Bar. der Deutsch. Chem.

Gesell., 14, s. 1934. 1881.)
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established the controversy over the two rival values can
hardly be satisfactorily settled.

The earlier attempts to determine the atomic weight of

uranium were all vitiated by the erroneous supposition that

the uranous oxide was really the metal. The supposition,

of course, does not affect the weighings and analytical data

which were obtained, although these, from their discordance

with each other and with later and better results, have now
only a historical value.

For present purposes the determinations made by Berze-

lius,* by Arfvedson,t and by Marchand,t may be left quite

out of account. Berzelius employed various methods, while

the others relied upon estimating the percentage of oxygen
lost upon the reduction of UgO^ to UO. Rammelsberg's||

results also, although ver}' suggestive, need no full discus-

sion. He analyzed the green chloride, UCl , ; effected the

.synthesis of uranyl sulphate from viranous oxide ; determined

the amount of residue left upon the ignition of the sodio

and bario-uranic acetates ; estimated the quantity of mag-
nesium uranate formed from a known weight of UO, and

attempted also to fix the ratio between the green and the

black oxides. His figures vary so widely that they could

count for little in the establishing of any general mean

;

and, moreover, they lead to estimates of the atomic weight

which are mostly below the true value. For instance, twelve

lots of U3O4 from several different sources were reduced to

UO by heating in hydrogen. The percentages of loss varied

from 3.83 to 4.67, the mean being 4.121. These figures give

values for the atomic weight of uranium ranging from 92.G6

to 117.65, or, in mean, 107.50. Such discordance is due

partly to impurity in some of the material studied, and
illustrates the difficulties inherent in the problem to be

solved. Some of the uranoso-uranic oxide was prepared by

* Schweigg. Journ., 22, 336. 1818. Poggend. Annal., i, 359. 1825.

t Poggend. Annal., i, 245. Berz. Jahr., 3. 120. 1822.

J Journ. fiir Prakt. Chem., 23, 497. 1841.

II
Poggend. Annal., 55, 318, 1842; 56, 125, 1842; 59, 9, 1843; 66, 91, 1845.

Journ. fiir Prakt. Chem., 29, 324.
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calcining the oxalate, and retained an admixture of car-

bon. Many such points were worked up by Rammelsberg
with much care, so that his papers should be scrupulously

studied by any chemist who contemplates a redetermination

of the atomic weight of uranium.

In 1841 and 1842 Peligot published certain papers* show-

ing that the atomic weight of uranium must be somewhere

near 120. A few years later the same chemist published

fuller data concerning the constant in ciuestion, but in the

time intervening between his earlier and his iinal researches

other determinations were made by Ebelmen and by Wer-
theim. These investigations we may properly discuss in

chronological order. For present purposes the early work

of Peligot may be dismissed as only preliminary in charac-

ter. It showed that what had been previously regarded as

metallic uranium was in reality an oxide, but gave figures

for the atomic weight of the metal which were merely

approximations.

Ebelmen'sf determinations of the atomic weight of urani-

um were based upon analyses of uranic oxalate. This salt

was dried at 100°, and then, in weighed amount, ignited in

hydrogen. The residual uranous oxide was weighed, and

in some cases converted into U3O4 by heating in oxygen.

The following weights are reduced to a vacuum standard

:

10.1644 y"^- oxalate gave 7.2939 grm. UO.

12.9985
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A.

71.924

71 787 103.949

767 103.867

621 103.920

794 103.900

793

778

790 103.930

Mean, 71.782, db .019 Mean, 103.913, ± .009

From column A, the molecular weight of UO = 134.523, zb .102

B, " " = 135-985. ± -326

General mean UO = 134.652, ± .097

From column A U = 118.560
" B " = 120.022

From general mean of both columns __" == 118.689, d= .097

Wertheim's * experiments were even simpler in character

than those of Ebehiien. Sodio-uranic acetate, carefully

dried at 200°, was ignited, leaving the following percentages

of sodium uranate

:

67.5150S

67-54558

67.50927

Mean, 67.52331, rfc .0076

Hence the molecular weight of NaaU^O, = 634.865,

± .191. And U = 119.282, ± .048.

The final results of Peligot's t investigations appeared in

1846. Both the oxalate and the acetate of uranium were

studied and subjected to combustion analysis. The oxalate

was scrupulously purified by repeated crystallizations, and

thirteen analyses, representing different fractions, were made.

Seven of these gave imperfect results, due to incomplete

purification of the material ; six only, from the later crys-

tallizations, need to be considered. In these the uranium

* Joum. fiir Prakt. Chem., 29, 209. 1843.

t Compt. Rend., 22, 487.
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was weighed as U3O4, and the carbon as CO.,. From the

ratio between the CO. and U3O4 the atomic weight of

uranium may be calculated without involving any error

due to traces of moisture possibly present in the oxalate.

I subjoin Peligot's weighings, and give, in the third column,

the UgO^ proportional to 100 parts of CO.:

1.456 grm.

1.369

2.209

.1.019

1.069

1.052

u,o,.
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From all of these figures we may calculate the molecular

weight of the uraiiic acetate as follows :

From percentage of {Jfi^ C2H3(UO)02.H20 = 212.629, ± .242

CO2 " = 212.999, ± -476

H2O " = 211.184, zi= 1.863

General mean " ^ 212.685, zb .214

We have now before us the molecular weights of four

uranium compounds, giving us four values for U

:

(i.) UO = 134.652, d= .097 Ebelmen.

(2.) Na^U^Oj = 634.S65, ±: .191 Wertheim.

vJ- UgO^ = 423-342, zh .451 Peligot.

(4.) C,H3(UO)02.H.p = 212.685, ± -214 - "

The four values for uranium combine as follows

:

From (i) U = 118.6S9, i .097 Ebelmen.

" (2) " = 119.2S2, d= .048 Wertheim.

" (3) " ^ 119.830, dr .150 Peligot.

" (4) " = 119.885,^.215

General mean '• = 1 19.241, ±: .041

Or, if = 10, U = 119.515, or 239.030.

Considering Peligot's figures by themselves, and combin-

ing values 3 and 4, we have U = 119.849, ± .123 ; or, if

O = 10, U = 120.125, or 240.250.

It is plain that the atomic weight of uranium needs to be

scrupulously revised. The foregoing figures are by no

means satisfactory. Chemically considered, it is probable

that Peligot's work is the best, and that his results should

be given preference. His figures from the oxalate and the

acetate tally well with each other, whereas Ebelmen's two

sets of results vary Avidely. From the percentage of UO
yielded by the oxalate, Ebelmen's figures give a low value

for U. From his oxidation of UO to V^O^ we get a value

nearly two units higher. Peligot, in his work with the

oxalate, found it, even after three or four crystallizations,

to be contaminated with oxalic acid, and rejected the figures

obtained from impure material. Probably Ebelmen's low

values are due to the same impurity.
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ALUMINUM.

The atomic weight of ahiminum has been determined by

Berzelius, Mather, Tissier, Dumas, Isnard, Terreil, and
Mallet. The early calculations of Davy and of Thomson
we may properly disregard.

Berzelius' * determination rests upon a single experiment.

He ignited 10 grammes of dry aluminum sulphate,

Al2(S04)3, and obtained 2.9934 grammes of AUOg as resi-

due. Hence, if S = 31.987 and O = 15.9633, Al = 27.243.

In 1835 1 Mather published a single analysis of aluminum
chloride, from which he sought to fix the atomic weight of

the metal. 0.646 grm. of Al2Cle gave him 2.056 of AgCl
and 0.2975 of AljOg. These figures give worthless values

for Al, and are included here only for the sake of complete-

ness. From the ratio between AgCl and Al 2 CI g , Al = 28.925.

Tissier'sJ determination, also resting on a single experi-

ment, appeared in 1858. Metallic aluminum, containing

.135 per cent, of sodium, was dissolved in hydrochloric acid.

The solution was evaporated with nitric acid to expel all

chlorine, and the residue was strongly ignited until only

alumina remained. 1.935 grm. of Al gave 3.645 grm of

AI2O3. If we correct for the trace of sodium in the alumi-

num, we have Al = 27.073.

Essentially the same method of determination was adopted

by Isnard,
II
who, although not next in chronological order,

may fittingly be mentioned here. He found that 9 grm. of

aluminum gave 27 grm. of AI2O3. Hence Al = 26.938.

In 1858 Dumas,§ in connection with his celebrated revi-

sion of the atomic weights, made seven experiments with

aluminum chloride. The material was prepared in quantity,

* Poggend. Annal., 8, 177.

f Silliman's Amer. Journ., 27, 241.

X Compt. Rend., 46, 1105.

II
Compt. Rend., 66, 508. 1868.

^ Ann. Chim. Phys., (3,) 55, 151. Ann. Chem. Pliann., 113, 26.
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sublimed over iron filings, and finally resublimed from

metallic aluminum. Each sample used was collected in a

small glass tube, after sublimation from aluminum in a

a stream of dry hydrogen, and hermetically enclosed. Hav-
ing been weighed in the tube, it was dissolved in water, and

the quantity of silver necessary for precipitating the chlo-

rine was determined. Reducing to a common standard, his

weighings give the quantities of Al2Clg stated in the third

column, as proportional to 100 parts of silver

:

1.8786 grin. Al,Cle = 4.543 grm. Ag. 41-352

3.021 " 7.292 " 41.459—Bad.

2.399
" 5.S02 " 41-348

1.922 " 4-6525 " 4I-3II

1.697 " 4-IOI5 "
41-375

4.3165 " 10.44S " 41-314

6.728 " 16.265 " 41-365

In the second experiment the AUClg contained traces of

iron. Rejecting this experiment the remaining six give a

mean of 41.344, ± .007. flence Al = 27.441, ± .082.

In consequence of these figures of Dumas, the atomic

weight of aluminum has generally of late years been put at

27.5, and the lower results deduced from the work of other

investigators have been disregarded.

In 1879 Terrell* published a new determination of the

atomic weight under consideration, based upon a direct

comparison of the metal with hydrogen. Metallic alumi-

num, contained in a tube of hard glass, was heated strongly

in a current of dry hydrochloric acid. Hydrogen was set

free, and was collected over a strong solution of caustic

potash. 0.410 grm. of aluminum thus were found equiva-

lent to 508.2 cc, or .0455 grm. of hydrogen. Hence Al =
27.033.

About a year after Terrell's determination appeared the

lower value for aluminum was thoroughly confirmed by J.

W. Mallet.f After giving a full resume of the work done

by others, exclusive of Isnard, the author describes his own
experiments, which may be summarized as follows

:

* Bulletin de la Soc. Chimique, 31, 153.

f Phil. Tran*;., 18S0, p. 1003.
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Four methods of determination were employed, each one

simple and direct, and at the same time independent of the

others. First, pure ammonia alum was calcined, and the

residue of aluminum oxide was estimated. Second, alumi-

num bromide was titrated with a standard solution of silver.

Third, metallic aluminum was attacked by caustic soda,

and the hydrogen evolved was measured. Fourth, hydro-

gen was set free by aluminum, and weighed as water.

Every weight was carefully verified, the verification being

based upon the direct comparison, by J. E. Hilgard, of a

kilogramme weight witli the standard kilogramme at Wash-
ington. The specific gravity of each piece was determined,

and also of all materials and vessels used in the weighings.

During each weighmg both barometer and thermometer

were observed, so that every result represents a real weight

in vacuo.

The ammonium akim used in the first series of experi-

ments w^s specially prepared, and was absolutely free from

ascertainable impurities. The salt was found, however, to

lose traces of water at ordinary temperatures ; a circum-

stance which tended towards a slight elevation of the appar-

ent atomic \v'eight of aluminum as calculated from the

weighings. Two sets of experiments were made with the

alum ; one upon a sample air-dried for two hours at 21°-25°,

the other upon material 'dried for twenty-four hours at

19°-26°. These sets, marked A and B respectively, differ

slightly ; B being the less trustworthy of the two, judged

from a chemical standpoint. ^Mathematically it is the better

of the two. Calcination was effected with a great variety of

precautions, concerning which the original memoir must be

consulted. To Mallet's weighings I append the percentages

of AUOg deduced from them :

Scries A.

8.2144 grm. of the alum gave .925S grm. Al.^O^. 11.270 per cent.

14.0378 " 1.5825 " 11.273 "

5.6201 "
.6337

" 11.275 "

11.2227 " 1.2657 " 11.278 "

10.8435 "
I. 2216 " 11.266 "

Mean, 11.2724, ± .0014
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Series B.

12.1023 grm. of the alum gave 1. 3660 grm. AljOg. 11.2S7 per cent.

10.4544
"

1. 1796
" 11.283 "

6.7962 " .7670 " 11.286 "

8.5601 "
, -9654 " 11.278 "

4.8992 " .5528 " 11.283 "

Mean, 11.2834, ±: .0011

Combined, these series give a general mean of 11.2793, ih

.0008. Hence Al = 27.075, =i= .011.

The aluminum bromide used in the second series of ex-

periments was prepared by the direct action of bromine

upon the metal. The product was repeatedly distilled, the

earlier portions of each distillate being rejected, until a con-

stant boiling point of 263.°3 at 747 mm. pressure was noted.

The last distillation was effected in an atmosphere of pure

nitrogen, in order to avoid the possible formation of oxide

or oxy-bromide of aluminum ; and the distillate was col-

lected in three portions, which proved to be sensibly identi-

cal. The individual samples of bromide were collected in

thin glass tubes, which were hermetically sealed after nearly

filling. For the titration pure silver was prepared, and
after fusion upon charcoal it was heated in a Sprengel vac-

uum in order to eliminate occluded gases. This silver was
dissolved in specially purified nitric acid, the latter but very

slightly in excess. The aluminum bromide, weighed in the

sealed tube, was dissolved in water, precautions being taken

to avoid any loss by splashing or fuming which might re-

sult from the violence of the action. To the solution thus

obtained the silver solution was added, the silver being

something less than a decigramme in deficiency. The re-

maining amount of silver needed to complete the precipita-

tion of the bromine was added from a burette, in the form

of a standard solution containing one milligramme of metal

to each cubic centimetre. The final results were as follows,

the figures in the third column representing the quantities

of bromide proportional to 100 parts of silver. Series A is

from the first portion of the last distillate of AUBrg; .series
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B from the second portion, and series C from the third

portion

:

Series A.

6.0024 grm. AUBi-g = 7.2793 grm. Ag.
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The closing series of experiments was made with larger

quantities of aluminum than were used in the foregoing-

set. The hydrogen, evolved by the action of the caustic

alkali, was dried by passing it through two drying tubes

containing j^umice stone and sulphuric acid, and two others

containing asbestos and phosphorus j)entoxide. Thence it

passed through a combustion tube containing copper oxide

heated to redness. A stream of dry nitrogen was employed

to sweep the last traces of hydrogen into the combustion

tube, and dry air was afterwards passed through the entire

apparatus to reoxidize the surface of reduced co];)per, and to

prevent the retention of occluded hydrogen. The water

formed by the oxidation of the hydrogen was collected in

three drying tubes. The results obtained were as follows.

The third column gives the amount of water formed from

10 grammes of aluminum

:

2.1704 grm. Al gave 2.1661 grm. HjO. 9.9S02

2.9355 " 2.9292 " 9.9785

5.2632 " 5-2562 " 9.9867

Hence Al = 2r3.998, ± .007,

Mean, 9.9818, ± .0017

In combining the various determinations of the atomic

weight of aluminum into one general mean, we must arbi-

trarily assign weight to the single experiments of Berzelius,

Isnard, Tissier, and Terrell. This may fairly be done by
giving to each the probable error, and therefore the weight,

of a single observation in Dumas' series. Mather's work

may be ignored altogether

:

From Berzelius Al = 27.243, ±.201

11

Tissier
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If = 16, Al = 27.075. Taking Mallet's work alone,

Al =: 27.0089, ± .0028.

Evidently all the data except Mallet's might be rejected

without affecting sensibly the final result. Dumas' work is

clearly vitiated by constant errors, but the determinations

by Isnard, Tissier, and Terrell may be regarded as having

some confirmative value.

GOLD.

The onl}^ determinations of the atomic weight of gold

which are worthy of consideration are those of Berzelius

and of Levol.

The earliest method adopted by Berzelius* was that of

precipitating a solution of gold chloride by means of a

weighed quantity of metallic mercury. The weight of gold

thus thrown down gave the ratio between the atomic weights

of the two metals. In the single experiment which Ber-

zelius publishes, 142.9 parts of Hg precipitated 93.55 of Au.

Hence, using the value for mercury given in a preceding

chapter, 199.712, Au = 196.113.

In a later investigationf Berzelius resorted to the analj'sis

of potassio-auric chloride, 2KCI.AUCI3. Weighed quanti-

ties of this salt were ignited in hydrogen ; the resulting gold

and potassium chloride were separated by means of water,

and both were collected and estimated. The loss of weight

upon ignition was, of course, chlorine. As the salt could

not be perfectly dried without loss of chlorine, the atomic

weight under investigation must be determined by the

ratio between the KCl and the Au. If we reduce to a com-

mon standard, and compare with 100 parts of KCl, the

equivalent amounts of gold will be those which I give in

the last of the subjoined columns

:

* Poggend. y\nnal.,8, 177.

f Lehrbuch, 5 Aull., 3, 1212.
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4.1445 grm. KjAuCljgave .S185 gmi. KCl and 2.159 ?.^^- ^"- 263.775

2.2495
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From KCl : Au ratio Au ^ 196.186, ± .101

From Hg : Au ratio " = 196. 113, dz -335

From P : Au ratio '• = 195.303, ± .589

From BaSO^ : Au ratio " = 195.794, =h 1-234

General mean " = 196.155, i .095

Or, if = 16, Au = 196.606.

As gold is a metal which can be readily applied to the

determination of the atomic weights of other elements, an
experimental revision of its atomic weight is very desirable.

NICKEL AND COBALT.

On account of the close similarity of these metals to each

other, their atomic weights, approximately if not actually

identical, have received of late years much attention.

The first determinations, and the only ones up to 1852,

were made by RothhofF; * each with but a single experi-

ment. For nickel 188 parts of the monoxide were dissolved

in hydrochloric acid ; the solution was evaporated to dry-

ness, the residue was dissolved in water, and precipitated

by silver nitrate. 718.2 parts of silver chloride were thus

formed ; whence Ni = 58.925. The same process was applied

also to cobalt, 269.2 parts of the oxide being found equiva-

lent to 1029.9 of AgCl. Hence Co = 58.817. These values

are so nearly equal that their differences were naturally

ascribable to experimental errors. They are, however, en-

titled to no special weight at present, since it cannot be

certain from any evidence recorded that the oxide of either

metal was absolutely free from traces of'the other.

In 1852 Erdmann and Marchandf published some re-

sults, but without details, concerning the atomic weight of

nickel. They reduced the oxide by heating in a current of

* Cited by Berzelius. Poggend. Annal., 8, 184. 1826.

f Journ. fur Prakt. Chem., 55, 202. 1852.
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hydrogen, and obtained values ranging from 58.2 to 58.6,

when = 16. Their results were not very concordant, and

the lowest was probably the best.

In 1856, incidentally to other work, Deville* found that

100 parts of pure metallic nickel yielded 262 of sulphate

;

whence Ni = 59.15.

To none of the foregoing estimations can any importance

now be attached. The modern discussion of the atomie

weights under consideration began with the researches of

Schneider t in 1857. This chemist examined the oxalates

of both metals, determining carbon by the combustion of

the salts with copper oxide in a stream of dr}' air. The

carbon dioxide thus formed was collected as usual in a

potash bulb, which, in weighing, was counterpoised by a

similar bulb, so as to eliminate errors due to the hygroscopic

character of the glass. The metal in each oxalate was esti-

mated, first by ignition in a stream of dry air, followed by

intense heating in hydrogen. Pure nickel or cobalt Avas

left behind in good condition for weighing. Four analyses

of each oxalate were made, with the results given below.

The nickel salt contained three molecules of water, and the

cobalt salt two molecules

:

NiC.fi^.3H^0.
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CoC.,0^.2H.^O.

1-6355 grm- gave -781 grm. CO.^. 47.753 per cent.

1. 107 " .5295
" 47-832 '•

2.309 " i.ioi " 47-683

3.007 "
1.435

" 47-722 "

Mean, 47-7475. ± -0213

The following were the percentages found for cobalt

:

32.552

32.619

32-528

32-523

Mean, 32.5555, ± .0149

In a later paper* Schneider also gives some results ob-

tained with a nickel oxalate containing but two molecules

of water. This gave him 47.605 per cent, of CO2, and the

following percentages of nickel

:

31-4115

31-4038

Mean, 31.4076, ± .0026

The conclusion at which Schneider arrived was, that the

atomic weights of cobalt and nickel are not identical, being

about 60 and 58 respectively. The percentages given above

will be discussed at the end of this chapter in connection

with all the other data relative to the constants in question.

The next chemist to take up the discussion of these atomic

weights was Marignac, in 1857.t His original paper is not

accessible to me, and I am therefore obliged to give only

such features of it as I can get from abstracts and reviews.

He worked with the chlorides and sulphates of nickel and

cobalt, using apparently common gravimetric methods.

The sulphates, taken as anhydrous, were first ignited to

expel SO2+ 0, after which the residues were heated with

weighed amounts of lead silicate. The increase in weight

* Poggend. Annal., 107, 616.

f Jahresbericht, 1857, 225. Bihl. Univ. de Geneve, fnouv. s.,) i, 373.
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was CoO or NiO respectively. The anhydrous chlorides

were prepared from the hydrated salts by ignition in dry

chlorine or hydrochloric acid. With cobalt, the monohy-

drated chloride, dried at 100°, was also employed. For

nickel he gives the following values, referred probably to

O = 16, S = 32, Ag = 108, CI = 35.5

:

From NiSO^ Ni = 58.4 to 59.0

" NiCl.^ " = 58.4 ^' 59-28

To cobalt these values are assigned

:

From CoSO^ Co = 58.6410 58.76

" CoClo.Hp " =58.84 "59.02
" CoCl, " = 58.72 " 59.02

That is, contrary to Schneider's view, the two atomic

weights are approximately the same. The values for nickel,

however, run a little lower than those for cobalt ; a fact

which is probably not without significance. Marignac crit-

icizes Schneider's earlier paper, holding that the nickel

oxalate may have contained some free oxalic acid, and that

the cobalt salt was possibly contaminated with carbonate or

with basic compounds. In his later papers Schneider rejects

these suggestions as unfounded, and in turn criticizes Ma-

rignac. The purity of anhydrous NiSO^ is not easy to

guarantee, and, according to Schneider, the anhydrous chlo-

rides of cobalt and nickel are liable to be contaminated with

oxides. This is the case even when the chlorides are heated

in chlorine, unless the gas is carefull}^ freed from all traces

of air and moisture.

Dumas' * determinations of the two atomic weights were

made with the chlorides of nickel and cobalt. The pure

metals were dissolved in aqua regia, the solutions were

repeatedly evaporated to dryness, and the residual chlorides

were ignited in dry hydrochloric acid gas. The last two

estimations in the nickel series were made upon NiClg

formed by heating the spongy metal in pure chlorine. In

the third column I give the NiCL, or CoCl 2, equivalent to

100 parts of silver :

* Ami. Chem. Pharm., 1 13, 25. i860.
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.9123 grm. NiClj =
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CoO.

78.591 1

78.588
I

78.550 j- 1st sample.

78.598 I

78.614 J

78.603

78.591

78.591

78.588
^

78.592 /

78.597

2d sample.

3d sample.

75.597 1

78.598 }
4'^^ '""^P^^-

78.595

78.589 [ 5th sample.

78.596

Mean of all, 78.592, ± .0023

These percentages are practically identical, and lead to

essentially the same mean value for each atomic weight.

In a later paper Russell* confirmed the foregoing results

by a different process. He dissolved metallic nickel and

cobalt in hydrochloric acid and measured the hydrogen

evolved. Thus the ratio between the metal and the ulti-

mate standard was fixed without the intervention of any

other element. About two-tenths of a gramme of metal, or

less, was taken in each experiment. 100 parts by weight of

Co or Ni give the following weights of H, calculated from

the volume of the latter

:

Ni.

420 1

418
I

416
I

417 ) ist sample.

412

415

416
j

Co.

3-395

3-398

3-397

3-398

3-403

3.401

3-401

1st sample.

2d sample.

Joum. Chem. Soc, (2,) 7, 494. 1869.
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A7. - Co.

3-398 ^ 3.404 ) , ,11 - ^ 3u sample.
3.409 V 2d sample. 3-405 J

3-404 J 3-4IO
^

, , y 4th sample.
3.401 —3d sample. 3.407/^

3-412
I

3.408 4th sample. Mean of all, 3.4017, ±.0009

3.410 i

Mean of all, 3.41 1, i .001

A glance at the tabulated discussion which closes this

chapter will show that these figures agree well with each

other, and well with those found from the analyses of the

oxides. The probable errors assigned in the hydrogen

series may be a little too low, since they ought to be modi-

fied by the probable error of the weight of a unit volume

of hydrogen. So insignificant a correction may, however,

be neglected.

Some time after the publication of Russell's first paper,

but before the appearance of his second, some other investi-

gations were made known. Of these the first was by Som-

maruga,* whose results, obtained by novel methods, closely

confirmed those of Schneider and antagonized those of Du-

mas, Marignac, and Russell. The atomic weight of nickel

Sommaruga deduced from analyses of the nickel potassium

sulphate, K,Ni(SOJo.6H,0, which, dried at 100°, has a

perfectly definite composition. In this salt the sulphuric

acid was determined in the usual way as barium sulphate,

a process to which there are obvious objections. In the

third column are given the quantities of the nickel salt pro-

portional to 100 parts of BaSO^

:

0.9798
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For cobalt Sommaruga used the purpureo cobalt chloride

of Gibbs and Genth. This salt, dried at 110°, is anhydrous
and stable. Heated hotter, CoCL remains. The latter, ig-

nited in hydrogen, yields metallic cobalt. In every experi-

ment the preliminary heating must be carried on cautiously

until ammoniacal fumes no longer appear

:

.6656 grm. gave
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by Weselsky which was published by him in a paper pres-

ently to be cited

:

.4360 gmi. nickel precipitated .9648 grm. gold. 45.191

.4367 " .9666 " 45-179

.5189 " I. 1457 " 45-291

.6002 " 1.3286 " 45-175

3147

5829

5"i
5821

559
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chloride was also carried out. In order to avoid admixture

of carbon in the metallic residues,,the salts were first ignited

in air, and then in oxygen. Reduction by hydrogen fol-

lowed. The salts were in each case covered by a porous

septum of earthenware, through which the hydrogen dif-

fused, and which served to prevent the mechanical carrying

away of solid particles ; furthermore, heat was applied from

above. The results attained were very satisfactory, and
assign to nickel and cobalt atomic weights varying from

each other by about a unit; Ni being nearly 58, and Co

about 59. The exact figures will appear later. The cobalt

results agree remarkably well with those of Weselsky. The
following are the percentages of metal found

:

In brucia nickelocyanide. Ni,C\\.y{C.y^H.^^N.fi^^H^.ioH<^0.

5-724

5-729

5-750

5-733

5-712

5-729

Mean, 5.7295, ± .0034

In strychnia nickelocyanide, Ni^Cyy^{C^-^^H^^N.^^O^^.H^.8H^O

.

6.607

6.613

6.589

6.607

6.561

6-595

Mean, 6.595, i .005

In brucia cobalticyanide, Co.^Cy^.^iC^-^H.^f^N'.^O^g.II^. 3011.^0.

3-759

3.720

3-739

3-748

3-747

3-749

Mean, 3.7437. ± -0036
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In strychnia cobalticyanide, Co.,C\\.^( C.jiH^i'^V^O.^),-^.H^.Sil,,0.

4.583

4-596

4-554

4-564

4-577

4-549

Mean, 4.5705, rb .005

111 pitrpureo-cobalt chloride, Co^{NII.^)^f^C!f^.

23-575

23-587

23.586

23-579

23-569

23.581

Mean, 23.5795, =fc .0019

The last series may be combined with Sommaruga's, thus

.006

.0019

Sommaruga 23.827,

Lee 23.5795,

General mean 23.6045, ± .0018

In discussing the atomic weights of nickel and cobalt, we
may ignore the work of Rothhoff, Erdmann and Marchand
and Deville. That of Marignac must also be omitted, for'

want of sufficient data. For nickel we have the following

ratios. The probable error assigned in No. 4, is that of a

single experiment in No. 2 :

NiC20^.3H20, 29.084,(i.) Per cent, of Ni in

(2.)

(3

(4

(5

(6

(7

(8

(9

(10

Ag : NiClj

006

CO.^ from "
44.098, i .027

Ni in NiC.p^.2lI.p, 31.4076, ± .0026

CO., from " 47.605, ± .053

Ni in NiO, 78.593, i .0018

" brucia nickelocyanide, 5.7295, d: .0034

" strychnia " 6.595, i .005

: 100 : 60.1992, zb .0062

Ni :

Au
H :

Ni

100 : 3. 411, ±
: 100 : 45.209,

.001

fc .019

) BaSO^ : K.^Ni(S0j.,.6H.,0 : : 100 : 93.6505, ± .001

Since the proportion of water in the oxalates is not an

absolutely certain quantity, the data concerning such salts
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are best handled by employing the ratios between the carbon
dioxide and the metal. Accordingly ratios (1) and (2) give

a single value for Ni, and ratios (3) and (4) another. In all,

we have nine values for the atomic weight in question

:

From (i) and (2) Ni = 57.907, zh .0379

" (3) " (4) "=57.926,^.0654
" (6) " =57.884,^.0396
" (7) " = 57.947, zb .0467

" (11) " ^58.170,^3.0829
"

(5) "=58.607,^.0139
" (9) " =58.634,^.0165
" (8) " = 58.899, ± .0339
" (10) " =59.120,^.0376

General mean " = 58.547, rt .0089

If = 16, Ni = 58.682.

In the foregoing result it will be seen that the two sets of

figures due to Russell receive very great weight. This is

because the one set is referred directly to hydrogen, without

the intervention of the probable error of any other element

;

while the second set involves only the atomic weight of

oxygen, of which the probable error is small. As regards

accuracy of methods, however, and certainty concerning the

purity of material, Russell's work is no better than Schnei-

der's, and probably inferior to Lee's. Now values one to

five in the above table represent the tolerably concordant

results of Schneider, Lee, and Sommaruga. They, combined

by themselves, give a general mean of Ni = 57.928, ± .0215

;

or, if = 16, of Ni = 58.062. This value, taking every-

thing into account, I cannot but regard as more likely to

prove correct than the larger mean deduced from all the

ratios. At all events, the atomic weight of nickel needs

further careful investigation.

For cobalt these ratios are available

:

(l.) Per cent, of Co in CoC20^.2H20, 32.5555, zb .0149

(2.)
" CO2 from "

47.7475, zb .0213

(3.)
" Co in CoO, 78.592, zb .0023

(4.)
" " purpureo-cobalt chloride, 23.6045, zb .0018

(5.)
" " phenylammonium cobalticyanide, 1 1.8665, zb .0124

(6.)
" " ammonium "

21.943, zb .029
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(7.) Per cent, of Co in brucia cobalticyanide, 3.7437, ± .0036

(8.)
" " strychnia " 4- 5705, ± .005

(9.) Ag : CoCIj : : lOO : 60.2278, d= .Oil

(10.) Co : H : : lOO : 3.4017, d= .OOO9

(11.) Au : Co : : loo : 45.151, ± .025

Hence we have ten values for Co, as follows

:

From (i) and (2) Co = 59.865, ± .0394
" (4)

" = 59.080, zfc .0152

"
(5)

" = 58.913, ± .0628

" (6)
" = 59.177, ± .0816

" (7)
" = 59.057, d= .0581

" (8) :. " = 58.960, ± .0708

" (II) " = 59.044, d= .0436

" (9)
" =58.961,^.0392

" (3)
" = 58.604, i .0145

" (10) " =r 58.794, d= .0162

General mean " ^ 58.887, ± .008

If = IG, Co = 59.023.

SELENIUM.

The atomic weight of this element was first determined

by Berzelius,* who, saturating 100 parts of selenium with

chlorine, found that 179 of chloride were produced. Further

on these figures will be combined with similar results by

Dumas.

We may omit, as unimportant for present purposes, the

analyses of alkaline selenates made by Mitscherlich and

Nitzsch,t and pass on to the experiments published by Sacc X

in 1847. This chemist resorted to a variety of methods,

some of which gave good results, while others were unsatis-

factory. First, he sought to establish the exact composition

of SeOj, both by synthesis and by analysis. The former

plan, according to which he oxidized pure selenium by

* Poggend. Annal., 8, i. 1826.

t Poggend. Annal., 9, 623. 1827.

j Ann. d. Chim. et d. Phys., (3,) 21, 119.
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nitric acid, gave poor results ; better figures were obtained

upon reducing SeOa with ammonium bisulphite and hydro-

chloric acid, and determining the percentage of selenium

set free

:

.6800 grm. SeOj gave .4828 grm. Se. 71.000 per cent.

3.5227 " 2.5047 " 71.102 "

4.4870 " 3-1930 " 71. 161

Mean, 71.0S8, i .032

In a similar manner Sacc also reduced barium selenite,

and weighed the resulting mixture of barium sulphate and

free selenium. Tliis process gave discordant results, and a

better method was found in calcining BaSeOg with sul-

phuric acid, and estimating the resulting quantity of BaSO^.

In the third column I give the amounts of BaSO^ equivalent

to 100 of BaSeOg

:

•5573 S^'^- BaSeOg gave .4929 grm'. BaSO^. 88.444

.9942 " .8797 " 88.383

.2351 " .2080 " 88.473

.9747 " .8621 " 88.448

Mean, S8.437, ± .013

Still other experiments were made with the selenites of

silver and lead ; but the figures were subject to such errors

that they need no further discussion here.

A few years after Sacc's work was published, Erdmann and
Marchand made with their usual care a series of experi-

ments upon the atomic weight under consideration.* They
alalyzed pure mercuric selenide, which had been repeatedly

sublimed and was well crystallized. Their method of ma-
nipulation has already been described in the chapter upon
mercury. These percentages of Hg in HgSe were found :

71.726

71-731

71.741

Mean, 71.7327, ± .003

* Journ. fur Prakt. Chem., 55, 202. 1852.

12
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The next determinations were made by Dumas,* who re-

turned to the original method of Berzelius. Pure selenium

was converted by dry chlorine into SeCl^, and from the gain

in weight the ratio between Se and CI was easily deducible.

I include Berzelius' single experiment, which I have already

cited, and give in a third column the quantity of chlorine

absorbed by 100 parts of selenium

:

1.709 grm. Se absorb 3.049 grm. CI. 178.409

1. 810 " 3.219 " 177-845

1.679 " 3-003 " 178.856

1.498 " 2.688 " 179.439

1.944 •' 3.468 « 178.39s

1.887 " 3-3^2 " 179.226

1-935
" 3-452 " 178-398

1 79.000—Berzelius.

Mean, 178.696, ± .125

The question may here be properly asked, whether it

would be possible thus to form SeCl^ and be certain of its

absolute purity ? A trace of oxychloride, if simultaneously

formed, would increase the apparent atomic weight of

selenium. In point of fact, this method gives a higher

value for Se than any of the other processes which have

been adopted, and that value has the largest probable error

of any one in the entire series. A glance at the table which

summarizes the discussion at the end of this chapter will

render this point sufficiently clear.

Latest of all, we come to the determinations made by

Ekman and Pettersson.* They tried various methods of

investigation, and finally decided upon the two following

:

First. Pure silver selenite, AggSeOg was ignited, leaving

behind metallic silver in the subjoined percentages

:

* Ann. Chem. Pharin., 113,32. i860.

f Ber. d. Deutsch. Chem. Gesell., 9, 1210. 1S76. Published in detail by the

society at Upsala.
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62.93

62.95

62.97

62.94

62.98

62.98

62.95

Mean, 62.957, dz .005

Second. A warm aqueous solution of selenious acid was

mixed with HCl, and reduced by a current of SOo- The
reduced Se was collected upon a glass filter, dried, and

weighed. Percentages of Se in SeO;

:

199

185

193

187

191

Mean, 71. 191, dr .0016

This series, combined with that of Sacc, 71.088, dz .032,

gives a general mean of 71.1907, ± .0016.

There are now five series of figures from which to deduce
the atomic weig-ht of selenium

:

)
Per cent, of .Se in Se02, 71.1907, dz .0016

)
BaSe03 : BaS04 : : 100 : 88.437, == -013

)
Per cent, of Hg in HgSe, 71.7327, ^z .003

)
Se : SeCl^ : : 100 : 178.696, n: .125

)
Per cent, of Ag in AgjSeO,, 62.957, re .005

From these we get the following values for selenium

From (i) Se = 78.894, ± .018

(2)-

(3)-

(4)-

(5)-

= 78.362, dz .053

78.700,

79-174,

78.819,

.019

.064

.025

General mean.

If = 16, Se = 78.978.

78.797, zt: .Oil
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TELLURIUM.

Particular interest attaches to the atomic weight of tellu-

rium, on account of the speculations of MendelejefF. Ac-

cording to the " periodic law " of that chemist, tellurium

should lie between antimony and iodine, having an atomic

weight greater than 120, and less than 127. Theoretically,

Mendelejeff assigns it a value of Te = 125; but all the

published determinations lead to a mean number higher

than would be admissible under the aforesaid " periodic

law." Whether theory or experiment is at fault remains to

be discovered.

The first, and for many years the only, determinations of

the constant in question, were made by Berzelius.* By
means of nitric acid he oxidized tellurium to the dioxide,

and from the increase in weight deduced a value for the

metal. He published only his final results ; from which, if

O = 100, Te = 802.121. The three separate experiments

give Te = 801.74, 801.786, and 802.838 ; whence we can cal-

culate the following percentages of metal in the dioxide

:

80.057

80.036

80.034

Mean, 80.042, i .005

The next determinations were made by von Hauer,t who
resorted to the analysis of the well crystallized double salt

TeBr4.2KBr. In this compound the bromine was estimated

as silver bromide, the values assumed for Ag and Br being

respectively 108.1 and 80. Recalculating, with our newer

atomic weights for the above named elements, we get from

V. Hauer's analyses, for 100 parts of the salt, the quantities

of AgBr which are put in the third column :

* Poggend. Annal., 28, 395. 1833.

f Sitzungsb. Wien Akad., 25, 142.
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2.000 grm. K2TeBrg gave 69.946 per cent. Br. 164.460

6.668 " 69.8443 " 164.221

2.934
" 69.9113 " 164.379

3.697
" 70.0163 " 164.626

1.000 " 69.901 "
164.355

Mean, 164.40S, ± .045

From Berzelius' series we may calculate Te = 128.045,

and from v. Hauer's Te = 127.419. Dumas,* by a method
for which he gives absolutely no particulars, found Te = 129.

In 1879, with direct reference to MendelejcfF's specula-

tions, the subject of the atomic weight of tellurium was

taken up by Wills.t The methods of both Berzelius and

von Hauer were employed, with various rigid precautions

in the way of testing balance and weights, and to ensure

purity of material. In the first series of experiments tellu-

rium was oxidized by nitric acid to form TeO,. The results

gave figures ranging from Te = 126.31 to 129.34

:

2.21613 grm. Te gave 2

1-45313
"

I

2.67093 "
3

4.77828 "
5

2.65029 "
3

,77612 grm. TeOj. 79.828 per cent. Te.

,81542 " S0.044 "

,33838 " 80.007

95748
" 80.207

31331 " 79-989

Mean, S0.015, ± .041

In the second series tellurium was oxidized by aqua regia

to TeOa ; with results varying from Te = 127.77 to 128.00:

2.85011 grm. Te gave 3.56158 grm. TeO.^. 80.024 per cent. Te.

3.09673 " 3-86897 " 80.040

5.09365
" 6.36612 " 80.012 "

3.26604 " 4.08064 " 80.037 "

Mean, 80.028, zh .004

Combining these series with that due to Berzelius, we

have the following general mean

:

* Ann. d. Chim. et d. Phys., (3,) 55, 129. 1859.

IJourn. Chem. Society, Oct., 1879, P- 7*34-
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Berzelius 80.042, d= .005

Willi, 1st series 80.015, ± .041

" 2d " 80.028, d= .004

General mean 80.035, it .003

Hence Te = 127.98(), ± .035.

By von Hauer's process, the analysis of TeBr4.2KBr,

AVill's figures give results ranging from Te = 126.07 to

127.61. Reduced to a common standard, 100 parts of the

salt yield the quantities of AgBr given in the third column :

1.70673 grm. KjTeBrg gave 2.80499 grm. AgBr. 164.349

1.75225 " 2.88072 " 164.39S

2.06938 "
3-40739

" i64-*357

3.29794 " 5-43228 " 164.717

2.46545 •' 4-05742 " 164.571

Mean, 164. 53S, i .048

Combined with von Hauer's mean, 164.408, dz .045, this

gives a general mean of 164.468, =b .033. Hence Te =
127.170, ± .173.

The two independent values for Te combine thus :

From TeOj Te r= 127.986, d= .035

" TeKjBrg " = 127.170, dz .173

General mean " = 127.960, ifc .034

If O = 16, Te = 128.254.

A careful consideration of the foregoing figures, and of

the experimental methods by which they were obtained,

will show that they are not absolutely conclusive with re-

gard to the place of tellurium under the periodic law. The

atomic weight of iodine, calculated in a previous chapter, is

126.557. Wills' values for Te, rejecting his first series as

relatively unimportant, range from 126.07 to 128.00 ; that

is, some of them fall below the atomic weight of iodine,

although none descend quite to the 125 assumed by Men-

del ejeflf.

In considering the experimental methods, reference may
properly be made to the controversy regarding the atomic

weight of antimony. It will be seen that Dexter, estima-

ting the latter constant by the conversion of the metal
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into SboOi, obtained a value approximately of Sb = 122.

Dumas, working with SbClj, obtained a similar value.

Schneider and Cooke, on the other hand, have established

an atomic weight for antimony near 120, and Cooke in par-

ticular has traced out the constant errors which lurked

unsuspected in the work of Dumas and Dexter. Now in

some physical respects tellurium and antimony are quite

similar. As constant errors vitiated the recently accepted

values for Sb, so they may also effect our estimates for Te.

The oxidation of Te by nitric acid resembles in minor par-

ticulars that of Sb. The analysis of K/reBre, gives a low

value for Te, and yet the material may have contained

traces of oxybromides, the presence of which would render

even that lower value too high. A careful revision of the

atomic weight of tellurium is still necessary.

VANADIUM.

Roscoe's determination of the atomic weight of vanadium

is the only one having any present value. The results ob-

tained by Berzelius * and by Czudnowicz f are unquestion-

ably too high ; the error being probably due to the presence

of phosphoric acid in the vanadic acid employed. This

particular impurity, as Roscoe has shown, prevents the

complete reduction of VoOg to V0O3 by means of hydrogen.

All vanadium ores contain small c^uantities of phosphorus,

which can only be detected with ammonium molybdate

;

a reaction unknown in Berzelius' time. Furthermore, the

complete purification of vanadic acid from all traces of

phosphoric acid is a matter of great difficulty, and probably

never was accomplished until Roscoe undertook his re-

searches.

In his determination of the atomic weight, Roscoe t

* Poggend. Annal., 22, 14. 1831.

f Poggend. Annal., 120, 17. 1863.

J Journ. Chem. Soc, 6, pp. 330 and 344. 1S68.
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studied two compounds of vanadium ; namely, the pent-

oxide, V2O5 and the oxychloride, VOCI3. The pentoxide,

absolutely pure, was reduced to V2O3 by heating in hydro-

gen, with the following results

:

7-7397 grm. y./\ gave 6.3827 gnn. V^Oj

6.5819 " 5-4296

5.1895
" 4.2819.

5.0450 " 4.1614

17.533 P^'' cent, of loss.

17.507

17.489

17-515

5.4296 grm. V2O3, reoxidized,gave 6.5814 grm. V^Oj. 17.501 percent, difference.

Mean, 17.509, ^b .005

Hence V = 51.264, .025.

Upon the oxychloride, VOCI3, two series of experiments

were made, one volumetric, the other gravimetric. In the

volumetric series the compound was titrated with solutions

containing known weights of silver, which had been purified

according to the methods recommended by Stas. Roscoe

publishes his weighings, and gives percentages deduced

from them ;
• his figures, reduced to a common standard,

make the quantities of VOCI3 given in the third column

proportional to 100 parts of silver. He was assisted by two

analysts

:

Analyst A.

2.4322 grm. V0(
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Analyst A.

1. 8521 grni. VOClagave 4-5932 grm. AgCl. 40.323

•7013 " 1-7303
" 40.531

.74S6 " • 1.S467 " 40.537

1.4408 " 3.5719 " 40.337

9453 " 2.3399 " 40.399

1. 6183 " 4.02S2 " 40.174

Analyst B.

2.1936 " 5-4039 " 40.391

2.5054 " 6.2118 " 40.333

Mean, 40.378, dr .02S

These two series give us two values for the molecular

weight of VOCI3 :

From the volumetric series VOCI3 = 173.096, zb .126

" gravimetric " " = 173.276, it .141

General mean " = 173.177, ± .094

Hence V = 51.104, ± .104.

Combining the two values for V we get the following

result

:

From VjOj V ^ 51.264, -±z .025

" VOClg " = 51.104, ± .104

General mean " ^= 51.256, zb .024

Or, if = 16, V = 51.373.

ARSENIC.

For the determination of the atomic weight of arsenic

two compounds have been studied ; the chloride and the

trioxide. The bromide may also be considered, since it was

analyzed by Wallace in order to establish the atomic weight

of bromine. His series, in the light of more recent knowl-

edge, may properly be inverted, and applied to the determi-

nation of arsenic.

In 1826, Berzelius* heated arsenic trioxide with sulphur

* Poggend. Annal., 8, i.
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in such a way iliat only SO, could escape. 2.203 grammes
of AsoOgjthus treated, gave a loss of 1.0G9 of SO,. Hence
As = 74.840. This is a close estimation ; but, being drawn
from a single experiment, has so little weight that it need

not be included in our final general mean.

In 1845 Pelouze* applied his method of titration with

known quantities of pure silver to the analysis of the tri-

chloride of arsenic, AsClg. Using the old Berzelian atomic

weights, and putting Ag = 1349.01, and CI = 443.2, he

found in three experiments for As the values 937.9, 937.1,

and 937.4. Hence 100 parts of silver balance the following

quantities of AsClg :

56.029

56.009

56.016

Mean, 56.01S, d= .004

Later, the same method was employed by Dumas.f whose
weighings, reduced to the foregoing standard, give the fol-

lowing results

:

4.298 grm. AsClj = 7.673 grm. Ag. Ratio, 56.015

5.535 " 9.880 " 56.022

7.660 " 13.686 " 55-970

4.680 " 8.358 " 55.993

Mean, 56.000, rh .008

The two series of Pelouze and Dumas, combined, give a

general mean of 56.014, ± .0035, as the amount of AsClg

equivalent to 100 parts of silver. Hence As = 74.829, ±
.048, a value closely agreeing with that deduced from the

single experiment of Berzelius.

The same process of titration with silver was applied by

Wallacel to the analysis of arsenic tribromide, AsBrg . This

compound was repeatedly distilled to ensure purity, and
was well crystallized. His weighings show that the quanti-

* Compt. Rend., 20, 1047.

t Ann. Chim. Phys., (3,) 55, 174. 1859.

X Philosophical Magazine, (4,) i8, 279.
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ties of bromide given in the third column are proportional

to 100 parts of silver

:

8.3246 grm. AsBfj = 8.58 grm. Ag. 97-023

4.4368 "
4-573 " 97-022

5-098 " 5-257 " 96.970

Mean, 97.005, zb .012

Hence As = 74.046, ± .058. Why this value should be

so much lower than that from the chloride is unexplained.

The volumetric work done by Kessler,* for the purpose

of establishing the atomic weights of chromium and of

arsenic, has already been described in the chromium chap-

ter. In that investigation the amount of potassium dichro-

mate required to oxidize 100 parts of AsoOg to As^Og was

determined, and compared with the quantity of potassium

chlorate necessary to produce the same effect. From the

molecular weight of KCIO3, that of KaCr^O; was then

calculable.

From the same figures, the molecular weights of KCIO3
and of KoCrjO; being both known, that of AsjOg may be

easily determined. The quantities of the other compounds
proportional to 100 parts of AsoOg are as follows:

K^Cr^O,. KCIO,.

98.95 41-156

98.94 41. 116

99.17 41.200

98.98 41-255

99.08 41.201

99.15 41.086

41.199

Mean, 99.045, ± .02} 41.224

41. 161

41-193

41.149

41.126

Mean, 41.172, rh .009

* Poggond. Annal., 95, 204. 1855. Also 113, 134. 1861.
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Another
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value 129 remained in general acceptance until 1855, when
Kessler,* by special volumetric methods, showed that it was

certainly much too high. Kessler's results will be consid-

ered more fully further along, in connection with a later

paper ; for present purposes a brief statement of his earlier

conclusions will suffice. Antimony, and various compounds
of antimony, were oxidized partly by potassium anhydro-

chromate and partly b}- potassium chlorate ; and from the

amounts of oxidizing agent required, the atomic weight in

Cjuestion was deduced

:

By oxidation of Sb.^O^ from loo parts of Sb Sb = 123.84
" Sb with K2Cr,Oj " r= 123.61

" KCl63+K,Cr,A "=123.72
" SU/Jg with " " " = 123.80

SbjSj with K,Cr207 " ;= 123.58
" tartar emetic " =: 119.80

The figures given are those calculated by Kessler him-

self. A recalculation wdth our newer atomic weights for 0,

K, CI, Cr, S, and C, would yield slightly lower values. It

will be seen that five of the estimates agree closely, while

one diverges widely from the others. It will be shown here-

after that the concordant values are all vitiated by constant

errors, and that the exceptional figure is after all the best.

Shortly after the appearance of Kessler's first paper,

Schneider t published some results obtained by the reduc-

tion of antimony sulphide in hydrogen. The material

chosen was a very pure stibnite from Arnsberg, of which
the gangue was onl}- quartz. This was corrected for, and
corrections were also applied for traces of undecomposed
sulphide carried off mechanically by the gas stream, and
for traces of sulphur retained by the reduced antimony.

The latter sulphur was estimated as barium sulphate. From
0.2 to 10.6 grammes of material were taken in each experi-

ment. The final corrected percentages of S in Sb2S3 were

as follows

:

* Poggend. Annal., 95, 215.

f Poggend. Annal., 98, 293. 1856. Preliminary note in Bd. 97.
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28.559

28.557

28.501

28.554

28.532

28.485

28.492

28.481

Mean, 28.520, d= .008

Hence, if S = 32, Sb = 120.3.

Immediately after the appearance of Schneider's memoir,

Rose * published the result of a single analysis of antimony

trichloride, previously made under his supervision by Weber.

This analysis, if CI = 35.5, makes Sb = 120.7, a value of

no great weight, but in a measure confirmatory of that ob-

tained by Schneider.

The next research upon the atomic weight of antimony

was that of Dexter,t published in 1857. This chemist, hav-

ing tried to determine the amount of gold precipitable by
a known weight of antimony, and having obtained discord-

ant results, finally resorted to the original method of Ber-

zelius. Antimony, purified with extreme care, was oxidized

by nitric acid, and the gain in weight was determined.

From 1.5 to 3.3 grammes of metal were used in each experi-

ment. The reduction of the weights to a vacuum standard

was neglected as being superfluous. From the data ob-

tained, we get the following percentages of Sb in Sb2 04

:

79.268

79.272

79-255

79.266

79-253

79.271

79.264

79.260"

79.286

* Poggend. Annal., 98, 455. 1856.

f Poggend. Anna]., 100, 563.



ANTIMONY. 191

79.274

79.232

79-395

79-379

Mean, 79.283, ± .009

Hence, if = 16, Sb = 122.46.

The determinations of Dumas* were pnblished in 1859.

This chemist sought to fix the ratio between silver and

antimonious chloride, and obtained results for the atomic

weight of antimony quite near to those of Dexter. The
SbClg was prepared by the action of dry chlorine upon pure

antimony ; it was distilled several times over antimony

powder, and it seemed to be perfectly pure. Known weights

of this preparation were added to solutions of tartaric acid

in water, and the silver chloride was precipitated without

previous removal of the antimony. Here, as Cooke has

since shown, is a possible source of error, for under such

circumstances the crystalline argento-antimonious tartrate

may also be thrown down and contaminate the chloride of

silver. But be that as it may ; Dumas' weighings, reduced

to a common standard, give as proportional to 100 parts of

silver, the quantities of SbClg which are stated in the third

of the subjoined columns

:

1.876 grm. SbClg = 2.660 grm. Ag. 70.526

70.527

70.592

70.487

70.411

70.416

70.626

4-336
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grammes to the litre. With this, solutions containing

known quantities of antimony or of antimony compounds
were titrated, the end reaction being adjusted with a stand-

ard solution of ferrous chloride. In some cases the titration

was preceded by the addition of a definite weight of potas-

sium chlorate, insufficient for complete oxidation ; tlie an-

hydrochromate then served to finish the reaction. The
object in view was to determine the amount of oxidizing

agent, and therefore of oxygen, necessary for the conver-

sion of known quantities of antimonious into antimonic

compounds.

In the later paper Kessler refers to his earlier work, and

shows that the values then found for antimony were all too

high, except in the case of the series made with tartar

emetic. That series he merely states, and subsequently

ignores, evidently believing it to be unworthy of further

consideration. For the remaining series he points out the

sources of error. These need not be rediscussed here, as the

discussion would have no value for present purposes ; suffice

it to say that in the series representing the oxidation of

SbgOg with anhydrochromate and chlorate, the material

used was found to be impure. Upon estimating the im-

purity and correcting for it, the earlier value of Sb = 123.80

becomes Sb = 122.36, according to Kessler's calculations.

In the paper now under consideration four series of results

are given. The first represents experiments made upon a

pure antimony trioxide which had been sublimed, and which

consisted of shining colorless needles. This was dissolved,

together with some potassium chlorate, in hydrochloric acid,

and titrated with anhydrochromate solution. Six experi-

ments were made, but Kessler rejects the first and second as

untrustworthy. The data for the others are as follows

:

SKO.,.
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These data, reduced to a common standard, give the fol-

lowing quantities of ox3^gen needed to oxidize 100 parts of

SbaOs to SbjOg. Each cubic centimetre of the K^CrgO;
solution corresponds to one milligramme of :

10.985

10.939

10.951

10.936

Mean, 10.953, =t: .0075

In the second series of experiments pure antimony was
dissolved in hydrochloric acid with the aid of an unweighed
quantity of potassium chlorate. The solution, containing

both antimonious and antimonic compounds, was then re-

duced entirely to the antimonious condition by means of

stannous chloride. The excess of the latter was corrected

with a strong hydrochloric acid solution of mercuric chlo-

ride, then, after diluting and filtering, a weighed quantity

of potassium chlorate was added, and the titration with an-

hydrochromate was performed as usual. Calculated as

above, the percentages of oxygen given in the last column
correspond to 100 parts of antimony :

Sd. KCIO.,. K\Cr^0^sol.cc. Per cent. O.

1.636 grm. 0.5000 grm. 18.3 13.0S8

3-0825 " 0.9500 " 30.2 13.050

4.5652 "
. I. 4106 " 45.5 13.09S

Mean, 13.079, =fc .0096

This series gave Kessler Sb = 122.34.

The third and fourth series of experiments were made
with pure antimony trichloride, SbClg, prepared by the action

of mercuric chloride upon metallic antimony. This prepa-

ration, in the third series, was dissolved in hydrochloric

acid, and titrated. In one experiment solid KoCr^.O^ in

weighed amount was added before titration : in the other

two estimations KClOg was taken as usual. If, according

to Siewert's work, wo take Cr = 52.009, the percentages of

oxygen in the last column correspond to 100 parts of SbClj :

13
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Per cent. O.

1.8576 grm. SbCl3 needed .5967 grm. Y^,<Zrf).^ and 33.4 cc. sol. 7.0338

1. 91 18 " -3019 " KCIO3 " 16.2 " 7.0321

4.1235 " .6S01 " " " 23.2 '• 7.0222

Mean, 7.0294, i .0024

The fourth set of experiments was gravimetric. The
solution of SbCla, mixed with tartaric acid, was first pre-

cipitated by hydrogen sulphide, in order to remove the

antimony. The excess of HjS was corrected by copper

sulphate, and then the chlorine was estimated as silver chlo-

ride in the ordinary manner. 100 parts of AgCl correspond

to the amounts of SbCl^ given in the third column.

1.8662 grm. SbCIg gave 3.483 grm. AgCI. 53-58o

1.6832 " 3.141 " 53.588

2.7437
" 5-i"5 "

53-677

2.6798 " 5.0025 "
53.569

5.047
" 9.41

1

" 53-629

3.8975
" 7-2585 " 53-696

Mean, 53.623, rt .015

The volumetric series with SbClg gave Kessler values for

Sb ranging from 121.16 to 121.47. The gravimetric series,

on the other hand, yielded results from Sb == 124.12 to 124.67.

This discrepancy Kessler rightly attributes to the presence

of oxygen in the chloride ; and, ingeniously correcting for

this error, he deduces from both sets combined, the value of

Sb = 122.37.

The several mean results for antimony agree so fairly

with each other, and with the estimates obtained by Dexter

and Dumas, that we cannot wonder that Kessler felt satisfied

of their general correctness, and of the inaccuracy of the

figures published by Schneider. Still, the old series of data

obtained by the titration of tartar emetic with anhydrochro-

mate contained no evident errors, and was not accounted

for. This series,* if we reduce all of Kessler's figures to a

single common standard, give a ratio between KX'r2 07
and CJI.KSbO^.IH^O. 100 parts of the former w'ill oxi-

dize of the latter

:

* Poggend. Annal., 95, 217.
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336.64

338.01

336.83

337-93

338.59

335-79

Mean, 337.30, ± .29

From this, if K.Cr.O^ = 29-i.64, Sb = 119.8.

The newer atomic weights found in the previous chapters

of this work will be applied to the discussion of all these

series further along. It may, however, be properly noted at

this point, that the probable errors assigned to the percent-

ages of oxygen in three of Kessler's series are too low.

These percentages are calculated from the quantities of

KCIO3 involved in the several reactions, and their probable

errors should be increased with reference to the probable

error of the molecular weight of that salt. The necessary

calculations would be more laborious than the importance

of the figures would warrant, and, accordingly, in comput-

ing the final general mean for antimony, Kessler's figures

will receive somewhat higher weight than they are legiti-

mately entitled to.

Naturally, the concordant results of Dexter, Kessler, and
Dumas led to the general acceptance of the value of 122 for

antimony as against the lower figure 120 of Schneider.

Still, in 1871, Unger* published the results of a single anal-

ysis of Schlippe's salt, Na3SbS4.9IT2 0. This analysis gave

Sb = 119.76, if S = 32 and Na = 23, but no great weight

could be attached to the determination. It served, never-

theless, to show that the controversy over the atomic weight

of antimony was not finall}'' settled.

More than ten years after the appearance of Kessler's

second paper the subject of the atomic weight of antimony
was again taken up, this time by Professor Cooke. His re-

sults appeared in the autumn of 1877,t and were conclusive

in favor of the lower value, approximately 120. For full

* Archiv. der Pharmacie, 197, 194. Quoted by Cooke.

f Proceedings American Academy, v. 13.
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details the original memoir must be consulted ; only a few

of the leading points can be cited here.

Schneider analyzed a sulphide of antimony which was

already formed. Cooke, reversing the method, effected the

synthesis of this compound. Known weights of pure anti-

mony were dissolved in hydrochloric acid containing a little

nitric acid. In this solution weighed balls of antimony

were boiled until the liquid became colorless ; subsequently

the weight of metal lost by the balls was ascertained. To

the solution, which now contained only antimonious com-

pounds, tartaric acid was added, and then, with a supersat-

urated aqueous sulphhydric acid, antimony trisulphide was

precipitated. The precipitate was collected b}' an ingenious

process of reverse filtration, converted into the black modi-

fication by drying at 210°, and weighed. After weighing,

the SbjSg was dissolved in hydrochloric acid, leaving a car-

bonaceous residue unacted upon. This was carefully esti-

mated and corrected for. About two grammes of antimony

were taken in each experiment and thirteen syntheses were

performed. In two of these, however, the antimony tri-

sulphide was weighed only in the red modification, and the

results were uncorrected by conversion into the black va-

riety and estimation of the carbonaceous residue. In fact,

every such conversion and correction was preceded by a

weighing of the red modification of the SbjSg. The mean
result of these weighings, if S = 32, gave Sb = 119.994.

The mean result of the corrected syntheses gave Sb =
120.295. In these eleven experiments the following per-

centages of S in SbjSa were established:

28.57

28.60

28.57

28.43

28.42

28.53

28.50

28.49

28.58

28.50

28.51

Mean, 28.5182, ±z .0120
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These results, confirmatory of the work of Schneider,

were presented to the American Academy in 1876. Still,

before publication, Cooke thought it best to repeat the work
of Dumas, in order to detect the cause of the old discrepancy

between the values Sb = 120 and Sb = 122. Accordingly,

various samples of antimony trichloride were taken, and
purified b}^ repeated distillations. The final distillate was
further subjected to several recrystallizations from the fused

state; or, in one case, from a saturated solution in bisulphide

of carbon. The portions analyzed were dissolved in con-

centrated aqueous tartaric acid, and precipitated by silver

nitrate, many precautions being observed. The silver chlo-

ride was collected by reverse filtration, and dried at temper-

atures from 110° to 120°. In one experiment the antimony

was first removed by H2S. Seventeen experiments were

made, giving, if Ag = 108 and CI =: 35.5, a mean value of

Sb = 121.94. If we reduce to a common standard, Cooke's

analyses give, as proportional to 100 parts of AgCl, the

Cjuantities of SbCl^j stated in the third column:

1-5974 gnu. SbCla gave 3.0124 grm. AgCl. 53-028

1-2533
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Kessler 53-623, ==.015

Cooke 53.066, ±.0096

General mean 53.2311, ±: .cx)8

The results thus obtained with SbCL confirmed Dumas'

determination of the atomic weight of antimony as remark-

ably as the syntheses of Sb^Sg had sustained the work of

Schneider. Evident]}^, in one or the other series a constant

error must be hidden, and much time was spent by Cooke

in searching for it. It was eventually found that the chlo-

ride of antimony invariably contained traces of oxychloride,

an impurity which tended to increase the apparent atomic

weight of the metal under consideration. If was also found,

in the course of the investigation, that hydrochloric acid

solutions of antimonious compounds oxidize in the air dur-

ing boiling as rapidly as ferrous compounds ; a fact which

explains the high values for antimony found by Kessler.

In order to render " assurance doubly sure," Professor

Cooke also undertook the analysis of the bromide and the

iodide of antimony. The bromide, SbBrj, was prepared by

adding the finely powdered metal to a solution of bromine

in carbon disulphide. It was purified by repeated distilla-

tion over pulverized antimony, and by several recrystalliza-

tions from bisulphide of carbon. The bromine determina-

tions resembled those of chlorine, and gave, if Ag = 108

and Br = 80, a mean value for antimony of Sb = 120.

Reduced to a common standard, the fifteen analyses give

the subjoined quantities of SbBrj proportional to 100 parts

of silver bromide

:

1. 8621 grm. SbBij gave 2.9216 grm. AgBr. 63.736

.9856
" 1-5422 " 63.909

1.8650 " 2.9268 " 63.721

1.5330
" 2.4030 "

63.795

1.3689 " 2.1445 " 63.833

I. 2124 " I. 8991
" 63.841

.9417
" 1.4749

" 63.848

2.5404 "
3.9755

" 63.901

1.5269 " 2.3905 " 63.874

1.8604 " 2.9180 " 63.756

1.7298 " 2.70S3 " 63.870
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3.2838 grm. SbBrj gave 5.1398 grm. AgBr. 63.890

2.3589 " 3-6959
" 63.S25

1.3323 " 2.0863 " 63.859

2.6974 " 4-2285 " 63.791

Mean, 63.830, d= .008

The iodide of antimony was prepared like the bromide,

and analyzed in the same way. At first, discordant results

were obtained, due to the presence of oxyiodide in the iodide

studied. The impurity, however, was removed by sublim-

ing the iodide in an atmosphere of dry carbon dioxide.

With this purer material; seven estimations of iodine were

made, giving, if Ag = 108 and I = 127, a value for anti-

mony of Sb = 120. Reduced to a uniform standard, Cooke's

weighings give the following quantities of Sbig proportional

to 100 parts of silver iodide

:

1. 1877 grm. Sblj gave 1.6727 grm. Agl. 71.005

.4610
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of the latter was estimated by titration with a normal silver

solution. Five analyses gave values for antimony ranging

from 119.98 to 120.02, when Ag = 108 and Br = 80. Re-

duced to a common standard, the weights obtained gave

the amounts of SbBr^ stated in the third column as propor-

tional to 100 parts of silver

:

2.5032
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(6.) K^Cr^O- : tartar emetic : : loo : 337.30, ± .29

(7.) Ag : SbClj : : 100 : 70.512, ± .021

(8.) AgCl : SbClg • : 100 : 53.2311, ± .008

(9.) Ag : SbBrg : : loO : 111.114, rb .0014

(10.) AgBr : SbBr3 : : lOO : 63.830, ± .008

(11.) Agl : Sblj : : lOO : 71.060, ± .023

Three of these ratios give estimates for the molecular

weight of antimony trichloride, and two give correspond-

ing values for the bromide. These values may be combined,

as follows : First, for the chloride we have

—

From (3) SbClg =^ 227.094, ± .115

" (7) " = 227.771, ± .091

(8) " = 228.433, ± .039

General mean " = 228.225, i '034

Hence Sb = 122.115, ± .055.

For the bromide we get

:

From (9). SbBr3 = 358.926, ± .032

" (10) " = 358.935, dz .060

General mean " = 358.929, rb .029

Hence Sb = 119.625, ± .063.

From all the data eight values for Sb may be deduced.

These fall into two groups ; the one near the number 120,

the other not far from 122. In making the calculation the

atomic weights found in previous chapters are applied
;

the value selected for chromium being that deduced from

Siewert's experiments

:

1. From Sb2S3, ratio (i) Sb == 120. 145, ±
2. " SbBr3 " = 119.625, dr

3. " Sbl3, ratio (11) " = 119.665, rfc

4. " tartar emetic, ratio (6) " = 118.690, ±
5. " Sb^04, ratio (2) " = 122. 181, rfc

6. " SbClj " = 122. 115, zfc

7. " ratio (4) " := 121.798, dr

8. " " (5) "= 122.053, ±

Low.

High.

General mean " = 121.027, ±
General mean of values 1 to 4__ " = 119.935, ±1

" "
5 " 8_. " = 122.092, ±

Although the means of the four lower values and of the

four higher values are thus shown to be approximately
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equal in weight, we know from Cooke's experiments that

the larger mean is vitiated by serious constant errors. Only

in value 5, the result calculated from Dexter's experiments,

has the constant error not been pointed out. Cooke consid-

ers it probable, however, that the Sb.O^ involved in this

work contained traces of some lower oxide, which, if present,

would render the atomic weight of antimony apparently too

high. Chemically considered, the preponderance of evi-

dence is strongly in favor of values 1 to 3, deduced from

the experiments of Schneider and of Cooke. These give a

general mean of Sb = 119.955, ±: .036; or, if = 16, this

becomes Sb = 120.231.

This we may accept as most nearly the true result, and

reject the data of Dexter, Dumas, and Kessler altogether.

Since this chapter was written, Pfeifer has compared the

amount of antimony thrown down electrolytically, with the

quantit}^ of silver deposited by the same current in the same

time. From rather meagre data he concludes that the atomic

weight of antimony, thus determined, may be 121. Addi-

tional investigation is promised. The figures thus far pub-

lished would weigh little as against Cooke's experiments.

(Ann. Chem. Pharm., 209, 161. 1881.)

BISMUTH.

Early in the century the combining weight of bismuth

was approximately fixed through the experiments of Lager-

hjelm.* Effecting the direct union of bismuth and sulphur,

he found that ten parts of the metal yield the following quan-

tities of trisulphide

:

12.2520

12.2065

12.2230

12.2465

Mean, 12.2320

* Annals of Philosophy, 4, 358. 1814. Results adopted by Berzelius.
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Hence B = 215 in round numbers, a value now known
to be much too high. Lagerhjelm also oxidized bismuth

with nitric acid, and, after ignition, weighed the trioxide

thus formed. Ten parts of metal gave the following quan-

tities of Bi2 03 :

II. 1382

II. 1275

Mean, 11.132S5

Hence, if O = 1(3, Bi = 211.85, a figure still too high.

In 1851 the subject of the atomic weight of bismuth was

taken up by Schneider,* who, like Lagerhjelm, studied the

oxidation of the metal with nitric acid. The work was

executed with a variety of experimental refinements, by

means of which every error due to possible loss of material

was carefully avoided. For full details the original paper

must be consulted ; there is only room in these pages for the

actual results, as follows. The figures represent the percen-

tages of Bi in BijO, :

89.652

89.682

89.644

89.634

89.656

89.666

89-655

89-653

Mean, 89.6552, i .0034

Hence Bi = 207.523, ± .082 ; or, if = 16, Bi ^ 208.001.

Finally, we come to the results obtained by Dumas.

t

Bismuth trichloride was prepared by the action of dry

chlorine upon bismuth, and repeatedly rectified by dis-

tillation over bismuth powder. The product was weighed

in a closed tube, dissolved in water, and precipitated with

sodium carbonate. In the filtrate, after strongl}' acidulating

" Poggend. Annal., 82, 303. 1851.

f Ann. de Chim. et de Phys., (3,) 55, 176. 1859.
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with nitric acid, the chlorine was precipitated by a known
amount of silver. The figures in the third column show
the quantities of BiClj proportional to 100 jjarts of silver

:

3.506 grni. Bi(



TIN. 205

Berzelius * oxidized 100 parts of tin by nitric acid, and
found that 127.2 parts of SnO^ were formed.

The work done by Mulder and Vlaanderenf was done in

connection with a long investigation into the composition of

Banca tin, which was found to be almost absolutely pure.

For the atomic weight determinations, however, realh- pure

tin was taken, prepared from pure tin oxide. This metal

was oxidized by nitric acid, with the following results. 100

parts of tin gave of SnO, :

127.56—Mulder.

127.56—Vlaanderen.

127.43—

Mean, 127.517, ±2 .029

Dumas t oxidized pure tin by nitric acid in a flask of

glass. The resulting SnO, was strongly ignited, first in the

flask, and afterwards in platinum. His weighings, reduced

to the foregoing standard, give for dioxide from 100 parts

of tin the amounts stated in the third column

:

12.443 g""™- ^" g^^'s 15.820 grm. Sn02. 127.14

15.976 " 20.301 " 127.07

Mean, 127.105, zb .024

In an investigation later than that previously cited,

Vlaanderen
li
found that when tin was oxidized in glass or

porcelain vessels, and the resulting oxide ignited in them,

traces of nitric acid were retained. When, on the other

hand, the oxide was strongly heated in platinum, the latter

was perceptibly attacked, so much so as to render the results

uncertain. He therefore, in order to fix the atomic weight

of tin, reduced the oxide by heating it in a porcelain boat

in a stream of hydrogen. Two experiments gave Sn =
118.08, and Sn =- 118.24. These, when O = 16, become, if

reduced to the above common standard,

* Poggend. Annal., 8, 177.

f Journ. fur Prakt. Chem., 49, 35. 1849.

J Ann. Chem. Pharm., 113, 26.

II
Jahresbericht, 1858, 183.
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127.100

127.064

Mean, 127.082, ±: .012

We have now four series of results showing the quantity

of SnOj formed from 100 parts of tin. To Berzelius' single

value may be assigned the probable error of a single experi-

ment in Mulder and Vlaanderen's series

:

Berzelius 127.200, dr .041—Oxidation.

Mulder and Vlaanderen 127.517,^.029— "

Dumas 127.105, zb .024— "

Vlaanderen 127.082, rfc .012—^Reduction.

General mean 127.143, rt .0098

Dumas, in the paper previously quoted, also gives the

results of some experiments with stannic chloride, SnCl 4.

This was titrated with a solution containing a known weight

of silver. From the weighings given, 100 parts of silver

correspond to the quantities of SnCl^ named in the third

column

:

1.839 grm. SnCl^ = 3-054 g"''''- -^g- 60.216

2.665 " 4-427 " 60.199

Mean, 60.207, i .006

All these data properly combined give us the following

values for the atomic weight of tin :

From SnO^ Sn ^= 117.624, rb .050

" SnCl^. •---- " = 117.832, zh -067

(general mean " = 1 17.698, rb .040

If = 10, this becomes Sn = 117.968.
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TITANIUM.

The earliest determinations of the atomic weight of tita-

nium are due to Heinrich Rose.* In his first investigation

he studied the conversion of titanium sulphide into titanic

acid, and obtained erroneous results ; later, in 1829, he pub-

lished his analyses of the chloride.f This compound was

purified by repeated rectifications over mercury and over

potassium, and w-as weighed in bulbs of thin glass. These

were broken under water in tightly stoppered flasks ; the

titanic acid was precipitated by ammonia, and the chlorine

was estimated as silver chloride. The following results were

obtained. In a fourth column I give the TiO. in percent-

ages referred to TiCl^ as 100; and in a fifth column the

quantity of TiCl^ proportional to 100 parts of AgCl:

TiCl,.
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From per cent. TiO.^ Ti = 50.493, ± .410

" AgCl : TlC\^ " = 48.232, zb .127

" AgCl : TiO.^ " = 49-523, ± .206

General mean " = 48.710, zb .105

These results will be discussed further along in connection

with others.

Sliortl}^ after the appearance of Rose's paper, Mosander *

published some figures giving the percentages of oxygen in

titanium dioxide, from which a value for the atomic weight

of titanium was deduced. Although no details are furnished

as to experimental methods, and no actual weighings are

given, I cite his percentages for whatever they may be worth :

40.814

40.825

40.610

40.180

40. 107

40.050

40.780

40.660

39-830

Mean, 40.428

These figures give values for Ti ranging from 46.277 to

48.231 ; or, in mean, Ti = 47.045. They are not, however,

sufficiently explicit to deserve any further consideration.

It will be noticed that the highest value nearly coincides

with Rose's lowest.

In 1847 Isidor Pierre made public a series of important

determinations.! Titanium chloride, free from silicon and
from iron, was prepared by the action of chlorine upon a

mixture of carbon with pure, artificial, titanic acid. This

chloride was weighed in sealed tubes, these were broken

under water, and the resulting hydrochloric acid was

titrated with a standard solution of silver after the method

* Berz. Jahresbericht, lo, io8. 1831.

t Ann. de Cliim. et Phys., (3,) 20, 257.
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of Pelouze. I subjoin Pierre's weighings, and add, in a

third column, the ratio of TiCl^ to 100 parts of silver:

TiCl^.
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might have been contaminated with SiCl^, an impurity

which would lower the value deduced for the atomic weight

under consideration. Accordingly, in order to eliminate all

such possible impurities, this process was resorted to : the

chloride, after rectification over mercury and potassium, was

acted upon by dry ammonia, whereupon the compound

TiCl4.4NH3 was deposited as a white powder. This was

ignited in dry ammonia gas, and the residue, by means of

chlorine, was reconverted into titanic chloride, which was

again repeatedly rectified over mercury, potassium, and

potassium amalgam. The product boiled steadily at 135°.

This chloride, after weighing in a glass bulb, was decomposed

by water, the titanic acid was precipitated by ammonia, and

the chlorine was estimated in the filtrate as silver chloride.

Three analyses were performed, yielding the following re-

sults. I give the actual weighings

:

1.470 grm. TiCl^ gave 4.241 grm. AgCl and .565 grm. TiO.^.

2.330 " 6.752 " .801

2.880 " 8.330 " 1.088

The ".801 " in the last column is certainly a misprint for

.901. Assuming this correction, the results may be given

in three ratios, thus

:

Per cent. TiO.Jrom TiCl^. TiCl^ : 100 AgCl. TiO^ : zoo AgCl.

38.435 34-662 13.322

38.669 34-508 13-344

37-778 34-574 13-061

Mean, 38.294, dz .180 34.581, ± .030 13.242, dr .061

These three ratios give three widely divergent values for

the atomic weight of titaniun
;

From per cent. TiOj Ti = 36.063, ± .519

" AgCl : TiOj " = 43.841, i+r .350

" AgCl : TiCl, " = 56.386, ± .181

General mean " -= 52.191, rh .153

The value assumed by Demoly is 56 ; who employs but

one ratio and ignores practically the others.
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Upon comparing Demoly's figures with those obtained by
Rose, certain points of similarity are plainly to be noted.

Both sets of results were reached by essentially the same
method ; and in both the discordance between the percent-

ages of titanic acid and of silver chloride is glaring. This

discordance can rationally be accounted for by assuming

that the titanic chloride was in neither case absolutely

what it purported to be ; that, in brief, it must have con-

tained impurities; such for example as hydrochloric acid,

as shown in the experiments of Pierre, or possibly traces of

oxychlorides. Considerations of this kind also throw doubt

upon the results attained by Pierre, for he neglected the

direct estimation of the titanic acid altogether, thus leaving

us without means for correctly judging as to the character

of his material. In fact, not one of the determinations oi

the atomic weight of titanium can be regarded as trust-

Avorthy. All depend upon the chloride, and the volatile

chlorides of metals are as a class especially liable to con-

taminations of a kind most difficult to recognize. Possibly

a series of good determinations might be based upon analy-

ses of some of the titanofiuorides. I subjoin a combination

of the foregoing mean values, feeling that such a general

average is a little better than any one set of determinations

taken singly

:

From Rose's analyses Ti = 48.710, dr .105

" Pierre's " " ^49.889,^.096
" Demoly's " " =52.191,^.153

General mean " = 49.846, ± .064

Or, if = 16, Ti = 49.961.

This mean agrees with the average of all of Pierre's ex-

periments.
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ZIRCONIUM.

The atomic weight of zirconium has been determined by
Berzelius, by Hermann, and by Marignac. Berzelius* ig-

nited the neutral sulphate, and thus ascertained the ratio in

it between the ZrO., and the SO 3. Putting SO3 at 100, he

gives the following proportional quantities of ZrO, :

Mean, 75.853, =h .023

Hence Zr = 89.255, ± .039 ; or, if = 16, then Zr =
89.461.

Hermann's t estimate of the atomic weight of zirconium

was based upon analyses of the chloride, concerning which

he gives no details or weighings. From sublimed zirconium

chloride he finds Zr = 831.8, when = 100 ; and from two'

lots of the basic chloride 2ZrOCl,.9H,0, Zr = 835.65 and
851.40 respectively. The mean of all three is 839.62;

whence, with modern formulse and = 15.9633, Zr becomes
= 89.354.

Marignac's results I were obtained by analyzing the double

fluoride of zirconium and potassium. His weights are as

follows

:

i.ooo grm. gave .431 grm. ZiO., and .613 grm. K2SO^.

2.000 " .864 " 1.232 "

.654 " .282 " .399

5.000 " 2.169 " 3-0/8 "

These figures give us three ratios. A, the ZrO. from 100

* Poggend. Annal., 4, 126. 1825.

fjourn. fiir Prakt. Chem., 31, 77. Berz. Jahresb,, 25, 147.

J Ann. Chim. Pliys., (3,) 60, 270. 1S60.
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parts of salt; B, the K0SO4 from 100 parts of salt; and C,

the ZrO, proportional to 100 parts of K2SO4 :

A. B. C.

43.100 61.300 70.310

43.200 61.600 70.130

43.119 61.000 70-677

43.380 61.560 70.468

Mean, 43.200, =t .043 61.365, d= .094 70.396, ± .079

From A 21=89.775,^.216
" B " = 91.408, it .437

" C " = 90.476, dr .138

General mean " = 90.328, ± -113

Or, if = 16, Zr = 90.536.

Combining with Berzelius' work we get this result

:

Berzelius Zr = 89.255, ± .039

Marignac " = 90.328, ± .113

General mean " = 89.367, zh .037

Or, if O = 16, Zr = 89.573.

These figures need little criticism. They show conclu-

sively that the atomic weight of zirconium ought to be

redetermined. Probably the method employed by Berze-

lius was the best with respect to manipulation, while on

the other hand it is likely that Marignac worked with

purer material. Hermann's experiments could hardly have

yielded certain results, since the zirconium chloride might

so easily become contaminated with traces of moisture and

thence of oxygen.
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THORIUM.

The atomic weight of thorium has been determined from

analyses of the sulphate, oxalate, formate, and acetate, with

widely varying results. The earliest figures are due to Ber-

zelius,* who worked with the sulphate, and with the double

sulphate of potassium and thorium. The thoria was pre-

cipitated by ammonia, and the sulphuric acid was estimated

as BaSOi- The sulphate gave the following ratios in two

experiments. The third column represents the weight of

ThO, proportional to 100 parts of BaSO^ :

.6754 grm. ThO, = i-i59 gini. BaSO^. Ratio, 58.274

1.0515 " 1.832 " " 57.396

The double potassium sulphate gave .265 grm. ThO 2, .156

grm. SO 3, and .3435 K^SO^. The SO 3, with the Berzelian

atomic weights, represents .4537 grm. BaSO^. Hence 100

BaS04 is equivalent to 58.408 ThO,. This figure, combined

with the two previous values for the same ratio, give a mean
of 58.026, ± .214. Hence ThO, = 269.940, ± .997.

From the ratio between the K2SO4 and the ThO, in the

double sulphate, ThO, = 268.284.

In 1861 new determinations were i^blished by Ch3^de-

nius,t whose memoir is accessible to me only in an abstract ;|:

which gives results without details. Thoria is regarded as

a monoxide, ThO, and the old equivalents (0 = 8) are used.

The following values are assigned for the molecular weight

of ThO, as found from analyses of several salts

:

From Sulphate. From K. Th. Sulphate.

66.33 , 67.02

67-13

67.75

68.03

Mean, 67.252, dz .201

* Poggend. Annal., 16, 398. 1829. Lehrbuch, 3, 1224.

f Kemisk undersokning af Thorjord och Thorsalter. Helsingfors, 1861. An
academic dissertation.

t Poggend. Annal., 119, 55. 1S63.
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From Acetate. From Formate. From Oxalate.

67.31 68.06 65.87^ Two results

95 J by Berlin.

75

13

54

85

66.59 67.89 65

67.27 68.94 65

67.06 65

68.40 Mean, 68.297, i .219 66

65

Mean, 67.326, ±z .201

Mean, 65.85, ± .12^

We may fairly assume that these figures were calculated

with = 8, C'= 6, and S := 16. Correcting by the values

for these elements which have been found in previous chap-

ters, ThOj becomes as follows:

From sulphate ThO.^ = 268.584, d= .803
" acetate " = 268.735, =b .805
" formate " = 272.586, ± .877
" oxalate " = 262.804, ± -493

The single result from the double potassium sulphate is

included with the column from the ordinar}' sulphate, and

the influence of the atomic weight of potassium is ignored.

Chydenius was soon followed by Marc Delafontaine, whose

researches appeared in 1863.* This chemist especially stud-

ied thorium sulphate
;
partly in its most hydrous form, partly

as thrown down by boiling. In Th(S04),.9H2 0, the follow-

ing percentages of ThOa were found :

45.08

44.90

45.06

45-21

45.06

Mean, 45.062, d= .0332

Hence ThO, == 263.637, ± .256.

The lower hydrate, 2Th(SO4)2.0H.O, was more thoroughly

investigated. The thoria was estimated in two ways ; first,

(A,) by precipitation as oxalate and subsequent ignition
;

second, (B,) by direct calcination. These percentages of

ThOj were found

:

* Arch, des Sci. Phys. et Nat., (2,) 18, 343.
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A.

52.83

52.52

52.72

52.13

52.47
]

52.49

52.53

52.13

52.13

52.43

52.60

52.40

52.96

52.82 J

Mean, 52.511, d

Hence ThO^ = 266.025, ± .363.

.047

In three experiments with this lower hydrate the sul-

phuric acid was also estimated, being thrown down as

barium sulphate after removal of the thoria

:

1.2425 grm. gave .400 SO3.
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who published a single analysis of the lower hydrated sul-

phate, as follows

:

ThOj 52.87

SO3 32.11

HjO 15.02

Hence, from the ratio between SO 3 and ThO 2 , ThO 2
^

263.030. Probably the SO 3 percentage was loss upon calci-

nation.

The latest, and probably also the best determinations, are

those of Cleve,* whose results, obtained from both the sul-

phate and the oxalate of thorium, agree admirably. The
anhydrous sulphate, calcined, gave the subjoined percent-

ages of thoria

:

62.442

62.477

62.430

62.470

62.357

62.366

Mean, 62.423, ± .014

Hence ThO, = 265.380, ± .123.

The oxalate was subjected to a combustion analysis,

whereby both thoria and carbonic acid could be estimated.

From the direct percentages of these constituents no accu-

rate value can be deduced, there having undoubtedly been

moisture in the material studied. From the ratio between

CO 2 and ThO,, however, good results are attainable. This

ratio I put in a fourth column, making the thoria propor-

tional to 100 parts of carbon dioxide

:

Oxalate. Th 0^.

I-7I35 gn^- 1.01S9 grm.

1.3800 " .8210 "

1. 1850 " -7030 "

I-0755 " -6398 "
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There are now before us twelve estimates for the molecular

weight of thoria. Two of these represent single experi-

ments, and have no probable error attached to them ; namely,

the one due to Hermann, and the one deduced from Berze-

lius' K2SO4 : ThOg ratio. A third value, from Delafon-

taine's sulphuric acid estimations, has so high a probable

error that it could be rejected without influencing the gene-

ral mean. These three values might all be excluded with-

out serious objection ; but it is perhaps better to arbitrarily

assign them equal weight, average them together, and give

their mean the same probable error as that which attaches

to Berzelius' BaSO^ : ThOa series. This mean is indicated

as "A" in the following combination

:

Value "A" ThOj = 263.623, 4=

Berzelius. _

Chydenius- -Sulphate
" Acetate
" Formate
" Oxalate!

Delafontaine—Higher hydrate .

" Lower "

Cleve—Sulphate

" Oxalate

= 269.940, ±z

— 268.584, rb

= 268.735, ±
= 272.586, rb

= 262.804, ztl

= 263.637, ±
= 266.025, zt

— 265.380, ±
= 265.357, ±

General mean.

997

997

803

805

877

493

256

123

104

" =265.341,^.072

Hence Th = 233.414, ± .0725 ; or, if = 16, Th =
233.951.

These values vary from those derived from Cleve's experi-

ments alone only in the second decimal.

GALLIUM.

Gallium has been so recently discovered, and obtained in

such small quantities, that its atomic weight has not as yet

been determined with much precision. The following data
were fixed by the discoverer, Lecoq de Boisbaudran

:

* Journ. Chem. Soc, 1878, p. 646.
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3.1044 grammes gallium ammonium alum, upon ignition,

left .5885 grm. Ga^Os-

Hence Ga = 68.071. If = 16, Ga = 68.233.

.4481 grammes gallium, converted into nitrate and ig-

nited, gave .6024 grm. GaaO^.
Hence Ga = 69.538. If = 16, Ga = 69.693.

These values, assigned equal weight, give these means

:

If = 15.9633, Ga = 68.854. If O = 16, Ga = 68.963.

In brief, for all practical purposes, 69 may be assumed as

the atomic weight of gallium.

iisrmuM.

Reich and Richter, the discoverers of indium, were also

the first to determine its atomic weight.* They dissolved

weighed quantities of the metal in nitric acid, precipitated

the solution with ammonia, ignited the precipitate, and
ascertained its weight. Two experiments were made, as

follows

:

5 '35 g'"'"'''- indium gave .6243 grm. IHjOg.

.699
" .8515

Hence, in mean. In = 110.61, if = 16; a value known
now to be too Ioav.

An unweighed quantity of fresh, moist indium sulphide

was also dissolved in nitric acid, yielding, on precipitation,

.2105 grm. In^Oj and .542 grm. BaSO^.

Hence, with BaSO, = 233, In = 111.544; also too low.

Soon after the publication of Reich and Richter's paper

the subject was taken up by Winkler.f He dissolved in-

dium in nitric acid, evaporated to dryness, ignited the resi-

due, and weighed the oxide thus obtained.

* Journ. fur Prakt. Chem., 92, 484.

f Journ. fiir Prakt. Chem., 94, 8.
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•5574 grm. In gave .6817 grm. In.Pj.

.6661 " .8144 "

.5011 •• .6126 "

Hence, in mean, if = 16, In = 107.76 ; a result even

lower than the values already cited.

In a later paper by Winkler* better results were obtained.

Two methods were employed. First, metallic indium was
placed in a solution of pure, neutral, sodio-auric chloride,

and the amount of gold precipitated was weighed. I give

the weighings and, in a third column, the amount of in-

dium proportional to 100 parts of gold :

/;/. Alt. Ratio.

.4471 grm. .8205 grm. 57-782

.8445 " 1.4596 " 57-858

Mean, 57.820, i .026

Hence, if Au = 196.155, ± .095, In = 113.417, ± .074.

Winkler also repeated his earlier process, converting in-

dium into oxide by solution in nitric acid and ignition of

the residue. An additional experiment, the third as given

below, was made after the method of Reich and Richter.

The third column gives the percentage of In in lUgOa :

1. 124 grm. In gave 1.3616 grm. In^Oj. Percent., 82.550

1.015 " 1. 2291 " " 82.581

.6376 " .7725 " " 82.537

These figures were confirmed by a single experiment of

Bunsen's,t published simultaneously with the specific heat

determinations which showed that the oxide of indium was
111203, and not InO as had been previously supposed :

1.0592 grm. In gave 1.2825 grm. In203. Percent. In, 82.589

For convenience we may add this figure in with Winkler's

series, which gives us a mean percentage of In in In^Og of

82.564, ± .0082. Hence, if = 15.9633, ± .0035, "in =
113.385, d= .060.

* Journ. fiir Prakt. Chcm., 102, 282.

t Poggend. Annal., 141, 28.
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Combining results, we have the following general mean

:

From gold series In = 1 13.417, zt: .074

" oxide " " =113.385,^.060

General mean " -^= 113.398, rh .047

Or, if = 16, In = 113.659.

CERIUM.

Although cerium was discovered almost at the beginning

of the present century, its atomic weight was not properly

determined until after the discovery of lanthanum and
didymium by Mosander. In 1842 the investigation was
undertaken by Beringer,* who employed several methods.

His cerium salts, however, were all rose-colored, and there-

fore were not wholly free from didymium ; and his results

are further affected by a negligence on his part to fully

describe his analytical processes.

First, a neutral solution of cerium chloride was prepared

by dissolving the carbonate in hydrochloric acid. This

gave weights of ceroso-ceric oxide and silver chloride as

follows. The third column shows the amount of CeOj pro-

portional to 100 parts of AgCl

:

CeO^. AsrCL Ratio.

•5755 grm-
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Sulphate.
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Still another method was employed by Marignac. A defi-

nite mixture was made of solutions of cerium sulphate and
barium chloride. To this were added, volumetrically, solu-

tions of each salt successively, until equilibrium was at-

tained. The figures published give maxima and minima
for the BaCL, proportional to each lot of 062(804)3. In

another column, using the mean value for BaOlj in each

case, I put the ratio between 100 parts of this salt and the

equivalent quantity of sulphate. The latter compound was
several times recrystallized : .

Ce^{SO^)^. Bad.,. Ratio.

First crystallization.- Ii.oii grin. 11.990 — 12.050 gnn. 91.606

__ 13.194 " 14.365 — 14.425 " 91-657

Second " _. 13.961 " 15-225 — 15.285 " 91.518

.. 12.627 " 13-761 — 13-821 "
91-559

- II. 915 " 12.970—13.030 " 91-654

Third " __ 14.888 " 16.223 — 16.283 " 91.602

_- 14.113 " 15.383—15.423 '•
91.755

Fourth " ._ 13. Ill " 14.270 — 14.330 " 91.685

-13.970 " 15.223—15.283 " 91.588

Mean, 91.625, rh .016

Omitting the valueless experiments of Kjerulf,* we come
next to the figures published by Bunsen and Jegel t in 1858.

From the air dried sulphate of cerium the metal was pre-

cipitated as oxalate, which, ignited, gave CeO,- In the

filtrate from the oxalate the sulphuric acid was estimated as

BaSO,

:

1.5726 grm. sulphate gave .7899 gnn. CeO^ and 1.6185 g™!- BaSO^.

1.6967 " .8504 " I-7500 "

Hence, for 100 parts BaSOi, the CeOo is as follows:

48.804

48.575

Mean, 48.689, 4= .077

One experiment was also made upon the oxalate :

.3530 grm. oxalate gave .1913 CeO,^ and .0506 H^O.

Hence, in the dry salt, we have 63.261 per cent, of CeO.

* Ann. Chem. Pharm., 87, 12.

f Ann. Chem. Phann., 105, 45.
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In each sample of CeO,, the excess of oxygen over true

CejOg was estimated by an iodometric titration; but the

data thus obtained need not be further considered.

In two papers by Rammelsberg * data are given for the

atomic weight of cerium, as follows. In the earlier paper

cerium sulphate is analyzed, the cerium being thrown down

by caustic potash, and the acid precipitated from the filtrate

as barium sulphate

:

.413 yrm. €63(80^)3 gave .244 grm. Ce02 and .513 grm BaSO^.

Hence 100 BaSO^ = 47.563 CeOj, a value which may be

combinied with others, thus; this figure being assigned a

weight equal to one experiment in Bunsen's series

:

Beringer 49.819, zfc .042

Bunsen and Jegel 48.689, rh .077

Rammelsberg 47-563, ± .108

General mean 49.360, ± .035

It should be noted here that this mean is somewhat arbi-

trary, since Bunsen and Rammelsberg's cerium salts were

undoubtedly freer from didymium than the material studied

by Beringer.

In his later paper Rammelsberg gives these figures con-

cerning cerium oxalate. 100 parts gave 10.43 of carbon

and 21.73 of water. Hence the dry salt should yield 48.862

per cent, of CO 2, whence Ce = 137.83.

In all of the foregoing experiments the ceroso-ceric oxide

was somewhat colored, the tint ranging from one shade to

another of light brown according to the amount of didym-

ium present. Still, at the best, a faint color remained, which

was supposed to be characteristic of the oxide itself. In

1868, however, some experiments of Dr. C. Wolff were post-

humously made public, which went to show that pure ceroso-

ceric oxide is white, and that all samples previously studied

were contaminated with some other earth, not necessarily

didymium but possibly a new substance, the removal of

'' Poggend. Annal., 55, 65 ; 108, 44.

f Amer. Journ. Science and Arts, (2,) 46, 53.
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which tended to lower the apparent atomic weight of

cerium very perceptibly.

Cerium sulphate was recrystallized at least ten times.

Even after twenty recrystallizations it still showed spectro-

scopic traces of didymium. The water contained in each

sample of the salt was cautiously estimated, and the cerium

was thrown down by boiling concentrated solutions of ox-

alic acid. The resulting oxalate was ignited with great

care. I deduce from the weighings the percentage of CeOj

given by the anhydrous sulphate

:

Sulphate. Water. CeO.^. Percent. CeO^.

1.4542 grm. .19419 g™. -76305 grm. 60.559

1. 4104 " .1898 " .7377 " 60.437

1.35027 " .1820 " .70665 " 60.487

Mean, 60.494, ± .024

After the foregoing experiments the sulphate was further

purified by solution in nitric acid and pouring into a large

quantity of boiling water. The precipitate was converted

into sulphate and analyzed as before

:

Sulphate. Water. CeO.^. Per cent. CeO.^.

1.4327 grm. .2733 grm. .69925 grm. 60.31

1

1.5056 " -2775 " -7405 " 60.296

1.44045 " .2710 " -7052 " 60.300

Mean, 60.302, ifc .004

From another purification the following weights were ob-

tained :

1.4684 grm. .1880 grm. .7717 grm. 60.270 percent.

A last purification gave a still lower percentage

:

1.3756 grm. .1832 gnn. .7186 grm. 60.265 percent.

The last oxide was perfectly white, and was spectroscopi-

cally free from didymium. In each case the CeOg was ti-

trated iodometrically for its excess of oxygen. It will be

noticed that in the successive series of determinations the

percentage of CeOj steadily and strikingly diminishes, to

an extent for which no ordinary impurity of didymium can

15
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account. The death of Dr. Wolf interrupted the investiga-

tion, the results of which were edited and published by Pro-

fessor F. A. Genth.

The experiments of Wolf seem to have hitherto escaped

general notice, except from Wing, who has partially verified

them.* This chemist, incidentally to other researches, puri-

fied some eerium sulphate after the method of Wolf, and

made two similar analyses of it, as follows

:

SulphaIc. Water. CeO.^. Per cetit. Ce0.y

1.2885 C'"- '707 g™''- -6732 grm. 60.225

1.4090 " •i<^57 " -7372 " 60.263

Mean, 60.244, ± -012

The ceroso-ceric oxide in this case was perfectly white.

The cerium oxalate which yielded it was precipitated boil-

ing by a boiling concentrated solution of oxalic acid. The

precipitate stood twenty-four hours before filtering.

We may now combine the results of Wolf and of Wing,

as follows. The two concordant experiments of Wolf's

series three and four may be united, giving a mean of

60.267, ± .001

:

Wolf, 1st series 60.494, zh .024

" 2d " 60.302,^,004
" 3(1 and 4th series 60.267, =h -ooi

Wing 60.244, ± -012

General mean 60.271-, zb -ooi

This mean, the percentage of CeOx in the anhydrous sul-

phate, gives Ce = 137.724 ; or, if = 16, Ce = 138.039.

This varies widely from the ordinarily accepted value as

determined by Buehrig.

In 1875 Buehrig'sf paper upon the atomic weight of

cerium w^as issued. lie first studied the sulphate, which,

after eight crystallizations, still retained traces of free sul-

phuric acid. He found furthermore that the salt obstinately

retained traces of water, which could not be wholly expelled

by heat without partial decomposition of the material.

* Amer. Journ. Sci. and Arts, (2,) 49, 358. 1870.

f Journ. fur Prakt. Chem., 120, 222.
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These sources of error probably affect all the previously

cited series of experiments ; although, in the case of Wolf's

work, it is doubtful whether they could have influenced the

atomic weight of cerium by more than one or two tenths of

a unit. Buehrig also found, as jNIarignac had earlier shown,

that upon precipitation of cerium sulphate with barium

chloride the barium sulphate invariably carried down traces

of cerium. Furthermore, the ceroso-ceric oxide from the

filtrate always contained barium. For these reasons the

sulphate was abandoned, and the atomic weight determina-

tions of Buehrig were made with air-dried oxalate. This

salt was placed in a series of platinum boats in a combus-

tion tube behind copper oxide. It was then burned in a

stream of pure, dry oxj^gen, and the carbonic acid and

water were collected after the usual method. Ten experi-

ments were made ; in all of them the above named products

were estimated, and in five analyses the resulting ceroso-

ceric oxide was also weighed. By deducting the water

found from the weight of the air-dried oxalate, the weight

of the anhydrous oxalate is obtained, and the percentages

of its constituents are easily determined. In weighing, the

articles weighed were always counterjDoised with similar

materials. The following weights were found :

Oxalate
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CeO.,.
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From molecular weight of CeOj Ce ^= 139.563, ± .024

Cej(S0«)3 " == 141. 281, =b .083

From ratio (7,) CO^ in oxalate " = 141.228, zb .025

General mean " == 140.424, zt .017

Or, if O = 16, Ce = 140.747.

Buehrig's results alone, both sets combined, give Ce =
141.198, ± .020 ; or, if = 16, Ce = 141.523.

Wolf and Wing's figures alone make Ce = 137.724 ; or, if

O = 16, Ce = 138.039.

The latter result is subject to the errors pointed out by
Buehrig as involved in the use of cerium sulphate; but the

ceroso-ceric oxide obtained in the anal,yses was pure white.

Buehrig's ceroso-ceric oxide, on the other hand, was yellow.

In neither case was didymium present. All things consid-

ered, therefore, it is probable that the lower result is too low

and the higher result too high. How near the general

mean of all may be to the truth we have no evidence to

show. It is clear that new determinations are needed, made
with material yielding white ceroso-ceric oxide, and with

avoidance of the sources of error which Buehrig pointed

out.

LANTHANUM.

Leaving out of account the work of Mosander, and the

valueless experiments of Choubine, we may consider the

estimates of the atomic weight of lanthanum which are due

to Hermann, Rammelsberg, Marignac, Czudnowicz, Holz-

mann, Zschiesche, Erk, and Cleve.

From Rammelsberg* we have but one analysis. .700

grm. of lanthanum sulphate gave .883 grm. of barium sul-

phate. Hence 100 parts of BaSO^ are equivalent to 79.276

of La^lSOJg.

* Poggend. Anna!., 55, 65.
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Marignac,* working also with the sulphate of lanthanum,

employed two methods. First, the salt in solution was

mixed with a slight excess of barium chloride. The result-

ing barium sulphate was filtered off and weighed ; but, as it

contained some occluded lanthanum compounds, its weight

was too high. In the filtrate the excess of barium was esti-

mated, also as sulphate. This last weight of sulphate, de-

ducted from the total sulphate which the whole amount of

barium chloride could form, gave the sulphate actually pro-

portional to the lanthanum compound. The following

weights are given

:

La^{S0^)3. BaCl^. jst BaSO^. 2d BaSO^.

4.346 grm. 4.758 grin. 5.364 grm. .115 grm.

4-733 " 5-178 " 5-848 " .147 "

Hence we have the following quantities of La2{S04)3 pro-

portional to 100 parts of BaSO^. Column A is deduced

from the first BaSO^ and column B from the second, after

the manner above described

:

A. B.

81.022 83.281 /

80.934 83.662

Mean, 80.978, dr .030 Mean, 83.471. dr .128

From A La =: 138.776

B " =147.474

A agrees best with other determinations, although, theo-

retically, it is not so good as B.

Marignac's second method, described in the same paper

with the foregoing experiments, consisted in mixing solu-

tions of La2(S04)3 with solutions of BaCL, , titrating one

with the other until equilibrium was established. The
method has already been described under cerium. The
weighings give maxima and minima for BaCL,. In another

column I give La. (SOJ 3 proportional to 100 parts of BaCL,,

mean weights being taken for the latter :

* Archives des Sci Phys. et Naturelles, (i,) ii, 29. 1849.





232 THE ATOMIC WEIGHTS.

These results are best used by taking the ratio between

the BaS04, put at 100, and the LajOg. The figures are

then as follows:

46.489

46.652

46.873

Mean, 46.671, ± .075

In the analyses of the iodate the lanthanum was thrown
down as oxalate, as before. The iodic acid was also esti-

mated volumetrically, but the figures are hardly available

for present discussion. The following percentages of LeoO^
were found

:

23.454

23.419

23.468

Mean, 23.447, d= .0216

The formula of this salt is La2(I03)e.3H20.

The double nitrate, La2(N03)6.3Mg(N03)2.24H20, gave
the following analytical data

:

SalL H^O. MgO. La^Oy

.5327 gim. .1569 grm. .0417 grm. .1131 grm.

•5931
"

-1734
" -0467 " .1262 "

.5662 " -1647 " .0442 " -1197 "

.3757
" —

—

-0297 " .0813 '•

.3263 "
_ .0256 " .0693 "

These weighings give the subjoined percentages of La^Og

:

21.231

21.278

21. 141

21.640

21.238

Mean, 21.3056, ± .058

These data of Holzmann give values for the molecular
weight of LasOj as follows:

From sulphate
\.^f).^ = 325.674, ± .522

" iodate " =322.419,^.113
" magnesian nitrate_. " = 324.355, d= .923
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Czudnowicz* based his determination of the atomic

weight of lanthanum upon one analysis of the air-dried

sulphate. The salt contained 22.741 per cent, of water.

.59S grm. gave .272 grm. La.^Og and .586 grm. BaSO^.

The LaoOg was found by precipitation as oxalate and ig-

nition. The BaSO^ was thrown down from the filtrate.

Reduced to the standards already adopted these data give

for the percentage of La2 03 in the anhydrous sulphate the

figure 58.008. 79.117 parts of the salt are proportional to

100 parts of BaSO,.

Hermann t studied both the sulphate and the carbonate

of lanthanum. From the anhj^drous sulphate, by precipi-

tation as oxalate and ignition, the following percentages of

Laj 3 were obtained :

57.690

57-663

57.610

Mean, 57.654, ±: .016

The carbonate, dried at 100°, gave the following percent-

ages:

68.47 La^g.

27.67 CO.^.

3.86 H^O.

Reckoning from the ratio between CO, and La2 03 the

molecular weight of the latter becomes 325.896.

Zschiesche'sl experiments consist of six analyses of lan-

thanum sulphate, which salt was dehydrated at 230°, and

afterwards calcined. I subjoin his percentages, and in a

fourth column deduce from them the percentage of LajOj
in the anhydrous salt

:

H^O.
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H^O. SOy La^Oy La^O.^ in anhydrous salt.

22.570 33-333 44-090 56.947

22.610 33- 160 44.240 57-150

22.630 33-051 44-310 57-277

Mean, 57.021, ± .051

Erk * found that .474 grm. of La
2 (804)3, by precipitation

as oxalate and ignition, gave .2705 grm. of La 2 3, or 57.068

per cent. .7045 grm. of the sulphate also gave .8815 grm.

of BaS04. Hence 100 parts of BaS04 are equivalent to

79.921 of La 2(804)3.

Last of all, and probabl}'^ best of all, we come to the de-

terminations of Cleve.f 8trongly calcined LajOg, spectro-

scopically pure, was dissolved in nitric acid, and then, by
evaporation with sulphuric acid, converted into sulphate

:

1.9215 grm. La203 gave 3.3365 grm. sulphate. 57.590 per cent.

2.0570 "
3-5705

" 57-611

1.6980 "
2.9445

" 57-667 "

2.0840 " 3.6170 " 57-617 "

1.9565
" 3-3960 " 57-612 "

Mean, 57.619, it .0085

From the last column, which indicates the percentage of

La^Og in La(804)3, we get, if 8O3 = 80, La = 139.15.

We may now combine the similar means into general

means, and deduce a value for the atomic weight of lantha-

num. For the percentage of oxide in sulphate we have six

estimates, as follows. The single experiments of Czudnowicz

and of Erk are assigned the probable error and weight of a
single experiment in Hermann's series :

Czudnowicz 58.668, ±.027
Erk 57.068, zh .027

Hermann 57.654, ±.016
Zschiesche 57.021, it .051

Marignac _"

57-5475. ± -0115

Cleve 57.619, ±.0085

General mean 57.620, it .0059

* Jenaisches' Zeitschrift, 6, 306. 1871. *

t K. Svenska Vet. Akad. Handlingar, Bd. 2, No. 7. 1874.
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For the quantity of La
2 (804)3 proportional to 100 parts

of BaSO^, we have five experiments, which may be given

equal weight and averaged together

:

Marignac 81.022

80.934
" Rammelsberg 79.276

Czudnowicz 79.117

Erie 79-921

Mean, 80.054, ±z .270

In all, there are seven ratios from whrch to calculate

:

(i.) Percentage of La^Oj in La2(SO^)3, 57.620, rb .0059

(2.) BaClj : La2(S04)3 : : loo : 91.322, ± .048—Marignac.

(3.) BaSO^ : La.^(S04)3 : : 100 : 80.054, zb .270

(4.) BaSO^ : LajOj : : 100 : 46.671, zb .075—Holzmann.

(5.) Percentage of LajOg in iodate, 23.447, zb .0216—Holzmann.

(6.)
" " magnesian nitrate, 21.3056, zb .058—Holzmann.

(7.)
" " carbonate, 68.47—Hermann.

These ratios give five values for the molecular weight of

lanthanum oxide, and. two for that of the sulphate:

From (2) La2(SOj3 = 56S.488, zb .320

" (3) " = 558.624, zb 1.888

General mean, " = 568.212, zb .316

Hence La = 140.346, d= .160.

From (i) Laj03 = 325-791. ± -074

= 325-674. lb .522

==322.419, zb .113

= 324-355. ± -923

= 325.896, zb .488

(4)

(5)

(6)

(7)

General mean =^ 324.810, zb .061

Here the value derived from ratio (7) is given the weight

of a single experiment in ratio (1.) Hence La = 138.460,

=t .031.

Combining the two values for La, we get this final result

:

From La203 La = 13S.460, zb .031

" La2(SOj3 " = 140.346, zb -160

General mean " z=r 138.526, zb -030

Or, if = 16, La = 138.844.
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Since this value is a little under and Cleve's a little over

139, the latter figure may fairly be used in all calculations

involving a knowledge of the atomic weight of lanthanum.

DIDYMIUM.

The atomic weight of didymium has been determined by

Marignac, Hermann, Zschiesche, Erk, and Cleve. Mosan-

der's early experiments v,^e may leave out of account.

Marignac * mixed a solution of the sulphate with a slight

excess of barium chloride, filtered, weighed the precipitate,

and estimated the excess of barium in the filtrate by the

ordinary method. The first precipitate always contained

didymium, and therefore weighed too much. By deducting

the weight of the second precipitate, representing the excess

of the barium chloride, from the weight of barium sulphate

theoretically formable, the weight of the latter proportional

to the quantity of didymium salt taken was found :

2d BaSO^.

.084 grm.

.075
"

.088 "

.014 "

These figures give us a ratio between the sulphates of

didymium and barium which we may express as follows.

Column A gives the 013(804)3 proportional to 100 parts of

BaSO^, as calculated from the first precipitate of the latter.

Column B gives a similar ratio calculated with the second

BaSO^ precipitate, this being deduced from the total BaSO^
which the chloride used could form :

A. B.

82,344 84.685

82.539 82.626

82.692 85.545

82.451 84.425

82.247—Erk.

Mean, S4.320, rfc .414

Mean, 82.455, i .052

* .A.rch. des Sci. Phys. et Naturelles, (i,) 11, 29. 1840.

Di,{SO,\.
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To A I have added a single result of Erk's, to be described

further along. It will be seen that although A is theoreti-

cally defective, its figures are much more concordant than

those in B. In fact, the latter would almost vanish for the

final general mean for the atomic weight of didymium : >

From A Di = 143.929

" B " =150.436

In a later paper* Marignac adopts two other methods for

establishing the atomic weight of didymium. The carefulh^

dehydrated sulphate was taken, the didymium was precipi-

tated as oxalate, and the latter, ignited, yielded oxide. The
following percentages of oxide were found

:

58.22

58.24

58.29

58.31

58.29

Mean, 58.27, dr .0115

The chloride of didymium was also studied. As the anhy-

drous salt could not be obtained in an absolutely definite

state, Marignac prepared neutral solutions of it and deter-

mined the ratio between didymium oxide and silver chlo-

ride. The latter compound was first precipitated in the

usual way, and filtered off; the excess of silver in the filtrate

was removed by hydrochloric acid, and after that the didy-

mium was thrown down as oxalate and weighed as oxide.

The subjoined weights of AgCl and Di^Og were found. In

a third column 1 give the ratio between the two compounds,

putting AgCl at 100

:

.

AgCl. DLfiy Ratio.

10.058 grm. 3.946 grm. 39-232

5.029 " 1.960 " 38.974

5.844 " 2.276 " 38-946

Mean, 39.051, rb .061

Hence Di = 143.637, ± .263.

* Ann. d. Chim. et d. Phys., (3,) 38, 148. 1853.
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Hermann's * determination of the atomic weight of didy-

mium rests on a single experiment with the sulphate. By-

precipitation as oxalate and subsequent ignition, he found

that this salt yielded 58.14 per cent, of DigOg.

Zschieschef also analyzed didymium sulphate, which he

dehydrated at 230°, and afterwards converted into oxide by

calcination. I give his percentages, and also, in a fourth

column, the percentage of oxide from the anhydrous sul-

phate as deduced from his figures

:

H^O.
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didymium oxide was dissolved in nitric acid, the solution

was evaporated with sulphuric acid, and the weight of the

resulting sulphate was ascertained. I subjoin the weighings

and the percentage of 01263 in 01,(804)3

:

Di^Oy Di^^SO^y Per cent. Di^Oy

2.257 gnu. 3.844 grm. 58.715

1.086 " 1.84S5 " 58.750

1. 1525 "
1.9615 " 58.756

1.3635 " 2.319 "
58.797

1-9655 "
3-3435

" 58-786

1.528 " 2.599 " 58-792

Mean, 58.766, dr .0087

Hence Di = 146.804. If SO 3 = 80, Di = 147.021.

This determination is undoubtedly the best of all, and

might properl}^ be accepted to the exclusion of the others.

Still, it is worth while to combine all the figures into one

general mean. For the percentage of Di^Og in 012(804)3

we have the following data

:

Marignac 58.270, ± .0115

Erk and Hermann 58.107, ± .0112

Zschiesche 57.926, d= .094

Cleve 58.766, ± .0087

General mean 58.451, ± .0059

For the atomic weight of didymium we have now three

independent values

:

From per cent. Di.p., in 012(804)3 Di = 144.604, =fc .031

" Marignac's chloride analyses " = 143.637, i .263

" Marignac's and Erk's BaSO^ratio-- " = 143.929, dr .189

General mean " =; 144.573, it .0306

If = 16, Di = 144.906.
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THE YTTRIUM GROUP.

The atomic weights of the metals in this group can only

be said to have been determined approximately. Not only

do great difficulties attend the purification of the material

used for study and the separation of the earths from each

other, but there have been and still are grave doubts as to

the actual nature of some of the latter. The figures for

scandium, yttrium, and ytterbium seem to be tolerably

good ; those for decipium, philippium, thulium, erbium, and

terbium are little more than estimates ; for samarium we

have no data whatever. All the atomic weights in this

group are based upon analyses or sjaitheses of sulphates

;

and from analogy to the cerium metals all of these elements

are regarded as forming sesquioxides.

SCANDIUM.

Clevc,* who was the first to make accurate experiments

on the atomic weight of this metal, obtained the following

data. 1.451 grm. of sulphate, ignited, gave .5293 grm. of

ScoOg. .4479 grm. of ScjOg, converted into sulphate,

yielded 1.2255 grm. of the latter, which, upon ignition,

gave .4479 grm. of SC2O3. Hence, for the percentage of

SC2O3 in Sc2(S04)3 we have:

36.478

36.556

36.556

Mean, 36.530

Hence, if SO 3 = 80, Sc = 45.044.

Later and better results are those of Nilson,t who con-

verted scandium oxide into the sulphate. I give in a third

column the percentage of oxide in sulphate

:

* Compt. Rend., 89, 419.

f Compt. Rend., 91, 118.
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•3379 g''"^- SCoOj gave .9343 grm. Scji'SO^"!.. 36. 166 per cent.

.3015 " .8330 " 36.194 "

.2998 " .8257 " 36.187

.3192 " .8823 " 36.178 "

Mean, 36.181, ± .004

Hence Sc = 43.980, dr .015 ; or, if = 16, then Sc =
44.081. If SO 3 = 80, then Sc = 44.032. These values are

doubtless very nearly correct.

YTTRIUM.

For yttrium we need consider only the determinations

of Popp, Delafontaine, Bahr and Bunsen, and Cleve.

Popp* evidently worked with material not wholly free

from earths of higher molecular weight than yttria. The
yttrium sulphate was dehydrated at 200°; the sulphuric

acid was then estimated as barium sulphate ; aifd after the

excess of barium in the filtrate had been removed, the

yttrium w^as thrown down as oxalate, and ignited to yield

oxide. The following are the weights given by Popp

:

Sulphate.
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In 1865 Delafontaine * published some results obtained

from yttrium sulphate, the yttrium being thrown down as

oxalate and weighed as oxide. In the fourth column I give

the percentages of YtjOg reckoned from the anhydrous sul-

phate :

Sulphate. V/^O^ H^O. Percent. Yt.,0^.

.9545 gnu. .371 grm. .216 gim. 50-237

2.485 " .9585 " .565 " 49-922

2.153 " .827 " .4935
" 49-834

Mean, 49.998, dz .081

In another paper t Delafontaine gives the following per-

centages of Yt^Og in dry sulphate. The mode of estima-

tion was the same as before :

•
48.23

48.09

48.37

Mean, 48.23, dr .055

Bahr and Bunsen,:): and likewise Cleve, adopted the

method of converting dry yttrium oxide into anhydrous

sulphate, and noting the gain in weight. Bahr and Bunsen

give us the two following results. I add the-usual percent-

age column :
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y\0.,. yf^{SO,)y Percent. Yt.fi^.

1.4060 gnn. 2.8925 grm. 48.608

1.0930 " 2.2515 " 48.545

1.4540 " 2.9895 " 48.637

1.3285 " 2.7320 " 48.627

2.3500 " 4-8330 " 48.624

2.5780 " 5.3055 " 48.591

Mean, 48.605, ifc .0096

This series is unquestionably the best of all. From it, if

SO 3 = 80, Yt =: 89.485.

Combining all these data we have the subjoined general

mean for the percentage of YtjOg

:

Popp 51.208, zb.OII

Delafontaine, ist 49.998, db .081

2d 48.230, rb .055

Bahr and Bunsen 49.2695, ± .0233

Cleve 48.605, dr .0096

General mean 49.637, ±.0069
Rejecting Popp 48.705, ± .0087

From the general mean of all, Yt = 97.616. From the

mean after excluding Popp's work, Yt = 89.816, ± .007
;

or, if = 16, Yt -= 90.023.

YTTERBIUM.

For ytterbium we have one very good set of determina-

tions by Nilson.* The oxide was converted into the sul-

phate after the usual manner

:

Yb,0,.
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Hence Yb == 172.761, dr .038. If = 16, then Yb =
173.158. If SO 3 = 80, Yb = 173.016. The true number

cannot be far from 173.

ERBIUM.

Since the earth which was formerl.y regarded as the oxide

of this metal is now known to be a mixture of two or three

different oxides, the older determinations of its molecular

weight have little more than historical interest. Nevertl e-

less the work done by several investigators may properly be

cited, since it sheds some light upon certain important prob-

lems.

First, Delafontaine's "^^ early investigations may be consid-

ered. A sulphate, regarded as erbium sulphate, gave the

following data. An oxalate was thrown down from it,

which, upon ignition, gave oxide. The percentages in the

fourth column refer to the anhydrous sulphate. In the last

experiment water was not estimated, and I assume for its

water the mean percentage of the four preceding experi-

ments :

Sulphate.



THE YTTRIUM GROUP. 245

Er^O.^. Er^{SO^^. Per cent. Er^O^

1.8760 grm. 3-0360 grm. 61.792

1.7990 " 2.9100 " 61.821

2.8410 " 4-5935 " 61.848

1.2850 " 2.0775 " 61.853

I. 1300 " 1.827 " 61.850

.8475 " '-37° " 61.S61

Mean, 61.8375, zh .0063

Humpidge and Burney * give data as follows

:

1.9596 grm. Er2(SOj3 gave 1.2147 grm. Er.Pg. 61.987 per cent.

1.9011 " 1.1781 " 61.965 "

Mean, 61.976, ± .0074

Combining all four series we get the subjoined general

mean for the percentage of oxide in sulphate. Bahr and

Bunsen's single experiment is given the probable error of

one experiment in Hoeglund's series

:

Delafontaine 54- 308, d= -0915

Bahr and Bunsen 61.653, ±.0178
Hoeglund 61.8375,^.0063

Humpidge and Burney 61.976, ±.0074

General mean 61.860, ±.0046
Rejecting the first 61.880, ±.0046

From the mean of all, Er = 170.379, ± .082; or, if =
16, Er == 170.770. From Bahr and Bunsen's determination,

Er = 168.683 ; and from Humpidge and Burney's highest,

Er = 171.428.

The foregoing data were all published before the com-

posite nature of the supposed erbia was fully recognized.

It will be seen, however, that three sets of results were fairly

comparable, while Delafontaine evidently studied an earth

widely different from that investigated by the others. Since

the discovery of ytterbium, some light has been thrown on

the matter. The old erbia is a mixture of at least three

earths, to one of which, a rose-colored body, the name erbia

is now restricted. For the atomic weight of the true erbium

* Journ. Chem. .Society, Feb., 1879, p. 116.
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Cleve* gives three values, but without data concerning

weiohinos or methods. Doubtless the oxide was converted

into sulphate, and the calculations were made with SO 3
=

80:
166.00

i66.2i

166.25

Mean, 166.153

With SO 3 = 79.874, this becomes 165.891, and if only O
= 16, 166.273. These figures are undoubtedly the nearest

yet reached to the true value. According to Thalen,t who
reasons from spectroscopic evidence, the erbium of Hoeglund

was largely ytterbium.

TERBIUM, SAMARIUM, PHILIPPIUM, DECIPIUM, THULIUM,

HOLMIUM, AND SORET's EARTH X.

Concerning these substances, real or alleged, the data are

exceedingly vague. For phillippium Delafontainet gives

an atomic weight approximating to 123 or 125, and in the

same memoir decipium is ]:)ut at 171. It seems probable that

philippium may be identical with Cleve's holmiura and the

metal of Soret's earth X, while decipium comes near Cleve's

thulium, for which the discoverer gives a value of about

170.7.11 If decipium and thulium are identical, or if either

proves to be erbium or ytterbium contaminated with the

other, then we shall have a triad of metals with atomic

weights ranging from Er = 166 to Yb = 173, strikingly

parallel with lanthanum, cerium, and didymium. If we

take the natural arrangement of the elements as tabulated

after Mendelejeff's plan, somewhat modified in Roscoe and

Schorlemmer's " Treatise on Chemistry,§ we find that such

a triad should exist, and, furthermore, that another similar

*Compt. Rend., 91, 382.

t Poggend. Beiblatter, 5, 122. 1881.

X Arch, des Sci. Phys. et Nat., Mars, 1880.

II
Compt. Rend., 91, 329. 1880.

^ Vol. 2, Part 2, p. 507.



COLUMBIUM. 247

group ought to lie between indium and tin. The latter

triad should have atomic weights ranging from 114 to 117

;

and here possibly, or else forming a triad with yttrium, the

other metals of this group may lie.

COLUMBIUM.

The atomic weight of this metal has been determined by
Rose, Hermann, Blomstrand, and Marignac. Rosef anal-

yzed a compound which he supposed to be chloride, but

which, according to Rammelsberg,^ must have been nearly

pure oxychloride. If it was chloride, then. the widely vary-

ing results give approximately Cb = 122 ; if it was oxy-

chloride, the value becomes nearly 94. If it was chloride,

it was doubtless contaminated with tantalum compounds.

Hermann's
II

results seem to have no present value, and

as for Blomstrand's,§ I am not able to get at a copy of his

original memoir. The results of the latter chemist are thus

summed up in Becker's " Digest." Three chlorine estima-

tions in the pentachloride give, in mean, Cb = 96.67.

Eleven weighings of columbic acid from the same com-

pound make Cb = 96.16. Other experiments on sodium

columbate lead Blomstrand to regard 95 as the most prob-

able value.

Marignac 1 made about twenty analyses of the potassium

fluoxycolumbate, CbOF3.2KF.H,0. 100 parts of this salt

give the following percentages

:

Cb^Oj Extremes 44.15 to 44.60 Mean, 44.36

KjSO^ " 57.60 " 58.05

up " 5.75 " 5.98

F " 30.62 " 32.22

* This name has priority over the more generally accepted "niobium," and

therefore deserves preference.

t Poggend. Annal., 104, 439. 1858.

-t
Poggend. Annal., 136, 353. 1869.

II
Journ. fur Prakt. Chem., 68, 73. 1856.

g Acta Univ. Lund,>i864.

^ Archives des Sci. Phys. et Nat.. (2,) 23, 258. 1865.
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From the mean percentage of Cb^^Og, Cb = 93.217. If

O = 10, this becomes 93.431.

From the mean between the extremes given for KjSO^,
Cb = 93.812. If = 16, this becomes 94.027.

As Deville and Troost's * results for the vapor density of

the chloride and oxychloride agree fairly well with Cb =
94, we may adopt this value as approximately correct.

ta:\^talum.

The results obtained for the atomic weight of this metal

by Berzelius,t Rose,! and Hermann
||
may be fairly left out

of account as valueless. These chemists could not have

worked with pure preparations, and their data are suffi-

ciently summed up in Becker's " Digest."

Marignac§ made four analyses of a pure potassium fluo-

tantalate, and four more experiments upon the ammonium
salt. The potassium compound, K/PaF^ was treated with

sulphuric acid, and the mixture was then evaporated to dry-

ness. The potassium sulphate was then dissolved out by

water, while the residue was ignited and weighed as Ta^Oj.

100 parts of the salt gave the following quantities of Ta205.

andK.SO, :

Ta^Oy A',so,.

56.50 44-37

56.75 44-35

56.55 44-22

56.56 44.24

Mean, 56.59, z^ .037 Mean, 44.295, ± .026

* Comptes Rend., 56, 891. 1863.

t Poggend. Annal., 4, 14. 1S25. Lclirbuch, 3, 1209.

X Poggend. Annal., 99, 80. 1856.

II
Journ. fiir Prakt. Chem., 70, 193. 1857.

\ Archives des Sci. Phys. et Nat., 26, 89, serie 2. 1866.
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From these figures, 100 parts of K2SO4 correspond to the

subjoined quantities of Ta2 05 :

127.338

127.960

128.178

127.848

Mean, 127.831, dz .120

The ammonium salt, (NH4)2TaF7, ignited with sulphuric

acid, gave these percentages of TajOg. The figures are cor-

rected for a trace of KjSO^ which was always present:

63.08

63-24

63.27

63.42

Mean, 63.25, dr .047

Hence we have four values for Ta :

From potassium salt, per cent. Ta^Oj Ta =^ 183.033, ±
K2S0^ " = 181.619, dz

KjSO^ : TaPs "=182.361,3!=
" ammonium salt, per cent. TajO^ " = 182.149, d=

General mean " = 182.144, ±

Or, if = 16, Ta = 182.562.

343

242

411

456

166

If we assume K = 39, O = 16, F = 19, S = 32, and N==

14; the percentage of K2SO4 from K2TaF7 gives Ta =
181.912 ; and the analyses of the ammonium salt make
Ta = 182.020. Evidently, 182 is not far from the true

value.

PLATINUM.

For this metal we have to consider only experiments by

Berzelius, by Andrews, and by Seubert. In an early paper

Berzelius* reduced platinous chloride, and found it to con-

tain 73.3 per cent, of platinum. Hence, Pt = 194.204, a

*Poggend. Annal., 8, 177. 1826.
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value very near that obtained most recently by Seubert. In

his later investigations, Berzelius * studied the potassium

chloroplatinate, K2PtCl6. G.981 parts of this salt, ignited

in hydrogen, lost 2.024 of chlorine. The residue consisted

of 2.822 platinum, and 2.135 potassium chloride. From
these data we may calculate the atomic weight of platinum

in four ways

:

1st. From loss of CI upon ignition Pt = 197.722

2d. " weight of Pt in residue " =196.942
3d. " " KCl " " =-196.215

4th. " ratio between KCl and Pt " =196.652

The last of these values is undoubtedly the most reliable,

since it involves no errors due to the possible presence of

moisture in the salt analyzed. If ^ IG, the value be-

comes Pt = 197.104.

The work clone by Andrews! is even less satisfactoiy than

the foregoing, for the reason that its full details seem never

to have been published. AndreAvs dried potassium chloro-

platinate at 105°, and then decomposed it by means of zinc

and water. The excess of zinc having been dissolved by

treatment with acetic and nitric acids, the platinum was

collected upon a filter and weighed, while the chlorine in

the filtrate was estimated by Pelouze's method. Three

determinations gave as follows for the atomic weight of

platinum

:

197.86

197.68

198.12

Mean, 197.887

If we assume that these values were calculated with K =
39 and CI = 35.5, the mean, corrected by our later figures

for these elements, becomes Pt ^= 197.382. If O ^= 16, this

becomes Pt = 197.836. Unfortunately, Andrews does not,

in his brief note upon the subject, indicate the manner by
which his calculations were made.

* Poggend. Annal., 13, 46S. 1828.

f Bntibli Association Rejort, 1852. Chem. Gazette, 10, 380.
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Latest of all we have to consider the experiments of

Seubert.* This chemist prepared very pure chloroplati-

nates of ammonium and potassium, and from their compo-
sition deduced the atomic weight of the metal under con-

sideration. The ammonium salt, (NH
^ ) ^ PtCl g was analyzed

by heating in a stream of hydrogen, expelling the excess of

that gas by a current of carbon dioxide, and weighing the

residual metal. In three experiments the hydrochloric acid

formed during such a reduction was collected in an absorp-

tion apparatus, and estimated by precipitation as silver

chloride. Three series of results are given for the percent-

age of platinum in this salt, together with another single re-

sult which may be considered alone. Here are the figures :

Series I. Series IT. Series III.

43-957 43-871 43-990

43.948 43-876 43-986

43.960 43-872 44.001
" 43-946 43-881 44.020

43-963 43-875 43-994

43-961 43-879 43-996

44.004

Mean, 43.956, ± .002 Mean, 43.876, dr .001 44.026

43-998

Mean, 44.001, zb .003

These series represent three preparations. The additional

single experiment above referred to was made with material

belonging to series II, but recrystallized from water. This

salt gave 43.955 per cent, of platiimm, a figure to which we
may assign the probable error of one experiment in the

first series. Combining, we get the subjoined general mean
percentage of Pt in (NHJ^PtClg

:

Series I 43.956, zb .002

" II 43.876, dz .001

" III 44.001, ± .003

Extra experiment 43-955> ± -004

General mean 43.907, dz .0009

*Ber. der Deutsch. Chem. Gesell., 14, 865. 1881.
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Hence Pt = 104.314, ± .078. Tf N = 14, and CI = 35.5,

then Pt= 194.906. Calculating with Stas' values for N and

CI, Seubert gets from the four results combined above, the fol-

lowing figures for Pt, respectively : 194.685, 194.039, 195.034,

194.665.

For the chlorine estimations in the ammonium salt the

subjoined weighings are given :

Salt. PL AgCl.

2.7054 grm. 1. 187 1 grm. 5.2226 grm.

2.2748 " .9958 " 43758 "

3.0822 " I. 3561 " 5-9496 "

Hence 100 parts of AgCl correspond to the follo^^ing

quantities of salt

:

5 1 . 802

51.986

51.805

Mean, 51.864, ± .041

Hence, calculating directl}^ from the ratio between 6Ag(X
and (NHJ.PtClg, Pt = 196.871, ± .363.

Seubert himself reckons the percentage of chlorine from

the weight of silver chloride, and then calculates the ratio

between Clg and Pt.* He thus finds, with Stas' value for CI,

Pt = 195.330.

The potassium salt, K^PtClg, was also analyzed by igni-

tion in hydrogen, treatment with water, and weighing both

the platinum and the potassium chloride. TJiese percent-

ages were found

:

Pt. KCl.

40.119 30.706

40.120 30.72S

40.076 30.698

40.070 30.666

40.107 30.700

40.120 30.627

40.114 30.710

40.130 30.621

Mean 40.107, i .005 Mean, 30.682, ± .009

From the first column Pt ^ 194.370, rb .068

" second " " = 194.645, ±i .213
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If K = 39, and CI = 35.5, the first column gives Pt =
194.933. Seubert, from the percentage of platinum, gets

Pt = 194.392 ; and from the ratio 2KC1 : Pt he finds Pt =
194.494.

As with the ammonium salt, three experiments were made
upon the potassium compound to determine the amount of

chlorine lost upon reduction in hydrogen. I cite the weigh-

ings, and add in a fourth column the quantity of KaPtClg

proportional to 100 parts of AgCl. This AgCl represents

hut four atoms of the chlorine:

Sa/i'. Pi. AgCl. Ratio.

6.7771 gnn. 2.7158 grm. 7-9725 gnn. 85.006

3.5834 " 1.4372 " 4-2270 '• 84.774

4.4139 " 1.7713 " 5-2144 " 84.648

Mean, 84.S09, d= .071

Hence Pt = 195.002, ± .415. If K = 39, Ag =- 108, and

CI = 35.5, then Pt = 194.955. Seubert, calculating the per-

centage of chlorine and thence the ratio Clj : Pt, gets Pt =
194.631.

Combining all the values we have the following result

for the atomic weight of platinum :

1. From per cent. Pt in (NH^),,PtClg Pt = 194.314, dr .078

2. " 6AgCl : (NH^)2PtCl6 ratio " = 196.871, ± .363

3. '• percent. Pt in K2PtClg " = 194.370, rb .068

4.
" " KCl " " =194.645,^.213

5. " 4AgCl : KjPtClg ratio " = 195.002, i .415

General mean " =r 194.415. 4; .049

Or, if O = 16, Pt = 194.867.

Seubert, taking the arithmetical mean of his eight values,

gets Pt = 194.620. He regards, however, those results as

best which are dependent upon the percentage of platinum

in the ammonium salt, and upon the complete analysis of

the potassium compound. These give him a mean of Pt =
194.461, which, if corrected b}' reduction to a vacuum stand-

ard, becomes Pt = 191.34.

In will be noticed that three of the ratios, calculated with
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K = 39, N = 14, Ag = 108, and CI = 35.5, give nearly

Pt = 195, namely

:

194.906

194-933

194-955

The general mean of all, if = 16, giv.es Pt == 194.867.

Hence, for all practical calculations, the value 195 may be

safely employed.

OSMIUM.

The atomic weight of this metal has been determined by

Berzelius and by Fremy.

Berzelius* analyzed potassium osmichloride, igniting it

in hydrogen like the corresponding platinum salt. 1.3165

grammes lost .3805 of chlorine, and the residue consisted of

.401 grm. of potassium chloride, Avith .535 grm. of osmium.

Calculating only from the ratio between the Os and the KCl,

we have, Os = 198.494 ; or, if = 16, Os -- 198.951.

Fremy's determination f is based upon the composition of

osmium tetroxide. No details as to weighings or methods

are given ; barely the final result is stated. This, if =
15.9633, is Os = 199.190. If = 16, Os = 199.648.

Berzelius' work is evidently entitled to preference, althougli

neither determination is in any sense equal to the present

requirements of chemical science. The values given are

doubtless several units too high.

IRIDIUM.

The only early determination of the atomic weight of

iridium was made by Berzelius,| who analyzed potassium

iridichloride by the same method employed with the plati-

num and the osmium salts. The result found from a single

* Poggend. Annal., 13, 530. 1828.

t Compt. ReiuL, 19, 46S. Journ. fiir Prakt. Chem., 2,T), 410. 1844.

t Poggend. Annal., 13, 435. i8.:8.
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analysis was not far from Ir = 196.7. This is now known
to be too high. I have ]iot, therefore, thought it worth
while to recalculate Berzelius' figures, but give his estima-

tion as it is stated in Roscoe and Schorlemmer's " Treatise

on Chemistiy."

In 1878 the matter was taken up by Seubert,* who had at

his disposal 150 grammes of pure iridium. From this he
prepared the iridichlorides of ammonium and potassium,

(NH4)2lrCle and KoIrClg, which salts were made the basis

of his determinations. The potassium salt was dried by
gentle heating in a stream of dry chlorine.

Upon ignition of the ammonium salt in hydrogen, metal-

lic iridium was left behind in white coherent laminae. The
percentages of metal found in seven estimations were as fol-

lows:

742

725

745

739

726

739

705

Mean, 43-732, ± .0035

The potassium salt was also analyzed by decomposition

in hydrogen with special precautions. In the residue the

iridium and the potassium chloride were separated after the

usual method, and both w^ere estimated. Eight analyses

gave the following results, expressed in percentages :

/r.

39.881

39.890

39.868

39.876

39-877

39-879

39-882

39-883

Mean, 39.880, ± .0015

2KCI.
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From these data several values for the atomic weight of

iridium may be calculated

:

From per cent. Ir in (NH^)2lrCl6 Ir = 192. 951, d= .064

" KjIrClg " = 192.536, ± .060

" KCl in " " = 192.474, rb -III

CI4 in " "=192.757,^.148

General mean " ==192.702,^.039

If O -= IC, this becomes Ir = 193.145.

In the potassium salt, instead of calculating from the per-

centages directly, we may reckon upon the ratios between

Ir and CI4, and between Ir and 2KC1

:

From Ir : Ci^ ratio Ir ~ 192.626, ±: .081

" Ir : 2KCI ratio " = 192.514,.^ .044

General mean " = 192.539, rt .039

Or, if =- 10, Ir = 192.982.

Again, we may combine this mean with the value derived

from the ammonium iridichloride, and so estimate the re-

lative importance of the latter :

From KJrClg Ir = I92.539> ± -039

" (NH^lJrClg " = 192.951. ± .064

General mean " = 192. 651, dr .033

If O = K). this becomes Ir = 193.094.

We may assume, then, from all the facts before us, that if

O = 16, the atomic weight of iridium varies from the even

number 193 only within the limits of experimental error.

PALLADIUM.

The atomic weight of palladium has been studied by Bcr-

zelius and by Quintus Icilius. In an early paper Berzelius*

found that 100 parts of the metal united with 28.15 of sul-

phur. Hence Pd ^= 113.63, a vesult which is unquestionably

far too hiffli.

* Poggend. Annal., 8, 177. 1826.
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In a later paper* Berzeliiis published two analj'ses of

potassium palladiochloride, K^PdCl^. The salt was decom-

posed by ignition in hydrogen, as was the case with the

double chlorides of potassium with platinum, osmium, and
iridium. Reducing his results to percentages, we get the

following composition for the substance in question

:

Pd. 2KCI. C4.

32.726 46.044 21.229

32.655 45-741 21.604

Mean, 32.690 45.892 21.416

From these percentages, calculating directly, very dis-

cordant results are obtained

:

From percentage of metal Pd = 106.612

" " KCl " =r 104.674
" " Clj, (loss) " = 110.796

Obviously, the only way to get satisfactory figures is to

calculate from the ratio between the Pd and 2KC1. Doing

this, we get, Pd = 105.737 ; or, if O = 16, Pd = 105.981.

This last value varies so slightly from the even numl^er

106 that the latter may be safel}' used for all purposes of

chemical calculation.

The determination made by Quintus Icilius* need be

given only for the sake of completeness. He ignited potas-

sium palladichloride in hydrogen, and found the following

amounts of residue. His weights are here recalculated into

percentages

:

64.708

64.965

64.781

Mean, 64.818

From this mean, Pd = 111.879. Upon looking at the

values deduced from Berzeiius' figures, it Vv'ill be seen that

* Poggend. Aimal., 13, 454. 1828.

f " Die Atomgcwichte vom Pd, K, CI, Ag, C, und II, nach der Methode der

kleinsten Quadrate berechnet." Inaug. Diss. Gottingeii, 1S47. Contains no

other original analyses.

17
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the highest, 110.796, is calculated from the chlorine lost

upon igniting the palladiochloride. The same kind of

error which vitiates that result probably affects also these

data drawn from the palladiochloride.

RHODIUM.

Berzelius* determined the atomic weight of this metal

by the analysis of sodium and potassium rhodiochlorides,

NagRhClg, and KjRhClt;. The latter salt was dried by

heating in chlorine. The compounds were analyzed by re-

duction in hydrogen, after the usual manner. Reduced to

percentages the analyses come out as follows :

III Na^RhCl^.

Rh. sNaCl. Cly

26.959 45-853 27.189

27.229 45-301 27.470

27.616

Mean, 27.094 45-577

27.425

In K^RJiCly

Rh. sKCl. Cly

28.989 41-450 29.561

From the analyses of the sodium salt we get the following

values for Rh

:

From per cent, of metal Rh = 104.507

NaCl " =102.980
" " CI3 " =105.696
" ratio between Clj-and Rh " = 104.829
" " NaCl " " = 104.093

These are discordant figures, and indicate some doubt as

to purity of material. The last value is fairly good, how-

ever, and is confirmed by results from the potassium com-

pound :

* Poggend. Annal., 13, 435. 1828.
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From per cent, of metal Rh := 104.054
•' " KCl " := 104.046
" " CI3 " = 104.065

" Rh : Clg ratio " = 104.057
" Rh : KCl ratio " = 104.051

Mean " = 104.055

If = 16, this becomes Rh = 104.285.

RUTHENIUM.

The atomic weight of this metal has been determined

only by Clans.* Althongh he employed several methods

the onl}^ results worthy of present notice come from the

analysis of potassium rutheniochloride, KjRuClg. The
salt was dried by heating to 200° in chlorine gas, but even

then retained a trace of water. The percentage results of

analysis are as follows

:

28.96 40.80 30.24

28.48 41.39 . 30.22

28.91 41.08 30.04

Mean, 28.78 41.09 30.17

Reckoning directly from the percentages we get the fol-

lowing discordant values for Ru

:

From percentage of metal Ru = 103.016
" " KCl " = 107.190

CI3 " = 96.854

Obviously, the best result is to be obtained from the ratio

between Ru and 2KC1. This gives Ru = 104.217 ; or, if

= 16, Ru = 104.457. But little weight can be attached

to this determination.

* Journ. fiir Prakt. Chem., 34, 435. 1845.





APPENDIX.

ON DUMAS' CORRECTION AND PROUT'S HYPOTHESIS.

In the year 1815 Prout put forth his famous hypothesis

that the atomic weights of all the elements were multiples

of that of hydrogen. His views were adopted by many
chemists, but opposed by others; among them Berzelius

and Turner; and down to the present day "Front's Law"
has been the subject of earnest controversy. Of course the

fact was early recognized that in its original form the hy-

pothesis could not stand, and accordingly it was modified

by Dumas in such manner that half and quarter multiples

of the atomic weight of hydrogen were considered as well

as the whole numbers.

But of late years Front's hypothesis, even with its elastic

modification, has been in disfavor. Only a few chemists still

clung to it as the representative of a veritable law. The
researches of Stas were especially directed towards ascertain-

ing its truth or falsity ; and his results, as well as those ob-

tained by Marignac, were such as to lead most chemists to

the belief that it had been forever overthrown. The atomic

weights determined by Stas agreed neither with whole, half,

nor quarter multiples of that of hydrogen, and the varia-

tions seemed to be wholly outside the range of recognizable

experimental errors.

In 1878, however, a probable source of error in some of

Stas' researches was pointed out by Dumas.* Many of Stas'

ratios had involved the use of pure metallic silver, which
had been fused under a cover of borax containing a little

* Ann. Chim. Phys., (5s.,) 14, 289.

(261)
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nitre. Such silver Dumas heated to redness in a Sprengel

vacuum, and found that it gave up weighable quantities of

oxygen, which had been absorbed by the metal when in the

melted state. In one experiment a kilogramme of silver

gave 82 milligrammes of occluded gas, and in three other

cases 226, 140, and 249 milligrammes respectively were found.

In other words, the silver which had been considered pure

by Stas and others, was really not pure, and a correction

became necessary in nearly all series of atomic weight de-

terminations.

The amount of this correction, which I think may here-

after be appropriately designated as " Dumas' correction,"

will naturally vary in different cases, and in no particular

case can we tell, without actual examination of the silver

employed, exactly how great it should be. ' We may, how-

ever, assume that all the metallic silver heretofore used in

establishing atomic weight ratios was subject to it; and,

reckoning from the largest error indicated in the experi-

ments of Dumas, namely, 249 milligrammes of oxygen in

the kilogramme of metal, we may ascertain its tendency

with reference to Front's law.

In the chapter upon the atomic weights of silver, chlorine,

bromine, iodine, potassium, sodium, and sulphur, twenty

ratios are given, of which nine are subject to Dumas' cor-

rection. Applying it as suggested above, we get the follow-

ing results. The values previously found and given in the

chapter just quoted, we may designate as uncorrected. For

convenience in future reference I assume that = 16 :

Uncorrected. Corrected. Difference.

Silver 107.923 107.896 — .027

Chlorine 35-451 35-47S +-027
Bromine . 79-951 79-97^ + •^'^1

Iodine 126.848 126.875 -f -027

Potassium 39- 109 39-0S3 — .026

Sodium . 23.051 23.024 — .027

Sulphur 32.058 32.058

The result of the correction, it will l>e seen, is generally

favorable to Front's hypothesis. Of the seven elements
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under consideration, one has its atomic weight unaffected,

one is rendered less in accord with the hypothesis, and five

approximate more closely than before to even multipfes or

multiples half of hydrogen.

In the later chapters of this work the effect of Dumas'
correction is generally less striking. One general state-

ment, however, may be made concerning it. Whenever the

atomic weight of a metal is calculated from the ratio between

its haloid salts and metallic silver, the total effect of Dumas'
correction, including the above corrections for the halogens

themselves, will be to lovjcr the final result. This point will

be further considered presently. Only chlorine, bromine,

and iodine have their atomic weights raised by the correc-

tion.

In view of Dumas' correction the question naturally arises

as to how far other metals, used in atomic weight researches,

may occlude gaseous impurities. For example, when the

atomic weight of oxygen is fixed by the synthesis of water

over copper oxide, may not the copper occlude appreciable

quantities of the hydrogen in which it cools ? If it does,

then the apparent weight of metallic copper would be too

high, and the atomic weight of oxygen would come out too

low. Such an error might possibly account for the differ-

ence between 16 and 15.9633 in the atomic weight of oxygen,

and it would also increase the atomic weight of coj)per as

determined by the same process. At all events, every metal

of which the atomic weight has been determined by the re-

duction of its compounds in hydrogen, ought to be scrupu-

lously investigated with reference to the possible occlusion

of gaseous impurities. With all of these metals the effect

of such impurities would be to render the apparent atomic

weights decidedly too high.

Although every series of atomic weight determinations

must be considered by itself, and weighed on its own merits,

it may not be out of place for me just here to point out two

general sources of error in addition to the one we have been

considering. First, every value after oxygen, with one or

two partial exceptions, involves whatever error may attach
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to the atomic weight of oxygen. If the latter be 16, instead

of 15.9633, this error in some instances becomes muhipHed
to a large fraction of a unit, as the subjoined example will

show.

If O =z i6, the atomic weight of uranium = 239.030

If O = 15-9633.
" " = 238.482

Difference 0-548

Other similar errors are repeated continually. The value

assigned to an}^ element is necessarily affected by whatever

errors may attach to the atomic weights of those other ele-

ments through whose medium it is compared with the

standard, hydrogen. Thus, the atomic weight of carbon

depends upon that of oxygen ; calcium depends upon both

carbon and oxygen ; and fluorine, as determined from cal-

cium fluoride, involves the foregoing elements, together with

sulphur, silver, and chlorine. Since, however, some atomic

weights are afi'ected by plus errors and others by minus
errors, there is a fortunate tendency to compensation of

errors in cases like that of fluorine, and, in reality, better

results are obtained than considerations such as these would
lead us to look for.

Another general source of error is to be found in the fact

that some of the weighings involved in our discussions had
been reduced to absolute standards, while others were merely

uncorrected weighings in air. The errors thus introduced

into the work are doubtless small, but still they ought not to

be absolutely ignored.

Now, having considered the larger classes of errors, we
may properly pass on to a comparison of our atomic Aveights

with reference to Front's hypothesis. In order to facilitate

work, I have tabulated the figures in two columns, one
giving atomic weights referred to hydrogen as unity, the

other based upon the standard of oxygen as exactly sixteen.

Such imperfectly known elements as decipium, philippium,
samarium, terbium, and thulium are not included.
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TABLE OF ATOMIC WEIGHTS.
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TABLE OF ATOMIC WEIGHTS—Continued.

Silicon

Silver

Sodium _.

Strontium

Sulphur -

.

Tantalum
Tellurium
Thallium

.

Thorium .

Tin
Titanium .

Tungsten.
Uranium _

Vanadium
Ytterbium
Yttrium ..

Zinc

Zirconium

H .= I.

28.

107.

22.

87.

31-

182.

127.

203.

233'

117.

49-

183.

238.

5i.

172.

89.

64.

195.

675.

998,

374-

984,

144,
960,
7i5>

414,

698,

846,

610,

4S2,

256,

761,

816,

9045.

367.

.066

.0096

.011

.032

.012

.a 66

•034

•0365

•073
.040

.064

.032

.0S2

.024

.038

.067

.019

•037

0= 16.

28.260

107.923
23.051

87-575
32.058
182.562

128.254
204.183

233-951
117.968

49.961
184.032

239.030

51-373
173-158
90.023

65-054

89-573

Remarks.

Very badly determined.

Imperfectly determined.

Crookes' data.

Imperfectly determined.

If SO3 = 80, Yb = 173.016.
Doubtful.

Axel Erdmann's data.

Doubtful.

At the close of his admirable paper on the atomic weight

of aluminum Mallet makes substantially the following ar-

gument in favor of Front's hypothesis. Citing the atomic

weights of eighteen elements which he considers well deter-

mined, he shows that ten of them have values falling within

one-tenth of a unit of whole numbers. Now, what is the

mathematical probability that this close approximation to

conformity, with Front's law, in ten cases out of eighteen, is

purely accidental, as those chemists who reject the hypoth-

esis seem to hold ? Working this problem out. Mallet finds

the probability in favor of mere coincidence to be in the

ratio of 1 : 1097.8, and hence he concludes that Front's

views are still worthy*of respectful consideration.

Applying Mallet's reasoning to the table of atomic weights

now before us, we find that in the first column, when H = 1,

twenty-five elements out of sixty-six have values falling

within the limits of one-tenth of a unit variation from whole

numbers. But many of the figures which fall without this

limit involve the variation of oxygen multiplied many times

over. We must therefore study the second column, which
assumes that the atomic weight of oxygen is exactly six-
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teen. Here we have forty elements falling within the limit

of variation assigned by Mallet, and twenty-six falling

without. The variations we may properly study in some
detail.

Taking first the elements whose atomic weights vary from

even multiples of unity by less than a tenth of a unit, we
have to consider the following : aluminum, arsenic, barium,

bismuth, boron, bromine, cadmium, caesium, calcium, carbon,

cobalt, columbium, didymium, fluorine, gallium, hydrogen,

iridium, iron, lead, lithium, magnesium, manganese, nickel

nitrogen, osmium, oxygen, palladium, phosphorus, scan-

dium, selenium, silver, sodium, sulphur, thorium, tin, tita-

nium, tungsten, uranium, yttrium, and zinc. Of these,

aluminum, arsenic, barium, bismuth, cadmium, calcium,

carbon, cobalt, columbium, fluorine, hydrogen, iridium, iron,

lithium, magnesium, manganese, nickel, nitrogen, phos-

phorus, scandium, sodium, sulphur, tungsten, uranium,

yttrium, and zinc have plus variations, while boron, bro-

mine, ceesium, didymium, gallium, lead, osmium, palla-

dium, selenium, silver, thorium, tin, and titanium fall

slightly under the units to which they approximate. Oxy-

gen, as the standard of comparison, of course shows here

no variation, its possible error having been transferred to

hydrogen.

Of the foregoing elements it will be seen that twenty-six

have plus variations from whole numbers, while thirteen

are minus. Among the latter, boron, gallium, osmium, pal-

ladium, thorium, and titanium have been but roughly deter-

mined. Bromine, by Dumas' correction, has its variation

diminished. In the cases of lead, caesium, selenium, and

tin, the cause of variation, supposing one to exist, remain's

to be determined. The value for osmium is undoubtedly

several units too high, so that its agreement with Front's

law may be considered purely accidental. As for didym-

ium, the figure assigned is the mean of all determinations

;

whereas Clove's data, calculated with SO3 = 80, make Di =
147.021, a variation which, like most of the others, is far

within the limits of ordinary experimental error. In the
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case of silver it has already been shown that Dumas' cor-

rection is unfavorable to it considered in its bearings upon

Front's law. Silver is the only element among those having

minus variations which could carry very much weight

against the hypothesis.

Among the elements whose variations are plus, colum-

bium, uranium, and yttrium have been poorly determined.

Yttrium especially may be considered doubtful. The atomic

weights of aluminum, arsenic, barium, cadmium, lithium,

phosphorus, and sodium involve Dumas' correction to a

greater or less extent, and will be lowered by its application,

that is, brought nearer to whole numbers. For aluminum,

certain other causes for variation were pointed out in the

chapter upon that metal ; and it may be noted that the

direct ratio between it and hydrogen gives Al = 27.998^

±: .007. Here the variation is less than the probable error.

For calcium, and consequently for fluorine also, sources of

plus error were indicated in the discussion of their respective

atomic weights, and reiteration here is unnecessary. Cobalt,

iridium, iron, nickel, and tungsten all involve such errors

as may arise from the possible occlusion of hydrogen by the

metals after reduction from their compounds. For scan-

dium, the atomic weight, calculated with SO3 = 80, becomes

44.032, a variation much within the limits of experimental

error. For carbon and bismuth the variations are insignifi-

cant. In short, in the majority of instances the errors may
be diminished by corrections which are in all probability

needed, and which can be easily pointed out. The more

carefully we scrutinize the data the more probable Front's

hypothesis appears.

Among the twenty-six elements whose atomic weights are

removed by more than a tenth of a unit from whole num-

bers, chlorine, rubidium, and strontium have values nearly

half multiples of that of hydrogen, and in each case Dumas'

correction will make the approximation still closer. Erbium,

gold, indium, lanthanum, rhodium, ruthenium, silicon, and

zirconium may be dismissed from consideration as too im-

perfectly determined to carry much weight in the present
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discussion. For chromium, copper, molybdenum, and vana-

dium I have no criticisms to offer ; but the remaining ele-

ments may be considered individually.

The value assigned to antimony, 120.231, is the general

mean of Cooke's and Schneider's work upon the bromide,

iodide, and sulphide. If Ag = 108, Br = 80, and I = 127,

Cooke's data for the bromide and iodide give the following

values for Sb, all of which fall within a tenth of a unit of

the whole number 120

;

Early bromide series Sb = 119. 901

* Late " " =120.009
Iodide series " = 119.973

In the case of cerium, the value assigned in the table is

the general mean of all reputable determinations. But it is

subject to doubt on account of the facts observed by Wolf
and by Wing, whose ceroso-ceric oxide was white, while

that of all other observers was yellowish. Wolf's and
Wing's data, calculated with = 16, give Ce = 138.039.

Cerium, then, is not an established exception to Front's law.

Glucinum and ytterbium have their atomic weights cal-

culated from analyses of the sulphates. But if Front's law

is true, SO3 = 80. Calculated with this figure, we have

Gl = 9.096 and Yb = 173.016. Both elements thus fall

within reasonable limits of variation from the hypothetical

values.

Iodine is one of the most important seeming exceptions.

If we assume Ag = 108, and calculate the atomic weight of

iodine only from the direct ratio between iodine and silver,

we have, with Dumas' correction applied, I = 126.966

;

that is, it comes within one-tenth of a unit of the whole

number 127.

The atomic weight of mercur}^ depends upon analyses of

the chloride, oxide, and sulphide. Of these three com-

pounds the purity of the chloride is most easily assured.

Calculated from its composition, with CI = 35.5, lig =
199.971. With so high an atomic weight small errors are

easily multiplied.
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For the atomic weight of platinum Seubert's data give

five values, ranging both above and below the round number
195. Calculated with integer values for the other elements,

three of these figures fall ver}^ close to 195, as follows

:

From per cent. Pt in (NHJ^PtClg Vt = 194.906

KjPtCle " = 194-933

From chlorine estimation in K^PtClg " =^ 194-955

Potassium is the most serious exception of all. But if

= 16 and Dumas' correction be ai^plied, the general mean
from all the available data becomes K = 39.083. That is,

potassium falls within the limit of 0.1 variation.

The atomic weight assigned to tantalum is the mean of

four values. Two of these, recalculated with integers, come
out as follows

:

From per cent. KjSO^ in K.^TaF, Ta = 181.912

Ta^Oj from (NHJ^TaF, " = 182.020

For tellurium I need only call attention to the discrepan-

cies between the several sets of determinations made by-

Wills. "A reference to the chapter on tellurium will show

that his figures give results ranging from Te = 126.07 to

Te = 129.34. The mean value is therefore too much sub-

ject to doubt to carry weight as an exception.

As for thallium, the last case to be considered, I have

already shown that Crookes' data, recalculated with integer

values for N and 0, give Tl = 204.008. That is, instead of

an exception, we have here an admirable instance in sup-

port of Front's hypothesis.

Enough has been said in this brief resume to show that

none of the seeming exceptions to Front's law are inexpli-

cable. Some of them, indeed, carefully investigated, sup-

port it strongly. In short, admitting half multiples as

legitimate, it is more probable that the few apparent excep-

tions are due to undetected constant errors, than that the

great number of close agreements should be merely acci-

dental. . I began this recalculation of the atomic weights
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with a strong prejudice against Front's hypothesis, but the

facts as they came before me have forced me to give it a

very respectful consideration. All chemists must at least

admit that the strife over it is not yet ended, and that its

opponents cannot thus far claim a perfect victory.
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PREFACE.

The present catalogue embraces all the articles published by the Smith-

sonian Institution from its organization in 1846 to the first of July, 1882, a

period of thirty-six years.

At the beginning nothing was issued but pamphlets explanatory of the

plan of the Institution and brief annual reports of the proceedings of the

Board of Regents, indicated in the catalogue by the letters A, B, C, D, E, F,

G, H, I, J, K, L, M, N, O, Q. An elaborate work, (P in the catalogue), by

Robert Dale Owen, on public architecture, with special reference to the

plans of the Smithsonian Institution* prepared on behalf of the Building

Committee, was printed at the expense of the Institution in 1849, but did

not form part of the regular series organized by the Secretary of the Institu-

tion, Prof Henry.

1. Smithsonian Contributions to Knowledge.

The series entitled " Smithsonian Contributions to Knowledge," in quarto

form, was commenced in 1848 by the publication of Squier and Davis'

Ancient Monuments of the Mississippi Valley. The following "Advertise-

ment" of the first volume, prepared by Prof Henry, has been inserted in

every succeeding volume to indicate the character and design of the series:

" This volume is intended to form the first of a series of volumes, consist-

ing of original memoirs on different branches of knowledge published at the

expense and under the direction of the Smithsonian Institution. The publi-

cation of this series forms part of a general plan adopted for carrying into

effect the benevolent intentions of James Smithsou, Esq., of England. This
gentleman left his property in trust to the United States of America to found
at Washington an institution which should bear his own name, and have for

its objects ' the mcrease and diffusion of knowledge among men.' This trust

was accepted by the Government of the United States, and an act of Con-
gress was passed August 10, 1846, constituting the President and the other

principal executive officers of the General Government, the Chief Justice of

the Supreme Court, the Mayor of Washington, and such other persons as

they might elect honorary members, an establishment under the name of the
* Smithsonian Institution, for the increase and diffusion of knowledge among

(V)
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men.' The members and honorary members of this establishment are to hold
stated and special meetings for the sajDervision of the affairs of the Institution

and for the advice and instruction of a Board of Regents, to whom the finan-

cial and other affairs are entrusted.
" The Board of Regents consists of three members ex-officio of the estab-

lishment, namely, the Vice-President of the United States, the Chief Justice

of the Supreme Court, and the Mayor of Washington, together with twelve
other members, three of whom are ai:)pointed by the Senate from its own
body, three by the House of Representatives from its members, and six citi-

zens appointed by a joint resolution of bofh houses. To this Board is given
the power of electing a Secretary and other officers, for conducting the active

operations of the Institution.
" To carry into effect the purposes of the testator, the plan of organization

should evidently embrace two objects, one, the increase of knowledge by the

addition of new truths to the existing stock ; the other, the diffusion of knowl-
edge thus increased among men. No restriction is made in favor of any kind
of knowledge, and hence each branch is entitled to and should receive a share

of attention.
" The act of Congress, establishing the Institution, directs, as part of the

plan of organization, the formation of a Library, a Museum, and a Gallerj''

of Art, together with provisions for physical research and popular lectures,

while it leaves to the Regents the power of adopting such other parts of an
organization as they may deem best suited to promote the objects of the

bequest.

"After much deliberation, the Regents resolved to divide the annual income,
thirty thousand nine hundred and fifty dollars, into two equal parts, one part

to be devoted to the inci-ease and diffusion of knowledge by means of original

research and publications, the other half of the income to be applied in

accordance with the requirements of the act of Congress to the gradual
formation of a Library, a Museum, and a Gallery of Art."

(The Programme of Organization, adopted December 8, 1847, follows.)

" In accordance with the rules adopted in the Programme of Organization,

each memoir in this volume has been favorably reported on by a Commission
appointed for its examination. It is however, impossible, in most cases, to

verify th(! statements of an author ; and, therefore, neither the Comrnission
nor the Institution can be responsible for more than the general character of

a memoir."

The total number of papei"S published in the 23 volumes of " Contribu-

tions " is 119, with an aggregate of 12,456 pages, 1,567 wood cuts, 523 plates,

and 16 maps, each volume averaging 541 i pages.

2. MlSCELL.-VNEOUS COLLECTIONS.

In the year 18G2, another series was instituted, entitled "Smithsonian

Miscellaneous Collections" each volume of which has the following preface:

" The pi'esent series, entitled " Smithsonian Miscellaneous Collections," is

intended to embrace all the publications issued dii-ectly by the Smithsonian
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Institution in octavo form; those in quarto constituting the "Smithsonian
Contributions to KnoAvledge." -The quarto series inchides memoirs, embrac-
ing the recoi'ds of extended original investigations and researches, resulting

in what are believed to be new truths, and constituting positive additions to

the sum of human knowledge. The octavo series is designed to contain
reports on the present state of our knowledge of particular branches of
science ; instructions for collecting and digesting facts and materials for

research ; lists and synopses of species of the organic and inorganic world

;

museum catalogues ; reports of explorations ; aids to bibliographical investi-

gations, etc.
;
generally prepared at the express request of the Institution and

at its expense.

"The position of a Avork in one or the other of the two series will some-
times depend upon whether the required illustrations can be presented more
conveniently in the quarto or the octavo form.

"In the Smithsonian Contributions to Knowledge, as well as in the present

series, each article is separately paged and indexed, and the actual date of its

publication is that given on its special title ]>age, and not that of the volume
in which it is placed. In many cases works have been published and largely

distributed years before their combination into volumes.
" While due care is taken on the part of the Smithsonian Institution to

insure a proper standard of excellence in its publications, it will be readily

understood that it cannot hold itself responsible for the facts and conclusions

of the authors, as it is impossible in most cases to verify their statements."

The total number of papers published in the 23 volumes of "Miscellaneous

Collections" is 122, each volume averaging 882} pages, with an aggregate of

20,299 pages, 2,868 wood cuts, and 43 plates.

3. Annual Reports.

By the act of Congress organizing the Institution it was made the duty of

fhe " Board of Regents to submit at each session a report of the operations,

expenditures, and condition of the Institution." These Annual Reports

form a third series of Smithsonian publications. They consist of the reports

of the Secretary to the Board of Regents of the operations and condition of

the Institution ; the reports of committees of the Board ; reports of lectures

;

extracts from correspondence ; original or translated articles relating to the

history and progress of science, etc.

The hrst report was submitted by the Board to the second session of the

29th Congress, 1847, and formed an octavo pamphlet of 38 pages. A similar

report was presented annually thereafter, varying in size from 64 pages to

326, printed in pamphlet form with paper covers up to 1853, when Congress

ordered the report to be bound in cloth. In the volume for that year the

essential portion^ of the contents of the preceding seven reports was reprinted,
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and this is now considered as the first of a set of Smithsonian Reports.

The number of pages was limited between 1854 and 1876 to 400. In the

latter year this restriction was removed, and since then the average number

of pages has been 600.

The number of copies of these reports for general distribution ordered

by Congress has been very variable, the largest being 7,500 in 1874 and

1875, and the smallest 150 in 1847. The number of copies granted the

Institution each year is shown in the following table:

Ntimber of extra copiesfurnished the Institution by Congressfor distribution.

For the
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5. Proceedings of the U. S. National Museum.

In imitation of the practice of those learned societies which publish peri-

odically descriptions of new species, &c., in the form of proceedings of weekly

or monthly meetings, and thus present to the world the discoveries connected

with the establishment at the earliest practicable moment, it appeared to be

very desirable that the National Museum should have some medium of

prompt publication for announcing -descriptions of specimens received, (many

of which are new species,) as well as other interesting facts relative to natu-

ral history furnished by correspondents of the Institution. To meet this

want a fifth series of publications, (octavo,) entitled "Proceedings of the

National Museum," was commenced in 1880. They are printed in successive

signatures as fast as material sufficient for IG pages is prepared, and dis-

tributed at once to scientific societies and leading active working naturalists

in this country and in Europe,--^ each signature having printed at the bottom

of its first page the date of actual issue, for settling any questions as to

priority of publication. Of this series four volumes have been published,

comprising 2,221 pages, with 28 cuts and 19 plates.

6. Reports of the Bureau of Ethnology.

, The sixth series of jDublications is the annual report (in Imperial octavo)

of the Bureau of Ethnology, placed by Congress in charge of the Smithso-

nian Institution. The first volume of this series was issued in 1881, and

consists of 638 pages, with 343 cuts, 54 plates, and 1 map.

The distribution of this volume to individuals is wholly by Members of

Congress and the Director of the Bureau, Major J. W. Powell—the Institu-

tion having copies at its disposal only for the libraries on its regular list of

distribution for its own full series.

7. Copyright.
•

No copyright has ever been secured on the publications of the Institution.

They are left free to be used by compilers of books without any restrictions,,

except that full credit shall be given to the name of Smithson for any

extracts which may be made from them.

*Prof. Baird's report for i88o.
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8. Use of Illustrations.

Copies of the wood cuts used by the Institution are granted to authors or

publishers on payment of the actual cost of production of electrotypes,

and promise to give proper reference to the article in which they originally

appeared.

9. Size of Editions.

In the first experiments of the Smithsonian system of publication, the

proper magnitude of the editions necessary to meet the immediate and future

demand could not be accurately ascertained. The number of copies of the

Contributions then fixed upon, has since been found inadequate, although it

was larger than that usually issued by other institutions. The edition has,

therefore, been augmented, until at the present time 1,000 copies of each

article are set aside to be combined into volumes, and an extra number, vary-

ing with the probable demand, struck off for separate distribution, and for

sale.

Each article is complete in itself, with separate paging, title, and index,

and without any necessary relationship to others combined with it in the

same volume.

Of the early volumes of Smithsonian Contributions, the edition, for reasons

already explained, was less than of the succeeding ones, so that complete

sets cannot now be furnished.

In the year 1862, the plan of stereotyping every article printed by the

Institution was adopted, the plates being carefully preserved, thus making it

practicable at any time to issue new editions except where expensive litho-

graphic plates were used, a limited number, only, of impressions from these

having been taken. •

A number of the earlier articles in octavo were out of j^rint before the

commencement of the series of " Miscellaneous Collections," and consequently

are not included in them.

The i^rinting of the "Bulletins" and "Proceedings" is authorized by the

Department of the Interior and paid for out of its fund. An edition

of 1,000 copies is published, of which one-half is distributed by the Depart-

ment of the Interior and one-half by the Institution. As the pages are

stereotyped, the cost of additional copies is slight ; and for the purpose of

making sure that a sufficient number of sets will be accessible forever to
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Students in all parts of the world, it has been considered expedient to print

1,500 additional copies of each for incorporation in the Miscellaneous Col-

lections.*

10. Distribution of Publications.

The distribution of the publications of the Institution is a matter which

i-equires much care and judicious selection, the great object being to make

known to the world the truths which may result from the expenditure of the

,Smithson fund. For this purj^ose the Contributions are so distributed

as to be accessible to the greatest number of readers ; that is, to large central

libraries.

The volumes of Contributions are presented on the express condition that,

while they are carefully preserved, they shall be accessible at all times to

students and others who may desire to consult them, and be returned to the

Institution in case the establishments to which they are presented at any time

cease to exist.

These works, it must be recollected, are not of a popular character, but

require profound study to fully understand them ; they are, however, of im-

portance to the professional teacher and the popular expounder of science.

They contain the materials from which general treatises on special subjects

may be elaborated.f

Full sets of the publications cannot be given to all who apply for them,

since this is impossible with the limited income of the Institution, and, indeed,

if care be not exercised in the distribution, so large a portion of the income

"will be annually expended on the production of copies for distribution of

what has already been published that nothing further can be done in the way

of new publications. It must be recollected that every addition to the list of

distribution not only involves the giving of the publications which have

already been made, but also of those which are to be made hereafter. J

The rules governing the distribution of the Smithsonian publications are

appended. To enable institutions not coming within their provisos, as well as

individuals, to procure copies of such as may be desired, a small number is set

aside and sold by the Institution at a price which is intended merely to cover

the actual cost of their publication.

*Prof. Baird's report for 1880.

f Prof. Henry's report for 1876.

J Prof. Henry's report for 1873.
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11. Rules for Distribution of the Publications of the

Smithsonian Institution.

To Institutions.

The publications of the Smithsonian Institution are furnished

:

1st. To learned societies of the firet class, which present complete series of

their publications to the Institution.

2d. To libraries of the first class, which give in exchange their catalogues

and other publications ; or an equivalent, from their duplicate volumes.

3d. To colleges of the first class, which furnish catalogues of their libraries

and of their students, and all publications relative to their organization and

history.

4th. To public libraries containing 25,000 volumes.

5th. To smaller public libraries, where a large district would be otherwise

unsupplied.

6th. Institutions devoted exclusively to the promotion of particular

branches of knowledge may receive such Smithsonian publications as relate

to their respective objects.

To Individuals.

The gratuitous distribution to individuals, of the publications of the Insti-

tution, is restricted

:

1st. To those who are engaged in original research in the branch of science

to which the book asked for pertains.

2d. To those who require it in the business of instruction.

3d. To donors to the museum or library of the Institution.
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12. Form of Application for Publications.

To the Smithsonian Institution, Washington, D. C.

Date, 18

In behalf of the , we respectftilly apply

for the publications of the Smithsonian Institution, on condition that all vol-

umes received shall be carefully preserved, be accessible to any person who

may wish to consult them, and be returned to the Smithsonian Institution in

case the establishment at any time ceases to exist.

1. Name of Establishment

2. Location—Town

State

3. When established -.

4. Character

5. Buildings and property

6. Permanent fund ,

7. Annual income

8. Volumes in library

9. Number of persons having use of books

10. Date of last catalogue of library

II. What publications made

(Send printed list if possible.)

12. Names of Officers : President.

Secretary

.

Librarian

-

13. Addresses of principal scientific men connected with the Establishment and subjects in

which specially interested

I recommend the above application.

Member of Congress,

District.. State.
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13. Price List of Smithsonian Publications.

Where no price is given the work is out of print, and cannot be furnished.

Of those marked "free" the edition is limited, and copies are only given to

those specially interested in the subjects to Avhich they pertain, who are col-

laborators of the Institution or contributors to its librarv or museum.

p



LIST OF PUBLICATIONS
OF THK

Smithsonian Institution

Note.—A to Q indicate earlj^ publications not embraced in the regular series.

A. Journal of Proceedings of the Regents of the Smithsonian Institution,

at the city of Washington, beginning on the first Monday of Sep-

tember, 1846. 1846. 8vo., pp. 32.

B. Report of the Organization Committee of the Smithsonian Institution,

with the resolutions accompanying the same and adopted by the

Board of Regents ; also, the Will of the testator, the Act accepting

the bequest, and the Act organizing the Institution. 1847. 8vo.,

pp. 32.'

C. Digest of the Act of Congress establishing the Smithsonian Institution.

August 10, 1846. 8vo., pp. 8,

D. Address delivered on occasion of laying the Corner Stone of the

Smithsonian Institution, May 1, 1847. By George M. Dallas,

Chancellor of the Institution. 1847. 8vo., pp. 8.

E. Smithson's Bequest. Professor Henry's exposition before the New
Jersey Historical Society, at its meeting in Princeton, on Wednesday,

September 27. 1847. 8vo., pp. 8.

F. First Report of the Secretary of the Smithsonian Institution to the

Board of Regents
;
giving a Programme of Organization, and an

account of the operations during the year. Presented December 8,

1847. 1848. 8vo., pp. 48.

G. [First] Report from the Board of Regents, submitted to Congress, of

the operations, expenditures, and condition of the Smithsonian Insti-

tution. Senate Doc. 211 ; 29th Congress, 2d Session. 1847. 8vo.,

pp. 38.

H. Second Report of the Board of Regents of the Smithsonian Institu-

tion, to the Senate and House of Representatives, showing the opera-

tions, expenditures, and condition of the Institution during the year

1847. 30th Congress, 1st Session. Senate Miscellaneous No. 23.

1848. 8vo., pp. 208.

(1)
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H. Report for 1847—Cotitinncd

CONTENTS.

Report of Prof. J. Henry, and Proceedings of the Board.

Gallatin, A. ; Robinson, E. ; Bartlett, J. R. ; Turner, W. W.
;

Morton, S. G. ; Marsh, G. P. On publication of Squier & Davis's

Ancient Monuments.

Jewett, C. C. Report on plan of library.

LooMis, E. Report on meteorology of the United States.

Espy, J. P. On meteorology.

I. Third Annual Report of the Board of Regents of the Smithsonian

Institution, for the year 1848. 30th Congress, 2d Session. H. R.

Mi.sceUaueous, No. 48. 1849. 8vo., pp. 64.

contents.

Report of Prof. J. Henry', and Proceedings of the Board.

Jewett, C. C. Report on library.

Stevens, H. Prospectus of a Bibliographia Americana.

Hare, R. Letter relative to gift of apparatus.

GuYOT, A. On metric system for scientific observations.

J, Programme of organization of the Smithsonian Institution. Presented

in the first annual report of the Secretary, and adopted by the Board

of Regents, December 13, 1847. 1847. 4to., pp. 4.

K. Correspondence relative to the acceptance for publication of the ethno-

logical memoir of Messrs. Squier and- Davis. 1847. 8vo., pp. 8.

L. [First] Report of the Organization Committee of the Smithsonian In-

stitution. Reprinted from the National Intelligencer, December 8,

1846. 8vo., pp. 8.

M. Reports, etc., of the Smithsonian Institution, exhibiting its plans,

operations, and financial condition up to January 1, 1849. From
the third annual report of the Board of Regents. Presented to Con-

gress February 19, 1849. 1849. 8vo., pp. 72.

N. Officers and Regents of the Smithsonian Institution, with the act of

Congress accepting the bequest, and the act incorporating said Insti-

tution. 1846. 8vo., pp. 14.

O. An Act to establish the Smithsonian Institution. Approved Aug. 10,

1846. pp. 8.

P. Hints on Public Architecture, containing, among other illustrations,

views and plans of the Smithsonian Institution ; together with an

appendix relative to building materials. Prepared on behalf of the

Building Committee of the Smithsonian Institutiou, by Robert
Dale Owen, chairman of the committee. 1849. 4to., pp. 140, 99

woodcuts, 15 plates.

Q. Check list of periodical publications received in the reading-room of

the Smithsonian Institution, for the year 1853. 1853. 4to., pp. 28.
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REGULAR SERIES.

1. Ancient Monuments of the Mississippi Valley ;
comprising the results

of extensive original surveys and explorations. By E. G. Squier

and E. H. Davis. 1848. '4to., pp. 346, 207 woodcuts, 48 plates.

IS. C. I.)

2. Smithsonian Contributions to Knowledge. Vol. I. 1848. 4to., pp.

360, 207 woodcuts, 48 plates.

CONTKNTS.

Squier and Davis. Ancient Monuments, Mississippi Valley. No. 1.

3. Researches relative to the Planet Neptune. By Sears C. Walker.

1849. 4to., pp. 60. (S. C. ii.)

4. Ephemeris of the Planet Neptune for the Opposition of 1848. By

Sears C. Walker. 1848. 4to
, pp. 8. (S. C. ii.)

5. Ephemeris of the Planet Neptune from the date of the Lalande Obser-

vations of May 8 and 10, 1795, and for the Opposition of 1846, '47,

'48, and '49. By Sears C. Walker. April, 1849. 4to., pp. 32.

(S. C. II.)

6. Ephemeris of the Planet Neptune for the year 1850. By Sears C.

Walker. April, 1850. 4to., pp. 10. (S. C. ii

)

7. Ephemeris of the Planet Neptune for the year 1851. By Sears C.

Walker. December, 1850. 4to., pp. 10. (S. C. ii.)

8. * Occultations visible in the United States during the year 1848. By
John Downes. 1848. 4to., pp. 12.

9. * Occultations visible in the United States during the year 1849. By
John Downes. 1848. 4to., pp. 24.

10. * Occultations visible in the United States during the year 1850. By
John Downes. 1849. 4to., pp. 26.

11. Occultations visible in the United States during the year 1851. By

John Downes. October, 1850. 4to., pp. 26. ,S. C. ii.)

12. On the Vocal Sounds of Laura Bridgman, the Blind Deaf Mute at

Boston ; compared with the Elements of Phonetic Language. By
Francis Lieber. 1850. 4to., pp. 32, one plate. (S. C. ii.) .

13. Contributions to the Physical Geography of the United States. Part

I. On the physical geography of the Mississippi valley, with sug-

gestions for the improvement of the navigation of the Ohio and,

* These three papers by Mr. Downes, Nos. 8, 9, 10, were not published in the series

of Contributions.
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other rivers. By Charles Ellet, Jr. 1850. 4to., pp. 64, 2 wood-

cuts, 1 plate. (S. C. II.)

14. A Memoir ou Mosasaurus, aud the three Allied New Genera, Holcodus,

Conosaurus, and Amphorosteua. By Robert W. Gibbes. Novem-

ber, 1850. 4to., pp. 14, 3 plates of' 28 figures. (S. C. ii.)

15. Aboriginal Monuments of the State of New York. Comprising the

results of original surveys and explorations ; with an illustrative

appendix. By E. G. Squier. 1850. 4to., pp. 188, 79 woodcuts,

14 plates of 33 figures. (S. C. ii.)

16. The Classification of Insects from Embryological Data. By Louis

Agassiz, 1850. 4to., pp. 28, 8 woodcuts, one plate of 23 figures.

(S. C. II.)

17. Slemoir on the Explosiveuess of Nitre, Avith a view to elucidate its

agency in the tremendous explosion of July, 1845, in New York.

By Robert Hare. 1850. 4to., pp. 20. (S. C. ii.)

18. Report on the History of the Discovery of Neptune. By Benjamin

Apthorp Gould, Jr. 1850. 8vo., pp. 56.

19. Directions for Meteorological Observations, intended for the first class

of observers. By Arnold Guyot. 1850. 8vo., pp. 40, 9 woodcuts.

20. Microscopical Examination of Soundings, made by the United States

Coast Survey off the Atlantic coast of the United States. By J. "VV.

. Bailey. January, 1851. 4to., pp. 16 and 1 plate of 68 figures.

(S. C. n.)

21. Fourth Annual Report of the Board of Regents of the Smithsonian

Institution, for the year 1849. 31st Congress, 1st Session. Senate

Miscellaneous No. 120, 8vo., pp. 64, with appendix of 207 pp.

House of Representatives Miscellaneous No. 50. 1850. 8vo., pp.

272.
CONTKNTS.

Eeport of Prof. J. Henky, iuid Proceedings of the Board.

Gray, Asa. Account of Lindheimer's, Fendler's and Wright's botanical

explorations in New Mexico and California.

Agassiz, Louis. On the formation of a museum.

List of meteorological observers.

Jewett, C. C. Report on library and catalogue system.

.Tewett, C. C. Report on public libraries of the United States.

22. Plantai Wrightianaj Texano-Neo-Mexieanoc. By Asa Gray. Part I.

March, 1852. 4to., pp. 146, 10 plates of 127 figures. (S. C. iii.)

An account of a collection of plants made by Charles Wright in West-

ern Texas, New Mexico, and Sonora, in the ycar.s 1851 and 1852.

23. Microscopical Observations made in South Carolina, Georgia, and

Florida. By J. W. Bailey. 1851. 4to., pp. 48, 3 plates of 83

figures. (S. C. ii.

)
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24. Ephemeris of the Planet Neptune for the year 1852. By Sears C
Walker. 1853. 4to. pp. 10. (S. C. iii.)

25. Notices of Public Libraries in the United States of America. By Chas.

C. Jewett. Printed by order of Congress as an appendix to the

Fourth Annual Report of the Board of Regents of the Smithsonian

Institution. 1851. 8vo., pp. 210.

26. Smithsonian Contributions to Knowledge. Vol. II. 1851. 4to., pp.

572, 89 woodcuts, 24 plates.

CONTENTS.

Walker, S. C. Researches relative to Neptune. No. 3.

LiEBER, F. Vocal sounds of Laura Bridgman. No. 12.

Bailey, J. W. Microscopical soundings off Atlantic Coast. No. 20.

Ellet, C. Physical geography of the Mississippi Valley. No. 13.

GiBBES, R. AV. Mosasaurus and three allied genera. No. 14.

Agassiz, L. Classitication of insects from embryological data. No. 16.

Hare, R. Explosiveness of nitre. No. 17.

Bailey, J. W. Microscopical observations in S. C, Ga., Fla. No. 23.

Squier, E. G. Aboriginal monuments of State of New York. No. 15.

Walker, S. C. Ephemeris of Neptune for 1848. No. 4.

Walker, S. C. Ephemeris of Neptune for 1846, '47, '48, '49. No. 5.

Walker, S. C. Ephemeris of Neptune for 1850. No. 6.

Walker, S. C. Ephemeris of Neptune for 1851. No. 7.

Dow^NEs, J. Occultations visible in the United States in 1851. No. 11.

27. On Recent Improvements in the Chemical Arts. By James C. Booth

and Campbell Morfit. 1852. 8vo., pp. 216. (M. C. ii.)

28. Fifth Annual Report of the Board of Regents of the Smithsonian In-

stitution, for the year 1850. Special session, March, 1851. Senate

Miscellaneous No. 1. 1851. 8vo., pp. 145. (Extra edition of 326 pp.)

CONTENTS.

Report of Prof. J. Henry, and Proceedings of the Board.

Jewett, C. C. General catalogue system for libraries.

Baird, S. F. Report on museum, and statistics of British Museum.

Memorial of the Regents to Congress, relative to the Smithson Fund.

Squier, E. G. Antiquities of Nicaragua.

Report of Commission on General Stereotype Catalogue of Pub. Libraries.

Culbertson, T. a. Expedition to the Mauvaises Terres and Upper

Missouri..

Porter, T. C. List of plants of Upper Missouri.

Harris, E. List of birds and mammalia of Missouri river,

Culbertson, T. A. Indian tribes of the Upper Missouri.

Jewett, C. C. Copyright books from 1846-1849.

29. Occultations visible in the United States during the year 1852. By

John DowNES. 1851. 4to., pp. 34. (S. C. iii.)
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30. Contributions to the Natural History of the Fresh Water Fishes of

North America. By Charles Girard. Part I.—A monograph of

the Cottoids. December, 1851. 4to., pp. 80, 3 plates of 48 figures.

(S. C. III.)

31. A Collection of Meteorological Tables, with other tables useful in Prac-

tical Meteorology. By Arnold Guyot. 1852. 8vo., pp. 212.

32. Nereis Boreali-Americana : or, Contributions to a History of the

Marine Algse of North America. By William Henry Harvey.

Part I.—Melanospermeae. January, 1852. 4to., pp. 152, 12 colored

plates of 29 figures. (S. C. iii.)

33. The Law of Deposit of the Flood Tide : its Dynamical Action and

Office. By Charles Henry Davis. 1852. 4to., pp. 14. (S. C.

III.)

34. Directions for Collecting, Preserving, and Transporting Specimens of

Natural Histojy. March, 1859, 8vo., pp. 40, 6 woodcuts. (M.

C. II.)

35. Observations on Terrestrial Magnetism. By John Locke. April,

1852. 4to., pp. 30. (S. C. in.)

36. Researches on Electrical Rheometry. By A. Secchi. May, 1852.

4to., pp. 60, 3 plates of 15 figures. (S. C. in.)

37. Descriptions of Ancient Works in Ohio. By Chas. Whittlesey.

1851. 4to., pp. 20, 7 plates of 18 figures. (S. C. in.)

38. Smithsonian Contributions to Knowledge. Vol. IIL 1852. 4to.,

pp. 562, and 35 plates.

CONTENTS.

Locke, J. Terrestrial magnetism. No. 35.

Secchi, A. Electrical rheometry. No. 36.

Girard, C. Monograph of the cottoids. No. 30.

Harvet, W. H. Marine algne of North America. Part I. No. 32.

Gray, A. Plantai Wrightiana^ Texano-Neo-Mexicana?. Part I. No. 22.

Daa'is, C. H. Law of deposit of the flood tide. No. 33.

Whittlesey, C. Descriptions of ancient works in Ohio. No. 37.

Walker, S. C. Ephemeris of the planet Neptune for 1852. No. 24.

DowNES, J. Occultations visible in United States during 1852. No. 29.

39. Smithsonian Contributions to Knowledge. Vol. IV. 1852. 4to., pp.

426.
contents.

Riggs, S. R. Dakota Grammar and Dictionary. No. 40.

40. Grammar and Dictionary of the Dakota Language. Collected by the

members of the Dakota mission. Edited by S. R. Riggs. 1852.

4to., pp. 414. (S. C. iv.^
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41. Memoir ou the Extinct Species of American Ox. By Joseph Leidy.

December, 1852. 4to., pp. 20, 4 plates of 15 figures. (S. C. v.)

42. Plantaj Wrightianae Texano-Neo-Mexicanse. By Asa Gray. Part II.

February, 1853. 4to., pp. 120, 4 plates of 39 figures. (S. C. v.)

43. Nereis Boreali-Americana ; or, Contributions to a History of the Marine

Algae of North America. By W. H. Harvey. Part II.—Rhodos-

permese. March, 1853. 4to., pp. 262, 24 plates, colored, of 64

figures. (S. C. v.

)

44. A Flora and Fauna within Living Animals. By Joseph Leidy.

April, 1853. 4to., pp. 68, 10 plates of 140 figures. (S. C. v.)

45. Auatomy of the Nervous System of Rana pipiens. By Jeffries Wy-
MAN. March, 1853. 4to., pp. 52, 4 woodcuts, 2 plates of 29 figures.

(S. C. V.)

46. PlantEe Fremontianae : or, Descriptions of Plants collected by J. C.

Fremont in California. By John Torrey. 1853. 4to., pp. 24,

10 plates of 89 figures. (S. C. vi.)

47. On the Construction of Catalogues of Libraries, and their publication

by means of separate stereotyped titles. With rules and examples.

By Charles C. Jewett. 1852. 8vo., pp. 78. 1853. 8vo., pp. 108.

48. Bibliographia Americana Historico-Naturalis ; or Bibliography of

American Natural History for the year 1851. 1851. By Charles

GiRARD. December, 1852. 8vo., pp. 64.

49. Catalogue of North American Reptiles in the Museum of the Smith-

sonian Institution. By S. F. Baird and C. Girard. Part I.—Ser-

pents. January, 1853. 8vo., pp. 188. (M. C. ir.)

50. Synopsis of the Marine Invertebrata of Grand Manan : or the region

about the mouth of the Bay of Fundy, New Brunswick. By Wm.
Stimpson. March, 1853. 4to., pp. 68, 3 plates of 37 figures.

(S. C. VI.)

51. Sixth Annual Report of the Board of Regents of the Smithsonian

Institution, for the year 1851. 32d Congress, 1st session, Senate Mis.

No. 108. 1852. 8vo., pp. 104.

CONTENTS.

Keport of Prof. J. Hknry, and Proceedings of the Board.

Jewett, C. C. Smithsonian library and copyright system.

Baird, S. F. Natural history e.vplorations in the United States in 1851.

FoREM.VN, E. Meteorological .system and correspondence.

Leidy, .J. Report on fossils from Nebraska.

Turner, W. W. Indian philology.
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51. Kepoit for 1851—Continued.

Report of Committee of American Association for Promotion of Science,

on a system of combined meteorological observations for North

America.

52. Winds of the Northern Hemisphere. By James H. Coffin. Novem-
ber, 1853. 4to., pp. 200, 6 woodcuts, 13 plates of 238 figures. (S.

C. VI.)

53. Catalogue of Portraits of North American Indians, and Sketches of

Scenery, etc., painted by J. M. Stanley. Deposited with the Smith-

sonian Institution. December, 1852. 8vo., pp. 76. (M. C. ii.)

54. Occultations of Planets and Stars by the Moon, during the year 1853.

By John Downes. 1853. 4to., pp. 36. (S. C. vi.)

55. Smithsonian Contributions to Knowledge. Vol. V. 1853. 4lo., pp.

538, 4 woodcuts, 45 plates.

CONTENTS.

Leidy, J. Flora and fauna within living animals. No. 44.

Leidy, J. Extinct species of American ox. N;). 41.

Wymax, J. Anatomy of the nervous system of Rana pipiens. No. 45.

Harvey, W. H. Marine algse of North America. Part II. No. 43.

Gray, A. Plantse Wrightianse. Part II. No. 42.

56. Smithsonian Contributions to Knowledge. Vol. VI. 1854. 4to., pp.

484, 9 woodcuts, 53 plates.

CONTENTS.

Torrey, J. Plantse Fremontiame. No. 46.

Torrey, J. Batis maritima. No. 60.

Torrey, J. Darlingtonia californica. No. 61.

Stimpson, W. Marine invertebrata of Grand Manan. No. 50.

Coffin, J. H. Winds of the Northern Hemisphere. No. 52.

Leidy, J. Ancient fauna of Nebraska. No. 58.

Downes, J. Occultations during the year 1853. No. 54.

57. Seventh Annual Report of the Board of Regents of the Smithsonian

Institution, for the year 1852. 32d Congress, 2d Session, Senate Mis.

No. 53. 1853. 8vo., pp. 96.

CONTENTS.

Report of Prof. J. Henry, and Proceedings of the Board.

Jewett, C. C. Report on library and the Halliwell manuscripts.

Baird, S. F. Scientific explorations in America in 1852.

Foreman, E. Report on meteorological system.

58. The Ancient Fauna of Nebraska : or, a Description of Remains of Ex-

tinct Mammalia and Chelonia, from the Mauvaises Terres of Ne-

braska. By Joseph Leidy. June, 1853. 4to., pp. 126, 3 woodcuts,^

25 plates of 126 figures. (S. C. vi.)

59. Account of a Tornado near New Harmony, Indiana, April 30, 1852,.
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with a map of the track, etc. By John Chappelsmith. April,

1855. 4to., pp. 12, 2 woodcuts, 1 map, 1 plate. (S. C. vii.)

60. Observations ou the Balls maritima of Linuteus. By John Torkey.
April, 1853. 4to., pp. 8, 1 plate of 21 figures. (S. C. vi.)

61. On the Darlingtonla Californica ; a new pitcher-plant from Northern

California. By John Torrey. April, 1853. 4to., pp. 8, 1 plate of

9 figures. (S. C. vi.)

62. Catalogue of the Described Coleoptera of the United States. By F. E.

Melsheimer. July, 1853. 8vo., pp. 190.

63. Notes on New Species and Localities of Microscopical Organisms. By
J. W. Bailey, February, 1854. 4to., pp. 16, 7 woodcuts, 1 plate

of 39 figures. (S. C. vii.)

64. List of Foreign Institutions in Correspondence with the Smithsonian
Institution. 1856. 8vo., pp. 16.

65. Registry of Periodical Phenomena. Folio, pp. 4.

66. The Annular Eclipse of May 26, 1854. 1854. 8vo., pp. 14, 1 map.

67. Eighth Annual Report of the Board of Regents of the Smithsonian
Institution for the year 1853. 33d Congress, 1st Session, Senate
Doc. No. 73, pp. 269. House of Representatives, Mis. Doc. No. 97.

1854. 8vo., pp. 310.*

CONTENTS.

Eeport of Prof. J. H>:niiy, and Proceedings of the Board.

JeXvett, C. C. Keport on library.

Baird, S. F. Report on publications, exchanges, museum, and explora-
tions. •

Blodget, L. List of meteorological observers.

Pearce, J. A. Pteport of Committee of Regents on distribution of Smith-
sonian income.

,

Meacham, .J. Minority report of Committee on income.
Smithson, J. Will of

Rush, R. Letter from, relative to James Smithson.
Gilbert, D., President of the Royal Society. Notice of Smithson.
Smithson, J. List of pajiers presented by, to the Royal Society.

Smithson, J. Contributions to the Annals of Philosophy.
Act of Congress accepting Bequest, July 1, 1836.

Act of Congress to establish the Smithsonian Institution, August 10, 1846.

Berrien, J. McP. Construction of the Act establishing the Smith-
sonian Institution.

Henry, J. Address on the Smithsonian Institution.

*This is the first of the series of annual reports published by Congress as a bound
volume.
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67. Report for 18.33—Continued.

Eterett, E. ; Sparks, J. ;
Pikkce, B. ; Longfellow, H. W. ; Gray, A.

Report of American Academy of Arts and Sciences on Organization

of Smithsonian Institution.

Hkxry, J. First Report of the Secretary, Dec. 8, 1847. (Reprint.)

" Second Report of the Secretary for 1848. "

" Third Report of the Secretary for 1849. "

" Fourth Report of the Secretary for 1850. '

" Fifth Report of the Secretary for 1851. "

" Sixth Report of the Secretary for 1852. "

68. Vocabulary of the Jargon or Trade Language of Oregon. By B.

Rush Mitchell, with additions by W. W. Turner. April, 1853.

8vo., pp. 22.

69. List of Domestic Institutions in correspondence with the Smithsonian

Institution. 1853. 8vo., pp. 16.

70. The Antiquities of Wisconsin, as Surveyed and Described, by I. A.

Lafham.- May, 1855. 4to., pp. 108, 65 woodcuts, one map, 54

plates of 112 figures. (S. I. vir.)

71. Archaeology of the United States ; or Sketches, Historical and Biblio-

graphical, of the progress of information and opinion respecting Ves-

tiges of Antiquity in the United States. By Samuel F. Haven.
July, 1856. 4to.', pp. 172. (S. C. vin.)

72. A Memoir on the Extinct Sloth tribe of North America. By Joseph
Leidy. June, 1855. 4to., pp. 70, 16 plates of 139 figures. (S.

C. VII.)

73. Publications of Learned Societies and Periodicals in the Library of

the Smithsonian Institution. December 31, 1854. Part 1. 1855.

4to., pp. 40. (S. C. VII.)

74. Catalogue of Publications of the Smithsonian Institution. Corrected

to June, 1862. 8vo., pp. 52. (M. C. v.)

75. Ninth Annual Keport of the Board of Regents of the Smithsonian

Institution, for the year 1854. Senate JNIis. Doc. No. 24, 33d Con-

gress, 2d session. House of Representatives, IMis. Doc. No. 37.

1855. 8vo., pp. 464, 4 woodcuts.
^

CONTENTS. .

Report of Prof. J. Heniiy, and Proceedings of the Board.

Baird, S. F. Report on publications, exchanges, museum, and explora-

tions in the years 1853 and 1854.

Alexander, B. S. Report of architect.

List of meteorological stations and observers.

Marsh, G. P. Lecture on the camel.

Brainard, D. Lecture on nature and cure of bites of serpents and the

wouhds of poisoned arrows.

LooMis, E. Lecture on the zone of small planets between Mars and

Jupiter.
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75. Report for 1S:)4—Continued.

Channing, "W. F. Lecture on the American fire alarm telegraph.

Keed, H. Lectures on the Union.

Russell, R. ; Henry, J. Lectures and notes on meteorology.

Hare, R. On John Wise's observation of a thunderstorm.

Gibbons, H. Climate of San Francisco.

Logan, T. M. Meteorological observations at Sacramento, California.

Hatch, F. W. Meteorological observations at Sacramento, California.

Froebel, J. Remarks contributing to the physical geography of the

North American Continent.

Strang, J. J. Natural history of Beaver Island, Michigan.

EoFF, J. Habits of the black bass of the Ohio.

Head, J. E. Natural history of the country about Fort Ripley, Minn.

Parvin, J. B. Habits of the gopher of Illinois.

Mann, C. Habits of a species of salamander.

Hoy, p. R. On the amblystoma luridum, a salamander inhabiting Wis.

Carleton, J. H. Diary of an excursion in New Mexico.

Baird, S. F. Fishes on the coast of New Jersey and Long Island.

Jackson, C. T. Catalogue of rocks, minerals, and ores collected on geo-

logical survey in Michigan.

Locke, J. Catalogue of rocks, minerals, ores, and fossils.

Foster, J. W. Catalogue of rocks, minerals, etc.

Whitney, J. D. Catalogue of rocks, minerals, etc.

Owen, D. D. Catalogue of geological specimens.

Berlandier, L. Catalogue of collection of historical and geographical

manuscripts, maps, etc.

Henry, J. Circular respecting new report on libraries.

Henry, J. Circular respecting copyrights.

76. Smithsonian Contributions to Knowledge. Vol. VII. 1855. 4to.,

pp. 260, 74 woodcuts, 72 plates, two maps. •

contents.

Chappelsmith, J. Tornado near New Harmony, Indiana. No. 59.

Bailey, J. W. New species and localities of microscopic organisms.

No. 63.

Lapham, I. A. Antiquities of Wisconsin. No. 70.

Leidy, J. Extinct sloth tribe of North America. No. 72.

Publications of societies and periodicals in Smithsonian Library. Part I.

No. 73.

77. Tenth Annual Report of the' Board of Regents of the Smithsonian

Institution, for the year 1855. 34th Congress, 1st session. Senate

Mis. Doc. 73. House of Representatives Mis. Doc. 113. 1856.

8vo., pp. 440, 79 woodcuts.

contents.

Report of Prof. J. Henry, and Proceedings of the Board.

Baird, S. F. Report on publications, exchanges, museum, and explora-

tions.

List of meteorological observers.

Correspondence :

Hamilton College, Clinton, N. Y. Examination of Spencer's Tele-

scope.



12 LIST OF PUBLICATIONS

77. Report for 1855—Continued.

American Acadkmy of Akt.s and Sciences, Boston, Mass. Thanks
to Smithsonian Institution for Exchanges.

Stone, Wm. J. On phister casts of antique and nioderu statues, etc.

Illinois State Board of Education. Meteorological system for

ever}' State.

Butler, A. P. Report of Senate Judiciary Committee on the Manage-
ment of the Smithsonian Institution, Feb. 6, 1855.

Harvey, W. H. Lecture on marine algae.

Morris, J. G. Lecture on natural history as applied to farming and
gardening.

Morris, J. G. Lecture on insect instincts and transformations.

Chace, G. I. Lecture on oxygen and its combinations.

Smith, J. L. Lecture on meteoric stones.

Snell, E. S. Lecture on planetary disturbances.

Logan, T. M. On the climate of California.

Morris, O. W. ; Henry, J. Quantity of rain at different heights.

GuYoT, A. ; Henry J. Directions for meteorological observations.

Henry, J. Earthquake directions.

Henry", J. Aurora directions.

Green, J. Account of a new barometer.

Henry, J. Registration of periodical phenomena.

Mastkrman, S. Observations on thunder and lightning.

Letterman, J. Sketch of the Navajo Indians.

Clingman, T. L. Topography of Black Mountain, North Carolina.

Robinson, E. ; Ludewig, H. E.
; Squier, E. G. ; Murphey, H. C.

j

Hodgson, W. B. ; Irving, W. ; Prescott, W. H. ; Sparks, J.
;

Bancroft, G. ; Hawks, F. L. Communications relative to pub-
lication of Spanish works on New Mexico, by Buckingham Smith.

MtJLLER, J. Report on recent progress in physics—Galvanism.

78. Smithsonian Contributions to Knowledge. Vol. VIII. 1856. 4to.,

pp. 564, 52 woodcuts, 9 plates.

contents.

Haven, S. ¥. Archeology of the United States. No. 71.

Olmsted, D. Recent secular period of aurora borealis. No. 81.

Alvord, B. Tangencies of circles and of spheres. No. 80.

Jones, J. Chemical and physiological investigations relative to verte-

brata. No. 82.

Force, P. Auroral phenomena in higher northern latitudes. No. 84.

Publications of societies and periodicals in Smithsonian Library. Part

II. No. 85.

79. New Tables for determining the Values of the Coefficients in the Per-

turbative Function of Planetary Motion, which depend upon the

ratio of the mean distances. By John D. Runkle. November,

1856. 4to., pp. 64. (S. C. ix.)

80. The Tangencies of Circles and of Spheres. By Benjamin Alvord.
January, 1856. 4to., pp. 16, 25 woodcuts, 9 plates of 20 figures*

(S. C. viii.)
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81. Ou the receut Secular Period of the Aurora Borealis. By Denison
Olmsted. May, 1856. 4to., pp. 52. (S. C. viii.)

82. Investigations, Cheraieal and Physiological, relative to certain Ameri-
can Vertebral a. By Joseph Jones. July, 1856. 4to., pp. 150, 27

woodcuts. (S. C. VIII.)

83. On the Relative Iutent;ity of the Heat and Light of the Sun upon

Different Latitudes of the Earth. By L. W. Meech. November,

1856. 4to., pp. 58, 5 woodcuts, 6 plates of 9 figures. (S. C. ix.)

84. Record of Auroral Phenomena observed in the higher Northern Lati-

tudes. By Peter Force. July, 1856. 4to., pp. 122. (S. C. viii.)

85. Publications of Learned Societies and Periodicals in the Library of the

Smithsonian Institution. Part II. May, 1856. 4to., pp. 38. (S.

C. VIII.)

86. Observations on Mexican History and Archfeology, with a special

notice of Zapotec Remains, as delineated in Mr. J. G. Sawkins's draw-

ings of Mitla, etc. By Brantz Mayer. November, 1856. 4to.,

pp. 36, 17 woodcuts, 4 plates of 6 figures. (S. C. ix.)

87. Psychrometrical Table for Determiuing the Elastic Force of Aqueous

Vapor, and the Relative Humidity of the Atmosphere from indications

of the Wet and the Dry Bulb Thermometer, Fahrenheit. By James

H. Coffin. 1856. 8vo., pp. 20. (M. C. i.)

88. Researches on the Ammouia-cobalt Bases. By Wolcott Gibbs and

Frederick Aug. Genth. December, 1856. 4to., pp. 72, 21 wood-

cuts. CS. C. IX.)

89. North American Oology. By Thomas M. Brewer. Part I. Rap-

tores and Fissirostres. 1857. 'J to., pp. 140, 5 plates of 193 figures.

(S. C. XI.)

90. Illustrations of Surface Geology. By Edward Hitchcock. April,

1857. 4to., pp. 164, 2 woodcuts, 12 plates of 89 figures. (S. C. ix.)

91. Annual Report of the Board of Regents of the Smithsonian Institution,

for the year 1856. 34th Congress, 3d session. Senate, No. 54, House
of Representatives, Mis. Doc. No. 55. 1857. 8vo., pp. 468, 69

woodcuts*

CONTENTS.

Keport of Prof. J. Hknky, and Proceedings of the Board.

Baird, S. F. Report on publications, exchanges, museum, and explora-

tions.

List of meteorological stations and observers.

Kohl, J. G. On a collection of the charts and maps of America.

Kett), D. B. Architecture in relation to ventilation, warming, lighting,

fire-proofing, acoustics, and the general preservation of health.



14 LIST OF PUBLICATIONS
91. Report for 1856—Continued.

Henry, J. Syllabus of a course of lectures on ])hysics.

Henry, J. Acoustics applied to public buildings.

Baird, S. F. Directions for collecting, preserving, and transporting

specimens of natural bistor}\

Gill, T. Fishes of New York.

GuKST, W. E. Ancient Indian remains near Prescott, Cunada West.

Sharpless, T., and Patterson, R. Phonography.

Institutions in which phonography is taught.

Wall, G. P., and Sawkins, J. G. Pteport on the survey of the economic

geology of Trinidad.

BabbaCxE, C. On tables of the constants of nature and art.

Henry, J. On the mode of testing building materials, and an account

of the marble used in the extension of the United States Capitol.

Smallwood, C. Description of the observatory at St. Martin, Isle Jesus,

Canada East.

Meech, L. W. Relative intensity of the heat and light of the sun.

MtJLLER, J. Report on recent progress in physics—electricity.

92. Smithsouiau Contribution.s to Knowledge. Vol. IX. 1857. 4to., pp.

480, 45 woodcuts, 22 plates.

content.s.

Meech, L. AV. Intensity of heat and light of sun upon different lati-

tudes. No. 83.

Hitchcock, E. Illustrations of surface geology. No. 90.

Mayer, B. Mexican history and archeology, and Zapotec remains.

No. 8(j.

GiBBS, W. and Genth, F. A. Researches on ammonia-cobalt bases.

No. 88.

RuNKLE, J. D. New tables, planetary motion. No. 70.

RuNKLE, J. D. Asteroid supplement to new tables. No. 94.

93. Smithsonian Meteorological Observations for the year 1855. (Printed

for examination by the observers.) 1857. 8vo., pp. 118.

94. Asteroid Supplement to New Tables for determining the Values of

6's' and its derivatives. By John D. Runkle. May, 1857. 4to.,

pp. 72. (S. C. IX.)

95. Nereis Boreali-Americaua : or, Contributions to the History of the

Marine Alg;ie of North America. By William Henry Harvey.

Part III.—Chlorospermeie. March, 1858. 4to., pp. 142, 14 plates of

44 figures. (S. C. x.) •

96. Nereis Boreali-Americana : or, Contributions to a History of the Marine

Algoe of North America. By William Henry Harvey. Three

parts in one vol., with 50 plates. May, 1858. 4to., pp. 568. [Nos.

32, 43, 95.]

97. Magnetical Observations in the Arctic Seas. By Elij^ha Kent Kane.

Made dui'ing the Second Grinuell Expedition in search of Sir John
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Franklin, in 1853-'54-'55, at Van Rensselaer Harbor, and other

points on the west coast of Greenland. Reduced and discussed by

Charles A. Schott. 1859. 4to., pp. 72, 1 woodcut, 2 plates. ( .S.

C. X.)

98. Grammar and Dictionary of the Yoruba Language. With an intro-

ductory description of the country and people of Yoruba. By T. J.

BowEN. June, 1858. 4to., pp. 232, 1 map. (S. C. x.)

99. Smithsonian Contributions to Knowledge. Vol. X. 1858. 4to., pp.

462, 1 woodcut, 16 plates, 1 map.

tOXTEXTS.

Harvey, W. H. Marine alg?e. Pai-t III. Chlorospermoje. No. 95.

Kane, E. K. Magnetical observations in the Arctic seas. No. 97.

BowEK, T. J. Grammar and dictionary of the Yoruba language. No. 98.

100. An Account of the Total Eclipse 'of*the Sun on September 7, 1858,

as observed near Olmos, Peru. By J. M. Gilliss. April, 1859.

4t«., pp. 22, 1 woodcut, 1 plate. (S. C. xi.)

101. Map of the Solar Eclipse of March 15, 1858. By Thomas Hill.

January, 1858. 8vo., pp. 8, 1 plate.

102. Catalogue of the described Diptera of North America. By R. Osten

Sacken. January, 1858. 8vo., pp. 116. October, 1859. (M. C.

in.)

103. Meteorological Observations made at Providence, Rhode Island, from

December, 1831, to May, 1860. By A. Caswell. October, 1860.

4to., pp. 188. (S. C. XII.)

104. Meteorological Observations in the Arctic Seas. By E. K. Kane.
Made during the Second Grinnell Expedition in search of Sir John

Franklin, in 1853-'54-'55, at Van Rensselaer Harbor, and other points

on the west coast of Greenland. Reduced and discussed by Charles

A. Schott. November, 1859. 4to., pp. 120, 10 woodcuts. (S. C. xl)

105. Catalogue of North American Mammals, chiefly in the Museum of

the Smithsonian Institution. By Spencer F. Baird. July, 1857.

4to., pp. 22.

106. Catalogue'of North American Birds, chiefly in the Museum of the

Smithsonian Institution. By Spencer F. Baird. October, 1858.

4to., pp. 42.

107. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1857. 35th -Congress, 1st Session, Senate Mis. Doc.

No. 272, House of Representatives, No. 135. 1858. 8vo., pp. 438,

100 woodcuts.
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107. Report for 18.37—Coiitiuued.

CONTENTS.

Eeport of Prof. J. Henry, and Proceedings of the Board.

Baird, S. F. Report on publications, exchanges, museum, and explo-

rations.

List of meteorological stations and observers,

Stanley, J. M. Eeport of Committee of Regents on gallery of Indian

portraits.

CoNTAXAKi, Miss Eliza B. Present of ornamental album from Greece.

Chase, S. P. On telegraph.

Gale, L. D. On telegraph.

Hall, J. On telegraph.

Mason, C. On telegraph.

Henry, J. On telegraph.

Henry, J. On telegraph, deposition of, Sept. 1849.

Henry, J. Communication relative to a publication by Prof. Morse.

Felton, C. C. Report of special committee of Board of Regents on the

communication of Prof. Henry relative to the electro-masrnetic

telegraph.

Henry, J. History of the electro-magnetic telegraph.

LeConte, J. Lecture on coal.

Alexander, S. Lecture on vastness of the visible creation.

Fendler, a. Meteorology and ethnology, Colonia Tovar, Venezuela, S. A.

Logan, T. M. Meteorology of Sacramento, California.

Dewey, C. On best hours to find mean temperatures.

WissNER, J. Meteorology of the District of Columbia.

Masterman, S. Observations on natural phenomena, shooting stars,

aurora, etc.

MiJLLER, J. Report on recent progress in physics. (Electricity, gal-

vanism.
)

108. Catalogue of North American Birds, chiefly in the Museum of the

Smithsonian Institution. By Spencer F. Bated. 1859. 8vo. pp.

24. (M. C. n.)

108*. Same Title, (printed for labelling, with one side of each leaf blank.

)

109. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1858. 35th Congress, 2d Session, Senate Mis. Doc.

No. 49. House Rep., No. 57. 1859. 8vo., pp. 448, 48 woodcuts.

contents.

Eeport of Prof. J. Hkm;v. and Proceedings of the Board.

Correspondence :

ScHLEiDEN, R. Free freight between Germany and United States to

Smithsonian Institution by the North German Lloyd.

Sabine, JE. On continuance of magnetic observations.

Baird, S. F. Report on publications, exchanges, museum, and explora-

tions.

List of meteorological stations and observers.

Caswell, A. Lecture on astronomy.

CuviER, M. Memoir of Priestley.

Baikd, S. F. • Instructions for collecting nests and eggs of American birds

Baird, S. F. Instructions for collecting insects.
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109. Report for ISJS—Continued.

LeConte, J. L. Instructions for collecting coleoptera.

Clemens, B. Instructions for collecting hymenoptera.

UiiLER, P. R. Instructions for collecting ortlioptera.

Uhler, p. E. Instructions for collecting hemiptera.

Uhler, p. E. Instructions for collecting neuroptera.

LoEW, H. ; Osten Sacken, B. Instructions for collecting diptera.

Clembns, B. Instructions for collecting lepidoptera.

Taylor, A. S. Grasshoppers and locusts of America.

MoTSCHULSKY, Y. On means of destroying the grasshopper.

Martins, C. Vegetable colonization of the British Isles of Shetland,

Faroe, and Iceland.

DeCandollk, a. Causes which limit vegetable .species towards the

north in Europe and similar regions.

Cooper, J. G. Distribution of the forests and trees of North America,

and catalogue of the native trees of the United States.

Blackiston ;
Bland ; Willis, J. E. Birds of Nova Scotia.

Bland; Willis J. E. Birds of Bermuda.

DuPREZ, M. F. Atmospheric electricity.

MiJLLER, J. Eecent progress in physics. (Galvanism.)

Henry', J. Meteorological stations, cost of establishment of.

HoDGiNS, J-. G. Meteorological stations of Upper Canada.

Dudley, T. Earthquake at New Madrid, Missouri.

Naill, D. W. Dispersion of a cloud by an electrical discharge.

Hare, E. Method of forming small weights.

Friedlander, J. Plan of a Bibliography.

Ly'on, S. S. Antiquities from Kentucky.

Gardiner, E. H. Barometer, rain and snow gauges.

Guest, W. E. Snow gauge.

Gardiner, E. H. Opening and closing of Kennebec river, Maine.

Canudas, a. Earthquakes in Guatemala.

Humphreys, A. A. Method of ascertaining the amount of water in

rivers.

110. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1859. o6th Congress, 1st Session, House of Repre-

sentatives, Mis. Doc. No. 90. 1860. 8vo., pp. 450, 57 woodcuts.

contents.

Report of Prof. J. Henry, and Proceedings of the Board.

Baird, S. F. Eeport of publications, exchanges, museum, and explora-

tions.

List of meteorological stations and observers.

Pearce, J. A. Notice of Eichard Eush.

Felton, C. C. Notice of W. W. Turner.

Felton, C. C. Notice of Washington Irving.

Bache, a. D. Notice of James P. Espy.

Bache, a. D. Notice of G. Wiirdemann.

Henry, J. Notice of Parker Cleaveland.

Correspondence :

Duke ok Noriiiumberland. Presentation of books.

^ Henry', .1. Account of Priestley's lens.
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HO. Report for isr,!)—Confinucd.

CiixARD, E. Free freight to Smithsonian Institution, between United

States and England.

Logan, W. E. Request for duplicate s^hells.

Eoss, B. R. Observations in Hudson's Bay Territory.

Johnson, S. W. Lectures on agricultural chemistry.

Carpenter, P. P. Lectures on the shells of the Gulf of California.

M.«:dler, M. Movement of the stars around a central point.

De la Rive, A. Report on the transactions of the Society of Physics

and Natural History of Geneva, from July, 1858, to June, 1859.

Ret/.ius, a. Present state of ethnology in relation to the form of the

human skull.

Flourens, M. Memoir of Pyramus de Candolle.

Airy, G. B. On the means which will be available for correcting the

measures of the sun's distance in the next twenty-five years.

Powell, B. Report on the state of knowledge of radiant heat, made to

the British Association in 1832, 1840, and 1854.

HiL(iAKD, J. E. Description of the magnetic observatory at the Smith-

sonian Institution.

Poggendorff, J. C. On the use of the galvanometer as a measuring

instrument.

Mallet, R. On observations of earthquake phenomena.

Casella, L. Description of meteorological instruments.

Green, J. ;
WtfRDEMANN, W. On filling barometer tubes.

Welsh, J. The construction of a standard barometer, and apparatus and

processes employed in the verification of barometers at the Kew
Observatory.

111. Sraithsouiau Contributions to Knowledge. Vol. XI. 1859. 4to., pp.

502, 20 woodcutc, 23 plates.

CONTEXTS.

Brewek, T. M. North American Oology. Part 1. Raptores and Fissi-

rostres. No. 89.

GiLLiss, J. M. Total eclipse of the sun, September 7, 1858, in Peru.

No. 100. >
Bache, a. D. Magnetic and meteorological observations. Part I. No.

118.

Kane, E. Iv. Meteorological observations in the Arctic seas. No. 104.

LeConte, J. L. Coleoptera of Kansas and Eastern New Mexico. N<>.

126.

Sonnta(;, A. Observations on terrestrial magnetism in Mexico. No. 114.

LoOMis, E. On certain storms in Europe and America, December, 183'i.

No. 127.

112. Smithsonian Contributions to Knowledge. Vol. XII. 1860. 4to.,

pp. 538, ,15 woodcuts, 3 plates.

CONTENTS.

Kane, E. K. Astronomical observations in the Arctic seas. No. 129.

Whittlesey, C. Fluctuations of level in North American lakes. No.

119.
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113. Contributions to Knowledge. Vol. XII—Continued.
Castvell, a. Meteorological observations at Providence, Khodc Island,

28^ years. No. 103.

Smith, N. D. Meteorological observations near Washington, Arkansas,

20}'ears. No. 131.

Mitchell, S. W. Researches upon venom of the rattlesnake. No. 135.

113. Discussion of the Magnetic and Meteorological Observations made at

the Girard College Observatory, Philadelphia, in 1840-'41-'42-'43-

'44-'45. Part I. Investigation of the eleven year period in the am-

plitude of the solar-diurnal variation and of the disturbances of the

magnetic declination. By A. D. Bache. November, 1859. 4to.,

pp. 22, 5 woodcuts. (S. C. xi.)

114. Observations on Terrestrial ^Magnetism in Mexico. Conducted under

the direction of Baron Von Mijller, with notes and illustrations of

an examination of the volcano Popocatepetl and its vicinity. By
August Sonntag. February, 1860. 4to., pp. 92, 4 woodcuts, one

plate. (S. C. XI.)

115. Proceedings of the Board of Regents of the Smithsonian Institution,

in relation to the Electro-Magnetic Telegraph. 1861. 8vo., pp. 40,

7 woodcuts. (M. C. II.)

116. List of Public Libraries, Institutions, and Societies in the United

States and British Provinces of North America. By William J.

Rhees. 1859. 8vo., pp. 84.

117. Catalogue of Publications of Societies and of other Periodical Works

in the Library of the Smithsonian Institution, July 1, 1858. Foreign

Works. 1859. 8vo., pp. 264. ( M. C. in.)

118. Catalogue of the Described Lepidoptera of North America. By John

G. Morris. May, 1860. 8vo., pp. 76. (M. C. in.)

119. On Fluctuations of Level in the North American Lakes. By Charles

Whittlesey. July, 1860. 4to., pp. 28, 2 plates of 4 figures. (S.

C. xii.)

120. Results of Meteorological Observations made at Marietta, Ohio,

between 1826 and 1859, inclusive. By S. P. Hildreth. To which

are added results of observations taken at Marietta, by Joseph

Wood, between 1817 and 1823. Reduced and discussed by Charles

A.Schott. September, 1867. 4to., pp. 52, 14 woodcuts. (S. C. xvi.)

121. Discussion of the Magnetic and Meteorological Observations made at

the Girard College Observatory, Philadelphia, in 1840-'41'-42'-43-

'44-45. By A. D. Bache. Part II.—Investigation of the solar-

diurnal variation in the magnetic declination and its annual inequality.

June, 1862, 4to., pp. 28, 8 woodcuts. (S. C. xiii.)
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122. Smithsonian Miscellaneous Collections. Vol. I. 1862. 8vo., pp. 738,

23 woodcuts.

. CONTKNTS.

Dii-ections for meteorological observations. No. 148.

CoFFiK, J. H. Psychrometrical tables. No. 87.

GuYOT, A. Meteorological and physical tables. No. 153.

123. Smithsonian Miscellaneous Collections. Vol. II. 1862. 8vo., pp. 714,

33 woodcuts.

CONTEXTS.

Booth, J. C; Morfit, C. Kecent improvements in chemical arts.

No. 27.

, Proceedings of Board of Eegents in relation to the electro-magnetic tele-

graph. No. IIT).

Stanley, J. M. Catalogue of portraits of North American Indians.

No. 53.

Baikd, S. F. Catalogue of North American birds. No. 108.

Baird, S. F. ; GiRARD, C. Catalogue of North American reptiles. Ser-

pents. No. 49.

Check-list shells North America. No. 128.

Directions for collecting specimens of natural history. No. 34.

Henry, J. Circular to officers Hudson Bay Company. No. 137.

Instructions for collecting nests and eggs. No. 139.

North American grasshoppers. No. 103.

Nortli American shells. No. 176.

Morgan, L. H. Circular respecting relationship. No. 138.

124. Smith.souiau Miscellaneous Collections. Vol. III. 1862. 8vo.,

pp. 776, 49 woodcuts.

contents.

OsTEN Sacken, K. Catalogue diptera North America. No. 102.

Morris, J. G. Catalogue described lepidoptera North America. No. 118.

Le Conte, J. L. Classification coleoptera. I. No. 136.

Catalogue publications of societies in Smithsonian library. No. 117.

125. Smithsonian Miscellaneous Collections. Vol. IV. 1862. 8vo.,

pp. 762, 30 woodcuts.

contents.

Hagen, H. Synopsis of North American neuroptera. No. 134.

Morris, J. G. Synopsis of North American lepidoptera. No. 133.

126. The Coleoptera of Kansas and Eastern New Mexico. By John L.

Le Conte. December, 1859. 4to., pp. 64, 2 plates of 33 figures,

1 map. (S. C. XI.)

127. On Certain Stoi'ms in Europe and America, December, 1836. By
Ei.i.Ks LooMis. February, 1860. 4to., pp. 28, 13 plates. (S. C. xi. i
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128. Check-lists of the Shells of North America. By Isaac Lea, P. P.

Carpenter, Wm. Stimpson, W. G. Binney, and Temple Prime.
June, 1860. 8vo., pp. 52. (M. C. ii.)

129. Astronomical Observations in the Arctic Seas. By E. K. Kane.
Made during the Second Grinuell Expedition in search of Sir John
Franklin, in 1853, 1854, and 1855, at Van Rensselaer Harbor, and
other points in the vicinity of the northwest coast of Greenland.

Reduced and discussed by Charles A. Schott. May, 1860. 4to.,

pp. 56, 3 woodcuts, 1 map. (S. C. xii.)

130. Tidal Observations in the Arctic Seas. By E. K. Kane. Made
during the Second Grinnell Expedition in search of Sir John Frank-
lin, in 1853, 1854, and 1855, at Van Rensselaer Harbor. Reduced
and discussed by Charles A. Schott. October, 1860. 4to., pp. 90,

3 woodcuts, 4 plates. (S. C. xiii.)

131. Meteorological Observations made near Washington, Arkansas, from

1840 to 1859, inclusive. By Nathan D. Smith. October, 1860.

4to., pp. 96. (S. C. XII.)

132. Discussion of the Magnetic and Meteorological Observations made at

^ the Girard College Observatory, Philadelphia, in 1840-'41-'42-'43-

'44-45. By A. D. Bache. Part III.—Investigation of the influence

of the moon on the magnetic declination. June, 1862. 4to., pp. 1(>,

3 woodcuts. (S. C. XIII.)

133. Synopsis of the Described Lepidoptera of North America. By John
G, Morris. Part I.—Diurnal and crepuscular lepidoptera. Feb-

ruary, 1862. 8vo., pp. 386, 30 woodcuts. (M. C. iv.)

134. Synopsis of the Neuroptera of North America. With a list of the

South American species. By Hermann Hagen. July, 1861. 8vo.,

pp. 368. (M. C. IV.)

135. Researches upon the Venom of the Rattlesnake. With an investiga-

tion of the anatomy and physiology of the organs concerned. By
5. Weir Mitchell. December, 1860. 4to., pp. 156, 12 woodcuts.

(S. C. XII.)

136. Classification of the Coleoptera of JNorth America. By John L. Le
CoNTE. Part I. March, 1862. 8vo., pp. 312, 49 woodcuts. (M.

C. III.)

137^ Circular to Officers of the Hudson's Bay Company. 1860. 8vo., pp.

6. (M. C. II ; M. C. VIII.)

138. Circular in reference to the Degrees of Relationship among different

Nations. By Lewis H. Morgan. January, 1860. 8vo., pp. 34.

(M. C. II.)
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139. Instructions in reference to Collecting Nests and Eggs of North

American Birds. January, 1860. 8vo., pp. 22, 20 woodcuts. (M.

C. ir.l

140. List of the Coleoptera of North America. Prepared for the Smith-

sonian Institution. By John L. Le Conte. Part I. April, 1866.

8vo., pp. 82. (M. C. VI.

)

141. ]Monographs of the Diptera of North America. By H. Loew. Part I.

Edited, with additions, by R. Osten Sacken. April, 1862. 8vo.,

pp. 246, 15 woodcuts, 2 plates of 42 figures. (M. C. vi.)

142. Bibliography of North American Conchology, previous to the year

1860. By W. G. Bixxey. Part I.—American Authors. March,

186B. 8vo., pp. 658. (M. C. v.)

143. Land and Fresh-Water Shells of North America. By \V. G. Bixxey.

Part II.—Pulmonata Limnophila and Thalassophila. September,

1865. 8vo., pp. 172, 372 woodcuts. (M. C. vii.)

144. Land and Fresh-Water Shells of North America. By W. G. BiN-

NEY. Part III.—Ampullariidse, Valvatidae, Viviparidse, fresh-water

Rissoidaa, Cyclophoridae, Truucatellidfe, fresh-water Neritida?, Seli-

ciuidie. September, 1865. 8vo., pp. 128, 253 woodcuts. (M. C. vii.)

145. Monograph of American Corbiculadse, (recent and fossil.) By Temple
Ppjme. December, 1865. 8vo., pp. 92, 86 woodcuts. (M. C. vii.)

146. Meteorological Observations in the Arctic Seas. By Fkaxcis Leo-

pold McClintock. Made on board the Arctic searching yacht
" Fox," in Bafiin Bay and Prince Regent's Inlet, iu 1857, 1858, and

1859. Reduced and discussed by Charles A. Schott. May, 1862.

4to., pp. 164, 15 woodcuts, 1 map. (S. C. xiii.)

147. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1860. 36th Congress, 2d Session. Senate Mis.

Doc, No. 21, 1861. 8vo., pp. 448, 73 woodcuts.

Henry, J. Secretary's report of operations.

Board of Kegents, Proceedings of

Baird, S. F. Report on publications, exchanges, museum, and explora-

tions.

List of meteorological stations and observers.

List of meteorological material contributed to Smithsonian Institution.
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147. Report for 18G0—Coutinued.

Correspondence :

Citizens of Philadelphia. Memorial relative to Lowe's aeronautic

voyages across the Atlantic.

Lepsius, E. Presentation of books on Egypt.

MiJLLER, F. On Smithsonian exchanges.

HiNCKS, Wm. On Smithsonian exchanges.

Henry, J. Reply to memorial on Lowe's aeronautic voyage.

Henry, J. On currents of the atmosphere and aerial navigation.

Rogers, F. Lectures on roads and bridges.

Carpenter, P. P. Lectures on mollusca, or shell lish, and their allies.

MoRLOT, A. General views on archajology.

The microscope.

NiCKLES, M. J. Scientific Congress of Carlsruhe, 1858.

CxiviER, M. Memoir of Rene Just Haiiy.

Sabine, E. Magnetic storms.

Gardiner, R. H. Disappearance of ice.

Fendler, a. Temperature of St. Louis, Missouri.

Dewey, C. Best hours for temperature observations.

Henry, J. Description of Smithsonian anemometer.

Newton, A. Suggestions for saving parts of the skeleton of birds.

VoLLUM, E. P. On the wingless grasshopper of California.

Wurdeman, G. Specimen^ of flamingo, etc., from South Florida.

Gesner, W. Habits of pouched rat, or salamander of Georgia.

Barnard, V. Birds of Chester county, Pennsylvania.

Cooper, J. G. Forests and trees of Florida and the Mexican Boundary.

148. Directions for Meteorological Observations and the Registry of Peri-

odical Phenomena. 1860. 8vo., pp. 72, 23 woodcuts. (M. C. i.)

149. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1861. 37th Congress, 2d Session, House of Repre-

sentatives Mis. Doc, No. 77. 1862. 8vo., pp. 464, 25 woodcuts.

CONTENTS.

Henry, J. Secretary's report of operations.

Board or Regents, Proceedings of

Baird, S. F. Report on publications, exchanges, museum, and explora-

tions.

List of meteorological stations and observers.

List of meteorological material contributed to Smithsonian Institution.

King, C. B. Catalogue of engravings presented to the Smithsonian Insti-

tution.

Correspondence :

Fladgate, Clarke, and Finch. Smithson's residuary legacy.

KuNHARDT & Co. Frcc freight to Smithsonian Institution, between

United States and Germany.

Troyon, F. Lacustrian habitations.

MoRLOT, A. Archajology.

Hill, A. J. Map of antiquities of United States.

Royal Academy of Science, Madrid. Exchanges.
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149. Report for 18C1—rontinuod.

Mexican Soc. of Geog. and Statistics. Exchanges.

Hagen, H. Neuroptera.

Hamilton College, Clinton, N. Y. Exchange of specimens.

CoDD, J. A. Acknowledgment for books.

Shepakd, C. U. Arrangement of mineralogical collection.

University of Toronto. • Scientific co-operation.

Koyal Horticultural Society, London. Exchange of publica-

tions.

Bethune, C. J. Acknowledgment for books.

Pease, W. H. Acknowledgment for shells, etc.

Circular of the Institute of Eupert's Land.

Crummell, a. Facts respecting Liberia College,

GiBBS, G. ; AND OTHERS. Eccommendation of Shea's Indian lin-

guistics.

Shea, J. G. Account of library of Indian linguistics.

WooLSEY, T. D. Eulogy on Cornelius C. Felton.

- Cox, S. S. Eulogy on Stephen A. Douglas.

KoGERS, F. Lecture on bridges.

Alexander, S. Lecture on the relations of time and space.

Hayes, I. I. Lecture on Arctic explorations.

Flourens, M. Memoir of Geoft'roy Saint Hilaire.

Laugel, a. The sun, its chemical analysis.

Lee, Dr. Progress of astronomical photography.

Lespiault, Prof. Small planets between Mars and Jupiter.

DuFOUR, C. ; Kamtz. Scintillation of the stars.

Daubree, M. Metamorphism and the formation of crj-stalline rocks.

Craig, B. F. Nitrification.

Hunt, T. S. History of petroleum or rock-oil.

Allen, Z. Explosibility of coal oils.

Destructive effect of iron-rust.

TuoYON, F. Lacustrian cities of Switzerland.

EuTiMEYER, A. Fauna of Middle Europe during the Stone Age.

Troyon, F. Eeport on ethnological collections of Museum at Lausanne.

Troyon, F. Archaeological researches made at Concise.

Peale, T. E, Ancient mound in St. Louis. Missouri.

Gibbs, G. Instructions for archaeological investigations

Henry, J. Circular, ancient mining in Lake Superior Copper Eegioii.

Morgan, L. H. Suggestions relative to ethnological map of North

America.

CouES, E. ; Prentiss, S. S. List of birds of the District of Columbia.

Prize Questions :

Holland Society of Science, Harlem.

Batavian Society of Experimental Philosophy of Eotterdani.

Society of Arts and Sciences of Utrecht.

Eoyal Academy of Netherlands.

150, Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1862. o7th Congress, 3d session. House of Repre-

eentatives Mis. Doc, No. 25. 1863. 8vo., pp. 446, 94 woodcuts.
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150. Report for 1862—Continued.

CONTENTS.

Henry, J. Secretary's report of operations.

Board of Regents, Proceedings of

Bairb, S. F. Eeport on publications, exchanges, museum, and explora-

tions.

List of meteorological stations and observers.

List of meteorological material contributed to Smithsonian Institution.

Correspondence :

Stanton, E. M. Deposit of Beaufort library.

Canby, E. Deposit of Bishop Johns' librar}'.

Sibley, H. Meteorological telegrams.

Englemann, G. Heights of mountains in Colorado.

GuY^OT, A. On mountain measurements.

Hubbard, J. S. Investigations of Biela's comet.

Darlington, W. History of Chester county. Pa.

Lyman, Theodore. Ethnographical collections.

De Schlagintweit, H. Ethnographical collections.

Daa, L. K. Ethnological Museum of Norway.

Dille, I. Antiquities in Missouri and Tennessee.

Reid, a. Skulls and mummy from Patagonia.

GiBBS, G. Philological circular.

GiBBS, G. Ethnological map of United States.

GiBBS, G. Indian vocabularies.

Watkins, E. a. Systems of relationship of Cree Indians.

Flachenecker, G. Indian languages.

Pease, W. H. Natural history of Pacific islands.

WiRTZ, H. R. Herbarium captured in Tennessee.

' Mettenitjs, G. Acknowledgment for ferns.

De Saussure, H. Hymenoptera.

Romero, M. Explorations of John Xantus in Mexico.

Bache, a. D. Eulogy on James A. Pearce.

Barnard, F. A. P. Lectures on the undulatory theory of light.

Wilson, D. Lectures on physical ethnology.

MORLOT, A. Lecture on the study of high antiquity.

Lubbock, J. North American archeology.

Flourens, M. Historical sketch of the Academy of Science of Paris.

Flourens, M. Memoir of Leopold von Buch.

Flourens, M. Memoir of. Louis Jacques Thenard.

QUATREFAGES, M. Memoir of Isidore GeoflFroy St. Hilaire.

Phipson, T. L. The catalytic force, or studies on the phenomena of

contact.

Herschel, J. On atoms.

Lesley, J. P. On the classification of books.

RiED, A. Human remains from Patagonia.

Prize Questions :

London Institution of Civil Engineers.

Provincial Society of Arts and Sciences, Utrecht.

Royal Danish Society of Science.

Academy of Sciences of the Institute of Bologna.
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151. Smithsonian Contributions to Knowledge. Vol. XIII. 1863. 4to.

pp. 558, 80 woodcuts, 4 plates, 3 maps.

Kane, E. K. Tidal observations, Arctic seas. No. 130.

McClintock, F. L. Meteorological observations, Arctic seas. No. 146.

Whittlesey, C. Ancient mining on shores of Lake Superior. No. 155.

Bache, a. D. Discussion, Girard College observations. Part II. No.
121.

Bache, A. D. Discussion, Girard College observations. Part III. No.
132.

Bache, A. D. Discvission, Girard College observations. Parts lY, V,
VI. No. 162.

Bache, A. D. Magnetic survey of Pennsylvania, &c. No. 166.

Mitchell, S. W. ; Morehouse, G. K. Kesearcbes upon anatomy and
pbysiology of chelonia. No. 159.

152. Lectures on Mollusca or " Shell-fish," and their Allies. Prepared for

the Smithsonian Institution. By Philip P, Carpenter. 1861.

8vo., pp. 140.

153. Tables, Meteorological and Physical, Prepared for the Smithsonian

Institution. By Arnold Guyot. Third edition, revised and en-

larged. 1859. 8vo., pp. 638. (M. C. i.)

CONTENTS.

I. Thermometrical tables, A.

II. Hj'grometrical tables, B.

III. Barometrical tables, C.

IV. Hypsometrical tables, D.

V. Meteorological corrections, E.

VI. Miscellaneous tables, F.

154. List of Foreign Correspondents of the Smithsonian Institution. Cor-

rected to January, 1862. INEay, 1862. 8vo., pp. 56. (M. C. v.)

155. Ancient Mining on the Shores of Lake Superior. By Charles
Whittlesey. April, 1863. 4to.^ pp. 34, 30 woodcuts, 1 map. (S.

C. XIII.)

156. Catalogue of Minerals, with their Formulas, etc. By T. Egleston.

June, 1863. ~ 8vo., pp. 50. (M. C. vn.)

157. Besult? of Meteorological Observations made under the direction of

the United States Patent Office and the Smithsonian Institution, from

the year 1854 to 1859, inclusive, being a Report of the Commissioner

of Patents made at the first session of the 36th Congress. Vol. I.

1861. 36th Congress, 1st session, Senate Ex. Doc. 4to., pp. 1270.

158. Smithsonian Miscellaneous Collections. Vol. V. 1864. 8vo., pp. 774.
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158. Miscellaneous Collections. Vol. V—'''ontinued.

CONTENTS.

BiNNEY, W. G. Bibliography of North American conchology. No. 142.

Catalogue of publications of the Smithsonian Institution to June, 1862.

No. 74.

List of foreign correspondents of the Smithsonian Institution to January,

1862. No. 154.

159. Researches upon the Anatomy and Physiology of Respiration in the

Chelonia. By S. Weir Mitchell and George R. Morehouse.
April, 1863. 4to., pp. 50, 10 woodcuts. (S. C. xiii.)

160. Instructions for Research Relative to the Ethnology and Philology

of America. By George Gibbs. March, 1863. 8vo., pp. 56.

(M. C. VII.)

161. A Dictionary of the Chinook Jargon or Trade Language of Oregon.

By George Gibbs. March, 1863. 8vo., pp. 60. (M. C. vii.)

162. Discussion of the Magnetic and Meteorological Observations made at

the Girard College Observatory, Philadelphia, in 1840-'41-'42-'43-

'44-'45. Second section, comprising Parts IV, V, and VI. Horizon-

tal force. Investigation of the eleven (or ten) year period and of

the disturbances of the horizontal component of the magnetic force,

with an investigation of the solar diurnal variation, and of the an-

nual inequality of the horizontal force, and of the lunar effect on the

same. By A. D. Bache. November, 1862. 4to., pp. 78, 11 wood-

cuts, (S. C. XIII.)

163. Circular in Refereace to the History of North American Grasshop-

pers. January, 1860. 8vo., pp. 4. (M. C. ii.)

164. Smithsonian Museum Miscellanea. 1862. 8vo., pp. 88. (M. C. viii.)

CONTENTS.

Abbreviations of names of States and Territories of North America, for

labelling insects, shells, &c.

A series of small figures, from 1-1643.

A series of medium figures, from 1-2747.

A series of large figures, from 1-2599.

Blank check-list of sjiecimens.

No. 5. consists of columns of figures from 1 to 1,000, and of two series, 25

and 50, to the 8vo. column. All those are stereotyped and printed

with from one to eight columns on each page, with blank spaces of

greater or less extent, as may be required.

165. Monograph of the Bats of North America. By H. Allen. June,

1864. 8vo., pp. 110, 73 woodcuts. (M. C. vii.)
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166. Records and Results of a Magnetic Survey of Pennsylvania and parts

of Adjacent States, in 1840 and 1841, with some additional records

and Results of 1834, 1835, 1843 and 1862, and a map. By A. D.

Bache. October, 1863. 4to., pp. 88, 1 map. (S. C. xiii.j

167. New Species of North American Coleoptera. By John L. Le Conte.

Part I. March, 1863. April, 1866. 8vo., pp. 180. ( M. C. vi.)

168. Circular Relative to Collections of Birds from Middle and South

America. December, 1863. 8vo.,-pp. 2. (M. C. viii.)

169. Smithsonian Miscellaneous Collections. Vol. VI. 1867. 8vo.,

pp. 888. 15 Avoodcuts, 7 plates of 106 figures.

CONTENTS.

LoKW, H. Monograph of diptera. Pai-t I. No. 141.

LoEW, H. Monograph of diptera. Part II. No. 171.

Le Conte, J. L. List of coleoptera of North America. No. 140.

Le Conte, J. L. New species of North American coleoptera. No. Ifi7.

170. Comparative Vocabulary, May, 1863. 4to., pp. 20.

171. Monographs of the Diptera of North America. By H. Lokw.
Part II. Edited by R. Osten Sacken. January, 1864. 8vo.,

pp. 372, 5 plates of 44 figures. (M. C. vi.)

172. Palaeontology of the Upper Missouri ; a Report upon Collections

made principally by the Expeditions under command of Lieutenant

G. K. Warren, United States Topographical Engineers, in 1855 and

1856. Invertebrates. By F. B. Meek and F. V. Hayden. Part I.

April, 1865. 4to., pp. 158, 48 woodcuts, 5 plates of 41 figures. (S.

C. XIV.)

173. The Gray Substance of the Medulla Oblongata and Trapezium. By
John Dean. February, 1864. 4to., pp. 80, 5 woodcuts, 16 plates

of 65 figures. (S. C. xvi.)

174. Bibliography of North American Conchology previous to the year

1860. By W. G. Binney. Part II. Foreign authors. June, 1864.

8vo., pp. 302. (M. C. IX.)

175. Discussion of the Magnetic and Meteorological Observations made at

the Girard College Observatory, Philadelphia, in 1840, 1841, 1842,

1843, 1844 and 1845. Third section, comprising Parts VII, VIII,

and IX. Vertical force. Investigations of the eleven (or ten) year

period and of the disturbances of the vertical component of the mag-

netic force, and appendix on the magnetic effect of the aurora bore-

alis ; with an investigation of the solar diurnal variation, and of the
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annual inequality of the vertical force ; aud of the lunar effect on

the vertical force, the inclination, aud total force. By A. D. Bache.
April, 1864. 4to., pp. 72, 14 woodcuts. (S. C. xiv.

)

176. Circular in Reference to Collecting North American Shells. January,

1860. 8vo., pp. 4. (M. C. ii.)

177. Check-list of the Invertebrate Fossils of North America. .Cretaceous

and Jurassic. By F. B. Meek. April, 1864. 8vo., pp. 42. (M.

C. VII.)

178. Circular to Entomologists. 1860. 8vo., pp. 2. (M. C. viii.)

179. Catalogue of Publications of Societies aud of Periodical Works, be-

longing to the Smithsonian Institution, January 1, 1866. 1866. 8vo.,

pp. 596. (M. C. IX.)

180. On the Construction of a Silvered Glass Telescope, fifteen and a half

inches in aperture, and its use in Celestial Photography. By Henry
Draper. July, 1864. 4to., pp. 60, 53 woodcuts. (S. C. xiv.;

181. Review of American Birds in the Museum of the Smithsonian Insti-

tution. By S. F. Baird. Part I.—North aud Middle America.

Juue, 1864—Juue, 1866. 8vo., pp. 484, 80 woodcuts. (M. C. xii.)

182. Results of Meteorological Observations made under the Direction of

the United States Patent Ofiice and the Smithsonian Institution, from

the year 1854 to 1859, inclusive, being a Report of the Commissioner

of Patents made at the first session of the 36th Congress. Vol. II.

Part I. 36th Congress, 1st session. Senate Ex. Doc. 1864. 4to.,

pp. 546.

183. Check-list of the Invertebrate Fossils of North America. Miocene.

By F. B. Meek. November, 1864. 8vo., i^p. 34. (M. C. vii.)

184. Smithsonian Contributions to Knowledge. Vol. XIV. 1865. 4to.,

pp. 490, 158 woodcuts, 25 plates.

CONTKNTS.

Bachk, A. D. Discussion Girard College observations. Parts YII,

VIII, IX. No. 175.

Bache, A. D. Discussion Girard College observations. Parts X, XI,

XII. No. 186.

DrapkPv, H. Construction of silvered glass telescope and its use in celes-

tial photography. No. 180.

Mkek, F. B. ; HAYDEy, F. V. Palaeontology of the U'i)per Missouri.

No. 172.

Lkiuy, J. Cretaceous reptiles of the United States. No. 192.
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185. List of the Described Birds of Mexico, Central America, and the

West Indies not in the Collection of the Smithsonian Institution.

January 1, 1863. 8vo., pp. 8.

186. Discussion of the Magnetic and Meteorological Observations made at

the Girard College Observatory, Philadelphia, 1840-'41-'42-'43-'4-4

'45. Fourth section, comprising Parts X, XI and XII. Dip and

total force ; analysis of the disturbances of the dip and total force
;

discussion of the solar diurnal variation and annual inequality of the

dip and total force ; and discussion of the absolute dip, with the final

values for declination, dip and forc^ between 1841 and 1845. By A.

D. Bachk. April, 1865. 4to., pp. 42, 8 woodcuts. (S. C. xiv.)

187. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1863. 38th Congress, 1st Session. House of Rep-

resentatives, Mis. Doc. No. 83. 1864. 8vo., pp. 420, 56 woodcuts.

CONTENTS.

Henry, J. Secretary's report of operations.

Board of Regents, Proceedings of

Baird, S. F. Report of publications, exchanges, museum, and explora-

tions.

List of meteorological stations and observers.

Meteorological material contributed to Smithsonian Institution.

Correspondence :

Gould, B. A. Discussion of Piazzi's astronomical observations.

Packard, F. A. Project of an outline history of education in the

United States.

Chamber of Commerce of Bordeaux. Exchange of publications.

Agricultural Association of Milan. Exchange of publications.

Irwin, B. J. D. Tucson meteorite.

Santiago Ainsa. Tucson meteorite.

PooLE, H. Cone-in-cone.

Hungarian National Museum. Acknowledgment for birds.

University of Christiaxia, Norway. Ethnological specimens

presented.

Imp. Geolog. Institute, Vienna.' Tertiary fossils presented.

British Museum. Electrotypes of engravings of shells granted.

Fisher, J, G. Acknowledgment of perrennibranchiates.

Haidinger, W. Honorary modal to Von Martins.

Hudson's Bay Co. Kennicott's explorations.

Whitney, W. D. Lectures on the principles of linguistic science.

DeBeaumont, Elie. Memoir of C. F. Bautemps-Beaupre.

Alexander, C. A. Origin and history of the Royal Society of London.

Wetherill, C. M. Modern theory of chemical types.

De La Rive, A. Phenomena which accompany the propagation of elec-

tricity in highly rarefied elastic fluids.

Marcet, Prof. Report on Society of Physics and Natural History of

Geneva; from July, 1862, to June, 1863.
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187. Report for 1863—Continued.

Plateau, J. Experimental and theoretical researches on the figures of

eqiiilibi'ium of a liquiil mass withdrawn from the action of gravity.

Part I.

History of discovery relative to magnetism.

Gautier, Prof. Researches relative to the nebulse.

Merino, St. M. Figure of the earth.

Arago, p. ^Eronautic voyages, etc.

Glaisher, Jas. Account of balloon ascensions.

Baegert, J AC. Aboriginal inhabitants of the California peninsula.

Jones, J. M. Kjcekken-mcedding in Nova Scotia.

MoRLOT, A. Abstract of Dr. Keller's report on lacustrian settlements.

Rau, C. Agricultural implements of the North American stone period.

Trowbridge, D. Ancient fort and burial ground in Tompkins county,

New York.

Kelley, O. H. Ancient town in Minnesota.

Foster, J. W. Ancient relics in Missouri.

Danilsen, a. F. Mound in East Tennessee. •

Purple dyeing, ancient and modern.

Peale, T. R. Method of preserving lepidoptera.

FiQANiERRE, M. Account of remarkable accun^iulation of bats.

Tables of English and French weights and measures.

Table for conversion of centigrade degrees to Fahrenheit's scale.

188. Aunual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1864. 38th Congress, 2d Session. House of Rep-

resentatives, Mis. Doc. 1865. 8vo., pp. 450, 50 woodcuts.

CONTENTS.

Henry, J. Secretary's report of operations.

Board of Regents, Proceedings of

Webb, T. W. Account of Prof. Henry Draper's telescope.

Leidy, Jos. Review of " Cretaceous reptiles of United States."

Baird, S. F. Report on publications, exchanges, museum, and explorations.

List of foreign institutions from which donations to the library have been

received in exchange. 1860-64.

List of meteorological stations and observers.

Meteorological material contributed to Smithsonian Institution.

Wallach, R. ; Henry', J. Report of Committee of Regents in relation

to the lire, January, 1865.
• Fourier, Jos. Memoir of Delambre.

Delaunay, M. Essay on the velocity of light.

Wetherill, C. M. Ozone and antozone.

Ja.min, J. Vegetation and the atmosphere.

Becquerel, M. Preservation of copper and iron in salt water.

Preservation of Avood.

Caoutchouc and gutta percha.
' VonKarolyi; Craig, B. F. Products of the combustion of gun-cotton

and gun-powder.

Pettenkofer, Man. Apparatus for testing the results of perspiration

and respiration.

Lamont, J. The solar eclipse of July 18, 1860.
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188 Report for 18C4—Continued.

DePrados, M. Le Bakon. Eclipse of the ?un, April 25, 1865.

DuBY, M. Eeport on the transactions of the Society of Physics and
Natural History of Geneva, 18G1.

DeCandolle, a. Report on the transactions of the Society of Physics

and Natural History, 1862.

Troyon, Fred. On the crania helvetica.

Plateau, J. Experimental and theoretical researches on the figures of

equilibrium of a liquid mass withdrawn from the action of gravity,

etc. Parts II, III, IV.

Eatj, C. Artificial shell deposits in New Jersey.

GiBBS, G. The intermixture of races.

Baegkrt, J. Aboriginal inhabitants of the California peninsula. Part II.

MoRLOT, A. The study of high antiquity in Europe.

Prize Questions :

Holland Society of Sciences at Harlem.

Imperial Society of Natural Sciences of Cherbourg.

Eoyai Prussian Academy of Sciences.

Imperial Academy of Sciences at Vienna.

Explorations :

Scientific expedition to Mexico. A report addressed to the Emperor

of France by the Minister of Public Instruction.

KiRBY, W. W. A journey to the Yukon, Russian America.

Feilner, J. Explorations in Upper California in 1860.

Hoy, p. R. Journal of an exploration of Western Missouri in 1854.

Tables of English and French weights and measures.

Table of chemical equivalents of sixty-three elements.

189. Catalogue of the Orthoptera of North America described previous

to 1867. By Samuel H. Scudder. October, 1868. 8vo., pp. 110.

(M. C. vin.)

190. Queries Relative to Tornadoes. By Joseph Henry. 8vo., pp. 4, 1

woodcut. (M. C. X.)

191. Smithsoniau Miscellaneous Collections. Vol. VII. 1867. 8vo., pp.

878, 813 woodcuts.
contents.

Allen, H. Monograph of bats of North America. No. 165.

BiNNEY, W. G. Land and fresh-water shells of North America. Part

II. No. 143.

BiNNEY, W. G. Land and fresh-water shells of North America. Part*

III. No. 144.

Stimpson, W. Hydrobiinse. No. 201.

Prime, T. Monograph of American corbiculadae. No. 145.

Conrad, T. A. Check-list of fossils—eocene and oligocene. No. 200.

Meek, F. B. Check-list of fossils—miocene. No. 183.

Meek, F. B. Check-list of fossils—cretaceous and Jurassic. No. 177.

Eqleston, T. Catalogue of minerals. No. 15G.

GiBBS, G. Dictionary of Chinook jargon. No. 161.

GiBBS, G. Instructions for ethnological and philological research. No. IGO.

List of works published by the Smithsonian Institution to January. 1866.

No. 203;
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192. Cretaceous Reptiles of the United Stales. By Joseph Leidy. May,
1865. 4to., pp. 142, 35 woodcuts, 20 plates of 309 figures. (S. C.

XIV.}

193. Duplicate Shells Collected by the United States Exploring Expedition

under Captain C. Wilkes. 8vo., pp. 4.

194. Laud and Frqsh-water Shells of North America. Part I.—Pulraonata

geophila. By W. G. Binney and T. Bland. February, 1869.

8vo., pp. 328, 723 woodcuts. (M. C. viii.)

195. Discussion of the Magnetic and Meteorological Observations made at

the Girard College Observatory, Philadelphia, in 1840-'41-'42-'43-

'44-'45. Parts I to XII inclusive. (Nos. 113-^^ 121^^"^ 132-^"^

162-'^", 175-^'^ 186^^^'.) 4to., pp. 262, 49 woodcuts.

196. Physical Observations in the Arctic Seas. By Isaac I. Hayes. Re-

duced and discussed by Charles A. Schott. June, 1867. 4to., pp.

286, 15 woodcuts, 3 maps, 3 plates. (S. C. xv.)

197. On the Fresh-water Glacial Drift of the Northwestern States. By
Charles Whittlesey. May, 1866. 4to., pp. 38, 14 woodcuts, 1

map, 1 plate. (S. C. xv.)

198. Physical Observations in the Arctic Seas. By Elisha Kent Kane.
Made during the Second Grinnell Expedition in Search of Sir John

Franklin, in 1853, 1854, and 1855, at Vau Rensselaer Harbor and

other points on the West Coast of Greenland. Reduced and dis-

cussed by Charles A. Schott. Part I.—Magnetism. II.—Meteorology.

III.—Astronomy. IV.—Tides. (Nos. 97-\ 104^', 129"^", 130^"'.)

1859-60. 4to., pp. 340, 17 woodcuts, 1 map, 6 plates.

199. An Investigation of the Orbit of Neptune, with General Tables of its

Motion. By Simon Newcomb. January, 1866. 4to., pp. 116.

(S. C. XV.)

200. Check-list of the Invertebrate Fossils of North America, Eocene

and Oligocene. By T. A. Conrad. May, 1866. 8vo., pp. 46. (M.

C. VII.)

201. Researches upon the Hydrobiiuic and Allied Forms ; chiefly made
upon materials in the Museum of the Smithsonian Institution. By
William Stimpson. August, 1865. 8vo., pj). 64, 32 woodcuts.

(M. C. VII.)

202. Geological Researches in China, Mongolia, and fJapan, during tiie

years 1862 to 1865. By Raphael Pumpelly. August, 1866. 4to.,

pp. 173, 18 woodcuts, 3 plates of 10 figures, 6 plates of 15 maps. (S.

C. xv.)«

3
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203. List of Works published by the Smithsonian Institution. January,

1866. 8vo., pp. 12. (M. C. vii.)

204. Results of Meteorological Observations made at Brunswick, Maine,

between 1807 and 1859. By Parker Cleaveland. Reduced and

discussed by Charles A. Schott. May, 1867. 4to., pp. 60, 8 woodcuts.

(S. C. XVI.)
t

205. Circular Relating to Collections in Archasology and Ethnology. By

Joseph Henry. January, 1867. 8vo., pp. 2. (M. C. viii.)

206. Smithsonian Contributions to Knowledge. Vol. XV. 1867. 4to.,

pp. 620, 47 woodcuts, 13 plates, 4 maps.

CONTENTS.

Netv'Comb, S. Orbit of Neptune. No. 199.

Whittlesey, C. Fresh-water glacial drift of Northwestern States. No.

197.

PuMPELLY, R. Geological researches in Ciiina, Mongolia, and .Japan.

No. 202.

Hayes, I. I. Physical observations in the Arctic seas. No. 196.

207. Suggestions Relative to Objects of Scientifie Investigation in Russian

America. By Joseph Henry. May, 1867. 8vo., pp. 10. (M.

C. VIII.)

208. The Gliddon Mummy Case in the Museum of the Smithsonian Insti-

tution. By Charles Pickering. June, 1867. 4to., pp. 6, 1 plate.

S. C. XVI.)

209. Annual Report of the Board of Regents of the Smithsonian Insti-

tution, for the year 1865. 89th Congress, 1st Session, House of

Representatives Mis. Doc. No. 102. 1866. 8vo., pp. 496, 139 wood-

cuts.

CONTENTS.

Henry, J. Secretary's report of operations.

Board of Regents. Proceedings of

Baird, S. F. Report of publications, exchanges, museum, and explora-

tions.

List of addresses of foreign institutions since 18G2.

List of meteorological stations and observers.

List of meteorological material contributed.

Correspondence :

Henry, J. Letter to Secretary of Treasury on payment of interest

in coin.

Leidy, J. ; Tryon, G. W. Report on shells presented to Academy

of Natural Sciences.

Mexican Soc. of Geog. axd Statistics. Exchange system.



OF THE SMITHSONIAN INSTITUTION. 35

209. Report for 1805—Continued.

EvAKS, J. Climate of Colorado.

Given, W. P. Remarkable electric phenomenon.

Hale, C. Explorations of the Nile.

Mixing Dept., Melbourne. Exchange system.

Cakleton, J. H. Meteorites in Mexico.

CoNEAD, T. A. Chalk found in United States.

Regents of University of State of New York. Acknowledg-
ment for specimens.

McM asters, S. Y. Language of Navajos said to resemble the Welsh.

GiBBS, G. Indian languages.

LiSBOA, M. M. Books on Brazil presented.

Brazilian Nat. Hist. Museum. Specimens from Brazil presented.

Bern 3Iuseum. Request for Bison.

Imperial Library of Vienna. Books presented.

Bruce, F. W. A., British Minister. Introducing and recommending
Dr. Berendt.

De Irisaeri, a. T., Guatemalan Minister. Introducing and recom-

mending Dr. Berendt.

Molina, L., Costa Rican Minister. Introducing and recommending
Dr. Berendt.

Rosing, J . Exchange system.

Government of Bremen. Exchange system.

HoDGiNS, J. G. .Meteorological system of Canada.

British 31useum. Acknowledgment of specimens.

Toronto University. Objects of the Museum.
Petitot, E. Account of the Indians of British America.

Act of Congress to transfer Smithsonian Library to Library of Congress.

Barnard, J. G. Eulogy on Gen. Jos. G. Totten.

Flourens, M. Memoir of Ducrotay de Blainville.

Chossat, Dr. Report on the transactions of the Society of Pliysics and
Natural History of Geneva, from July, 18G3, to June, 1864.

Plantamour, M. E. Report on the transactions of the Society of Physics

and Natural History of Geneva, from July, 1864, to June, 1865.

Loomis, E. Aurora Borealis, or Polar Light ; its phenomena and laws.

The Senses. Sense of feeling ; sense of smell.

Matteucci, C. Lectures on electro-physiology.

Desor, E. Palafittes or Lacustrian constructions of the Lake of Nou-
chatel.

Plateau, J. Experimental and theoretical researches on the figures of

equilibrium of a liquid mass withdrawn from the action of gravity,

etc. Part V.

LiLLJEBORG, W. Outline of a systematic review of the classification of

birds.

Prize Questions :

Royal Danish Society of Sciences.

Imperial Academy of Sciences of Vienna.

Pontifical Academy of the Nuovi Lincei.

Royal Scientific and Literary Institute of Lombardy.
Imperial Society of Science, Agriculture, and Arts of Lille.

Dunkirk Society for the encouragement of sciences, letters, and arts.

Newton, H. A. Metric system of weights and measures, with tables.
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210. Arrangement of Families of Birds, adopted provisionally by the

Smithsonian Institution. By S. F. Baird. June, 1866. 8vo., pp. 8.

(M. C. VIII.)

211. Smithsonian Contributions to Knowledge. Vol. XVI. 1870. 4to.,

pp. 498, 76 woodcuts, 18 plates.

CONTENTS.

Dean, J. Gray substance of the medulla oblongata and trapezium. No.

173.

Cleaveland, p. Meteorological observations, Brunswick, Maine, 53

years. No. 204.

Hildreth, S. p. Meteorological observations, Marietta, O. No. 120.

Pickering, C. Gliddon mummy case. No. 208.

Coffin, J. H. Orbit and phenomena of a meteoric fire ball. No. 221.

Gould, B. A. Transatlantic longitude. No. 223.

Swan, J. G. Indians of Cape Flattery. No. 220.

212. Smithsouiau Miscellaneous Collection.-. Vol. VIII. 1869. 8vo., pp.

921, 730 woodcuts, 4 plates.

CONTENTS.

OsTEN Sackkn, E. Monograph of the diptera of North America. Part

IV. No. 219.

ScuDDER, S. H. Catalogue of the orthoptera of North America. No.

189.

BiNNEY, W. G. ; Bland, T. Land and fresh-water shells of North

America. Part I. No. 194.

Baird, S. F. Arrangement of families of birds. No. 210.

Henry, J. Circular to officers of the Hudson's Bay Company. No. 137.

Henry, J. ; Gibbs, G. ; Baird, S. F. Suggestions relative to scientific

investigations in Kussian America. No. 207.

Henry, .J. Circular relative to archasology and ethnology. No. 205.

Henry, J. Circular to entomologists. No. 178.

Henry, J. Circular relative to collections of birds from Middle and

South America. No. 168.

Baikd, S. F. Smithsonian Museum miscellanea. No. 164.

213. Smithsonian Miscellaneous Collections. Vol. IX. 1869. 8vo., pp. 914.

contents.

Binney, W. G. Bibliography of North American conchology. Foreign

authors. Part II. No. 174.

Catalogue of publicatiorjs of societies and of periodicals in Smithsonian

Library, 1866. No. 179.

214. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1866; 39th Congress, 2d Session, House of Repre-

sentatives, Mis. Doc. No. 83. 1867. 8vo., pp. 470, 70 woodcuts.

CONTENTS.

Henry, ,T. Secretary's rejiort of operations.

Board of Reoknts. Proceedings of
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214. Report for 18G0—Continued.

Baird, S. F. Report on jniblications, exchanges, museum, and explo-

rations.

List of meteorological stations and observers.

Act of Congress to receive into the United States Treasury the residuary

legacy of Smithson, etc.

Memorial of Board of Kegents to Congress i-elative to the fund.

Henry, J. Memoir of W. W. Seaton.

Report on system of accounts.

Flourens, M. Memoir of Magendie.

The Senses. Sense of taste; sense of hearing; sense of sight.

HuGGixs, W. Results of spectrum analysis applied to the heavenly bodies.

External appearance of the sun's disk.

Moigno, Abbe. Accidental or subjective colors : Persistence of images,

contrast, irradiation, daltonism, etc.

Plateau, J. Figures of equilibrium of a liquid mass withdrawn from

the action of gravity. Part VI.

GossE, Dr. Report on the transactions of the Society of Physics and

Natural History of Geneva, from July, 1805, to June, 18G6.

GiBBs, G. Notes on the Tinneh or Chepewyan Indians of British and

Russian America. 1. The Eastern Tinneh, by Bernard R. Ross, Esq.

2. The Loucheux Indians, by William L. Hardisty. 3. The Kutchin

Tribes, by Strachan Jones, Esq.

Von Hellwald, F. The American migration, with notes by Prof.

Henry.

Rati, C. Indian pottery.

Brinton, D. G. Artificial shell deposits of the United States.

Dille, I. Sketch of ancient earth-works of Ohio.

Pile-work antiquities of Olmutz.

EsTEs, L. C. Antiquities on the banks of the Mississippi river and Lake

Pepin.

GiBBs, G. Physical Atlas of Norm America.

Davis, E. H. On ethnological research.

ScHERZEii ; Schwarz. Table of anthropological measurements.

International Archreological Congress, organized by the Archaeological

Academy of Belgium, in concert with the French Society of Archse-

t)logy. Antwerp, 18C6.

Hkuuns, H. II. On vitality, with notes by Prof. Henry.

Lewis, J. Instructions for collecting land and fresh-water shells.

Wood, H. C. Instructions for collecting myriapods, phalangidse, etc.

Wetherill, C. M. Plan of a research upon the atmosphere.

Lewis
;
Quale. Account of the cryolite of Greenland.

Extracts from the Meteorological Correspondence ok the Insti-

tution.—
Henry, J. Remarks by

Dennis, W. C. Evaporation in Florida.

Dennis, W. C. Fresh-water in the ocean.

Dewey, C. The winds.

Baltzell, J. Winds in Florida.

Ward, L. F. Ijarometer tube breaking suddenly.

Andreavs, S. L. Meteors.
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214. Report for 18GC—Continued.

Balfour, J. The wind and fog.

Huntington, G. C. Climate of Kelley's Island, Ohio.

Mallinikroot, C. Changes of wind.

Capen, F. L. Meteorological discovery.

Fendler, a. Meteorology of Colonia Tovar.

HiLLiER, S. L. Effect of lightning.

Bannister, H. M. Formation of clouds over Gulf stream.

Bannsster, H. M. Climate of Alaska.

Vaillant, 31. Horary variations of the barometer, with notes by Prof.

Henry.

Englehardt, M. Formation of ice at the bottom of water.

Saktorius, C. Earthquake in Eastern Mexico, January, 1866.

Dreutzer, 0. E. Statistics relative to Norwegian mountains, lakes, and

the snow-line.

215. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1867. 40th Congress, 2d Session, Senate Mis.

Doc. No. 86. 1868. 8vo., pp. 506, 10 woodcuts.

contents.

Henry, J. Secretary's report of operations.

Board of Kegents. Proceedings of

Baird, S. F. Eeport of exchanges and museum.

Baird, S. F. List of expeditions and other sources from which the speci-

mens in the Government Museum have been mainly derived.

List of meteorological stations and observers.

Meteorological material contributed in addition to the regular observations.

Cluss, a. Keport of the architect.

Correspondence :

Amer. Acad, of Arts and Sciences. Exchange system.

Knight, G. H. New system of weights and measures with 8 as the

metrical number.

BoLLES, E. C. Account of Portland Society of Natural History.

Bath and West of Eng. Soc. for Enoour. of Agric, Arts, etc.

Exchange system.

Hamburg Zool. Gardens. Exchange of specimens.

Chicago Acad, of Sciences. Acknowledgment for specimens.

Taylor, "W. B. Report on improved system of numeration.

St. Petersburg Acad, of Sciences. Exchange system.

Zisgenbals, H. Schlagintweit ethnographic collection.

Lloyd, W. A. Sparrows sent to United States.

Lloyd, W. A. Exchange of specimens.

Museum of Nat. Univ. of Greece. E.xchange of specimens.

Laboulaye, M. Acknowledgment for books on education.

Acad, of Sciences, Stockholm. Acknowledgment of birds.

Gould, J. Acknowledgment of birds.

Mayberry, S. p. Gradual approach of sea upon land.

University of Costa Rica. Exchange of specimens.

Guild, R. A. Biographical notice of Chas. C. Jewett.

Gray, A, Biographical notice of W. H. Harvey.

Agassiz, L. Report on use of new hall in Smithsonian Building.
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215. Report for 1867—Continued.

Memorial of Eegents to Congress asking appropriations for Museum.
DeBeaumont, E. Memoir of Legendre.

Peltier, P. A. Memoir of J. C. A. Peltier.

Scientific researches of Peltier.

Mailly, E. History of Royal Institution of Great Britain.

De La Eive, Prof. Michael Faraday, his life and works.

Flourens, M. The Jussieus and the natural method.

Marey, M. Natural history of organized bodies.

Matteucci, C. On the electrical currents of the eartli.

Considerations on electricit}'.

Electricity—Account of lightning discharges, with notes by Prof. Henry.

G. W. Dodge, 0. M. Poe, J. C. Cresson, H. Haas, H. J. Kron, B. F.

Mudge, New Haven Journal, S. D. Martin, G. Wright, C. G.

Boerner, W. S. Gilman, C. W. Dean, J. A. Osborne.

Darwin, C. Queries about expression for anthropological inquiry.

Pettigrew, J. B. Modes of flight in relation to aeronautics.

Man as the contemporary of the mammoth and reindeer in Middle Europe.

Jamin, M. Photo-chemistry.

Abbe, C. Description of the observatories at Dorpat and PouUvOva.

Tylor, E. B. On traces of the early mental condition of man.

Ethnology :

GuNN, D. Indian remains, Red River Settlement, Hudson's Bay

Territory.

Read, M. C. Ancient mound near Chattanooga, Tenn.

Pidgeon, W. Ancient burial mound in Indiana.

Berthoud, E. L. Ancient remains in Colorado.

Agnew, S. a. Mounds in Mississippi.

Whitney, J. D. Cave in Calaveras county, California.

Ethnological Department of the French Exposition, 1867.

Hayden, F. V. Notes on Indian history.

Meigs, J. A. Description of a human skull from Rock Bluff, 111.

Kabis, M. Introduction to the study of the Coptic language.

Smart, C. Notes on the Tonto Apaches.

Berendt, C. H. Explorations in Central America.

GuNN, D. Notes of an egging expedition to Shoal Lake, Lake Winnipeg.

Rothrock, J. T. Sketch of the flora of Alaska.

Meteorology :

Hurricane in the island of St. Thomas.

Latimer, G. A. Earthquakes in St. Thomas.

Maritime disasters of the Antilles.

Dickinson, A. B. Eruption of a volcano in Nicaragua.

Young, W. J. Cloud-bursts.

Woodworth, a. Meteorite in Mexico.

SiMSON, R. Meteorite in Mexico.

Ernst, G. A. Meteorology of Caracas, South America.

TucKETT, F. F. On barometer tables.

L.vtimer, G. a. Great hurricane at Tortola, St. Thomas, and Porto

Rico.

Pike, N. Cyclone in the Indian Ocean.
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Prize Questions :

Royal Danish Society of Sciences.

Pontifical Academy of the Nuovi Lincci.

De La Ruk, W. Abbreviations used in England, 1867.

216. List of Photographic Portraits of North American Indians in the

Gallery of the Smithsonian Institution. 1867. 8vo., pp. 42. (M.

C. XIV.)

217. Letter by M. Hoek in reference to the Meteoric »Shower of November

13th, 1867. 8vo., pp. 4.

218. Systems of Consanguinity and Affinity of the Human Family. By
Lewis H. Morgan. 1869. 4to., pp. 616, 6 \voodcuts, 14 plates.

(S. C. XVII.)

219. Monographs of the Diptera of North America. By R. Osten

Sacken. Part IV. 1869. 8vo., pp. 358, 7 woodcuts, 4 plates of

92 figures. (M. C. viii.)

220. The Indians of Cape Flattery, at the entrance to the Strait of Fuca,

Washington Territory. By James G. Swan. March, 1870. 4to.,

pp. 118, 44 woodcuts. (S. C. xvi.)

221. The Orbit and Phenomena of a Meteoric Fire Ball, seen July 20,

1860. By James H. Coffin. May, 1869. pp. 56, 3 woodcuts, 1

map. (S. C. XVI.

j

222. Tables and Results of the Precipitation, in Rain and Snow, in the

United States, and at some stations in adjacent parts of North Amer-

ica, and in Central and South America. By Charles A. Schott.

March, 1872. 4to., pp. 178, 8 woodcuts, 5 plates, and 3 double

charts. (S. C. xviii.)

223. The Transatlantic Longitude, as determined by the Coast Survey Ex-

pedition of 1866. By Benjamin Apthorp Gould. October, 1869.

4to., pp. 110, 2 woodcuts. (S. C. xvi.)

224. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1868. 40th Congress, 8d Session. House of Rep-

resentatives, Ex. Doc. No. 83. 1869. 8vo., pp. 474, 40 woodcuts.

CONTENTS.

Henry, J. Secretary's report of operations.

Board of Regents, Proceedings of

List of meteorological stations and observers.

List of meteorological material contributed to Smithsonian Institution.

Delafield, R. Report of Committee of Regents on Washington canal.

Flourens, M. Memoir of Cuvicr.

Flourens, M. History of the works of Cuvier.

De Beaumont, E. Memoir of Oersted.

Notice of Christian Frederic Schcenbein, the discoverer of ozone.
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284. Report for 1868—Continued.

Henry, J. Appendix to notice of Schcenbein.

Hagen, G. Memoir of Eneke.

Kaavson, K. Memoir of Eaton Hodgkinson.

Cazin, a. Recent progress in relation to the theory of heat.

MuLLER, J. Principles of the mechanical theory of heat.

Magkixi, L. ContinuoiLS vibratory movement of all matter, ponderable

and imponderable.

Tyndall, J. Radiation.

Daitbree, M. Synthetic experiments relative to meteorites.

Brush, G. J. Catalogue of meteorites in the mineralogical collection of

Yale College.

De Saussure, H. Observations on the electric resonance of mountains.

Stewart, B. Experiments on aneroid barometers made at the Kew Ob-
servatory.

Ellery, R. L. J. Address of the president of the Royal Society of Vic-

toria.

Wartmann, E. Report on the transactions of the Society of Physics

and Natural History of Geneva, from July, 1867, to June, 1868.

Broca, p. History of the transactions of the Anthropological Society

of Paris, from 1865 to 1867.

Rau, C. Drilling in stone without metal.

Rati, C. Agricultural flint implements in southern Illinois.

Notice of the Blackmore Museum, Salisbury, England.

Prize Quejstions :

Holland Society of Sciences of Harlem.

Imperial Academj' of Sciences, Belles Lettres, and Arts, of Bordeaux.

.Pollock, J. Assay of gold and silver coins at the Mint of the United

States.

Table of foreign gold and silver coins.

List of publications of the Smithsonian Institution up to July, 1869, with

systematic and alphabetical index.

225. List of Foreigu Correspondeuts of the Smithsonian Institution ; cor-

rected to January, 1870. April, 1870. 8vo., pp. 56.

226. A List of the Smithsonian Publications, from 1846 to 1869. Novem-

ber, 1869. 8vo., pp. 34.

227. Arrangement of the Families of Mollusks. By Theodore Gill.

February, 1871. 8vo., pp. Go. (M. C. x.)

228. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1869. 41st Congress, 3d Session. House of Rep-

resentatives, Ex. Doc. No. 153. 1871. 8vo., pp. 430,38 woodcuts,.

1 map.

contents.

Henry, J. Secretary's report of operations.

Board of Regents, Proceedings of

List of meteorological stations and observers.

List of meteorological material contributed to Smithsonian Institution.



42 LIST OF PUBLICATIONS

238. Report for 18G0—Continued.

Berthrand, M. Kepler: his life and works.

Arago, M. Eulog}' on Thomas Young.

De Bkaumont, E. Memoir of Augusts Bravais.

Kau, C. Memoir of C. F. T. Von Martius.

Mattkucci, C. Life and scientific lahors of Stefano Marianini.

Hunt, T. S. Chemistry of the earth.

Matteucci, C. Electrical currents of the earth.

Marey, M. Phenomena of flight in the animal kingdom.

Babinet, M. The northern seas.

Lombard, H. C. Keport on the transactions of the Society of Physics

and of Natural History of Geneva, July, 1868, to June, 1869.

Simpson, J. H. Coronado's march in search of the " Seven Cities of

Cibola."

Lubbock, J. Social and religious condition of the lower races of man.

Huxley, T. H. Principles and methods of palaeontology.

SCHOTT, A. Eemarks on the " Cara Gigantesca" of Yzamal, in Yucatan,

tan.

Becquerel, M. Forests and their climatic influence.

Brenndecke, F. Meteorites.

Abich, S. Eemarkable forms of hail-stones in Georgia.

Sartorius, C. Eruption of the volcano of Colima.

229. Smithsonian Contributions to Knowledge. Vol. XVII. 1871. 4to.,

pp. G16, 6 woodcuts, 14 plates.

CONTENTS.

Morgan. Systems of consanguinity and affinity of the human family.

No. 218.'

230. Arrangement of the Families of Mammals. By Theodore Gill.

November, 1872. 8vo., pp. 104. (M. C. xi.)

231. Memoranda of Inquiry relative to the Food Fishes of tlie United

States. By S. F. Baird. 1871. 8vo., pp. 8. (M. C. x.)

232. The Secular Variations of the Elements of the Orbits of the Eight

Principal Planets, Mercury, Venus, the Earth, Mars, Jupiter, Saturn,

Uranus, and Neptune, with tables of the same; together with the

obliquity of the ecliptic and the precession of the equinoxes in both

longitude and right ascension. By John N. Stockwell. 1872.

4to., pp. 220. (S. C. XVIII.)

233. Converging Series expressing the Ratio between the Diameter and

the Circumference of a Circle. By Wm. Ferrel. April, 1871.

4to., pp. 6. (S. C. xviii.)

234. Questions Relative to the Food Fishes of the United States. By
S. F. Baird. 1871. 8vo., pp. 14. (M. C. x.)

235. Instructions for Observations of Thunder Storms. By Joseph

Henry. 1871. 8vo., p. 1. (M. C. x.)
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236. Circular Relative to Heights. By Joseph Henry. 1871. 8vo.,pp.

2. (M. C. X.)

237. Directions for constructing Lightning Rods. By Joseph Henky.
. 1871. 8vo., pp. 4. (M. C. X.)

238. List of the Institutions, Libraries, Colleges, and other Establishments

iu the United States in correspondence with the Smithsonian Institu-

tion. By Wm. J. Rhees. July, 1872. 8vo., pp. 256. (M. C. x.

)

239. Observations on Terrestrial Magnetism, and on the Deviations of the

Compasses of the United States Iron Clad Mouaduock during her

cruise from Philadelphia to San Francisco, in 1865 and 1866. By
Wm. Harkness. 1872. 4to., pp. 226, 2 woodcuts. (S. C. xviii.)

240. Problems of Rotary Motion presented by the Gyroscope, The Pre-

cession of the Equinoxes, and The Pendulum. By J. G. Barnard.
1872. 4to., pp. 56, 6 woodcuts. (S. C. xix.)

241. A Contribution to the History of the Fresh Water Algre of North

America. By Horatio C. Wood, Jr. 1872. 4to., pp. 272, 21

plates of 340 figures. (S. C. xix.)

242. Lucernarise and their Allies. A Memoir on the Anatomy and Physi-

ology of Haliclystus Auricula and other Luceruariaus, with a Dis-

cussion of their Relations to other Acalephse, to Beroids and Polypi.

By H. J. Clark. 1878. 4to., pp. 138, 11 plates of 149 figures.

(S. C. xxii.)

243. List of Foreign Correspondents of the Smithsonian Institution ; cor-

rected to January, 1872. 1872. 8vo., pp. 66. (M. C. x.)

244. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1870. 42d Congress, 1st Session. House of Rep-

resentatives, Ex. Doc. No. 20. 1871. 8vo., pp. 494, 28 woodcuts.

CONTENTS.

Henry, J. Secretary's report of oporiitions.

Board of Hegents, Proceedings of

List of meteorological stations and observers.

List of meteorological material contributed to Smithsonian Institution.

Henry, J. Eulogy on Alexander Dallas Bache.

Baohe, a. D. Lecture on Switzerland.

Henry', J. On a physical observatory.

Akago, M. The History of my Youth, an autobiography.

Arago, M. Eulogy on Herschel.

Life and labors of Henry Gustavus Magnus.

Anderson, M. B. Life of Prof. Chester Dewey.

Taylor, W. B. Thoughts on the nature and origin of force.
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244. Report for 1870—Cnntinufld.

Yon Liebig, J. Induction and deduction.

Haughton, S. Relation of food to work, and its bearing on medical

practice.

Reynolds, J. E. Hydrogen as gas and as a metal.

Wiseman, N. Identification of the artisan and artist.

Babixet, M. The diamond and other precious stones.

Ethnology :

GiBBs, G. On the language of the aboriginal Indians of America.

Williams, H. C. On antiquities in some of the Southern States.

Gakdner, W. H. Ethnology of the Indians of the valley of the

Red River of the North.

FiNCK, H. Account of antiquities in the State of Vera Cruz, Mexico.

Dunning, E. O. Account of antiquities in Tennessee.

Stephenson, M. F. Account of ancient mounds in Georgia.

Dayton, E. A. Explorations in Tennessee.

Harwoox), a. a. Account of the sarcophagus in the National Mu-
seum, now in charge of the Smithsonian Institution.

Grant, E. M. Account of the discovery of a stone image in Tennes-

see, now in possession of the Smithsonian Institution.

Blyden, E. D. On mixed races in Liberia.

Foavler, J. On shell-heaps.

Peale, T. E. On the uses of the brain and marrow of animals

among the Indians of North America. ,

Lyon, S. S. Report of an exploration of ancient mounds in L^nion

county, Kentucky.

Barrandt, a. Sketch of ancient earthworks on the Upper Missouri.

Steele, J. P. Account of aboriginal ruins at Savannah, Tennessee.

Steele, J. P. Account of aboriginal ruins in Hardin Co., Tennessee.

Terrestrial- Physics :

Campbell, J. V, The earthquake in Peru, August 13, 1868.

Palmieri, Prof. The electro-magnetic seismograph.

Johnson, W. W. On the distribution of forest trees in Montana,

Idaho, and Washington.

Sargent, AV. D. Influence of the aurora on the telegraph.

Meteorology :

PoEY, A. New classification of clouds.

Tacchini, p. On the evaporation observed at Palermo, in 1865 and

1866.

Zantedeschi, F. On the electricity of induction in the atrial strata

of the atmosphere, which, in the shape of a ring, surround a

cloud that is resolving into rain, snow, or hail.

Palmieri, Prof. On the presence of electricity during the fall of

rain.

Elliott, R. S. Climate of Kansas.

Porter, Commodore. Account of a hail storm on the Bosphoru.s.

Bache, G. M. Account of a hail storm in Texas.

245. Check List of Publications of the Smithsonian Institution to July,

1872. 1872. 8vo., pp. 21. (M. C. x.)
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246. Smithsonian Contributions to Knowledge. Vol. XVIII. 1872. 4to.,

pp. 646, 10 woodcuts, 5 plates, 3 charts.

(.ONTENTS.

ScHOTT, C. A. Tables of rain and snow. No. 222.

Stockwell,, J. N. Secular variations of the orbits of planets. No. 232.

Hakknes.s, W. Observations on terrestrial magnetism. No. 239.

Ferrel, W. Converging series, expressing the ratio between the diame-

ter and the circumference of a circle. No. 233.

247. Arrangement of the Families of Fishes, or Classes Pisces, Marsipo-

branchii, and Leptocardii. By Theodore Gill. November, 1872.

8vo., pp. 96. (M. C. XI.)

248. On the Geology of Lower Louisiana and the Salt Deposit on Petite

Anse Island. By Eugene W. Hilgard. June, 1872. 4to., pp. 38,

4 woodcuts, 2 plates. (S. C. xxiii.)

249. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1871. 42d Congress, 1st Session. Senate Mis. Doc.

No. 149. 1873. 8vo., pp. 473, 3 woodcuts. ^

CONTENTS.

Henry, J. Secretary's report of operations.

Board of Eegents, Proceedings of

List of meteorological stations and observers.

Meteorological material contributed to Smithsonian Institution.

Meteorological articles received by the Institution, and deposited in the

Library of Congress. Auroras,- earthquakes, etc.

Dodge, N. S. Memoir of Sir John Frederick William Herschel.

Arago, M. Eulogy on Joseph Fourier.

Odling. "VV. Pi'ofossor Thomas Graham's scientilic work.

Helmholtz, H. On the relation of the physical sciences to science in

general.

KoRNHUBER, G. A. Alternate generation and parthenogenesis in the

animal kingdom.

Keichardt, W. Present state of our knowledge of cryptogamous plants.

Stockwell, J. N. Eecent researches on the secular variations of the

planetary orbits.

De Forest, E. L. Methods of interpolation applicable to the graduation

of irregular series, such as tables of mortalitj'. Part I.

De Saussure, H. lieport on the transactions of the Society of Physics

and Natural History of Geneva, from July, 1870, to June, 1871.

Expedition toward the North Pole :

Henry, J. ; Hilgard, J. E. ;>Newcomb, S. ; Baird, S. F.; Mekk,

F. B. ; Agassiz, L. Scientific instructions to Captain Hall.

Ethnology :

Comfort, A. J. Indian mounds near Fort Wad>worth, Dakota.

Bertuoud, E. L. Antiquities on the Cache la Poudre lliver, Weld
county, Colorado Territory.

Lyon, W. B. Antiquities in New Mexico.
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849. Report for 1871—Continued.

Spainhour, J. M. Antiquities in Lenoir county, North Carolina.

McCoNNELL, E. M. Account of the old Indian village, Kushkush-

kce, near Newcastle, Pennsylvania.

Gkossmann, F. E. Pima Indians of Arizona.

Crook, G. Indian mode of making arrow-heads and obtaining tire.

Peter, R. Ancient mound near Lexington, Kentucky.

Brown, D. Shell-heap in Georgia.

ScHOTT, A. Eemarks on ancient relic of Maya sculpture.

Much, M. Ancient history of North America.

Rcehrig, F. L. O. On the language of the Dakota or Sioux Indians.

Meteorology, with notes by Professor Henry :

Latimer, G. Meteorology of Porto Rico.

Collins, Colonel. Meteorology of the Green river country.

Lamark. Distinction between tornadoes and tempests.

Meek, J. B. Account of a tornado which occurred in Spruce Creek

Valley, Centre county, Penn.sylvania.

Henry, J. Eifect of the moon on the weather.

Knight, R. T. ; Henry, J. Connection of gales of wind and appear-

ance of the aurora.

Harrison, W. Account of a storm in Butler county, Kansas, June
*

23, 1871.

250. Smithsonian Miscellaneous Collections. Vol. X. 1873. 8vo., pp.

913, 5 woodcuts.

contents.

Carpenter, P. P. Mollusks of western North America. No. 252.

Gill, T. Arrangement of the families of mollusks. No. 227.

Henry, J. Instructions for observations of thunder storms. No. 235.

Henry, J. Circular relative to heights. No. 236.

Henry, J. Directions for constructing lightning rods. No. 237.

Henry, J.- Queries I'elative to tornadoes. No. 190.

Baird, S. F. Questions relative to the food fishes of the United States.

No. 234.

Baird, S. F. Memoranda of inquiry relative to food fishes. No. 234.

Rhees, W. J. List of institutions, etc., in the United States in corres-

pondence with the Smithsonian Institution. No. 238.

List of foreign correspondents of the Smithsonian Institution, for 1872.

No. 243.

Check list of publications of the Smithsonian Institution, 1872. No. 245,

251. Memoir of C. F. P. Von Martins. By C. Rau. 1871. 8vo.. pp. 12.

252. The Mollusks of Western North America. By P. P. Carpenter.
December, 187^ 8vo., pp, 446, 4 woodcuts. (M. C. x.)

CONTENTS.

Supplementary report on the present state of our knowledge with regard

to the mollusca of the west coast of North America.

Review of Professor C. B. Adams' " Catalogue of the Shells of Panama "

from the type specimens.



OF THE SMITHSONIAN INSTITUTION. 47
253. Mollusks of Western America—Continued.

Diagnoses of new forms of mollusks collected at Cape St. Lucas, Lowei*

California.

Contributions towards a monograph of the pandoridaa.

Diagnoses of new forms of moUusca from the Vancouver district.

Diagnoses of new species and a new genus of mollusks, from the Eeigen

Mazatlan collection ; with an account of additional specimens pre-

sented to the British 3Iusoum.

Descriptions of new species and varieties of chitonidfe and acmajidae, from

the Panama collection of the late Prof. C. B. Adams.

Diagnoses of new species of mollusks from the west tropical region of

North America.

Diagnoses of new forms of mollusca from the west coast of North Amer-
ica, first collected by Col. E. Jewett.

Diagnoses of new forms of mollusca, collected by Col. E. .Tewett, on the

west tropical shores of North America.

Diagnoses des mollusques nouveaux provenant de Californie et faisant

partie du Musee de I'Institution Smithsonienne.

On the pleistocene fossils collected by Col. E. Jewett, at Santa Barbara,

California; with descriptions of new species.

253. Land and Fresh Water Shells of North America. Part IV. Strepo-

matidse (American Melaniaus). By Geo. W. Tryon, Jr. Decem-

ber, 1873. 8vo., pp. 490, 871 woodcuts. (M. C. xvi.)

254. Synopsis of American Wasps. Solitary Wasps. By Henry De
Saussure. December, 1875, 8vo., pp. 430, 4 plates of 31 figures.

(M.C. XIV.)

255. The Constants of Nature. Part I. Specific Gravities : Boiling and

Melting Points; and Chemical Formulse. By Frank Wiggles-

worth Clarke. December, 1873. 8vo., pp. 272. (M. C. xii.)

256. Monographs of the Diptera of North America. Part III. By H.

Loew. December, 1873. 8vo., pp. 381, 4 plates of 116 figures.

(M. C. XI.)

257. Systematic Index to List of Foreign Correspondents of the Smith-

sonian Institution. 1872. 8vo., pp. 30. (M. C. x.)

258. Bibliographical Index to North American Botany ; or, Citations of

Authorities for all the recorded Indigenous and Naturalized Species

of the Flora of North America; with a Chronological Arrangement

of the Synonymy. Part I. Polypetala3. By Sereno Watson,

March, 1878. 8vo., pp. 484, (M. C. xv.)

259. Explorations of the Aboriginal Remains of Tennessee. By Joseph

, Jones. October, 1876. 4to., pp. 181, 110 woodcuts. (S, C. xxii.)

260. Regulations of the Smithsonian Institution. January, 1872. 8vo.,

pp. 41, 1 woodcut.
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261. Directions for Collecting and Preserving Insects, By A. S. Packard,

Jr. 1873. 8vo., pp. 60, 55 woodcuts. (M. C. xi.)

262. An Investigation of the Orbit of Uranus, with General Tables of its

Motion. By Simon Newcomb. August, 1873. 4to., pp. 296. (S.

C. XIX.)

263. Circular of Instructions to Observatories relative to Telegraphic

Announcements of Astronomical Discoveries. By Joseph Henry.

May, 1873. 8vo., pp. 4. (M. C. xii.)

264. New Species of North American Coleoptera. Part II. By John L.

Le Conte. 1873. 8vo., pp. 74. (pp. 169-240.) (M. C. xi.)

265. Classification of the Coleoptera of North America. Part II. By
John L. Le Conte. June, 1873. 8vo., i)p. 72. (pp. 279-348.)

(M. C. XI.)

266. On the Structure of Cancerous Tumors and the mode in which

Adjacent Parts are Invaded. Toner Lecture No. I. Delivered

March 28, 1873. By J. J. Woodward. November, 1873. 8vo.,

pp. 44. 5 woodcuts. (M. C. xv.)

267. The Haidah Indians of Queen Charlotte's Islands, British Columbia,

with a brief description of their Carvings, Tattoo Designs, etc. By
James G. Swan. July, 1874. 4to., pp. 22, 7 plates of 24 figures.

(S. C. XXI.)

268. The Winds of the Globe ; or, the Laws of Atmospheric Circulation

over the Surface of the Earth. By James Henry Coffin. The

tables completed and maps drawn by S. J. Coffin, with a discussion

and analysis of the tables and charts by Alexander Woeikof.

December, 1875. 4to., pp. 781, 4 woodcuts, 26 plates of 221 figures.

(S. C. XX.)

269. The Sculptures of Santa Lucia Cosumalwhuapa, in Guatemala, with

an account of travels in Central America and on the Western Coast

of South America. By S. Habel, 1878. 4to., pp. 94, 8 plates of

25 figures. (S. C. xxii.)

270. Catalogue of the described Diptera of North America. By C. R.

OsTEN Sacken. 1878. 8vo., pp. 324. (M. C. xvi.)

271. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1872. 42d Congress, 3d Session. House of Rep-

resentatives, Mis. Doc. No. 107. 1873. 8vo., pp. 456,109 wood(;uts.

CONTENTS.

Henri', J. Secretary's report of operations.

Board of Eegknts, Proceedings of
*
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271. Report for 1872—Continued.

List of meteorological stations and observers.

Henry, J. Notes relative to George Catlin.

Report of Committee of Regents on Corcoran Art Gallery.

Agassiz, L. Narrative of the Hassler expedition.

Bache, a. D. Bequest to National Academy of Sciences.

Corcoran, W. W. Deed of gift of Art Gallery.

ToxER, J. M. Deed of foundation of Toner lectures.

Tyndall, J. Trust fund for the promotion of science in the U. S.

Hamilton, J. Bequest of $1,000 to Smithsonian Institution.

Henry, J. Circular sent with specimens presented.

Arago, M. Eulogy on Ampere.

Fischer, F. Scientific labors of Edward Lartet.

Peabody, a. p. Scientific education of mechanics and artisans.

Bauer, A. Organic bases.

Kletzinsky, Prof. Nitrogen bodies of modern chemistry.

Egleston, T. Scheme for the qualitative determination of substances by

the blowpipe.

Blowpipe apparatus of Hawkins and Wale.

SuESS, E. Boundary line between geology and history.

Brezina, a. Explanation of the principles of crystallography and crys-

tallophysics.

WcEiKOFF, A. Meteorology in Russia.

DoNATi, G. B. Phenomena in telegraphic lines during the aurora borealis.

Ethnology :

Broca, p. The Troglodytes, or cave dwellers, of the valley of the

Yezere.

Rati, C. Ancient aboriginal trade in North America.

Rau, C. North American stone implements.

Bruff, J. G. Indian engravings on the face of rocks along Green

River valley in the Sierra Nevadas.

Lee, J. C. Y. Ancient ruin in Arizona.

Barrandt, a. Haystack mound, Lincoln county, Dakota.

Breed, E. E. Earthworks in Wisconsin.

Dean, C. K. Mound in Wisconsin.

Warner, J. Big elephant mound in Grant county, Wisconsin.

CuTTS, J. B. Ancient relics in northwestern Iowa.

Perrinb, T. M. Mounds near Anna, Union county, Illinois.

Peter, R. Ancient mounds in Kentucky.

Stephenson, M. F. Mounds in BartoW county, Georgia.

McKiNLEY, W. Mounds in Mcintosh and Early counties, Georgia.

HoTCHKiss, T. P. Indian remains in Caddo parish, Louisiana.

LocKETT, S. H. Mounds in Louisiana.

Peale, T. R. Prehistoric remains in vicinity of City of Washing-

ton, D. C.

Devereux, J. H. Catalogue of cabinet of Indian relics presented

to Smithsonian Institution.

Devereux, J. H. Ancient pottery from Phillips County, Arkansas.

KiPP, J. On the accuracy of Catlin's account of the Mandan cere-

monies.



50 LIST OF PUBLICATIONS

272. Smithsonian Contributions to Knowledge. Vol. XIX. 1874. 4to.,

pp. 640, 6 woodcuts, 21 plates.

CONTENTS.

Barnark, J. G. Problems of rotary motion. No. 240.

.Wood, H. C. Fresh-water algse of North America. No. 241.

Newcomb, S. Orbit of Uranus. No. 262.

273. Smithsonian Miscellaneous Collections. Vol. XI. 1874. 8vo., pp.

790, 55 woodcuts, 4 plates.

CONTENTS.

Gill, T. Arrangement of the families of mammals. No. 230.

Gill, T. Arrangement of the families of fishes. No. 247.

LoEW, H. Monograph of the diptera of North America. Part III.

No. 256.

Packard, A. S. Directions for collecting and preserving insects. No.

261.

Le CoNTE, J. L. New species of North America coleoptera. Part II.

No. 264.

Le Conte, J. L. Classification of North America coleoptera. Part II.

No. 265.

274. Smithsonian Miscellaneous Collections. Vol. XII. 1874. 8vo., pp.

767, 86 woodcuts.

CONTENTS.

Baird, S. F. Keview of American birds. Part I. No. 181.

Clarke, F. W. The constants of nature. Part I.—Specific gravities.

No. 255.

Henry, J. Circular on Telegraphic announcements of astronomical

discoveries. No. 263.

275. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1873. 43d Congress, 1st Session. Senate Mis.

Doc. No. 130. 1874. 8vo., pp. 452, 33 woodcuts.

CONTENTS.

Henry, J. Secretary's report of operations.

Board of Regents, Proceedings of

Baird, S. F. Report on Museum and exchanges.

Endlich, F. M. List of minerals in the National Museum.
Classified record of monthly meteorological reports preserved in the

Smithsonian Institution.

Classified list of meteorological publications, and mateorological articles

in periodicals deposited in Library of Congress in 1873.

Garfield, J. A. Biographical notice of S. P. Chase and L. Agassiz.

Hamlin, H. Biographical notice of S. P. Chase.

Parker, P. Biographical notice of L. Agassiz.

Hamilton, J. Bequest deposited in United States Treasury.

Dodge, N.. 8/ Memoir of Charles Babbagce.
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275. Report for 1873—Contiuued.

Heistrt, J. On the •' Moon-Hoax."
Babbage, C. Extracts from writint^s of

Stebbins, K. p. Memoir of Louis Agassiz.

Gray, A. Memoir of John Torrey.

Stevens, J. A. Memoir of George Gibbs.

Dalton, J. C. Origin and propagation of disease.

Helmholz H. ; Maxwell, J. C. Later views of the connection of

electricity and magnetism.

Gould, B. A. Account of the astronomical observatory at Cordoba,

Argentine Republic.

Maillt, E. Estimate of the population of the world.

Morix, a. Warming and ventilating buildings. Part I.

Deforest, E. Additions to a memoir on methods of interpolation.

Part II.

Ethnology :

ScHtTMACHER, P. Remarks on tbe Kjokken-Moddings on the North-

west Coast of America.

Berendt, C. H. On a grammar and dictionary of the Carib or Karif

4anguage, with some account of the people by whom it is spoken.

GiLLMAN, H. The mound-builders and platycnemism in Michigan.

Mason, 0. T. The Leipsic " Museum of Ethnology."

Perrine, T. ]\[. Antiquities of Union county, Illinois.

Patton, a. Antiquities of Knox county, Indiana, and Lawrence
County, Illinois.

Miscellaneous Correspondence :

Dall, W. H. Explorations on the Western coast of North America.

PiERSON, AV. M. Discovery of a large meteorite in 3Iexico.

Brunot, F. R. On the habits of the beaver.

• Jevons, W. S. On a national library.

Prize Questions of Scientific Societies :

Society for the Encouragement of Science, Literature, and Art, Dun-
kirk, France.

Society of Science, Art, and Literature of Hainaut, Mons. Belgium.

Royal Institute for the Encouragement of the Natural, Economical,

and Technological Sciences, Naples, Italy.

Royal Academy of Science, Literature, and the Fine Arts, Brussels,

Belgium.

Society of Sciences of Haarlem, Holland.

276. The Constants of Nature. Part II. A Table of Specific Heats for

Solids and Liquids. By Frank W. Clarke. April, 1876. 8vo.,

pp. 58. (M. C. XIV.)

277. Tables, Distribution, and Variations of the Atmosphei-ic Temperature

in the United States and some adjacent parts of America. By
Charles A. Schott. April, 1876. 4to., pp. 360, 10 woodcuts, 2

plates, 3 maps. (S. C. xxi.j

278. Check-list of Publications of the Smithsonian Institution. July, 1874.

8vo., pp. 24.
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279. On Strain and Over-action of the Heart. Toner Lecture No.

III. Delivered May 14th, 1874. By J. M. Da Costa. August,

1874. 8vo., pp. 32, 2 woodcuts. (M. C. xv.)

280. Statement and Exposition of certain Harmonies of the Solar System.

By Stephen Alexander. March, 1875. 4to., pp. 104, 20 wood-

cuts. (S. C. xxi.")

281. On the General Integrals of Planetary Motion. By Simon Kewcomb.
December, 1874. 4to., pp. 40. (S. C. xxi.)

282. A Study of the Nature and Mechanism of Fever. Toner Lecture
No. IV. Delivered January 20, 1872. By Horatio C. Wood.
February, 1875. • 8vo., pp. 50. (M. C. xv.)

283. Catalogue of the Fishes of the East Coast of North America. By
Theodore Gill. 1875. 8vo., pp. 56. (M. C. xiv.)

284. Smithsonian Contributions to Knowledge. Vol. XX. 1876. 4to.,

pp. 794, 4 woodcuts, 26 plates.

CONTENTS.

Coffin, J. H. The winds of the globe. No. 268.

285. Smithsonian Contributions to Knowledge. Vol. XXI. 1876. 4to.,

pp. 543, 30 woodcuts, 9 plates, 3 maps.

CONTENTS.

Alexander, S. Harmonie.s of the solar system. No. 280.

Newcomb, S. Integrals of planetary motion. No. 281.
*

Swan, J. G. Haidah Indians of Queen Charlotte's Islands, British Co-

lumbia. No. 267.

ScHOTT, C. A. Tables, atmospheric temperature in the United States.

No. 277.

286. Annual Report of the Board of Regents of the Smithsonian Insti-

tution, for the year 1874. 43d Congress, 2d Session. House Doc.

No. 56. 1875. 8vo., pp. 416, 46 woodcuts.

Henry, .7. Secretary's report of operations.

Board of Eegents. Proceedings of

List of articles deposited by the Smithsonian Institution in the Corcoran

Art Gallery.

List of Indian vocabularies received from the Wheeler Expedition.

Mitchell, S. W. Inquiries relative to the disease known as " Chorea."

Classified record of meteorological material preserved in the Smithsonian

Institution. Auroras, instruments, meteors, rain, wind, general

meteorology, local meteorology.

Gray, A, ; Coppke, H. Report of Committee of Eegents on the Smith-

sonian Museum.
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2S6. Report for 1874—Continued.

Arago, M. Eulogy on La Place.

Maillt, M. Eulogy on Quetelet.

Dumas, M. Eulogy on A. A. de la Kive.

HiLGARD, J. E. Tides and tidal action in harbors.

Lemstkom, S. ; De la Rive, A. A. Electricity of the atmosphere and

the Aurora Borealis.

De Camdolle, A. ; Gray, J. E. On a dominant language for science.

ScHOTT, C. A. ; Everett, J. D. Underground temperature.

DuPre, W. ; Henry, J. Earthquakes in North Carolina, 1874.

De la Rive, A. A. Report on the transactions of the Society of Physics

and Natural History of Geneva, from July, 1872, to June, 1873.

MoRiN, A. Warming and ventilating buildings. Part II.

Ethnology :

Schumacher, P. Ancient graves and shell-heaps of California.

King, W. M. Account of the burial of an Indian squaw, San Ber-

nardino county, California,

McWhorter, T. Ancient mounds of Mercer county, Illinois.

Pratt, W. H. Antiquities of "Whitesides county, Illinois.

Pakquharson, R. J. A study of skulls and long bones, from mounds

near Albany, Illinois.

Tiffany, A. S. The shell-bed skull.

Hill, G. W. Antiquities of northern Ohio.

Robertson, R. S. The age of stone, and the troglodytes of Breck-

inridge countj', Kentucky.

Davis, A. C. Antiquities of Isle Royale, Lake Superior.

Smith, J. W. C. Antiquities of Yazoo county, Mississippi.

Wright, D. F. Antiquities of Tennessee.

Law, a. E. Antiquities of Blount county, Tennessee.

Gushing, F. H. Antiquities of Orleans county. New York.

Robertson, R. S. Antiquities of La Porte county, Indiana.

KoBERTSON, R. S. Antiquities of Allen and De Kalb counties, Ind.

Haile, J. ; McHenry, J. W. Antiquities of Jackson county,

Tennessee.

Andek.^on, W. Antiquities of Perry county, Ohio.

Bryan, O. N. Antiquities of Charles county, Maryland.

Kron, F. J. Antiquities of Stanley and Montgomery counties,

North Carolina.

Mitchell, A. Antiquities of Florida.

Bartram, J. Antiquities of Florida.

287. The Archaeological Collection of the United States National Museum,

in charge of the Smith.sonijiu Institution, Washington, D. C. By
Charles Rau. 1876. 4to., pp. 118, 340 woodcuts. (S. C. xxii.)

288. The Constants of Nature. First supplement to Part I. Specific Gravi-

ties, Boiling Points, and Melting Points. By Frank W. Clarke.

April, 1876. 8vo., pp. 62. (M. C. xiv.)

289. The Constants of Nature. Part III. Tables of Expansion by Heat

for Solids and Liquids. By Frank W.. Clarke. April, 1876.

8vo., pp. 58. (M. C. XIV.)
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290. Circular for Distributiou at the Ceutennial Exhibition, 1876, contain-

ing List of Smithsonian Publications and Rules of Distribution ; List

of Foreign Agents ; Number of Foreign and Domestic Institutions

in Correspondence ; List of Regents, Officers, and Assistants of the

Institution. 1876. 12mo., pp. 12.

291. Dual Character of the Brain. Toner Lecture No. II. Delivered

April 22, 1874. By C. E. Brown-Sequard. January, 1877. 8vo.,

pp. 26. (M. C. XV.)

292. Check-list of North American Batrachia and Reptilia ; with a Sys-

tematic List of the Higher Groups, and an Essay on Geographical

Distribution based on the specimens contained in the United States

National Museum. By Edward D. Cope. 1875. 8vo., pp. 108.

(M. C. XIII.) Bulletin of the National Museum No. 1.

293. Contributions to the Natural History of Kerguelen Island, made in

Connection with the American Transit-of-Venus Expedition, 1874-'75.

By J. H. Kidder. I.—Ornithology, by Elliott Coues. 1875. 8vo.,

pp. 61. (M. C. xiii.) Bulletin of the National Museum, No. 2.

294. Contributions to the Natural History of Kerguelen Island, made in

connection with the United States Transit-of-Venus Expedition,

1874-75. By J. H. KiDDiER. II.—Oology, Botany, &c. 1876.

8vo., pp. 124. (M. C. XIII.) Bulletin of the National Museum, No. 3.

COXTENTS.

Kidder, J. H. ; Coites, E. Oology.

Botany :

Gray, Asa. A.—Phaenogamia, Slices, et lycopodiaceae.

James, T. P. B.—Musci.

TucKERMAN, E. C.—Lichoues.

Farlow, W. G. Algce.

Crozet Flora.

Endlich, F. M. Geology.

Kidder, J. H. Mammals.

Gill, T. N. Fish.

Ball, W. H. Mollusks.

Insects :

Osten-Sacken, C. C. Diptera.

Hagen, H. a. Pseudo-neuroptera.

Smith, S. I. Crustaceans.

Verrill, a. E. Annelids, echinoderms, and anthozoa.

Kershner, E. Collection.

Kidder, J. H. ; OotiES, E. A study of chionia minor.

295. Birds of Southwestern Mexico, collected by Francis E. Sumichrast for

the United States National Museum. By George N. Lawrence.
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1875. 8vo., pp. 56. (M. C. xiii.) Bulletin of the National Mmeum,
No. 4.

296. Catalogue of the Fishes of the Bermudas. Based chiefly upon the

collections of the United States National Museum. By G. Brown
GoODE. 1876. 8vo., pp. 84. (M. C. xiii.) Bulletin of the Natio-

nal 3Iuseum, No. 5.

297. Classification of the Collection to illustrate the Animal Resources of

the United States. A List of Substances derived from the Animal

Kingdom, with Synopsis of the Useful and Injurious Animals and a

Classification of Methods of Capture and Utilization. By G. Brown
GoODE. 1876. 8vo., pp. 140. (M. C. xiii.) Bulletin of the National

Museum, No. 6.

298. Annual Report of the Board of Regents of the Smithsonian Insti-

tution, for the year 1875. 44th Congress, 1st Session. Senate Mis.

Doc. No. 115. 1876. 8vo., pp. 422, 354 woodcuts.

CONTENTS.

Henry, J. Secretary's report of operations.

Board of Eegents, Proceedings of

Baird, S. F. Keport on Museum and explorations.

Baird, S. F. Report on the proposed plan of exhibit by the Smithsonian

Institution at the International Centennial Exhibition at Philadelphia.

Parker, P. Eulogy on Henry Wilson.

Arago, M. Eulogy on Alexander Volta.

De Candolle, a. Probable future of the human race.

De Candolle, A. Report on the transactions of the Society of Physics

and Natural History of Geneva, from July, 1873, to June, 1874.

Prestwich, J. The past and future of geology.

Wex, H. G. -Diminution of the water of rivers and streams.

Taylor, W. B. Refraction of sound.

Henry, J. On the organization of local scientific societies.

Ethnology :

Moctillet, G. de ; Chantre, E. International code of symbols for

charts of pre-historic archaeology.

Gillman, H. Characteristics pertaining to ancient man in Michigan.

Abbott, C. C. The stone age in New Jersey.

299. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1876. 44th Congress, 2d Session. Senate Mis.

Doc. No. 46. 1877. 8vo., pp. 488, 73 woodcuts.

contents.

Henry, J. Secretary's report of operations.

Board of Regents, Proceedings of

Baird, S. F. Report on Museum and explorations.

Baird, S. F. Report on Centennial Exhibition of 1876.

Centennial awards to Smithsonian Institution.
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299. Report for 1876—Continued.

Grat, a. ; Sargent, A. A. ; Cltmer, H. Report of Committee on the

Museum.
Bancroft, G. Memorial to Congress, in behalf of the Regents, for new

museum.

List of collections presented by foreign commissioners to the United States.

Arago, M. Eulogy on Gaj' Lussac.

FiALHO, A. Biographical sketch of Dom Pedro II.

Taylor, W. B. Kinetic theories of gravitation.

Pilar, G. The revolutions of the crust of the earth.

KiRKAVOOD, D. The asteroids between Mars and Jupiter.

Ethnology :

Mason, O. T. The Latimer collection of antiquities from Porto Rico

in the National Museum at Washington, D. C.

RoMER, P. P. Pre-bistoric antiquities of Hungary.

Blondel, S. Jade. A historical, arch^ological, and literary study

of the mineral called -Yu by the Chinese.

"Williamson, G. Antiquities in Guatemala.

Berendt, C. H. Collection of historical documents in Guatemala.

Strong, Moses. Observations on the pre-historic mounds of Grant

county, Wisconsin.

Snyder, J. F. Deposits of flint implements, Illinois.

Smith, C. D. Ancient mica mines in North Carolina.

Peet, S. D. Double-walled earthwork in Ashtabula county, Ohio.

Ellsworth, E. W. Ancient implement of wood, from Connecticut.

Powers, S. Centennial mission to the Indians of Western Nevada,

and California.

Doyle, W. E. Indian forts and dwellings, Indian Territory.

Brackett, a. G. The Sioux or Dakota Indians.

300. On the Surgical Complications and Sequels of the Continued Fevers.

With a Bibliography of works on Diseases of the Joints, Bones,

Larynx, the Eye, Gangrene, Haematoma, Phlegmasia, etc. Toner
Lecture No. V. Delivered February 17, 1876. By William W.
Keen. March, 1876. 8vo., pp. 72, 5 woodcuts. (M. C. xv.)

301. List of Publications of the Smithsonian Institution, July, 1877. 1877

8vo., pp. 72. (M. C. XIV.)

302. Subcutaneous Surgery, its Principles, and its recent Extension in

Practice, Toner Lecture No. VL Delivered September 13, 1876.

By William Adams. April, 1877. 8vo., pp. 20. (M. C. xv.)

303. Contributions to the Natural History of the Hawaiian and Fanning

Islands and Lower California, made in connection with the United

States North Pacific Surveying Expedition, 1873-75. By Thos. H.

Streets. 1877. 8vo., pp. 172. (M. C. xiii.) Bulletin of the

National Museum, No. 7.
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303« Natural History of Hawaiian Islands—Continued.

contents.

Ornithology.

Herpetology.

Ichthyology :

I. Fishes of Upper and Lower California.

II. Fishes of the Hawaiian Islands.

III. Fishes of the Fanning Islands.

IV. Fishes from the Samoan Islands.

Crustacea.

Botany.

304. Index to the Names which have been appplied to the Subdivisions of

the Class Brachiopoda, excluding the Budistes, previous to the year

1877. By W. H. Dall. 1877. 8vo., pp. 88. (M. C. xiii.)

Bulletin of the National Museum, No. 8.

305. Contributions to North American Ichthyology. Based primarily on

the collections of the United States National Museum. I.—Review of

Rafinesque's Memoirs on North American Fishes. By David S.

Jordan. 1877. 8vo., pp. 56. (M. C. xiii.) Bulletin of the National

Museum, No. 9.

306. Contributions to North American Ichthyology. Based primarily on

the Collections of the United States National Museum. II. A.

—

Notes on Cottid^e, Etheostomatida?, Percidse, Centrarchidae, Aphodo-

deridae, Dorysomatidse, and Cyprinidse, with revisions of the genera

and descriptions of new or little known species. B.—Synopsis of the

Siluridae of the Fresh Waters of North America, By David S.

Jordan. 1877. 8vo., pp. 124, 45 plates of 100 figures. (M. C.

XIII.) Bulletin of the National Museum, No. 10.

307. Report on the Centennial Exhibition, Philadelphia. By S. F. Baird.

1877. 8vo., pp. 22.

308. Contributions to North American Ichthyology, based primarily on the

collections of the United States National Museum. III. A.—On
the Distribution of the Fishes of the Alleghany Region of South

Carolina, Georgia, and Tennessee, with descriptions of new or little

known species. By David S. Jordan and Alembert W. Brayton.
B.—A Synopsis of the Family Catostomidae. By David S. Jordan,

1878. 8vo., pp. 237. (M. C. xxiii.) Bulletin of the National Mu-
seum, No. 12.

309. List of Foreign Correspondents of the Smithsonian Institution, Cor-

rected to January, 1878, March, 1878. 8vo., pp. 120. (M. C. xv.)

310. On the Internal Structure of the Earth, considered as affecting the

Phenomena of Precession and Nutation ; supplementary to article

under the above head, Smithsonian Contributions to Knowledge,

Vol, XIX, No, 240, being the third of the Problems of Rotary Mo-
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tion. By J. G. Barnard. August, 1877. 4to., pp. 19, 4 woodcuts.

(8. C. xxiil)

311. Index Catalogue of Books and Memoirs relating to Nebulae and

Clusters, etc. By Edward S. Holden. November, 1877. 8vo.,

pp. 126. (M. C. XIV.)

312.. Smithsonian Miscellaneous Collections. Vol. XIII. 1878. 8vo.,

pp. 982, 45 plates. Bulletins of the National Museum, Nos. ,1-10.

CONTENTS.

Cope, E. D. North American batrachia and reptilia. No. 292.

KiDDEPv, J. H. ; CouES, E. Birds of Kerguelen Island. No. 293.

Kidder, J. H., and others. Oology, botany, &c., of Kerguelen Island.

No. 294.

LawPvEnce, Gr. N. Birds of Mexico. No. 295.

GooDE, G. B. Fishes of Bermuda. No. 296.

GooDE, G. B. Classification of animal resources. No. 297.

Streets, T. H. Natural history of Hawaiian Islands, Fanning Islands,

and Lower California. No. 303.

Dall, W. H. Index of brachiopoda. No. 304.

Jordan, D. S. North American Ichthyology. Nos. 305 and 306.

313. The Flora of St. Croix and the Virgin Islands. By Baron H. F. A.
Eggers. 1879. 8vo., pp. 139. (M. C. xxiri.) Bulletin of the Na-
tional Museum, No. 13.

314. Smithsonian Miscellaneous Collections. Vol. XIV. 1878. 8vo.,

pp. 911, 4 plates.

contents.

De Sausstjre, H. Synopsis of American wasps. No. 254.

Gill, T. Catalogue of fishes. No. 283,

Clarke, F. W. Specific gravity tables. Supp. I. No. 288.

Clarke, F. W. Specific heat tables. No. 27G.

Clarke, F. W. Tables of expansion by heat. No. 289.

Catalogue of photograph portraits of North American Indians. No. 216.

Check list of Smithsonian publications to July, 1877. No. 301.

Holden, E. S. Catalogue of books relative to nebulae. No. 311.

315. Smithsonian Miscellaneous Collections. Vol. XV. 1878. 8vo.,

pp. 880, 53 woodcuts.

contents.

Watson, S. Botanical index. No. 258.

"Woodward, J. J. Toner Lecture I. Cancerous tumors. No. 266.

Brown-Sequard, C. E. Toner Lecture II. The brain. No. 291.

Da Costa, J. M. Toner Lecture III. The heart. No. 279.

"Wood, H. C. Toner Lecture IV. Study of fever. No. 282.

Keen, "W. "W. Toner Lecture V. Continued fevers. No. 300.

Adams, "W. Toner Lecture VI. Subcutaneous surgery. No. 302.

List of foreign correspondents of the Smithsonian Institution to January,

1878. No. 309.

I
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315. Miscelliineous Collections. Vol. XV—Continued.

Circular in reference to American archfcology. No. 316.

Circular. Inquiries relative to crawfish and crustacea. No. 319.

Circular relating to collections of living reptiles. No. 320.

316. Circular iu reference to American Archaeology. 1878. 8vo., pp. 15.

38 woodcuts. (M. C. xv.)

317. A Classification and Synopsis of the Trochilidse. By Daniel Gieaud
Elliot. 1879. 4to., pp. 289, 127 woodcuts. (S. C. xxiii.)

318. On the Remains of Later Pre-historic Man, obtained from Caves iu

the Catherina Archipelago, Alaska Territory, and especially Jrora the

Caves of the Aleutian Islands. By W. H. Dall. 1878. 4to.,

pp. 44, 10 plates of 39 figures. (S. C. xxii.)

319i Circular of Inquiries relative to the Natural History of the American

Crawfish and other Fresh Water Crustacea. 1878. 8vo., pp. 8,

2 woodcuts. (M. C. XV.)

320. Circular relating to Collections of Living Reptiles. 1878. 8vo.,

pp. 2. (M. C. XV.)

321. The Nature of Reparatory Inflammation in Arteries after Ligatures,

Acupressure, and Torsion. Toner Lecture No. VII. Delivered

June 27, 1878. By Edw. O. Shakespeare. March, 1879. 8vo.,

pp. T4, 7 plates of 11 figures. (M. C. xvi.)

322. Smithsonian Miscellaneous Collections. Vol. XVI. 1880. 8vo.,

pp. 950, 871 woodcuts, 7 plates.

CONTENTS.

Tryon, G.. "W. Land and fresh water shells. Strepomatidae. No. 2.53.

OsTEN Sacken, C. K. Catalogue of diptera. No. 270.

Shakespeare, E. O. Nature of reparatory inflammation. No. 321.

Circular relative to scientific and literary exchanges. No. 324.

Business arrangements of the Smithsonian Institution. No. 325.

Elliot, D. G. List of species of humming birds. No. 334.

List of the principal scientific and literary institutions in the United

States. No. 335.

List of publications of the Smithsonian Institution. No. 344.

323. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1877. 45th Congress, 2d Session. Senate Mis.

Doc. No. 35. 1878. 8vo., pp. 500, 49 woodcuts.

CONTENTS.

Henry, J. Secretary's report of operations.

Board of Kegents, Proceedings of

Baird, S. F. Keport on Museum and explorations.

Baird, S. F. List of explorations furnishing collections to the National

Museum, 1838 to 1877.
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S3S. Report for 1877—Continued.

HoLMGREK, r. Color blindiiess in its relation to accidents by rail and

sea.

Henry, J. Color blindness.

Plantamour, E. Keport on the transactions of the Geneva Society of

Physics and Natural History, from June, 1874, to June, 1875.

MixLLER, J. Eeport on the transactions of the Geneva Society of Physics

and Natural History, from June, 1875, to June, 1876.

Favre, a. Report on the transactions of the Geneva Society of Physics

and Natural History, from June, 1876, to .June, 1877.

Ethnology :

Cannon, G. L. Antiquities of Jefferson and Clear Creek counties,

Colorado.

Strong, Moses. Antiquities in Wisconsin.

Hart, J. N. de. The mounds and osteology of the mound builders

of Wisconsin.

Breed, E. E. Pits at Embarrass, Wisconsin.

MouLTON, M. W. Mounds in Delaware county, Iowa.

Knapp, Mrs. G. Earthworks on the Arkansas river, sixteen miles

below Little Rock.

Lykins, W. H. R, Antiquities of Kansas City, Missouri.

Shaw, J, The mound builders in the Rock river valley, Illinois.

Cochrane, J. Antiquities of Mason county, Illinois.

Hill, G. W. Ancient earthworks of Ashland county, Oftio.

Case, H. B. Flint implements in Holmes county, Ohio.

Miller, P. Mound in Trumbull county, Ohio.

Friel, J. Antiquities of Hancock county, Kentucky. •

Robertson, R. S. Antiquities of Nashville, Tennessee.

Clark, W. M. Antiquities of Tennessee.

Jones, Jr., C. C. Aboriginal structures in Georgia.

Bailey, W. B. F. Antiquities of Spalding county, Georgia.

Gaines, A. S. ; Cunningham, K. M. Shell-heaps on Mobile river.

Rati, C. The stock in trade of an aboriginal lapidary.

Rau, C. Observations on a gold ornament from a mound in Florida.

Haldeman, S. S. On apolj^chrome bead from Florida.

Harrison, A. M. Colored bead dug from a mound on the eastern

coast of Florida.

Mayberry, S. p. Shell-heaps at the mouth of Saint John's river,

Florida.

Taylor, W. M. Ancient mound in western Pennsylvania.

Shepap.d, E. M. Deposit of arrow heads near Fishkill, New York.

GiBBS, G. J. Stone celts in the West Indies and Africa.

Galt, F. L. The Indians of Peru.

Bowers, S. History and antiquities of Santa Rosa Island, California.

McParlin, T. a. Notes on the history and climate of New Mexico.

Weismann, a. On the change of the Mexican axolotl to 'an amblystoma.

Abbe, C. Short memoirs on meteorological subjects, translated by, viz:

Hann, J. On the diminution of aqueous vapor with increasing alti-

tude in the atmosphere.

Hann, J. On the influence of rain upon the barometer and upon the

formation of precipitation in general.
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383. Report for 1877—Contmued.

Hann, J. Atmospheric pressure and rain-full.

Hanx, J. The laws of the variation of temperature in ascending
currents of air.

SoHNCKE, L. The law of the variation of temperature in ascending'

moist currents of air.

Reye, T. Rain-fall and barometric minima.

Hann, J. On the relation between the difference of pressure and the

velocity of the wind according to the theories of Ferrel and
Colding.

Ferrel, W. Reply to the criticisms of J. Hann.
CoLDiXG, A. Some remarks concerning the nature of currents of air.

Colding, A. On the whirlwind at St. Thomas on the 21st of August,

1871.

Peslin, M. On the relation between barometric variations and the

general atmospheric currents.

324. Circular relative to Scientific and Literary Exchanges. 1879. 8vo.,

pp. 2. (M. C. XVI.) Free.

325. Business Arrangements of the Smithsonian Institution. January,

1879. 8vo., pp. 7. (M. C. xvi.) Free.'

326. Catalogue of the Collection to illustrate the Animal Resources and

the Fisheries of the United States, exhibited at Philadelphia, in 1876,

by the Smithsonian Institution and the United States Fish Commis-

sion, and forming a part of the United States National Museum.
By G. Browne Goode. 1879. 8vo., pp. 867. ( M. C. xxiii.) Bul-

letin of the National 3Iusernn, No. 14.

327. The Scientific Writings of James Smithson. Edited by W. J.

Rhees. 1879. 8vo., pp. 166, 32 woodcuts, 1 plate. (Portrait.)

( M. C. XXI.

)

CONTENTS.

Smithson, J. Scientilic writings.

Johnson, W. R. Memoir on tiie scitmtific character and researches of

James Smithson.

Irbt, J. R. McD. Works and character of James Smithson.

328. The Smithsonian Institution. Documents relative to its Origin and

History. By Wiw.fAM J. Rhees. 1879. 8vo., pp. 1027. (M. C.

XVII. )

contents.

Smithson, J. Will of

Correspondence between attorneys in England, Department of State,

Richard Rush, and otliers relative to the bequest of Smithson.

Rush, R. The case stated.

Opinion of Englisii counsel.

Decree of Chancery Court awarding bequest to tlie United States.

Account of case of the United States.

Bill of costs of the case of the United States.

Rush, R. Accounts of

Smithson, J. Schedule of personal effects.
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83S. Smithsonian Institution. Documents—Continued.

Smithson, J. Residuary legacy of

Congressional proceedings in relation to the bequest. 1835 to 1877.

Twenty-fourth to Forty-fourth Congress.

Henry, J. Digest of act of Congress to establish the Smithsonian Insti-

tution.

Adams, J. Q. Extracts from Memoirs of, relative to Smithson bequest.

Treasuky of U. S. Accounts of, with Smithson fund.

Proposed applications of Smithson bequest.

Keport of Organization Committee of the Board of Regents of the Smith-
sonian Institution.

Henry, J. Programme of organization of Smithsonian Institution.

Letters relative to the programme of organization.

329. The Smithsonian Institution. Journals of the Board of Regents,

Reports of Committees, Statistics, etc. By William J. Rhees.

1879. 8vo., pp. 851. (M. C. xviii.)

CONTENTS.

Journal of Proceedings of the Board of Regents from 18i6 to 1876.

Report of the Special Committee of the Board of Regents on the distribu-

tion of the income.

Report of the Special Committee of the Board of Regents—Prof. Felton

—

on the present of the Greek album from Miss E. Contaxai^i.

Report of the Special Committee of the Board of Regents—Prof. Felton

—

on the purchase of the Stanley Indian gallery.

Henry, J. Communication relative to a publication by Prof. S. F. B
Morse.

Report of the Special Committee of the Board of Regents on the invention

of the electro-magnetic telegraph.

Report of the Special Committee of the Board of Regents relative to the

Smithsonian fire of January 24, 1865.

Act of Congress to transfer custody of library to Library of Congress.

Act of Congress to receive into Treasury of the United States residuary

legacy of Smithson, and to authorize increase of fund to a million

dollars.

Report of the Special Committee of the Board of Regents on best use of

new hall of Institution.

Report of Executive Committee of the Board of Regents on the Wash-
ington city canal.

Report of the Executive C<mimittee of the Board of Regents relative to

the Corcoran Art Gallerj-.

Report of the Special Committee of the Board of Regents on the museum.
Eulogies and Biographical Sketches :

Agassiz, L. ; Bache, A. D. ; Chase, S. P. ;
Cleaveland, P. ; Douglas,

S. A. ; Espy, J. P. ; Felton, C. C. ; Harvey, W. H.
; Irving,

W. ; Jewett, C. C. ; Pearce, J. A.
; Priestley, J. ; Rush, R.

;

Seaton, W. W. ; Totten, J. G. ; Turner, W. W. ; Wilson, H.

;

Wurdeman, G.

Agassiz, L. Narrative of expedition through Straits of Magellan to

California.

Bache, A. D. Will of, establishing Bache Scientific F\ind.

Corcoran, W. W. Deed of gift and trust of Corcoran Art Gallery.
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320. Smithsonian Institution. JovTrnals, Ac—Continued.

Toner, J. M. Deed of, establishing Toner Lectures for iulvance of medi-

cal science.

Tyndall, J. Deed of, establishing trust for promotion of science in the

United States.

Hamilton, J. Bequest of, to Smithsonian Institution.

Circular sent with specimens of natural history, etc., presented to institu-

tions.

Journal of the Executive Committee from Sept. 12, 184G, to Dec. 21, 1849.

Keport of the Executive Committee, from 1847 to 1875.

Journal of the Building Committee, from Feb. 17, 1847, to Dec. 1, 1847.

Keport of the Building Committee, 1847-1867.

General financial and statistical statements, receipts and expenditures,

classified, 1846 to 1877.

Statistics of literary and scientific exchanges, additions to the library, etc.,

1846 to 1877.

Appropriations from National Treasury by Congress for Smithsonian In-

stitution and National Museum, 1846-1876.

List of Regents of the Institution from 1846 to 1879, according to mode
of appointment, residence, etc.

Act of Congress to establish the Smithsonian Institution, August 10, 1846.

The same, according to the Revised Statutes.
' By-Laws of the "Establishment."

The ''Establishment" of the Smithsonian Institution, organization and

journal of proceedings, 1846 to 1877.

Examination of Professor Henry by the English Government Scientific

Commission, June 28, 1870.

330. Smithson and his Bequest. By William J. Rhees. 1880. 8vo.,

pp. 76, 9 plates. (M. C. xxi.)

CONTENTS.

Life of Smithson.

Legislation of Congress in relation to the bequest.

List of first Board of Regents.

Obituary notice of Smithson, March, 183().

DuTENS, L. Account of the First Duke of Northumberland.

Notice of the First Duke in The Gentleman's Magazine, 1786.

Cofiin-plate inscription of Hugh Smithson.

Account of Earl Percy.

Notice of Smithson's paper on " Tabashcer."

Davy, Sir H. Notice of Smithson's paper on " Calamines."

Illustrations of presentations of books to Smithson.

Berzelius. Notice of Smithson's researches.

Extracts from Smithson's scientific writings.

Catalogue of the library of Smithson.

Notice of the city of Washington, in Harriott's travels.

Notice of the citj' of Washington, in Weld's travels.

331. The Palenque Tablet, in the United States National Museum, Wash-

ington, D. C. By Charles Rau. 1879. 4to., pp. 90, 2 plates.

(S. C. XXII.)
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332. Proceedings of the U. S. National Museum for 1878. Vol. I. 1879.

8vo., pp. 524, 8 cuts, 8 plates, (M. C. xix.)

CONTENTS.

Bean, T. H. Description of a new sparoid fish, Sargus holbrookil, from

Savannah bank.

On the occurrence of Siichceus punctafus (Fabr.) Kroyer, at St.

Michael's, Alaska.

On the identity of Euchalarodus Puinami Gill, with Pleuronertes glaber

(Storer) Gill, with notes on the habits of the species.

Description of a species of Lycodes {L. Turner'i) from Alaska.

See also under Goode and Bean.

Belding, L. a partial list of the birds of Central California.

Cook, C. The manufacture of porpoise-oil.

Dall, W. H. Description of new forms of mollusks from Alaska con-

tained in the collections of the National Museum.

Postpliocene fossils in the Coast Kange of California.

Fossil mollusks from later tertiaries of California.

Note on shells from Costa Rica kitchenmidden, collected by Drs.

Flint and Bransford.

Distribution of Californian tertiary fossils.

Descriptions of new species of shells from California in the collections

of the National Museum.
Keport on the limpets and chitons of the Alaskan and Arctic regions,

descriptions of genera and species believed to be new.

Ebwards, V. N. On the occurrence of the Oceanic Bonito, Orcynus

pelamys (Linne) Poey, in Vineyard Sound, Massachusetts.

Gill, T. Synopsis of the pediculate fishes of the Eastern Coast of Ex-

tratropical North America.

Note on the Antennariidae.

On the proper specific name of the common pelagic antennariid

Pterophryne.

Note on the Ceratiidce.

Note on the Maltheidce.

GooDE, G. B. The Clupea tyrannus of Latrobe.

The occurrence of Belone lathnanus in Buzzard's bay, Massachusetts.

The voices of Crustaceans.

A revision of the American species of the genus Bi-evooriia, with a

description of a new species from the Gulf of Mexico.

The occurrence of Hippocampus antiquorum, or an allied form, on

St. George's Banks.

The occurrence of the Canada porcupine in West Virginia.

On two fishes from the Bermudas mistakenly described as new by Dr.

Giinther.

GooDE, G. B. ; Bean, T. H. The Craig flounder of Europe, Qlyptocep-

halus cynoglossus, on the coast of North America.

The Oceanic Bonito on the coast of the United States.

Description of CanlolafUiis microps, a new species of fish from the

Gulf coast of Florida.
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333. Proceedings of National Jluseum. Vol. I—Continued.

GoODK, G. B.
;
Bean, T. H. On anew serranoid fish, Epinephelus Dnmi-

mond-Hai/i, from tlie Bermudas and Florida.

Descriptions of two new species of fislies, Lufjaims Btachfordtl and
Lutjanus stearns'd, from tlie Coast of Florida.

A note upon the Black Grouper [Epinephelus nifjritas (Holbrook)

Gill) of the Southern coast.

Descriptions of two gadoid fislies, Pliycis Glieateri and lialoporpliyrus

viola, from the deep-sea fauna of the Northwestern Atlantic.

Description of Arqentina si/rtr.nsium, a new deep-sea fish from Sable

Island Bank.

The identity of Rhinovei)n(<i cmulacnfa, (Storer) Gill with Gndus

cimbinus Linn.

Note on Platessa ferruginca D. H. Storer, and PlateAs/(. rostrata H. R.

Storer.

On the identity of Brosmins hrosme nmeri<:a7ins Gill, with Brofonius

brosme (Miiller) White.

Jackson, J. B. S. Arsenic acid for protecting anatomical preparations

from insects.

Jefferson, J. P. On the mortality of fishes in the Gulf of Mexico in

1878.

Jefferson, J. P. ; Porter, J. Y. ;
Moore, T. On the destruction of

fish in the vicinity of the Tortugas during the months of September

and October, 1878.

Jordan, D. S. Notes on a collection of fishes from Clackamas river,

Oregon.

Jordan, D. S. ; Gilbert, C. H. Notes on the fishes of Beaufort harbor,

North Carolina.

Lawrence, G. N. Catalogue of the birds of Dominica, from collections

made for the Smithsonian Institution, by Frederick A. Ober,

together with his notes and observations.

Catalogue of the birds of St. Vincent, from collections made by Fred.

A. Ober, under the directions of the Smithsonian Institution,

with his notes thereon.

Catalogue of the birds of Antigua and Barbuda, from collections

made for the Smithsonian Institution, by Fi-ed. A. Ober, with

his observations.

Catalogue of the birds of Grenada, from a collection made by Fred.

A. Ober for the Smithsonian Institution, including others seen

by him, but not obtained.

Catalogue of the birds collected in Martinique, by Fred. A. Ober for

the Smithsonian Institution.

Catalogue of a collection of birds obtained in Guadeloupe for the

Smithsonian Institution, by Fred. A. Ober.

A general catalogue of the birds noted from the islands of the Lesser

Antilles visited by Fred. A. Ober ; with a table showing their

distribution, and those found in the United States.

LuPTON, N. T. On the breeding habits of the sea-catfish [AriopfiiH milberti?)

Merrill, J. C. Notes on the ornitholog\- of Southern Texas, being a

list of birds observed in the vicinity of Fort Brown, Texas, from

February, 187G, to June, 1878.
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332. Proceedings of National .'\Iuseum. Vol. I—Continued.

PoEY, F. Notes on the American species of the genus Cybium.

Pratt, R. H. Catalogue of casts taken by Clark Mills of the heads of

sixty-four Indian prisoners of various western tribes, and held at

Fort Marion, St. Augustine, Florida, in charge of R. H. Pratt.

ElDGWAY, R. On a new humming bird [Atthis Ellioti) from Guatemala.

A review of the American species of the genus Scops, Savigny.

Descriptions of several new species and geographical races of birds

contained in the collection of the United States National Museum.

Description of two new species of birds from Costa Rica, and notes on

other rare species from that country.

Descriptions of new species and races of American birds, including a

synopsis of the Genus Tyrannus, Cuvier.

Stearns, S. A note on the Gulf menhaden, Brevoo7Hia paironus, Goode.

Steindachner, F. Note on Pcrca flavesccns.

WiLMOT, S. Notes on the western gizzard shad, Dorosoma cepedianum

heterurum (Raf. ) Jordan.

333. ProceediDgs of the U. S. National Museum for 1879. Vol. II. 1881.

8vo., pp. 503, 2 wood cuts, 7 plates. (M. C. xix.;

CONTENTS.

Bean, T. H. A list of European tishes in the collection of the United

States National Museum.
On the species of Astroscopus of the Eastern United States.

On the occurrence of Hippoglossus vulgaris, Flem., at Unalashktuaud

St. Michael's, Alaska.

Description of an apparently new species of Gasterosteus {G. atkinsii)

from the Schoodic Lakes, Maine.

Description of a new fish from Alaska [Anarrhickas lepturus), with

notes upon other species of the genus Anarrhichas.

Notes on collection of fishes from eastern Georgia.

Description of a new species of Amiurus [A. ponderosus) from tiie

Mississippi river.

Descriptions of two species of fishes, collected by Prof. A. Duges in

Central Mexico.

Descriptions of some genera and species of Alaskan fishes.

See also under Goode and Bean.

Brewer, T. M. Notes on the nests and eggs of the eight North Ameri-

can species of empidonaces.

Cooper, .J. G. On the migrations and nesting habits of west coast birds.

CouES, E. Fourth instalment of ornithological bibliography, being a list

of faunal publications relating to British birds.

GaRke, H. 6n the birds of Heligoland.

Goode, G. B. A study of the trunk fishes {Ostracio7itidce), with notes

upon the American species of the family.

A preliminary catalogue of the fishes of the St. John's river and the

east coast of Florida, with descriptions of a new genus and three

new .species.

Description of a new species of amber fish [Seriola stearnsii) obtained

near Pensacola, Fla., by Mr. Silas Stearns.
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333. Procee(ling^; of Natinnal "\riiseun). Vol. II—Cnntimicd.

GooDE G. B. ; Beak, T. H. Description of AlepoccphaliiH bab-dii, a new

species of fish from the deep-sea fauna of the western Atlantic.

Description of a species of Lycodcs {L. pa.cillns), obtained by the

United States Fish Commission.
'

Description of a new species of Liparis (L. ranula), obtained by the

United States Fish Commission oif -Halifax, Nova Scotia.

Catalogue of a collection of fishes sent from Pensacola, Fla., and vi-

cinity, by Mr. Silas Stearns, with descriptions of six new species.

Description of a new genus and species of fish, Lopholatihts chamce-

leonticeps, from the south of New England.

On the occurrence of Lycodes vahlii, Reinhardt, on La Have and

Grand Banks.

Catalogue of a collection of fishes obtained in the Gulf of Mexico by

Dr. J. W. Velie, with description of seven new species.

Harger, O. Notes on New England Isopoda.

Jordan, D. S. Notes on certain typical specimens of American fishes in

the British Museum and in the Museum d'Histoire Naturelle, at

Paris".

Description of new species of North American fishes.

Notes on a collection of fishes obtained in the streams of Guanajuato

and in Chapala lake, Mexico, by Prof. A. Duges.

E.IDDER, J. H. Eeport of experiments upon the animal heat of fishes,

made at Provincetown, Mass., during the summer of 1879, in connec-

tion with operations of the United States Fish Commission.
'

LOCKINGTON, W. N. lleview of the Pleuronectidce of San Francisco.

Descriptions of new genera and species of fishes from the coast of

California.

Merrill, J. C. On the habits of the Rocky Mountain goat.

Pratt, R. H. List of names, ages, tribe, &c., of Indian boys and girls

at Hampton Normal and Agricultural Institute, Virginia, plaster

casts of whose heads were taken by Clark Mills, Esq., March, 1879.

Smith, S. I. Occurrence of Chelura terebrans, a crustacean destructive

to the timber of submarine structures, on the coast of the United

States.

Notice of a new species of the Willemoesia group of Crustacea (recent

Eryontidoe.

)

Verrill, a. E. Notice of recent additions to the marine invertebrata of

the northeastern coast of America, with descriptions of new genera

and speci«s and critical remarks on others.

Verrill, A. E. ; Rathrun, R. List of marine invertebrata from the

New England coast, distributed by the United States Commission of

Fish and Fisheries.

White, C. A. Descriptions of new species of carboniferous invertebrate

fossils.

Descriptions of new cretaceous invertebrate fossils from Kansas and

Texas.

Note on Endothyra ornata.

Note on Criocardium and Ethmocardium.
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334. List of described species of Humming Birds. By Daniel Giraud
Elliot. 1879. 8vo., pp. 22. (M. C. xvl)

335. List of the Principal Scientific and Literary Institutions in the LTnited

States, May, 1879. 1879. 8vo., pp. 6. (M. C. xvi.)

336. Smithsonian Miscellaneous Collections. Vol. XVII. 1880. 8vo.,

pp. 1034.

CONTENTS.

Documents relative to the origin and history of the Smithsonian Institu-

tion. No. 328.

337. Smithsonian Miscellaneous Collections. Vol. XVIII. 1880. 8vo.,

pp. 851.

CONTENTS.

Journals of the Board of Eegents, Keports of Committees, Statistics, etc.

No. 329.

338. Notes on the Life and Character of Joseph Henry. Read before the

Philosophical Society of Washington, October 26, 1878. By James

C. Welling. 1880. 8vo., pp. 30, 1 plate. (Portrait.) ( M. C. xxl)

339. A Memoir of Joseph Henry : a Sketch of his Scientific Work. Read

before the Philosophical Society of Washington, October 26, 1878.

By William B. Taylor. 1880. 8vo., pp. 225, 1 plate. (Portrait.)

(M. C. xxl;

340. Smithsonian Contributions to Knowledge. Vol. XXII. 1880. 4to.,

pp. 537, 474 woodcuts, 20 plates.

CONTENTS.

Jones, J. Explorations of aboriginal remains of Tennessee. No. 259.

Habel, S. Sculptures of Santa Lucia Cosumahihuapa, in Guatemala.

No. 269.

Kau, C. Archajological collection of U. S. National Museum. No. 287.

Rau, C. Palenque tablet in the U. S. National Museum. No. 331.

Dall, "W. H. Remains of later pre-historic man in Alaska. No. 318.

341. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1878. 45th Congress, 3d Session. Senate, Mis.

Doc. No. 59. 1879. 8vo., pp. 575, 12 woodcuts.

CONTENTS.

Baird, S. F. Secretary's report of operations.

Report of Government explorations and surveys.

Acts and resolutions of Congress relative to the Smithsonian Institution

and the National Museum. Forty-fifth Congress, 2d and 3d Sess.,

1878, 1879.

Board of Rj:gents, Proceedings of

Gray, A. Biographical memoir of Joseph Henry.

Arago, F. Biography of Condorcet.

Favre, E. Biographical notice of Louis Agassiz.
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341. Report for 1878-Continned.

Taylor, W. B. Henry and the telegraph.

Lautenbacii, B. F. Irritation of a polarized nerve.

Wood, H. C. Kesearches upon fever.

LECO^TE, J. Constants of nature.

List of apparatus available for scientific researches.

Ober, F. a. Ornithology of the Carribee Islands.

KuMLiEN, L. Report of explorations in Greenland.

Hexry, J. Kesearches in sound.

342. Contributions to the Natural History of Arctic America, made in

connection with the Howgate Polar Expedition, 1877-78. By
LuDwiu KuMLiEN. 1879. 8vo., pp. 179. (M. C. xxiir. ) Bulletin

of the National Museum, No. 15.

CONTENTS.

KuMLiEN, L. Ethnology, mammals, and birds.

Bean, T. H. Fishes.

Verrill, a. E. Annelides, molluscoids, and radiates.

Dall, W. H. MoUusks.

Insects :

Edwards, W. H. Diurnal lepidoptera.

ScuDDEK, S. H. and others. Hymenoptera, nocturnal lepidoptera,

diptera, coleoptera, neuroptera, and arachnida.

Gray, A. Plants.

TucKKRMAN, E. Lichens.

Farlow, W. G. Algse.

343. Annual Reports of the Secretary of the Smithsonian Institutiou,

Joseph Henry, 1865 to 1877. 1880. 8vo., pp. 548.

344. Check-list of Publications of the Smithsonian Institutiou, July, 1879.

1879. 8vo., pp. 16. (M. C. xvi.)

345. Annual Keport of the Board of Regents of the Smithsonian Institu-

tion, for the year 1879. 1880. 46th Congress, 2d Session. Senate

Mis. Doc. m. 54. 8vo., pp. 631, 216 woodcuts.

contents.

Baird, S. F. Serretary's report of operations.

Board of Regents, Proceedings of

Acts and resolutions of Congress relative to the Smithsonian Institution

and the National Museum. 45th Congress, 3d Session ; 4C)th Con-
gress, 2d Session. I878-I880.

Report of the National Museum Building Commission.
Report of the Architects.

Rhees, W. J. .James Smithson and his bequest.

KNKiiiT, E. 11. A study of the savage weapons at the Centennial Exhi-
bition, Philadelphia, 1870.

Anthropology :

WoKSAAE, .J. J. A. The preservation of antiquities and national

monuments in Denmari».

Havard, V. The French half-broeds of the Northwest.
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345. Report for 187!)—ContinnBd.

NoRRis, P. W. Prehistoric remains in Montana, between Fort Ellis

and the Yellowstone river.

Brackktt, a. G. The Shoshone or Snake Indians : their religion,

superstitions, and manners. .

Burr, R. T. Ruins in White river caiion, Pima county, Arizona.

Armstrong, T. Mounds in Winnebago county, Wisconsin.

Anderson, W. G. Mounds near Quincy, 111., and in Wisconsin.

Evans, S, B. Notes on some of the principal mounds in Des Moines

valley.

Dahlberg, R. N. and C. Composition of ancient pottery found near

the mouth of Chequest creek, at Pittsburg, on the Des Moines river.

Broadhead, G. C. Prehistoric evidences in Missouri.

Thompson, T. Mounds in Muscatine county, Iowa, and Rock Island

county, Illinois.

Tcellner, a. Antiquities of Rock Island county, Illinois.

Oehler, A. Stone cists near Highland, Madison county, Illinois.

Mitchell, B. Mounds in Pike county, Illinois..

Adams, W. H. Mounds in the Spoon River valley, Illinois.

Quick, E. R. Mounds in Franklin county, Indiana.

Jackman, F. Mounds and earthworks of Rush county, Indiana.

Jones, Jr., C. C. Primitive manufacture of spear and arrow points

along the line of the Savannah river.

Gesnek, W. Mica beds in Alabama.

Hough, J. Mounds in Washington county, Mississippi.

Brodnax, B. H. Mounds in Moorehouse Parish, Louisiana.

Beauchamp, W. M. Wampum belts of the Six Nations.

Andrews, F. D. Indian relics from Schoharie, New York.

Walker, S. T. Preliminary explorations among the Indian mound*

in Southern Florida.

Walker, S. T. Rept>rt on the shell heaps of Tampa baj', Florida.

Nutter, F. H. Mounds on Gideon's farm, near Excelsior, Henne-

pin countj", Minnesota.

Mason, 0. T. Summary of correspondence of tlu; Smithsonian Insti-

tution previous to January 1, 1880, in answer to circular No. 316.

Mason, O. T. Anthropological investigations during the year 1879.

Boehmer, G. H. Index to papers on anthropology published by the

Smithsonian Institution, 1847 to 1878.

PiSKO, F. J. On the present fundamental principles of physics.

Von Baumhauer, E. H. A universal meteorograph, designed for de-

tached observatories.

HoLDEN, E. S. Reports of American observatories.

346. Smithsonian Contributions to Knowledge. Vol. XXIII. 1881.

4to., pp. 766, 160 woodcuts, 18 plates of 165 figures.

CONTENTS.

Clark, H. J. Lucernariaj and their allies. No. 242.

HiLOARD, E. W. Geologv of Lower Louisiana and Petite Anse Island.

No. 248.

Barnard, J. G. Internal structure of the earth. No. 310.

Elliot, D..G. Classification and synopsis of the trochilidse. No. 317.

Wood, H. C. Fever ; a study in physiology. No. 357.
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347. Nomenclature of Clouds. Two lithographic plates. 1851. 8vo.

348. Report on the Fishes of the New Jersey Coast, as observed in the Sum-

mer of 1854. By Spencer F. Baird. 1855. 8vo., pp. 40.

349. Suggestions for the Sanitary Drainage of Washington City. Toner
Lecture No. VIII. Delivered May 26, 1880. By George E.

Waring, Jr. June, 1880. 8vo., pp. 26.

350. A Map of the Stars near the North Pole ; for observations on the

Aurora. Copied from the Map used in the Tox*onto Observations.

1856. 15 inches by 12 inches.

351. On the Distribution of the Forests and Trees of North America ; with

notes on its Physical Geography. By J. G. Cooper. 1859. 8vo.,

pp. 36, 1 woodcut.

352. Brief Abstract of a series of six Lectures on the Principles of Lin-

guistic Science. Delivered at the Smithsonian Institution in March,

1864. By William D. Whitney. 1864. 8vo., pp. 22.

353. Tables and Results of the Precipitation, iii Rain and Snow, in the

United States, and at some stations in adjacent parts of North Amer-

ica, and in Central and South America. Collected by the Smith-

sonian Institution, and discussed under the direction of Joseph Henry

and Spencer F. Baird, Secretaries. By Charles A. Schott. May,

1881. 4to., pp. 269, 8 woodcuts, 5 plates, 5 charts.

354. Essay on the Velocity of Light. By M. Delaunay. Translated for

the Smithsonian Institution by Alfred M. Mayer. 1864. 8vo.,

pp. 31.

355. Ozone and Antozone. By Charles M. Wetherill. 1864. 8vo.,

pp. 12.

356. A Memorial of Joseph Henry. (Published by order of Congress.)

1880. 8vo., pp. 532, 1 plate.

CONTENTS.

• Introbuotion. Proceedings in Congress relative to public commemora-
tion.

Part I.

—

Obskquies of Joseph Henry.
Waite, M. R. Mortuary announcement.

Proceedings of the Board of Regents.

The funeral, May 16, 1878.

HoDQE, C. Prayer at the funeral.

Mitchell, S. S. Funeral sermon.

Part II.

—

Memorial PLvercises at the CAinTOL.

Announcement by Executive Committee of the Regents.

McCosH, J. Introductory prayer.

Hamlin, II. Address.
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356.—Memorial of Joseph Henry—Continued.

Withers, 11. E. Address.

Gkay, a. Address.

Clymer, H. . Reading of telegrams.

Rogers, ^Y. B. Address.

Garfield, J. A. Address.

Cox, S. S. Address.

Sherman, "W. T. Address.

Sunderland, B. Concluding prayer.

Part III.

—

Memorial Proceedings of Societies.

Proceedings of the Philosophical Society of Washington.

Proceedings of the Albany Institute.

Meads, O. Memorial minute.

Proceedings of the United States Light-House Board.

DoD, S. B. Memorial discourse.

Cameron, H. C. Reminiscences.

Welling, J. C. Memorial address.

Taylor, W. B. Memorial address.

Lovering, J. Obituary memoir.

Newcomb, S. Biographical memoir.

Mayer, A. M. Memorial address.

Appendix. Proceedings in Congress regarding the erection of a monu-
ment to Joseph Henry.

357. Fever : A Study in Morbid and Normal Physiology. By Horatio
C. Wood. January, 1878. 8vo., pp. 263, 16 woodcuts, 5 plates of

16 figures. ( S. C. xxiii.)

358. The Constants of Nature. Part IV. Atomic Weight Determinations

:

A Digest of the Investigations published since 1814. By George F.

Becker. August, 1880. 8vo., pp. 152.

359. A Planisphere of the Visible Heavens, extending to 40° of south decli-

nation, for observations on Meteoric displays. Prepared by a Com-
mittee of the Connecticut Academy of Arts and Sciences. 1864. 30
inches by 24j inches.

360. Palafittes, or Lacustrian Constructions of the Lake of Neuchatel

By E. Desor. Translated for the Smithsonian Institution. 1865.

8vo., pp. 53, 118 woodcuts.

361. An account of the Aboriginal Inhabitants of the California Peninsula,

as given by Jacob Baegert, a German Jesuit Missionary, who lived

there seventeen years during the second half of the last century.

Translated and arranged for the Smithsonian Institution, by Charles
Rau. 1865. 8vo., pp. 41.

362. Artificial Shell-deposits in New Jersey. By Charles Rau. 1865.

8vo., pp. 6, 1 woodcut.

363. Instructions for collecting Land and Fresh Water Shells. By James
Lewis. 1866. 8vo., pp. 8.
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364. Outline of a Systematic Review of the Class of Birds. By W. Lillje-
BORG. Translated for the Smithsonian Institution. 1866 8vo
pp. 16.

365. Notes on the Tinneh or Chepewyan Indians of British and Russian
x^merica. 1.—The Eastern Tinneh; by Bernard R. Ross. 2.—
The Loucheux Indians

; by William L. Hardisty. 3.—The Kut-
ehin Tribes; by Strachan Jones. Compiled by George Gibbs.
1866. 8vo., pp. 25,. 11 woodcuts.

366. Directions for Collecting, Preserving, and Transporting Specimens of
Diatomacea, and other Microscopic Organisms. By Arthur M,
Edwards. 1867. 8vo., pp. 7.

367. Sketch of the Flora of Alaska. By J. T. Rothrock. 1867. 8vo.,

pp. 33.

368. Indian Pottery. By Charles Rau. 1867. 8vo., pp. 11, 9 wood-

cuts.

369. Dorpat and Poulkova. By Cleveland Abbe. 1867. 8vo., pp. 23.

370. A Deposit of Agricultural Flint Implements found in Southern Illi-

nois. By Charles Rau. 1868. 8vo., pp. 9, 5 woodcuts.

371. The Metric System of Weights and Measures, with Tables. Prepared

for the Smithsonian Institution. By H. A. Newton. 1868. 8vo,

pp. 23.

372. Drilling in Stone without the use of Metal. By Charles Rau.
1869. 8vo., pp, 11, 12 woodcuts.

373. Meteorological Stations, andObserversof the Smithsonian Institution,

in North America and adjacent Islands, from the year 1849, to the

end of the year 1868. 1869. 8vo., pp. 42.

374. Three Rain-Charts of the United States, showing the distribution by

Isohyetal lines of the mean precipitation in rain and melted snow.

1, for the Summer months; 2, for the Winter months; 3, for the

Year. 1870. 20 inches by 14 inches.

375. Thoughts on the Nature and Origin of Force. By William B.

Taylor. 1870. 8vo., pp. 19.

376. On the Chemistry of the Earth. By T. Sterry Hunt. 1871. 8vo.,

pp. 26.

377. The Diamond and other Precious Stones. By M. Babinet. Trans-

lated for the Smithsonian Institution, by John Stearns. 1872. 8vo.,

pp. 33.

378. The Language of the Dakota or Sioux Indians. By F. L. O. Rcehrig.

1872. 8vo., pp. 19.
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379. Eulogy on- Prof. Alexander Dallas Bache, late Superintendent of

the U. S. Coast Survey, President of the National Academy of

Sciences, etc. By Joseph Henry. 1872. 8vo., pp. 28.

380. The Scientific Education of Mechanics and Artizans. By Andrew
P. Peabody. 1873. 8vo., pp. 13.

381. Temperature-Chart of the United States, showing the distribution, by
Isothermal lines, of the mean temperature for the Year. 1873. 16]

inches by 10] inches.

382. North American Stone Implements. By Charles Rau. 1873.

8vo., pp. 16, 7 woodcuts.

383. Archaeological Researches in Nicaragua. By J, F. Bransford.
1881. 4to., pp. 100, 202 woodcuts, 2 plates of 40 figures.

384. Circular in reference to Shipping Fresh Fish and other Animals. By
S. F. Baird. 1881. 8vo., pp. 4.

385. Ancient Aboriginal Trade in North America. By Charles Rau.
1873. 8vo., pp. 49.

386. Explanation of the Principles of Crystallography and Crystallo-

physics. By Aristides Brezina. Translated for the Smithsonian

Institution, by T. Eglestou. 1874. 8vo., pp. 36.

387. Three Temperature-Charts of the United States, showing the distribu-

tion, by Isothermal curves, of the mean temperature of the lower

atmosphere. 1, for the Summer months ; 2, for the Winter months;

3, for the Year. 1874. 28] inches by 193 inches.

388. Temperature Chart of the United States, showing the disti'ibution, by

Isothermal lines, of the mean temperature for the year. 1874, 20

inches by 13] inches.

389. An Account of Investigations relative to Illuminating Materials.

(From the Light-House Board Report for 1875.) By Joseph

Henry. 1881. 8vo., pp. 25.

390. On Tides and Tidal Action in Harbors. By Julius E. Hilgard,

1875. 8vo., pp. 22, 15 woodcuts.

391. An act to establish the Smithsonian Institution, etc. Revised Stat-

utes: Title Lxxiii. 1875. 8vo., pp. 10.

392. The Prehistoric Antiquities of Hungary. An Address delivered by

F. F. RoMER, at the Opening of the International Anthropological

Congress, held at Budapest, September, 1876. Translated for the

Smithsonian Institution, by Charles Rau. 1877. 8vo,, pp. 9.
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393. The Mound Builders, and Platycnemism in Michigan. By Henry
GiLLMAN. 1874. 8vo., pp. 28, 12 woodcuts. Also, Certain Char-

acteristics pertaining to Ancient Man in Michigan. By Henry
GiLLMAN. 1877. 8vo., pp. 13, lo woodcuts.

394. The Stone Age in IS ew Jersey. By C. C. Abbott. 1877. 8vo. pp.

136, 58 plates of woodcuts, containing 223 figures.

395. Kinetic Theories of Gravitation. By William B. Taylor. 1877.

8vo., pp. 80.

396. Notes on the History and Climate of New Mexico. By Thomas A.

McParlin. 1877. 8vo., pp. 30.

397. The Latimer Collection of Antiquities from Porto Eico, in the

National Museum at Washington, D. C. By Otis T. Mason. 1877.

8vo., pp. 23. 14 plates of woodcuts, containing 60 figures.

398. Short Memoirs on Meteorological Subjects : By Julius Hann ; L.

Sohncke ; Theodore Reye ; William Ferrel ; A. Colding ; and M.

Peslin. Compiled and Translated for the Smithsonian Institution by

Cleveland Abbe. 1878. 8vo., pp. 104.

399. Color Blindness in its Relation to Accidents by Rail and Sea. By
Frithiof Holmgren. Translated for the Smithsonian Institution,

by M. L. Duncan. 1878. 8vo., pp. 72, 5 woodcuts.

400. Aboriginal Structures in Georgia. By Charles C. Jones, Jr.

1878. 8vo., pp. 13, 5 woodcuts.

401. On the change of the Mexican Axolotl to an Amblystoma. By
August Weismann. Translated for the Smithsonian Institution, by

Henry M. Douglass. 1878. 8vo., pp. 29.

402. The Stock-in-Trade of an Aboriginal Lapidary. By Charles Rau.

1878. 8vo., pp. 9, 16 woodcuts.

403. Observations on a Gold Ornament found in a Mound in Florida.

By Charles Rau. 1878. 8vo., pp. 6, 1 woodcut.

404. On a Polychrome Bead from Florida. By S. S. Haldeman. 1878.

8vo., pp. 6, 2 woodcuts.

405. An Historical Sketch of Henry's Contribution to the Electro-Mag-

netic Telegraph ; with an account of the origin and development of

Prof. Morse's invention. By William B. Taylor. 1879. 8vo.,

pp 103.

406. Henry on Sound. A Summary of Researches in Sound conducted in

the service of the United States Light-House Board, by Joseph

Henry, during the years 1865 to 1877. 1879. 8vo., pp. 106, 12

woodcuts.
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407. Biographical Memoir of .Joseph Henry. Prepared iu behalf of the

Board of Regents. By Asa Gray. 1879. 8vo., pp. 35.

408. Report of the Secretary of the Smithsonian Institution, for the year

1878. By S. F. Baird. 1879. 8vo., pp. 60.

409. Report of the National Museum Building Commission, and of the

Architects, for 1879. 1880. 8vo., pp. 18, 2 folding plates.

410. Reports of Astronomical Observatories for 1879. By E. S. Holden.

1880. 8vo., pp. 60.

411. The effect of Irritation of a Polarized Nerve. By B. F. Lauten-

BACH. 1880. 8vo., pp. 59.

412. On the Zoological Position of Texas. By Edward D. Cope. 1880.

8vo., pp. 55. Bulletin of the National Museina No. 17.

413. Exhibit of the Fisheries and Fish Culture of the United States of

America, at the Internationale Fischerei Austsellung, at Berlin, April

20, 1880, and forming a part of the collection of the National Museum,

made by the United States Fish Commission. Prepared under the

direction of G. Brown Goode. 1880. 8vo., pp. 279. Bulletin of the

National Museum, No. 18.

414. Base Chart of the United States. Prepared by Charles A. Schott.

1880. (28 J X 19 i inches.)

415. A Study of the Savage AVeapons at the Centennial Exhibition, Phila-

delphia, 1876. By Edward H. Knight. 1880. 8vo., pp. 90, 147

woodcuts.

416. Smithsonian Miscellaneous Collections. Vol. XIX. 1880. 8vo.,

pp. 1034.

CONTENTS.

Proceedings of the U. S. National Museum. Vol. I. 1878. No. 332.

Proceedings of the U. S. National Museum. Vol. II. 1879. No. 333.

417. Henry as a Discoverer. A Memorial Address, delivered before the

American Association for the Advancement of Science, August 26,

1880. By Alfred M. Mayer. 1880. 8vo., pp. 36.

418. Report of the Secretary of the Smithsonian Institution, for the year

1879. By Spencer F. Baird. 1880. 8vo., pp. 76.

419. Report of the Secretary of the Smithsonian Institution, for the year

1880. By Spencer F. Baird. 1881. 8vo., pp. 88.

420. Anthropological Investigations in 1879. By Otis T. Mason. 1881.

8vo., pp. 30.

421. Index to Anthropological Articles in Publications of the Smithsonian

Institution. By George H. Bcehmer. 1881. 8vo., pp. 10.
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422. Nomenclature of North American Birds chiefly contained in the

United States National Museum. By Robert Ridgway. 1881.

8vo., pp. 94. Bulletin of the National Museum, No. 21.

423. Smithsonian Miscellaneous Collections. Vol. XX. 1881. 8vo.

pp. 846.

COXTENTS.

Bulletin of the I'hilosopbical Society of Washington :

Vol. I, March, 1871, to June, 1874, pp. 218.

Vol. II, October 10, 1874, to November 2, 1878, pp. 452.

Vol. Ill, November 9, 1878, to June 19, 1880, pp. 1G9.

424. Smithsonian Miscellaneous Collections. Vol. XXI. 1881. 8vo.,

pp. 773, 42 woodcuts, 13 plates.

CONTENTS.

Rhees, "VV. J. James Smithson and his bequest. No. 330.

Smithson, J. Scientific writings. No. 327.

Johnson, W. E. Scientific character and researches of Smithson. *No.

327.

litsr, J. R. McD. The works and character of Smithson. No. 327.

A memorial of Joseph Henr\'. No. 356.

425. Proceedings of the United States National Museum for 1880. Vol.

III. 1881. 8vo., pp. 595, 5 cuts, 2 plates.

CONTENTS.

Bean, T. H. Description of a new hake {Phycis earl'd), from South

Carolina, and a note on the occurrence of Phycis regius in North

Carolina.

Check-list of duplicates of North American fishes distributed by the

Smithsonian Institution in behalf of the United States National

Museum, 1877-'80.

Cattie, S. T. On the genitalia of male eels and their sexual characters.

Endlich, F. M. List of species and varieties of minerals in the National

Museum of the United States in 1879.

Garman, S. Synopsis and descriptions of the American Wdnohatidce.

Gill, T. On the identity of the genus Leunjnnis Lockington, with

Lycodopsis Collett.

GooDE, G. B. Descriptions of seven new species of fishes from deep

soundings on the Southern New England coast, with diagnoses of

two iindescribed genera of flounders and a genus related to

Merlucius.

Fishes from the deep waters on the South coast of New England ob-

tained by the United States Fish Commission in the summer

of 1880.

The frigate mackerel {Auxis Rochet) on the New England coast.

Notacanihus jihasganorus, a new species of Notacanfhid':e from the

Grand Banks of Newfoundland.

Hay, O. r. On a collection of fishes from Eastern Mississippi.
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425. Proceedings of National Museum. Vol. Ill—Continued.

Heilprin, a. On some new species of eocene moUusca from the Southern
United States.

Jordan, D. S. Notes on a collection of fishes from East Florida, ob-

tained by J. A. Henshall.

Notes on a collection of fishes from St.'Johiis river, Florida, obtained

by A. H. Curtiss.

Note on a forgotten paper of Dr. Ayrcs, and its bearing on the nom-
enclature of the cyprinoid fishes of the San Francisco markets.

Note on " Sema " and " Dacentrus."

Description of a new species of Caranx [Caranx Beam), from Beaufort,

North Carolina.

Jordan, D. S. ; Gilbert, C. H. Notes on a collection of fishes from

San Diego, California.

Description of new flounder (Xi/streurys llolepis), from Santa Catalina

Island, California.

Description of a new ray [PUiti/r/dna triserlata), from the coast of

California.

Description of a new species of " rock cod" {Sebastichthys serrlcrpfi),

from the coast of California.

On the occurrence of Cephaloscyllium laticepa (Dumeril) Gill on tin'

coast of California.

On the oil shark of Southern California {GaleorJunus gateus.)

Description of a new flounder [Pleuronichtkys vertlcalis), from the

coast of California, with notes on other species.

Notes on sharks from the coast of California.

On the generic relations of Platyrliina exasperata.

Description of a new species oi Sebastichthys {Sebantichthys 7niniatus ),

from Monterey bay, California.

Description of a new species of " rock fish " [Sebastichthys carnatus),

from the coast of California.

Description of a new species of ray [Raia stellulata), from Monterey,

California.

Description of a new species of Xiphister and Apodichthys, from

Monterey, California.

Description of two new species of Sebastichthys {Sebastichthys entome-

las and Sebastichthys rhodochloris)^ from Monterey bay, Cal.

Description of a new agonoid fish [Brachiopsis xyosternus), from

Monterey bay, California.

Description of a new flounder {Hippoylossoides cxilis), from the coast

of California.

Description of a new species of ra}' [Raia rhina) from the coast of

California.

Description of two new species of fishes (Asceiicthys rhodorus and

Scytalina cerdale), from Neah Bay, Washington Territory.

Description of two new species of scopeloid fishes {Sudis rinyens and

Myctophum crenulare), from Santa Barbara channel, California.

Description of two new species of flounders [Parophrys ischyurus and

Hippoglossoides elassodon), from Pugct Sound.

Description of seven new species of sebastoid fishes, from the coast of

California.
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Jordan, D. S.; Gilbert, C. H. Description of a new embiotocoid {Abeona
nvrnrn). from Montorey, California, with notes on a related species.

Description of a new flounder {Plnti/somatichthys stomias), from the

coast of California.

Description of a new embiotocoid fish [Cyynatogaster rosaceus), from
the coast of California.

Description of a new species of deep-water fish {Icichthys Lockingtoni)

,

from the coast of California.
Description of a new embiotocoid fish {Ditrema atrlpea), from the

coast of California.

Description of a new scorpienoid fish (Sebasiichthys maliger), from the
coast of California.

Description of a new scorpsenoid fish [Sebasiichthys proi-igei-), from
Monterey Bay, California.

Description of a new agonoid [Agonus vulsiis), from the coast of Cali-

fornia.

Description of a new species of Hetnirhamphus {Hemirhamphiis Rosce),

from the coast of California.

Description of a. new species of notidanoid shark [Hexanchus corinus),

from the Pacific coast of the United States.

Description of a new species of Ncmiahthys (Nemichthys avocetia),

from Puget Sonnd.

Description of a new species of Paralepis {Paralepis coruscans), from

the Straits of Juan de Fuca.

List of the fishes of the Pacific coast of the United States, with a table

showing the disti-ibution of the species.

On the generic relations of Belone exilis (Girard).

Notes on a collection of fishes from Utah Lake.

Description of a new species of rockfish (Sebasiichthys chrysom.elas),

from the coast of California.

Lawrence, G. N. Description of a new sjiecies of bird of the family

Tur^didce, from the island of Dominica, W. I.

Description of a new species of parrot of the genus Chrysotis, from

the island of Dominica.

Description of a new species of Icterus, from the West Indies.

LocKiNGTON, W. N". Kemarks on the species of the genus Chirus found

in San Francisco market, including one hitherto undescribed.

Description of a new fish from Alaska {U7'anidea microstoma).

Description of a new species of Agonidoe {Brachyopsis verrucosus),

from the coast of California.

Description of a new genus and some new speckles of California fishes

(Icosteus oenigmaticus and Osmerus aiienuatus).

Description of a new chiroid fish [Myriolepis zonifer), from Monterey

Bay, California.

Description of a new sparoid fish [Sparus brnchysomus), from Lower
California.

Note on a new fiat fish [Lepidopsetta isolepis), found in the markets of

San Francisco.

Description of a new species of Prionoius (Prlonoius stephanophrys),

from the coast of California.

Eathbxjn, R. The littoral marine fauna of Provincetown, Cape Cod,

Massachusetts.
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425. Proceedings of National Museum. Vol. Ill—Continued.

RiDGWAY, R. Revisions of nomenclature of certain North American
birds.

A catalogue of the birds of North America.

Catalogue of TrocJdlidoe in the collection of the United States Na-
tional Museum.

Ryder, J. A. On Camaraphysema., a new type of sponge.

List of the North American species of myriapods belonging to the

famil\- of the Lysiopetalidce, with a description of a blind form

from Luray Cave, Virginia.

Smith, R. On the occurrence of a species of Cremnobates at San Diego,

California.

Smith, S. I. Preliminary notice of the Crustacea dredged in 64 to 32.5

fathoms off the south coast of Nevv England by the United States

Fish Commission, in 1880.

SwAK, J. G. The surf smelt of the northwest coast, and the method of

taking them by the Quillehute Indians, West Coast of "Washing-

ton Territory.

The eulachon or candle fish of the northwest coast.

Vkruill, a. E. Notice of recent additions to the marine invertebrata of

the northeastern coast of America, with descriptions of new
genera and species, and critical remarks on others.

Part II.

—

Mollusca, with notes on Annelida, Echinodermata, etc.,

collected by the United States Fish Commission.

Part III.—Catalogue of mollusca recently added to the fauna of

Southern New England.

White, C. A. Note on the occurrence of Productus (jiganteus in Cal.

Note on Acrothele,

Description of a new cretaceous Pinna from New Mexico.

Note on the occurrence of Stricldandia salteri and S. davidsoni in

Georgia.

Description of a very large fossil gasteropod, from the State of Puebla,

Mexico.

Descriptions of new invertebrate fossils from the mesozoic and

cenozoic rocks of Arkansas, Wyoming, Colorado, and Utah.

426. A Synopsis of the Scientific Writings of Sir William Herschel.

By Edward S. Holden and Charles S. Hastings. 1881. 8vo.,

pp. 118.

427. Record of Recent Progress in Science, 1879 and 1880. Astronomy.

By Edward S. Holden. 1881. 8vo., pp. 30.

428. Record of Recent Progress in Science, 1879 and 1880. Geology and

Mineralogy. By George W. Hawes. 1881. 8vo., pp. 30.

429. Record of Recent Progress in Science, 1879 and 1880. Physics and

Chemistry. By George F. Barker. 1881. 8vo., pp. 65.

430. Record of Recent Progress in Science, 1879 and 1880. Botany. By
Wm. G. Farlo.w. 1881. 8vo.,pp. 19.
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431. Record of Recent Progress in Science, 1879 and 1880. Zoology. By
Theodore Gill. 1881. 8vo., pp. 62.

432. Record of Recent Progress in Science, 1880. Anthropology. By
Otis T. Mason. 1881. 8vo., pp. 51.

433. Report of a visit to the X/uray Cavern, in Page County, Virginia,

under the auspices of the Smithsonian Institution, July 13 and 14,

1880. 1881. 8vo., pp. 12, 6 woodcuts.

434. Report of the National Museum Building Commission and of the

Architects for 1880. 1881. 8vo., pp. 12.

435. Discussion of the Barometric Observations of E. S. Snell. By F. H.
Loud. 1881. 8vo., pp. 23, 7 woodcuts.

436. List of Periodicals received by the Smithsonian Institution. 1881.

8vo., pp. 9.

437. Check-list of Publications of the Smithsonian Institution to December,

1881. 1881. 8vo., pp. 22.

438. Reports of Astronomical Observatories for 1880. By E. S. Holden
and George H. Bcehmer. 1881. 8vo., pp. 128.

439. Warming and Ventilating Occupied Buildings. By Arthur Morin.
Translated for the Smithsonian Institution by Clarence B. Young.

1882. 8vo., pp. 92, 32 woodcuts.

440. Articles on Anthropological Subjects contributed to the Annual Re-

ports of the Smithsonian Institution from 1863 to 1877. By Charles
Rau. 1882. 8vo., pp. 180, 53 woodcuts.

CONTENTS.

Kait, C, Preface by. (February, 1882.)

Baegert, J. Account of the aboriginal inhabitants of the Californian

peninsuUi. Transhvted and arranged for the Smithsonian by Chas.

Eau. From Smithsonian Keport for 1863-64. No. 361.

Agricultural implements of the North American stone period. From
Eeport for 1863.

Artificial shell deposits in New Jersey. From Eeport for 1864. No. 362.

Indian pottery. From Eeport for 1866. No. 368.

Drilling in stone without metal. From Eeport for 1868. No. 372.

Deposit of agricultural flint implements in Southern Illinois. From Ee-
port for 1868. No. 370.

Memoir of C. F. P. Von Martius. From Eeport for 1869. No. 251.

Ancient aboriginal trade in North America. From Eeport for 1872.
No. 385.

North American stone implements. From Eeport for 1872. No. 382.

EoMER, F. F. Prehistoric antiquities of Hungary. Translated by Chas.

Eau. From Eeport for 1876. No. 392.

Stock in trade of an aboriginal lapidary. From Eeport for 1877. No. 402.

Observations on a gold ornament from a mound in Florida. From Eeport
for 1877. No. 403.

6
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441. The Constants of Nature. Part V. A Recalculation of the Atomic

Weights. By Frank Wigglesworth Clarke. 1882. 8vo.,

pp. 293.

442. Annual Report of the Board of Regents of the Smithsonian Institu-

tion, for the year 1880. Forty-sixth Congress, 3d Session, Senate

Mis. Doc. No. 31. ]881. 8vo., pp. 782, 13 woodcuts.

CONTENTS.

Baird, S. F. Secretary's report of operations.

. List of periodicals received by the,Institution.

Rules for the examination of specimens submitted to the Institution.

Taylor, F. W. Report of the chemist.

Additions to the collections of the National Museum.

Additions to Museum by the Berlin International Fisheries Exhibition.

Stevknson, J. Report of explorations in New Mexico and Arizona.

Receipts and distribution of specimens.

GooDE, G. B. The lirst decade of the U. S. Fish Commission.

Report of the Executive Committee on the Henry statue.

Report of the Executive Committee for 1880.

Board of Regents, Proceedings of

Report of the National Museum Building Commission for 1880.

Report of the Superintending Architects of the Museum Building.

Record op Recent Scientific Progress:

Baird, S. F. Introduction.

HoLDEN, E. S. Astronomy.

Hawes, G. W. Geology.

Barker, G. F. Physics.

Barker, G. F. Chemistry.

Hawes, G. "W. Mineralogy.

Farlow, W. G. Botany.

Gill, T. Zoology.

Mason, O. T. Anthropology.

Mason, O. T. Bibliography of anthropology.

Mason, O. T. Abstracts of anthropological correspondence.

Mason, O. T. Report on Luray Cavern.

Loud, F. H. Discussion of Prof. Snell's barometric observations.

Henry, J. Investigation of illuminating materials.

HoLDEN, E. S. ; Hastings, C. S. Synopsis of the scientific writings of

William Herschel.

Holden, E. S. ;
Bcehmer, G. H. Reports of astronomical observatories.

443. Results of Meteorological Observations made at Providence, Rhode
Island, extending over a period of forty-five years, from December,

1831, to December, 1876. By Alexis Caswell. 1882. 4to, pp.40.

444. Guide to the Flora of Washington and Vicinity. By Lester F.

Ward. 1881. 8vo., pp. 265. One map. Bulletin of the National

Museum, No.. 22.
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445. Plan of Orgauizatiou and Regulations of the United States National

Museum. By G. Brown Goode. 1882. 8vo., pp. 58. Two
woodcuts. {Circular of U. S. National Museum, No. 1.)

446. Circular addressed to Friends of the Museum. By Spencer F.

Baird. 1882. 8vo., pp. 2. ( Circular of U. S. National Museum,

No. 2.)

447. Circular in reference to Petroleum Collections. By Spencer F.

Baird. 1882. 8vo., pp. 4. ( Circular of U. S. National Museum, No. 3.)

448. Circular concerning the Department of Insects. By Spencer F.

Baird. 1882. 8vo., pp. 2. ( Circular of U. S. National Museum,

No. 4.)

449. Establishment and Officers of the Smithsonian Institution and Na-
tional Museum, January 1, 1882. 1882. 8vo., pp. 2. (Circular oj

U. S. National Museum, No. 5.)

450. Classification and Arrangement of the Materia Medica Collection.

By James M. Flint. 1882. 8vo.,pp. 2. {Circular of V. S. National

Musetim, No. 6.)

451. A Classification of the Forms in which Drugs and Medicines appear,

and are administered. By James M. Flint. 1882. 8vo., pp. 8.

(Circular of U. S. National Museum, No. 7.)

452. Memoranda for Collectors of Drugs for the Materia Medica Section

of the National Museum. By James M. Flint. 1882. 8vo., pp. 2.

(Circular of U. S. National Museum, No. 8.)

453. Circular in reference to the Building-Stone Collection. By Spencer
F. Baird. 1882. 8vo., pp. 6. ( Circular of U. S. National Museum,

No. 9.)

454. Two letters on the work of the National Museum. By Barnet
Phillips. 1882. 8vo., pp. 10. (Circular of U. S. National Museum,

No. 10.)

455. A Provisional Classification of the Food Collections. By G. Brown
Goode. 1882. 8vo., pp.18. (Circular of U.S. National Musetim,

No. 11.)

456. Classification of the Collections of the U. S. National Museum to

illustrate the Art of Taxidermy. By W. T. Hornaday. 1882.

8vo., pp. 2. (Circular of U. S. National Museum, No. 12.)

457. Outline of a Scheme of Classification for the Collections in the United

States National Museum. By G. Brown Goode. 1882. 8vo.,

pp. 4. (Circular of U. S. National Museum, No. 13.)
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458. Circular requesting material for the Library of the United States

National Museum. By Spencer F. Baird. 1882. 8vo., pp. 4.

{Circular of U. S. National Museum, No. 14.)

459. The Organization and Objects of the United States National Museum.

By G. Brown Goode. 1882. 8vo., pp. 4. {Circular of U. S.

National Museum, No. 15.)

460. Directions for Collecting and Preserving Plants. By Lester F.

Ward. 1882. 8vo., pp. 32.

461. Check-List. Flora of Washington and Vicinity. By Lester F.

Ward. 1882. 8vo., pp. 62.

462. Catalogue of Old World Birds in the U. S. National Museum. By
, Robert Ridgway. 1882. 8vo., pp. 20.

463. Bibliography of the Fishes of the Pacific Coast of the United States,

to the end of 1879. By Theodore Gill. 1882. 8vo., pp. 77.

(M. C. XXIII.) Bulletin of National Museum, No. 11.

464. Directions for Collecting and Preserving Fish. By Tarleton H.
Bean. 1881. 8vo., pp. 6.

465. List of Marine Invertebrates, mainly from the New England Coast,

distributed by the U. S. National Museum. Series II. By Richard
Rathbun. 1881. 8vo., pp. 6.

466. Directory of Officers, Collaborators, Employes, etc., of the Smith-

sonian Institution, National Museum, Geological Survey, Bureau of

Ethnology, and Fish Commission. 1882. 8vo., pp. 8.

467. Proceedings of the United States National Museum for 1881. Vol.

IV. 1882. 8vo., pp. 600, 18 cuts, 2 plates. (M. C. xxii.)

COISTTENTS.

Baird, S. F. Notes on certain aboriginal shell mounds on the coast of

New Brunswick apd of New England.

Bean, T. H. Descriptions of new species of fishes {Uranidea marginata,

PotamocottuH Bendirei) and of Myctophiim crenulare J. and Gr.

Notes on some fishes from Hudson's Bay.

Descriptions of new fishes from Alaska and Siberia.

Directions for collecting and preserving fish.

A preliminary catalogue of the fishes of Alaskan and adjacent waters.

A partial bibliography of the fishes of the Pacific coast of the United

States and of Alaska, for the year 1880.

Notes on a collection of fishes made by Capt. Henry E. Nichols,

U. S. N., in British Columbia and Southern Alaska, with descrip-

tions of new species and a new genus {Delolepis).

See also under Goode and Bean.

Bendire, C. Notes on Sabnonidce of the upper Columbia.
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467. Proceedings of iN'ational JMuseutn. Vol. IV—Coutinued.

Boyd, C. H. Remains of the walrus (?) in Maine.

Carlin, W. E. Observations of Siredon lichenoides.

Dall, W. H. On the genera of chitons.

On certain limpets and chitons from the deep waters off the eastern

coast of the United States.

Endlich, F. M. An analysis of water destructive to fish in the Gulf of

Mexico.

Farlow, W. G. Report on the contents of two bottles of water from

the Gulf of Mexico, forwarded by the Smithsonian Institution.

Gilbert, C. H. See under Jordan and Gilbert.

Gill, T. Note on the Latiloid genera.

Glazier, W. C. W. On the destruction of fish by polluted waters in the

Gulf of Mexico.

Goode, G. B. The Taxonomic relations and geographical distribution of

the members of the swordfish family, {Xiphiidce.)

Goode, G. B. ; Bean, T. H. Description of a new species of fish, Apo-

gon pandionis, from the deep water off the mouth of Chesapeake

Bay.

Benthodesmus^ a new genus of deep-sea fishes, allied to Lepidopus.

Hatves, G. W. On the mineralogical composition of the normal meso-

zoic diabase upon the Atlantic border.

On the determination of feldspar in thin sections of rocks.

Ingersoll, E. On the fish mortality in the Gulf of Mexico.

Japanese Legation, Washington. Catalogue of a collection of Jap-

anese cotton fibre presented to the U. S. National Museum by the

Government of Japan, together with the amount of the annual crop

of Japan and the price of cotton.

Johnson, S. H. Notes on the mortality among fishes of the Gulf of

Mexico.

Jordan, D. S. ; Jouy, P. L. Check-list of duplicates of fishes from the

Pacific coast of North America, distributed by the Smithsonian Insti-

tution in behalf of the United States National Museum, 1881.

Jordan, D. S. ; Gilbert, C. H. Notes on the fishes of the Pacific coast

of the United States.

Description of Sehastichthys mysiinus.

Description of a new species of Ptychochilus {Ptychochilus Harfordi)

from Sacramento river.

Note on Raia inornata.

'

Notes on a collection of fishes, made by Lieut. Henry E. Nichols,

U. S. N., on the west coast of Mexico, with descriptions of new

species.

List of fishes collected by Lieut. Henry E. Nichols, U. S. N., in the

Gulf of California and on the west coast of Lower California,

with descriptions of four new species.

Descriptions of thirty-three new species of fishes from Mazatlan,

Mexico.

Description of a new species of Pomadasys from Mazatlan, with a key

to the species known to inhabit the Pacific coasts of tropical

America.
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467. Proceedings of National Museum. Vol. IV—Continued.
Description of a new species of Xenichthys {Xenichthys ocyurus) from

the west coast of Central America.

Descriptions of five new species of fishes from Mazatlan, Mexico.

Joirsr, P. L. Description of a new species of Squalius {Squalius alicice)

from Utah Lake.

liAWRKNCE, G. N. Description of a new sub-species of Loxigilla from

the island of St. Christopher, West Indies.

LoCKiNGTON, W. N. Description of a new genus and species of Cottidce.

Lugger, 0. The occurrence of the Canada porcupine in Maryland.

McKay, C. L. A review of the' genera and species of the family CeJi-

trarchidce, with a description of one new species.

MooKE, M. A. Fish mortality in the Gulf of Mexico.

PiRZ, A. Methods of making and preserving plaster casts.

Plateau, F. The rapid preparation of large myological specimens.

Porter, J. Y. On the destruction offish by poisonous water in the Gulf

of Mexico.

Eathbun, E. List of marine invertebrates, mainly from the New Eng-

land coast, distributed by the United States National Museum.

(Series II.)

List of Marine invertebrates from the New England coast, distrib-

uted by the United States National Museum. (Series III.)

Eau, C. List of anthropological publications by

EiDGWAY, E. On a duck new to the North American fauna.

On Amazilia Vucatanensis, (Cabot.) and A. cerviniventHs, Gould.

A review of the genus Centurus, Swainson.

List of species of Middle and South American birds not contained in

the United States National Museum.

List of special desiderata among North American birds.

Catalogue of Old World birds in the United States National Mu-
seum.

Notes on some Costa Eican birds.

Description of a new fly-catcher, and a supposed new petrel, from the

Sandwich Islands.

Description of a new owl from Porto Eico.

Descriptions of two new thrushes from the United States.

On two recent additions to the North American bird fauna, by L.

Belding.

Eyder, J. A. On Semper's method of making dry preparations.

Shufeldt, E. W. Eemarks upon the osteology of Opheosaurus ventralis.

Smith, E. Description of a new Gobioid fish, {Othonops eos,) from San

Diego, California.

Description of a new species of Gobiesox, {Gobiesox rhessodon,) from

San Diego, California.

Smith, S. B. On the Chinook names of the salmon in the Columbia

Eiver.

Stejneger, L. Description of two new races of Myadestes obscurus, Lafr.

Translation. Metallic castings of delicate natural objects.

True, F. W. On the North American land tortoises of the genus A'e;'o-

bates.

On the rare rodent Cricetodipus jtarvus (Baird) Coues.
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467. Proceedings of National Museum. Vol. IV—Continued.
Ward, L. F. Catalogue of a collection of Japanese woods presented to

the U. S. National Museum by the University of Tokio, Japan.

White, C. A. On certain cretaceous fossils from Arkansas and Colorado.

Anonymoits. The comparative action of dry heat and sulphurous acid

upon putrefactive bacteria.

Appendices—Circulars of the U. S. National Museum :

No. 1. Plan of organization and regulations of the Bluseum.

No. 2. Circular addressed to the friends of the Museum.
No. 3. Circular in reference to petroleum collections.

No. 4. Circular concerning the department of insects.

No. 5. Establishment and officers of the Smithsonian Institution and Bluseum.

No. G. Classification and arrangement of the materia medica collection.

No. 7. A classification of the forms in which drugs and medicines appear and are administered.

No. 8. Blemoranda of collectors of drugs for the materia medica section of the National Bluseum.
No. 9. Circular in referen 'e to the building-stone collection.

No. 10. Two letters on the work of the National Museum.
No. 11. A provisional classification of the food collections.

No. 12. Classification of the colleelions to illustrate the art of taxiderm}'.

No. 13. Outline of a scheme of Bluseum classification

No. 14. Circular requesting material for the library of the Museum.
No. 15. The organization and objects of the National Museum.
No. 16. Plans for the installation of collections.

No. 17. Contributions and their acknowledgment.
No. 18. List of publications of the United States National Museum.

468. Smithsoniau Miscellaiieous Collections. Vol. XXII. 1882. 8vo.,

pp. 1200, cuts 18, plates 4.

CONTENTS.

Proceedings of the U. S. National Museum. Vol. III. 1880. No. 425,

Proceedings of the U. S. National Museum. Vol. IV. 1881. No. 467.

469. List of Foreign Correspondents of the Smithsonian Institution. Cor-

rected to January, 1882, 1882. 8vo,, pp. 174.

470. Nomenclator Zoologicus, An Alphabetical List of all Generic Names
that have been employed by Naturalists for Recent and Fossil Ani-

mals from the earliest times to the close of the year 1879. In two

parts. Part I.^List of Generic Names employed in Zoology and

Paleontology to the close of the year 1879, chiefly supplemental to

those catalogued by Agassiz and Marschall, or indexed in the Zoolog-

ical Record. By Samuel H. Scudder, 1882, 8vo., pp. 398. Bul-

letin of the National Museum, No. 19.

471. List of Marine Invertebrates ffom the New England Coast, distributed

by the U. S. National Museum. Series III.—Educational Series.

By Richard Rathbun. 1881. 8vo., pp. 4,

472. Plans for the Installation of Collections in the U, S, National Mu-
seum. By G, Brown GooDE, 1882, 8vo., pp. 2. {Circular of U.

S. National Museum, No. 16.)
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473. Contributions to the United States National Museum, and their Ac-

knowledgement. 1882. 8vo., pp. 2. {Circular of U. S. National

Museum, No. 17.)

474. List of Publications of the United States National Museum. 1882.

8vo., pp. 12. (Circular of U. S. National Museum, No. 18.)

475. Smithsonian Miscellaneous Collections. Vol. XXIII. 1882. 6vo.,

pp. 1003. Bulletins of the National Museum, Nos. 11 to 15.

CONTENTS.

Gill, T. Bibliography of fishes of Pacific coast. Bulletin No. 11. No.

463.

Jordan, D. S. ; Brayton, A. W. Fishes of Alleghany region of South

Carolina, Georgia, and Tennessee, and synopsis of Caiosiomidce. Bul-

letin No. 12. No. 308.

Eggers, H. F. a. Flora of St. Croix and the Virgin Islands. Bulletin

No. 13. No. 313.

GooDE, G. B. Catalogue of collection illustrating animal resources and

fisheries of the United States. Bulletin No. 14. No. 326.

KxJMLiEN, L. Natural history of Arctic America. Bulletin No. 15.

No. 342.

476. First Annual Report of the Bureau of Ethnology to the Secretary

of the Smithsonian Institution, 1879-80. By J. W. Powell, Di-

rector. 1881. Royal 8vo., pp. 638. 343 cuts, 54 plates, 1 folded

map.

CONTENTS.

Powell, .r. "W. Report of the Director of the Bureau.

Powell, J. W. On the evolution of language.

Powell, J. W. Mythology of the North American Indians.

Powell, J. W. Wyandot government.

Powell, J. W. Limitations to the use of some Anthropological data.

Yarroav, H. C. Study of the mortuary customs of the North American

Indians.

HoLDEN, E. S. Studies in Central American picture-writing.

EoTCE, C. C. Cessions of land by Indian tribes to the United States.

Mallery, Garrick. Sign language among North American Indians,

compared with that among other peoples and deaf-mutes.

Pilling, J. C. Catalogue of linguistic manuscripts in the library of the

Bureau of Ethnology. '

DoRSEY, J. O. Illustration of the method of recording Indian languages.

How the rabbit caught the sun in a trap. (An Omaha myth.)

Gatschet, a. S. Details of an Indian conjurer's practice. (In the

Klamath Lake dialect.)

Gatschet, A. S. The relapse. (In the Klamath Lake dialect.)

Riggs, S. R. a dog's revenge. (A Dakota Fable.)
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477. Report ou luteruational Exchange, with list of Official Publications

of the U. S. Government, between 1868 and 1881. By George H.
BCEHMER. 1882. 8vo., pp. 113.

478. Catalogue of Publications of the Smithsonian Institution up to July

1, 1882, with Index to all Articles in the " Smithsonian Contributions

to Knowledge," " Miscellaneous Collections," " Annual Reports,"

" Bulletins and Proceedings of the U. S. National Museum," etc.

By William J. Rhees. 1882. 8vo., 1882, pp.





CLASSIFIED LIST OF SEPARATE PUBLICATIONS

OF THE

SMITHSONIAN INSTITUTION.

SUBJECTS.

I. Anatomy, Physiology, Medicine, and Surgery.

II. Anthropology. (5'ee also Philology.)

III. Archaeology. (S'ee Anthropology.)

IV. Architecture.

V. Astronomy.

VI. Bibliography.

VII. Biography.

VIII. Biology. {See also Anatomy, Botany, Microscopy, Palaeontology, and

Zoology.)

IX. Botany.

X. Chemis;try and Technology.

XI. Electricity and Magnetism.

XII. Ethnology. {See Anthropology, also Philology.)

XIII. Geology. (S'ee also Palaeontology.)

XIV. Magnetism. {See Electricity, etc.)

XV. Mathematics.

XVI. Medicine and Surgery. (.S'f'e Anatomy, etc.)

XVII. Meteorology.

XVIII. Microscopy.

XIX. Mineralogy.

XX. Miscellaneous.

XXI. Natural History. (See Biology.)

XXII. PAL^geONTOLOGY.

XXIII. Philology.

XXIV. Physical Geography.

XXV. Physics. {See also Terrestrial Physics.)

XXVI. Physiology. {See Anatomy, etc.)

XXVII. Technology. (5^ee Chemistry, etc.)

XXVIII. Terrestrial Physics. •

XXIX. Zoology.—Sirrfs.

Fishes.

Insects.

Mammals.
Mollusks.

Radiates.

Reptiles, and Batraehians.

Shells. (See Mollusks.)

91
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I.—ANATOMY, PHYSIOLOGY, MEDICINE, and SURGERY.

No. iu
Catalogue

Adams. Subcutaneous surgery (Toner Lecture, No. 6) 302

Brown-Sequard. Dual character of the brain (Toner Lecture, No. 2) 291

DaCosta. The heart (Toner Lecture, No. 3) 279

Dean. Medulla oblongata (s. c.) 173

Flint. Classification of drugs and medicines 451

Flint. Classification of materia medica collection 450

Flint. Memoranda for collection of drugs 452

Holmgren. Color-blindness 399

Jones. Chemical and physiological investigations (s. c.) 82

Keen. Continued fevers (Toner Lecture, No. 5) 300

Lautenbach. Effect of irritation of a polarized nerve 411

Leidy. Flora and fauna within living animals (s. c.) 44

Mitchell and Morehouse. Chelonia (s. c.) 159

Mitchell. Venom of rattlesnake (s. c.) 135

Shakespeare. Reparatory inflammation (Toner Lecture, No. 7) 321

"Waring. Sanitary drainage of Washington (Toner Lecture, No. 8) 349

Weismann. Change of Mexican axolotl 401

Wood. Morbid and normal physiology of fever (s. c.) 357

Wood. Study of fever (Toner Lecture, No. 4) 282

Woodward. Cancerous tumors (Toner Lecture, No. 1) 266

Wyman. Rana pipiens (s. c.) 45

II.—ANTHROPOLOGY. {See also Philology.)

Abbott. Stone age in New Jersey 394

Archaeology, circular on 205, 316

B.i;gert. Aboriginal inhabitants of California-. 361

BcEHMER. Index to archaeological articles in Smithsonian publications 421

Bransford. Archaeological researches in Nicaragua (s. c.) 383

Dall. Prehistoric man, Aleutian Islands (s. c.) 318

Desor. Palafittes of the Lake of Neuchatel 360

GiBBS. Ethnological and philological instructions 160

GiBBS. Tinneh, or Chepewyan Indians 365

Gillman. Characteristics of ancient man in Michigan 393

Gillman. Mound builders and platycnemism 393

Habel. Sculptures in Guatemala (s. c.) 269

Haldeman. Polychrome bead from Florida 404
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ANTHROPOLOGY—Continued. r„?.'^;i''.Catalogue.

Hardisty. Loucheux Indians 365

Haven. American archeology (s. c.) 71

Indians, photographic portraits of, list of 216

JoxES. Aboriginal structures in Georgia 400

Jones. Antiquities of Tennessee (s. c.) 259

Jones. Kutchin Indians 365

Knight. Savage weapons 415

Lapham. Antiquities of Wisconsin (s. c.) 70

Mason. Anthropological investigations in 1879 420

Mason. " " 1880 432

Mason. Latimer antiquities from Porto Rico 397

Mason. Recent progress in anthropology 432

Mayer. Mexican archaeology (s. c.) , 86

Morgan. Circular relative to relationship 138

Morgan. Systems of consanguinity (s. c.) 218

Pickering. Gliddon mummy case (s. c.) 208

Powell. Pirst annual report of Bureau of Ethnology 476

Eau. Ancient aboriginal trade in North America 385

Rau. Archaeological collection in Smithsonian Institution (s. c.) 287

Rau. Articles on anthropological subjects, (froifl Reports S. I.) 440

Rau. Artificial shell deposits in New Jersey 362

Rau. Deposit of agricultural flint implements 370

Rau. Drilling in stone without metal 372

Rau. Gold ornament in mound in Florida 403

Rau. Indian Pottery 368

Rau. North American stone implements 382

Rau. Palenque tablet (s. c.) 331

Rau. Stock-in-trade of aboriginal lapidary 402

Romer. Prehistoric antiquities of Hungary (translated by Rau) 392

Ross. Eastern Tinneh Indians ' 365

Squier and Davis. Ancient monument of Mississippi valley (s. c.) 1

Squier and Davis. Aboriginal monuments of New York (s. c.) 15

Stanley. Catalogue of Indian Portraits 53

Swan. Indians of Cape Flattery (s. c) 220

Swan. Haidah Indians (s. c.) 267

Whittlesey'. Ancient mining at Lake Superior (s. c.) 155

Whittlesey. Ancient works in Ohio (s. c.) 37

III.—ARCHEOLOGY. {See ANTHROPOLoaY.)
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IV.—AROHITECTUEE.
No. in

Catalogue.

Building-stones, circular relative to 453

0t7en. Hints on public architecture _._• P
Report of National Museum building commission and architects for 1879 409

Report of National Museum building commission and architects for 1880 434

v.—ASTRONOMY.

Abbe. Observatories of Dorpat and Poulkova 369

Alexander. Harmonies of the solar system (s. c.) 280

Astronomical telegram circular 263

Do"WNES. Occultations 1848 (s. c.) 8

DovPNES. " 1849 (s.c.) 9

DowNES. " 1850 (s.c.) 10

DowNEs. " 1851 (s.c.) 11

DowNES. " 1852 (s.c.) 29

DowNES. " 1853 (s.c*.) 54

Draper. Silvered-glass telescope (s.c.) 180

Eclipse, annular, 1854 66

GiLLiss. Solar eclipse, Peru (s. c.) 100

Gould. History of Neptune 18

Gould. Transatlantic longitude (s. c.) 223

Hill. Map solar eclipse 101

HoLDEN and Bcehmer. Reports of observatories for 1880 438

HoLDEN and Hastings. Synopsis of Sir William Herschel's writings 426

HoLDEN. Index catalogue of Nebulse 311

HoLDEN. Recent progress in astronomy 427

HoLDEN. Reports of observatories for 1879 410

Kane. Astronomical observations arctic seas (s. c.) 129, 198

Newcomb. Integrals of planetary motion (s.c.) 281

Newcomb. Orbit of Neptune (s.c.) 199

Newcomb. Orbitof Uranus (s.c.) 262

Runkle. Planetary tables (s. c.) 79

RUNKLE. Planetary tables, supplement 94

Star-map, circumpolar 350

Star-map, of the visible heavens 359

Stockwell. Orbits of planets (s. c.) 232

Walker. 'Researches Neptune (s. c.) 3
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ASTKONOMY—Continued. ^ No. in
Catalogue.

AValker. Ephemeris Neptune, 1848 (s. c.) 4
Walker. " 1795-1849 (s. c.) 5

Walker. " 1850 (s. c.) 6

Walker. " 1851 _ (s. c.) 7

Walker. " 1852 (s. c.) 24

VI.—BIBLIOGRAPHY.

Binney. Bibliography of conchology, part I 142

BiNNEY. " " " II 174

Exchanges, list of Smithsonian, part I 73

Exchanges, " " " II 85

Exchanges, " " • to 1858 117

Gill. Bibliography of fishes of Pacific coast 463

Girard. Bibliography of natural history, 1851 48

HoLDEX and Hastings. Synopsis of Sir William Herschel's writings 426

HoLDEN. Index catalogue of books and memoirs on Nebulae 311

Institutions, principal literary and scientific in United States . 335

Jewett. Catalogue system 47

Jewett. Public libraries '. 25

Publications, Smithsonian- Institution, list of (successive issues,). 74, 203, 226,

245, 278, 290, 301, 344, 437, 478

Periodicals, received by the Institution, list of Q, 436

Publications of learned societies in library Smithsonian Inst 73, 85, 179

Rhees. Catalogue and index of Smithsonian publications 479

Rhees. Public libraries 116, 238

Watson. Bibliography of North American botany 258

VII.—BIOGRAPHY.

Gray. Memoir of Joseph Henry 407

Henry. Eulogy on Alex. Dallas Bache 379

Henry, Memorial of (By numerous contributors.) 356

HoLDEN and Hastings. Scientific writings of Sir William Herschel 426

Mayer. Henry as a discoverer 417

Rau. Memoir of Von Martius 251

Rhees. Life and bequest of James Smithson 330

Taylor. Memoir of and scientific work of Joseph Henry 339

Welling. Life and character of Joseph Henry 338
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VIII.—BIOLOGY. {See also Anatomy, Microscopy, Paleontology, Botany,
and Zoology.)

No. in
Catalogue.

Baibd. Circular for shipping fresh-fish and other animals _, 384

Circular for collecting birds 168

Circular for collecting craw-fish 319

Circular for collecting grasshoppers 163

Circular for collecting shells 176, 363

Circular for observations in Russian America 207

Circular to officers of the Hudson Bay Co. 137

Circular to entomologists 178

Cope. Zoology of Texas 412

Directions for collecting and preserving specimens 34

Directions for collecting and preserving specimens of nests and eggs 139

Edwards. Directions for collecting diatomacea 366

Gill. Recent progress in zoology '. 431

GiRARD. Bibliography of natural history 48

GooDE. Animal resources and fisheries exhibit, 1876 326

GooDB. Classification of animal resources 297

Kidder and others. Natural history of Kerguelen Island 294

KuMLiEN. Natural history of Arctic America 342

Leidy. Flora and fauna within animals (s. c.) 44

Museum miscellanea, numbers, labels, etc 164

Packard. Directions for collecting insects 261

Proceedings of the U. S. National Museum--_I, 332 ; II, 333 ; III, 425 ; IV, 467

Periodical phenomena register 65, 148

ScuDDER. List of genera of animals . 470

Stimpson. Marine Invertebrata, Grand Manan, (s. c.) 50

Streets. Natural history of Hawaiian, Fanning Islands, etc 303

WeiSxMann. Chanare of Mexican axolotl . 401

IX.—BOTANY.

Cooper. Forests and trees of North America 351

Eqgers. Flora of St. Croix 313

Farlow. Recent progress in botany 430

Gray. Plantae Wrightianse, I (s. c.) 22

Gray. " " II (s. c.) 42

Harvey. North American marine algaa, I (s. c.) 32

Harvby. " " " II (s. c.) 43

Harvey. " " " HI (s. c.) 95
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BOTANY-Continued. CalTogue.

Harvey. North American marine algoe, complete (s. c.) 96

Leidy. Flora within animals (s. c.) 44

Periodical phenomena, register of 65, 148

EoTHROCK. Flora of Alaska . 367

ToRREY. Batis maritima (s. c.) 60

ToRREY. Darlingtonia Californica (s. c.)— 61

Harvey. Plantse Fremontianae (s. c.) 46

"Ward. Check list of flora of "Washington 461

Ward. Directions for collecting and preserving plants 460

Ward. Guide to the flora of Washington 444

Watsox. Index to North American botany 258

Wood. Fresh water algii? (s. c.) _ 241

X.—CHEMISTRY and TECHNOLOGY.

Barker. Recent progress in chemistry 429

Becker. Atomic weight determinations 358

Booth and MoRFiT. Chemical arts J 27

Clarke. Expansion tables 289

Clarke. Recalculation of atomic weights 441

Clarke. Specific gravity tables 255

Clarke. '' " " 1st supplement 288

Clarke. Specific heat tables 276

Gii5B.«; and Gentii. Ammonia- cobalt bases (s. c.) 88

Hare. Explosiveness of nitre (s. c.) 17

Henry. Investigation of illuminating materials 389

Hunt. Chemistry of the earth 376

Jones. Chemical and physiological investigations (s. c.) 82

MoRiN. Warming and ventilating occupied buildings 439

Newton. Metric system of weights and measures 371

Smithson. Scientific writings ' 327

Taylor. Henry and the telegraph 405

Wetherill. Ozone and antozone 355

XI.—ELECTRICITY and MAGNETISM,

Bacue. Magnetic discussion, part I (s. c.) 113

Bache. " " part II (s. c.) 121

Baciie. " " part III (s. c.) 132
7
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ELECTEICITY and MAGNETISM—Continued.
cahiTogue.

Bache. Magnetic discussion, parts IV to VI (s. c.) 162

Bache. " " parts VII to IX (s, c.) 175

Bache. " " parts X to XII (s. c.) 186

Bache. " " parts I to XII. complete (s. c.) 195

Bache. Magnetic survey of Pennsylvania (s. c.) 166

Gould. Transatlantic longitude by electro-magnetic signals (s. c.) 223

Harkness. Magnetic observations on the iron-clad Monadnock (s. c.) 239

Hayes. Arctic observations (s. c.) 196

Henry. Communication to Regents on the electro-magnetic telegraph 115

Kane. Arctic observations (s. c.) 97, 198

Locke. Observations on terrestrial magnetism (s. c.) 35

Secchi. Researches on electrical rheometry (s. c.) 36

SoNNTAG. Terrestrial magnetism, Mexico (s. c.) • 114

Taylor. Henry and the telegraph 405

XII.—ETHNOLOGY. (See Anthropology and Philology.)

XIII.—GEOLOGY. {See also Paleontology.)

Cooper. Physical geography of North America 351

Hawes. Recent progress in geology 428

HiLGARD. Geology of lower Louisiana (s. c.) 248

Hitchcock. Surface geology (s. c.) 90

Mason. Luray Cavern in Virginia 433

PuMPELLY. Geology of China, Mongolia, and Japan (s. c.) 202

Whittlesey. Fluctuations of lakes (s. c.) 119

Whittlesey. Glacial drift (s. c.) 197

XIV.—MAGNETISM, {^ee Electricity.)

XV.—MATHEMATICS.

Alvord. Tangencies of circles (s. c.) 80

Perrel. Converging series (s. c.) 233

Newcomb. General integrals of planetary motion (s. c.) 281

XVI.—MEDICINE. (See Anatomy, etc.)
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XVII.—METEOKOLOGY.
No. in

Catalogue

Abbe. Meteorological memoirs 398
Bache. Girard College observations (s. c.)__ 113, 121, 132, 162, 175, 186, 195

Caswell. Observations, Providence, Kbode Island, 1831-1860 (s. c.) 103

Caswell. Observations, Providence, Ehode Island, 1831-1876 (s. c.) 443

Chappelsmith. Tornado (s. c.) 59

Clouds, nomenclature of 347

CoFFix. Meteoric fire-ball (s. c.) . 221

Coffin. Psychrcmetrical tables 87

Coffin. "Winds, northern hemisphere (s. c.j 52

Coffin. "Winds of the globe (s. c.) 268

CoLDiNG. The nature of air currents 398.

CoLDiNG. The whirlwind of St. Thomas in 1871 398

Cooper, J. G. Forests and trees of North America • 351

Directions for meteorological observations 19, 148

Ferrel. Reply to strictures of J. Hann 398

Force. Record of auroras (s. c. ) 84

GuYOT. Meteorological directions 19, 148

GuyoT. 3Ieteorological and physical tables 31, 153

Hann. Diminution of vapor with altitude 398

Hann. Influence of rain on the barometer 398

Hann. Atmospheric pressure and rain-fall 398

Hann. Laws of temperature in ascending currents 398

Hann. Relation between pressure and wind 398

Hates. Arctic observations (s. c.) 196

Henry. Circular, altitudes 236

Henry. " directions for constructing lightning rods 237

Henry. " thunder-storms 235

Henry. " tornadoes 190

HiLDRETH AND WooD. Observations, Marietta, Ohio (s. c.) 120

HoEK. Letter on meteoric shower 217

LoTJD. Discussion of Snell's barometric observations 435

LoOMis. Storms in 1836 (s. c.) 127

Map of the stars near the north pole for aurora 350

McClintock. Arctic observations (s. c.) 146

McParlin. Climate of New Mexico 396

Meech. Intensity sun's heat (s. c.) 83

Cleaveland. Meteorological observations, Brunswick, Maine (s. c.) 204

Kane. Meteorological arctic observations (s. c.) 104, 198

Meteorological observations, 1855 93
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METEOROLOGY—Continued. Catalogue.

Meteorological results, 1854-59, vol. 1 157

Meteorological results, 1854-59, vol. 2 182

Meteorological stations and observers 1849-1868 373

Meteors, November 217

Olmstead. Aurora (s. c.) 81

Periodical phenomena, registry of 65, 148

Peslin. Relation between barometric pressure and air currents 398

Planisphere of the visible heavens, for observation of meteors 359

Rain charts for summer, winter, and year 374

Rrye. Rainfall and barometric minima 398

ScHOTT. Base chart of the United States 414

ScHOTT. Tables of rain and snow in the United States (s. c.) 222, 353

ScHOTT. Tables of temperature (s. c.) 277

Smith. Observations, Washington, Arkansas (s. c.) 131

SoHXCKE. Variation of temperature in ascending currents of moist air 398

Temperature chart of U. S. for year 381, 388

Temperature charts of the U. S. for summer, winter, and year 387

XYIII—MICROSCOPY.

Bailey. Microscopic observations. Southern States (s. c.) 23

Bailey. New microscopic organisms (s. c.) 63

Bailey. Soundings, coast survey (s. c.) 20

Dean. Medulla oblongata (s. c.) 173

Edwards. Directions for collecting microscopic organisms 366

Leidy. Flora and fauna within living animals (s. c.) 44

Woodward. Cancerous tumors 266

XIX.—MINERALOGY.

Babinet. Diamond and precious stones 377

Brezina. Crystallography and crystallophysics 386

Eglestok. Catalogue of minerals 156

Hawes. Recent progress in mineralogy 428

XX.—MISCELLANEOUS.

Relative to the Smithsonian Institution.

Act of Congress to establish the Smithsonian Institution O, 391

BoEHMER. Report on international exchanges 477
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MISCELLANEOUS—Continued.

Busine«r arrangements of the Smithsonian Institution

Committee on Organization, report of

Correspondence Squier and Davis

Circular relative to exchanges

No. in
Catalogue.

__. 325

B, L
K

__- 324

Circular relative to Smithsonian Institution 290

Dallas. Address, laying corner-stone of Smithsonian Institution D
Digest of act of Congress relative to Smithsonian Institution C
Directory of officers, collaborators and employes 466

Establishment and officers of Smithsonian Institution and Museum 449

Henry. Exposition, Smithson's bequest E
History of Smithsonian Institution 328

Institutions, list of domestic 69, 238

Institutions, list of foreign 64, 154, 225, 243, 469

Journals of the Board of Kegents, statistics, etc 329

Officers and Eegents and act of organization N
Peabody. Scientific education of mechanics 380

Proceedings, Eegents, 1846 A
Programme of organization J

Eegulations of Smithsonian Institution 260

Relative to the National Museum.

Baird. Circular relative to petroleum collections

Baird. Circular to friends of the museum

Baird. Eeport on Smithsonian exhibit at Centennial, 1876

Circular of the United States National Museum, No. 1

" 2

" 3

" 4

9

10—.

11

12-__.

13

14—.
15-...

16—.

447

446

307

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

472
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MISCELLANEOUS—Continued.
Catalogue.

Circular of the United States National Museum, No. 17 473
" " " •' " 18 474

Circular requesting material for Museum library 458

Classification of animal resources 297

Contributions to Museum, and acknowledgement 473

GooDE. Animal resources and fisheries.. 326

GooDE. Classification of Museum collections 457

GooDE. Classification of the food collections 455

GooDE. Installation of collections in Museum 472

GooDE. Organization and objects of the Museum 459

GooDE. Organization and regulations of the Museum 445

HoRNADAY. Classification of the collections in taxidermy 456

Hudson's Bay circular 137

Phillips. Letters on the work of the National Museum 454

Publications of National Museum, list of 474

XXI.—NATUKAL HISTORY. {See Biology.)

XXII.—PALEONTOLOGY.

Conrad. Check list of eocene fossils 200

GiBBES. Mosasaurus (s. c.) 14

Leidy. Ancient fauna, Nebraska (s. c.) 58

Leidy. Cretaceous reptiles (s. c.) 192

Leidy. Extinct sloths (s. c.) 72

Leidy. Fossil ox (s. c.) 41

Meek. Check list of cretaceous and Jurassic fossils 177

Meek. Check list of miocene fossils 183

Meek and Haydek. Palasontology of Nebraska (s. c.) 172

XXIII.—PHILOLOGY.

BowEN. Yoruba grammar and dictionary (s. c.) 98

GiBBS. Chinook jargon 161

GiBBS. ComQ|rative Vocabulary 170

GiBBS. Ethnological and philological instructions 160

LiEBER. Vocal sounds of Laura Bridgman (s. c.) 12

Mitchell and Turker. Vocabulary of jargon 68
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PHILOLOGY—Continued. ^
No- 'i

Catalogue.

Morgan. Systems of consanguinity (s. c.) 218
EiGGS. Dakota grammar and dictionary (s. c.) 40
KcEHRiQ. Language of the Dakota or Sioux Indians 378
Whitney. Lectures on Linguistics 352

XXIV.—PHYSICAL GEOGRAPHY.

Cooper. Physical geography of North America 351

Ellet. Physical geography of the Mississippi valley (s. c.) 13

Hayes. Observations in the Arctic seas (s. c.) 196

Henry. Circular relative to heights 236

Mason. Luray Cavern in Virginia 433

XXV.—PHYSICS. {See also Terrestrial Physics.)

Barker. Recent progress in physics 429
Barnard. Internal structure of the earth (s. c.) 310
Barnard. Problems of rotary motion (s. c.) 240

Brezina. Crystallography and crystallophysics 386
Coffin. "Winds of the globe (s. c.) 52, 268

Davis. Law of deposit of flood-tide (s. c.) 33

Delaunay. Essay on velocity of light 354
Draper. Telescope in photography (s. c.) 180

Gould. Transatlantic longitude (s. c.) 223

GuYOT. Physical and meteorological tables 31 153

Hayes. Physical observations, Arctic seas (s. c.) 196

Henry. Electro-magnetic telegraph 115

Henry. Investigation of illuminating materials 389

Henry. Lightning rods 237

Henry. Researches on sound 406

HiLGARD. Tides and tidal action 390
Holmgren. Color-blindness 399

Hunt. Chemistry of the earth 376

Kane. Physical observations, Arctic seas (s. c.) 198

Meech. Heat and light of the sun (s. c.) 83

Newton. Metric weights and measures 371

Taylor. Henry and the telegraph 405

Taylor. Kinetic theories of gravitation 395

Taylor. Nature and origin offeree 375
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PHYSICS-Continued. CatlTogue

ScHOTT. Base chart of the United States » 414

Secchi. Electrical rheometry (s. c.) 36

Whittlesey. Fluctuations, level of lakes (s. c.) 113

XXVI.—PHYSIOLOGY. {See Anatomy, etc.)

XXVII.—TECHNOLOGY. {See Chemistry, etc.)

XXVIII.—TEPvRESTRIAL PHYSICS.

Bache. Discussion of magnetic observations (s. c.)— I, 113; II, 121; III, 132;

IV-VI, 162; VII-IX, 175; X-XII, 186; I-XII, 195

Bache. Magnetic survey of Pennsylvania (s. c.) 166

Barnard. Problems of rotary motion, and precession of equinoxes (s. c.)_. 240

Coffin. Winds of the globe (s. c.) 268

Coffin. Winds of the northern hemisphere (s. c.) 52

Davis. Dynamical action, etc., of the flood tide (s. c.) 33

Force. Record of auroral phenomena (s. c.) 84

Hayes. Physical observations in Arctic seas (s. c.) 196

Henry. Circular relative to altitudes 236

Hilgard. Tides and tidal action in harbors 390

Hunt. Chemistry of the earth 376

Kane. Magnetical observations in the Arctic seas (s. c.) 97

Kane. Physical observations in the Arctic seas (s. c.) 198

Kane. Tidal observations in the Arctic seas (s. c.) 130

Locke. Observations on terrestrial magnetism in United States (s. c.) 35

MiJLLER. Observations on terrestrial magnetism in Mexico (s. c.) 114

Olmstead. Secular period of the aurora (s. c.) 81

Sonntag. Observations on terrestrial magnetism in Mexico (s. c.) 114

Whittlesey. Fluctuations of level in the North American lakes (s. c.) 11*

XXIX.—ZOOLOGY.

Birds.

Baird. Arrangement of birds 210

Baird. Catalogue of birds, 4to 106

Baird. " " 8vo 108
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ZOOLOGY-Continued. CaSo^ue.

Baird. Instructions for collecting bird's nests and eggs 139

Baird. Eeview of birds, part I 181

Brewer. Xortli American oology, part I (s. c.) 89

Circular, birds of South America 168

Desiderata of birds of Mexico, Central America, etc 185

Elliot. List of Trochilidse, (humming birds) 334

Elliot. Monograph of Trochilidaj (s. c.) 317

Kidder and Coues. Birds of Kerguelen Island 1 293

Lawrence. Birds of Mexico 295

LiLLJEBORG. Outline of classification of birds 364

KiDGWAT. Catalogue of old world birds in Museum 462

KiDGWAY. Nomenclature of North American birds 422

Fishes.

Baird. Circular for shipping fresh fish 384

Baird. Circular relative to food fishe? 234

Baird. Eishes of New Jersey coast 348

Baird. Inquiry relative to food-fishes 231

Bean. Directions for collecting and preserving fish 464

Gill. Arrangement of fishes 247

Gill. Bibliography of fishes of Pacific coast 463

Gill. Catalogue of fishes 283

Gill. Fishes of Western North America 307

GiRARD. Monograph, cottoids (s. c.) 30

GooDE. Berlin exhibit of fisheries and fish culture 413

GoODE. Fishes of Bermuda 296

Jordan and Brayton. Fishes of South Carolina, Georgia, and Tennessee __ 308

Jordan. Notes on cottida3 306

Jordan. Notes on Rafinesque's memoirs, North American fishes 305

Insects.

Agassiz. Classification of insects (s. c.) 16

Circular to entomologists 178

Circular concerning department of insects 448

De Saussure. Monograph of wasps, hymenoptera 254

Hagen. Synopsis of neuroptera 134

Le Conte. Classification of coleoptera, parti 136

Le CoNTK. . " " part II 265

Le Conte. Kan'tas and New Mexico coleoptera (s. c.) 126
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ZOOLOGY-Continued. Catalogue.

Le Conte. List of coleoptera 140

Le Cokte. New species of coleoptera, part I 167

Le Conte. " " part II 264

LoEW. Monograpli of diptera, part I 141

LoEW. " " part II 171

LoEW. " " partlll 256

Melsheimer. Catalogue of coleoptera 62

Morris. Catalogue of lepidoptera 118

Morris. Synopsis of lepidoptera 133

OsTEN Sacken. Monograph of diptera, part IV 219

OsTEN Sacken. Catalogue of diptera 102, 270

Packard. Directions for collecting insects 261

ScuDDER. Catalogue of orthoptera 189

Ma'intnals.

Allen. Monograph, North American bats 165

Baird. Catalogue, mammals 105

Gill, List of families of mammals 230

Mollusks.

BiNNEY. Bibliography North American conchology, part I 142

BiNNEY. " " " " II 174

BiNNEY. Land and fresh-water shells, part I. Pulmonata geophila 194

BiXNEY. " " " " II. Pulmonata Limnophila 143

BiNNEY. " " " " III. Ampullariidae, eic 144

Carpenter. Mollusks of "Western North America 252

Carpenter. Chitonidae 251

Carpenter. Lectures on moUusca 152

Check list of shells

'

128

Circular for collecting shells 176

Dall. Index of names applied to braehiopoda 304

Exploring expedition, duplicate shells 193

Gill. Families of mollusks 227

Lewis. Instructions for rollecting land and fresh-water shells 363

Prime. Corbiculadse 145

Stimpson. Hydrobiinae 201

Tryon. Land and fresh-water shells, part IV. Strepomatidfe 253
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ZOOLOGY—Continued. ro^^^l^Catalogue.

Radiates.

Baird. Circular for collecting cray-fish 319

<I!lark. Lucernariae (s. c.) 242

Rathbun. List of marine invertebrates distributed, series II 465

Rathbun. " " " " " III 471

Stimpson. Marine invertebrata of Grand Manan (s. c.) 50

Reptiles.

Baird and GiRARD. Catalogue of serpents 49

Baird. Circular on collecting reptiles 320

Cope. North American batrachia and reptilia 292

Mitchell and Morehouse. Chelonia (s. c.) 159

Shells. (SeeMoUusks.)
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SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE. {Quarto.)

Vol.
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SMITHSONIAN MISCELLANEOUS COLLECTIONS. {Octavo.)

Vol.



no CLASSIFIED LIST OF SEPARATE PUBLICATIONS

ANNUAL KEPORTS OF THE SMITHSONIAN INSTITUTION. [Octavo.



OF THE SMITHSONIAN INSTITUTION. Ill

PUBLICATIONS OF THE U. S. NATIONAL MUSEUM. {Octavo.)

yo. of
Museum
Series.

TITLE.
In Vol. of

Miscellaneous
Collections.

No. iu
Smithsonian
Catalogue.

Bulletin of the U. S. National Museum, No. 1

" " " No. 2

" " " No. 3

a a 11 No. 4

'" " " No. 5

." «' " No. 6

it u u jfo, 7

" ' " " No. 8

" " " No. 9

" " " No. 10

" " " No. 11

" " " No. 12

" " " No. 13

" " " No. 14

" •' •' No. 15

" " " No. 16

Proceedings Nat. Mus., Vol. I

Bulletins Nat. Mus., Vol. I, Nos. 1 to 10

Proceedings Nat. Mus., Vol. II

Bulletin of the U. S. National Museum, No. 17

" " " No. 18

" " " No. 19

" •' " No. 20

" " " No. 21

Proceedings Nat. Mus., Vol. Ill

Bulletin of the U. S. National Museum, No. 22

Proceedings Nat. Mus., Vol. IV

Bulletins Nat. Mus., Vol. II, Nos. 11 to 15 ._-

XIII

XIII

XIII

XIII

XIII

XIII

XIII

XIII
9

XIII

XIII

XXIII

XXIII

XXIII

XXIII

XXIII

XIX

XIII

XIX

XXII

XXII

XXIII

292

293

294

295

296

297

303

304

305

306

463

308

313

326

342

332

312

333

412

413

470

422

425

444

467

475
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PUBLICATIONS OF THE U. S. NATIONAL MUSEUM—Continued.

Separate List of Bulletins.

No.



OF THE SMITHSONIAN INSTITUTION. 113

PUBLICATIONS OF THE U. S. NATIONAL MUSEUM—Continued.

Separate List of Proceedings.

Vol.

I

II

III

lY

For
Year.

1878

1879

1880

1881

Pages.



114 CLASSIFIED LIST OF .SEPARATE PUBLICATIONS

PUBLICATIONS HAVING SEPAKATE NUMBERS IN THE SMITH-
SONIAN SEKIES, BUT INCLUDED IN THE ANNUAL REPORTS OF
THE INSTITUTION.

Vol. of
Report.

A Journal of Regents 1 1847

B Report of Organization Committee 1847

D Address at laying corner-stone. Dallas 1847

E Exposition of Bequest. Henry 1847

F First Report of Secretary. Henry 1848

J Programme of Organization. Hknry 1848

K Correspondence, Squier and Davis 1848

L Pirst Report of Organization Committee 1847

M Reports of Institution to 1849 1849

N Officers and Regents 1847

25 Public Libraries. Jewett ,_^ • 1850

152 Lectures on Mollusca. Carpenter ^ 18G0

251 Memoir of Von Martins. Rau 1869

307 Report on Centennial. Baird 1876

34:3 Annual Reports. Henry 1865-77

343 Fishes of New Jersey. Baird 1854

351 Forests of North America. Cooper 1858

352 Lectures on Linguistics. Whitney 1863

354 Essay on Velocity of Light. Delaxjnay 1864

355 Ozone and antozone. Wetiierill 1864

360 Palafittes. Desor 1865

361 Aborigines of California. Baegert 1863-4

362 Artificial Shell Deposits in New Jersey. Rau 1864

364 Classification of Birds. Lill.teborg 1865

365 Tinneh Indians. Ross and others 1866

367 Flora of Alaska. Rothrock 1867

368 Indian Pottery. Rau 1866

369 Dorpat and Poulkova. Abbe ^_ 1867

370 Flint Implements in Illinois. Rau _. 1868

371 Metric Tables. Newton 1865

372 Drilling in Stone without Metal. Rau 1868

373 Meteorological Stations and Observers 1868

375 Origin and Nature of Force. Taylor. __ 1870

376 Chemistry of the Earth. Hunt 1869

377 Diamond and Precious Stones. Bahinkt 1870

378 Dakota Language. RoiiiRiG . 1871

379 Eulogy on A. D. Bache. Henry. _. 1870
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PUBLICATIONS HAVING SEPARATE NUMBERS—Continued.
Vol. of
Report.

380 Scientific Education of Mechanics. Peabody 1872

382 North American Stone Implements. Rau 1872

385 Ancient Aboriginal Trade. Rau 1872

386 Crystallography. Brezina 1872

389 Investigation of Illuminants. Henry 1880

390 Tides. Hilgard 1874

392 Prehistoric Antiquities of Hungary. Romer 1876

393 Mound Builders and Ancient Man in 3Ilchigan. Gill^sian 1873 and 1875

394 Stone Age in New Jersey. Abbott 1875

395 Kinetic Theories of Gravitation. Taylor 1876

396 History and Climate of New Mexico. McParlix 1877

397 Latimer Antiquities. Mason.!. 1876

398 Meteorological Memoirs. Abbe 1877

399 Color-blindness. Holmgren 1877

400 Aboriginal Structures in Georgia. Jones 1877

401 Mexican Axolotl. "Weismann 1877

402 Stock-in-trade of Aboriginal Lapidary. Ral' 1877

403 Gold Ornament from Florida. Rau 1877

404 Polychrome Bead from Florida. Haldeman 1877

405 Henry and the Telegraph. Taylor 1878

406 Researches in Sound. Henry' 1878

407 Memoir of Joseph Henry. Gray' 1878

408 Report of Secretary for 1878. Baird. ._ 1878

409 Report of Museum Building Commission and Architects 1879

410 Reports of Observatories. Holden 1879

411 Irritation of Polarized Nerve. Lautenbach 1878

415 Savage Weapons. Knight 1879

418 Report of Secretary for 1879. Baird 1879

419 Report of Secretary for 1880. Baird 1880

420 Anthropological Investigations. Mason 1879

421 Index to Anthropological Articles. Bcehmer 1879

426 Synopsis of Herschel's Writings. Holden and Hastings 1880

427 Recent Progress in Astronomy. Holden 1880

428 " " Geology and Mineralogy. Hawes 1880

429 " '< Physics and Chemistry. Barker 1880

430 " " Botany. Farlow 1880

431 " " Zoology. Gill L 1880

432 " " Anthropology. Mason 1880

433 Report of Visit to Luray Cave. Mason 1880

434 Report of Museum Building Commission and Architects 1880
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PUBLICATIONS HAVING SEPARATE NUMBERS—Continued.
Vol. of
Report.

435 Snell's Barometric Observations. Loud 1880

436 List of Periodicals received by Smithsonian Institution 1880

438 Reports of Observatories. Holden and Bcehmkr 1880

439 Warming and Ventilating Buildings. Morin 1873-4

440 Anthropological Articles. Rau 1863-77

PUBLICATIONS NOT IN REGULAR SERIES OF "CONTRIBUTIONS,"
"COLLECTIONS," OR "REPORTS.

C Digest of Act of Congress. •

P Hints on Public Architecture. Owen.

Q Check-list of Periodicals.

18 Report on the Discovery of the Planet Neptune. Gould.

47 On Construction of Catalogues of Libraries. Jewett.

48 Bibliography of American Natural History for 1851. Girard.

62 Catalogue of Described Coleoptera of the United States. Melsheimer.

64 List of Foreign Institutions.

65 Registry of Periodical Phenomena.

66 The Annular Eclipse of May 26, 1854.

68 Vocabulary of the Jargon. Mitchell and Turner.

69 List of Domestic Institutions.

93 Meteorological Observations for 1855.

101 Map of the Solar Eclipse.

105 Catalogue of North American Mammals. Baird.

106 Catalogue of North American Birds. Baihd.

116 List of Public Libraries. Rhees.

157 Results of Meteorological Observations, 1854-1859. Vol. I.

170 Comparative Vocabulary.

182 Results of Meteorological Observations, 1854-1859. Vol. II.

185 List of Birds of Mexico, &c. Baird.

193 List of Duplicate Shells collected by Wilkes.

217 Letter of M. Hoek on Meteoric Shower.

225 List of Foreign Correspondents.

226 List of Smithsonian Publications.

260 Regulations of the Smithsonian Institution.

278 Check-list of Publications of Smithsonian Institution.

290 Circular for distribution at Centennial.

347 Nomenclature of Clouds.

350 Map of Stars near the North Pole.

359 Planisphere of the Visible Heavens.

366 Directions for collecting Diatomacea, &c. Edwards.

414 Base Chart.

437 Check-list of Smithsonian Publications.

466 Directory of Officers and Employes.
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LIST OF PAPERS PUBLISHED IX THE " SMITHSONIAISr CONTRIBU-
TIONS TO KNOWLEDGE."
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Blarine Invertebrata of Grand Manaii..

Winds of the Northern Hemi.spliore....

Oceultations in 1853.

Ancient Fauna of Nebraska

Tornado in Indiana I
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Library. Part 1 1.

Mexican Historj' and Archreology

Ammonia Cobalt Bases
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complete.

MagneticGbservationsin the Arctic Seas.. Prof. A. D. Bacho.

Yoruba Grammar and Dictionary Prof. J. W. Gibljs, Prof. W. D.

j

Whitnev, R. .\nderson.
Eclipse of the Sun, Sept. 7, 1858 ' Prof J. S. Hubbard, J. H. Lane.

Meteorological Observations, Provi-
dence, K. I.

Kane, E. K I Meteorological Observations in Arctic Prof. A. D. Baehe.

I

Seas.

Bache, A. D Magnetic and Meteorological Observa- Prof Benjamin Peirce, Prof W.

I

tio«s at Girard College.' Part 1. Chauvenet.
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Indians of Cape Flattery
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buU, Prof. W. D. Whitney.
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Prof. J. H. C. Coffin, Prof. S.
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Prof. J. II. C. Coffin, Prof. Asapli
Hall.

J. C. Welling, LL. D., Dr. G. A.
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Prof. W. D. Whitney, J. JL
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S. Weir Mitchell, M. D., J. J.
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M. D
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Abbe, C. Description of Observatories at Dorpat and PoulkoTa. (R. 1867) 215,369

Abbe, C. Meteorological memoirs, translated by. (R. 1877) 323,398

Abbott, C. C. Stone age in New Jersej'. (R, 1875) 298, 394

Abbreviations of names of States, etc., for labelling collections 164

Abbreviations used in England in 1867—W. De la Rue. (R. 1867) 215

Abeona aurora

—

Jordan and Gilbert. (P. 1880) 425

Abich, S. Remarkable forms of hail-stones. (R. 1869) 228

Aboriginal Indians of America, language of—G. Gibbs. (R. 1870) 244

Aboriginalinhabitantsof Oal.—J. Baegert. (R. 1863; R. 1864). 187, 188, 440, 361

Aboriginal lapidary. Stock-in-trade of—C. Rau. (R. 1877) 323, 440, 402

Aboriginal monuments of State of New York—E. G. Squier 15

Aboriginal remains of Tennessee—J. Jones 259

Aboriginal ruins at Savannah, Tenn.—J. P. Stelle. (R. 1870) 244

Aboriginal ruins in Hardin Co., Tenn.—J. P. Stelle. (R. 1870) 244

Aboriginal shell-mounds, New Brunswick «& New Eng.—S. F. Baird. (P. 1881). 407

Aboriginal structures in Georgia—C. C. Jones, Jr. (R. 1877) 32.?, 400

Abstracts of anthropological correspondence—O. T. Mason. (R. 1879; R.

1880) 345, 442

Academy, Pontifical, Rome

—

See Prize questions.

Academy of Sciences

—

See National.

Academy of Sciences, Bordeaux

—

See Prize questions.

Academy of Sciences, Chicago, acknowledging specimens. (R. 1867) 215

Academy of Sciences, St. Petersburg, exchange system. (R. 1867) 215

Academy of Sciences, Vienna

—

See Prize questions.

123



124 ALPHAEETICAL INDEX
t

Acalephae, anatomy and physiology of—H. J. Clark 242
Accidental or subjective colors

—

Abbe Moigno. (R. 1866) 214

Account of

—

aboriginal ruins at Savannah, Tenn.—J. P. Stelle. (R. 1870) 244

aboriginal ruins in Hardin Co., Tenn.—J. P. Stelle. (R. 1870) 244

aboriginesof California—J. Baegert. (R. 1863; R. 1864). 187, 188, 440, 361
ancient mounds, Georgia—M. F. Stephenson. (R. 1870) 244

antiquities, Tennessee—E. O. Dunning. (R. 1870) 244

antiquities, Vera Cruz, Mexico—H. Finck. (R. 1870) 244

astronomical observatory at Cordoba—B. A. Gould. (R. 1873) 275

balloon ascensions—J. Glaisher. (R. 1863) 187

barometer, new—J. Green. (R. 1855) 77

burial of Indian squaw, California—W. M. King. (R. 1874) 286

Carib or Karif language and people. (R. 1873) 275

discovery of stone image in Tennessee—E. M. Grant. (R. 1870) 244

Draper's telescope—T. W. Webb. (R. 1864) 188

ecliijse of sun in Peru, 1858—J. M. Gilliss 100

hail storm in Texas—G. M. Bache. (R. 1870) 244

hail storm on Bosphorus—Com. Porter. (R. 1870) ' 244

Indians of British America—E. Petitot. (R. 1865) 209

lightning discharges. (R. 1807) . 215

Lindheimer's botanical explorations—A. Gray. (R. 1849) 21

marble used in extension of U. S. Capitol—J. Henry. (R. 1856) 91

"occultator" for indicating moon's position—T. Hill 101

old Indian village, Kushkushkee, Pa.—E. M. MoConnell. (R. 1871). 249

Portland Society of Natural History—E. C. Bolles. (R. 1867) 215

Priestley's lens—J. Henry. (R. 1859) 110

remarkable accumulation of bats—M. Figanierre. (R. 1863) 187

sarcophagus in National Museum—A. A. Harwood. (R. 1870) 244

storm in Butler Co., Kans., June 23, 1871—W. Harrison. (R. 1871)— 249

tornado in Spruce Creek Valley, Pa.—J. B. Meek. (R. 1871) 249

tornado near New Harmony, Indiana—J. Chappelsmith 59

travels in Central and South America—S. Habel 269

Acid, sulphurous, action of, upon putrefactive bacteria. (P. 1881) 467

Acknowledgment of birds—Academy of Sciences, Stockholm. (R. 1807) 215

Acknowledgment of birds—J. Goulb. (R. 1867) 215

Acknowledgment of contributions to National Museum. (P. 1881) 467, 473

Acknowledgment of ferns—G. Mettenius. (R. 1862) 150

Acknowledgment of perennibranchiates—J. G. Fisher. (R. 1803) 187

Acknowledgment of shells, «fec.—W. H. Pease. (R. 1861) 149

Acknowledgment of specimens— British Museum. (R. 1865) 209

Acknowledgment of specimens—Chicago Academy of Sciences. (R. 1867) — 215-
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Aoknowledg-ment of specimens—Eegents of tTniv. of State of N. Y. (E. ISGo). 200

Acma?ida;, from Panama, new species of—P. P. Carpenter 252

Acoustics applied to public buildings—J. Henry. (R. 185G) 9]

Acoustics, ditierent kinds of refraction—W. B. Taylor. (R. 1875) 298

Acoustics, lectures on architecture in relation to—D. B. Reid. (R. 1856) 91

Acrothole, note on—C. A. White. (P. 1880) 425

Acts of Congress

—

See Congress. •

Adams, C. B. Catalogue of shells of Panama, review of—P. P. Carpenter.. 252

Adams, C. B. Shells collected by, description of 252

Adams, W. Subcutaneous surgery. Toner lecture No. VI 302

Adams, W. H. Mounds in Spoon River Valley, Illinois. (R. 1879) 345

Additions to Museum by Berlin Fisheries Exhibition. (R. 1880) 442

Address at laying of corner-stone of Smithsonian building—G. M. Dallas. D, 329

Address on the Smithsonian Institution—J. Henry'. (R. 1853) E, 67

Address, Pres. Royal Society of Victoria—R. L. .1. Ellery. (R. 1868) 224

Addresses at memorial services of J. Henry

—

See Henry.

Addresses, list of, foreign institutions, since 1862. (R. 1865) 209

Administration of drugs and medicines—J. M. Flint. (P. 1881) 467, 451

Aerial navigation—J. Henry. (R. 1860) 147

Aerial navigation, currents of the atmosphere and—J. Henry'. (R. 1860) 147

Aeronautic voyage across the Atlantic, Memorial relative to Lowe's. (R. 1860)_ 147

Aeronautic vpj-age, reply to memorial on Lowe's—J. Henry. (R. 1860) 147

Aeronautic voyages—F. Arago. (R. 1863) 187

Aeronautic voyages—J. Glaisher. (R. 1863) . 187

Aeronautics, modes of flight in relation to—J. B. Pettigrew. (K. 1867) 215

Affinity, systems of—L. H. Morgan 218

Africa, stone celts in—G. J. Gibbs. (R. 1877) 323

Africa, Yoruba, account of, and grammar and dictionary 98

Agassiz, L., biographical notice of—J. A. Garfield. (R. 1873) 275, 329

Agas.siz, L., biographical notice of— P. Parker. (R. 1873) 275, 329

Agassiz, L., biography of—E. Favre. (R. 1878) 341

Agassiz, L., memoir of—R. P. Stebbins. (R. 1873) 275

Agassiz, L., supplemental list of generic names employed by—S. H. Scudder. 470

Agassiz, L,, papers by

—

Classilication of insects from embryological data 16

Narrative of the Hassler expedition. (R. 1872) 271, 329

On the formation of a museum. (R. 1849) 21, 329

Report on use of new hall in Smithsonian building. (R. 1867) 215, 329

Scientific instructions to Captain Hall. (R. 1871) 249

Age of stone—R. S. Robertson. (R. 1874) 286

Agnew, S. a. Mounds in Mississippi. (R. 1867) 215

Agonidse, new species of, from California—W..N. Lockinqton. (P. 1880) 425
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Agonus vulsus

—

Jordan and Gilbert: (P. 1880) , 425

Agricultural Association of Milan, on exchanges. (K. 1863) 187

Agricultural chemistry, lectures on—S. W. Johnson. (K. 1859) 110

Agricultural flint implements in Illinois— C. Rau. (R. 1868) 224, 440, 370

Agricultural flint implements. Southern Illinois—C. Rau. (R. 1868) 224, 370

Agricultural implements of N. American stone period—C. Rau. (R. 186.3) __ 187, 440

AiNSA, Santiago. Tucson meteorite. (R. 1863") 187

Air, temperature in ascending currents of—J. Hann. (R. 1877) 323, 398

Air, temperature in ascending moist currents of—L. Sohncke. (R. 1877)-_ 323, 398

Air-currents, nature of—A. Coldino. (R. 1877) 323, 398

Airy, G. B. Correcting measures of the sun's distance. (R. 1859) 110

Alabama, mica beds in—W. Gesner. (R. 1879) 345

Alabama, shell-heaps—A. S. Gaines and K. M. Cunningham. (R. 1877) 323

Alaska, bibliography of fishes of, for 1880—T. H. Bean. (P. 1881) 467

Alaska, climate of—H. M. Bannister. (R. 1866) 214

Alaska, description of Lycodes Turneri from—T. H. Bean. (P. 1878) 332

Alaska, descriptions of new fishes from—I". H. Bean. (P. 1881) .. 467

Alaska, flora of—J. T. Rothrock. (R. 1867) 215, 367

Alaska, limpets and chitons of, report on—W. H. Dall. (P. 1878) 332

Alaska, new fish from—T. H. Bean.- (P. 1879) 333

Alaska, new fish from—W. N. Lockington. (P. 1880) 425

Alaska, new forms of moUusks from—W. H. Dall. (P. 1878) . 332

Alaska, notes on Nichols' collection of fishes of—T. H. Bean. (P. 1881) 467

Alaska, occurrence of Hippoglossus vulgaris at—T. H. Bean. (P. 1879) 333

Alaska, occurrence of Slichceus punctatus at—-T. H. Bean. (P. 1878) 332

Alaska, preliminary catalogue of fishes of—T. H. Bean. (P. 1881) 467

Alaska, remains of prehistoric man from caves in—W. H. Dall 318

Alaska, some genera and species of fishes from—T. H. Bean. (P. 1879) 333

Albany, Illinois, mound skull and bones—R. J. Farquharson. (R. 1874). ._ 28G

Albany Institute, memorial proceedings relative to Joseph Henry 356

Album from Greece, presented by Miss E. B. Contaxaki. (R. 1857) 107, 329

Alepocephalus Bairdii, from deep sea Atlantic—G. B. Gooue
;
T. H. Bean.

(P. 1879) 333

Aleutian Islands, remains of prehistoric man from—W. II. Dall 318

Alexander, B. S. Report of architect. (R. 1854) 75, 329

Alexander, C. A. Origin and history of Royal Society of London. (R. 1863) .
187

Alexander, C. A., (translations by)

—

Accidental or subjective colors

—

Abue Moigno. (R. 1866) 214

American migration—F. von IIellwald. (R. 1866) 214

Biography of Peltier by his Son. (R. 1867) 215

Carlsruhe Scientific Congress—M. J. Nickles. (R. 1860) 147

Catalytic force—T. L. PiiiPSON. (R. 1862) 150
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Alexander, C. A., (translations bj')—Continued.

Earthquake in Mexico—C. Sartorius. (R. 1866) 214

Electrical currents of the earth—C Matteucci. (E. 1867) . 215

Electricity. (R. 1867) 215-

Electro-physiology—C. Matteucci. (R. 1865) 209

External appearance of sun's disk. (R. 1866) 214

Figures of equilibrium of a liquid mass—J. Plateau. (R. 1865; R.

1866) 209,214

Formation of ice at bottom of water—M. Englehardt. (R. 1866) 214

History of Academy of Sciences of Paris—M. Flourens. (R. 1862)_. 150

History of Royal Institution of Great Britain—E. Mailly. (R. 1867) 215

Horary variations of barometer—M. Vaillant. (R. 1866) 214

International Archaeological Congress. (R. 1866) 214

Jussieus, the, and the natural method—M. Flourens. (R. 1867) 215

Life of Faradaj^—De la Rive. (R. 1867) 215

Life of Kepler—M. Berthrand. (R. 1869) 228

Man the contemporary of the mammoth. (R. 1867)- 215

Memoir of A. Bravais—E. De Beaumont. (R. 1869)
'

228

Memoir of D. de Blainville—M. Flourens. (R. 1865) 209

Memoir of von Buch—M. Flourens. (R. 1862) 150

Memoir of A. de Candolle—M. Flourens. (R. 1859) 110

Memoir of Delambre—J. Fourier. (R. 1864) 188

Memoir of R. J. H;luy—M. Cuvier. (R. 1860) 147

Memoir of Legendre—E. De Beaumont. (R. 1867) 215

Memoir of L. J. Thenard—M. Flourens. (R. 1862) 150

Memoir of Magendie—M. Flourens. (R. 1866) 214

Memoir of Priestley—M. CuviER. (R. 1858) 109

Memoir of Geoffroy St. Hilaire—M. Flourens. (R. 1861) 149

Microscope. (R. 1860) 147

Movement of the stars—M. Maedler. (R. 1859) 110

Natural History of organized beings—M. Marey. (R. 1867) 215

Palafittes or lacustrian constructions—E. Desor. (R. 1865) 209

Photo-chemistry—M. Jamin. (K. 1867) 215

Pile-work antiquities of Olmutz. (R. 1866) 214

Preservation of wood. (K. 1864) 188

Scientific Congress of Carlsruhe—M. J. Nickles. (R. 1860) 147

Scintillation of the stars—C. D. Kamtz. (R. 1861) 149

Sense of feeling : sense of smell. (R. 1865) 209

Sense of hearing. (R. 186G) 214

Sense of sight. (R. 1866) 214

Sense of taste. (R. 1866) 214

Small planets between Mars and Jupiter

—

Lespiault. (R. 1861) 149
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Alexander, C. A., (translations by)—Continued.

State of ethnology in relation to form of human skull—A. Pelzius.

(R. 1859) - 110

Transactions of Geneva Society of Physics, «&c. (R. 1859; R. 1864; R.

1865; R. 1866) 110,188,209.214

Alexander, S. Harmonies of the solar system 280

Alexander, S. Lecture on relations of time and space. (R. 1861) 149

Alexander, S. Lecture on vastness of visible creation. (R. 1857) 107

Alga;—J. W. Bailey . 23

Algse, Arctic, list of—W. H. Harvey 95

Algse, Arctic America—W. G. Farlow 342

Algse, bibliography of—H. C. Wood 241

Algaj, Kerguelen Island—W. G. Farlow 294

Algse, lecture on marine—W. H. Harvey. (R. 1855) 77

Algse, marine. Part 1, Melanospermese—W. H. Harvey 32

Algse, murine. Part 2, Rhodospermefe—AV. H. Harvey 43

Algse, marine. Part 3, Chlorospermese—W. H. Harvey 95

Algse, marine. Parts 1, 2, 3, complete—W. H. Harvey 96

Algse, North American fresh water, historj-^ of—H. C. Wood 241

Alga3, Rhode Island, list of—S. T. Olney 241

Allen, H. Monograph of bats of North America 165

Allen, Z. Explosibility of coal oils. (R. 1861) 149

Alphabetical index of genera of birds—S. F. Baird 108

Alphabetical index to Smithsonian publications 478

Alternate generation and parthenogenesis—G. A. Kornhuber. (R. 1871) 249

Altitude, diminution of vapor with increasing—J. Hann. (R. 1877) 323, 398

Altitudes, circular relative to—J. Henry • 236

Alvord, B. Tangencies of circles and of spheres 80

Amazilia cerviniventris—R. Ridgway. (P. 1881) 467

Amazilia yucatanensis—R. Ridgway. (P. 1881) 467

Amblystoma, change of axolotl to—A. Weismann. (R. 1877) 323, 401

Amblystoma, luridum—P. R. Hoy. (R. 1854) 75

America

—

See Arctic, British, Central, Middle, North, Russian, South.

America, ancient history of—M. Much. (R. 1871) 249

America, collection of charts and maps of—J. G. Kohl. (R. 1856) 91

America, grasshoppers and locusts of—A, S. Taylor. (R. 1858) 109

America, language of aboriginal Indians of—G. Gibbs. (R. 1870) 244

America, storms in, December, 1836—E. Loomis 127

American Academy of Arts and Sciences

—

On Smithsonian exchange system. (R. 1867) 215

Report on organization of Smithsonian. (R. 1853) 67

Thanks for exchanges. (R. 1855) 77
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American Antiquarian Society. Antiquities of Wisconsin 70

American archaeology circular 316

American Association for Advancement of Science

—

Combined meteorological observations proposed. (R. 1851) 51

Memorial address on Joseph Henry. A. M. Mater 417

American authors, North American conchology—W. G. Binney 142

American Board of Commissioners for Foreign Missions. Grammar and

dictionary of Dakota language 40

American corbiculadae, monograph of—T. Prime 145

American correspondents, list of 69, 238

American Ethnological Society, report on Squier and Davis' work. (R. 1847) H, K
American migration—F. Von Hellwald ; Jos. Hkn-ri'. (R. 1866) 214

American natural history, bibliography for 1851. C. Girard 48

Amiurus ponderosus, from Mississippi river—T. H. Bean. (P. 1879) 333

Ammonia-cobalt bases—W. Gibbs ; F. A. Genth 88

Ampere, eulogy on—F. Arago. (R. 1872) 271*

Amphorosteus, memoir on—R. W. Gibbes 14

Ampullariidse—W. G. Binney 144

Analyses of Chinese and Japanese coals—J. A. MacDonald 202

Analysis, chemical, of the sun—A. Laugel. (R. 1861) 149

Analysis of blood—J. Jones 82

Analysis of water destructive to fish in Gulf of Mexico—F. M. Endlich. (P.

1881) 467

Analysis, spectrum—W. Huggins. (R. 1866) 214

Anarrhichas lepturus, from Alaska, and other species—T. H. Bean. (P. 1878) 333

Anatomical preparations, arsenic acid for protecting, from insects—J. B. S.

Jackson. (P. 1878) 332

Anatomy and physiology of chelonia—S. W. Mitchell; G. R. Morehouse.- 159

Anatomy and phj'siology of lucernarians—H. J. Clark 242

Anatomy and physiology of the rattlesnake—S. W. Mitchell ; 135

Anatomy of the nervous system of Rana pijnens—J. Wyman 45

Ancient aboriginal trade in North America—C. Rau. (R. 1872) 271, 440, 385

Ancient and modern purple dyeing. (R. 1863) 187

Ancient burial mound in Indiana—W. Pidgeon. (R. 1867) 215

Ancient earthworks of Ashland county, Ohio—G. W. Hill. (R. 1877) 323

Ancient earthworks of Ohio, sketch of—I. Dille. (R. 1866) 214

Ancient earthworks on Upper Missouri—A. Barrandt. (R. 1870) 244

Ancient fauna of Nebraska—J. Leidy 58

Ancient fort and burial ground, Tomp. Co., N. Y.—D. Trowbridge. (R. 1863) 187

Ancient graves and shell-heaps of California—P. Sohumaohek. (R. 1874) 286

Ancient history of North America—M. Much. (R. 1871) 249

Ancient implement of wood found in Conn.—E. W. Ellsworth. (R. 1876) .. 299

9
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Ancient man in Michigan, characteristics of—H. Gillman. (R. 1875) 298, 393

Ancient mica mines North Carolina—C. D. Smith. (R. 1876) 299

Ancient mining on Laice Superior—C. Whittlesey 155

Ancient mining on Lake Superior, circular on—J. Henry. (R. 1861) 149

Ancient monuments in the Miss, val., correspondence relative to. (R. 1847).. H, K
Ancient monuments in the Mississippi valley—E. G. Squier ; E. H. Davis— 1

Ancient mound in western Pennsylvania—W. M. Taylor. (R. 1877). 323

Ancient mound near Chattanooga, Tennessee—M. C. Read. (R. 1867) 215

Ancient mound, near Lexington, Ky.—R. Peter. (R. 1871) 249

Ancient mound, St. Louis, Mo.—T. R. Peale. (R. 1861) 149

Ancient mounds in Georgia—M. F. Stephenson. (R. 1870) 244

Ancient mounds in Kentucky—R. Peter. (R. 1872) 271

Ancient mounds of Mercer county, Illinois—T. McWhorter. (R. 1874) 286

Ancient mounds of Union county, Kentucky—S. S. Lyon. (R. 1870) 244

Ancient pottery from Phillips county, Arkansas—J. H. Devereux. (R. 1872) 271

Ancient pottery on Des Moines river—R. N. and C. Dahliberg. (R. 1879) 345

Ancient relic of Maya sculpture—A. Schott. (R. 1871) 249

Ancient relics in Missouri—J. W. Foster. (R. 1863) 187

Ancient relics in northwestern Iowa—J. B. Cutts. (R. 1872) £71

Ancient remains in Canada West, near Prescott—W. E. Guest. (R. 1856) 91

Ancient remains in Colorado—E. L. Berthoud. (R. 1867) 215

Ancient ruin in Arizona—J. C. Y. Lee. (R. 1872) 271

Ancient town in Minnesota—0. H. Kelley. (R. 1863) 187

Ancient works in Ohio, description of—C. Whittlesey 37

Anderson, M. B. Life of Professor Chester Dewey. (R. 1870) 244

Anderson, W. Antiquities of Perry countj-, Ohio. (R. 1874) 286

Anderson, W. G. Mounds in Illinois and Wisconsin. (R. 1879)_-. 345

Andrews, F. D. Indian relics from Schoharie, New York. (R. 1879) 345

Andrews, S. L. Meteors. (R. 1866) 214

Anemometer, description of Smithsonian—J. Henry. (R. 1860) 147

Aneroid barometers, experiments

—

B.Stewart. (R. 1868) 224

Animal kingdom, list of substances derived from—G. B. Goode 297

Animal kingdom, parthenogenesis in—G. A. Kornhuber. (R. 1871) 249

Animal resources of United States, classification of collection—G. B. Goode__ 297

Animal resources of United States, collection at Centennial—G. B. Goode 326

Animals, circular for shipping—S. F. Baird 384

Animals, flora and fauna within living—J. Leidy 44

Animals, list of all generic names of—S. H. Scudder 470

Animals, synopsis of useful and injurious—G. B. Goode 297

Anna, Illinois, mounds near—T. M. Perrin. (R. 1872) 271

Annals of Philosophy, list of Smithson's papers in. (R. 1853) 67, 330

Annelids of Arctic America—A. E. Verrill 342
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Annelids of Kerguelen Island—A. E. Vkrrill 294

Annelids of northeastern coast of America—A. E. Verrill. (P. 1879; P.

1880) 330, 425

Annular eclipse of May 26, 1854 66

Antennariidte, note on—T. Gill. (P. 1878) 332

Anthozoa of Kerguelen Island—A. E. Vkrrill 294

Anthozoa of northeast coast of America—A. E. Verrill. (P. 1879) 333

Anthropological articles, Smithsonian, index to—G.H.BoEHMER. (R. 1879) 345, 421

Anthropological Congress, address before—F. F. Romer. (R. 1876) 299, 392

Anthropological correspondence, abstracts of—0. T. Mason. (R. 1880) 442

Anthropological correspondence, summary of—O. T. Mason. (R. 1879) 345

Anthropological data, limitations to use of—J. W. Powell. (E. 1880) 476

Anthropological inquiry, queries for—C. Darwin. (R. 1867) 215

Anthropological investigations in 1879—0. T. Mason. (R. 1879) 345, 420

Anthropological measurements, table of—Scherzer ; Schwarz. (R. 186G) -. 214

Anthropological publications, list of C. Rau's. (P. 1881) 467

Anthropological Society of Paris, transactions of—P. Broca. (R. 1868) 224

Anthropological Society of Vienna, address on ancient history of North

America—M. Much. (R. 1871) 249

Anthropology, articles on. (R. 1879) 345

Anthropology, bibliography of—0. T. Mason. (R. 1880)_— 442, 432

Anthropology, index to Smithsonian papers on—Gr. H. Boehmer. (R. 1879)_- 345

Anthropology, progress of, in 1880—0. T. Mason. (R. 1880) 442, 432

Anthropology, recent progress in—O. T. Mason. (R. 1880) 442, 432

Antigua, catalogue of Ober's collection of birds of—G. N. Laavrence. (P. 1878) 332

Antilles, maritime disasters of the. (R. 1867) 215

Antilles

—

See Lesser Antilles.

Antiquarian Society, American. Antiquities of Wisconsin 70

Antiquities, California, Santa Rosa Island—S. Bowers. (R. 1877) 323

Antiquities

Antiquities

Antiquities

Antiquities

Antiquities

Antiquities

Antiquities

Antiquities

Antiquities

Antiquities

Antiquities

Antiquities

Antiquities

Col., Jefferson and Clear Creek Cos.—G-. L. Cannon. (R. 1877)-- 323

Colorado, Weld county—E. L. Berthoud. (R. 1871) 249

Denmark, preservation of—J. J. A. Worsa.ae. (R. 1879) 345

Florida—J. Bartram. (R. 1874) 286

Florida—A. Mitchell. (R. 1874) 286

Georgia, Spalding county—W. B. F. Bailey. (R. 1877) 323

Guatemala-G. Williamson. (R. 1876) 299

Hungary, prehistoric—F. F. Romer. (R. 1876) 299, 440, 392

Illinois, Lawrence county—A. Patton. (R. 1873) .__ 275

Illinois, Mason county—J. Cochrane. (R. 1877) 323

Illinois, Rock Island county—A. Toellner. (R. 1879) 345

Illinois, Union county—T. M. Perrine. (R. 1873) 275

Illinois, Whitesides county—W. H. Pratt. (R. 1874) 286
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Antiquities, Indiana, Allen and DeKalb counties—R. S. Robertsox. (R. 1874) 286

Antiquities, Indiana, Knox county—A. Patton. (R. 1873) 275

Antiquities, Indiana, Laporte county—R. S. Robertson. (R. 1874) 286

Antiquities, Kentucky—S. S. Lyon. ^R. 1858) 109

Antiquities, Kentucky, Hancock county—J. Friel. (R. 1877) 323

Antiquities, Maryland, Charles county-O. N. Brxan. (R. 1874) 286

Antiquities, Mexico, Vera Cruz—H. Finck. (R. 1870) 244

Antiquities, Michigan, Isle Royale—A. C. Davis. (R. 1874) 286

Antiquities, Mississippi river and Lake Pepin—L. C. Estes. (R. 1866) 214

Antiquities, Mississippi, Yazoo county—J. W. C. Smith. (R. 1874) 286

Antiquities, Missouri and Tennessee—I. Dille. (R. 1862) 150

Antiquities, Missouri, Kansas Citj^-W. H. R. Lykins. (R. 1877) 323

Antiquities, New Mexico—W. B. Lyon. (R. 1871) 249

Antiquities, New York, Orleans county—F. H. Cushing. (R. 1874) 286

Antiquities, Nicaragua— E. G. Squiek. (R. 1850) 28

Antiquities, Nortli Carolina, Lenoir county—J. M. Spainhour. (R. 1871) -- 249

Antiquities, N. C, Stanley and Montgomery counties—F. J. Kron. (R. 1874) 286

Antiquities, Ohio—G. W. Hill. (R. 1874) 286

Antiquities, Ohio, Perry county—W. Anderson. (R. 1874) 286

Antiquities, Olmutz pile-work. (R. 1866) 214

Antiquities, Porto Rico, Latimer collection—O. T. Mason. (R. 1876) 299, 397

Antiquities, Southern States—H. C. Williams. (R. 1870) 244

Antiquities, Tennessee-W. M. Clark. (R. 1877) 323

Antiquities, Tennessee—E. O. Dunning. (R. 1870) 244

Antiquities, Tennessee—J. Jones 259

Antiquities, Tennessee—R. S. Robertson. (R. 1877) 323

Antiquities, Tennessee—D. F. Wright. (R. 1874) 286

Antiquitie?, Tennessee, Blount county—Miss A. E. Law. (R. 1874) 286

Antiquities, Tennessee, Jackson county

—

J.Haile; J.W. McHenry. (R. 1874) 286

Antiquities, United States, proposed map of—A. J. Hill. (R. 1861; 149

Antiquities, Wisconsin—I. A. Lai'ham 70

Antiquities, Wisconsin—M. Strong. (R. 1877) 323

Antiquity in Europe, the study of high—A. Morlot. (R. 1862; R. 1864).- 150, 188

Antiquity in United States, vestiges of—S. F. Haven 71

Antozone and ozone—C. M. Wetherill. (R. 1864) 188, 355

Apaches, Tonto, notes on the—C. Smart. (R. 1867) 215

Aphododeridie, notes on—D. S. Jordan 306

Apodichthys—Jordan and Gilbert. (P. 1880) 425

Apogon pandionis, description of—G. B. Goode ; T. H. Bean. (P. 1881) 467

Apparatus available for research, list of. ( R. 1878) 341

Apparatus, blow-pipe

—

Hawkins and Wale. (R. 1872) 271

Apparatus for testing perspiration and respiration

—

Pkttdnkofer. (R. 1864) 188



OF SMITHSONIAN PUBLICATIONS. 133

Apparatus, letter relative to gift of—R. Hare. (R. 1848) .___ I

Appropriations for Museum, memorial of regents asking for. (R. 1867) 215, 329

Aqueous vapor, diminution of, with altitude—J. Hann. (R. 1877) 823, 398

Arachnida of Arctic America—S. H. Scudder 342

Arago, F. Aeronautic voyages. (R. 1863) 187

Autobiography. (R. 1870) 244

Biography of Condorcet. (R. 1878) 341

Eulogy on Ampere. (R. 1872) 271

Eulogy on Joseph Fourier. (R. 1871) 249

Eulogy on Gay-Lussac. (R. 1876) 299

Eulogy on Herschel. (R. 1870) 244

Eulogy on La Place. (R. 1874) 286

Eulogy on Alex. Volta. (R. 1875) 298

Eulogy on Thomas Young. (R. 1869) 228

Archaeological Academy of Belgium, Archseological Congress organized bv.

(R. 1866) ! l_ 214

Archa?ological collection of the U. S. National Museum—C. Rau 237

Archaeological Congress, International, Antwerp. (R. 1866) 214

Archffiological investigations, instructions for—G. Gibbs. (R. 1861) 149, 160
Archseological researches at Concise—F. Troyon. (R. 1861) 149

Archaeological researches in Nicaragua—J. F. Bransford 383
Archaeological study of jade—S. Blondel. (R. 1876) 299

Archaeology, circular relative to American 316
Archaeology, French Society of. (R. 1866) 214

Archaeology, general views on—A. Morlot. (R. I860; R. 1861) 147,149

Archaeology, Mexican—B. Mayer 86
Archaeology, North American—J. Lubbock. (R. 1862) 150

Archaeology of the United States—S. F. Haven 71
Archaeology, prehistoric, international code of symbols for charts of. (R. 1875) 298

Archaeology and ethnology, circular for collecting specimens of 205
Architect's report

—

B.S.Alexander. (R. 1854) 75 329

Architect's report—A. Cluss. (R. 1867) 215 329

Architects' report for 1879

—

Cluss & Schulzk. (R. 1879) 345,409

Architects' report for 1880

—

Cltjss & Schulze. (R. 1880) 442, 434

Architecture, hints on public—R. D. Owen • p
Architecture in relation to ventilation, warming, lighting, fire-proofino-, acoustics

and the general preservation of health—D. B. Reid. (R. 1856) 91

Arctic algae, list of
—

"W. H. Harvey 95

Arctic America, natural history of—L. Kumlien 342
Arctic atmospheric pressure—I. I. Hayes jgg

Arctic auroras—P. Force _ 84
Arctic expedition, Howgate—L. Kumlien 342
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Arctic explorations, lecture on—I. I. Hayes. (11. 1861) 149

Arctic latitudes and longitudes—E. K. Kane 129

Arctic observations

—

See Force, Hall, Hayes, Kane, Kumlien, McClintock, Sohott.

Arctic regions, limpets and chitons of, report on—W. H. Dall. (P. 1878) 382

Arctic regions, record of voj-age of yacht " Fox" 146

Arctic seas, astronomical observations—E. K. Kane 129

Arctic seas, magnetisal observations—E. K. Kane 97

Arctic seas, meteorological observations—E. K. Kane 104

Arctic seas, meteorological observations—F. L. McClintock 146

Arctic seas, physical observations in—I. I. Hayes 196

Arctic seas, physical observations in—E. K. Kane 198

Arctic seas, tidal observations—E. K. Kane 130

Arctic temperature—I. I. Hayes 100

Arctic winds—I. I. Hayes 196

Argentina syrtensium, new deep-sea fish

—

Goode and Bean. (P. 1878) 332

Argentine Eepublic, astronomical observatory—B. A. Gould. (R. 1873) 275

Ariopsis Milberti, breeding habits of—N. T. Lupton. (P. 1878) 832

Arizona, ancient ruin in—J. C. Y. Lee, (R. 1872) 271

Arizona, explorations in—J. Stevenson. (R. 1880) 442

Arizona, Pima county, ruins in—^^R. T. Burr. (R. 1879) 345

Arizona, Pima Indians of—F. E. Grossman. (R. 1871) 240

Arizona, Tonto Apaches of—C. Smart. (R. 1867) 215

Arkansas, cretaceous fossils from—C. A. White. (P. 1881) 467

Arkansas, earthworks in—Mrs. G. Kxapp. (R. 1877) 323

Arkansas, invertebrate fossils from—C. A. White. (P. 1880) 425

Arkansas, meteorological observations near Washington—N. D. Smith 131
Arkansas, Phillips count}', ancient pottery—J. H. Devereux. (R. 1872) 271

Armstrong, T. Mounds in Winnebago county, Wisconsin. (R. 1879) 345

Arrangement of families of birds—S. F. Baird 210

Arrangement of families of fishes—T. Gill 247

Arrangement of families of mammals—T. Gill 230

Arrangement of families of mollusks—T. Gill 227

Arrangement of miueralogical collection—C. U. Shepard. (R. 1861) 140

Arrangement of the materia medica collection— J. M. Flint. (P. 1881)-_ 467, 450
Arrangements, business, of the Smithsonian Institution 325

Arrow-heads, deposit of, near Fishkill, New York—E. M. Shepard. (R. 1877) 323

Arrow-heads, Indian mode of making and obtaining fire—G. Crook. (R. 1871) 240

Arrows, lectures on wounds of poisoned—D. Brainard. (R. 1854) 75

Arsenic acid for protecting anatomical preparations—J. B. S. Jackson. (P. 1878) 332

Art, on tables of constants of nature and—C. Babbaqe. (R. 1856) 91

Art Gallery, Corcoran, deed of gift of. (R. 1872) 271, 329

Art Gallery, Corcoran, deposits in, by Smithsonian Institution, (li. 1874) 286
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Art Gallery, Corcoran, report of Committee of Eegents on. (R. 1872) 271, 329

Arteries, reparatory inflammation in. Toner lecture No. VII—E. 0. Shake-

speare 321

Artiflcial shell deposits in New Jersey—C. Rau. (E. 1864). _.- 188, 440, 362

Artificial shell deposits of the United States—D. G. Bkinton. (R. 1866) 214

Artisan and artist, identification of the—N. Wiseman. (R. 1870) 244

Artisans, scientific education of mechanics and—A. P. Peabody. (R. 1872) 271,380

Arts, chemical, recent improvements in—J. C. Booth; C. Moreit 27

Ascelicthj's rhodorus

—

Jordan and Gilbert. (P. 1880) 425

Ascensions

—

See Balloons.

Assay of coins at mint of the United States—J. Pollock. (R. 1868) 224

Asteroid supplement to new tables—J. D. Runkle 94

Asteroids between Mars and Jupiter

—

D..Kirkwood. (R. 1876) 299

Astronomical discoveries, telegraphic announcements of—J. Henry ... 263

Astronomical observations—W. Harkness 239

Astronomical observations, Arctic— I. I. Hayes 196

Astronomical observations, discussion of Piazzi's—B. A. Gould. (R. 1863)-_ 187

Astronomical observations in the Arctic Seas—E. K. Kane 129

Astronomical observatories, reports of—E. S. Holden; G. H. Boehmer.
(R. 1880) 442, 433

Astronomical observatories, reports of, 1879—E. S. Holden. (R. 1879)-. 345, 410

Astronomical observatories, reports of, 1880—E. S. Holden; G. H. Boehmer.

(R. 1880) 442, 438

Astronomical observatory at Cordoba, Argentine Republic, account of—B. A.

Gould. (E. 1873) 275

Astronomical photography, progress of—Dr. Lee. (R. 1861) 149

Astronomical tables—J. D. Runkle 79, 94

Astronomical telegram circular—J. Henry' ' 263

Astronomy, lecture on—A. Caswell. (R. 1858) 109

Astronomy, progress of, in 1879 and 1880—E. S. Holden. (R. 1880) 442, 427

Astronomy, recent progress in—E. S. Holden. (R. 1880) 442, 427

Astroscopus, species of, in Eastern United State?—T. H. Bean. (P. 1879) 333

Atlantic coast, microscopic examination of soundings—J. W. Bailey' 20

Atlantic, Lowe's aeronautic voyage across. (R. 18G0) .« 147

Atlas, physical, of North America, proposed—G. Gibbs. (R. 1866) 214

Atmosphere, currents of the, and aerial navigation—J. Henry. (R. 1860) 147

Atmosphere, diminution of aqueous vapor with altitude—J. Hann. (R. 1877) 323, 308

Atmosphere, plan of research upon—C. M. Wetherill. (R. 1866) ._- 214

Atmosphere, vegetation and the—J. Jamin. (R. 1864) 188

Atmospheric circulation over the earth, laws of—J. H. Coffin 268

Atmospheric currents, relation between barometric variations and—M. Peslin.

(R. 1877) 323, 398
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Atmospheric electricity—M. F, Duprez. (K. 1858) 100

Atmospheric pressure and rain fall—J. Hann. (E. 1877) 323, 398

Atmospheric pressure, Arctic—I. I. Hayes 196

Atmospheric pressure, Arctic—E. K. Kane 104

Atmospheric pressure, Arctic—F. L. McClintock 14(>

Atomic volume, bibliography of—F. W. Clarke 255

Atomic weight determinations—G. F. Becker 358

Atomic weights, recalculation of—F. W. Clarke 441

Atoms—J. Herschel. (R. 18G2) 150

Atthis Ellioti, a liumming bird from Guatemala—R. Hidgway. (P. 1878) _._ 332

Aurora and electricity—S. Lemstrom ; A. A. De La Rive. (R. 1874) 286

Aurora, connection of gales of wind and—R. T. Knight. (R. 1871) 249

Aurora, directions for observing

—

J.Henry. (R. 1855) 77

Aurora, effect of, on magnetic declination—A. D. Bache 175

Aurora, influence of, on the telegraph—W. D. Sargent. (R. 1870) 244

Aurora, instructions for observations of—Toronto Observatory 148

Aurora, magnetic effect of—A. D. Bache 175

Aurora, map of stars for observations on 350

Aurora, observations on—S. Masterman. (R. 1857) 107

Aurora, or Polar light, its phenomena and laws—E. Loomis. (R. 1865) 209

Aurora, phenomena in telegraphic lines during—G. B. Donati. (R. 1872)

—

271

Aurora, recent secular period of—D. Olmsted 81

Auroras, articles on, received by the Institution. (R. 1871 ; R. 1874) 249, 286

Auroras, records of, in high northern latitudes—P. Force 84

Autobiography, the history of my youth—F. Arago. (R. 1870) 244

Auxis Eochei, frigate mackerel, on New England coast—G. B. Goode. (P. 1880) 425

Awards to Smithsonian Institution at the Centennial Exhibition. (R. 1876
;

E. 1878) : 299,341

Axolotl changed to amblystoma—A. Weismann. (R. 1877) 323, 401

Ayres, Dr. Notes on fishes. (P. 1880) 425-
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Babbage, C, extracts from writings of. (E. 1873) 275

Babbage, C, memoir of, by N. S. Dodge. (E. 1873) 275

Babbage, C. On constants of nature and art. (E. 1856) 91

Babinet, J. The diamond and other precious stones. (E. 1870) 244,377

Babinet, J. The northern seas. (E. 1869) 228

Bache, a. D.—
Bequest to National Academy of Sciences. (E. 1872) 271, 329

Discussion of magnetic and meteorological observations. Part i 113

Discuss.ion of magnetic and meteorological observations. Part ii 121

Discussion of magnetic and meteorological observations. Part iii 132

Discussion of magnetic and meteorological observations. Pts. iv, v, vr__ 162

Discussionof magnetic and meteorological observations. Pts. vii,viii,ix. 175

Discussion of magnetic and meteorological observations. Pts. x, xi, xii 186

Discussion of magnetic and meteorological observations. Parts i-xii 195

Eulogy on James A. Pearce. (E. 1862) 150

Lecture on Switzerhind. (E. 1870) 244

Magnetic survey of Pennsylvania 166

Notice of James P. Espy. (E. 1859) 110

Notice of G. Wiirderaann. (E. 1859) 110

Bache, A. D., eulogy on, by J. Henry. (E. 1870) 244, 379

Bache, A. D,, list of scientific papers of—B. A. Gould. (R. 1870) _. 244, 329, 376

Bache, G. M. Hail storm in Texas. (E, 1870) 244

Bacteria, putrefactive, action of dry heat and sulphurous acid upon. (P. 1881) 4G7

Baegert, J. Aboriginal inhabitants of California peninsula. (E. 1863; E.

1864) : ^ 187, 188, 440, 361

Baffin's Bay, meteorological observations in—F. L. McClintock 146

Bailey, J. W.

—

Alg» 23-

Diatomacea , 23, 63

Infusoria 23

Microscopical examination of soundings, Atlantic coast 20

Microscopical observations in South Carolina, Georgia, Florida 23

New species and localities of microscopical organisms 63

Bailey, W. B. F. Antiquities of Spalding county, Georgia. (E. 1877) 323

Baird, S. F.—
Alphabetical index of genera of birds 10&

Arrangement of families of birds 210

Catalogue of North American birds octavo, 108; quarto, 106

Catalogue of North American mammals 105
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Baikd, S. F.—Continued.

Circular concerning department of insects. (P. 1881) 467, 448

Circular in reference to building-stone collection. (P. 1881) 467, 453

Circular in reference to petroleum collections. (P. 1881) 4G7, 447

Circular in reference to shipping fresh fish and other animals 384

Circular relative to scientific and literary exchanges 324

Circular requesting material for the library of the Xational Museum.
(P. 1881) , 467, 458

Circular to friends of the Museum. (P. 1881) 467, 446

Directions for collecting, preserving, and transporting specimens of natu-

ral history. (R. 1856) 91, 34

Fishes on the coasts of New Jersey and Long Island. (R. 1854) 75, 348

Instructions for collecting insects. (E. 1858) 1 109

Instructions for collecting nests and eggs of North American birds.

(Pv. 1858) 109, 139

List of explorations furnishing collections to National Museum, 1838 to

1877. (11. 1877) 323

List of sources from which specimens have been derived, 1838 to 1867.

(R. 1867) 215

Memoranda of inquiry relative to food fishes 231

Museum miscellanea 164

Notes on aboriginal shell-mounds on coast of New Brunswick and of

New England. (P. 1881) 467

Notes on Henry's researches on sound. (R. 1878) 341, 406

On reports of recent scientific progress. (R. 1880) 442

Questions relative to food fishes 234

Register of periodical phenomena 65, 148

Report of Secretary for 1878. (R. 1878) 341, 408

Report of Secretary for 1879. (R. 1879) 345, 418

Report of Secretary for 1880. (R. 1880) ... 442, 419

Report on Centennial Exhibition. (R. 1876) 299,307

Report on and statistics of British Museum. (R. 1850) 28

Report on plan of exhibit at the International Exhibition at Philadeliiliia.

(R. 1875) 298

Reports on publications, exchanges, explorations, and Museum, .1851-1877.

(R. 1851-1877)- 51, 67, 67, 75, 77, 91, 107, 109, 110, 147, 149, 150, 187, 188,

209, 214, 2i5, 224, 228, 244, 249, 271, 275, 286, 298, 299, 323

Review of American birds. Part I. North and Middle America 181

Scientific instructions to Captain Hall. (R. 1871) 249

Scientific investigations in Russian America. Natural hlstor}- 207

Baird, S. F. ;
GiUARD, C. Catalogue of North American reptiles. Part I._- 49

Balfour, J. The wind and fog. (R. 1866) 214

Balloon ascensions, account of—J. Glaishjer. (R. 1863) 187
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Ualloon ascensions

—

See Aeronautics.

Baltzell, J. Winds in Florida. (R. 1866) 214

Bancroft, G. Memorial to Congress for new Museum building. (R. 1876)_. 299

Bancroft, G. On publication of Spanisli works on New Mexico. (R. 1855). 77

Bannister, H. M. Climate of Alaska. (R. 1866) 214

Bannister, H. M. Formation of clouds over Gulf stream. (R. 1866) 214

Baptist Missionary Societ_y. Yoruba grammar and dictionary 98

Barbuda, catalogue of Ober's collection of birds o^—G. N. Lawrence. (P.

1878) 332

Barker, G. F. Recent progress in chemistry. (R. 1880) 442, 429

Barker, G. F. Recent progress in physics. (R. 1880) 442, 429

Barnard, F. A. P. Lectures on the undulat'U-y theory of light. (R. 1862)-. 1-50

Barnard, J. G. Eulogy on Gen. Joseph G. Totten. (R. 1865) 209

Barnard, J. G. Internal structure of the earth 310

Barnard, J. G. Problems of rotarj- motion . 240

Barnard, V. Birds of Chester county, Pennsylvania. (R. 1860) 147

Barometer, account of Green's. (R. 1855) 77, 148

Barometer, Green's standard 148

Barometer, horary variations of the—F. Yaillant ; J. Henry. (R. 1866) __ 214

Barometer, influence of rain upon the—J. Hann. (R. 1877) 323, 398

Barometer, rain and snow gauges—R. H. Gardiner. (R. 1858) 109

Barometer tables, on construction of—F. F. Tuckett. (R. 1867) 215

Barometer tube breaking suddenly—L. F. Ward. (R. 1866) 214

Barometer tubes, on filling—J. Green
; W. Wurdemann. (R. 1859) 110

Barometers at the Kew Observatory, verification of—J. Welsh. (R. 1859)— 110

Barometers, experiments on aneroid—B. Stewart. (R. 1868) 224

Barometric minima and rainfall—J. T. Reye. (R. 1877) 323, 398

Barometric observations, discussion of Snell's—F. H. Loud. (R. 1880) __ 442, 435

Barometric observations, results of 157

Barometric variations and atmospheric currents, relation between—M. Peslin.

(R. 1877) 323, 398

Barometrical tables—A. Guyot 153

Barrandt, a. Ancient earthworks on the upper Missouri. (R. 1870) 244

Barrandt, A. Haystack mound, Dakota. (11.1872) 271

Bartlett, J. R. On publication of Squier and Davis' Ancient Monuments.

(R. 1847) H, K
Bartram, J. Antiquities of Florida. (R. 1874) 286

Base chart of the United Statos~C. A. Sciiott 414

Bases, ammonia-cobalt, researches on—W. Giisi?;? ; F. A. Genth 88

Ba.scs, organic

—

A.Bauer. (R. 1872) ^ 271

Batavian Society of Experimental Philosophy, Rotterdam. Prize questions.

(R. 1861) 149
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Bath and "West of England Society for encouragement of Agriculture, Arts,

etc. Exchanges. (R. 1867) 215

Batis maritima—J. Torret 60

Batrachia, North American— E. D. Cope 292

Bats, account of remarkable accumulation of—M. Figanierre. (R. 1863) 187

Bats of North America, monograph of—H. Allen 165

Bauer, A. Organic bases. (R. 1872) 271

Bay of Fundy, marine invertebrata of—W. Stimp.son -50

Bead, colored, from a mound at Black Hammock, Florida—A. M. Harrison*.

(R. 1877) C23

Bead, polychrome, from Florida—S. S. Haldemax. (R. 1877) 323, 404-

Beak, T. H.—
Check-list of fishes distributed by Smithsonian Institution. (P. 1880) 42.>

Description of a new hake (Phycis Earlii) and note on Phycis regius.

(P. 1880) 42.>

Description of new fish from Alaska, Anarrhichas lepturus, ahd notes op

genus. (P. 1879) 33:^

Description of new sparoid fish, Sargus Holbrookii, from Savannah bank.

(P. 1878) 332

Description of new species of Amiurus from the Mississippi. (P. 1879). 333

Description of new species of Gasterosteus from Schoodic Lakes, Maine.

(P. 1879) 333

Description of species of Lycodes [L. Turneri) from Alaska. (P. 1878). 332

Descriptions of genera and species of Alaskan fishes. (P. 1879) 333

Descriptions of new fishes from Alaska and Siberia. (P. 1881) 467

Descriptions of new species of fishes [TJranidea marginata and Potamo-

cotius Bendirei,) and of Myciophum crenulare. (P. 1881) 467

Descriptions of species of fishes collected by Duges in Mexico. (P. 1879) 333

Directions for collecting and preserving fish. (P. 1881) 467, 464

Fishes of Arctic America. (Bull. 15. TJ. S. National Museum) '^A2

Identity of Euchalarodus Putnami with Pleuronecies glaber and notes

on habits. (P. 1878) 332

List of European fishes in National Museum. (P. 1879) 333

Notes on collection of fishes from eastern Georgia. (P. 1879) 333

Notes on fishes collected by H'. E. Nichols in British Columbia and

Alaska, with descriptions of new species and new genus [Delolepis.)

(P. 1881) 467

Notes on fishes from Hudson's Bay. (P. 1881) 467

OccxyvrencQ oi Hippoglossus vulgaris in A.\mk&. (P. 1879) 333

Occurrence of Stichceus punctatus at St. Michael's, Alaska. (P. 1878)-. 332

Partial bibliography of fishes of Pacific coast of United States and Alaska

for 1880. (P. 1881) 467

Preliminary catalogue of fishes of Alaskan waters. (P. 1881) 467

Species of Astroscopus of Eastern United States. (P. 1879) 33-5
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Bean, T. H.
;
Goode, G. B.—

Catalogue of Stearns's fishes of Florida and descriptions of new species.

(P. 1879) - 333

Catalogue of Velie's fishes in Gulf of Mexico and description of new
species. (P. 1879) 338

Craig flounder of Europe [Glyptoeephalus cynoglossus) on coast of North

America. (P. 1878) 332

Description of Alepocephalus Bairdii, new deep-sea fish, western Atlantic.

(P. 1879) 333

Description of Argentina syrtensium, new deep-sea fish, Sable Island

bank. (P. 1878) 332

Description of Caulolaiilus tnicrops from Gulf coast of Florida. (P.

1878) 332

Description of Lycodes paxillus. (P. 1879) 333

Description of new genus and species of fish, Lopholat'dus chamceleonticeps,

from New England. (P. 1879) . 333

Description of new species of fish, Apogon pandionis, from mouth of

Chesapeake Bay. (P. 1881) 467

Description of new species of fish [Lufjanus Blackfordii and Luijanus

Stearnsii) from coast of Florida. (P. 1878) 332

Descriptions of gadoid fishes, Phycis chesteri and Haloporphyrus viola,

from northwestern Atlantic. (P. 1878) 332

Identitj' of Brosmi^is brosme Americanus, Gill, with Brosmius brosnie

(Miiller) White. (P. 1878) 332

Identity of Rhinonemus caudacuia \f\i)x Gadus cimbrius. (P. 1878) 332

New genus of fishes, i^en^Aorfesmws. (P. 1881) 467

New serranoid fish, Epinephelus Drummond-Hayi, from Bermudas and

Florida. (P. 1878) 332

New species of Liparis [L. ranula) from Halifax. (P. 1879) 333

Note on PLatessa ferruginea and Platessa rostrata. (P. 1878) 332

Note upon black grouper {Epinephelus nigritus) of the Southern coast.

(P. 1878) 332

Occurrence of Lycodes Vahlii on La Have and Grand Banks. (P. 1879.) 333

Oceanic bonito on coast of United States. (P. 1878) 332

Beauchamp, W. M. Wampum belts of the Six Nations. (R. 1879) 345

Beaufort, (N. C.,) library, deposit of, by E. M. Stanton. (Pv. 1862) _• 150

Beaufort, N. C, notes on fishes of—D. S. Jordan. (P. 1880) 425

Beaufort harbor, notes on fishes of—D. S. Jordan ; C. H. Gilbert. (P. 1878) 332

Beaumont—See Do Beaumont.

Beautemps-Beaupre, C. F., memoir of, by ^^lie de Beaumont. (R. 1863) __ 187

Beaver, on the habits of the—Felix R. Brunot. (R. 1873) 275

Beaver Island, Mich., natural history of—J. J. Strang. (R. 1854) 75

Beckku, G. F. Atomic weight determinations 358
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Becqxtekel, A. E. Forests and their climatic influence. (11.1869) 228

Becquerel, a. E. Preservation of copper and iron in salt water. (R. 1864.) 188

Beirut, S^'ria, account of sarcophagus from—A. A. Hakwood. (R. 1870) 244

Belding, L. Additions to North American bird fauna by—R. RiDGWAy.
(P. 1881) 467

Belding, L. Partial list of birds of central California. (P. 1878) 332

Belgium, Archajological Academy of. Archoeological congress organized by.

(R. 1866) 214

Belgium

—

See Prize questions.

Belgium, Society of Science, etc.

—

See Prize questions.

Belone exilis, generic relations of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Belone latimanus, occurrence of, in Buzzard's bay—G. B. Goode. (P. 1878)-. 332

Bendire, C. ISTotes on S'aZ?wo?2ic/(r of Columbia river. (P. 1881) 467

Benthodesfnus, a new genus of deep-sea fishes—G. B. Goode ; T. H. Bean.

(P. 1881) 467

Beqijest of A. D. Baclie to National Academy of Sciences. (R. 1872) 271, 329

Bequest of S. Habel. (R. 1879) 345

Bequest of J. Hamilton to Smithsonian Institution. (R. 1872; R. 1873) __ 271, 275

Bequest of Smithson, act of Congress, July 1, 1836, accepting. (R. 1853) 67, N
Bequest of Smithson, exposition of—J. Henkv B
Bequest of Smithson, history of 328, 330

Bequest, Smithson and his—W. J. Rhees. (R. 1879) 345, 330

Beeendt, C. H.—
Collection of historical documents in Guatemala. (R. 1876) 299

Explorations in Central America. (R. 1867) 215

On the Carib language and people. (R. 1873) 275

recommendation of, by British Minister. (R. 1865) ^ 209

recommendation of, by Guatemalan Minister. (R. 1865) 209

recommendation of, by L. Molina, Costa Rican Minister. (R. 1865) 209

BlTRLANDiER, L. Catalogue of collection of historical and geographical manu-

scripts, maps, &c., of Mexico. (R. 1854) 75

Berlin Fisheries Exhibition, additions to museum from. (R. 1880) 442

Berlin Fisheries Exhibition, catalogue of United States' exhibit at—G. B.

Goode . 413

Bermuda,*birdsof—T. Bland; J.R.Willis. (R. 1858) 109

Bermudas, catalogue of fishes of—G. B. Goode 296

Bermudas, fishes from, mistakenly described as new by Giinther—G. B. Goode.

(P. 1878) 332

Bermudas, new serranoid fish from—G. Tb. Goode ; T. H. Bean. (P. 1878) _. 332

Bern Museum, request for bison. (R. 1865) 209

Beroids, relation of lucernarians to—H. J. Clark 242
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Bekeien, J. McPiiERSON. Construction of act establishing Smithsonian. (R.

1853) G7

Beuthoud, E. L. Ancient remains in Colorado. (R. 18G7) 215

Berthoud, E. L. Antiquities of Colorado. (R. 1871) 24{>

Berthrand, M. Life and works of Kepler. (R. 18G9) 228

Best hours for temperature observations—C. Dewey. (R. 1860) 147

Bethune, C. J. Acknowledgment of books. (R. 18G1) 149

Bibliographia Americana Historico-Naturalis for 1851—C. Girakd 48

Bibliographia Americana, prospectus of a—H. Stevens. (R. 1848) I

Bibliographical index of North American Botany—S. Watson 253

Bibliographical sketches of vestiges of antiquity in United States—S. F. Haven 71

Bibliography of algas—H. C. Wood ___ 241

Bibliography of American natural history for 1851—C. Gibard 48

Bibliography of anthropology—0. T. Mason. (R. 1880) 442, 432

Bibliography of atomic volurhe-and specific gravity, expansion, and boiling and

melting—F. W. Clarke ' 255

Bibliography of Chinook jargon—G. Gibbs IGl

Bibliography of Dakota language—S. R. RiGGS . 40

Bibliography of diptera—0. R. Osten Sacken 270

Bibliography of diseases of joints, bones, larynx, eye, gangrene, etc.—W. W.
Keen 300

Bibliography of expansion—F. W. Clarke 289

Bibliography of fishes—T. Gill 247

Bibliography of fishes of Pacific coast of United States and Alaska for 1880

—

T. H. Bean. (P. 1881) 467

Bibliography of fishes of Pacific coast of United States—T. Gill 463

Bibliography of mammals—T. Gill 230

Bibliography of mollusks—T. Gill 227

Bibliography of nebulie, clusters, milky way, nebular hypothesis, etc.—E. S.

HOLDEN 311

Bibliography of North American conchology previous to 1860. Part i. Ameri-

can authors—W. G. BiNNEY i 142

Bibliography of North American conchology previous to 1860. Part ii. For-

eign authors—W. G. Binney 174

Bibliography of ornithology: faunal publications relative to British birds—E.

CouE.s. (P. 1879) 333

Bibliography of orthoptera—S. H. Scuddkr 189

Bibliography of rattlesnakes, serpent venom, etc.—S. W. Mitchell 135

Bibliography of specific heat—F. W. Clarke 276

Bibliography of Yoruba language—T. J. Bowen 98

Bibliography, plan of—J. Friedlander. (11. 1858) 100

Biela's comet, investigations of—J. S. Hubbard. (R. 1862) 150

Big elephant mound in Grant county, Wisconsin—J., Warner. (R. 1872) 271
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BUTNET, W. G.

—

Bibliography of North American conchology previous to 18G0. Part i.

American authors . 142

Bibliography of North American conchology previous to 1860. Part ii.

Foreign authors 174

Check-list of shells of North America 128

Land and fresh-water shells of North America. Part i 194

Land and fresh-water shells of North America. Part ii 143

Land and fresh-water shells of North America. Part iii 144

Biographical memoir of Joseph Henry—A. Gbay. (R. 1878) 341, 356, 407

Biographical notice of L. Agassiz—E. Favre. (R. 1878) 341

Biographical notice of L. Agassiz—J. A. Garfield. (R. 1873) 275

Biographical notice of L. Agassiz—P. Parker. (R. 1873) 275*

Biographical notice of S. P. Chase—J. A. Garfield. (R. 1873) 275

Biographical notice of S. P. Chase—H. Hamlin. (R. 1873) 275

Biographical notice of W. H. Harvey—A. Gray. (R, 1867) 215

Biographical notice of Charles C. Jewett—R. A. Guild. (R. 1857) 215

Biographical sketch of Dom Pedro II~A. Fialiio. (R. 1876) 299

Biography of Condorcet—F. Arago. (R. 1878) 341

Biography

—

See Memoirs.

Bird, a new humming, from Guatemala—R. Ridgway. (P. 1878) 332

Birds, acknowledgment of—Academy of Sciences, Stockholm. (R. 1867) 215

Birds, acknowledgment of—J. Gould. (R. 1867) 215

Birds, acknowledgment of—Hungarian National Museum. (R. 1863) 187

Birds, alphabetical index of genera of—S. F. Baird 108

Birds, American, instructions for collecting nests and eggs of—S. F. Baird.

(R. 1858) 109, 139

Birds and mammals of Missouri river, list of—E. Harris. (R. 1850) 28

Birds, arrangement of families of—S. F. Baird 210

Birds, bibliography of British—E. CouES. (P. 1879) 338

Birds, catalogue of North American—S. F. Baird. Octavo 108

Birds, catalogue of North American—S. F. Baird. Quarto 106

Birds, catalogue of Old World, in Nat. Museum—R. Ridgway. (P. 1881) 467, 462

Birds, circular relative to collections of 168

Birds, dates of first appearance of—F. B. Hough 182

Birds, description of new species of, from Costa Rica—R. Ridgway. (P. 1878) 332

Birds, descriptions of new—R. Ridgway. (P. 1881) 467

Birds, descriptions of several new species and races of, in National Museum

—

R. Ridgway. (P. 1878) 332

Birds, desiderata among North American—R. Ridgway. (P. 1881) 467

Birds' eggs, suggestions for forming collections of—A. Newtox . 139

Birds, humming, list of—D. G. Elliot 334
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Birds, list of described, of Mexico, Central America, and the West Indies, not

in Smithsonian collections 185
Birds' nests and eggs, instructions for collecting 139

Birds, new species and races of American, and synopsis of genus Tijrannus—K.

RiDGWAY. (P. 1878) 332

Birds, new species of Turdidce, from Dominica—G. N. Lawrence. (P, 1880) 425

Birds, nomenclature and catalogue of—E. Ridgway 422

Birds. North American oology—T. M. Brewer 89

Birds, notes on some Costa Rican—R. Ridgway, (P. 1881) 467

Birds of Antigua, catalogue of Ober's collection of—G. N. Lawrence. (P, 1878) &32

Birds of Arctic America—L. Kumlien 342

Birds of Barbuda, catalogue of Ober's collection—G. N. Lawrence. (P. 1878) 332

Birds of Bermuda—T. Bland; J. R. Willis. (R. 1858) 109

Birds of Caribbee Islands—F. A. Ober. (R. 1878) 341

Birds of Central California—L. Belding. (P. 1878) 332

Birds of Chester county, Pennsylvania—V. Barnard. (R. 1860) 147

Birds of District of Columbia, list of—E. Coues ; S. S. Prentiss. (R. 1861) __ 149

Birds of Dominica, catalogue of Ober's collection of—G. N. Lawrence. (P.

1878) 332

Birds of Grenada, catalogue of Ober's collection—G. N. Lawrence. (P. 1878) 832

Birds of Guadeloupe, catalogue of Ober's collection—G. N. Lawrence. (P. 1878) 332

Birds of Heligoland—H. Garke. (P. 1879) 333

Birds of Kerguelen Island—J. H. Kidder; E. Coues 293

Birds of Lesser Antilles, catalogue of Ober's collection of—G. N. Lawrence,
(P. 1878) 332

Birds of Martinique, catalogue of Ober's collection of—G. N. Lawrence. (P.

1878) 332

Birds of Middle and South America not in National Museum—R. Ridgway.
(P. 1881) 467

Birds of Missouri river—E. Harris. (R. 1850) 28

Birds of North America, nomenclature and catalogue of—R. Ridgway. (P. 1880) 425

Birds of Nova Scotia

—

Blackiston
; T. Bland ; J. R. Willis. (R. 1858) __ 109

Birds of Saint Vincent, catalogue of Ober's collections of—G. N. Lawrence.
(P. 1878) .. 332

Birds of South America, circular relative to collections of 168
Birds of Southern Texas—J. C. Merrill. (P. 1878) 332

Birds of Southwestern Mexico, collected by F. E. Sumichrast—G. N. Law-
rence 295

Birds of West coast, migrations and nesting habits of—J. G. Cooper. (P. 1879) 333

Birds of West Indies, catalogue of Ober's collections from—G. N. Lawrence.
(P. 1878) 332

Birds, review of American. Part i—S. F. Baird 181
Birds, revisions of nomenclature of—R. Ridgway. (P. 1880) . 425

10
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Birds, suggestions for saving skeletons of—A. Newtox. (R. 1800) 147

Birds, systematic review of classification of—W. Lilljeborq. (R. 1865.) 209, 364^

Birds, two new North American, added by L. Belding—R. Ridgway. (P.

1881) 467

Bishop, "W. D. Commissioner of Patents, Meteorological observations 157

Bison, request of Bern Museum for. (R. 1865) 200

Bites of serpents, nature and cure of—D. Brainard. (R. 1854) 75

Black bass of the Ohio, habits of the—J. Eoff. (R. 1854) 75

Black Hammock, colored bead from—A. M. Harrison. (R. 1877) 323

Blackiston, — ; Bland, T. ; Willis, J. R. Birds of Nova Scotia. (R. 1858) 109

Blackmore Museum, Salisbury, England, notice of the. (R. 1808) 224

Black Mountain, North Carolina, topography of—T. L. Clingman. (R. 1855) 77

Blainville, D. de, memoir of—M. Flourens. (R. 1865) 209

Bland, T. ; Binney, "W. G. Land and fresh-water shells of North America.

Part I.—Pulmonata geophila 194

Bland; AVillis, J. R. Birds of Bermuda. (R. 1858) 109

Bland, T. ; Blackiston,—; Willis, J. R. Birds of Nova Scotia. (R. 1858) lOO

Blank check-lists, labels, figures, &c 164

Blind deaf mute, vocal sounds of Laura Bridgman, the—F. Lieber 12

Blodget, L. List of meteorological observers. (R. 1853) 67

Blondel, S. Historical, archteological, and literary study of jade. (R. 1870) 299'

Blood, analysis of—J. Jones 82

Blossoming of plants, dates of—F. B. Hough 182

Blowpipe apparatus of Hawkins and Wale. (R. 1872) 271

Blowpipe, qualitative determination by the—T. Egleston. (R. 1872) 271

Blyden, E. D. Mixed races in Liberia. (R. 1870) 244

Board of Commissioners for Foreign Missions

—

See American Board, etc.

Board of Regents, Journals of. (See each annual report) . 329, A
Board of Regents

—

See Regents.

Boehmer, G. H. Index to anthropological articles in Smithsonian publica-

tions. (R. 1879) 345, 421

Boehmer, G. H. Report on International Exchange 477

Boehmer, G. H. Reports of astronomical observatories, 1880. (R. 1880) 442, 438

Boehmer, G. H. ; Holden, E. S. Reports of observatories, 1880. (R. 1880) 442, 438

BoERNER, C. G. Lightning discharges. (R. 1867) 215

Boiling point, bibliography of—F. W. Clarke „ 255

Boiling points, tables of—F. W. Clarke 255, 288

BoLLES, E. C. Account of Portland Society of Natural History. (R. 1867) 215

Bologna, Academy of Sciences of the Institute of. Prize questions. (R. 1862) 150

Bones, bibliography of diseases of the—W. W. Keen 300

Bonito, oceanic, description of—V. N. Edwards. (P. 1878) 332

Bonito, oceanic, on coast of United States—G. B. Goode ; T. H. Bean. (P. 1878) 332
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Books, acknowledgment of—C. J. Betuune. (K. 18G1) 149

Books, acknowledgment of—J. A. Codd. (E. 18G1) 149

Books, acknowledgment of^M. Laboulaye. (E. 1867) 215

Books, copyright, from 1846 to 1849—C. C. Jewett. (K. 1850) 28

Books on Brazil, presented—M. M. Lisboa. (R. 1865) 209

Books on Egypt, presentation of^R. Lepsitj.s. (R. 1860) 147

Books, on the classification of—J. P. Lesley. (R. 1862) 150

Books, presentation of—Duke of Northumberland. (R. 1859) 110

Books, presented—Imperial Library of Vienna. (R. 1865) 209

Booth, J. C.—, Morfit, C. Recent improvements in the chemical arts 27

Bordeaux, Chamber of Commerce of. Exchange of publications. (R. 1863)

—

187

Bordeaux, Imperial Academy of Sciences. Prize questions. (R. 1868) 224

Bosphorus, account of a hailstorm on the—Com. Porter. (R. 1870) 244

Boston, Mass., American Academy

—

See American Academy.

Botanical explorations in New Mexico and California—A. Gray. (R. 1849) 21

Botany, index to North American—S. Watson 258

Botanjr of Hawaiian and Fanning Islands and California—T. H. Streets 303

Botany of Kerguelen Island—A. Gray ; T. P. James ; E. Tuckerman
; W.

G. Farlow 294

Botany, progress in, in 1879 and 1880—W. G. Farlow. (R. 1880) 442, 430

Botany

—

See Plants.

Boundary line between geology and history—E. Suess. (R. 1872) 271

BowEN, T. J. Yoruba grammar and dictionary 98

Bowers, S. Explorations in Santa Rosa Island, California. (R. 1877) 323

Boyd, C. H. Remains of walrus (?) in Maine. (P. 1881) 467

Brachiopoda, index of—W. H. Dall 304

Brachyopsis verrucosus, from California—W. N. Lockington. (P. 1880) 425

Brachyopsis xyosternus—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Brackett, a. G. Shoshone or Snake Indians, religion, superstitions, manners,

etc. (R. 1879) 345

Brackett, A. G. Sioux or Dakota Indians. (R. 1876) 299

Brain and marrow of animals, uses of, among Indians—T. R. Peale. (R.

1870) 244

Brain, dual character of the—C. E. Brq-wn-Sequard. Toner lecture No. II__ 291

Brainard, D. Lecture on bites of serpents and wounds of poisoned arrows.

(R. 1854) 75

Bransford, J. F. Archffiological researches in Nicaragua 383
Bransford, J. F., note on shells from Costa Rica kitchen-midden, collected

by—W. H. Dall. (P. 1878) 332

Bravais, AugustE; memoir of, by E. de Beaumont. (R. 1869) 228

Brayton, a. W. Distribution of the fishes of South Carolina, Georgia, and
Tennessee 308

Brayton, A. W. North American ichthyology 308
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Brazil, books on, presented—M. M. Lisboa. (R. 1865) 209

Brazil, specimens from, presented. Brazilian Nat. Hist. Museum. (R. 1865) 209

Brazilian Nat. Hist. Museum, specimens from Brazil presented. (R. 1805) 209

Breed, E. E. Earthworks in Wisconsin. (R. 1872) 271

Breed, E. E. Pits at Embarrass, Wisconsin. (R. 1877) 323

Breeding habits of sear-catfish—N. T. Lupton. (P. 1878) 332

Bremen, government of, exchange system. (R. 1865) : 209

Brenndecke, F. Meteorites. (R. 1869) 228

Brevoortia patronus, note on—S. Stearns. (P. 1878) ^

—

332

Brevoortia, revision of American species of—G'. B. Goode. (P. 1878) 332

Brewer, T. M. Instructions for collecting and preserving nests and eggs 139

Brewer, T. M. Nests and eggs of North American species of emjpidonaces.

(P. 1879) 1 333

Brewer, T. M. North American oology. Part i. Raptores and Fissirostres. 89

Brezina, A. Explanation of principles of crystallography and crj'stallo-

physics. (R. 1872) 271,386

Bridges, lectures on roads and—F. Rogers. (R. 1860; R. 1861) 147, 149

Bridgman, L., vocal sounds of—F. Lieber 12

Brinton, D. G. Artificial shell deposits in the United States. (R. 1866) 214

British America, account of the Indians of—E. Petitot. (R. 1865) 209

British America, Tinneh or Chepewyan Indians of—G. Gibbs. (R. 1866.) 214, 365

British Association, report to, on radiant heat—B. Powell. (R. 1859) 110

British birds, list of faunal publications relative to—E. Coues. (P. 1879) 333

British Columbia, Haidah Indians of—J. G. Swan .' 267

British Columbia, notes on fishes of—T. H. Bean. (P. 1881) 467

British Minister, F. W. A. Bruce, recommending Dr. Berendt. (R. 1865) -__ 209

British Museum, acknowledgment of specimens. (R. 1865) 209

British Museum, electrotypes of shells granted by. (R. 1863) 187

British Museum, notes on typical American fishes in—D. S. Jordan. (P. 1879) 333

British Museum, statistics of—S. F. Baird. (R. 1850) 28

British Provinces of North America, list of libraries, institutions, and societies

in—W. J. Rhees 116

Broadhead, G. C. Prehistoric evidences in Missouri. (R. 1879) 345

Broca, p. History of Anthropological Society o.f Paris, 1865 to 1867. (R.

1868) 224

Broca, P. Troglodytes, or cave dwellers, of the valley of the Vezere. (R.

1872) 1 271

Brodnax, B. H. Mounds in Moorehouse parish, Louisiana. (R. 1879) 345

Brosmius brosme Americanus, Gill, identity of, with Brosmius brosme (Miiller)

White—G. B. Goode ; T. H. Bean. (P. 1878) 332

Brow^n, D. Shell heap in Georgia. (R. 1871) 249

Brown-Sequard, C. E. Dual character of the brain. Toner lecture No. II _ 291

Bruff, J. G. Indian engravings along Green river valley. (R. 1872) 271
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Brunot, F. K. Habits of the beaver. (R. 1873) 275

Brunswick, Maine, meteorological observations—P. Cleaveland 204

Brush, G. J. Catalogue of meteorites in Yale College. (R. 1868) 224

Brussels, Belgium, Royal Academy of Sciences, Literature, and the Fine Arts.

See Prize questions.

Bryan, O. N. Antiquities of Charles county, Maryland. (R. 1874) 286

BucH, L. vox, memoir of, by M. Flourens. (R. 1862) 150

Budapest, address before Anthropological Congress at—F. F. Rombr. (R.

1876) 299, 392

ing Commission, National Museum, report of, for 1879. (R. 1879)— 345, 409

ing Commission, JNational Museum, report of, for 1880. (R. 1880)_- 442, 434

ing Committee of Regents of S. I., journal and reports of, 1847-1867 329

ing Committee of Smithsonian, report of, on architecture P
ing materials—R. D. Owen P
ing materials, mode of testing—J. Henry. (R. 1856) 91

ing materials, report on. (R. 1847) H, 329

inf, new, for museum, memorial to Congress for. (R. 1876) 299

ing, report on use of new hall in—L. Agassiz. (R. 1867) 215

ing-stone collection, circular in reference to—S. F. Baird. (P. 1881) 467, 453

ing stones, report on—D. D. Owen, (R. 1847) 329, H
ings, public, acoustics applied to—J. Henry. (R. 1856) 91

ings, warming and ventilating—A. MoRisr. Part i. (R. 1873) 275, 439

ings, warming and ventilating—A. Morin. Part ii. (R. 1874) 286, 439

Bulletin National Museum

—

No. 1. Batrachia and reptilia—E. D. Cope 292

No. 2. Birds of Kerguelen Island—J. H. Kidder; E. Coues 293

No. 3. Oology, plants, mammals, etc., Kerguelen Island—J. H. Kidder

and others 294

No. 4. Birds of Mexico—G. N. Lawrence 295

No. 5. Catalogue of fishes of Bermudas—G. B. Goode 296

No. 6. Classification of animal I'esources of United States—G. B. Goode. 297

No. 7. Natural history, Hawaiian Islands, etc.—T. H. Streets 303

No. 8. Index of brachiopoda—W. H. Dall 304

No. 9. Review of Rafinesque's fishes—D. S. Jordan 305

No. 10. Notes on cottida3, etc. ; synopsis of siluridte—D. S. Jordan 306

No. 11. Bibliography of Pacific fishes—T. Gill 463

No. 12. Fishes of South Carolina, Georgia, Tennessee ; synopsis of catos-

tomidse—D. S. Jordan; A. N. Brayton 308

No. 13. Flora of St. Croix and Virgin Islands—H. F. A. Eggers 313

No. 14. Catalogue Centennial exhibit, animal resources and fisheries

—

G. B. Goode 326

No. 15. Natural history and ethnology, Arctic America—L. Kumlien. 342

No. 16. (Not published.)

Bu
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Bulletin National Museum—Continued.

No. 17. Zoological position of Texas—E. D. Cope 412

No. 18. Fishery exhibit of United States at Berlin

—

G. B. Goode 413

No. 19. List of genera in zoology and paleontology—S. H, Scxjdder 470

No. 20. (Not published.)

No. 21. Nomenclature of North American birds—R. Ridgway 422

No. 22. Guide to flora of Washington, D. C—L. F. Ward 444

Bulletin of Philosophical Society of Washington, Vols, i, ir, in 423

Bulletin, Smithsonian, No. 1. Vocabulary of the jargon 68

Bulletins of the U. S. National Museum, catalogue and index of 478

Bureau of Ethnology, directory of officers and employes of 466

Burial caves—J. Jonks 259

Burial ground, ancient, in Tompkins Co., N. T.—D. Trowbridge. (R. 1863) 187

Burial, modes of—J. Jones 2-59

Burial of an Indian squaw, California—W. M. King. (R. 1874) 286

Burr, R. T. Ruins in Pima county, Arizona. (R. 1879) 345

Business arrangements of the Smithsonian Institution *_. 325

BlTTLER, A. P. Report of Senate Judiciary Committee on management ot

Smithsonian. (R. 1855) 77

Buzzard's bay, Mass., occurrence of Belone latimanus in—G. B. Goode. (P.

1878) 332

By-laws of the Smithsonian Institution. (R. 1853) 67, 829

o.

Cache la Poudre river, Colorado, antiquities on—E. L. Berthoud. (R. 1871) 249

California

—

account of botanical explorations in—A. Gray. (R. 1849) 21

ancient graves and shell heaps of—P. Schumacher. (R. .1874) 286

burial of Indian squaw in—W. M. King. (R. 1874) 286

cave in Calaveras county—J. D. Whitney. (R. 1867) 215

climate of—A. Gibbons. (R. 1854) 75

climate of—T. M. Logan. (R. 1855) 77

description of Gobiesox rhessodon from San Diego—R. Smith. (P. 1881) 467

description of new gobioid fish from San Diego—R. Smith. (P. 1881)— 467

descriptions of new species of shells from—W. H. Dall. (P. 1878) 332

distribution of tertiary fossils of—W. H. Dall. (P. 1878) 332

fishes of

—

See D. S. Jordan ; C. H. Gilbert.

fishes of—T. H. Streets 303
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California—Continued.

fossil mollusks from later tertiaries of—W. H. Dall. (P. 1878) 332

history and antiquities of Santa Kosa Island—S. Bowers. (R. 1877) 323

Indians of—S. Powers. (R. 1876) 299

list of fishes of, collected by Lt. H. E. Nichols—D. S. Jordan; C. H.

Gilbert. (P. 1881) „ 467

meteorological observations at Sacramento—F. W. Hatch. (R. 1854) __ 75

meteorological observations at Sacramento—T. M. Logan. (R. 1854)__ 75

meteorology of Sacramento—T. M. Logan. (R. 1857) 107

natural history of—T. H. Streets 303

new genera and species of fishes from coast of—W. N. Lockington.

(P. 1879) 333

new pitcher plant from—J. Torrey 61

notes on a collection of fishes from San Diego—D. S. Jordan; C. H.

Gilbert. (P. 1880) 425

occurrence of Cremnobates nt San Diego—R. Smith. (P. 1880) 425

occurrence of Producius giganteus m—C. A. White. (P. 1880) 425

plants collected by J. C. Fremont in— J. Torrey > 46

pleistocene fossils from—P. P. Carpenter 252

postpliocene fossils in coast range of—W. H. Dall. (P. 1878) 332

wingless grasshopper of—E. P. Vollum. (R. 1860) 147

California, central, partial list of birds of—L. Belding. (P. 1878) 332

California, Gulf of, lectures on shells of—P. P. Carpenter. (R. 1859) 110

California peninsula, aboriginal inhabitants of—J. Baegert. (R. 1863; R.

1864) 187, 188, 440, 361

California, upper, explorations in, 1860—J. Feilner. (R. 1864) 188

Camaraphysema, a new type of sponge—J. A. Ryder. (P. 1880) 425

Camel, lecture on the—G. P. Marsh. (R. 1854) 75

Cameron, H. C. Reminiscences of Joseph Henry 356

Campbell, J. V. Earthquake in Peru, August 13, 1868. (R. 1870) 244

Canada, meteorological system of—J. G. Hodqins. (R. 1865) ^_ 209

Canada East, description of observatory at St. Martin, Isle Jesus—C. Small-
wood. (R. 1856) 91

Canada porcupine, occurrence of, in Maryland—O. Lugger. (P. 1881) 467

Canada porcupine, occurrence of, in West Virginia—G. B. Goode. (P. 1878) 382

Canada West, ancient Indian remains near Prescott—W. E. Guest. (R. 1856) 91

Canada West, meteorological stations of—J. G. Hodgins. (R. 1858) 109

Canal, Washington, report of committee of Regents on. (R. 1868) 224

Canby, S. Deposit of Bishop John's library. (R. 1862) 150

Cancerous tumors, structure of—J. J. Woodward 266

Candle fish of northwest coast—J. G. Swan. (P. 1880) 425.

Candolle, P. de, memoir of, by M. Flourens. (R. 1859) 110

Oannon, G. L. Antiquities of Colorado. (R. 1877) 323
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Canudas, a. Earthquakes in Guatemala. (E. 1858) 10^

Caoutchouc and gutta percha. (E. 1864) 188

Cape Cod, littoral marine fauna of—E. Eathbun. (P. 1880) 425

Cape Flattery, Indians of—J. G. Swan 220

Capen, F. L. Meteorological discovery. (E. 1866) 214

Capitol, TJ. S., memorial exercises at o56

Capitol, TJ. S., account of marble used in extension of—J. Henry. (E. 1856) 91

Cara gigantesca of Yzamal, in Yucatan—A. Schott. (E. 1869) 228

Caracas, South America, meteorology of—G. A. Ernst. (E. 1867) 215

Caranx Beani, from Beaufort, N. C, description of—D, S. Jordan. (P. 1880) 425

Carib language and people—C. H. Berendt. (E. 1873) 275

Caribbee Islands, ornithology of—F. A. Ober (E. 1878) 341

Carleton, J. H. Excursion to Abo, Quarra, and Gran Quivira, New Mexico.

(E. 1854) J 75

Carleton, J. H. Meteorites in Mexico. (E. 1865) 209

Carlin, W. E. Observations oi Siredon lichenoides. (P. 1881) 467

Carlsruhe, Scientific Congress of, 1858—F. J. Nickles. (E. 1860) 147

Carpenter, P. P.

—

Check-list of the shells of North America 128

Lectures on mollusca, or shell-fish, and their allies. (E. 1860) 147, 152

Lectures on shells of Gulf of California. (E. 1859) l. 110

Mollusks of western North America 252

Case, H. B. Flint implements in Holmes county, Ohio. (R. 1877) 323

Casella, L. Description of meteorological instruments. (E. 1859) 110

Cass, L., Secretary of State. Circular to diplomatic agents relative to L. H.

Morgan's research
,

138

Castings, metallic, of delicate natural objects. (P. 1881) 467

Casts, catalogue of, of Indian boys and girls at Hampton Normal Institute, Vir-

ginia—E. H. Pratt. (P. 1879) 333

Casts, catalogue of, of Indian prisoners at St. Augustine, Florida— E. H.

Bkatt. (P. 1878) 332

Casts of statues, etc., proposed by W. J. Stone. (E. 1855) 77

Casts, plaster, methods of making and preserving—A. Pirz. (P. 1881) 407

Caswell, A.

—

Lecture on astronomy. * (E. 1858) 109

Meteorological observations at Providence, E. I., 1831-1860 103

Meteorological observations at Providence, E. I., 1831-1876 443

Catalogue, general stereotype, of public libraries, report of commission on. (E.

1850) 28

Catalogue of

—

birds of Antigua and Barbuda, collected by F. A. Ober—G. N. Law-
rence. (P. 1878) 332

birds of Dominica, collected by F. A. Ober—G. N. Lawrence. (P. 1878) 332
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Catalogue of—Continued.

birds of Grenada, collected by F. A. Ober—G. N. Laweence. (P. 1878) 332

birds of Guadeloupe, collected by F. A. Ober—G. N. Lawkence. (P.

1878) 332

birds of Lesser Antilles, collected by F. A. Ober— G. N. Lawrence.
(P. 1878) 332

birds of Martinique, collected by F. A. Ober—G. N. Lawrehce. (P.

1878)—- 332

birds of North America—K. Ridgway. (P. 1880) 425, 422

birds of St. Vincent, collected by F. A. Ober—G. N. Lawrence. (P.

1878) 332

books and memoirs relating to nebulae and clusters—E. S. Holden 311

casts taken by Clark Mills of Indian boys and girls at Hampton, Vir-

ginia—R. H. Pratt. (P. 1879) 333

casts taken by Clark Mills of Indian prisoners at St. Augustine, Florida

—

E. H. Pratt. (P. 1878) 332

collection at International Exhibition, 1876. (R, 1876) 299, 326
collection of Japanese cotton fibre presented by Government of .Japan.

(P. 1881) _• 467

collection of Japanese woods presented by University of Tokio—L. F.

Ward. (P. 1881) ' 467

collection to illustrate animal resources and fisheries of United States

exhibited at Philadelphia, 1876—G. B. Goode 326
described coleoptera of the United States—P. E. Melsheimer 62

described diptera of North America—C. R. Osten Sacken 1(32, 270

described lepidoptera of North America—J. G. Morris 118

engravings presented to Smithsonian—C. B. King. (R. 1861) 149

fishes from Pensacola, Florida, collected by S. Stearns—G. B. Goode;

T. H. Bean. (P. 1879) 333

fishes obtained in the Gulf of Mexico by J. W. Velie—G. B. Goode
;

T. H. Bean. (P. 1879) 333

fishes of Alaskan and adjacent waters—T. H. Bean. (P. 1881) 467

fishes of the Bermudas—G. B. Goode 296

fishes of the east coast of North America—T. GAl 1 283

fishes of St. John's river and east coast of Fla.—G. B. Goode. (P. 1879) 333

geological specimens—D. D. Owen. (R. 1854) 75

historical and geographical manuscripts, maps, etc.—^^L. Berlandier.
(E. 1854) 75

Indian relics presented to Smithsonian—J. H. Devereux. (R. 1872).. 271

library of James Smithson 330

linguistic manuscripts in library of Bureau of Ethnology—J. C. Filling.

(E. 1879-80) 47(>

meteorites in Yale College—G. J. Brush. (R. 1868) 224

minerals, with their formulas—T. Egleston 156
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Catalogue of—Continued.

mollusca added to fauna of southern New England—A. E. Yerrill.

(P. 1880) 425

North American birds—S. F. Baird octavo, 108

North American birds—S. F. Baird quarto, 106

North American mammals—S. F. Baird 105

North American reptiles. Part I—Serpents—S. F. Baird ; C. Girard. 49

Old World birds in United States National Museum—R. Hidgway. (P.

1881) 4G7, 462

orthoptera of North America—S. H. Scudder 189

photographic portraits of Indians in gallery of Smithsonian Institution 216

portraits of North American Indians, painted bj' J. M. Stanley 53

publications of Smithsonian Institution 74, 203, 226, 245, 278, 478

publications of societies in Smithsonian library 73, 85, 117, 179

rocks, minerals, and ores in Michigan—C. T. Jacksox. (R. 1854) 75

rocks, minerals, etc.—J. "W. Foster. (R. 1854) 75

rocks, minerals, etc.—J. D. "Whitney. (R. 1854) 75

rocks, minerals, ©res, and fossils—J. Locke. (R. 1854) 75

serpents—S. F. Baird; C. Girard _. 49

trees of tlie United States—J. G. Cooper. (R. 1858) 109, 351

trochilid93 in collection of National Museum—R. Ridgway. (P. 1880) 425

Catalogue system for libraries—C. C. Jewett. (R. 1849; R. 1850) 21, 28, 47

Catalogues of libraries,,construction of—C. C. Jewett 47

Catalytic force, or phenomena of contact—T. L. Phipson. (R. 1862) 150

Catfish, sea, breeding habits of—N. T. Luptok. (P. 1878) 332

Catherina Archipelago, Alaska, remains of prehistoric man from—W. H. Dall. 318

Catlin, G., notes relative to life and paintings of—J. Henry. (R. 1872) 271

Catlin, G. , account of Mandan ceremonies by, accuracy of—J. Kipp. (R. 1872) 271

Catostomidse, synopsis of

—

D. S. Jordan. 308

Cattie, S. T. Genitalia of male eels and their sexual characters. (P. 1880) __ 425

Caulolatilus microps, from Gulf coast of Florida—G. B. Goode ; T. H. Bean.

(P. 1878) 332

Causes which limit vegetable species—A. de Candolle. (R. 1858) 109

Cave dwellers of the valley of the Vezere—P. Broca. (R. 1872) 271

Cave in Calaveras county, California—J. D. Whitney. (R. 1867) 215

Cavern, Luray, in Virginia, report of visit to—0. T. Mason and others. (R.

1880) 442, 433

Caves in Alaska, remains of prehistoric man from—W. H. Dall 318

Cazin, a. Recent progress in relation to the theory of heat. (R. 1868) 224

Celts, stone, in West Indies and Africa—G. J. Gibbs. (R. 1877) 323

Cenozoic rocks, fossils from—C. A. White. (P. 1880) 425

Centennial awards to Smithsonian Institution. (R. 1876; R. 1878) 299, 341



OF SMITHSONIAN PUBLICATIONS. 155

Centennial Exhibition, catalogue of collection of animal resources and fisheries

at—G. B. GooDE 326
Centennial Exhibition, circular for distribution at 290

Centennial Exhibition, plan of proposed Smithsonian exhibit at—S. F. Baird.
(R. 1875) 298

Centennial Exhibition, report on—S. F. Baird. (R. 1876) -_1 299, 307

Centennial Exhibition, savage weapons at—E. H. Knight. (R. 1879) 345, 415

Centennial mission to Indians of Western Nevada and California—S. Powers.
(R. 1876) 299

Centigrade degrees, tables for conversion of, to Fahrenheit. (R. 1863) 187

Central America

—

circular relative to collections of birds of 168

description of new fishes from—D. S. Jordan ; C. H. Gilbert. (P.

1881) 467

explorations in—C. H. Berendt. (R. 1867) 215

list of birds of, not in Smithsonian collection 185

rain-fall in—C. A. Schott 222, 353

review of birds of—S. F. Baird 181

studies in picture writing of—E. S. Holden. (E. 1879-80) 476

travels in—S. Habel 269

Centrarchidse, notes on—D. S. Jordan 306

Centrarchidffi, review of family—C. L. McKay. (P. 1881) 467

Centurus, review of genus—R. Ridgway. (P. 1881) 467

Cephaloscyllium laticeps—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Ceratiida;, note on—T. Gill. (P. 1878) _..u_._;. 332

Ceremonies at laying of corner-stone of Smithsonian Institution. (R. 1847)- H, 329

Ceremonies, Mandan, accuracy of Catlin's account of— J. Kipp. (R. 1872) 271

Cessions of land by Indian tribes to United States—C. C. Royce. (E. 1879-80) 476

Chace, G. I. Lecture on oxygen and its combinations. (R. 1855) 77

Chalk found in United States—T. A. Conrad. (R. 1865) 209

Chamber of Commerce of Bordeaux. Exchange of publications. (R. 1863) 187

Change of Mexican axolotl to amblystoma—A. Weismann. (R. 1877) __ 323, 401

Channing, W. F. Lecture on the American fire-alarm telegraph. (R. 1854) 75

Chantre, E. Code of symbols for prehistoric archaeology. (R. 1875) 298

Chapala Lake, notes on Duges' fishes from—D. S. Jordan. (P. 1879) 333

Chappelsmith, J. Tornado near New Harmony, Indiana, April 30, 1852 59

Characteristics of ancient man in Michigan—H. Gillman. (R. 1875) 298, 393

Chart, base, of the United States—C. A. Schott 414

Chart, temperature, of the United States, year—C. A. Schott 381, 388

Charts and maps of America, on a collection of—J. G. Kohl. (R. 1856) 91

Charts of prehistoric archajology, international code of symbols for—G. de
Mortillet; E. Chantre. (R. 1875) 298

Charts, rain, of the United States, summer, winter, year—C. A. Schott 374
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Charts, temperature, of United States, summer, winter, year—C. A. Schott __ 387

Charts, wind—J. H. Coffin; S. J. Coffin 208

Chase, S. P., biographical notice of, by J. A. Garfield. (E. 1873) 275

Chase, S. P., biographical notice of, by H. Hamlin. (R. 1873) 275

Chase, S. P., statement of, relative to the telegraph. (R. 1857) 107, 115

Chattanooga, Tenn., ancient mound near—M. C. Eead. (R. 1867) 215

Check-list of

—

duplicates of fishes from Pacific coast, distributed by Smithsonian Insti-

tution in 1881—D. S. Jordan; P. L. Jouy. (P. 1881) 407

fishes, distributed by Smithsonian Institution for National Museum

—

T. H. Bean. (P. 1880) 425

fossils of North America, miocene—F. B. Meek 183

invertebrate fossils of North America, cretaceous and Jurassic—P. B.

Meek 177

invertebrate fossils of North America, eocene and oligocene—T. A. Con-

rad 20O

North American batrachia and reptilia—E. D. Cope 292

periodicals received by Smithsonian Institution, 1853 Q
plants of Washington and vicinity—L. F. Ward 460

publications of Smithsonian Institution to July, 1872 245

publications of Smithsonian Institution to July, 1874 278

publications of Smithsonian Institution to July, 1877 301

publications of Smithsonian Institution to July, 1879 344

publications of Smithsonian Institution to December, 1881 437

shells

—

Lea, Carpenter, and others 128

Smithsonian publications 74, 203, 226, 290

Check-lists, blank 164

Chelonia, anatomy and physiology of—S. W. Mitchell; G. R. Morehouse-_ 159

Chelonia, extinct, of Nebraska—J. Leidy 58

Chelura terebrans, occurrence of, on coast of U. S.—S. I. Smith. (P. 1879)-_ 333^

Chemical analysis of the sun—A. Laugel. (R. 1801) 149

Chemical and physiological investigations of vertebrata—J. Jones 82

Chemical arts, recent improvements in—J. C. Booth; C. Morfit 27

Chemical equivalents of sixty-three elements, table of. (R. 1864) 188

Chemical formulae, tables of—F. W. Clarke 255

Chemical types, modern theory of—C. M. Wetherill. (R. 1863) 187

Chemist, report of—F. W. Taylor. (R. 1880) 442

Chemistry, lectures on agricultural— S. W. Johnson. (R. 1859) 110

Chemistry of the earth—T. S. Hunt. (R. 1869) 228, 376

Chemistry, photographic—M. Jamin. (R. 1867) 215

Chemistry, recent progress in, 1879 and 1880—G. F. Barker. (R. 1880). 442, 429

Chepewyan Indians, n6tes on the—G. Gibbs and others. (R. 1866) 214, 365
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Cherbourg, Imperial Society of Natural Sciences of. Prize questions. (R. 18G4) 188

Chesapeake Bay, new fish from mouth of—G. B. Goode ; T. H. Bean. (P.

1881) 467

Chester county, Pennsylvania, birds of—V. Barnard. (E. 1860) 147

Chester county, Pennsylvania, history of—W. Darlington. (R. 1862) 150

Chicago Academy of Sciences. Acknowledging specimens. (R. 1867) 215

China, geological researches in—R. Pumpelly 202

Chinese coal-bearing rocks, fossil plants from—J. S. Newberry 202

Chinese coals, analyses of—J. A. MacDonald 202

Chinese mineral called yu, study of—S. Blondel. (R. 1876) 299

Chinook jargon—H. Hale 161

Chinook jargon—M. Lionnet; B. R. Mitchell 68

Chinook jargon, bibliography of—G. Gibbs 161

Chinoqk jargon, dictionary of—G. Gibbs 161

Chinook names of salmon in Columbia river—S. B. Smith. (P. 1881) 467

Chionis minor, study of—J. H. Kidder; E. Coues 294

Chiroid fish [Myriolepis zonifer) from California, new—W. N. Lockington.

(P. 1880) ' 425

Chirus, remarks on genus—W. N. Lockington. (P. 1880) 425

Chitonidae, new species of, from Panama—P. P. Carpenter 252

Chitons of Alaskan and Arctic regions, report on—W. H. Dall. (P. 1878) __ 332

Chitons from deep waters oft" eastern coast of U. S.—W. H. Dall. (P. 1881.) 467

Chitons, on genera of—W. H. Dall. (P. 1881) 467

Chlorospermeas, marine algae of North America—W. H. Harvey' 95

Chorea, inquiries relative to disease known as—S. W. Mitchell. (R. 1874)__ 286

Chossat, Dr. Transactions of Geneva Society of Physics and Natural Histor}',

1863 to 1864. (R. 1865) 209

Christiania, Norway, University of, ethnological specimens presented. (R. 1863) 187

Chrysotis, new species of, from Dominica—G. N. Lawrence. (P. 1880) 425

Cibola, Coronado's march in search of cities of—J. H. Simpson. (R. 1869) 228

Circle, ratio between diameter and circumference of—W. Perrel 233

Circles and spheres, tangencies of— B. Alvord 80

Circular

—

ancient mining in Lake Superior copper region. (R. 1861) 149

for distribution at the Centennial Exhibition 290

giving directions for constructing lightning-rods—J. Henry 237

in reference to collecting North American shells 176

in reference to history of North American grasshoppers—P. R. Uhler_ 163

of inquiries relative to crawfish and other fresh water Crustacea 319

of Institute of Rupert's Land. (R. 1861) 149

of instructions for observations of thunder storms—J. Henry 235

of instructions to observatories, relative to telegraph announcements of

astronomical discoveries 263
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Circular—Continued.

philological—G. GiBBS. (K. 1862) 150

relating to collections in archaeology and ethnology 205

relating to collections of living reptiles 320

relative to American archaeology—0. T. Mason. (E. 1879) 345, 316

relative to collections of birds from Middle and South America 168

relative to food iishes 234

relative to heights ... 236

relative to observations in Eussian America 207

relative to scientific and literary exchanges 324

relative to shipping fresh fish and other animals 384

respecting copyright. (E. 1854) 57

respecting new report on libraries. (E. 1854) 75

respecting system of relationship—L. H. Morgan 138

sent with specimens presented. (E. 1872) 271

to entomologists 178
to officers of Hudson's Bay Company 137

Circulars of United States National Museum :

No. 1. Plan of organization and regulations of the Museum—G.

B. GooDE. (P. 1881) 467, 445

No. 2. To friends of the Museum—S. F. Baird. (P. 1881) 467, 446

No. 3. Petroleum collections—S. F. Baird. (P. 1881) 467, 447

No. 4. Department of insects—S. F. Baird. (P. 1881) 467, 448
No. 5. Establishment and officers of S. I. and Nat. Mus. (P. 1881) 467, 449

No. 6. Materia-medica collection—J. M. Flint. (P. 1881) 467, 450
No. 7. Forms of drugs and medicines—J. M. Flint. (P. 1881)— 467, 451

No. 8. Collections of drugs for materia-medica section—J. M.
Flint. (P. 1881) 467, 452

No. 9. Building-stone collection—S. F. Baird. (P. 1881) 467, 453
No. 10. Letters on the National Museum—B. Phillips. (P. 1881) 467, 454

No. 11. Provisional classification of the food collections—G. B.

GooDE. (P. 1881) 467,455

No. 12. Classification of the collections to illustrate taxidermy

—

W. T. HoRNADAY. (P. 1881) 467, 456
No. 13. Scheme of classification for the collections in the Museum

—

G. B. GooDE. (P. 1881) 467, 457

No. 14. Asking for contributions to library of Museum—S. F.

Baird. (P. 1881) 467, 458
No. 15. Organization and objects of the Museum—G. B. Goode.

(P. 1881) 467,459

No. 16. Plansfor installation of collections—G. B. GooDE. (P. 1881) 467,472

No. 17. Contributions to the Museum and their acknowledgment.

(P. 1881) 467,473

No. 18. List of publications of the Museum. (P. 1881) 467, 474
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Cists, stone, Madison county, Illinois—A. Oehler. (R. 1879) 345

Citizens of Philadelphia, memorial of, relative to aeronautic voyage of Lowe.

(R. 1860) 147

Civil Engineers, London Institution of. Prize questions. (R. 1862) 150

Clackamas river, Oregon, notes on fishes from—D. S. Jordan. (P. 1878) 332

Clark, H. J. Lucernarise and their allies, anatomy, physiology, and relations of 242

Clark, H. J., memoir of, by A. S. Packard 242

Clark, W. M. Antiquities of Tennessee. (R. 1877) 323

Clarke, Fladgate, and Finch. Residuary legacy of Smithson. (R. 1861) 149, 328

Clarke, F. W.—
Bibliography of atomic volume, specific gravity, &c. 255

Recalculation of atomic weights 441

Specific gravities, boiling and melting points, chemical formulas, tables.. 255

Specific gravities, «&;c. Supplementary tables 288

Specific heat tables for solids and liquids 276

Tables of expansion by heat, for solids and liquids 289

Classification and arrangement of materia medica collection—J. M. Flint.

(P. 1881J 467, 450

Classification and synopsis of trochilidce—D. G. Elliot 317

Classification of

—

birds, review of the—W. Lilljeborg. (R. 1865) 209, 364

books, on the—J. P. Lesley. (R. 1862) 150

clouds—A. Poey. (R. 1870) 244

coleoptera. Parti—J. L. Le Conte 136

coleoptera. Part ii—J. L. Le Conte 265

collection to illustrate animal resources of United States—G. B. Goode__ 297

collections of U. S. National Museum—G. B. Goode. (P. 1881) — 467, 457

collections of United States National Museum to illustrate taxidermy

—

W. T. HoRNADAY. (P. 1881) 467, 456

food collections—G. B. Goode. (P. 1881) 467, 455

forms in which drugs and medicines appear and are administered—J. M.

Flint. (P. 1881) 467, 451

insects from embryological data—L. Agassiz 16

methods of capture and utilization of animals—G. B. Goode 297

Classified list of meteorological publications and articles in periodicals received

by Smithsonian Institution. (R. 1873) 275

Classified record of meteorological material preserved in Smithsonian. (R.

1874) 286

Classified record of monthly meteorological reports. (R. 1873) 275

Cleaveland, p. Meteorological observations at Brunswick, Maine 204

Cleaveland, p., notice of, by J. Henry. (R. 1859) 110

Clemens, B. Instructions for collecting hymenoptera. . (R. 1858) 109
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ClemenSj B. Instructions for collecting lepidoptera. (R. 1858) 109

Clemens, B. On lepidoptera 133

Climate* and history of New Mexico—T. A. McParlin. (R. 1877) 323, 396

Climate of Alaska—H. M. Bannister. (R. 1866) 214

Climate of California—T. M. Logan. (R. 1855) 77

Climate of Colorado—J. Evans. (R. 1865) 209

Climate of Kansas—R. S. Elliott. (R. 1870) 244

Climate of Kelley's Island, Ohio—G. C. Huntington. (R. 1866) 214

Climate of San Francisco—H. Gibbons. (R. 1854). J 75

Climate

—

See Meteorology.

Climatic influence of forests—M. Becquerel. (R. 1869) 228

Clingman, T. L. Topography of Black Mountain, N. C. (R. 1855) 77

Clinton, N. Y.

—

See Hamilton College.

Closing of Kennebec river, Maine—R. H. Gardiner. (R. 1858) 109

Cloud-bursts—"W. J. Young. (R. 1867) 215

Cloud, dispersion of, by an electrical discharge—D. W. Naill. (R. 1858) 109

Clouds, electricity of induction in—E. Zantedeschi. (R. 1870) 244

Clouds, formation of, over Gulf Stream—H. M. Bannister. (R. 1866) 214

Clouds, new classification of—A. Poey. (R. 1870) 244

Clouds, nomenclature of . 347

Clupea tyrannus of Latrobe—G. B. Goode. (P. 1878) 332

Cluss, A. Report of architect. (R. 1867) 215
' Cluss & Schulze, report of, for 1879. (R. 1879) 345, 409

Cluss & Schulze, report of, for 1880. (R. 1880) 442, 434

CLTMfeR, H. Memorial of J. Henry 356

Clymer, H., and others. Report on Museum. (R. 1876) 299

Coal, Chinese and Japanese, analyses of—J. A. Macdonald 202

Coal, Chinese, fossil plants in—J. S. Newberry 202

Coal, lecture on—J. Le Conte. (R. 1857) 107

Coal oils, explosibility of—Z. Allen. (R. 1861) 149

Coast Survey expedition of 1866, to determine transatlantic longitude—B. A.

Gould 223

Coast Survey soundings on Atlantic coast, examination of—J. W. Bailey 20

Cobalt (ammonia-) bases—W. Gibbs ; F. A. Gentii 88

Cochrane, J. Antiquities of Mason county, Illinois. (R. 1877) 323

CoDD, J. A. Acknowledgment for books. (R. 1861) 149

Code of symbols for charts of archaeology—G. de Mortillet ; E. Chantre.

(R. 1875) 298

Coffin, J. H.

—

Orbit and phenomena of meteoric fireball 221

Psychrometrical tables 87

Storms of 1859_-_. 182



OF SMITHSONIAN PUBLICATIONS. 161

Coffin, J. H.—Continued.

"Winds of the globe 268

"Winds of the Northern Hemisphere 52

Coffin, S. J. Tables and maps of winds of the globe 268

Cogswell, J. G. Eeport on Jewett's general stereotype catalogue of public

libraries 47

Coins, assay of gold and silver, at United States mint—J. Pollock. (R. 1868) 224

Coins, table of foreign, gold and silver. (R. 1868) 224

CoLDiNG, A. Meteorology. (R. 1877) 323,398

COLDING, A. Nature of currents of air. (R. 1877). 323,398

CoLDiNG, A. Theory of relation between pressure and the velocity of the

wind. (R. 1877) 323, 398

CoLDiNG, A. "Whirlwind at St, Thomas in August, 1871. (R. 1877) 323, 398

Coleoptera

—

catalogue of the described, of the United States—F. E. Melsheimer __ 62

classification of. Part I—J. L. Le Conte 136

classification of. Part II—J. L. Le Conte 265

instructions for collecting—J. L. Le Conte. (R. 1858) 109

new species of North American. Part I—J. L. Le Conte 167

new species of North American. Part II—J. L. Le Conte 264

of Arctic America—S. H. Scudder 342

of Kansas and eastern New Mexico—J. L. Le Conte 126

of North America, list of—J. L. Le Conte 140

Colima, eruption of the volcano of—C. Sartorius. (R. 1869) 228

Collaborators of Smithsonian Institution, directory of 466

Collecting

—

and preserving diptera, directions for—C. R. Osten Sacken 102

and preserving fish, directions for—T. H. Bean. (P. 1881) 467, 464

and preserving plants, directions for—L. P. "Ward 460

insects, directions for—A. S. Packard 261

insects, instructions for—S. F. Baird. (R. 1858) 109

land and fresh-water shells, instructions for—J. Lewis. (R. 1866) 214, 363

microscopic organisms, directions for 63

myriapods, phalangidaj, etc.—H. C. "Wood. (R. 1866) 214

nests and eggs, instructions for—T. M. Brewer 139

nests and eggs of birds—S. F. Baird. (R. 1858) 109

North American shells, circular in reference to 176

specimens, directions for—S. F. Baird. (R. 1856) 91, 34

specimens of diatomacea, directions for—A. M. Edwards 366

specimens of natural history— S. F. Baird 34

Collection

—

and preservation of marine invertebrates—W. Stimpson 34

archaeological, of United States National Museum—C. Rau 287

11
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Collection

—

of historical documents in Guatemala—C. H. Berendt. (R. 1876) 299

of meteorological tables—A. Guyot 31, 153

to illustrate animal resources and fisheries of United States, exhibited

at Philadelphia, in 1876, catalogue of—G. B. Goode 326

to illustrate animal resources of United States, classification of—G. B.

GooDE 297

Collections

—

additions to. (See each .annual report.)

furnished by explorations from 1838 to 1877—S. F. Baird. (R. 1877)— 323

in archaeology and ethnology, circular relative to—J. Henry 205

made by Lt. G. K. Warren, report on—F. B. Meek; F. V. Hayden__ 172

of living reptiles, circular relating to 320

presented to United States by foreign commissioners at Centennial Exhibi-

tion, list of. (R. 1876) . 299

to illustrate art of taxidermy—W. T. Hornaday. (P. 1881) 467, 456

Collections

—

See Ethnographical.

Collectors of customs to receive and transmit specimens to the Smithsonian 34

Collectors of drugs, memoranda for—J. M. Flint. (P. 1881) 467, 452

College

—

See Girard, Hamilton, Liberia.

Colleges in United States in correspondence with Smithsonian Inst., list of 238

Collins, Colonel. Meteorology of the Green river country. (R. 1871) 249

Colonia Tovar, Venezuela, meteorology and ethnology of—A. Fendler. (R.

1857) 107

Colonia Tovar, Venezuela, meteorology of—A. Fendler. (R. 1866) 214

Colorado

—

ancient remains in—E. L. Berthoud. (R. 1867) 215

climate of—J. Evans. (R. 1865) 209

cretaceoiis fossils from—C. A. White. (P, 1881) 467

descriptions of now invertebrate fossils from—C. A. White. (P. 1880)- 425

heights of mountains in—G. Enqelmann. (R. 1862) 150

Jefferson and Clear Creek Cos., antiquities—G. L. Cannon. (R. 1877) 323

Weld county, antiquities of—E. L. Berthoud. (R. 1871) 249

Color-blindness—J. Henry. (R. 1877) 323

Color-blindness—A. Moigno. (R. 1866) 214

Color-blindness in its relations to accidents by rail and sea—F. Holmgren.
(R. 1877) 323,399

Colored bead from mound in Florida—A. M. Harrison. (R. 1877) 323

Colors, accidental or subjective—A. Moigno. (R. 1866) 214

Columbia river, Chinooic names of salmon in—S. B. Smith. (P. 1881) 467

Columbia river, S'a^momrfcE of—C. Bkndire. (P. 1881) 467

Combustion of gun-cotton and gunpowder, products of—Lieut, vox Karolyi;
B.F.Craig. (R. 1864) 188
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Comet, investigations of Biela's—J. S. Hubbard. (R. 18G2) 150

Comets, directions for telegrams of discovery of 2G3

Comfort, A. J. Indian mounds near Port Wadsworth, Dakota. (R. 1871) __ 249

Commemoration of J. Henry ooG

Commission, National Museum

—

See Museum.

Commissioner of Patents. Meteorological observations, Vol. i 157

Commissioner of Patents. Meteorological observations, Vol. ii 182

Commissioners for Foreign Missions

—

See American Board.

Commissioners, report of, on plan of forming general stereotype catalogue for

public libraries in United States. (R. 1850) 28, 47

Committee of American Association for Advancement of Science. Report on

meteorology. (R. 1851) 51

Committee of Regents

—

report on architecture P
report on fire at Smithsonian—R. Wallach; J. Henry. (R. 1864) 188, 329

report on income—J. A. Pearce. (R. 1853) 67, 329

report on income—J. Meacham. (R. 1853) 67,329

report on Museum—A. Gray; A. A. Sargent; H. Clymer. (R. 1876) 299, 329

report on organization B, 328

report on organization, (first) L, 328

Committee

—

See Report.

Comparative action of dry heat and sulphurous acid upon putrefactive bacteria.

(P. 1881) 467

Comparative vocabulary—A. Gallatin 160

Comparative vocabulary, English, Spanish, French, Latin—G. Gibbs 170

Compasses, deviations of, on iron-clad—W. Harkness 239

Conchology, North American, bibliography of. Part i. American authors

—

W. G. Binney 142

Conchology, North American, bibliography of. Part ii. Foreign authors

—

W. G. Binney 174

Conchology

—

See Mollusks, Shells.

Concise, archffiological researches at—F. Troyon. (R. 1861) 149

CONDORCET, biography of, by F. Arago. (R. 1878) 341

Cone-in-cone—H. Poole. (R. 1863) 187

Congress, International Anthropological, address at—F. F. Romer. (R. 1876) 299, 392

Congress, International Archaeological, Antwerp, 1866. (R. 1866) 214

Congress of Carlsruhe, 1858, scientific—F. J. Nickles. (R. 1860) 147

Congress, United States

—

act of, accepting bequest, July 1, 1836. (R. 1853) 67, 328, N
act of, to establish Smithsonian Institution. (R. 1853) 67, 329, 391, B, N, O
act of, to establish Smithsonian Institution, construction of—J. McP.

Berrien. (R. 1853) 67

act of, to establish Smithsonian, digest of—J. Henry 328, C
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Congress, United States—Continued.

act of, to receive residuary legacy and increase fund. (R. 1866) 214, 329

act of, to transfer Smithsonian library to Library of Congress. (R. 1865) 209, 328

acts of, (45th Congress,) relative to Smithsonian. (R. 1878) 341

acts of, (45th and 46th Congresses,) relative to Smithsonian, 1878-1880.

(R. 1879) 345

memorial of J. Henry, published by order of__ 356

memorial of Regents to, asking appropriations for Museum. (R. 1866

;

R. 1867) 214,215,328

memorial of Regents to, relative to new Museum building. (R. 1876)— 299

memorial of Regents to, relative to Smithson fund. (R. 1850) 28

proceedings of, relative to appropriations for Museum 328

proceedings of, relative to monument of J. Henry 356

proceedings of, relative to new Museum building 328

proceedings of, relative to Smithson bequest 328

proceedings of, relative to Smithsonian Institution, 1835-1877 328

Connecticut Academy of Arts and Sciences, planisphere of the heavens by 359

Connecticut, ancient implement of wood from—E. W. Ellsv?^orth. (R. 1876) 299

Conosaurus, memoir on—R. W- Gibbes 14

Conrad, C. M., Secretary of War. Authority to officers of Quartermaster's

Department toreceive and transmit specimens to Smithsonian 34

Conrad, T. A. Chalk found in the United States. (R. 1865) 209

Conrad, T. A. Check-list of invertebrate fossils of North America. Eocene

and oligoeene 200

Consanguinity and affinity of the human family, circular—L. H. Morgan 138

Consanguiniiy and affinity of the human family, systems of—L. H. Morgan __ 218

Considerations on electricity. (R. 1867) 215

Constantinople, account of hail storm at—Com. Porter. (R. 1870) 244

Constants of Nature

—

Part I. Specific gravities, boiling and melting points, and chemical

formulae—F. W. Clarke 255

Part II. Table of specific heats for solids and liquids—F. W. Clarke. 276

Part III. Tables of expansion by heat for solids and liquids—F. W.
Clarke 289

Part IV. Atomic weight determinations—G. F. Becker 358

Part V. Recalculation of atomic weights—F. W. Clarke 441

First supplement to Part i. Specific gravities, boiling points and melting

points—F. W. Clarke 288

Constants of nature—J. Le Conte. (R. 1878) 341

Constants of nature and art, tables of—C. Babbage. (R. 1856) 91

Construction of act establishing Institution—J. McP. Berrien. (R. 1853)_-_ 67

Construction of catalogues of libraries—C. C. Jewett 47

Construction of silvered glass telescope—H. Draper 180
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Contact, catalytic force or pbenomena of—T. L. Phipson. (R. 1862) 150

CoNTAXAKi, Miss E. B., present of album from Greece. (R. 1857) 107, 327

Contrast of colors—A. Moigno. (R. 1866) 214

Contribution to history of fresh-water algse of North America—H. C. Wood 241

Contributions to Annals of Philosophy—J. Smithson. (R. 1853) 67, 330

Contributions to history of marine algffi of North America

—

See W. H. Harvey.

Contributions to Knowledge, vols, i-xxiii.. 2, 26, 38, 39, 55, 56, 76, 78, 92, 99,

111, 112, 151, 184, 206, 211, 229, 246, 272, 284, 285, 340, 346

Contributions to Knowledge, catalogue of, and index 478

Contributions to National Museum, and their acknowledgment. (P. 1881.) 467,473

Contributions to natural history of

—

Arctic America—L. Ktjmlien 342

Fanning Islands—T. H. Streets 303

fresh-water fishes of North America-^C. Girard 30

Hawaiian Islands—T. H. Streets 303

Kerguelen Island, i. Ornithology—E. CouES 293

Kerguelen Island, ii. Oology, botany, etc.—J. H. Kidder and others 294

Lower California—T. H. Streets ™-„ 303

Contributions to North American ichthyology

—

Parti. Review Rafinesque^s memoirs—D. S. Jordan 305

Part II. Notes on Coitidce ; sysoiisis S'duridce—D. S. Jordan 306

Part III. Fishes Alleghany region ; synopsis Catostomidce—D. S. Jor-

dan ; A. W. Brayton 308

Contributions to physical geography of United States—C. Ellet, Jr 13

Contributions toward monograph of the pandorida3—P. P. Carpenter 252

Converging series expressing ratio between diameter and circumference of

circle—W. Ferrel 233

Cook, C. Manufacture of porpoise oil. (P. 1878) 332

Cooper, J. G.

—

Distribution of forests and trees of North America, and catalogue of

native trees of United States. (R. 1858) 109, 351

Forests and trees of Florida and Mexican boundary. (R. 1860) 147

Migrations and nesting habits of west coast birds. (P, 1879) 333

Cope, E. D.—
Genera and species of rattlesnakes 135

North America batrachia and reptilia 292

Zoological position of Texas 412

Coffee, H. Report of Committee on Smithsonian Museum. (R. 1874) 286

Copper and iron in salt water, preservation of—A. E. Becquerel. (R. 1864.) 188

Copper region, circular, ancient mining in Lake Superior—.J. Hann. (R.

1861} 149

Coptic language, introduction to the study of the—M. Kabis. (R. 1867) 215

Copyright books from 1846-1849, list of—C. C. Jewett. (R. 1850) 28
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Copyright system and Smithsonian library—C. C. Jewett. (11. 1851) 61

Copyrights, circular respecting—J. Henry. (R. 1854) 75

Corbiculadae, American, monograph of—T. Prime 145

Corcoran Art Gallery, list of deposits in, bj' Smithsonian Institution. (R. 1874) 286

Corcoran Art Gallery, report of Committee of Regents on. (R. 1872) 271

Corcoran, W. W. Deed of gift establishing Art Gallery. (R. 1872) 271, 329

Cordoba, Argentine Republic, account of astronomical observatory at— B. A.

GoTJLD. (R. 1873) 1 275

Corner-stone of Smithsonian building, address at laying—G. M. Dallas D, 329

Corner-stone of Smithsonian building, ceremonies at laying of. (R. 1847) H, 329

Coronado's march in search of the "seven cities of Cibola"—J. H. Simpson.

(R. 1869) 228

Correspondence

—

abstracts of anthropological—O. T. Mason. (R. 1880) 442

extracts from. (R. 1855, 1858-1863, 1865-1867, 1873)_- 77, 109, 110, 147, 149,

150, 187, 209, 214, 215, 275

meteorological—E. Foreman. (R. 1851) 51

relative to publication of memoir by Squier and Davis K
relative to Smithson and his bequest 328

summary of anthropological. (R. 1879) , 345

Correspondents

—

domestic, list of. (R. 1853; R. 1872) 67, 271, 69. 238

foreign, list of 64, 154, 225, 243, 309

foreign, systematic index of 257

Costa Rica

—

kitchen-midden, note on shells from—W. H. Dall. (P. 1878) . 332

minister, letter of, recommending Dr. Berendt. (R. 1865) 209

notes on birds of—R. Ridgway. (P. 1878; P. 1881) 332, 467

University of, exchange of specimens. (R. 1867) 215

Cottidse, description of a new genus and species of
—

"VV. X. Lockingtox. (P.

1881) 467

CottidfB, notes on— D. S. Jordan 306

Cottoids, monograph of—C. Girard 30

Cotton, amount of crop, and price in Japan

—

Japanese Legation. (P. 1881) 407

Cotton fibre, catalogue of Japanese, presented to National Museum. (P. 1881) 467

COUES, E.

—

Birds of Kerguelen Island 293

List of faunal ])ublications relating to British birds. (P. 1879) 333

Oology of Kerguelen Island 294

CouES, E. ; Kidder, J. H. Study of Chionis tninor 294

CotJEs, E. ; Prentiss, S. S. List of birds of District of Columbia. (R. 1861) 149

Cox, S. S. Address, memorial of Joseph Henry 356

Cox, S. S. Eulogy on Stephen A. Douglas. (R. 1861) 149, 329
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Craig, B. F. Nitrification. (R. 1861) 149

Craig, B. F. ; Lieut, von Karolyi. Products of combustion of gun-cotton

and gunpowder. (K. 1864) 188

Craig flounder of Europe (Glyptocephalus cynoglossus) on coast of North

America—G. B. Goode ; T. H. Beak. (P. 1878) 332

Crania Helvetica—F. Troyon. (R. 1864) 188

Craw-fish, circular of inquiries relative to 319

Creation, visible, lecture on vastness of—S. Alexander. (R. 1857) 107

Cree Indians, system of relationship of—E. A. Watkins. (R. 1862) 1.50

Cremnobates, occurrence of, at San Diego, California—R. Smith. (P. 1880) __ 425

Cresson, J. C. Lightning discharges. (R. 1867) 215

Cretaceous fossils, check-list of—F. B. Meek 177

Cretaceous fossils from Arkansas and Colorado—C. A. White. (P. 1881) 467

Cretaceous reptiles of United States— J. Leidy. (R. 1864) 188, 192

Cricetodipus parvus, a rare rodent—F. W. Trite. (P. 1881) 467

Criocardium, note on—C. A. White. (P. 1879) 333

Criticisms of Dr. J. Hann, replies to the—W. Ferrel. (R. 1877) 323, 398

Crook, G. Indian mode of making arrow-heads and obtaining fire. (R. 1871.) 249

Crozet flora—J. H. Kidder 294

Crummell, A. Facts respecting Liberia College.^ (R. 1861) 149

Crust of the earth, revolutions of the—G. Pilar. (R. 1876) ' 299

Crustacea

—

fresh water, circular of inquiries relative to 319
notice of, dredged ofl^ south coast of New England by Fish Commission

—

S.I.Smith. (P. 1880). __j 425

notice of new species of Willemaesia group of—S. I. Smith. (P. 1879.) 333

of Hawaiian and Fanning Islands and California—T. A. Streets 303

Crustacean destructive to submarine timber on coast of United States—S. I.

Smith. (P. 1879) 333

Crustaceans of Kerguelen Island—S. I. Smith 294

Crustaceans, voices of—G. B. Goode. (P.' 1878) 332

Cryolite of Greenland

—

Lewis; Quale. (R. 1866) 214

Cryptogamous plants, present state of knowledge of—W. Reichardt. (R. 1871) 249

Crystalline rocks, metamorphism and the formation of—G. A. Datjbree. (R.

1861)
'.

149

Crystallography, explanation of principles of—A. Brezina. (R. 1872) ._ 271, 386
Crystallophysics, explanation of principles of—A. Brezina. (R. 1872) __ 271, 386
Culbert-son, T. a.—

Expedition to the Mauvaises Terres and Upper Missouri. (R. 1850) 28

Indian tribes in Upper Missouri. (R. 1850) 28

Sioux of the Upper Missouri. (R. 1850) 28

Oulture, fish

—

See Fish.

CUNARD, E. Free freight between United Slates and England. (R. 1859.) 110, 329
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Cunningham, K. M. ; Gaines, A. S. Shell-heaps on Mobile river. (R. 1877.) S23^

Currents, electrical, of the earth—C. Matteucci. (E. 1867) 215

Currents of air

—

and aerial navigation—J. Henry. (K. 1860) 147

law of variation of temperature in ascending—J. Hann. (K. 1877.) 323, 398

law of variation of temperature in ascending moist—L. Sohncke. (E.

1877) 323,398

nature of—A. Colding. [E. 1877) 323,398

relation between barometric variations and—M. Peslin. (E. 1877). 323, 898

Curtiss, A. H., noles on collection of fishes made by—D. S. Joedan. (P. 1880) 425

CxiSHiNG, F. H. Antiquities of Orleans county, New York. (E. 1874) 286

Customs, collectors of, to receive and transmit specimens to Smithsonian 84

OiTTTS, J. B. Ancient relics in northwestern Iowa. (E. 1872) 271

CuviER, Baron G.

—

history of the works of, by M. Flottrens. (E. 1868) 224

memoir of, by M. Flourens. (E. 1868) , 224

Memoir of Eene Just Haiiy. (E. 1860) 147

Memoir of Priestley. (E. 1858) 109

Cybium, notes on American species of—F. Poey. (P. 1878) 332

Cyclone in the Indian Ocean—N. Pike. (E. 1867) 216

Cyclophoridse—W. G. Binney 144

Cymatogaster rosaceus—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Cyprinidse, notes on—D. S. Jordan 306

Cyprinoid fishes of San Francisco market

—

D. S. Jordan. (P. 1880) 425

r>.

Daa, L. K. Ethnological museum of Norway. (E. 1862) 150'

Dacentrus, note on—D. S. Jordan. (P. 1880) 425

Da Costa, J. M. On strain and over-action of the heart. Toner lecture No. m. 279

Dahlberg, E. N. and C. Ancient pottery at Pittsburg, on Des Moines river.

(R. 1879), ., 345

Dakota

—

bibliography^S. E. RiGGS
,

40

fable, A dog's revenge—S. E. Eiggs. (E. 1879-80) 476

grammar and dictionary—S. E. Eiggs 40

Fort Wadsworth, Indiiin mounds near—A. J. Comfort. (E. 1871) 24^
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Dakota, Lincoln county, haystack mound in—A. Barrandt. (R. 1872) 271

Dakota or Sioux Indians—A. G. Brackett. (R. 1876) 295)

Dakota or Sioux Indians, language of—F. L. 0. Kokhrig. (R. 1871) 249, 378

Dall, W. H.—
Distribution of California tertiary fossils. (P. 1878) 332

Explorations on western coast of North America. (R. 1873) 275

Fossil mollusks from later tertiaries of California. (P. 1878) 3il2

Index of Brachiopoda 304

Limpets and chitons of Alaskan and Arctic regions. (P. 1878) 332

Mollusks of Arctic America 342

Mollusks of Kerguelen Island 294

New mollusks from Alaska in National Museum. (P. 1878) 832

New species of shells from California in National Museum. (P. 1878)-_ 332

Note on shells from Costa Rica kitchen-midden collected by Drs. Flint

and Bransford. (P. 1878) 332

On genera of chitons. (P. 1881) 4G7

Postpliocene fossils in coast range of California. (P. 1878) 332

Remains of later prehistoric man from caves in Alaska 318

Dallas, G. M. Address at laying corner-stone of Smithsonian building— D, 329

Dalton, J. C. Origin and propagation of disease. (R. 1873) 275

Daltonism, etc—A. Moigno. (R. 1866) 214

Danilsen, A. F. Mound in East Tennessee. (11.1863) 187

Danish Royal Society of Arts and Sciences. Prize questions. (R. 1862, 1865,

1867) 150, 209, 215

Darlington, W. History of Chester county, Pennsylvania. (R. 1862) 1-50

Darlingtonia Californica—J. Torrey 61

Darwin, C. Queries about expression for anthropological inquiry. (R. 1867) 215

Datjbree, G. a. Metamorphism and formation of crystalline rocks. (R.

1861) 149

Datjbree, G. a. Synthetic experiments relative to meteorites. (R. 1868) 224

Davis, A. C. Antiquities of Isle Royale, Lake Superior. (R. 1874) 28G

Davis, C. H. Law of deposit of flood-tide 33

Davis, C. H. Occultations in Umled States, 1852 29

Davis, E. H. On ethnological research. (R. 1866) 214

Davis, E. H. ; Squier, E. G. Ancient monuments of Mississippi valley 1

Dayton, E. A. Explorations in Tennessee. (R. 1870) 244

Deaf mutes, sign language of—G. Mallery. (E. 1879-80) 476

Deai^, (.'. K. Mound in Wisconsin. (R. 1872) 271

Dean, C. W. Lightning discharges. (R. 1867) 215

Dean, J. Gray substance of medulla oblongata 173

De Beaumont, E.—
Memoir of C, F. Beautemps-Beaupre. (R. 1863) .„ 187
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De Beaumont, E.—Continued.

Memoir of Auguste Bravais. (K. 1869) 228

Memoir of Legendre. (K. 1867) 215

Memoir of Oersted. (R. 1868) 224

De Blainville, D., memoir of, by M. Flourens. (R. 1865) 209

Db Candolle, a.—
Causes which limit vegetable species towards the north. (R. 1858) 109

Probable future of the human race. (R. 1875) ... ^ 298

Report on transactions of Society of Physics and Natural History of

Geneva for 1862. (R. 1864) 188

Report on transactions of Society of Physics and Natural History of

Geneva, 1873-1874. (R. 1875) 298

De Cakdolle, A. ; Gray, J. E. On a dominant language for science. (R.

1874) 286

De Candolle, P., memoir of, by M. Flourens. (R. 1859) 110

Deduction and induction—J. von Liebig. (R, 1870) 244

Deed of foundation of Toner lectures—J. M. Toner. (R. 1872) 271, 329

Deed of foundation of Tyndall scientific fund—J. Tyndall. (R. 1872) __ 271, 329

Deed of gift of Art Gallery—W. W. Corcoran. (R. 1872) 271, 329

De Forest, E. L. Methods of interpolation. Part i. (R. 1871) 249

De Forest, E. L. Additions to memoir on methods of interpolation. Part

II. (R. 1873) 275

De Hart, J.N. Mounds and osteology of mound-builders of Wisconsin.

(R. 1877) 323

De Irisarri, Guatemalan minister, recommendation of Dr. Berendt by. (R.

1865) 209

Delafield, R. Report of Committee of Regents on Washington canal. (R.

1868) 224,329

Delambre, J. B. J., memoir of, by J. Fourier. (R. 1864) 188

De La Rive, A. A.

—

Eulogy on, by J. B. Dumas. (R. 1874) 286

Michael Faraday, his life and works. (R. 1867) 215

Phenomena accompanying propagation of electricity in rarefied elastic

fluids. (R. 1863) j 187

Report on transactions of Society of Physics and Natural History of

Geneva, 1858-1859, 1872-1873. (R. 1859; R. 1874) 110, 286

De La Rive, A. A. ; Lemstrom, S. Electricitj'^ of the atmosphere and the

aurora borealis. (R. 1874) 286

De La Rue, W. Abbreviations used in England in 1867. (R. 1867) 215

Delaunay, C. Essay on the velocity of light. (R. 1864) 188,354

Delolepis, new genus of fishes, description of—T. H. Bean. (P. 1881) 467

Denmark, preservation of antiquities in—J. J. A. Worsaae. (R. 1879) 345

Dennis, W. C. Evaporation in Florida. (R. 1866) 214

Dennis, W. C. Fresh water in the ocean. (R. 1866) 214
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Deposit of

—

arrow-heads near Fisbkill, New York—E. M. Shepard. (R. 1877) 323

articles by Smithsonian iu Corcoran Art Gallery. (R. 1874) 286

Beaufort Library—E. M. Stanton. (R. 1862) 150

Bishop Johns' Library—E. Canby. (R. 1862) 150

flint implements in Illinois—J. F. Snyder. (R. 1876) 299

flint implements in Southern Illinois—C. RAtr. (R. 1868) 224, 440, 370

flood-tide, law of—C. H. Davis 33

Deposit, shell, in New Jersey—C. Rati. (R. 1864) 188, 440, 362

Deposits

—

See Shell deposits.

De Prados, Baron. Eclipse of the sun, April 26, 1865. (R. 1864).__ 188

Dk Saussure, H.—
Electric resonance of mountains. (R. 1868) 224

Hymenoptera. (R. 1862) 150

Report on transactions of Society of Physics and Natural History of

Geneva, 1870-1871. (R. 1871) 249

Synopsis of Vespidce, (American wasps) 254

De SCHLAGINTWEIT, H. Ethnographical collections. (R. 1862) 150

Description of

—

a new fish, Apogon pandionis—G. B. Goode; T. H. Bean. (P. 1881)__ 467

a new fly-catcher and new petrel from Sandwich Islands—R. Ridgway.
(P. 1881) '

467

a new genus and species of Cottidce—W. N. Lockington. (P. 1881) 467

a new gobioidfish [Othonops eos) from San Diego, California—R. Smith.

(P. 1881) 467

a new owl from Porto Rico—R. Ridgway. (P. 1881) 467

birds

—

See Proceedings National Museum.

chitonidu; and acmajidie from Panama—P. P. Carpenter 252

country and people of Yoruba, Africa—T. J.. Bowen 98

fishes

—

See Proceedings of National Museum.

fossil plants from China—J. S. Newberry- 202

Gobiesox rhessodon from San Diego, California— R. Smith. (P. 1881) 467

human skull from Rock Blufi", Illinois—J. A. Meigs, (R. 1867) 215

magnetic observatory at Smithsonian. (R. 1859) 110

meteorological instruments—L. Casella. (R. 1859) 110

new fishes—T. H. Bean. (P. 1881) i 467

new fishes

—

See D. S. Jordan ; C. H. Gilbert.

new species of Cenirarchidce—C. L. McKay. (P. 1881) 467

new subspecies of Loxigilla from island of St. Christopher, West In-

dies—G. N. Lawrence. (P. 1881) 467

new thrushes—R, Ridgway. (P. 1881) 467

ubservatories at Dorpat and Poulkova—C. Abbe. (R. 1867) 215, 369
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Description of—Continued.

observatory at St. Martin, Isle Jesus, Canada East—C. Smallwood. (R.

1856) 91

plants collected by J. C. Fremont in California—J. Torrey 46
remains of extinct mammalia and chelonia from Nebraska—J. Leidy ._ 58

Descriptions of

—

ancient works in Ohio—C. Whittlesey 37
several new races of American birds—R. Eidgway. (P. 1881) 467

Smithsonian anemometer—J. Henry. (R. 1860) 147

Squalius aliciae from Utah Lake—P. L. Jotjy. (P. 1881) 467

two new races of Myadestes pbscurus—L. Stejnegkr. (P. 1881) 467

Desiderata, special, among North American birds, list of—R. Ridgway. (P.

1881) 467

Des Moines river, ancient pottery from—R. N. and C. Dahlberg. (R. 1879.) 345

Des Moines valley, mounds in—S. B. Evans. (R. 1879) i;45

Desor, E. Palafittesorlacustrian constructions. Lake Neuchatel. (R. 1865.) 209,360

Destruction of fish in Gulf of Mexico—J. Y. Porter. (P. 1881) 467

Destruction of fish

—

See also Fish.

Destructive effect of iron rust. (R. 1861) HO'

Devereux, J. H. Ancient pottery from Arkansas. (R. 1872) 271

Devereux, J. H. Catalogue of Indian relics presented to Smithsonian Insti-

tution. (R. 1872) . 271

Dewey, C.—
Best hours for temperature observations. (R. 1860) 147

Best hours to find mean temperature. (R. 1857) 107

life of, by M. B. Anderson. (R. 1870) 244

The winds. (R. 1866) 214

Diagnoses des mollusques nouveaux provenant de Californie et fai.sant partie du
Musee de I'Institution Smithsonienne—P. P. Carpenter 252

Diagnoses of new forms of mollusks collected at Cape St. Lucas, Lower Cali-

fornia—P. P. Carpenter 252

Diagnoses of new mollusks

—

collected on west tropical shores of North America—P. P. Carpenter, 252

from Reigen Mazatlan collection—P. P. Carpenter 252

from Vancouver district—P. P. Carpenter 252

from west coast of North America—P. P. Carpenter 252

from west tropical region of North America—P. P. Carpenter 252

Diamond and other precious stones—J. Babinet. (R. 1870) 244, 377

Diary of an excursion in New Mexice—J. H. Carleton. (R. 1854) 75

Diatomacea—J. W. Bailey 23, 63

Diatomacea, instructions for collecting, preserving, and transporting—A. M.
Edwards 366

Dickinson, A. B Eruption of volcano in Nicaragua. (R. 1867) 215
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Dictionary of

—

Carib or Karif language—C. H. Berendt. (K. 1873) 275

Chinook jargon, or trade language of Oregon—G. Gibbs 161

Dakota language—S. K. Eiggs 40

Yoruba language of Africa—T. J. Bowen 98

Yoruba language of Africa—W. W. Turner 98

Digest of act of Congress establishing Smithsonian Institution—J. Henry C, 328

DiLLE, I. Antiquities in Missouri and Tennessee. (R. 18G2) 150

Dille, I. Sketch of ancient earthworks of Ohio. (E. 1866) 214

Diminution of aqueous vapor with increasing altitude—J. Hann. (E. 1877) 323, 398

Diminution of water of rivers and streams—H. G. Wex. (R. 1875) 298

Diplomatic agents, circular to, relative to Morgan's research 138

Diptera

—

described, of North America, catalogue of—R. Osten Sacken 102, 270

directions for collecting and*]ireserving—R. Osten Sacken - 102

instructions for collecting—H. Loew ; R. Osten Sacken. (E. 1858) _- 109

of Arctic America—S. H. Scudder 342

Diptera of North America, monographs of

—

Parts i-iii—H. Loew 141, 171, 256

Part IV—R. Osten Sacken 219

Directions for

—

auroral observations—J. Henry. (R. 1855) 77

collecting and preserving diptera—R. Osten Sacken 102

collecting and preserving fish—T. H. Bean. (P. 1881) 467, 464

collecting and preserving insects—A. S. Packard 261

collecting and preserving plants—L. F. Ward 460

collecting microscopic organisms—J. W. Bailey ^ 63

collecting, preserving, and transporting specimens of Diatoniacea—A. M.

Edwards 366

collecting, preserving, and transporting specimens of natural history

—

S. F. Baird. (E. 1856) 91, 34

constructing lightning-rods—J. Henry 237

earthquake observations—J. Henry. (E. 1855) 77

meteorological observations—A. Guyot; J. Henry. (E. 1855). 77, 19, 148

Directory of officers, collaborators, employes, etc., of the Smithsonian Institu-

tion, National Museum, Geological Survey, Bureau of Ethnology, and

Fish Commission 466

Discourse on J. Henry—S. B. Dod 356

Discovery, meteorological—F. L. Capen. (E. 1866) 214

Discovery of

—

a large meteorite in Mexico—W. M. Pierson. (E. 1873) 275

planet Neptune, report on history of the—B. A. Gould 18

stone image in Tennessee—E. M. Grant. (E. 1870) 244
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Discovery relative to magnetism, history of. (K. ISCS) 187

Discussion of magnetic and meterological observations made at Girard College

Observatory—A. D. Bache :

—

Part I. Eleven year period, solar diurnal variation 113

Part II. Solar diurnal variation and annual inequality 121

Part III. Influence of moon on declination 132

Parts IV, V, VI. Horizontal component of magnetic force, etc 162

Parts VII, VIII, IX. Vertical force 175

Parts X, XI, XII. Dip and total force 186

Parts i-xii. Complete 195

Discussion of

—

meteorological observations

—

See Schott.

Piazzi's astronomical observations—B. A. Gould. (E. 1863) 187

relations of lucernarians to other acalephffi, beroids, and polypi—H. J.

Clark • 242

Bnell's barometric observations— P. H. Loud. (R. 1880) 442, 435

tables and charts of winds—A. Woeikof 268

Disease known as "chorea," inquiries relative to—S. W. Mitchell. (E. 1874) 286

Disease, origin and propagation of—J. C. Dalton. (E. 1873) 275

Diseases of joints, bones, etc., bibliography of works on—W. W. Keen 300

Dispersion of cloud by an electrical discharge—D. "VV. Naill. (E. 1858) 109

Distinction between tornadoes and tempests—J. B. Lamarck. (E. 1871) 249

Distribution of

—

duplicate fishes of Pacific coast, check-list of—D. S. Jordan; P. L,

JouY. (P. 1881) 467

fishes of Alleghany region of South Carolina, Georgia, and Tennessee

—

D. S. Jordan; A. "W. Brayton 308

forest trees in Montana, Idaho, and Washington—W. W. Joiixson.

(E. 1870) 244

forests and trees of North America—J. G. Cooper. (E. 1858) 109, 351

marine invertebrates from National Museum, list of—E. Eatiibun. (P.

1881) 467, 465, 471

Smithson income, majority and minority reports of Committee of Eegents

on—J. A. Pearce; J. Meacham. (E. 1853) 67, 329

specimens

—

See each annual report.

District of Columbia

—

flora of—L. F. Ward. (P. 1881) _„ ... 407, 444

list of birds of—E. CouES ; S.S.Prentiss. (E. 1801) 149

meteorology of—J. Wissner. (R. 1857) 107

prehistoric remains in—T. E. Peale. (E. 1872) 271

Ditrema atripes, new embiotocoid fish from coast of California—D. S. Jordan
;

C. H. Gilbert. (P. 1880) 425

Documents, collection of historical, in Guatemala—C. H. Berendt. (E. 1876) 299
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Documents relative to origin and history of Smithsonian Institution—W. J.

Ehees 328
DoD, S. B. Memorial discourse on J. Henry 356

Dodge, G. W. Lightning discharges. (R. 1867) 215

Dodge, N. S. Memoir of C. Babbage. (R. 1873) 275

Dodge, N. S. Memoir of Sir John F. W. Herschel. (R. 1871) 249

Dog's revenge, a Dakota fable—S. R. Riggs. (E. 1879-80) 476

Dolichopodidie, monograph of—H. Loew 171

Domestic institutions in correspondence with Smithsonian Institution, list of- _ 69, 238

Domestic institutions in correspondence with Smithsonian Institution, number
of 290

Dominant language for science—A. De Candolle ; J. E. Gray. (R. 1874)__ 286

Dominica, catalogue of Ober's collections of birds from—G. N. Lawrence.
(P. 1878) 332

Dominica, new species of Turdidce from—G. N. Lawrence. (P. 1880) 425

DoNATi, G. B. Phenomena in telegraphic lines during auroi'a. (R. 1872) 271

Donations to library from foreign institutions, list of. (R. 1864) 188

Dorosoma cepedianum heterurum, (western gizzard shad,) notes on—S. WiL-

MOT. (P. 1878) 332

Dorpat and Poulkova, description of observatories at—C. Abbe. (R. 1867) 215, 369

Dorset, J. O. Illustrations of method of recording Indian languages. (E.

1879-80) 476

Dorysomatidse, notes on—D. S. Jordan 806

Douglas, S. A., eulogy on, by S. S. Cox. (R. 1861) 149

Douglass, H. M. Translation of Weismann on change of Mexican axolotl.

(R. 1877) 323, 401

DowNES, J. Occultations of planets and stars by the moon, 1853 54

DowNES, J. Occultations visible in the United States, 1848-1852__ 8, 9, 10, 11, 29

Doyle, W. E. Indian forts and dwellings, Indian Territory. (R. 1876) 299

Drainage, sanitary, of Washington city, suggestions for—G. E. Waring 349

Draper, H., account of telescope of, by T. W. Webb. (R. 1864) 188

Draper, H. Construction of silvered glass telescope and its use in celestial

photography 180

Dreutzer, O. E. Statistics relative to Norwegian mountains, lakes, and snow

line. (R. 1866) 214

Drift, fresh water glacial, of the Northwestern States—C. Whittlesey 197

Drilling in stone without metal—C. Rau. (R. 1868) 224, 440, 372

Drugs, classification of forms in which medicines and, appear and are adminis-

tered—J. M. Flint. (P. 1881) 467, 451

Drugs, memoranda for collectors of—J. M. Flint. (P. 1881) 407, 452

Dual character of the brain. Toner lecture No. ii— C. E. Brown-Sequard __ 291

Duby, p. A. Report on transactions of Society of Physics and Natural History

of Geneva, 1861. (R. 1864) 188
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Duck, new to North American ftvuna— R. Ridgway. (P. 1881) 4G7

Dudley, T. Earthquake at New Madrid, Missouri. (R. 1858) 109

DtJFOUR, C. ; Kamtz. Scintillation of the stars. (R. 1861) 149

Dxrafes, A., notes on fishes collected by, in Mexico—T. H. Bean. (P. 1879) __ 333

DuGi:s, A., notes on fishes collected by, in Mexico—D. S. Jordan. (P. 1879). 333

Duke of Northumberland, account of 390

Duke of Northumberland, books presented by. (R. 1859) 110

Dumas, J. B. Eulogy on A. A. De La Rive. (R. 1874) 28G

Duncan, M. L. Translation of Holmgren on color-blindness. (R. 1877.) 323, 399

Dunkirk Society for the Encouragement of Sciences. Prize questions. (R.

1865; R. 1873) 1 209,275

Dunning, E. O. Antiquities in Tennessee. (R. 1870) 244

Duplicate fishes distributed by Smithsonian—T. H. Bean. (P. 1880) 425

Duplicate shells collected by the United States Exploring Expedition under C.

Wilkes 193

DuPRE, W. ;
Henry, J. Earthquakes in North Carolina, 1874. (R. 1874) .. 286

DuPREZ, F. Atmospheric electricity. (R. 1858) 109

Dwellings and forts, Indian, in Indian Territory—W. E. Doyle. (R. 1876)-. 299

Dyeing purple, ancient and modern. (R. 18G3) 187

Earth-
chemistry of the—T. S. Hunt. (R. 1869) 228, 376

electrical currents of the—C. Matteucci. (R. 1867; R. 1869) 215, 228

figure of the—St. M. Merino. (R. 1863) 187

internal structure of the—J. G. Barnard 310

laws of atmospheric circulation over the—J. H. Coffin 268

revolutions of crust of the—G. Pilar. (R. 1876) 299

secular variation of elements of orbit of—J. N. Stockwell 232

Earthquake

—

at New Madrid, Missouri—T. Dudley. (R. 1858) 109

directions

—

J.Henry. (R. 1855) 77

in Eastern Mexico, January, 1866—C. Sartorius. (R. 1866) 214

in Peru, August 13, 1868—J. V. Campbell. (R. 1870) 244

phenomena, on observations of—R. Mallet. (R. 1859) 110

Earthquakes

—

articles on, received by Smithsonian Institution and deposited in Library

of Congress. (R. 1871) 249

circular relative to— J. Henry 148
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jEarthquakes—Continued.

in Guatemala—A. Canudas. (R. 1858) 109

in North Carolina, 1874—W. Du Pre ; J. Henry. (R. 1874).- 286

in St. Thomas—G. A. Latimer. (E. 1867) 215

Earthwork, double-walled, in Ashtabula county, Ohio—S. D. Peet. (R. 1876) 299

Earthworks

—

ancient, of Ashland county, Ohio—G. W. Hill. (R. 1877)... 323

ancient, of Ohio, sketch of—I. Dille. (R. 1866) 214

ancient, on upper Missouri—A. Barrandt. (R. 1870)^ 244

in Tennessee—J. Jones 259

in Wisconsin— E. E. Breed. (R. 1872) 271

on Arkansas river—Mrs. G. Knapp. (R. 1877) 323

Earthworks

—

See Mounds.

Echinoderms of Kerguelen Island—A. E. Verrill 294

Ecbinoderms of northeastern coast of America—A. E. Verrill. (P. 1879

;

P. 1880): 333, 425

Eclipse

—

annular, of May 26, 1854 66

of the sun, April 25, 1865—Baron De Prados. (R. 1864) 188

of the sun, March 15, 1858, map of—T. Hill 101

of the sun, July 18, 1860—J. Lamont. (R. 1864) 188

of the sun, September 7, 1858, in Peru—J. M. Gilliss 100

Ecliptic, obliquity of the—J. N. Stockwell 232

Economic geology of Trinidad—G. P. Wall; J. G. Sawkins. (R. 1856) 91

Education

—

acknowledgment of books on—E. Laboulayb. (R. 1867) 215

in the United States, project of an outline history of—F. A. Packard.
(R. 1863) 187

scientific, of mechanics and artisans—A. P. Peabody. (R. 1872).. 271, 380

Education, Illinois State Board of. Meteorological system for every State.

(R. 1855) 77

Educational series of marine invertebrates distributed by United States National

Museum—R. Rathbun. (P. 1881.) 467, 465, 471

Edwards, A. M. Directions for collecting, preserving, and transporting dia-

tomacea 366

Edwards, A. M. Results of examination under microscope of Japanese infu-

sorial earths 202

Edwards, V. N. Occurrence of oceanic bonito [Orcynus pelamys) in Vineyard

Sound, Massachusetts. (P. 1878) 332

Edwards, W. H. Diurnal lepidoptera of Arctic America 342

Edwards, W. H. On lepidoptera 133

Eels, genitalia of male—S. T. Cattie. (P. 1880) 425

Effect of irritation of polarized nerve—B. F. Lautbnbach. (R. 1878)_- 341, 411

Effect of lightning—S. L. Hillier. (R. 1866) 214

12



178 ALPHABETICAL INDEX

Eflfect of moon on the weather—J. Henry. (R. 1871) 24»

Eggers, H. F. a. Flora of St. Croix and Virgin Islands 313

Egging expedition to Shoal Lake, Lake Winnipeg—D. Gunn. (R. 1867) 215

Eggs

—

instructions for collecting—S. P. Baird. (E. 1858) 109, 189

instructions for collecting—A. Newton 139

instructions for collecting and preserving—T. M. Brewer 139

North American—T. M. Brewer 89

of the eight North American species of Empidonaces—T. M. Brewer.

(P. 1879) 333

suggestions for forming collections of—A. Newton 139

Egleston, T.—
Catalogue of minerals with their formulas 156

Scheme for qualitative determinations by blowpipe. (R. 1872) 271

translation by, of Brezina on crystallography 386

Egypt, presentation of books on—R. Lepsius. (R. 1860) 147

Elastic force of aqueous vapor, table for determining—J. H. Coffin 87

Electric phenomenon—W. F. Given. (R. 1865) 209

Electric resonance of mountains, observations on—H. de Saussure. (R. 1868.) 224

Electrical

—

currents of the earth—C. Matteucci. (R. 1867; R. 1869) 215, 228

discharge, dispersion of a cloud, by D. W. Naill, (R. 1858) 109

rheometry, researches on—A. Secchi 36

Electricity

—

accounts of lightning discharges. (R. 1867) 216

and galvanism, report on recent progress in—J. Mullkr. (R. 1857)

—

lOT

and magnetism, later views of connection of—H. Helmholtz
; J. C.

Maxwell. (R. 1873) 275-

atmospheric—F. Duprez. (R. 1858) 109

considerations on. (R. 1867) 215

of atmosphere and the aurora borealis—S. Lemstrom ; A. A. De La
Rive. (R. 1874) 286

of induction in clouds resolving into rain, snow, and hail—F. Zante-

DESCHi. (R. 1870) - 244

phenomena accompanying propagation of, in rarefied elastic fluids—A. A.

DkLaRive. (R. 1863) 187

presence of, during fall of rain—Prof. Palmieri. (R. 1870) 244

report of recent progress in—J. Muller. (R. 1856) 91

Electro-magnetic

—

seismograph—Prof. Palmieri. (R. 1870) 244

telegraph, Henry's contribution to—W. B. Taylor. (R. 1878) 341, 405

telegraph

—

See Henry ;
Telegraph.

Electro-physiology, lectures on—C. Matteucci. (R. 1865) 209
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Electrotypes of engravings of shells granted by British Museum. (R. 18(^1) __ 187

Elements, table of chemical equivalents of. (R. 1864) 188

Elephant mound in Grant county, "Wisconsin—J. Warner. (R. 1872) 271

Ellery, R. L. J. Address of the President of the Royal Society of Victoria.

(R. 1868) 224

Ellet, C. Physical geography of Mississippi valley 13

Elliot, D. G. Classification and synopsis of Trochilidcv 317

Elliot, D. G. List of described species of humming birds 334

Elliott, R. S. Climate of Kansas. (R. 1870) 244

Ellsworth, E. W. Ancient implement of wood from Connecticut. (R. 1876) 299

Embarrass, Wisconsin, pits at—E. E. Breed. (R. 1877) 323

Embryology of insects—L. Aoassiz 16

Empidonaces, notes on nests and eggs of the eight North American species of

—

T. M. Brewer. (P. 1879) 333

Employes of Smithsonian Institution, National Museum, Geological Survey,

Bureau of Ethnology, and Fish Commission, directorj' of 466

Encke, J. F., memoir of, by G. Hagex. (R. 1868) 224

Endlich, F. M.—
Analysis of water destructive to fish in Gulf of Mexico. (P. 1881) 467

Geology of Kerguelen Island 294

List of minerals in National Museum, 1873, 1879. (R. 1873 j P. 1880) 275, 425

Endothyra ornata, note on—C. A. White. (P. 1879) 333

Engelhardt, M. Formation of ice at the bottom of water. (R. 1866) 214

Engelmann, G. Heights of mountains in Colorado. (R. 1862) 150

Engineers, Civil, London Institution of. Prize questions. (R. 1862) 150

England

—

abbreviations used in—W. De La Rue. (R. 1867) 215

free freights between the United States and—E. Cunard. (R. 1859) 110

Salisbury, notice of Blackmore Museum at. (R. 1868) 224

English and French weights and measures

—

See Tables.

English vocabulary with comparative words in Spanish, French, and Latin 170

Engravings

—

of shells, electrotypes of, granted by British Museum. (R. 1863) 187

on the face of rocks in the Sierra Nevada—J. G. Bruff. (R. 1872) _„ 271

presented to Smithsonian Institution, catalogue of^C. B. King. (R. 1861.) 149

Entomologists, circular to 178

Entomologists, instructions to 261

Eocene and oligocene invertebrate fossils of North America, check-list of—T.

A. Conrad 200

EoFF, J. Habits of black bass of the Ohio. (R. 1854) 75

Ephemeris of the planet Neptune, 1848-1852—S. C. Walker 4, 5, 6, 7, 24

Epinephelus Drummond-IIayi, a new serranoid fish from the Bermudas—G. B.

Goode; T. H. Bean." (P. 1878) 332
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Epinephelus nigritus of the southern coast, note upon—G. B. Goode ; T. H.

Bean. (P. 1878) 332

Equilibrium of a liquid mass withdrawn from the action of gravity

—

See J.

Plateau.

Equinoxes, precession of the—J. G. Barnard 240

Equinoxes, precession of the—J. N. Stoukwell 232

Equivalents, chemical, of sixty-three elements, table of. (R. 1864) 188

Ernst, G. A. Meteorology of Caracas, South America. (R. 1867) 215

Erosions of the earth's surface by rivers, etc.—E. Hitchcock 90

Eruption of volcano in Nicaragua—A. B. Dickinson. (K. 1867) 215

Eruption of volcano of Colima—C. Sartorius. (R. 1869) 228

Eryontidae, notice of recent—S. I. Smith. (P. 1879) 333

Espy, J. P., notice of, by A. D. Bache. (R. 1859) 110

EsPT, J. P. On meteorology. (R. 1847) H
Essay on geographical distribution of batrachia and reptilia—E. D. Cope 292

Essay on velocity of light—C. Delaunay. (R. 1864) 188, 354

Establishment and officers of the Smithsonian Institution and National Museum. 449

Establishment of the Smithsonian Institution, Journal and By-Laws of. (R.

1853) 67, 329

EsTES, L. C. Antiquities of Minnesota, Mississippi river, and Lake Pepin.

(R. 1866) 214

Estimate of population of the world—E. Mailly. (R. 1873) 275

Etheostomatidae, notes on—D. S. Jordan 306

Ethmocardiura, note on—C. A. White. (P. 1879) . 333

Ethnographical

—

collections—T. Lyman. (R. 1862) 150

collections—H. de Schlagintweit. (R. 1862) 150

collections, the Schlagintweit—H. Zisgenbaxs. (R. 1867) 215

Ethnological

—

collections of museum at Lausanne, report on—F. Troyon. (R. 1861). 149

department of the French Exposition, 1867. (R. 1867) 215

map of North America, suggestions relative to—L. H. Morgan. (R. 1861) 149

map of the United States—G. Gibbs. (R. 1862) 1.50

memoir of Squier and Davis, correspondence relative to acceptance of,

for publication K
museum of Norway—L. K. Daa. (R. 1862) 150

research—E. H. Davis. (R. 1866) 214

specimens presented by University of Christiania, Norway. (R. 1863)-- 187

suggestions for Russian America—G. Gibbs 207

Ethnology and archteology, circular relative to collections in 205

Ethnology and philology, instructions for^—G. Gibbs 160

Ethnology, articles on. (R. 1867-1870-1877, 1879, 1880) 215, 244, 249, 271, 275, 286,

298, 299, 323, 345, 442
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Ethnology

—

Leipsic Museum of—0. T. Mason. (R. 1873) 275

of Arctic America—L. Kumlien 342

of Colonia Tovar, Venezuela, South America—A. Fendler. (E. 1857) 107

of Indians of Red river of the North—W. H. Gardner. (R. 1870) 244

physical, lectures on—D. Wilson. (R. 1862) 150

present state of, in relation to form of human skull—A. Retzitts. (R.

1859) 110

Ethnology, Bureau of

—

catalogue of linguistic manuscripts in library of—J. C. Pilling. (E.

1879-80) 476

directory of officers and employes of 466

first annual report of—J. W. Powell 476

Euchalarodus Putnami, identity of, with Pleuronectes glaber—T. H. Bean.

(P. 1878) 332

Eulachon or candle fish of northwest coast—J. G. Swan. (P. 1880) 426

Eulogy on

—

Ampere, by F. Arago. (R. 1872) . 271

A. D. Bache, by J. Henrt. (R. 1870) - 244, 379

A. A. De La Rive, by J. B. Dumas. (R. 1874) 286

Stephen A. Douglass, by S. S. Cox. (R. 1861) 149

Cornelius C. Eelton, by T. D. Woolsey. (R. 1861) 149

Joseph Fourier, by F. Arago. (R. 1871) 249

Herschel, by F. Arago. (R. 1870) 244

Gay-Lussac, by F. Arago. (R. 1876) 299

La Place, by F. Arago. (R. 1874) 286

Quetelet, by A. Mailly. (R. 1874) 286

James A. Pearce, by A. D. Bache. (R. 1862) 150

Gen. J. G. Totten, by J. G. Barnard. (R. 1865) __. 209

Alexander Volta, by F. Arago. (R. 1875) 298

Henry Wilson, by P. Parker. (R. 1875) 298

Thomas Young, by F. Arago. (R. 1869) 228

Eulogy

—

See Memoir, Life, Biography.

Europe

—

causes which limit vegetable species towards the north, in—A. De Can-
DOLLE. (R. 1858) 109

certain storms in America and, December, 1836—E. Loomis 127

man as the contemporary of the mammoth and reindeer in. (R. 1867) 215

study of high antiquity in—A. Morlot. (R. 1862; R. 1864) 150, 188

Europe, middle, fauna of, during stone age—L. Rutimeyer. (R. 1861) 149

Evans, J. Climate of Colorado. (R. 1865) 209

Evans, S. B. Notes on mounds in Des Moines valley. (R. 1879) 345

Evaporation in Florida—W. C. Dennis. (R. 1866) 214
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Evaporation observed at Palermo in 18G5 and 1866—1'. Tacchini. (R. 1870.) 244

Everett, E. EeportonJewett's general stereotype catalogue of public libraries. 47

Everett, E. Eoport on organization of Smithsonian Institution. (R. 1853.) 67

Everett, J. D. Under-ground temperature. (R. 1874) 286

Evolution of language—J. W. Powell. (E. 1879-80) 476

Examination

—

microscopical, of soundings—J. W. Bailky 20

of J. Henry by English Scientific Commission 329

of specimens, rules for. (R. 1880) . . 442

of Spencer's telescope for Hamilton College. (R. 1855) 77

Excelsior, Minnesota, mounds near—F. H; Nutter. (R. 1879) 345

Exchange of publications

—

Agricultural Association of Milan. (R. 1863) 187

Chamber of Commerce of Bordeaux. (R. 1863) 187

Eoyal Horticultural Society, London. (R. 1861) 149

Exchange of specimens

—

Hamburg Zoological Gardens. (R. 1867) 215

Hamilton College, Clinton, New York. (R. 1861) 149

W. A. Lloyd. (R. 1867) 215

Museum of National University of Greece. (R. 1867) 215

University of Costa Rica. (R. 1867) 215

Exchanges

—

American Academy of Ai-ts and Sciences, Boston, thanks for. (R. 1855;

R. 1867) 77, 215

Bath and West of England Societj' for Encouragement of Agriculture,

Arts, etc. (R, 1867) 215

circular relative to scientific and literary 324

Government of Bremen. (R. 1865) 200

W. HixcKS. (R. 1860) 147

international, report on—G. H. Boeumer 477

list of. Parts i, ii 73, 85

list of, to 1858 117

Mexican Society of Geography and Statistics. (R. 1861, 1865) 149, 200

Mining Department, Melbourne. (R. 1865).- 209

F. MiJLLER. (E. 1860) 147

reports on. (R. 1853-1867, 1873) 67, 75, 77, 91, 107, 109, 110, 147, 149,

150, 187, 188, 209, 214, 215, 275

J. Rosing. (R. 1865) 209

Eoyal Academy of Science, Madrid. (E. 1861) 149

St. Petersburg Academy of Sciences. (E. 1867) 215

statistics of, 1846-1877 329

Excursion in Now Mexico, diary of—J. H. Carleton. (E. 1854) 75

Executive Committee of Regents

—

See also each annual report.
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Executive Committee of Regents, journal and reports of, 1846-1876. 3i9

Exhibit by the Smithsonian Institution at Centennial Exhibition, report on

proposed plan of—S. F. Baird. (R. 1875) 298

Exhibit of fisheries of United States at Berlin Fisheries Exhibition—G. B.

GooDE 413

Exhibition, Centennial, report on—S. F. Baird. (R. 187G) 299, 307

Expansion, bibliograph}' of—F. W. Clarke 255

Expansion by heat, tables of—F. W. Clarke 289

Expedition

—

Coast Survej', for transatlantic longitude— B. A. Gould . .. 223

Hassler, narrative of the—L. Agassiz. (R. 1872) 271

North Pacific Surveying, contributions to natural history made in con-

nection with the—T. H. Streets 303

to Arctic Seas

—

See Hayes, Kane, McClintock.

to Kerguelen Island—J. H. Kidbkk and others 293, 294

to Lake Winnipeg—D. Gunn. (R. 1867) 215

to Mexico, scientific. (R. 1864) . 188

to the Mauvaises Terres and Upper Missouri—T. A. Culbertsox. (R.

1850) 28

toward the North pole, scientific instructions for—J. Henry and others.

(R. 1871) 249

Expeditions, account of

—

See each annual report.

Expeditions contributing specimens, list of—S. F. Baird. (R. 1867) 215

Experimental and theoretical researches on figures of equilibrium

—

See J. Plateau.

Experiments

—

on aneroid barometers at Kew Observatory—B. Stewart. (R. 1868) __ 224

relative to meteorites—G. A. Daubree. (R. 1868) 224

upon animal heat of fi.shes—J. H. Kidder. (P. 1879) 333

Explanation of principles of crystallography and crystallophysics—A. Brezina.

(R. 1872) 271, 386

Exploration of ancient mounds in Union county, Ky.—S. Lyon. (R. 1870) __ 244

Explorations

—

among Indian mounds in southern Florida—S. T. Walker. (R. 1879.) 345

and surveys, Government, report of—S. F. Baird. (R. 1878) 341

Arctic, lecture on—I. I. Hayes. (R. 1861) 149

articles on

—

See each annual report.

botanical, in New Mexico and California, account of—A. Gray. (R.

1849) 21

furnishing collections to National Museum, 1838-1877, list of—S. F.

Baird. (R. 1877) 323

in Central America—0. H. Bkrkndt. (R. 1867) 215

in Greenland—L. Kumlikn. (R. 1878) 341

in New Mexico and Arizona—J. Stevenson. (R. 1880) 442
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Explorations—Continued.

in New York—E. G. Squier 15

in Tennessee—E. A. Dayton. (K. 1870) ., 244

in upper California in 1860—J. Feilner. (R. 1864) 188

Kennicott's—Hudson's Bay Company. (E. 1863) 187

of aboriginal remains of Tennessee—J. Jones 259

of the Nile—C. Hale. (R. 1865) 209

of western Missouri in 1854—P. R. Hoy. (R. 1864) 188

of John Xantus in Mexico—M. Romero. (R. 1862) 150

on western coast of North America—W. H. Dall. (R. 1873) 275

reports on—S. F. Baird. (R. 1851-1866, 1875-1877)- 51, 57, 75, 77, PI, 107,

109, 110, 147, 149, 150, 187, 188, 209, 214, 298, 299, 323

scientific, in America, in 1852—S. F. Baird. (R. 1852) 57

scientific, in Mexico. (R. 1864) 188

Exploring expedition under Capt. C. "Wilkes, duplicate shells collected by the. 193

Explosibility of coal oils—Z. Allen. (R. 1861) 149

Explosiveness of nitre—R. Hare 17

Exposition of harmonies in the solar system—S. Alexander 280

Exposition

—

See French.

Expression for anthropological inquiry, queries about—C. Darwin. (R. 1867) 215

External appearance of the sun's disk. (R. 1866) 214

Extinct

—

mammalia and chelonia of Nebraska—J. Leidy 58

reptiles—J. Leidy 192

sloth tribe of North America—J. Leidy 72

species of American ox—J. Leidy 41

Eye, bibliography of diseases of the—W. W. Keen 300>
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IF.

Facts respecting Liberia College—A. Ckummell. (R. 1861) 149

Fahrenheit's scale, tables for conversion of centigrade degrees to. (R. 1863) 187

Families

—

of fishes, arrangement of—T. Gill 247

of mammals, arrangement of—T. Gill 230

of mollusks, arrangement of—T. Gill 227

Family, human, systems of consanguinity and affinity of—L. H. Morgan 138, 218

Fanning Islands, natural history of—T. H. Streets 303

Faraday, M., his life and works—A. A. De La Rive. (R. 1867) 215

Farlow, W. G.—
Algae of Arctic America 342

Algae of Kerguelen Island 294

Recent progress in botany, 1879, 1880. (R. 1880) 442, 430

Report on water from Gulf of Mexico. (P. 1881) 467

Farming and gardening, natural history as applied to—J. G. Morris. (R. 1855.) 77

Faroe Isles, vegetable colonization of—C. Martins. (R. 1858) 109

Farquharson, R. J. Study of skull and long bones from mound in Illinois.

(R. 1874) 286

Fauna

—

and flora within living animals—J. Leidy 44

littoral marine, of Provincetown, Mass.—R. Rathbun. (P. 1880) 425

of middle Europe during the stone age—L. Rutimeyer. (R. 18G1) 149

of jSTebraska, ancient—J. Leidy 58

Favre, a. Report on transactions of Geneva Society of Physics and Natural

History, July, 187G, to June, 1877. (R. 1877) 323

Favre, E. Biographical notice of Louis Agassiz. (R. 1878) 341

Feeling, sense of. (R. 1865) 209

Fkilner, J. Explorations in upper California in 1860. (R. 1864) 188

Feldspar, determination of, in thin sections of rocks—G. W. Hawes. (P. 1881) 467

Felton, C. C, eulogy on, by T. D. Woolsey. (R. 1861) 149

Felton, C. C.^

Notice of Washington Irving. (R. 1859) 110

Notice of W. W. Turner. (R. 1859) 110

Report on Prof. Henry and the telegraph. (R. 1857) 107

Fendler, A., botanical explorations by, in New Mexico and California—A.

Gray. (R. 1849)
_'

21

Fendler, A.

—

Meteorology and ethnology of Colonla Tovar, Venezuela. (R. 1857) 107

Meteorology of Colonia Tovar. (R. 1866). 214

Temperature of St. Louis, Missouri. (R. 1860) 147
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Ferns, acknowledgment for—G. Mettenius. (R. 1862) 150

Ferrel, W. Converging series expressing ratio between diameter and cir-

cumference of a circle 233

Ferrel, W. Reply to the criticisms of Dr. J. Hann. (R. 1877) 323, 398

Ferrel, "W., theories of, as to relation between difference of pressure and velocity

of wind-.T. Hann. (R. 1877)
,

323, 398

Fever

—

a study in morbid and normal physiology—H. C. Wood 357

researches on—H. C. Wood. (R. 1878) 341

study of the nature and mechanism of. Toner lecture No. iv—H. C.

. Wood _— 282

JFevers, surgical complications and sequels of. Toner lecture No. v—W. W.
Keen 300

FiALHO, A. Biographical sketch of Dom Pedro II. (R. 1876) 299

Figanierre, M. Account of remarkable accumulation of bats. (R. 1863) 187

Figure of the earth—St. M. Merino. (R. 1863) 187

Figures of equilibrium of a liquid mass withdrawn from the action of gravity

—

See Plateau.

Figures, series of, for labels 164

Filices of Kerguelen Island—A. Gray 294

Finances of the Institution, 1846-1877 329

Finch, Fladgate, and Clarke. Residuary legacy of Smithson. (R. 1861.) 149,328

FiNCK, H. Antiquities in the State of Vera Cruz, Mexico. (R. 1870) 244

Fire at Smithsonian, January, 1865, report of Committee of Regents relative
* to—R. Wallacu ; J. Henry. (R. 1864) 188

Fire, Indian mode of obtaining—G. Crook. (R. 1871) 249

Fire-alarm telegraph, American, lecture on—W. F. Channing. (R. 1854) ..__ 75

Fire ball, meteoric, orbit and phenomena of—J. II. Coffin 221

Fire-proofing buildings, architecture in relation to—D. B. Reid. (R. 1856) — 91

First decade of United States Fish Commission—G. B. Goode. (R. 1880) 442

Fischer, F. Scientific labors of Edward Lartet. (R. 1872) 271

Fish Commission

—

account of work of—S. F. Baird. (R. 1880) 442

catalogue of exhibit of, at Centennial, 1876—G. B. Goode 326

directory of oflBcers and employes of 466

exhibit by, at Berlin Fisheries Exhibition—G. B. Goode 413

experiments on animal heat in fishes, made in connection with—J. H.

Kidder. (P. 1879) 333

first decade of—G. B. Goode. (R. 1880) 442

list of marine invertebrata from New England coast distributed by

—

A. E. Verrill ; R. Rathbun. (P. 1879) 333

mollusca collected by—A. E. Verrill. (P. 1880) 425

notice of Crustacea dredged by, off south coast of New England—S. I.

Smith. (P. 1880) 425
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Fish-
analysis of water destructive to, in Gulf of IMexico—F. M. Endlich.

(P. 1881) 467

candle, of northwest coast—J. G. Swan. (P. 1880) 425

dates of first appearance of—F. B. Hough 182

description yf new species of, {Apogon pandionis)—G. B. Goode ; T. H.
Bean. (P. 1881) . 467

destruction of, by poisonous water in Gulf of Mexico—J. Y. Porter.

(P. 1881) 467

destruction of, b}^ polluted waters in Gulf of Mexico—W. C. "W. Gla-
zier. (P. 1881) 467

directions for collecting and preserving—T. H. Bean 464

fresh, circular on shipping—S. F. Baird 384

from deep-sea fauna of western Atlantic, description of new species of,

(Alywcejjhalus Bairdii)—G. B. Goode ; T. H. Bean. (P. 1879).— 333

mortality of, in Gulf of Mexico—E. Ingkrsoll. (P. 1881) 467

mortality of, in Gulf of Mexico—M. A. Moore. (P. 1881) 467

new, from Alaska, with notes on genus Anarrhlchas—T. H. Bean. (P.

1879) 333

new, (Lopholatilus chamceleonticeps,) from south of New England—G. B.

Goode; T. H. Bean. (P. 1879) 333

new gobioid, [Othonops eos,) from San Diego, Cal.—E. Smith. (P. 1881) 467

new serranoid, [Epinephelus Drutnniond-Hayi,) from Bermudas and

Florida—G. B. Goode; T. H. Bean. (P. 1878) 332

new sparoid, [Sargus Holbrookii,) from Savannah Bank, description of

—

T. H. Bean. (P. 1878) 332

Fish-culture of United States, exhibit of, at Berlin Fisheries Exhibition

—

G. B. Goode 413

Fisher, J. G. Acknowledgment of perennibranchiates. (R. 1863) 187

Fisheries

—

of United States, catalogue of collection to illustrate, at Philadelphia

—

G. B. Goode 326

of United States, exhibit of, at Berlin Fisheries Exhibition—G. B.. Goode. 413

Fisheries Exhibition, Berlin, additions to Musouin from. (R. 1880) 442

Fishes

—

Alaskan, catalogue of—T. H. Bean. (P. 1881) 467

American, in British Museum and Museum d'Histoire Naturelle, Paris,

notes on typical

—

D.S.Jordan. (P. 1879) 333

arrangement of families of—T. Gill 247

bibliography of—T; Gill 247

check-list of duplicates of, distributed by Smithsonian Institution—T. H.

Bean. (P. 1880) 425

collected by H. E. Nichols in British Columbia and Alaska, notes on

—

- T. H. Bean. (P, 1881) .__ 467
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Pishes—Continued.

cottoids, monograph of the—C. Girard 30
description of new species of North American—D. S. Jordan. (P. 1879.) 333

descriptions of and notes on

—

See D. S. Jordan ; C. H. Gilbert.

descriptions of deep-sea species from New England, diagnoses of two un-

described genera of flounders and genus related to Meriucms—G. B.

GooDE. (P. 1880) 425

descriptions of new species of,
(
Uranidea marginata, Potamocottus Bendi-

rei,) and of Myctophum erenulare—T. H. Bean. (P. 1881) 467

directions for collecting and preserving—T. H. Bean. (P. 1881) 4(37

European, in National Museum, list of—T. H. Bean. (P. 1879) 333

experiments upon animal heat of—J. H. Kidder. (P. 1879) 333

from deep waters on south coast of New England, obtained by Fish Com-
mission in 1880—G. B. Goode. (P. 1880) 425

from eastern Georgia, notes«on—T. H, Bean. (P. 1879) : 333

from eastern Mississippi, collection of—O. P. Hay. (P. 1880) 425

from Hudson's Bay, notes on—T. H. Bean. (P. 1881) 407

from Utah Lake, notes on a collection of—D. S. Jordan ; C. H. Gil-

bert. (P. 1880) 425

mortality of, in Gulf of Mexico—J. P. Jefferson. (P. 1878) 332

mortality of, in vicinity of Tortugas—J. P. Jefferson; J. Y. Porter;
T.Moore. (P. 1878) 332

new genus of, (Benihodesmus)—G. B. Goode; T. H. Bean. (P. 1881.) 467

new genus of, (DeZo^ejois)—T. H. Bean. (P. 1881) 467

North American, check-list of duplicates distributed by Smithsonian

—

T. H. Bean. (P. 1880) 425

North American, review of Kafinesque's memoirs on—D, S. Jordan 305

notes on—D. S. Jordan 305, 306, 308

notes on collection of, from Clackamas river, Oregon—D. S. Jordan.
(P. 1878) 332

of Alaska, some genera and species of—T. H. Bean. (P. 1879) 333

of Alaska and Siberia, descriptions of new—T. H. Bean. (P. 1881) 467

of Alleghany region of South Carolina, Georgia, and Tennessee, distribu-

tion of—D. S. Jordan; A. W. Brayton 308

of Arctic America—T. H. Bean 342

of Beaufort Harbor, North Carolina, notes on—D. S. Jordan ; C. H.
Gilbert. (P. 1878) 332

of Bermuda, catalogue of—G. B. Goode 296

of Bermuda mistakenly described as new by Giinther—G. B. Goode.
(P. 1878) 332

of California—T. H. Streets ,303

of California, descriptions of new genera and species of—W. N. Lock-
INGTON. (P. 1879) 333

of east coast of North America, catalogue of—T. Gill 283
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Fishes—Continued.

of Fanning Islands—T. H. Streets 303

of Florida, description of new species of, (Seriola Stearnsii)—G. B. Goode.

(P. 1879) 333

of Florida, preliminary catalogue of, with new genus and three new
species—G. B. Goode. (P. 1879) 333

of Gulf of Mexico, collected by .J. W. Velie, catalogue of and descrip-

tion of seven new species—G. B. Goode; T. H. Bean. (P. 1879)— 333

of Hawaiian Islands—T. H. Streets 303

of Kerguelen Island—T. Gill 294

of Mexico, descriptions of two species of, collected by Duges—T. H.

Bean. (P. 1879) 333

of Mexico, notes on Duges collection of—D. S. .Jordan. (P. 1879) 333

of New York—T. Gill. (R. 1856) 91

of Pacific coast of United States, bibliography of—T. Gill 463

of Pacific «oast and Alaska, bibliography of—T. H. Bean. (P. 1881)__ 467

of Pacific coast, check-list of duplicates of, distributed by Smithsonian

Institution in 1881—D. S. Jordan; P. L. Jouy. (P. 1881) 467

of Pacific coast, notes on—D. S. Jordan; C. H. Gilbert. (P. 1881)-. 467

of Pacific coast of United States, list of—D. S. Jordan ; C. H. Gilbert.

(P. 1880) 425

of Pensacola, Florida, catalogue of Steam's collection and description of

new species—G. B. Goode; T. H. Bean. (P. 1879) 333

of St. John's river—G. B. Goode. (P. 1879) 333

of Samoan Islands—T, H. Streets 303

on coast of New Jersey and Long Island—S. F. Baird. (R. 1854).- 75, 348

pediculate, of eastern coast of extratropical North America, synopsis of

—

T. Gill. (P. 1878) 332

Potamocottus Bendirei, description of—T. H. Bean. '(P. 1881) 467

trunk, Ostraciontidce, a study of, with notes on American species—G. B.

GooDE. (P. 1879) 333

Uranidea marginata, description of—T. H. Bean. (P. 1881) 467

Fishes, food—.See G. B. Goode, T. H. Bean, D. S. Jordan, S. Stearns, F. Stein-

dachner, S. Wilmot.

Fishes, food

—

circular relative to—S. F. Baird..* 234

memoranda of inquiry relative to—S. F. Baird 231

questions relative to—S. F. Baird ' 234

Fishkill, New York, deposit of arrow-heads near—E. M. Shepard. (R. 1877.) 323

Fissirostres, oology of—T. M. Brewer 89

Flacueneoker, G. Indian languages. (R. 1862) 150

Fladgate, Clarke, and Finch. Smithson's residuary legacy. (R. 1861.) 149,328

Flamingo from south Florida, specimens of—G. Wurdeman. (R. 1860) 147

Flight in the animal kingdom, phenomena of—E. J. Marey. (R. 1869) 228
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Flight, modes of, in relation to aeronautics—J. B. Pettigrew. (R. 18G7) _— 215

Flint, E., shells from Costa Eica kitchen-midden collected by—W. H. Dall.
(P. 1878)

".

332

Flint, J. M.

—

Classification and arrangement of the materia medica collection 450

Classification of forms of drugs and medicines ^ 451

Memoranda for collectors of drugs 452

Flint implements

—

in Illinois, agricultural—C. Rau. (Pv. 1868) 224, 440, 370

in Illinois, deposits of—J. F. Snyder. (Pv. 1876) 299

in Ohio, Holmes count}-—H. B. Case. (Pi. 1877) 323

Flood-tide, law of deposit of—C. H. Davis 33

Flora—
and fauna within living animals—J. Leidt 44

of Alaska, sketch of the—J. T. Rothrock. (R. 1867) 215, 367

of Crozet and Kerguelen Islands—J. H. Kidder and others, 294

of North America, index of authorities for species of—S. Watson 258

of St. Croix and the Virgin Islands—H. F. A. Eggers 313

of Washington and vicinity—L. F. Ward 444

Florida

—

antiquities of—J. Bartram. (R. 1874) 286

antiquities of—A. Mitchell. (R. 1874) 286

catalogue of casts of Indian prisoners in—R. H. Pratt. (P. 1878) 332

colored bead from mound in—A. M. Harrison. (R. 1877) 323

Curtiss' collection of fishes from—D. S. Jordan. (P. 1880) 425

evaporation in—W. C. Dennis. (R. 1866) 214

fishes of—G. B. Goodk ; T. H. Bean. (P. 1878) 332

fishes of, preliminary catalogue and new genus and species of—G. B.

GooDE. (P. 1879) 333

forests and trees of—J. G. Cooper. (R. 1860) 147

gold ornament from mound in—C. Rau. (R. 1877) 323, 440, 403

Henshall's collection of fishes from—D. S. Jordan. (P. 1880) 425

Indian mounds in—S. T. Walker. (R. 1879) 345

microscopical observations in—J. W. Bailey 23

new fish, CaulolatUus microps, from—G. B. Goode. (P. 1878) 332

polychrome bead from—S. S. Hali>eman. (R. 1877) 323, 404

shell-heaps at mouth of St. John's river—S. P. Mayberry. (R. 1877). 323

shell-heaps of Tampa Bay—S. T. Walker. (R. 1879) 345

specimens of flamingo from—G. Wurdeman. (R. 1860) 147

winds in—J. Baltzell. (R. 1866) 214

Flounders, diagnoses of two undescribed genera of—G. B. Goode. (P. 1880)- 425

Plourens, M. J.

—

Historical sketch of the Academy of Sciences, Paris. (R. 1862) 150
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Flourexs, M. J.—Continued.

History of the works of Cuvier. (K. 1868) 224

Memoir of Ducrotuy De Blainville. (R. 1865) 20»

Memoir of Leopold von Buch. (11. 18G2) 150

Memoir of Pyramus de Candolle. (K. 1859) 110

Memoir of Cuvier. (R. 1868) 224

Memoir of Magendie. (R. 1866) 214

Memoir of Geoffroy Saint-IIilaire. (R. 1861) 149

Memoir of Louis Jacques Thenard. (R. 1862) .. 150

The Jussieus and the natural method. (R. 1867) 215

Pluctuations of level in North American lakes—C. Whittlesey 119

Fluids, elastic, electricity in—A. A. De La Rive. (R. 1863) 187

Fly-catcher from yandwich Islands, description of a new—R. Ridgway. (P.

1881) 467

-Fog, the wind and—J. Balfour. (R. 1866) 214

FoLSOM, C. Report on Jewett's general stereotype catalogue of public libraries. 47

Food, relation of, to work, and its bearings on medical practice—S. Haughton.

(R. 1870) 244

Food collections, provisional classification of—G. B. Goode 455

Food-fishes, inquiry relative to—S. F. Baird 231

Food-fishes, questions relative to—S. F. Baird 234

Force, thoughts on the nature and origin of—W. B. Taylor. (R. 1870)_- 244, 375

Force, P. Record of auroral phenomena in high northern latitudes 84

Foreign

—

authors. North American conchology—W. G. Binney 174

Commissioners, collections presented to United States by. (R. 1876) — 299

correspondents of Smithsonian Institution, list of 154, 225, 309, 469

correspondents of Smithsonian Institution, number of 290

correspondents of Smithsonian Institution, systematic index of 257

gold and silver coins, table of. (R. 1868) 224

institutions in correspondence with Smithsonian Inst., list of— 64, 225 243

institutions, list of addresses of, since 1862. (R. 1865) 209

institutions making donations to Smithsonian library, list of. (R. 1864) 188

works in library of Smithsonian

—

See Librarj'.

Foreman, E. Meteorological system and correspondence of Smithsonian In-

stitution. (R. 1851) 51

Foreman, E. Report on meteorological system. (R. 1852) 57

Forest trees, distribution of, in Montana, Idaho, and Washington—W. W.
Johnson. (R. 1870) 244

Forests and their climatic influence—A. E. Becquerel. (R. 1869) 228

Forests and trees of Florida and the Mexican boundary—J. G. Cooper. (R.

1860) __ ._ 147
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Forests and trees of North America, distribution of, and catalogue of native

trees of the United States—J. G. Cooper. (R. 1858) 109, 351

Formation

—

of a museum—L. Agassiz. (R. 1849) 21

of clouds over Gulf Stream—H. M. Bannister. (R. 1866) 214

of ice at bottom of water—M. Engelhardt. (R. 1866) 214

of precipitation—J, Hann. (R. 1877) 323, 398

Forms in which drugs and medicines appear—J. M. Flint. (P. 1881) 467, 451

Formulas, chemical, tables of^—F. W. Clarke 2.55

Fort, ancient, and burial ground in Tompkins Co., N. Y.—D. Trowbridge.
(R. 1863) , 187

Fort Brown, Texas, list of birds from—J. C. Merrill. (P. 1878) 332

Fort Ellis, prehistoric remains near—P. W. Norris. (R. 1879) 345

Fort Marion, Florida, list of casts of heads of Indian prisoners in—R. H.

Pratt. (P. 1878) 382

Fort Ripley, Minn., natural history of country about—J. E. Head. (R. 1854.) 75

Fort Wadsworth, Dakota, Indian mounds near—A.J. Comfort. (R. 1871) 249

Forts and dwellings, Indian, in Indian Territorj-—W. E.Doyle. (R. 1876)__ 299

Fossil—

corbiculadaj—T. Prime 145

gasteropod, from Mexico, description of—C. A. White. (P. 1880) 425

mollusks from later tertiaries of California—W. H. Dall. (P. 1878) _. 332

. ox—J. Leidy 41

plants from China, description of—J. S. Newberry' 202

Fossils

—

carboniferous invertebrate, description of new species of—C. A. White.

(P. 1879)
"

_• 333

catalogue of rocks, minerals, ores, and—J. Locke. (R. 1854) 75

cretaceous, from Arkansas and Colorado—C. A. White. (P. 1881) 467

cretaceous invertebrate, from Kansas and Texas, description of now

—

C.A.White. (P. 1879) 333

from Nebraska, report on—J. Leidy. (R. 1851) 51

from Santa Barbara, California—P. P. Carpenter . 252

invertebrate, from Arkansas, Wyoming, Colorado, Utah—C. A. White.
(P. 1880) ! 1 425

invertebrate, of North America, check-list of—T. A. Conrad 200

invertebrate, of North America, check-list of—F. B. Meek 177, 183

invertebrate, of North America, cretaceous and Jurassic—F. B. Meek__ 177

invertebrate, of North America, eocene and oligocene—T. A. Conrad.. 200

invertobrate, of North America, miocene—F. B. Meek 183

postpliocene, in coast range of California—W. H. Dall. (P. 1878) 332

tertiary, distribution of Californian-W. H. Dall. (P. 1878) 332

tertiary, presented by Imperial Geological Institute, Vienna. (R. 1863) 187
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Foster, J. W. Ancient relics in Missouri. (11.1863) 187

Foster, J. W. Catalogue of rocks, minerals, etc. (R. 1854) 75

Fourier, J., eulogy on, by F. Arago. (R. 1871) 249

Fourier, J. Memoir of Delanibre. (R. 1864) 188

Fo-WLER, J. Shell-heaps of New Brunswick. (R. 1870) 244

Fox, (yacht,) meteorological observations in Arctic Seas made on—F. L.

McClintock 146

Fox, (yacht,) record of voyage of, in Arctic regions—F. L. McClintock 146

France, Emperor of, report to, by Minister of Public Instr.uction, on scientific

expedition to Mexico. (R. 1864) 188

France

—

See Paris, Prize questions.

Franklin, Sir John, expedition in search of

—

See Kane.

Free freight between Germany and the United States by North German Lloyd

—

E. SCHLEIDEK. (R. 1858) ^ 109

Free freight between United States and England—E. Cukard. (R. 1859) 110

Free freight between United States and Germany

—

Kunhardt & Co. (R. 1861) 149

Fremont, J. C, description of plants collected by—J. Torrey 46

Fremontianse, plantae—J. Torrey 46

French— i

Exposition of 1867, ethnological department of the. (R. 1867) 215

half-breeds of the northwest—V. Havard. (R. 1879) 345

Institute, history of™M. Flourens. (R. 1862) . 150

Society of Archeology, Archaeological Congress organized by. (R. 1866) 214

vocabulary with comparative words in English, Spanish, and Latin 170

weights and measures

—

See Tables.

Fresh fish and other animals, circular relative to shipping 384

Fresh-water

—

alga3 of North America—H. C. Wood 241

glacial drift of northwestern States—C. Whittlesey 197

in the ocean—W. C. Dennis. (R. 1866) 214

shells

—

See Shells.

Friedlander, J. Plan of a bibliography. (R. 1858) 109

Friel, J. Antiquities of Hancock county, Kentucky. (R. 1877) 323

Friends of the Museum, circular addressed to—S. F. Baird. (P. 1881)-_ 467, 446

Frigate mackerel {Auxis Rochei) on New England coast—G. B. Goode. (P.

1880) 425

Froebel, J. Physical geography of North American Continent. (R. 1854.) 75

Frost, disintegrating effects of, on building stones—C. G. Page 329

Fruits, dates of ripening of—F. B. Hough 182

Fuca, Straits of, Indians of

—

See J. G. Swan.

Fund, Smithson, memorial of Regents to Congress relative to. (R. 1850) 28

Fund, Smithson, statement of, 1846-1877 329

13
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Fundy, Bay of, synopsis of marine inverlebrata of—W. Stimpson 50

Funeral of J. Henry 356

Future of geology—J. Prestwich. (E. 1875) 298

Future of the human race—A. De Candolle. (R. 1875) 298

C3-.

Gadus cimbrius, identity of, with Rhinonemus caudacuia—G. B. GooDE ; T. H.

Bean. (P. 1878) . 332

Gaines, A. S. ; Cunningham, K. M. Shell-heaps on Mobile river, Alabama.

(R. 1877) c 323

Gale, L. D., statement of, on telegraph. (R. 1857) 107

Galeorhinus galeus—D. S. Jordan; C. H. Gilbert. (P. 1880) 426

Gales of wind and appearance of aurora, connection of— K. T. Knight; J.

Henry. (R. 1871) ^ 249

Gallatin, A. Comparative vocabulary 160

Gallatin, A. On publication of Squier and Davis' work. (R. 1847) H, K
Gallery, Art

—

See Corcoran.

Galt, F. L. Indians of Peru. (R. 1877) 323

Galvanism, recent progress in. J. Muller. (R. 1855) 77

Galvanometer, use of, as a measuring instrument—J. C. Poggendorf. (R.

1859) 110

Gangrene, bibliography of—W. W. Kekn 300

Gardening, natural history as applied to farming and—J. G. Morris. (R.

1855)- J
* 77

Gardiner, R. H.—
Barometer, rain, and snow gauges. (R. 1858)" 109

Disappearance of ice. (R. 1860) 147

Opening and closing of Kennebec river," Maine. (R. 1858) 109

Gardner, W. H. Indians of valley of Red river of the North. (R. 1870) _. 244

Garfield, J. A. Biographical notice of S. P. Chase and L. Agassiz. (R.

1873) 275, 329

Garfield, J. A. Memorial address on J. Henry ^ 356.

GaRke, H. Birds of Heligoland. (P. 1879) 333

Garman, S. American /i/a?io6aiiflfcE, synopsis and description of. (P. 1880).. 425

Gas, hydrogen, as metal and—J. E. Reynolds. (R. 1870) 244

Gasteropod, large fossil from Puebla, Mexico— C. A. White. (P. 1880) 425

Gasicrosteus, description of new species of, from Schoodic Lakes, Maine

—

T. H. Bean. (P. 1879) 333
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6AT6CHET, A. S.

—

Klamath lake Indian conjurer's practice. (E. 1879-80) 476

"The relapse" in Klamath lake dialect. (E. 1879-80) 476

Gauge, snow—W. E. Guest. (R. 1858) 109

Gauges, rain and snow—R. H. Gardiker. (R. 1858) 109

Gautier, Prof. Researches relative to nebulse. (R. 1863) 187

General catalogue system for libraries—C. C. Jewett. (R. 1850) 28

Generation, alternate and parthenogenesis in the animal kingdom—G. A. Korn-

HUBER. (R. 1871) 249

Generic names of recent and fossil animals, list of—S. H. Scudder 470

Geneva, Society of Physics and Natural History of, report on transactions of

—

July, 1858, to June, 1859—A. A. De la Rive. (R. 1859) 110

" 1860, " 1861—P. DuBT. (R. 1864) 188
" 1861, " 1862—A. De Candolle. (R. 1864) 188
" 1862, " 1863—Prof. Marcet. (E. 1863) 187

" 1863, " 1864—Dr. Chossat. (K. 1865) 209
" 1864, " 1865—E. Plantamour. (R. 1865) 209
" 1865, " 1866—Dr. GossE. (R. 1866) 214
" 1867, " 1868—E. Wartmann. (R. 1868) 224
" 1868, " 1869—H. C. Lombard. (R. 1869) 228

" 1870, " 1871—H. De Sausstjre. (R. 1871) 249
" 1872, '" 1873—A. A. De La Rive. (R. 1874) 286
" 1873, " 1874—A. De Candolle. (R. 1876) !___ 298
" 1874, " 1875—E. Plantamour. (R. 1877) 323

" 1875, " 1876—J. MiJLLEK. (R. 1877) 323
" 1876, " 1877—A. Favre, (R. 1877) 323

Genitalia of male eels—S. T. Cattie. (P. 1880) 425

GentHjF. A. ; Gibbs, W. Ammonia-cobalt bases 88

Geographical distribution of batrachia and reptilia—E. D. Cope 292

Geographical manuscripts, catalogue of collection of—L. Berlandier. (R.

1854) 75

Geography

—

See Physical Geography.

Geography of North American Continent—J. Froebel. (R. 1854) 75

Geological

—

researches in China, Mongolia, and Japan— R. Pumpelly 202

specimens, catalogue of—D. D. Owen. (R. 1854) 76

survey in Michigan, catalogue of rocks, minerals, and ores collected on

—

C.T.Jackson. (R. 1854) 76

Geological Survey, directory of officers and employes of 466

Geological surveys

—

See annual reports; also Hayden, Powell, Wheeler.

Geology

—

and history, boundary line between—E. Suess. (R. 1872) 271

economic, of Trinidad, report on survey of—G. P. Wall; J. G. Saw-
kins. (R. 1856) 91

of Kerguelei) Island—F. M. Endlich 294



196 ALPHABETICAL INDEX

Geology—Continued.

of lower Louisiana and salt deposit on Petite Anse Island—E. W. Hil-

GARD 248

past and future of—J. Peestwich. (R. 1875) 298

progress in, in 1879, 1880—G. W. Hawes. (R. 1880) 442, 428

surface, illustrations of—E. Hitchcock 90

Georgia

—

aboriginal structures in—C. C. Jones. (R. 1877) 323, 400

ancient mounds in—M. F. Stevenson. (R. 1870) 244

Bartow county, mound in—M. F. Stevenson. (R. 1872) 271

description of fishes of Alleghany region of—D. S. Jordan ;
A. W.

Brayton 308

habits of pouched rat, or salamander of—W. Gesner. (R. 1860) 147

Mcintosh and Early counties, mounds in—W. McKinley. (R. 1872).- 271

microscopical observations in—J. W. Bailey 23

notes on collection of fishes from—T. H. Bean. (P. 1879) 333

occurrence of StricJdandia salteri and Stricklandia Davidsoni in—C. A.

White. (P. 1880) 425

remarkable forms of hail stones in—S. Abich. (R. 1869) 228

shell-heaps in—D. Brown (R. 1871) 249

Spalding county, antiquities of—W. B. F. Bailey. (R. 1877) 323

Gephyraea of northeast coast of America—A. E. Verrill. (P. 1879) 333

Germany and United States, free freight between, by North German Lloyd

—

R. Schleiden. (R. 1858) 109

Germany and United States, free freight between

—

Kunhardt & Co. (R.

1861) 149

Gesner, W. Habits of pouched rat, or salamander of Georgia. (R. 1860)

—

147

Gesner, W. Mica beds in Alabama. (R. 1879) _
345

Gibbons, H. Climate of San Francisco. (R. 1854) 75

Gibbes, R. W. Memoir on Mosasaurus and allied new genera, Holcodus, Cono-

saurus, Arnphorosieus 14

Gibbs, G.—
Archaeology in the United States. (R. 1861) 149

Bibliography of Chinook jargon 161

Comparative vocabulary 170

Dictionary of Chinook jargon, or trade language of Oregon 161

Ethnological instructions 160

Ethnological map of the United States. (R. 1862) 150

Ethnological suggestions 207

Indian languages. (R. 1865) 209

Indian vocabularies. (R. 1862) 150

Instructions for archaeological investigations. (R. 1861) 149

Instructions for ethnology and philology 160
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GiBBS, G.—Continued.

Intermixture of races. (R. 1864) 188

Language of aboriginal Indians of America. (R. 1870) 244

Makah Indians . 220

Philological circular. (R. 1862) 150

Phy.sical atlas of North America. (R. 1866) ^ 214

Suggestions for scientific investigations in Russian America 207

Gibbs, G., memoir of, by J. A. Stevens. (R. 1873) 275

GiBBS, G., and others. Recommendation of Shea's Indian linguistics. (R.

1801) 149

GiBBS, G., and others. Tinneh or Chepewyan Indians of British and Russian

America. (R. 1866) , 214,365

Gibbs, G. J. Stone celts in the West Indies and Africa. (R. 1877) 323

GiBBs, W. ; Genth, F. A. Researches in ammonia-cobalt bases 88

Gideon's Farm, Hennepin county, Minnesota, mounds on—F. H. Nutter.
(R. 1879) 345

Gilbert, C. K.—See D. S. Jordan ; C. H. Gilbert.

Gilbert, Sir D. Notice of Smithson. (R. 1853) 67,330

Gill, T.—
Arrangement of families of fishes 247

Arrangement of families of mammals 230

Arrangement of families of moUusks 227

Bibliography of fishes 247

Bibliography of fishes of Pacific coast of United States 463

Bibliography of mammals 280

Bibliography of mollusks 227

Catalogue of fishes of east coast of North America 283
Fishes of Kerguelen Island 294

Fishes of New York. (R. 1856) 91

Identitj' of the genus Leurynnis Lockington, with Lycodopsis Collett.

(P. 1880) ..„ 425

Note on Anienna7-iidce. (P. 1878) 332

'Note on -Cerat iid(jB. (P. 1878) 332

Note on the Latiloid genera. (P. 1881) 467

Note on Maltheidce. (P. 1878) 382

Recent progress in zoology. (R. 1880) 442,431

Status of ichthyology 247

Synopsis of pediculate fishes of the eastern coast of extratropical North

America. (P. 1878) 332

Synoptical tables of mammals 230

GiLLiss, J. M. Solar eclipse, Peru, September 7, 1858 100

GiLLMAN, H. Characteristics of ancient man in Michigan. (R. 1875) 298, 393

GiLLMAN, H. Mound builders and platycnemism in Michigan. (R. 1873.) 275,393
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GiLMAN, W. S. Lightning discharges. (E. 1867) 215

GiRAKD, C.

—

Bibliography of American natural history for 1851 48

Monograph of Cottoids 30

GiRARD, C. ; Baird, S. F. Catalogue of North American reptiles 49

Girard College observations

—

See A. D. Bache.

Given, W. r. Remarkable electric phenomenon. (R. 1865) 209

Glacial drift (fresh water) of the northwestern States—C. Whittlesey 197

Glaciers, traces of, in Massachusetts and Vermont—E. Hitchcock 90

Glaisher, J. Account of balloon ascensions. (R. 1863) 187

Glazier, W. C. W. On destruction of fish in Gulf of Mexico. (P. 1881)-__ 467

Gliddon mummy case—C. Pickering 208

Globe, winds of the—J. H. Coffin 268

Glyptocephalus cynoglossus on coast of North America—G. B. Goode ; T. H.

Bean. (P. 1878) 332

Goat, Rocky Mountain, habits of—J. C. Merrill. (P. 1879) 333

Gobiesox rhessodon, from San Diego, California, description of—R. Smith.

(P. 1881) 467

Gobioid fish, description of a new, from San Diego, California—R. Smith. (P.

1881) L 467

Gold and silver coins, assay of, at United States Mint—J. Pollock. (R. 1868.) 224

Gold and silver coins, foreign, table of. (R. 1868) 224

Gold ornament from a mound in Florida, observations on—C. Rau. (R. 1877.)

323, 440, 403
GooDE, G. B.

—

Catalogue of collection to illustrate animal resources and fisheries of the

United States, exhibited at Philadelphia, 1876 326

Catalogue of fishes of the Bermudas 296

Catalogue of United States Fish Commission's exhibit at Berlin, 1880 __ 413

Classification of collection of animal resources ._ 297

Clupea tyrannus of Latrobe. (P. 1878) 332

Description of new species of amber fish, (Seriola Stearnsii^) obtained

from Florida by S. Stearns. (P. 1879) 333

Descriptions of new species of fishes from deep soundings on southern

New England coast, with diagnoses of two undescribed genera of

flounders and genus related to ilfeH/icJMS. (P. 1880) 425

First decade of the United States Fish Commission. (R. 1880) 442

Fishes from Bermuda mistakenly described as now by Giiiither. (P. 1878) 332

Fishes from deep waters on south coast of New England obtained by Fish

Commission in 1880. (P. 1880) 425

Frigate mackerel, {Auxis Rochei,) on New Etigland coast. (P. 1880)-__ 425

List of substances derived from animal kingdom 297

Methods of capture and utilization of animals 297



OF SMITHSONIAN PUBLICATIONS. 199

GooDE, G. B.—Continued.

Notacanthus phasganorus, new species of Notacanthidce from Grand Banks
of Newfoundland. (P. 1880) 425

Occurrence of Belone laUmanus in Buzzard's Bay, Mass. (P. 1878) 332

Occurrence of Canada porcupine in West Virginia. (P. 1878) 3.32

Occurrence of ^i^/iocam^Msawitg'MorMm on St. George's Banks. (P. 1878) 332

Organization and objects of theU. S. National Museum. (P. 1881.) 467, 459

Plan of organization and regulations of the U. S. National Museum.
(P. 1881) : 467, 445

Plans for installation of collections in the U. S. National Museum.. 472

Preliminary catalogue of fishes of St. John's river and east coast of

Florida, with descriptions of new genus and three new species. (P.

1879) 333

Provisional classification of the food collection. (P. 1881) 467, 455

Revision of American species of genus Brevoortia, with description of

new species from Gulf of Mexico. (P. 1878) 332

Scheme of classification of collections in the U. S. National Museum.
(P. 1881) 467, 457

Study of trunk fishes, (Osiraciontidce,) with notes on American species.

(P. 1879) 333

Synopsis of useful and injurious animals 297

Taxonomic relations and geographical distribution of swordfish family,

[Xiphiidce.) (P. 1881) 467

Voices of crustaceans. (P. 1878) 332

GoODE, G. B. ; Bean, T. H.—
Catalogue of Stearns's fishes of Florida and descriptions of new species.

(P. 1879) 333

Catalogue of Velie's fishes in Gulf of Mexico and description of new
species. (P. 1879) 383

Craig flounder of Europe [Olyptocephalus cynoglossus) on coast of North
America. (P. 1878) 332

Description of Altpocephahis Bairdii, new deep-sea fish, western Atlantic,

(P. 1879) 333

Description of Argentina si/>'tensium, new deep-sea fish, Sable Island

bank. (P. 1878) 332

Description of Caulolatilus mierops from Gulf coast of Florida. (P.

1878) 332

Description of gadoid fishes, Phycis Chesteri and Haloporphyrus viola,

from northwestern Atlantic. (P. 1878) 832

D(i?,cr\\)i\ox\ of Lycodes paxillus. (P. 1879) 333

Description of new genus and species of fish, Lopholatilus chamceleonticeps,

from New England. (P. 1870) 333

Description of new species of fish, Apogon pandionis, from mouth of

Chesapeake Bay. (P. 1881) 467
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GooDE, G. B. ; Bean, T. H.—Continued.

Description of new species of fish {Lutjaniis Blackfordii and Luijanus

Stearnsii) from coast of Florida. (P. 1878) 332

Identity of Bi'osmlus brosme. Americanus, Gill, with Brostnius brosme

(Muller) White. (P. 1878) 332

Identity of Rhinonemus caudacuta with Gadus cimbrius. (P. 1878) 332

New genus of fishes, Benihodesmus. (P. 1881) 467

New serranoid fish, Epinephelus Drummond-Hayi, from Bermudas and
Florida. (P. 1878) 332

New species of Liparus [L. ranula) from Halifax. (P. 1879) 333

Note on Platessa fei'ruginea and PLatessa rostrata. (P. 1878) 332

Note upon black grouper [Epinephelus nigritus) of the Southern coast.

(P. 1878) 332

Occurrence of Lycodes Vahlii on La Have and Grand Banks. (P. 1879) 333

Oceanic bonito on coast of United States. (P. 1878) 332

Gopher of Illinois, habits of the—J. B. Parvin. (K. 1854) 75

GossE, Dr. Report on transactions of the Society of Physics and Natural

History of Geneva, 1865-1866. (R. 1866) 214

Gould, B. A.

—

Account of astronomical observatory at Cordoba, Argentine Republic.

(R. 1873) 275

Discussion of Piazzi's,astronomical observations. (R. 1868) 187

List of scientific papers of A. D. Bache. (R. 1870) 244, 329, 379

Report on history of discovery of Neptune 18

Transatlantic longitude 223

Gould, J. Acknowledgment of birds. (R. 1967) 215

Government Museum

—

See Museum.

Government of Bremen, exchange system. (R. 1865) 209

Graham, T., scientific work of—W. Odling. (R. 1871) __. 249

Grammar and dictionary of the Carib or Karif language—C. H. Berendt.
(R. 1873) 275

Grammar and dictionary of the Dakota language—S. R. Riggs 40

Grammar and dictionary of the Yoruba language—T. J. Bowen 98

Grammar of Yoruba language—W. W. Turner 98

Grand Bank, new species of Notacanthidcz from—G. B. Goode. (P. 1880) 425

Grand Bank, occurrence oi Lycodes Vahlii on—G. B. Goode; T. H. Bean.
(P. 1879) 333

Grand Manan, marine invertebrata of—W. STiMrsox 50

Grant, E. M. Account of discovery of stone image in Tennessee. ^R. 1870.) 244

Grasshopper, means of destroying—V. Motscuulsky. (R. 1858) 109

Grasshopper, wingless, of California—E. P. Voli.um. (R. I860) 147

Grasshoppers and locusts of America—A. S. Tayluk. (R. 1858) 109

Grasshoppers, North American, circular in reference to history of— P. R.

Uhler . 163
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Graves, ancient, and shell-heaps of California—P. Schumacher. (R. 1874) __ 286

Gravitation, figures of equilibrium of liquid ma&s withdrawn from action of

—

See Plateau.

Gravitation, kinetic theories of—W. B. Taylor. (R. 1876) 299, 395

Gray, A.

—

Address at memorial of J. Henry. (R. 1878) 341, 356

Biographical memoir of J. Henry. (R. 1878) 341, 407

Biographical notice of W. H. Harvey. (R. 1867) 215

Memoir of John Torrey. (R. 1873) 275

Plants Wrightianse Texano-Neo-Mexicanse. Part i 22

Plantos Wrightianse Texano-Neo-Mexicans. Part ii 42

Plants of Arctic America 342

Plants of Kerguelen Island 294

Report on Lindheimer's, Fendler's, and Wright's botanical explorations

in New Mexico and California. (R. 1849)— 21

Gray, A., and others. Report on organization of Smithsonian Institution.

(R. 1853) 67

Gray, A. ; Copper, H. Report of Committee of Regents on Smithsonian

Museum. (R. 1874) 286

Gray, A. ; Sargent, A. A. ;
Clymer, H. Report of Committee on Museum.

(R. 1876) 299

Gray, J. E, ; De Oandolle, A. Dominant language for science. (R. 1874.) 286

Gray substance of medulla oblongata, and trapezium—J. Dean 173

Great Britain, history of the Royal Institution of^E. Mailly. (R. 1867) .-. 215

Greece, Museum of National University of, exchange of specimens. (R. 1867.) 215

Greece, ornamental album from—Miss E. B. Contaxaki. (R. 1857) 107

Green, J. Account of a new barometer. (R. 1855) 77, 148

Green, J.; Wurbemann, W. On filling barometer tubes. (R. 1859) 110

Green's standard barometer 148

Greenland

—

account of cryolite of

—

Lewis; Quale. (R. 1866) 214

observations in

—

See Kane.

report of explorations in—L. Kumlien. (R. 1878) 341

Green river country, meteorology of—Col. Collins. (R. 1871) 249

Green river valley, rock engravings on—J. G. Brufp. (R. 1872) 271

Grenada, catalogue of Ober's collection of birds of—G. N. Lawrence. (P.

1878) ,
332

Grinneil expedition to Arctic seas

—

See Kane.

Grossmann, F. E. Pima Indians of Arizona. (R. 1871) 249

Guadeloupe, catalogue of Ober's collection of birds of—G. N. Lawrence. (P.

1878) 332

Guanajuato, notes on Duges' fishes from—D. S. Jordan. (P. 1879) 333

Guatemala

—

antiquities in—G. Williamson. (R. 1876) 299
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Guatemala—Continued.

collection of historical documents in—C. H. Berendt. (R. 1876) 299

earthquakes in—A. Canudas. (R. 1858) 109

new humming bird {Atthis Elliott) from—R. Ridgway. (P. 1878) 332

sculptures of Santa Lucia Cosumalwhuapa in—S. Habel 269

Guatemalan minister, A. T. De Irisarri, letter from, recommending Dr. Berendt.

(R. 1865) :. - 209

Guest, W. E. Ancient Indian remains near Prescott, Canada West. (R.

1856) 91

Guest, W. E. Snow gauge. (R. 1858) 109

Guide to the flora of Washington and vicinity—L. F. Ward 444

Guild, R. A. Biographical notice of Chas. C. Jewett. (R. 1867) 215

Gulf of California, lecture on shells of— P. P. Carpenter. (R. 1859) 110

Gulf of California, list of fishes of—D. S. Jordan ; C.H.Gilbert. (P. 1881) 467

Gulf of Mexico-
analysis of water destructive to fish in—F. M. Endlich. (P. 1881) 467

destruction of fish in—W. C. W. Glazier. (P. 1881) 467

destruction of fish in—J. Y. Porter. (P. 1881) 467

fish mortality in—E. Ingersoll. (P. 1881) 467

fish mortality in—M. A. Moore. (P. 1881) 467

notes on mortality among fishes in—S. H. Johnson. (P. 1881) 467

report on water from—W. G. Farlow. (P. 1881) 467

Gulf of Mexico

—

See Mexico.

Gulf-stream, formation of clouds over—H. M. Bannister. (R. 1866) 214

Gun-cotton and gunpowder—Lieut, von Karolyi ; B. F. Craig. (R. 1864.) 188

GuNN, D. Egging expedition to Shoal Lake, Lake Winnipeg. (R. 1867) 216

GuNN, D. Indian remains in Red River Settlement, Hudson's Bay Territory.

(R. 1867) 216

Guthrie, J., authority given by, to collectors of customs, etc., to receive and

transmit specimens to Smithsonian 34

Gutta-percha and caoutchouc. (R. 1864) 188

Guyot, a.—
Directions for meteorological observations. (R. 1855) 77, 19, 148

Meteorological tables 31

Meteorological and physical tables 153

Metric system for scientific observations. (R. 1848) I

Mountain measurements. (R. 1862) 150

GuTOT, A. ; Henry, J. Directions for meteorological observations. (R. 1855.)

77, 19, 148

Gyroscope, problems of rotary motion presented by—J. G. Barnard 240
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HI.

Haarlem, Holland, Society of Sciences of

—

See Harlem.

Haas, H. Account of lightning discharges. (R. 1867) 216

Habel, S. Sculptures of Santa Lucia Cosumalwhuapa in Guatemala 269

Habits of

—

beaver—F. R. Brunot. (R. 1873) 276

black bass of the Ohio—J. Eoff. (R. 1854) 76

gopher of Illinois—J. B. Parvin. (R. 1854) 75

pouched rat or salamander of Georgia—W. Gesner. (R. 1860) 147

Rocky Mountain goat—J. C. Merrill. (P. 1879) 333

species of salamander—C. Mann. (R. 1854) 75

Hsematoma, bibliography of—W. Keen 300

Hagen, G. Memoir of Encke. (R. 1868) 224

Hagen, H.—
Neuroptera. (R. 1861) 149

Pseudo-neuroptera of Kerguelen Island 294

Synopsis of North American neuroptera 134

Haidah Indians of Queen Charlotte Islands—J. G. Swan 267

Haidinger, W. Honorary medal to von Martius. (R. 1863) 187

Hail, on the electricity of induction in—F. Zantedeschi. (R. 1870) 244

Hail-stones in Georgia, remarkable forms of—S. ABicn. (R. 1869) 228

Hail-storm in Texas—G. M. Bache. (R. 1870) 244

Hail-storm on Bosphorus—Com. Porter. (R. 1870) 244

Hailk, J. ;
McHenry, J. W. Antiquities of Jackson Co.,Tenn. (R. 1874.) 286

Hainault, Belgium, Society of Science, Art, and Literature. Prize questions.

(R. 1873) 275

Hake, description of a new—T. H. Bean. (P. 1880) 426

Haldeman, S. S. Coleoptera of the United States 62

Haldeman, S. S. On a polychrome bead from Florida. (R. 1877) 323, 404

Hale, C. Exploration of the Nile. (R. 1865). 209

Hale, E. E. Report on Jewett's general stereotype catalogue of public libraries. 47

Hale, H. Vocabulary of Chinook jargon 161

Half-breeds of the northwest—V. Harvard. (R. 1879) 345

Haliclystus auricula, anatomy and physiolog}' of—H. J. Clark 242

Halifax, description of fish obtained at

—

See G. B. Goode ; T. H, Bean.

Hall in Smithsonian building, report on use of—L. Agassiz. (R. 1867) 215

Hall, C. F., .scientific instructions to—J. Henry; J. E. Hilgard; S. New-

comb; S. F. Baird; F. B. Meek; L. Agassiz. (R. 1871) 249

Hall, J, statement of, on telegraph. (R. 1857) 107, 115

Halliwell manuscripts, report on— C. C. Jewett. (R. 1852) 57
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Haloporphyrus viola from deep-sea fauna of northwestern Atlantic—G. B.

Goode; T. H. Bean. (P. 1878) 332

Hamburg Zoological Gardens, exchange of specimens. (R. 1867) 215

Hamilton College, Clinton, N. Y., exchange of specimens. (R. 1861) 149

Hamilton College, Clinton, N. Y., examination of Spencer's telescope. (R.

1855) : 77

Hamilton, J. Bequest deposited in United States Treasury. (R. 1873)-- 275, 829

Hamilton, J. Bequest of $1,000 to Smithsonian Institution. (R. 1872)_- 271, 329

Hamlin, H. Address on death of Joseph Henry 356

Hamlin, H. Biographical notice of S. P. Chase. (R. 1873) 275

Hampton, Virginia, Normal and Agricultural Institute, casts of heads of Indian

boys and girls at—R. H. Pratt. (P. 1879) 333

Hann, J., reply to criticisms of, by W. Ferrel. (R. 1877) 323, 398

Hann, J.

—

Atmospheric pressure and rain-fall. (R. 1877) 323,398

Diminution of aqueous vapor with increasing altitude. (R. 1877) __ 323, 398

Influence of rain upon the barometer. (R. 1877) 323, 398

Lawsofvariationof temperature in ascending currents of air. (R. 1877) 323, 398

Relation between pressure of air and velocity of wind. (R. 1877) _. 323, 398

Harbors, dates of opening and closing of—F. B. Hough 182

Harbors, tides and tidal action in—J. E. Hilgard. (R. 1874) 286, 390

Hardisty, W. L. The Loucheux Indians. (R. 1866) 214, 365

Hare, R.—
Explosiveness of nitre 17

Letter relative to gift of apparatus. (R. 1848) I

Method of forming small weights. (R. 1858) 109

On John "Wise's observation of a thunder storm. (R. 1854) 75

Harger, O. Notes on New England Isopoda. (P. 1879) 333

Harkness, W. Observations on terrestrial magnetism and deviation of com-

passes on iron-clads 239

Harlem, Holland, Society of Science. Pri;^e questions. (R. 1861, 1864, 1868,

1873) 149, 188, 224, 275

Harmonies of the solar system—S. Alexander 280

Harriott, J. Account of the city of Washington, 1808 330

Harris, E. List of birds and mammalia of Missouri river. (R. 1850) 28

Harrison, A. M. Colored bead from mound in Florida. (R. 1877)1 323

Harrison, "W. Account of storm in Butler county, Kansas. (R. 1871) 249

Hart, J. N. De. Mounds and osteology of the mound builders of Wisconsin.

(R. 1877) 1 323

Harvey, W. H., biographical notice of, by A. Gray. (R. 1867) 216

Harvey, W. H.—
Lecture on marine algije. (R. 1855) 77

List of arctic algfe 95
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Harvey, W. H.—Continued

Marine algae. Parti. Melanosjiermece 32

Marine algae. Part ii. Rhodospermece 43

Marine algae. Part iii. Chlorosperviece L 95

Marine algae. Parts I, ii, in. Complete 96

Harwood, a. a. Account of sarcophagus from Syria. (R. 1870) 244

Hassler expedition, narrative of the—L. Aqassiz. (R. 1872) 271

Hastings, C. S. ; HoLDEN,E. S. Synopsis of Herschel's writings. (R. 1880.) 442,426

Hatch, P. W. Meteorological observations at Sacramento, Cal. (R. 1854) _. 75

Haughton, S. Relation of food to work, and its bearing on medical practice.

(R. 1870) 244

HaiiY, Rene Just, memoir of, by G. Cuvier. (R. 1860) 147

Havard, V. French half-breeds of the northwest. (R.*1879) 345

Haven, S. F. Archaeology of the United States 71

Haven, S. F. Report on Jewett's general stereotype catalogue of public

libraries 47

Hawaiian Islands, fishes of—T. H. Streets 303

Hawaiian Islands, natural history of—T. H. Streets 303

Hawes, G. W.—
Determination of feldspar in thin sections of rocks. (P. 1881) 467

On mineralogical composition of normal mesozoic diabase upon Atlantic

border. (P. 1881) 467

Progress in geology and mineralogy, 1879-80. (R. 1880) 442, 428

Hawkes, F. L., and others. On publication of Spanish works on New Mexico.

(R. 1855) 77

Hawkins and Wale, blow-pipe apparatus of. (R. 1872) 271

Hay, O. p. On a collection of fishes from eastern Mississippi. (P. 1880) 425

Hayden, F. Y. Notes on Indian history. (R. 1867) 215

Hayden, F. V. ; Meek, F. B. Palaeontology of the upper Missouri 172

Hayes, I. I.

—

Astronomical observations in Arctic Seas 196

Atmospheric pressure, wind, temperature, tides, in Arctic Seas 196

Lecture on Arctic explorations. (R. 1861) 149

Magnetic observations in Arctic Seas 196

Physicalobservations in the Arctic Seas 196

Haystack mound, Lincoln county, Dakota—A. Barrandt. (R. 1872) . 271

Head, J. E. Natural history of country about Fort Ripley, Minn. (R. 1854) 75

Health, architecture in relation to—D. B. Reid. (R. 1856) 91

Hearing, sense of. (R. 1866) 214

Heart, strain and over-action of the. Toner lecture No. in—J. M. Da Costa. 279

Heat

—

and light of the sun, relative intensity of—L. W. Mekch. (R. 1856.) 91, 83

animal, of fishes, experiments upon—J. H. Kidder. (P. 1879) 333
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Heat—Continued.

dry, comparative action of sulphurous acid and, upon putrefactive bac-

teria. (P. 188i) 467

principles of the mechanical theory of—J. Muller. (R. 1868) 224

radiant, report on state of knowledge of— B. Powell. (R. 1859) 110

recent progress in relation to the theory of—A. Cazin. (R. 1868) 224

specific, table of—F. W. Clakke 276

tables of expansion by—F. W. Clarke 289

Heavenly bodies, results of spectrum analysis applied to—W. Huggins. (R.

1866) 214

Heights, circular relative to—J. Henry 236

Heights of mountains in Colorado—G. Engelmann. (R. 1862) 150

Heights, quantity of rain ait different—O. W. Morris; J. Henry. (R. 1855.) 77

Heilprin, a. New species of eocene moUusca from southern United States.

(P. 1880) 425

Heinemann, v. Lepidoptera 133

Helicinidte—W. G. Binney 144

Heligoland, birds of—H. Garke. (P. 1879) 383

Hellwald, F. VON. American migration. (R. 1866) . 214

Helmholtz, H. Relation of physical sciences to science in general. (R. 1871.) 249

Helmholtz, H.; Maxwell, J. C. Later views of connection of electricity

and magnetism. (R. 1873) 275

Hemiptera, instructions for collecting—P. R. Uhler. (R. 1858) 109

Hemirhamphus rosse from coast of California, description of—D. S. Jordan;

C. H. Gilbert, (P. 1880) 425

Henry and the telegraph—W. B. Taylor. (R. 1878) 341, 405

Henry as a discoverer—A. M. Mayer 356, 417

Henry, J.

—

biographical memoir of, by A. Gray. (R. 1878) 341, 407

deposition of, in the case of Morse vs. O'Rielly, taken September, 1879-. 115

examination of, by English Scientific Commission 329

life and character of, by J. C. Welling 356,338

memoir of, and sketch of his scientific work, by W. B. Taylor 356, 339

memorial of, by United States Congress 356

monument to, act of Congress for 356

report of Special Committee of Board of Regents on communication of

—

C. C. Felton. (R. 1857) 107, 115

statue of, proceedings of Congress relative to 356

statue of, report of Executive Committee on. (R. 1880) 442

Henry, J., papers by :

Account of Priestley's lens. (R. 1869)— 110

Acoustics applied to public buildings. (R. 1856) 91

Address on the Smithsonian Institution. (R. 1853) E, 67
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Hbnry, J., papers by:—Continued.

Annual reports, 1865-1877 (reprints) 343

Annual reports, 1847-1877

—

See each annual report.

Appendix to notice of Schoenbein, the discoverer of ozone. (R. 1868) 224

Aurora directions. (R. 1855) 77

Circular of instructions to observatories relative to telegraphic announce-

ment of astronomical discoveries 263

Circular relating to collections in archiBology and ethnology 205

Circular relative to ancient mining in Lake Superior copper region. (R.

1861) 149

Circular relative to collections of birds from Middle and South America. 168

Circular relative to earthquakes , 148

Circular relative to heights 236

Circular respecting copyrights. (R. 1854) 75

Circular respecting new report on libraries. (R. 1854) 75

Circular sent with specimens presented. (R. 1872) 271

Circular to entomologists 178

Circular to officers of Hudson's Bay Company 137

Color-blindness. (R. 1877) 32-3

Communication relative to a publication by Prof. Morse. (R. 1857.)

107, 329, 115

Currents of atmosphere and aerial navigation. (R. 1860) 147

Description of Smithsonian anemometer. (R. 1860) .' 147

Digest of act of organization of Smithsonian Institution C, 328

Directions for constructing lightning-rods 237

Earthquake directions. (R. 1855) 77

Effect of the moon on the weather. (R. 1871) 249

Eulogy on A. D. Bache. (R. 1870) 244, 379

Exposition of bequest of Smithson E
History of electro-magnetic telegraph. (R. 1857) 107,115

Instructions for observations of thunder storms 235

Investigation of illuminating materials. (R. 1880) 442, 389

Letter to Secretary of Treasury on payment of interest in coin. (R. 1865) 209

Memoir of W. W. Seaton. (R. 186G) 214

Meteorological stations, cost of establishing. (R. 1858) 109

Mode of testing building materials and account of the marble used in the

extension of the United States Capitol. (R. 1856) 91

Notes relative to George Catlin. (R. 1872) 271

Notes to accounts of lightning discharges by G. W. Dodge and others.

(R. 1867) 215

Notes to article on American migration by F. von Hellwald. (R. 1866.) 214

Notes to article on horary variations of barometer by M. Vaillant. (R.

1866) 214
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Henry, J., papers bj' :—Continued.

Notes to article on vitality by H. H. Higgins. (R. 1866) 214

Notes to articles on meteorology by G. Latimer and others. (R. 1871.) 249

Notice of Parker Cleaveland. (R. 1859) 110

On a physical observatory. (R. 1870) 244

On the "Moon hoax." (R. 1873) 275

Organization of local scientific societies. (R. 1875) 298

Programme of organization of Smithsonian P, 328

Queries relative to tornadoes 190

Registration of periodical phenomena. (R. 1855) 77

Remarks appended to meteorological articles by W. C. Dennis and cfthers.

(R. 18G6) 214

Reply to memorial on Lowe's aeronautic voyage. (R. 1860) 147

Report of Secretary, 1847-1877. (R. 1847-1877.) H, I, 21, 28, 51, 57, 67, 75,

77, 91, 107, 109, 110, 147, 149, 150, 187, 188, 209, 214, 215, 224, 228, 244,

249, 271, 275, 286, 298, 299, 323

Researches in sound. (R. 1878) 341,406

Statement in relation to the history of the electro-magnetic telegraph 115

Suggestions relative to objects of scientific investigation in Russian

America 207

Syllabus of course of lectures on physics. (R. 1856) 91

Henry, J., and others. Scientific instructions to Captain Hall. (R. 1871) '249

Henry, J. ; Du Pre, "W. Earthquakes in North Carolina, 1874. (R 1874).. 286

Henry, J.; Guyot, A. Directions for meteorological observations. (R. 1855.

)

77, 19, 148

Henry, J.; Knight, R. T. Connection of gales of wind and aurora. (R.

1871) 249

Henry, J. ;
Morris, O. W. Quantity of rain at diiferent heights. (R. 1855.) 77

Henry, J. ; Russell, R. Lectures and notes on meteorology. (R. 1854) 75

Henry, J. ;
Wallach, R. Report of Committee of Regents on fire at the

Smithsonian. (R. 1864) 188,329

Henshall, J. A., notes on collection of fishes obtained by, from east Florida

—

D. S. Jordan. (P. 1880) .' 425

Herbarium captured in Tennessee—H. R. Wirtz. (R. 1862) 150

Herpetolog}^ of Hawaiian and Fanning Islands—T. H. Streets 303

Herschel, Sir J. F. ^Y., memoir of, by N. S. Dodge. (R. 1871) 249

Herschel, Sir J. F. W. On atoms. (R. 1862) 150

Herschel, Sir W., eulogy on, by F. Arago. (R. 1870) 244

Herschel, Sir W., synopsis of scientific writings of, by E. S. Holden ; C. S.

Hastings. (R. 1880) 442, 426

Hexanchus corinus, new species of notidanoid shark, description of—D. S. Jor-

dan; C.H.Gilbert. (P. 1880) 425

Higgins, H. H. On vitality, with notes by J. Henry. (R. 1866) 214
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High antiquity in Europe, study of—A. Morlot. (R. 1862; E. 1864) 150, 188

HiLDRETH, S. p. Meteorological observations. Marietta, Ohio 120

HiLGARD, E. W. Geology of lower Louisiana and salt deposit on Petite Anse

Island 248

HiLGARD, J. E. Description of magnetic observatory at the Smithsonian Insti-

tution. (R. 1859) 110

HiLGARD, J. E. Tides and tidal action in harbors. (R. 1874) 286. 390

HiLGARD, J. E., and others. Scientific instructions to Capt. Hall. (11. 1871.) 249

Hill, A. J. Map of antiquities of United States. (R. 1861) 149

Hill, G. "W. Ancient earthworks of Ashland county, Ohio. (R. 1877) 323

Hill, G. W. Antiquities of northern Ohio. (R. 1874) 286

Hill, T. Map of solar eclipse of March 15, 1858, and description of theoccul-

tator 101

HiLLiER, S. L. EflTect of lightning. (R. 1866) 214

HiNCKS, W. On Smithsonian exchanges. (R. 1860) 147

Hints on public architecture—R. D. Owen P
Hippocampus antiquorum, occurrence of, on St. George's Bank—G. B. Goode.

(P. 1878) 332

Hippoglossoides elassodon, new species of flounder, from Puget Sound, descrip-

tion of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Hippoglossoides exilis, new flounder, from coast of California, description of

—

D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Hippoglossus vulgaris, occurrence of, at Unalaska and St. Michael's, Alaska

—

T. H. Bean. (P. 1879) 333

Historical documents in Guatemala—C. H. Berendt. (R. 1876) 299

Historical manuscripts, catalogue of collection of—L. Berlandier. (R. 1854) 75

Historical sketch of Academy of Sciences of Paris—M. Floitrens. (R. 1862.) 150

Historical sketch of Henry's contribution to electro-magnetic telegraph—W. B.

Taylor. (R. 1878) 341,405

Historical sketches of vestiges of antiquity in United States—S. F. Haven — 71

Historical Society of Minnesota, grammar and dictionary of Dakota language. 40

Historical study of jade—S. Blondel. (R. 1876) 299

History

—

ancient, of North America—M. Mucn. (R. 1871) 249

and antiquities of Santa Rosa Island, California—S. Bowers. (R. 1877.) 323

and archaeology, Mexican—B. Mayer 86

and climate of New Mexico—T. A. McParlin. (R. 1877) 323, 396

and geology, boundary line between—E. Suess. (R. 1872) 271

and origin of Royal Society of London

—

C.A.Alexander. (R. 1863.) 187

Indian, notes on—F. V. Hayden. (R. 1867) 215

of Chester county, Pennsylvania

—

W.Darlington. (R. 1862) 150

of discovery of planet Neptune—B. A. Gould 18

of discovery relative to magnetism. (R. 1863) 187

14
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of education in the United States—F. A. Packard. (R. 1863) _-. 187

of electro-magnetic telegraph

—

J.Henry. (R. 1857) ^ 107

of fresh-water algse of North America—H. C. Wood 241

of marine alga>—W. H. Harvey 32, 48, 95, 96

of my youth, an autobiography—F. Arago. (R. 1870) 244

of North American grasshoppers, circular in reference to 163

of petroleum or rock-oil—T. S. Hunt. (R. 1861) : 149

of Royal Institution of Great Britain—E. Mailly. (R. 1867) 215

of Smithsonian Institution—W. J. Rhkes 328

of transactions of Anthropological Society of Paris, 1865-1867— P.

Broca. (R. 1868) 224

of works of Cuvier—M. Flourens. (R. 1868) 224

Hitchcock, E.—
Illustrations of .surface geology 90

On erosions of earth's surface 90

On geology of New England 90

Traces of glaciers in Massachusetts and Vermont 90

Hoax, the Moon—J. Henry. (R. 1873) 275

Hodge, C. Prayer at funeral of Joseph Henry 356

HoDGiNs, J. G. Meteorological stations of Upper Canada. (R. 1858) 109

HoDGiNS, J. G. Meteorological system of Canada. (R. 1865) 209

Hodgkinson, Eaton, memoir of, by R. Rawson. (R. 1868) 224

Hodgson, W. B., and others. On publication of Spanish works on New Mex-

ico. (R. 1855) 77

HoEK, M. Letter in reference to meteoric shower of November 13, 1867 217

Holcodus, memoir on—R. W. Gibbes 14

HOLDEN, E. S.

—

Index catalogue of books relating to nebula?, clusters, etc 311

Recent progress in astronomy 1879-1880. (K. 1880) 442, 427

Reports of American and foreign observatories. (R. 1879) 345

Studies in Central American picture-writing. (E. 1879-'80) 476

HoLDEN, E. S. ; BoEHMEK, G. H. Report of observatories for 1880. (R. 1880) 442, 438

HoLDEN, E. S. ;
Hastings, C. S. Synopsis of scientific writings of Sir Wil-

liam Herschel. (R. 1880) 442, 426

Holland Society of Science, Harlem. Prize questions. (R. 186 1, 1864, 1868,

1873).__^ 149, 188, 224, 275

Holmgren, F. Color-blindness in relation to accidents by rail and sea. (R.

1877) 323, 399

Horary variations of barometer—M. VaillANT. (R. 1866) 214

Hornaday, W. T. Classification of collections to illustrate taxidermy. (P.

1881) 467, 456

HoTCHKiss, T. P. Indian remains in Caddo parish, Louisiana. (R. 1872) .__ 271
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Hough, F. B.—
Dates of blossoming of plants 182

Dates of defoliation or fall of leaf of plants 182

Dates of first appearance of birds 182

Dates of first appearance of fish 182

Dates of first appearance of insects 182

Dates of first appearance of reptiles 182

Dates of foliation of plants 182

Dates of opening and closing of lakes - 182

Dates of opening and closing of rivers 182

Dates of ripening of fruits 182

Periodical phenomena, 1851 to 1859 182

Hough, J. Mounds in Washington county, Mississippi. (E. 1879) 345

Hours, best, to find mean temperature—C. Deavey. (R. 1857) 107

Howgate Polar Expedition, natural history of Arctic America—L. Kumlien. 342
HoY, P. R. Journal of an exploration of western Missouri. (R. 1864) 188

Hoy, p. R. On Amblystoma luridum, a salamander of Wisconsin. (R. 1854.) 75

Hubbard, J. S. Investigations of Biela's comet. (R. 1862) 150

Hudson's Bay, notes on fishes from—T. H. Bean. (P. 1881) 467

Hudson's Bay Company. Kennicott's explorations. (R. 1863) 187

Hudson's Bay Company, circular to oflScers of—J. Heutry 137

Hudson's Bay Company, letter to oflBcers of—G. Simpson 137

Hudson's Bay Territory, observations in—B. R. Ross. (R. 1859) 110

Hudson's Bay Territory, Red river settlements, Indian remains in—D. Gunn.
(R. 1867) 215

Huggins, W. Results of spectrum analysis applied to the heavenly bodies.

(R. 1866) 214

Human race, probable future of the—A. de Candolle. (R. 1875) 298

Human remains from Patagonia—A. Ried. (R. 1862) 150

Humidity, relative, tables of—J. H. Coffin 87

Humming-bird, a new, (Aithis Ellioti), from Guatemala—R. Ridgway. (P.

1878) 332

Humming-birds, described, list of—D. G. Elliot 334
Humming-birds, monograph of—D. G. Elliot 317

Humphreys, A. A. Method of ascertaining amount of water in rivers. (R.
1858) __. 109

Hungarian National Museum, acknowledgment for birds. (R. 1863) 187

Hungary, prehistoric antiquities of—F. F. Romer. (R. 1876) 299, 440, 392
Hunt, T. S. Chemistry of the earth. (R. 1869) 228,376

Hunt, T. S. History of petroleum or rock oil. (R. 1861) 149

Huntington, G. C. Climate of Kelley's Island, Ohio. (R. 1866) 214

HurricaneatTortola, St. Thomas, and Porto Rico

—

G.A.Latimer. (R. 1867.) 215

Hurricane in Island of St. Thomas. (R. 1867) 215



212 ALPHABETICAL INDEX

Huxley, T. H. Principles and methods of palaeontologj-. (R. 1869) 228

Hydrobiinse, researches upon the—W. Stimpson 201

Hydrogen as a gas and as a metal—J. E. Reynolds. (R. 1870) 244

Hygrumetrical tables—A. Guyot 15S

Hymenoptera

—

instructions for collecting—B. Clemkns. (R. 1858) 109

letter relative to catalogue of—H. De Saussurk. (R. 1862) 150

monograph of—H. De Saussure 254

of Arctic regions—S. H. Scudder and others 342

Hypsometrical tables—A. Guyot 15S

I.

Ice

—

disappearance of— R. H. Gardiner. (R. 1860) 147

formation of, at the bottom of water—M. Engelhardt. (R. 1866) 214

observations on—D. Walker 146

Iceland, vegetable colonization of—C. Martins. (R. 1858) 109

Ichthyology-

Contributions to North American

—

Part I. Review Rafinesque's memoirs

—

D.S.Jordan 305

Part II. A. Notes on Cottidoe, (etc.) B. Synopsis Siluridce—D. S.

Jordan 306

Part III. A. Distribution of fishes of Alleghany region, (etc.)—D. S.

Jordan; A. W. Brayton. B. Synopsis of family

Catostomidce—D. S. Jordan 308

of Hawaiian and Panning Islands and California—T. H. Streets 303

status of—T. Gill 247

Ichthyology

—

See Fishes.

Icichthys Lockingtoni, new species deep-water fish from coast of California

—

D. S. Jordan ; C. H. Gilbert. (P. 1880) 425

Icosteus senigmaticus of California, description of—W. N. Lockington. (P.

1880) 425

Icterus, description of new species of, from West Indies—G. N. Lawrence.
(P. 1880) 425

Idaho, distribution of forest trees in—W. W. Johnson. (R. 1870) 244

Identification of artisan and artist—N. Wiseman. (R. 1870) 244

Illinois

—

Adams county, mounds in, near Quincy---W. G. Anderson. (R. 1879.) 345

Albany, mounds near—R. J. Farquharson. (R. 1874) 286
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Illinois—Continued.

deposits of flint implements in—J. F. Snyder. (K. 1876) 299

habits of the gopher of—J. B. Parvin. (R. 1854) 75

Lawrence county, antiquities of—A. Patton. (K. 1873) 276

Madison county, stone cists in, near Highland—A. Oehler. (R. 1879.) 346

Mason county, antiquities of—J. Cochrane. (K. 1877) 3*23

Mercer county, ancient mounds of—T. McWhor'Eer. (K. 1874) 286

Pike county, mounds in

—

B.Mitchell. (R. 1879) 345

Koclc Bluft', description of human skull from—J. A. Meig^. (R. 1867.) 215

Kock Island, shell-bea skull from—A. S. Tiffaxy. (R. 1874) 286

Kock Island county, mounds in—T. Thompson. (E. 1879) 345

Kock Island county, antiquities of—A. Toellner. (R. 1879) 345

Kock river valley, mound builders in—J. Shatv. (K. 1877) 323

Spoon river valley, mounds in—W. H. Adams. (R. 1879) 345

southern, agricultural flint implements in—C. Kau. (R. 1868.) 224, 440, 370

Union county, antiquities of—T. M. Perrine. (R. 1873) 275

Union county, mounds in, near Anna—T. M. Perrine. (R. 1872) 271

Whitesides county, antiquities of—W. H. Pratt. (R. 1874) 286

Illinois Board of Education. Meteorological system for every State. (R. 1855.) 77

Illuminating materials, investigation of—J. Henry. (R. 1880) 442, 389

Illustrations of method of recording Indian languages—J. O. Dorsey
;
A. S.

Gatschet; S. R. Riggs. (E. 1879-80) 476

Illustrations of surface geology—E. Hitchcock 90

Image, stone, in Tennessee, account of discovery of—E. M. Grant. (R. 1870.) 244

Imperial Academy of Sciences, Belles-lettres, and Arts, of Bordeaux. Prize

questions. (R. 1868) i 224

Imperial Academy of Sciences, Vienna. Prize questions. (R. 1864; R. 1865.) 188,209

Imperial Geological Institute, Vienna, tertiary fossils presented by. (R. 1863.) 187

Imperial Library of Vienna, books presented by. (R. 1865) 209

ImperialSociety of Natural Sciences of Cherbourg. Prize questions. (R. 1864.) 188

Imperial Society of Science, Agriculture, and Arts of Lille. Prize questions.

(R. 1865) 209

Implement, wood, ancient, found in Connecticut—E. W. Ellsworth. (R.

1876) •- 299

Implements

—

agricultural. North American stone period—C. Ratj. (R. 1863) 187, 440

flint, agricultural, in southern Illinois—C. Rati. (R. 1868)___ 224, 440, 370

flint, deposits of, in Illinois—J. F. Snyder. (R. 1876) 299

flint, in Holmes county, Ohio—H. B. Case. (R. 1877) 323

stone. North American—C. Kau. (K. 1872) 271, 440, 382

Improvements, recent, in chemical arts—J. C. Booth; C. Morfit 27

Income, majority and minority reports on distribution of—J. A. Pearce ; J.

Meacham. (K. 1853) 67, 329
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Incorporation, act of, of Smithsonian Institution

—

See Congress.

Index-catalogue of books and memoirs on nebulae and clusters—E. S. Holdkx. 311

Index

—

of genera of birds—S. F. Baird 108

of Smithsonian publications 47S

systematic and alphabetical, of publications of the Smithsonian Institu-

tion to July, 1869. (R. 18G8) 224

systematic, to list of foreign correspondents 257

to genera of recent and fossil animals—S. H. Scudder 470

to names applied to subdivisions of class Brachiopoda—W. H. Dali. 304

to North American botany—S. Watsox 258

to papers on anthropology published by Smithsonian Institution, 1847-

1878—G. H. BOEHMER. (R. 1879) , 345, 421

Indian

—

boys and girls at Hampton Normal Institute, Va., catalogue of casts of

heads of—R. H. Pratt. (P. 1879) 333

burial in California—W. M. King. (R. 1874) 286

conjurer's practice, details of—A. S. Gatschet. (E. 1879-80) 476

engravings on rocks along Green river valley—J. G. Bruff. (R. 1872.) 271

forts and dwellings, Indian Territory—W. E. Doyle. (R. 1876) 299

history, notes on—F. V. Hayden. (R. 1867) 215

languages—G. Flachenecker. (R. 1862) 150

languages, method of recording—J. 0. Dorsey ; A. S. Gatschet; S.

R. RiGGs. (E. 1879-80) 476

languages—.S'e^ G. Gibbs, F. L. 0. Roehrig, S. R. Riggs, J. G. Shea, W.
L. Hardisty.

linguistics, account of library of—J. G. Shea. (R. 1861) 149

linguistics, recommendation of Shea's—G. Gibbs and others. (R. 1860.) 149

mode of making arrow-heads and obtaining fire—G. Crook. (R. 1871.) 249

mounds in southern Florida, explorations of—S. T. Walker. (R. 1879) 345

mounds near Fort Wadsworth, Dakota—A. J. Comfort. (R. 1871) 249

philology—W. W. Turner. (R. 1851) 51

photographs, catalogue of 216

portraits and sketches of scenery, catalogue of—J. M. Stanley 53

portraits, report of Committee of Regents on Stanley's gallery of. (R. 1857) 107

pottery—C. Rau. (R. 1866) 214,440,368

prisoners at St. Augustine, Florida, catalogue of casts of heads of—R.

H. Pratt. (P. 1878) 332

relics, catalogue of cabinet of, presented by J. H. Devereux. (R. 1872.) 271

relics from Schoharie, New York—F. D. Andrews. (R. 1879) 345

remains in Caddo parish, Louisiana—T. P. Hotchkiss. (R. 1872) 271

remains in Red River Settlement, Hudson's Bay Territory—D. Gunn.
(R. 1867) _ 216
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Indian—Continued

remains near Prescott, Canada West—W. E. Guest. (R. 1856) 91

tribes, cessions of land by, to United States—C. C. Royce. (E. 1879-80) 476

tribes of upper Missouri—T. A. Culbertson. (R. 1850) 28

village (Kushkushkee) near Newcastle, Pennsylvania.—E. M. McCon-
NELL. (R. 1871) 249

vocabularies—G. Gibbs. (R.. 1862) 150

vocabularies received from the Wheeler survey, list of—G. Gibbs. (R.

1874) 286

Indian Ocean, cyclone in the—N. Pike. (R. 1867) 215

Indian Territory, Indian forts and dwellings in—W. E. Doyle. (R. 1876) -__ 299

Indiana

—

Allen county, antiquities of—R. S. Robertson. (R. 1874) 286

ancient burial mound in—W. Pidgeon. (R. 1867) 216

De Kalb county, antiquities of—R. S. Robertson. (R. 1874) 286

Franklin county, mounds in—E. R. Quick. (R. 1879) 345

Knox county, antiquities of—A. Patton. (R. 1873) 275

La Porte county, antiquities of—R. S. Robertsok. (R. 1874) 286

Rush county, mounds in—F. Jackman. (R. 1879) 345

tornado in—J. Chappelsmith 59

Indians

—

aboriginal, of America, language of—G. Gibbs. (R. 1870) 244

Cree, system of relationship of—E. A. Watkins. (R. 1862) 150

Dakota or Sioux, language of—F. L. O. Roehrig. (R. 1871) 249

Haidah, of Queen Charlotte's Islands, British Columbia—J. G. Swan__ 267

Kutchin tribes—S. Jones. (R. 1866) 214, 365

Loucheux—W. L. Hardisty. (R. 1866) 214, 365

Makah—J. G. Swan 220

mortuary customs of—H. C. Yarrow. (E. 1879-80) .__ 476

mythology of—J. W. Powell. (E. 1879-80) 476

Navajo, sketch of the—J. Letterman. (R. 1855) 77

of British America, account of—E. Petitot. (R. 1865) 209

of Cape Flattery, Washington Territory—J. G. Swan ^ 220

of Peru—F. L. Galt. (R. 1877) 323

of valley of Red River of the North, ethnology of—W. H. Gardner.

(R. 1870) 244

of western Nevada and California, Centennial mission to—S. Powers.

(R. 1876) 299

Pima, of Arizona—F. E. Grossman. (R. 1871) L 249

Quillchute. Method of taking surf smelt—J. G. Swan. (P. 1880) 425

sign language of—G. Mallery. (E. 1879-80) 476

Sioux or Dakota—A. G. Brackktt. (R. 1870) 299

Sioux or Dakota, language of—F. L. O. Roeiiriq. (R. 1871) 249, 378
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Tinneh or Chepewyan, of British and Kussian America—G. Gibbs and
others. (K. 1866) 214,365

uses of brain and marrow of animals by—T. E. Peale. (R. 1870) 244

Indians

—

See California, Cape Flattery, Carib, Dakota, Haidah, Nevada, Kut-
chin, Loucheux, Makah, Mandan, Maya, Navajo, Peru, Portraits, Red
River of the North, Shoshone, Sioux, Tinneh, Tonto.

Induction and deduction—J. von Liebig. (R. 1870) 244

Induction, electricity of, in clouds—F. Zantedeschi. (R. 1870) 244

Inflammation in arteries after ligature, acupressure, and torsion. Toner lec-

ture No. VII—E. O. Shakespeare 321
Influence of aurora on the telegraph—W. D. Sargent. (R. 1870) 244

Influence of rain upon the barometer—J. Hann. (R. 1877) 323, 398

Infusoria—J. W. Bailey 23

Infusorial earths, examination of—A. M. Edwards 202

Ingersoll, E. Fish mortality in Gulf of Mexico. (P. 1881) 467

Inquiries relative to crawfish and other Crustacea 319

Inquiries relative to disease known as chorea—S. W. Mitchell. (R. 1874) ._ 286

Inquiry relative to food-fishes of United States—S. F. Baird 231
Insect instincts and transformations, lecture on—J. G. Morris. (R. 1855) 77

Insects

—

arsenic acid for protecting anatomical preparations from—J. B. S. Jack-
son. (P. 1878) 332

circular concerning the department of—S. F. Baird 448

classification of, from embryological data—L. Agassiz 16

dates of first appearance of—F. B. Hough 182

directions for collecting and preserving—A. S. Packard 261

instructions for collecting—S. F. Baird. (R. 1858) 109

of Arctic America—L. Kumlien 342

of Kerguelen Island—C. R. Osten Sackkn ; H. A. Hagen 294

Installation of collections in National Museum, plans for—G. B. Goode. (P.

1881) 467,472

Instincts and transformations of insects, lecture on—J. G. Morris. (R 1855) 77

Institute of Bologna, Academy of Sciences of the. Prize questions. (R. 1862.) 160

Institute of France, historical sketch of, by M. Flourens. (R. 1862) 150

Institute of Rupert's Land, circular of. (R. 1861) 149

Institute, Royal Scientific and Literary, of Lombardy. Prize questions. (R,

1865) 209

Institution of Civil Engineers, London. Prize questions. (R. 1862) 150

Institutions

—

domestic, in correspondence with Smithsonian Institution, list of. (R.

1853) 67, 69, 238

foreign, in correspondence with Smithsonian Institution, list of. (R.

1864; R. 1865) 188, 209, 64, 154, 225, 243, 309, 469
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in United States and British Provinces of North America, list of—W. J.

Rhees 116

in which phonography is taught. (R. 1856) 91

scientific and literary, in United States, list of principal 335

Instructions

—

for archceological investigations—G. Gibbs. (R. 1861) 149

for collecting coleoptera—J. L. Le Conte. (R. 1858) 109

for collecting diatomacea—A. M. Edwabds 366

for collecting diptera—H. Loew ; R. Osten Sacken. (R. 1858) 109

for collecting hemiptera—P. R. Uhler. (R. 1858) 109

for collecting hymenoptera—B. Clemens. (R. 1858) 109

for collecting insects—S. F. Baird. (R. 1858) 109

for collecting land and fresh-water shells—J. Lewis 363

for collecting lepidoptera

—

B.Clemens. (R. 1858) 109

for collecting rayriapods, phalangidse, etc.—H. C. Wood. (R. 1866) 214

for collecting nests and eggs of North American birds. (R. 1858) 139

for collecting neuroptera—P. R. Uhler. (R. 1858) 109

for collecting orthoptera—P. R. Uhler. (R. 1858) 109

for observations of thunder storms—J. Henry 235

for research relative to ethnology and philology of America—G. Gibbs 160

in i-eference to collecting nests and eggs of North American birds—T. M.
Brewer 139

to Captain Hall for Arctic observation—J. Henry and others. (R. 1871) 249

to observatories relative to telegraphic announcement of astronomical

discoveries—J. Henry 263

Instruments, meteorological,

articles on, in Smithsonian. (R. 1874) 286

description of—L. Casella. (R. 1859) 110

description of—A. Gttyot; J. Henry. (R. 1855) 77, 19, 148

Integrals, general, of planetary motion—S. Newcomb 281

Intensity of heat and light of the sun—L. W. Meech. (R. 1856) 91, 83

Interest, letter to Secretary of Treasury on payment of, in coin—J. Henry.
(R. 1865)

^"

:
209

Intermixture of races—G. Gibbs. (R. 1864) 188

Internal structure of the earth—'J. G. Barnard 310

International Archaeological Congress, Antwerp, 1866. (R. 1866) 214

International code of symbols of archaeology—G. De Mortillet ; E. Chantre.

(R. 1875) 298

International exchange, report on—G. H. Boehmer 477

International Exhibition, Philadelphia

—

See Centennial.

International Fisheries Exhibition, Berlin, catalogue of United States exhibit

at—G. B. GooDE 413
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Interpolation, methods of, applicable to graduation of irregular series. Parts

I, II.—E. L. De Forest. (K. 1871; K. 1873) 249, 275

Introduction, letters of. (R. 1865) 209

Introduction to study of Coptic language—M. Kabis. (R. 1867) 215

Invertebrata, marine, from New England coast distributed by United States

Fish Commission, list of—A. E. Verkill ; R. Rathbun. (P. 1879)-_- 333

Invertebrata, marine, of Grand Manan—W. Stimpson 50

Invertebrata, marine, of northeastern coast of America, notice of recent addi-

tions to—A. E. Verrill :

Part I. Annelida, etc. (P. 1879) 333

Part II. Mollusca, w\th notes on Annelida, etc. (P. 1880) 425

Part III. Catalogue of Mollusca recently added to fauna of southern New
England. (P. 1880) 425

Invertebrate fossils

—

checl^-list of—T. A. Conrab 200

from Arkansas, Wyoming, Colorado, and Utah, descriptions of new

—

C.A.White. (P. 1880) 425

of North America, check-list of—F. B. Meek 177, 183

report on—F. B. Meek; F. V. Hayden 172

Invertebrates, marine, distributed by U. S. National Museum, list of—R Rath-
bun. (P. 1881) 465, 467, 471

Invertebrates

—

See Marine invertebrates.

Investigation of

—

anatomy and physiology of the rattlesnake—S. W. Mitchell 135

disturbances of horizontal component of magnetic force—A. D. Bache__ 162

disturbances of vertical component of magnetic force—A. D. Bache 175

eleven year period in amplitude of solar-diurnal variation and disturb-

ances of magnetic declination—A. D. Bache 113

illuminating materials—J. Henry. (R. 1880) 442, 389

influence of moon on magnetic declination—A. D. Bache 132

orbit of Neptune and tables of its motion—S. Newcomb 199

orbit of Uranus, with tables of its motion—S. Newcomb :. 262

Investigations

—

anthropological, in 1879—0. T. Mason. (R. 1879) 345, 420

archieological, instructions for—Gr. Gibbs. (R! 1861) 149

chemical and physiological, relative to certain American vertebrata—J.

Jones t 82

of Biela's comet—J. S. Hubbard. (R. 1862) 150

scientific, in Russian America, suggestions relative to—J. Henry 207

Iowa

—

ancient relics in—J. B. Cutts. (R. 1872) 271

Delaware county, mounds in—M. W. Moulton. (R. 1877) 323

Muscatine county, mounds in—T. Tuomp.son. (R. 1879) 345

Irby, J. R. McD. Works and character of Smithson 327
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Iron and copper, preservation of, in salt water—A. E. Becquerel. (R. 1864.) 188

Ironclad Monadnock, deviation of compasses on—W. Harkxess 239

Ij'on rust, destructive effect of. (R. 1861) 149

Irradiation—Abbe Moiono. (R. 1866) 214

Irritation of polarized nerve, effect of—B. F. Lautenbacii. (R. 1878) __ 341, 411

Irving, Washington, notice of, bj- C. C. Felton. (R. 1859) 110

Irving, W. On publication of Spanish works on New Mexico. (R. 1855)--. 77

Ir-win, B. J. D. Tuoson meteorite. (R. 1863) 187

Island

—

Petite Anse, salt deposit on—E. W. Hilgard 248

St. Thomas, hurricane in—G. A. Latimer. (R. 1867) 215

Santa Rosa, history and antiquities of—S. Bowers. (R. 1877) 323

Islands

—

Fanning, natural history of—T. H. Streets 303

Hawaiian, natural history of—T. H. Streets 303

Kerguelen, natural history of—J. H. Kidder and others 293, 294

North American, meteorological stations and observers in. (R. 1868) 224, 373

Pacific, natural history of—W. H. Pease. (R. 1862) 150

Queen Charlotte's, Haidah Indians of—J. G. Swan 267

St. Croix and Virgin, flora of—H. F. A. Eggers 313

Shetland. Faroe, and Iceland, vegetable colonization of—C. Martins.

(R. 1858) 109

Isle Jesus, Canada East, description of observatory on—C. Smallwood. (R.

1856) 91

Isle Koyale, Michigan, antiquities of—A. C. Davis. (R. 1874) 286

Isohyetal maps

—

See C A. Schott.

Isopoda of New England, notes on—O. Harger. (P. 1879) 333

Isothermal charts

—

See Temperature.

Italy

—

See Prize questions.
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J*.

Jackman, F. Mounds and earthworks of Kush county, Indiana. (R. 1879.) 345

Jackson, C. T. Catalogue of rocks, minerals, and ores collected on geological

survey in Michigan. (R. 1854) 75

Jackson, J. B. S. Arsenic acid for protecting anatomical preparations from

insects. (P. 1878) 332

Jade. Study of the mineral caUedyti by the Chinese—S. Blondkl. (R. 1876.) 299

James, T. P. Mosses of Kerguelen Island __. 294

Jamin, J. Photo-chemistry. (R. 1867) 215

Jamin, J. Vegetation and the atmosphere. (R. 1864) • 188

Japan

—

analysis of coals from—J. A. MacDonald 202

catalogue of Japanese woods from—L. F. Wahd. (P. 1881) 467

examination of infusorial earth from—A. M. Edwards 202

geological researches in—R. Pumpellt 202

Government of, collection of cotton fibre presented by. (P. 1881) 467

Jargon, Chinook

—

bibliography of—G. GiBBS 161

dictionary of—G. Gibbs ; H. Hale 161

vocabulary of—M. Lionnet; B. R. Mitchell; W. W. Turner 68

Jefferson, J. P. Mortality of fishes in Gulf of Mexico. (P. 1878) 332

Jefferson, J. P. ; Porter, J. Y. ; Moore, T. Destruction of fish in vicinity

of the Tortugas. (P. 1878) ^ 332

Jevons, W. S. On a national library. (R. 1873) 275

Jewett, C. C.—
Construction of catalogues of libraries and their publication by separate

stereotyped titles 47

Copyright books from 1846 to 1849. (R. 1850) 28

General catalogue system for libraries. (R. 1850) 28

Report on catalogue system. (R. 1849) . 21

Report on copyright system. (R. 1851) 51

Report on Halliwell manuscripts. (R. 1852) 57

Report on plan of library. (R. 1847) H
Report on public libraries of the United States. (R. 1849) 21, 23

Reports on library. (R. 1848-1853) I, 21, 28, 51, 57, 67

Jewett, C. C, biographical notice of, by R. A. Guild. (R. 1867) 215

Jewett, E., diagnoses of mollusca collected by—P. P. Carpenter 252

Johns' (Bishop) library, deposit of—E. Canby. (R. 1862) 150

Johnson, S. H. Notes on mortality among fishes of Gulf of Mexico. (P. 1881.) 467

Johnson, S. W. Lectures on agricultural chemistry. (R. 1859) 110

Johnson, W. R. Scientific character and researches of Smithson 327
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Johnson, W. W. Distribution of forest trees in Montana, Idaho, and Wash-

ington. (R. 1870) 244

Joints, bibliography of diseases of the—W. W. Keen _ 300

Jones, C. C, Jr. Aboriginal structures in Georgia. (R. 1877) 323, 400

Jones, C. C, Jr. Primitive manufacture of spear and arrow points on Savan-

nah river. (R. 1879) 346

Jones, J.

—

Analysis of blood . 82

Chemical and physiological investigations relative to vertebrata 82

Explorations of aboriginal remains of Tennessee 259

Modes of burial 259

Observations on the liver, pancreas, spleen, kidney, etc 82

On burial caves 259

On earthworks 259

On mounds 259

On relics 259

Jones, J. M. Kjcekken-mcedding in Nova Scotia. (R. 1863) 187

Jones, S. The Kutchin Indians. (R. 1866) 214,365

Jordan, D. S.—
Cofitributions to North American ichthyology :

Part I. Review of Rafinesque's memoirs 305

Part II. Notes on Cottidce, etc. ; synopsis Siluridce 306

Part III. Distribution of fishes of Alleghany region ; synopsis of

family Catostomidce 308

Description of new species of Caranx {^Caranx Beani) from Beaufort,

North Carolina. (P. 1880) 425

Description of new species of North American fishes. (P. 1879) 333

Forgotten paper of Dr. Ayres and its bearing on nomenclature of cypri-

noid fishes of San Francisco. (P. 1880) 425

Notes on collection of fishes from Clackamas river, Oregon. (P. 1878.) 332

Notes on Cottidce, Etheostomatidce, Percidce, Centrarchidce, Aphododeridce,

Dorysomatidoe, and Cyprinidce 306

Notes on Curtiss' collection of fishes from Florida. (P. 1880), 425

Notes on Duges' collection of fishes from Mexico. (P. 1879) 338

Notes on Henshall's collection of fishes from east Florida. (P. 1880) 425

Notes 6i\ Sema 'd.nd Dacentrus. (P. 1880) 425

Notes on typical specimens of American fishes in British Museum and in

Museum d'Histoire Naturelle, Paris. (P. 1879) 333

Review of Rafinesque's memoirs on North American fishes 305

Synopsis of Catostomidce ,
308

Sj'nopsis of Siluridce of fresh waters of North America.. 306

Jordan, D. S. ; Brayton, A. W. Distribution of fishes of Alleghany region

of South Carolina, Georgia, and Tennessee 308
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Jordan, D. S. ; Gilbert, C. H.—
Description of new agonoid fish (^^roMMSDM^SMs) from California. (P. 1880) 425

Description of new agonoid fish [Brachiopsis xyosternus) from California.

(P. 1880) ^ 425

Description of new embiotocoid fish [Abeona aurora) ivom'M.oniQvej, Cali-

fornia, with notes on a related species. (P. 1880) 425

Description of new embiotocoid fish [Cymatogaster rosaceus) from coast

of California. (P. 1880) 425

Description of new embiotocoid fish (Ditrema atripes) from coast of Cal-

ifornia. (P. 1880) 425

Description of new flounder [Hippoglossoides exilis) from coast of Cali-

fornia. (P. 1880) 425

Description of new flounder {Platysomatichthys stomias) from coast of

California. (P. 1880) _•_ 425

Description of new flounder (Pleuronichthys vertiealis) from California,

with notes on other species. (P. 1880) 425

Description of new flounder (Xystreurys liolepis) from Santa Catalina

Island, California. (P. 1880) 425

Description of new ray [Platyrhina triseriata) from coast of California.

(P. 1880) : 425

Description of new scorpasnoid fish (Sebastiehthys maliger) from coast of

California. (P. 1880) 425

Description of new scorpaenoid fish [Sebastichthys proriger) from Monte-

rey Bay, California. (P. 1880) 425

Description of new species of deep-water fish [Icichthys Lockingtoni) from

coast of California. (P. 1880) 425

Description of new species of Hemirhampus (Hemirhampus Rosce) from

coast of California. (P. 1880) 425

Description of new species of Nemichihys [Nemichthys avocetta) from .

Puget Sound. (P. 1880) 425

Description of new species of notidanoid shark [Hexanchus corinus) from

Pacific coast of United States. (P. 1880) 425

Description of new species of Paralepis (Paralepis coruseans) from Straits

of Juan de Fuca. (P. 1880) 425

Description of new species of Pomadosys from Mazatlan. (P. 1881) 467

Description of new species of Ptychochilus [Ptychochilus Harfordii) from

Sacramento river. (P. 1881) 467

Description of new species of ray [Raia rhino) from coast of California.

(P. 1880) 425

Description of new species of ray {Raia stellulata) from Monterey, Cal-

ifornia. (P. 1880) 425

Description of new species of rock cod (Sebaatichihys serriceps) from coast

of California. (P. 1880) 425

Description of new species of rockfish (Sebasiichthys carnatus) from coast

of California! (P. 1880) 425
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Jordan, D. S. ; Gilbert, C. H.—Continued.

Description of new species of rockfish {Sehastichthys chrysomelaa) from

coast of California. (P. 1880) 425

Description of new species of Sehastichthys [Sebastichthys niiniatus) from

Monterey bay, California. (P. 1880) 425

Description of new species of Xenichthys {Xenichthys ocyurus) from west

coast of Central America. (P. 1881 j 467

Description of new species of Xiphister and Apodiehthys from Monterey,

California. (P. 1880) 425

Description of Sebastichthys mystinus. (P. 1881) 467

Description of seven new species of sebastoid fishes from coast of Califor-

nia. (P. 1880) 425

Description of two new species of fishes (Ascelicthys rhodorus and Scyta-

lina cerdale) from Neah bay, Washington Territory. (P. 1880) 425

Description of two new species of flounders [Parophrys ischynrus and

Hippoylossoides elassodon) from Puget Sound. (P. 1880) 425

Description of two new species of Sebastichthys {Sebastichthys entomelas

and Sehastichthys rhodochloris) from Monterey bay, Cal. (P. 1880.) 425

Description of two new species of scopeloid fishes [Sudis ringens and

Myctophiim cremdare) from Santa Barbara channel, Cal. (P. 1880.) 425

Descriptions of five new species of fishes from Mazatlan, Mexico. (P.

1881) 467

Descriptions of thirty-three new species of fish from Mazatlan, Mexico.

(P. 1881)
".

467

Generic relations of jBeione exiKs. (P. 1880) 425

Generic relations of P^ffl^yr/awa ea;rtsjoera<a. (P. 1880) 425

List of fishes collected by Lt. H. E. Nichols in Gulf of California and on

west coast of Lower California, with descriptions of four new species.

(P. 1881) 467

List of fishes of Pacific coast of United States, with table showing distri-

bution of species. (P. 1880) 425

TSoie on Raia inornata. (P. 1881) 467

Notes on collection of fishes from San Diego, California. (P. 1880) 425

Notes on collection of fishes from Utah Lake. (P. 1880) 425

Notes on collection of fishes made by Lt. H. E. Nichols on west coast of

Mexico, with descriptions of new species. (P. 1881) 467

Notes on fishes of Beaufort Harbor, North Carolina. (P. 1878) 332

Notes on fishes of Pacific coast of United States. (P. 1881) 467

Notes on sharks from coast of California. (P. 1880) 425

Occurrence of Cejihaloscyllitim latieeps (Dumoril), Gill, in California.

(P. 1880) 425

Oil shark of southern California (Galeorhinus galeus). (P. 1880) 425

Jordan, D. S. ; Joxjy, P. L. Check-list of duplicate fishes of Pacific, distributed

by Smithsonian Institution in 1881. (P. 1881) 467

Journal of exploration of western Missouri in 1854—P. R. Hoy. (R. 1864) ._ 188
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Journals of Board of Kegents

—

See Regents.

Journey to the Yukon, Russian America—W. W. Kirby. (R. 1864) 188

JouY, P. L. Description of new species of Squalius [Squalius alicice) from

Utah Lake. (P. 1881) 467

JouY, P. L. ; Jordan, D. S. Chock-list of duplicates of fishes of Pacific, dis-

tributed by Smithsonian Institution in 1881. (P. 1881) 467

Judiciary Committee, Senate, report of, on management of Smithsonian Insti-

tution—A. P. BuTLKR. (R. 1855) 77

Jupiter, orbit and tables of—J. N. Stockwell 232

Jupiter, small planets between Mars and—Prof. Lespiault. (R. 1861) 149

Jurassic fossils, check-list of—F. B. Meek 177

Jussieus, the, and the natural method—M. Flourens. (R. 1867) 216

e:.

Kabis, M. Introduction to study of Coptic language. (R. 1867) 216

Kamtz; Dufour, C, Scintillation of the stars. (R. 1861) 149

Kane, E. K.—
Astronomical observations in the Arctic Seas ^ 129
Magnetic observations in the Arctic Seas 97

Meteorological observations in the Arctic Seas 104

Physical observations in the Arctic Seas 198
Tidal observations in the Arctic Seas 130

Kansas

—

Butler county, account of storm in—W. Harrison. (R. 1871) 249

climate of—R. S. Elliott. (R. 1870) 244

coleoptera of—J. L. Le Conte 126
new cretaceous invertebrate fossils from—C. A. White. (P. 1879) 333

Kansas City, Missouri, antiquities of—W. H. R. Lykins. (R. 1877) 323

Karif or Carib language and people—C. H. Berendt. (R. 1873) 275

Karolyi, Lieut, von ; Craig, B. F. Products of combustion of gun-cotton

and gunpowder. (R. 1864) 188

Keen, W. W. Bibliograj)hy of works on diseases 300

Keen, W. W. Surgical complications and sequels of continued fevers. Toner

lecture No. V 300

Keller, Dr., abstract of report of, on settlements in Switzerland—A. Morlot.
(R. 1863) 187

Kelley', O. H. Ancient town in Minnesota. (R. 1863) 187

Kelley's Island, Ohio, cHmate of—G. C. Huntington. (R. 1866) 214
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Kennebec river, Maine, opening and closing of—R. H. Gardiner. (R. 1858.) 109

Kennedy, J. P. Antlioritj^ to naval officers to receive and transmit specimens

to the Smithsonian Institution 34

Kennicott's explorations

—

Hudson's Bay Company. (R. 1863) 187

Kentucky

—

ancient mounds in—R. Peter. (R. 1872) . 271

antiquities from—S. S. Lyon. (R. 1858) 109

Breckinridge county, age of stone and troglodytes of—R. S. Robertson.

(R. 1874) 286

Hancock county, antiquities of—J. Friel. (R. 1877) 323

Lexington, ancient mound near—R. Peter. (R. 1871) 249

Union count}', exploration of ancient mounds in—S. S. Lyon. (R. 1870.) 244

Kepler, his life and works, by M. Berthrand. (R. 1869) 228

Kerguelen Island, contributions to natural history of

—

I. Ornithology—J. H. Kidder; E. Coxjes 293

II. Oology, botany, etc.—J. H. Kidder and others 294

Kershner collection from Kerguelen Island 294

Kew Observatory, apparatus and processes employed in verification of barome-

ters at—J. Welsh. (R. 1859) 110

Kew Observatorj', experiments on aneroid barometers made at—B. Stewart.

(R. 1868) 224

Kidder, J. H. Experiments on animal heat of fishes. (P. 1879) 333

Kidder, J. H. Mammals of Kerguelen Island . 294

KiDDJiR, J. H., and others. Natural history of Kerguelen Island 294
«

Kidder, J. H. ; Coues, E. Birds of Kerguelen Island 293

Kidney, observations on—J. Jones 82

Kinetic theories of gravitation—W. B. Taylor. (R. 1876) 299, 395

King, C. B. Catalogue of engravings presented to Smithsonian. (R. 1861)__ 149

King, W. M. Account of Indian burial in California. (R. 1874) 286

KiPP, J. Accuracy of Catlin's account of Mandan ceremonies. (R. 1872) 271

KiRBY, W. W. Journey to the Yukon, Russian America. (R. 1864) 188

KiRKWOOD, D. Asteroids between Mars and Jupiter. (R. 1876) 299

Kitchen-midden in Costa Rica, note on shells from—W. H. Dall. (P. 1878.) 332

Kitchen-midden

—

See Kjoekken-mosddings.

Kjcekken-mceddings in Nova Scotia—J. M. Jones. (R. 1863) 187

Kjcckken-moeddings on northwest coast of America—P. -Schumacher. (R.

1873; R. 1874) 275, 286

Klamath lake dialect, details of Indian conjurer's practice in—A. S. Gatschet.

(E. 1879-80) 476

Klamath lake dialect, " The Relapse " in—A. S. Gatschet. (E. 1879-80) _-. 476

Kletzinsky, Prof. Nitrogen bodies of modern chemistry. (R. 1872) 271

Knapp, G. Earthworks on Arkansas river. (11.1877) 323

15
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Knight, E. H. Study of savage weapons at Centennial Exhibition. (R. 1879)

345, 415

Knight, G. H. New system of weights and measures. (R. 1867) 215

Knight, R. T. ; Henry, J. Connection of gales of wind and appearance of

aurora. (R. 1871) 249

Knowledge of cryptogamous plants, present state of—TV. Reichakdt. (R. 1871) 249

Kohl, J. G. On collection of charts and maps of America. (R. 1856) 91

KORNHUBER, G. A. Alternate generation and parthenogenesis in the animal

kingdom. (R. 1871) 249

Kron, F. J. Antiquities of Stanley and Montgomery counties, North Caro-

lina. (R. 1874) 286

Kron, H. J. Lightning discharges. (R. 1867) . 215

KUMLIEN, L.

—

Ethnology, mammals, and birds of Arctic America 342

Howgate Polar Expedition, natural history of Arctic America 342

Report on explorations in Greenland. (R. 1878) 341

KxJNHARDT ANi> COMPANY. Free freight to Smithsonian Institution between

United States and Germany. (R. 1861) 149

Kushkushkee, Indian village near Newcastle, Fenn., account of—E. M. Mc-
CoNNELL. (R. 1871) 249

Kutchin Indians—S. Jones. (R. 1866) 214, 365

Labels for collections, etc. 164

Laboulaye, E. Acknowledgment for books on education. (R. 1867) 215

Lacustrian cities of Switzerland—F. Troyon. (R. 1861) 149

Lacustrian constructions or palafittes of the lake of Neuchatel—E. Desor.

(R. 1865) 209, 360

Lacustrian habitations of Switzerland—F. Troyon. (R. 1861) 149

Lacustrian settlements in Switzerland, abstract of Dr. Keller's report on—A.

MoRLOT. (R. 1863) 187

La Have Banks, occurrence of Lycodes vahlii on—G. B. Goode ; T. H. Bean.

(P. 1879) 333

Lake Neuchatel, lacustrian constructions of—E. Desor. (R. 1865) 209

Lake Pepin, antiquities on banks of—L. C. Estes. (R. 1866) 214

Lake Superior, ancient mining on shores of—C. Whittlesey 155

Lake Superior copper region, circular relative to ancient mining in—J. Henry.

(R. 1861) - 149

Lake Superior, Isle Royale, antiquities of—A. C. Davis. (R. 1874) . 286
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Lake Winnipeg, notes on egging expedition to—D. Gunn. (R. 1867) 215

Lakes, dates of opening and closing of—F. B. Hough 182

Lakes, North American, fluctuations of level in—C. "Whittlesey 119

Lakes, Norwegian, statistics relative to—0. E. Dreutzer. (R. 1866) 214

Lalande observations, 1795—S. C. "Walker 5

Lamarck, J. B. Distinction between tornadoes and tempests. (R. 1871) 249

Lamont, J. The solar eclipse of July 18, 1860. (R. 1864) 188

Land and fresh-water shells

—

See Shells.

Land, cessions of, by Indian tribes to United States—C. C. Royce. (E. 1879-80.) 476

Land, gradual approach of sea upon—S. P. Mayberry. (R. 1867) 215

Language

—

Carib or Karif—C. H. Berendt. (R. 1873) 275

Coptic, introduction to the study of—M. Kabis. (R. 1867) 215

Dakota, grammar and dictionary of—S. R. Riggs 40

dominant, for science—A. De Candolle; J. E. Gray. (R. 1874) 286

evolution of—J. W. Powell. (E. 1879-80) 476

of aboriginal Indians of America—G. Gibbs. (R. 1870) 244

of Dakota or Sioux Indians—F. L. O. Roehrig. (R. 1871) 249, 378

of Navajos, said to resemble the Welsh—S. Y. McMasters. (R. 1865.) 209

phonetic, vocal sounds of L. Bridgman compared with elements of—F.

Lieber 12

sign, among North American Indians compared with that among other

peoples and deaf mutes—G. Mallery. (E. 1879-80) 476

trade, of Oregon, dictionary of—G. Gibbs 161

trade, of Oregon, vocabulary of—B. R. Mitchell ; W. W. Turner ... 68

Toruba, of Africa, grammar and dictionary of—T. J. Bowen 98

Languages

—

Indian—G. Flachenecker. (R. 1862) 150

Indian—G. Gibbs. (R. 1865) 209

Indian, method of recording—J. O. Dorsey; A. S. Gatschet ; S. R.

Riggs. (E. 1879-80) , 476

Lapham, I. A. Antiquities of Wisconsin 70

Lapidary, aborig-inal, stock-in-trade of—C. Rau. (R. 1877) 323, 440, 402

La Place, eulogy on, by F. Arago, (R. 1874) 286

La Rive

—

See De La Rive.

Lartet, E., scientific labors of, by F. Fisher. (R. 1872) 271

Larynx, bibliography of diseases of the—W. W. Keen 300

Latiloid genera, note on—T. Gill. (P. 1881) 467

Latimer collection of antiquities from Porto Rico—O.T. Mason. (R. 1876.) 299, 397

Latimer, G. A.

—

Earthquakes in St. Thomas. (R. 1867) 215

Hurricane at Tortola, St. Thomas, and Porto Rico. (R. 1867) 216

Meteorology of Porto Rico. (R. 1871) 249
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Latin vocabulary with comparative words in English, Spanish, and French — 170

Latitudes and longitudes, Arctic—E. K. Kane 129

Laugel, A. The sun, its chemical analysis. (R. 1861) 149

Lausanne, report on ethnological collections of Museum at—F. Troyox. (R.

1861) 149

Lautenbach, B. F. Effect of irritation of a polarized nerve. (R. 1878.) 341, 411

Law, a. E. Antiquities of Blount county, Tennessee. (R. 1874) 286

Law of deposit of flood-tide—C. H. Davis 33

Law of variation of temperature in ascending currents of air—J. Haxx. (R.

1877) 323, 398

Law of variation of temperature in ascending moist currents—L. Sohncke.

(R. 1877) 323, 398

Lawrence, G. N.—
Birds of southwestern Mexico collected by F. E. Sumichrast 295

Catalogue of Ober's collection of birds of Antigua and Barbuda, with

his notes. (P. 1878) 332

Catalogue of Ober's collection of birds of Dominica, with his notes and

observations. (P. 1878) - 332

Catalogue of Ober's collection of birds of Grenada, including others seen,

but not obtained. (P. 1878) 332

Catalogue of Ober's collection of birds of Guadeloupe. (P. 1878) 332

Catalogue of Ober's collection of birds of Lesser Antilles, with table

showing distribution. (P. 1878) 332

Catalogue of Ober's collection of birds of Martinique. (P. 1878) 332

Catalogue of Ober's collection of birds of St. Vincent, with his notes.

(P. 1878) 1 332

Description of new species of bird of family Turdidce from Dominica,

W.I. (P. 1880) 425

Description of new species of Icterus from West Indies. (P. 1880) 425

Description of new species of parrot, of genus Chrysotis, from Dominica.

(P. 1880) - 425

Description of new subspecies of Loxigilla from West Indies. (P. 1881.) 467

Laws of atmospheric circulation over the earth—J. H. Coffin 268

Lea, I. Check-list of the shells of North America 128

Le CoNTE, John. Constants of nature. (R. 1878) 341

Le Conte, J. L.

—

Classification of coleoptera of North America. Parts i, ii 136, 265

Coleoptera of Kansas and eastern New Mexico 126

Instructions for collecting coleoptera. (R. 1858) 100

List of coleoptera of North America. Part i 140

New species of North American coleoptera. Parts i, ii 167, 264

Revision of Melsheimer's catalogue of coleoptera 62

Le CoNTE, Joseph. Lecture on coal. (R. 1857) 107

Lecture on American fire-alarm telegraph—W. F. Channing. (R. 1854) 75
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Lectures on

—

agricultural chemistry—S. W. Johnsok. (R. 1859) 110

Arctic explorations—I. I. Hayes. (R. 1861) 149

astronomy—A. Caswell. (R. 1858) 109

bridges—F. Rogers. (R. 1861) 149

bridges and roads—F. Rogers. (R. 1860) 147

the camel—G. P. Marsh. (R. 1854) 75

cancerous tumors. Toner lecture No. i—J. J. Woodward 266

coal—J. LeConte. (R. 1857) 107

dual character of the brain. Toner lecture No. ii—C. E. Brown-Sequard. 291

electro-physiology—C Mattetjcci. (R. 1865) 209

insect instincts and transformations—J. G. Morris. (R. 1855) 77

marine algae

—

W.H.Harvey. (R. 1855) 77

meteoric stones—J. L. Smith. (R. 1855) 77

meteorology—R. Russell, with notes by J. Henry. (R. 1854) 75

mollusca, or shell-fish and their allies—P. P. Carpenter. (R. 1860.) 147, 152

natural history as applied to farming and gardening—J. G. Morris.

(R. 1855) 77

nature and cure of bites of serpents and wounds of poisoned arrows

—

D. Brainard. (R. 1854) 75

nature of reparatory inflammation in arteries after ligature, etc. Toner

lecture No. tii—E. O. Shakespeare 321

oxygen and its combinations—G. I. Chace. (R. 1855) 77

physical ethnology—D. Wilson. (R. 1862) j 150

planetary disturbances—E. S. Snell. (R. 1855) 77

principles of linguistic science—W. D. Whitney. (R. 1863) 187, 352

relations of time and space—S. Alexander. (R. 1861)-. 149

sanitary drainage of Washington. Toner lecture No. viii—G. E.

Waring, Jr. 349

shells of Gulf of California—P. P. Carpenter. (R. 1859) 110

strain and over-action of the heart. Toner lecture No. iii—J. M. Da
Costa 279

study of high antiquity in Europe—A. Morlot. (R. 1862; R. 1864.) 150, 188

study of nature and mechanism of fever. Toner lecture No. iv—H.

C. Wood 282

surgical complications and sequels of fevers. Toner lecture No. v— W.
W. Keen 300

Switzerland—A. D. Bache. (R. 1870) 244

syllabus of a course of, on physics—J. Henry. (R. 1856) 91

undulatory theory of light—F. A. P. Barnard. (R. 1862) 150

the Union—H. Reed. (R. 1854) 75

vastness of visible creation—S. Alexander. (R. 1857) 107

zone of small planets between Mars and Jupiter—E. Loomis. (R. 1854.) 75
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Lectures, Toner

—

No. I. Cancerous tumors

—

Woodward 266

II. Dual character of brain

—

Brown-Sequard 291

III. Over-action of heart

—

Da Costa 279

IV. Study of fever

—

Wood 282

V. Continued fevers

—

Kkex 300

VI. Sub-cutaneous surgery

—

Adams 302

VII. Keparatory inflamniatioii

—

Shakespeare 321

VIII. Sanitary drainage of Washington

—

Waring 349

Lee, Dr. Progress of astronomical photography. (R. 1861) 149

Lee, J. C. Y. Ancient ruin in Arizona. (R. 1872) 271

Legacy

—

See Bequest.

Legendre, memoir of, by E. De Beaumont. (R. 1867) 215

Leidy, J.

—

Ancient fauna of Nebraska 58

Cretaceous reptiles of the United States 192

Extinct sloth tribe of North America 72

Extinct species of American ox 41

Pauna and flora within living animals 44

On parasites 44

Report on fossils from Nebraska. (R. 1851) 61

Review of cretaceous reptiles of United States. (R. 1864) 188

Leidy, J. ; Tryon, G. W. Report on shells presented to Academy of Natural
Sciences. (R. 1865), 209

Leipsic Museum of Ethnology—A. Schott; O. T. Mason. (R. 1873) 275

Lemstrom, S. ; De La Rive, A. A. Electricity of the atmosphere and the

aurora borealis. (R. 1874) 286

Lens, account of Priestley's—J. Henry. (R. 1859) , 110

Lepidopsetta isolepis, new flat fish, found in markets of San Francisco, note

on—W. N. LocKiNGTON. (P. 1880) 425

Lepidoptera

—

appendix to Morris' synopsis of—B. Clemens 1

—

133

described, of North America, catalogue of—J. G. Morris 118

described, of North America, synopsis of. Part i—J. G. Morris 133

diurnal, of Arctic America—W. H. Edwards 342

instructions for collecting

—

B.Clemens. (R. 1858) 109

introduction to Morris' synopsis of—V. Heinemann 133

method of preserving—T. R. Peale. (R. 1863) 187

nocturnal, of Arctic America—S. H. Scudder 342

notes to Morris' synopsis of—W. H. Edwards 133

Lepsius, R. Presentation of books on Egypt. (R. 1860) 147

Leptocardii, arrangement of families of—T. Gill 247

Lesley, J. P. On the .classification of books. (R. 1862) 150
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Lespiault, Prof. Small planets between Mars and Jupiter. (K. 1861) 149

Lesser Antilles, catalogue of Ober's collection of birds of—G. I^ Lawrence.
(P. 1878) 332

Letter

—

by M. Hoek in reference to meteoric shower of November 13, 1867 217

from Kobert Hare relative to gift of apparatus I, 329

from Joseph Henry to Secretary Treasury on payment of interest in

coin. (E. 1865) 209

from Richard Rush relative to Smithson. (R. 1853) 67, 328

Letterman, J. Sketch of the Navajo Indians. (R. 1855) 77

Letters

—

of introduction. (R. 1865) 209

on work of the Museum—B. Phillips. (P. 1881) 467, 454

relative to programme of organization of Smithsonian Institution 328

relative to Smithson's bequest 328

Leurynnis, Lockington, identity of, with Lycodopsis, Collet—T. Gill. (P.

1880) 1 425

Level, fluctuations of, in North American lakes—C. Whittlesey 119

Lewis, J. Instructions for collecting land and fresh-water shells. (R. 1866.) 214, 363

Lewis, J., letter of, to G. W. Tryon, Jr., on shells 253

Lewis; Quale. Account of cryolite of Greenland. (R. 1866) 214

Lexington, Kentucky, ancient mound near—R. Peter. (R. 1871) 249

Liberia, mixed races in-r-E. D. Blyden. (R. 1870) 244

Liberia College, facts respecting—A. Crummell. (R. 1861) 149

Libraries

—

circular respecting new report on—J. Henry. (R. 1854) 75

construction of catalogues of, and their publication by means of separate

stereotyped titles—C. C. Jewett 47

general catalogue system for—C. C. Jewett. (R. 18-50) 28

general catalogue system for, report of Commission on. (R. 1850) 28

public, in United States and British Provinces, list of—W. J. Rhees. 116, 238

public of United States, notices of—C. C. Jewett. (R. 1849) 21, 25

report of Commission on stereotype catalogue of 47

rules for cataloguing—C. C. Jewett 47

Library

—

Beaufort, deposit of—E. M. Stanton. (R. 1862) 150

Bishop Johns', deposit of—E. Canby. (R. 1862) 150

Imperial, of Vienna, books presented by. (R. 1865) 209

of Bureau of Ethnology, catalogue of linguistic manuscripts in—J. C.

Pilling. (E. 1879-80) , 476

of Indian linguistics, account of—J. G. Shea. (R. 1861) 149

of National Museum, circular asking contributions to. (P. 1881)-- 467, 458

on a national—W. S. Jevons. (R. 1873) 275
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Library of Congress

—

act of Conglbss to transfer Smithsonian library to. (K. 1865) 209, 328

catalogue of publications of societies and of periodical works belonging to

the Smithsonian Institution deposited in 179

meteorological articles received by the Smithsonian Institution and de-

posited in. (Pv. 1871; R. 1873) 249, 275

Library of Smithsonian Institution

—

act of Congress to transfer, to Library of Congress. (R. 1865) 209, 328

additions to

—

See each annual report.

and copyright system—C. C. Jewett. (R. 1851) 51

and Hallivvell manuscripts, report on—C. C. Jewett. (R. 1852) 57

catalogue of publications of societies and other periodical works in, 117, 179

donations to, from foreign institutions. (R. 1864) 188

publications of learned societies and periodicals in. Parts i, ii 73, 85

report on—C. C. Jewett. (R. 1848, 1849, 1853) I, 21, (J7

report on plan of—C. C. Jewett. (R. 1847) H
statistics of, 1846-1877 329

Lichens of Arctic America—E. Tuckerman 342

Lichens of Kerguelen Island—E. Tuckerman 294

LiEBBR, F. Vocal sounds of Laura Bridgman compared with elements of

phonetic language 12

LiEBiQ, J. VON. Induction and deduction. (R. 1870) 244

Life—
and character of Joseph Henry—J. C. Welling 336, 338

and labors of Henry Gustavus Magnus. (R. 1870) 244

and scientific labors of Stefano Marianini—C. Matteucci. (R. 1869)__ 228

and works of Michael Faraday—A. A. De La Rive. (R. 1867) 215

and works of Kepler—M. Berthrand. (R. 1869) 228

of George Catlin—J. Henry. (R. 1872) 271

of Prof. Chester Dewey—M. B. Anderson. (R. 1870) 244

Life

—

See Biography, Eulogy, Memoirs.

Light

—

and heat of sun, relative intensity of—L. W. Meech. (R. 1856) 91, 83
polar, or aurora borealis, its phenomena and laws—E. LooMis. (R. 1865.) 209

undulatory theory of, lectures on—F. A. P. Barnard. (R. 1862) 150

velocity of, essay on—C. Delaunay. (R. 1864) 188, 354
Light-House Board

—

investigations by, relative to illuminating materials—J. Henry. (R.

1880) 442, 389

proceedings of, on death of J. Henry 356

researches by, in sound—J. Henry. (R. 1878) 341, 406

Lighting, architecture in relation to—D. B. Reid. (R. 1856) 91
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Lightning

—

and thunder, observations on—S. Masterman. (E. 1855)- 77

discharges, accounts of—G. W. Dodge and others. (R. 1867) 215

effect of—S. L. Hillier. (R. 1866) 214

Lightning-rods, directions for constructing—J. Henry 237

Lille, Imperial Society of Science, Agriculture, and Arts of. Prize questions.

(R. 1865) 209

LiLLJEBORG, W. Outline of systematic review of the classification of birds.

(R. 1865) 209, 364

Limitations to use of some anthropological data—J. W. Powell. (E. 1879-80.) 476

Limpets from deep waters off eastern coast of U. S.—W. H. Dall. (P. 1881.) 467

Limpets of Alaska and Arctic region, report on—W. H. Dall. (P. 1878) 332

Lindheimer's botanical exploration in New Mexico and California, account of

—

A. Gray. (R. 1849) 21

Linguistic manuscripts in library of Bureau of Ethnology, catalogue of—J. C!

Pilling. (E. 1879-80) 476

Linguistic science, lectures on principles of—W. D. Whitney. (R. 1863.) 187, 352

Linguistics, Indian, account of library of—J. G. Shea. (R. 1861) 149

Linguistics, Indian, recommendation of Shea's—G. Gibbs and others. (R. 1861.) 149

LiONNET, M. Vocabulary of the Chinook jargon 68

Liparis ranula, new species of, obtained by U. S. Fish Commission off Halifax,

Nova Scotia—G. B. Goode ; T. H. Bean. (P. 1879) 333

Liquids, expansion of, by heat—F. W. Clarke 289

Liquids, specific heats of—F. W. Clarke 276

Lisboa, M. M., books on Brazil, presented by. (R. 1865) 209

List of

—

additions to Museum

—

See each annual report.

addresses of foreign institutions, 1862-1865. (Pv. 1865) 209

algce of Rhode Island—S. T. Olney 241

American correspondents 69

American libraries and public institutions—W. J. Rhees 238

anthropological publications of Charles Rau. (P. 1881) 467

apparatus available for scientific research. (R. 1878) 341

articles deposited by Smithsonian Institution in Corcoran Gallery of Art.

(R. 1874) 286

birds and mammalia of Missouri river—E. Harris. (R. 1850) 28

birds of central California, partial—L. Belding. (P. 1878) 332

birds of District of Columbia—E. Coues ; S. S. Prentiss. (R. 1861)— 149

casts of heads of Indian boys and girls at Hampton, Va.—R. H. Pratt.

(P. 1879) ^ , . 333

coleoptera of North America. Part i—J. L. Le Conte 140

collections presented by foreign Centennial commissioners. (R. 1876) __ 299
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List of—Continued.

described birds of Mexico, Central America, and West Indies not in

Smithsonian Institution 185

described species of humming-birds—D. G. Elliot 334

desiderata among North American birds—R. Kidgway. (P. 1881) 467

domestic institutions in correspondence with Smithsonian Institution. 69, 238

duplicates of fishes of Pacific coast distributed by Smithsonian Institu-

tion in 1881—D. S. Jordan; P. L. Jouy. (P. 1881) 467

European fishes in National Museum—T. H. Bean. (P. 1879) 333

expeditions from which specimens in Museum have been derived—S. F.

Baird. (R. 1867) 215

fishes collected by Lieut. H. E. Nichols in Gulf of California—D. S.

Jordan; C. H. Gilbert. (P. 1881) 467

fishes of Pacific coast of United States—D. S. Jordan; C. H. Gilbert.

(P. 1880) 425

foreign agents of Smithsonian Institution in 1876. {See also annual re-

ports) 290

foreign correspondents of Smithsonian Institution. 64, 154, 225, 243, 309, 469

foreign correspondents of Smithsonian Institution, systematic index to 257

generic names of animals—S. H. Scudder 470

Indian vocabularies received from the Wheeler Expedition. (R. 1874.) 286

institutions, libraries, colleges, and other establishments in correspondence

with the Smithsonian Institution—W. J. Rhees 238

invertebrate fossils of North America

—

Cretaceous and Jurassic—P. B. Meek 177

Eocene and oligocene—T. A. Conrad 200

Miocene—F. B. Meek 183

marine invertebrata of New England distributed by United States Fish'

Commission—A. E. Verrill ; R. Rathbun. (P. 1879) 3S3

marine invertebrates, mainly from New England, distributed by U. S.

National Museum—R. Rathbun. (P. 1881) 467, 465, 471

meteorological material contributed to Smithsonian Institution. (R. 1860-

1865, 1867-1871) 147, 149, 150, 187, 188, 209, 216, 224, 228, 244, 249

meteorological stations and observers. (R. 1849; R. 1853-1873) __ 21, 67, 75,

77, 91, 107, 109, 110, 147, 149, 150, 187, 188, 209, 214, 215, 224, 228, 244,

249, 271, 275.

minerals in United States National Museum—F. M. Endlich. (R. 1873;

P. 1880) . 275, 425

North American batrachia and reptilia—E. D. Cope 292

North American species of myriapods of family LysiopetalidoB—J. A.

Ryder. (P. 1880) 425

official publications of the United States Government between 1868 and

1881—G. H. Boehmer 447

papers presented to Royal Society by James Smithson. (R. 1853) 67, 330

periodicals received by the Institution. (R. 1880) Q, 442, 436
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List of—Continued.

photographic portraits of North American Indians in Smithsonian Insti-

tution 216

plants of the upper Missouri—T. C. Porter. (K. 1850) 28

plants of Washington and vicinity—L. F. Ward 460
principal literary and scientific institutions in United States, 1879 335

public libraries, institutions, and societies in United States and British

Provinces of North America—W. J. Rhees 116

publications of the Smithsonian Institution. (R. 1868) 74, 203, 224, 226,

245, 278, 290, 301, 344, 437, 478

publications of the United States National Museum. (P. 1881) 467, 474

Regents, officers, and assistants of the Smithsonian Institution and U. S.

National Museum. [See also each annual report) 466, 290

scientific papers of A. D. Bache— B. A. Gould. (R. 1870) 244, 329, 379

shells of exploring expedition 193

shells of North America—I. Lea; P. P. Carpenter; W. Stimpson
;

W. G. Binney; T. Prime 128

species of Middle and South American birds not in United States National

Museum—R. Ridgway. (P. 1881)— 467

substances derived from animal kingdom—G. B. Goode 297

Literary exchanges

—

See Exchanges.

Literary study of jade—S. Blondel. (R. 1876) 299

Littoral marine fauna of Provincetown, Mass.—R. Rathbun. (P. 1880) 425

Liver, observations on the—J. Jones 82

LiVERMORE, G. Report on Jewett's general stereotype catalogue of public

libraries 47

Living animals, flora and fauna within—J. Leidy' 44

Lloyd, North German, free freight between Germany and the United States.

(R. 1858) 109

Lloy'd, W. A. Exchange of specimens. (R. 1867) 215

Lloyd, W. A. Sparrows sent to the United States. (R. 1867) 215

Locke, J. Catalogue of rocks, minerals, ores, and fossils. (R. 1854) 75

Locke, J. Observations on terrestrial magnetism 35

LoCKETT, S. H. Mounds in Louisiana. (R. 1872) 271

LOCKINGTON, W. N.

—

Description of new chiroid fish [Myriolepls zonifer) from Monterey Bay,

California. (P. 1880) 425

Description of new fish from Alaska [Uranidea microstoma). (P. 1880.) 425

Description of new gen\is and some new species of California fishes

[Icosteus oenigmaticus !xndi Osmerus attenuatus) . (P. 1880) 425

Description of new genus and species of Cottidoe. (P. 1881) 467

Description of new sparoid fish (Spams brachysomus) from Lower Cali-

fornia. (P. 1880) 426
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LocKiNGTON, W. N.—Continued.

Description of new species of Agonidce {Brachyopsis verrucosus) from

coast of California. (P. 1880) 425

Description of new species of Prionotus {Prionotus stephanophyrs) from

coast of California. (P. 1880) 425

Descriptions of new genera and species of fishes from coast of California.

(P. 1879) 333

Note on new flat fish (Lepidopsetta isolepis) found in markets of San

Francisco. (P. 1880) .. 425

Kemarks on species of genus Chirus found in San Francisco market.

(P. 1880) 425

Keview of the Pleuronectidce of San Francisco. (P. 1879) 333

Locusts and grasshoppers of America—A. S. Taylor. (K. 1858) 109

LoEW, H.

—

Monographs of the diptera of North America

—

Part I. Edited by K. OsTEN Sacken 141

Part II. Edited by K. OsTEN Sacken 171

Part III 256

Keview of North American JVypetina 256

LoEW, H. ; OsTEN Sacken, R. Instructions for collecting diptera. (R. 1858.) 109

Logan, T. M.—
Climate of California. (R. 1855) 77

Meteorological observations at Sacramento, California. (R. 1854) 75

Meteorology of Sacramento, California. (R. 1857) 107

Logan, W. E. Request for duplicate shells. (R. 1859) 110

Lombard, H. C. Report on the transactions of Society of Physics and Natu-

ral History of Geneva, July, 1868, to June, 1869. (R. 1869)' 228

Lomhardy, Royal Scientific and Literary Institute of. Prize questions. (R. 1865.) 209

London Institution of Civil Engineers. Prize questions. (R. 1862) 150

London Royal Horticultural Society, Exchange of publications. (R. 1861)__ 149

London, Royal Society of, origin and history of—C. A. Alexander. (R. 1863.) 187

Longfellow, H. W., and others. Report of American Academy of Arts and

Sciences on organization of Smithsonian Institution. (R. 1853) 67

Long Island, fishes on coast of New Jersey and—S. F. Baird. (R. 1854.) 75, 348

Longitude, transatlantic—B. A. Gould 223

Longitudes, Arctic—E. K. Kane 129

LooMis, E.

—

Aurora borealis, or polar light, its phenomena and laws. (R. 1865) 209

Lecture on zone of small planets between Mars and Jupiter. (R. 1854.) 75

On certain storms in Europe and America, December, 1836 127

Report on meteorology of the United States. (R. 1847) H
Lopholatilus chamseleonticeps, new genus and species of fish from New Eng-

land, description of—G. B. Goode ; T. H. Bean. (P. 1879) 333

Loucheux Indians—W..L. Hardisty. (R. 1866) 214, 365
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Loud, F. H. Discussion of Prof. Snell's barometric observations. (R. 1880.) 442, 435

Louisiana, Caddo parish, Indian remains in—T. P. Hotchkiss. (R. 1872) 271

Louisiana, lower, geology of, and salt deposit of Petite Anse Island—E. "W.

HiLGARD 248

Louisiana, mounds in—S. H. Lockett. (R. 1872) 271

LovEKiNG, J. Memorial of J. Henry 356

Lowe, T. S. C, aeronautic voyage of, reply to memorial on—J. Henry. (R.

1860) 147

Lowe, T. S. C, memorial of citizens of Philadelphia relative to aeronautic

voyage of, across the Atlantic. (R. 1860) 147

Loxigilla, description of new subspecies of, from West Indies—G. N. Law-
rence. (P. 1881) 467

Lubbock, J. North American archaeology. (R. 1862) 150

Lubbock, J. Social and religious condition of lower races of man. (R. 1869.) 228

Lucernariae, and their allies, anatomy and physiology of—H. J. Clark 242

LuDEWiG, H. E., and others. On publication of Spanish works on New Mexico.

(R. 1855) 77

Lugger, O. Occurrence of Canada porcupine in Maryland. (P. 1881) 467

Lunar effect on magnetic force—A. D. Bache 195

LuPTON, N. T. Breeding habits of sea catfish (Ariopsis milberti). (P. 1878.) 332

Luray cavern, blmd form of Lysiopetalidoe from—J. A. Ryder. (P. 1880) 425

Luray cavern, report of visit to—0. T. Mason and others. (R. 1880) 442, 433

Lussac, Gay, eulogy on, by F. Arago. (R. 1876) 299

Lufjanus Blackfordii, from coast of Florida, description of—G. B. Goode ; T.

H. Bean. (P. 1878) 332

Lutjanus Stearnsii, from coast of Florida, description of—G. B. Goode; T. H.
Bean. (P. 1878) 332

Lycodes paxillus, description of species of—G. B. Goode ; T. H. Bean. (P. 1879) 333

Lycodes Turneri, from Alaska, description of—T. H. Bean. (P. 1878) 33

Lycodes Vahlii, occurrence of, on La Have and Grand Banks—G. B. Goode;
T. H. Bean. (P. 1879) 333

Lycodopsis, CoUett, identitj^ of, with Leurynnis, Lockington—T. Gill. (P.

1880) 425

Lycopodiacea) of Kerguelen Island—A. Gray 294

Lykins, W. H. R. Antiquities of Kansas City, Missouri. (R. 1877) 323

Lyman, T. Ethnographical collections. (11.1862) 150

Lyon, S. S. Antiquities from Kentucky. (R. 1858) 109

Lyon, S. S. Mounds in Union county, Kentucky. (R. 1870) 244

Lyon, W. B. Antiquities in New Mexico. (R. 1871) 249

Lysiopetalidse, North American species of—J. A. Ryder. (P. 1880) 425
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McClintock, F. L. Meteorological observations in the Arctic Seas 146

McCoNNELL, E. M. Account of old Indian village, Kushkushkee, near New-
castle, Pennsylvania. (R. 1871) 249

McCosH, J. Prayer at memorial service of Prof. Joseph Henry 356

Macdonald, J. A. Analyses of Chinese and Japanese coals 202

McHenrt, J. W. ; Haile, J. Antiquities of Jackson Co., Tenn. (R. 1874.) 286

McKay, C. L. Review of Centrarchidce. (P. 1881) 467

McKiNLEY, W. Mounds in Mcintosh and Early counties, Georgia. (R. 1872.) 271

McMasters,S. Y. LanguageofNavajos said to resemble the Welsh. (R. 1865.) 209

McParlin, T. a. Notes on history and climate of New Mexico. (R. 1877.) 323, 396

McWhorter, T. Ancient mounds of Mercer county, Illinois. (R. 1874) 286

Mackerel, the frigate, (Auxis Rochei,) on New England coast—G. B. Goode.

(P. 1880) 425

Madrid Royal Academy of Science. Exchanges, (R. 1861) 149

Maedler, J. H. Movement of the stars around a central point. (R. 1859) 110

Magendie, F., memoir of, by M. Flourkns. (R. 1866) 214

Magnetic

—

observations at Girard College, discussion of—A. D. Bache :

Part I. Eleven year period in amplitude of solar diurnal variation.. 113

Part II. Solar diurnal variation in magnetic declination 121

Part III. Influence of moon on magnetic declination .132

Parts IV, Y, VI. Horizontal force 162

Parts VII, VIII, IX. Vertical force 175

Parts X, XI, XII. Dip and total force 186

Parts i-xii. Complete 195

observations in the Arctic Seas—E. K. Kane 97

observations in the Arctic Seas—I. I. Hates 196

observations, on continuance of—E. Sabine. (R. 1858) 109

observations on the iron-clad " Monadnock "—W. Harkness 239

observatory at the Smithsonian Institution, description of—J. E. HiL-

GARD. (R. 1859) - 110

storms—E. Sabine. (R. 1860) 147

survey of Pennsylvania, (etc.)—A. T>. Bache 166

telegraph

—

See Telegraph.

Magnetism

—

history of discovery relative to. (R. 1863) 187

later views of connection of electricity and—H. Helmholtz ; J. C.

Maxwell. (R. 1873) 276

terrestrial, observations on—W. Harkness 239

terrestrial, observations on—J. Locke 35

terrestrial, observations on, in Mexico—Baron von Muller; A. Sonntag. 114
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Magnus, Henry Gustavus, life and labors of. (R. 1870) 244

Magrini, L. Continuous vibratory movement of all matter. (R. 1868) 224

Mailly, E.—
Estimate of population of the world. (E. 1873) 275

Eulogy on Quetelet. (R. 1874) 286

History of Royal Institution of Great Britain. (R. 1867) 215

Maine

—

Brunswick, results of meteorological observations at—P. Cleaveland. 204

Schoodic lakes, description of apparently new species of Gasterosieus

from—T. H. Bean. (P. 1879) 333

Kennebec river, opening and closing of—R. H. Gardiner. (R. 1858.) 109

Portland Society of Natural History, account of—E. C. Bolles. (R. 1867) 215

remains of walrus (?) in—C. H. Boyd. (P. 1881) 467

Makah Indians, account of the—G. Gibbs 220

Makah Indians, memoir on the—J. G. Swan 220

Makah vocabulary—J. G. Swan 220

Mallery, G. Sign language among North American Indians compared with

that among other peoples and deaf-mutes. (E. 1879-80) 476

Mallet, R. On observations of earthquake phenomena. (R. 1869) 110

Mallinkroot, C. Changes of wind. (R. 1866) 214

Maltheidce, note on the—T. Gill. (P. 1878) 332

Mammals

—

and birds of Missouri river, list of—E. Harris. (R. 1850) 28

arrangement of families of—T. Gill 230

bibliography of—T. Gill 230

extinct, of Nebraska—J. Leidy 58

North American, catalogue of—S. F. Baird 105

of Arctic America—L. Kumlien 342

of Kerguelen Island—J. H. Kidder 294

synoptical tables of—T. Gill 230

Man

—

as the contemporary of the mammoth and reindeer in middle Europe.

(R. 1867) , 215

ancient, in Michigan, characteristics pertaining to—H. Gillman. (R.

1875) 298, 393

later prehistoric, remains of, from caves in Alaska—W. H. Dall 318

on traces of the early mental condition of—E. B. Taylor. (R. 1867) __ 215

social and religious condition of the lower races of—J. Lubbock. (R. 1869.) 228

Management of the Smithsonian Institution, report of Senate Judiciary Com-
mittee on—A. P. Butler. (R. 1855) .^ 77

Mandan ceremonies, accuracy of Catlin's account of—J. Kipp. (R. 1872) 271

Mann, C. Habits of a species of salamander. (R. 1854) 75

Manners of Shoshone Indians—A. G. Brackett. (R. 1879) 345
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Manufacture of spear and arrow points along Savannah river—C. C. Jones, Jr.

(R. 1879) 345

Manuscripts, Halliwell, report on—C. C. Jewett. (R. 1852) 57

Manuscripts, etc., historical and geographical, catalogue of collection of—L.

Berlandier. (R. 1854) 75

Manuscripts, linguistic, in library of Bureau of Ethnology, catalogue of

—

J. C. Pilling. (E. 1879-80) . 476

Map of

—

antiquities of United States, proposed—A. J. Hill. (R. 1861) 149

solar eclipse of March 15, 1858—T. Hill 101

stars for observations on meteorites 359

stars near North Pole for observations on auroras 350

United States, ethnological, proposed—G. Gibbs. (R. 1862) 150

Maps

—

and charts of America, on a collection of—J. G. Kohl. (R. 1856) 91

catalogue of collection of—L. Berlandier. (R. 1854) 75

ethnological, of North America, suggestions relative to—L. H. Morgan.
(R. 1861) 149

of winds of the globe—S. J. Coffin.., "268

Marble used in extension of U. S. Capitol, account of—J. Henry. (R. 1856.) 91

Marcet, Prof. Report on transactions of Society of Physics and Natural

History of Geneva, July, 1862, to June, 1863. (R. 1863) 187

Marey, E. J. Natural history of organized bodies. (R. 1867) 215

Marey, E. J. Phenomena of flight in the animal kingdom. (R. 1869) 228

Marianini, Stefano, life and scientific labors of, by C. Matteucci. (R. 1869.) 228

Marietta, Ohio, meteorological observations at—S. P. Hildreth; J. Wood.. 120

Marine algse, lecture on—W. H. Harvey. (R. 1855) 77

Marine alg83 of North America—W. H. Harvey :

Part I. Melanospermece- 32

Part II. RhodospermecB 43

Part III. Chlorospermece . , 95

Parts I, II, III, complete 96

Marine invertebrates

—

distributed by U. S. National Museum—R. Rathbun. (P. 1881.) 465, 467

of Grand Manan—W. Stimpson 50

of New England coast distributed by United States Fish Commission

—

A. E. Verrill; R. Ratiibun. (P. 1879) 333

of northeastern coast of America, notice of recent additions to, with de-

scriptions of new genei-a and species—A. E. Verrill :

Part 1. An7ieUda,cic. (P. 1879) 333

Part II. Mollusca, with n^tes on Annelida, etc. (P. 1880) 425

Part III. Catalogue of Mollusca recently added to fauna of southern

New England. (P. 1880) 425

on collection and preservation of—W. Stimpson 34
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Maritime disasters of the Antilles. (R. 1867) 215

Marrow of animals, uses of, among Indians—T. R. Peale. (R. 1870) 244

Mars, secular variations of elements of orbit of—J. N. Stockwell 232

Mars, small planets between Jupiter and—Prof. Lespiatjlt. (R. 1861) %.. 149

Marschall, A., list of generic names supplemental to those catalogued by—S. H.

SCXJDDER 470

Marsh, G. P. Lecture on the camel. (R. 1854) „ 75

Marsh, G. P., and others. On publication of Squier and Davis' ancient mon-

uments. (R. 1847) H, K
Marsipobranchii, arrangement of families of—T. Gill „ 247

Martin, S. D. Account of lightning discharges. (R. 1867) . 215

Martinique, catalogue of Ober's collection of birds of—G. N. Lawrekce. (P.

1878) 332.

Martins, C. Vegetable colonization of the British Isles of Shetland, Faroe,

and Iceland. (R. 1858) 109

Martius, C. F. P. von, honorary medal to—W. Haidinger. (R. 1803) 187

Martius, C. F. P. von, memoir of, by C. Rau. (R. 1869) 440, 251

Maryland, Charles county, antiquities of—0. N. Bryan. (R. 1874) 286

Maryland, occurrence of Canada porcupine in—0. Lugger. (P. 1881) 467

Mason, C. Statement relative to the telegraph. (R. 1857) 107

Mason, O. T.—
Abstracts of anthropological correspondence, 1880. (R. 1880j 442

Anthropological investigations in 1879. (R. 1879) 345, 420

Anthropological investigations in 1880. (R. 1880) 442, 432

Bibliography of anthropology. (R. 1879; R. 1880) 345, 442

Latimer collection of antiquities from Porto Rico. (R. 1870) 299, 397

Leipsic Museum of Ethnology. (R. 1873) 275

Record of progress in anthropology, 1879, 1880. (R. 1880) 442, 432

Report on Luray Cavern. (R. 1880) 442, 433

Summary of anthropological correspondence, 1879. (R. 1879) 345, 420

Massachusetts

—

Buzzards' Bay, occurrence of Belone Latimanus in—G. B. GooDE. (P.

1878) 332

Provincetown, Cape Cod, littoral marine fauna of—R. Rathbun. (P.

1880) 425

Vineyard Sound, occurrence of oceanic bonito in—V. N. Edwards.
(P. 1878) 332

Masterman, S. Observations on natural phenomena, shooting stars, aurora,

etc. (R. 1857) 107

Masterman, S. Observations on thunder and lightning. (R. 1855) 77

Materia medica collection, classification and arrangement of—J. M. Flint.
(P. 1881) ____ 407, 450

Materia medica section of the U. S. National Museum, memoranda for collectors

of drugs for the—J. M. Flint. (P. 1881) __ 467, 452
16
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Matter, continuous vibratory movement of—L. Magrini. (R. 1868) 224

Matteucci, C.—
Electrical currents of the earth. (R. 1807; R. 1869) 215, 228

Lectures on electro-physiology. (R. 1865) . 209

Life and scientific labors of Stefano Marianini. (R. 1869) 228

Mauvaises Torres, expedition to the upper Missouri and the—T. A. Culbert-
SON. (R. 1850) 28

Mauvaises Terres of Nebraska, extinct mammalia and chelonia from the—J.

Leidy 58

Maxwell, J. C. ; Helmholtz, H. Later views of connection of electricity

and magnetism, (li. 1873) 275

Maya sculpture, remarks on ancient relic of—A. Schott. (R. 1871) 249

Mayberry, S. p. Gradual approach of sea upon land. (R. 1867) 215

Mayberry, S. p. Shell heaps at mouth of St. John's river, Florida. (R.

1877) 323

Mayer, A. M. Henry as a discoverer. Memorial address 356, 417

May'er, a. M., translation by, of Delaunay's essay on velocity of light. (R.

1864) 188, 354

Mayer, B. Observations on Mexican historj- and archaeology 86

Mazatlan, descriptions of new fishes from—D. S. Jordan ; C. H. Gilbert.

(P. 1881) 467

Meacham, J. Minority report of Committee of Regents on distribution of

Smithson income. (R. 1853) 67

Meads, O. Memorial of Joseph Henry 356

Means available for correcting measures of sun's distance—G. B. Airy. (R.

1859) _. 110

Means of destroying the grasshopper—V. Motschulsky. (R. 1858) 109

Measurements, anthropological, table of

—

Scherzer; Schwarz. (R. 1866) __ 214

Measurements, mountain—A. Guyot. (R. 1862) 150

Measures

—

and weights, English and French, tables of. (R. 1863; R. 1864) __. 187, 188

and weights, metric system of, with tables—H. A. Newton. (R. 1865. ) 209, 371

and weights, new system of, with 8 as the metrical number—G. H.

Knight. (R. 1867) 215

of sun's distance—G. B. Airy. (R. 1859) 110

Measuring instrument, use of galvanometer as—J. C. Poggendorff. (R. 1859.) 110

Mechanics and artisans, scientific education of—A. P. Peabody. (R. 1872.) 271,380

Mechanism of fever, studj' of. Toner lecture No. iv—H. C. Wood 282

Medal to Von Martins—W. Haidinger. (R. 1863) 187

Medical practice, relation of food to work and its bearing on—S. Haughton.
(R. 1870) -. 244

Medicines, classification of forms in which drugs and, appear and are adminis-

tered—J. M. Flint. (P. 1881) 467, 451

Medulla oblongata and"trapezium, gray substance of the—J. Dean 173
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Mekch, L. "W. Eelative intensify of heat and light of the sun. (R. 185G.) 91, 83

Meek, F. B. Check-list of invertebrate fossils of North America. Cretaceous

and Jurassic 177

Meek, F. B. Check-list of invertebrate fossils of North America. Miocene. 183

Meek, F. B , and others. Scientific instructions to Capt. Hall. (R. 1871) 249

Meek, F. B. ; Hayden, F. V. Palceontology of upper Missouri. Part i 172

Meek, J. B. Account of tornado in Spruce Creek valley, Centre county, Penn.

(R. 1871) , 249

Meigs, J. A. Description of human skull from Rock Blufl", Illinois. (R. 1867.) 215

Melanians'of North America—G. W. Tryon, Jr. 253

Melanospermete of North America, descriptions of—W. H. Harvey 32

Melbourne Mining Department. Exchange system. (R. 1865) 209

Melsheimer, F. E. Catalogue of described coleoptera of the United States 62

Melting points, bibliography of—F. W. Clarke . 255

Melting jjoints, tables of. Part i—F. W. Clarke 255

Melting points, tables of. First supplement—F. W. Clarke 288

Memoir

—

See Biography, Life, Eulogy.

Memoir of

—

Agassiz, Louis, by R. P. Stebbins. (R. 1873) 275

Babbage, Charles, by N. S. Dodge. (R. 1873) 275

Beautemps-Beaupre, C. F, by E. De Beaumont. (R. 1863) 187

Blainville, Ducrotay de, by M. Flourens. (R. 1865) 209

Bravais, Auguste, by E. De Beaumont. (R. 1869) 228

Buch, Leopold von, by M. Flourens. (R. 1862) 1.50

CandoUe, Pyramus de, by M. Flourens. (R. 1859) 110

Clark, H. J., by A. S. Packard 242

Cuvier, G., by M. Flourens. (R. 1868) 224

Delambre, J. B., by J. Fourier. (R. 1864) 188

Encke, J. F., by G. Hagen. (R. 1868) 224

Gibbs, George, by J. A. Stevens. (R. 1873) 276

Haiiy, Rene Just, by G. Cuvier. (R. 18G0) 147

Henry, Josei)h, by A. Gray. (R. 1878)-__ 341, 356, 407
Henrj', Joseph, by J. Lovering 3.36

Henry, Joseph, by S. Newcomb 356

Henry, Joseph, by W. B. Taylor 356, 339
Herschel, Sir John Frederick William, by N. S. Dodge. (R. 1871) 249

Hodgkinson, Eaton, by R. Rawson. (R. 1868) 224

Legcndre, A. M., by E. De Bkaumont. (R. 1867) 215

Magendie, F., by M. Flourens. (R. 1866) 214

Martius, C. F. P. von, by C. Rau. (R. 1869) 228, 440, 251

Oersted, H. C, by E. Dk Beaumont. (K. 1868) 224

Peltier, J. C. A., by F. A. Peltier. (R. 1867) 215
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Memoir of—Continued.

Priestley, J., by G. Cuvier. (R. 1858) 109

Saint-Hiliiire, Isidore Geoffroy, by J. L. Quatrkfagks. (R. 1862) 150

Saint-Hilaire, Geoffroy, by M. Flourens. (R. 1861) 149

Seaton, W. W., by J. Henrt. (R. 1866) 214

Thenard, Louis Jacques, by M. Flourens. (R. 1862) 150

Torrey, Jobn, by A. Gray. (R. 1873) 275

Memoir on

—

anatomy and pbysiolog}' of lucernarise—H. J. Clark 242

explosiveness of nitre—R. Hare 17

extinct sloth tribe of North America—J. Leidy 72

extinct species of American ox—J. Leidy 41

meteorological subjects, by J. Hann and others. Translated by C. Abbe.

(R. 1877) 323, 398

methods of interpolation—E. L. De Forest. (R. 1871, 1873) 249, 275

mosasaurus—R. W. Gibbes 14

Memoranda for collectors of drugs for materia medica section of the U. S.

National Museum—J. M. Flint. (P. 1881) 467, 452

Memoranda of inquiry relative to food fishes of United States 231

Memorial

—

address on Joseph Henry—A. M. Mayer 356, 417

of citizens of Philadelphia relative to Lowe's aeronautic voyage across

the Atlantic. (R. 1860) 147,329

of Joseph Henry. (Published by Congress) 356

of Regents to Congress asking appropriations for Museum. (R. 1867.) 215, 329

of Regents to Congress relative to Smithson fund. (R. 1850; R. 1866.)

28, 214, 329

to Congress in behalf of Regents relative to new museum building—G.

Bancroft. (R. 1876) 299,329

Menhaden, gulf, {Brevoortia patronus), note on—S. Stearns. (P. 1878) 332

Mental condition of man, early traces of—E. B. Tylor. (R. 1867) 215

Mercury, secular variations of elements of orbit of, with tables—J. N. Stock-

well 232

Merino, St. M. Figure of the earth. (R. 1863) 187

Merlucius, diagnosis of genus of fish related to—G. B. Goodk. (P. 1880) 425

Merrill, J. C. Habits of Rocky Mountain goat. (P. 1879) 333

Merrill, J. C. List of birds observed near Fort Brown, Texas, 1876-1878.

(P. 1878) 332

Mesozoic rt)cks of Arkansas, Wyoming, Colorado, and Utah, descriptions of

new invertebrate fossils from—C. A. White. (P. 1880) 425

Metal, hydrogen as gas and

—

J.E.Reynolds. (R. 1870) 244

Metallic castings of delicate natural objects. (P. 1881) 467

Metamorphism and formation of crystalline rocks—G. A. Daubree. (R. 1861.) 149

Meteoric fire-ball, orbit and phenomena of—J. H. Coffin 221
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Meteoric shower of November 13, 1867, letter of M. Hoek, relative to 217

Meteoric stones, lectures on—J. L.Smith. (R. 1855) 77

Meteorite

—

in Mexico—A. Woodworth. (R. 1867) 215

in Mexico, account of—R. SiMSON. (R. 1867) 215

in Mexico, discovery of large

—

W. M. Pieksox. (R. 1873) 275

Tucson, account of—S. Ainsa. (R. 1863) 187

Tucson, account of—B. J. D. Irwin. (R. 1863) 187

Meteorites

—

extract from discourse on—F. Brenndecke. (R. 1869) 228

in Mexico—J. H. Carleton. (R. 1865) 209

in mineralogical collection of Yale College, catalogue of—G. J. Brush.
(R. 1868) 224

S)'nthetic experiments relative to—G. A. Daubree. (R. 1868) 224

Meteorograph, universal, for detached observatories—E. H. von Battmhauer.
(R. 1879) 345

Meteorological

—

articles in periodicals received by Smithsonian Institution and deposited

in Library of Congress. (R. 1871; R. 1873) 249, 275

correspondence of the Institution, extracts from. (R. 1866) 214

discovery—F. L. Capen. (R. 1866) 214

instruments, description of—L. Casella. (R. 1859) 110

material contributed to the Smithsonian Institution. (R. 1860-1866, 1868,

1871, 1874) 147, 149, 150, 187, 188, 209, 214, 224, 228, 244, 249, 286

memoirs—J. Hann; L. Sohncke ; T. Reye
; W. Ferrel; A. Cold-

inq; M. Peslin; C. Abbe. (R. 1877) 323, 398

publications deposited in Library of Congress, classified list of. (R. 1873.) 275

reports preserved in Smithsonian Institution, classified list of. (R. 1873.) 275

stations, cost of establishment of

—

J.Henry. (R. 1858) 109

stations and observers, list of. (R. 1849, 1853-1872.) 21, 67, 75, 77, 91, 107, 109,

110, 147, 149, 150, 157, 187, 188, 209, 214, 215, 224, 228, 244, 249, 271, 373

subjects, short memoirs on, by J. Hann and others. Translated by C.

Abbe. (R. 1877) 323,398

suggestions for Russian America—J. Henry* 207

system for every State— Illinois State Board of Education. (R. 1855. ) 77

system of Canada—J. G. Hodgins. (R. 1865) 209

system of Smithsonian Institution, report on—E. Foreman. (R. 1851
;

R. 1852) 51, 57

tables—A. Guyot 31, 153

telegrams by "Western Union Telegraph Company—H. Sibley. (R. 1862) 150

Meteorological observations

—

at Brunswick, Maine—P. Cleaveland 204

at Marietta, Ohio—S. P. Hildreth; J. Wood 120
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Meteorological observations—Continued.

at Philadelphia, Girard College, discussion of—A. D. Bache. 113, 121,

132, 162, 175, 186, 195

at Providence, Rhode Island, 1831-1860— A.. Caswell 103

at Providence, Rhode Island, 1831-1876—A. Caswell 443

at Sacramento, California—F. W. Hatch. (R. 1854) 76

at Sacramento, California—T. M. Logan. (R. 1854) 75

at San Francisco, California—H. Gibbons. (R. 1854) 75

at "Washington, Arkansas—N. D. Smith 131

combined, report of American Association for Advancement of Science

on system of. (R. 1851) 51

directions for—A. Guyot ; J. Henry. (R. 1855) 77, 19, 148

in the Arctic Seas—I. I. Hayes 196

in the Arctic Seas—E. K. Kane 104

in the Arctic Seas—F. L. McClintock 146

results of, from 1854 to 1859. Vols, i, ii 157, 182

Smithsonian, for the year 1855 93

Meteorology

—

articles on. (R. 1867; R. 1870) - 215,244

articles on, with notes by J. Henry. (R. 1871) 249

communication relative to—J. P. Espy. (R. 1847) H
lectures and notes on—R. Russell; J. Henry. (R. 1854) 75

of Caracas, South America—G. A. Ernst. (11.1867) 215

of Colonia Tovar, Venezuela—A. Fendler. (R. 1857) 107

of District of Columbin-J. Wissner. (R. 1857) 107

of Green river country, Utah—Col. Collins. (R. 1871) 249

of Porto Rico—G. Latimer. (R. 1871) 249

of Russia—A. Woeikoff. (R. 1872) „ 271

of Sacramento, California—T. M. Looan. (R. 1857) 107

of the United States, report on—E. LooMis. (R. 1847) H
Meteorology

—

See Atmospheric pressure, Temperature, Ruin, Winds, etc.

Meteors

—

articles on, preserved in Smithsonian. (R. 1874) 286

observation of—L. Andrews. (R. 1866) 214

of November i3, 1867 217

planisphere of the heavens for observations of 359

Method of

—

ascertaining amount of water in rivers—A. A. Humphreys. (R. 1858.) 109

forming small weights—R. Hare. (R. 1858) 109

preserving lepidoptera—T. R. Peale. (R. 1863) 187

Methods of

—

capture and utilization of animals—G. B. Goode 297

installation in the National Museum—G. B. Goode. (P. 1881) 467, 472
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Methods of—Continued.

interpolation applicable to graduation of irregular series—E. L. De
Forest. (R. 1871) 249

interpolation, additions to memoir on—E. L. De Forest. (R. 1873) 275

making and preserving plaster casts—A. Pirz. (P. 1881) 467

Metric system for scientific observation—A. Guyot. (R. 1848) I

Metric system of weights and measures with tables—H. A. Newton. (R. 1865.)

209, 371

Metric system with 8 as base

—

G. H. Knight. (R. 1867) 215

Mettenius, G. Acknowledgment for ferns. (R. 1862) 150

Mexican axolotl, change of, to an amblystoma—A. Weismann. (R. 1877.) 323, 401

Mexican boundary, forests and trees of Florida and the

—

.J.G.Cooper. (R. 1860.) 147

Mexican history and archaeology, observations on—B. Mayer 86

Mexican Society of Geography and Statistics. Exchanges. (R. 1861 ; R. 1865.) 149,209

Mexico

—

description of large fossil gasteropod from—C. A. White. (P. 1880)__ 425

description of new fishes from—D. S. Jordan ; C. H. Gilbert. (P. 1881.) 467

description of new species of genus Brevoortia from—G. B. Goodk. (P.

1878) 332

eastern, earthquake in, January, 1866—C. Sartorius. (R. 1866) 214

explorations of John Xanlus in—M. Romero. (R. 1862) 150

Guanajuato and Chapala lake, notes on Duges' collection of fishes from

—

D. S. Jordan. (P. 1879) A?>Z

list of described birds of, not in Smithsonian collection 185

magnetic observations in—Baron von MiJLLER; A. Sonntag 114

meteorite in—R. Simson. (R. 1867) 215

meteorite in—A. Woodworth. (R. 1867) 215

meteorite in, discovery of—W. M. Pierson. (R. 1873) 275

meteorites in—J. H. Carleton. (R. 1865) 209

notes on fishes from, collected by Lieut. H. E. Nichols— D. S. Jordan ; C.

H.Gilbert. (I'. 1881) 467

scientific expedition to, report addressed to Emperor of France by Min-

. ister of Public Instruction. (R. 1864) 188

southwestern, birds of, collected by F. E. Sumichrast—G. N. Lawrence. 295

Vera Cruz, account of antiquities in—H. FiNCK. (R. 1870) 244

Mexico, Gulf of, catalogue of fishes collected in, by J. "VV. Velie— G. B. GooDis

;

T. H. Bean. (P. 1879) 333

Mexico, Gulf of, mortality of fishes in—J. P. Jefferson. (P. 1878) 332

Mica beds in Alabama—W. Gesner. (R. 1879) 345

Mica mines, ancient, in Nurth Carolina—C. D. Smith. (R. 1876) 299

Michigan

—

ancient mining in—C. Whittlesey 155

Beaver Island, natural history of—J. J. Strang. (R. 1854) 75
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Michigan—Continued.

catalogue of rocks, minerals, and ores collected on geological survey in

—

C.T.Jackson, (li. 1854) 75

characteristics pertaining to ancient man in—H. Gillman. (R. 1875.) 298,393

Isle Royale, Lake Superior, antiquities of—A. C. Davis. (R. 1874) 286

mound-builders and platycnemism in—H. Gillman. (R. 1873) 275, 393

Microscope, the. (R. 1860) 147

Microscopic organisms

—

directions for collecting 65

directions for collecting, preserving, and transporting—A. M. Edwards. 366

notes on new species and localities of—J. W. Bailey 63

Microscopical examination of Japanese infusorial earths—A. M. Edwards 202

Microscopical examination of soundings made by U. S. Coast Survey off At-

lantic coast of United States—J. W. Bailey 20

Microscopical observations in South Carolina, Georgia, and Florida—J. W.
Bailey 23

Middle America

—

birds of—S. F. Baird 181

birds of, circular for collecting 168

birds of, not in National Museum—R. Ridgway. (P. 1881) 467

(explanation of term) 181

Migration, the American—F. von Hellwald. (R. 1866) 214

Migrations and.nesting habits of west coast birds—J. G. Cooper. (P. 1879)-. 33(J

Milan Agricultural Association. Exchange of publications. (R. 1863) 187

Milky way, bibliography of works relating to—E. S. Holden 311

Miller, F. Mound in Trumbull county, Ohio. (R. 1877) 323

Mills, Clark, casts of heads of Indian boys and girls at Hampton, Virginia,

taken by. (P. 1879) 333

Mills, Clark, casts of heads of Indian prisoners in Florida taken by. (P. 1878.) 332

Mineral, jade, study of—S. Blondel. (R. 1876) 299

Mineralogical collection, arrangement of—C. U. Shepard. (R. 1861) 149

Mineralogical collection of Yale College, catalogue of meteorites in the—G. J.

Brush. (R. 1868) j 224

Mineralogical composition of the normal mesozoic diabase upon Atlantic

border—G. W. Hawes. (P. 1881) 467

Mineralogy, progress in, in 1879 and 1880—G. W. Hawes. (R. 1880) _.. 442, 428

Minerals

—

and ores collected on geological survey in Michigan, catalogue of—C. T.

Jackson. (R. 1854) 76

and rocks, catalogue of—J. W. Foster. (R. 1854) 75

and rocks, catalogue of

—

J.D.Whitney. (R. 1854) 75

catalogue of, with their formulas, etc.—T. Egleston 156

in U. S. National Museum in 1873, list of—F. M. Endlich. (R. 1873.) 275
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Minerals—Continued.

in U. S. National Museum in 1879, list of—F. M. Endlich. (P. 1880.) 425

rocks, ores, and fossils, catalogue of—J. Lockk. (R. 1854) 75

Mines, ancient mica, in North Carolina—C. D. Smith. (K. 1876) 209

Mining, ancient, in Lake Superior copper region, circular relative to—J.

Henry. (R. 18G1) 149

Mining, ancient, on shores of Lake Superior—C. Whittlj^sey 155

Mining Department, Melbourne. E.xchange system. (R. 1865) 209

Minnesota

—

ancient town in, account of—0. H. Kelley. (R. 1863) 187

Fort Ripley, natural history of country about—J. E. Head. (R. 1854.) 75

Hennepin county, mounds on Gideon's farm near Excelsior—F. H. Nut-
ter. (R. 1879) 345

Lake Pepin and Mississippi river, antiquities on banks of—L. C. Estes.

(R. 1866) 214

Red river of the North, ethnology of Indians of—W. H. Gardner.
(R. 1870) 244

Minnesota Historical Society. Dakota grammar 40

Miocene fossils, check list of—F. B. Meek 183

Miscellanea, Museum, labels, etc.—S. F. Baird 164

Miscellaneous Collections, Smithsonian. Vols, i-xxrii. 122, 123, 124, 125, 158, 169,

191, 212, 213, 250, 273, 274, 312, 314, 315, 322, 336, 337, 416, 423, 424, 468, 475

Miscellaneous Collections, Smithsonian, catalogue and index of 478

Miscellaneous tables—A. Guyot 153

Missionary Society, Southern. Yoruba grammar and dictionary 98

Missions

—

See American Board of Commissioners.

Mississippi

—

aboriginal lapidary in—C. Rau. (R. 1877) 323, 402

eastern, collection of fishes from—0. P. Hay. (P. 1880) 425

mounds in—S. A. Agnew. (R. 1867) 215

Washington county, mounds in—J. Hough. (R. 1879) 345

Yazoo county, antiquities of—J. W. C. Smith. (R. 1874) 286

Mississippi river and Lake Pepin, antiquities on banks of—L. C. Estes. (R.

1866) 214

Mississippi river, description of new species of fishes from—T. H. Bean. (P.

1879) 333

Mississippi valley, ancient monuments of—E. G. Squier; E. H. Davis 1

Mississippi valley, physical geography of—C. Ellet, Jr 13

Missouri

—

ancient relics in—J. W. Foster. (R. 1863) 187

antiquities in—I. Dille. (R. 1862) 150

Kansas City, antiquities of—W. H. R. Lykins. (R. 1877) 323

New Madrid, earthquake at—T. Dudley. (R. 1858) 109



250 ALPHABETICAL INDEX

Missouri—Continued.

prehistoric evidences in—G. C. Broadhead. (K. 1879) 345

St. Louis, ancient mound at—T. E. Peale. (R. 1861) 149

St. Louis, temperature of—A. Fendlbr. (R. 1860) 147

upper, expedition to Mauvaises Terresand—A. Culbertson. (E. 1850.) 28

upper, list of plants of—T. C. Porter. (R. 1850) 28

upper, paleontology of—F. B. Meek; F. V. Haydex 172

western, exploration of—P. R. Hoy. (R. 1864) 188

Missouri river, ancient earthworks on—A. Barrandt. (R. 1870) 244

Missouri river, list of birds and mammalia of—E. Harris. (R. 1850) 28

Mitchell, A. Antiquities of Florida. (R. 1874) 286

Mitchell, B. Mounds in Pike county, Illinois: (R. 1879) 345

Mitchell, B. R. ; Turner, W. W. Vocabulary of the jargon of Oregon _. 68

Mitchell, S. S. Funeral sermon of Joseph Henry 356

Mitchell, S. W. Inquiries relative to disease known as chorea. (R. 1874) __ 286

Mitchell, S. W. Researches upon the venom of the rattlesnake 135

Mitchell, S. W. ; Morehouse, G. R. Researches upon anatomy and physi-

ology of respiration in chelonia 159

Mitla, drawings of—J. G. Sawkins 80

Mixed races in Liberia—E. D. Blyden. (R. 1870) 244

Mobile river, shell-heaps on—A. S. Gaines; K. M. Cunningham. (R. 1877.) 3iZ3

Modern theory of chemical types—C. M. Wetherill. (R. 1863) 187

Modes of flight in relation to aeronautics—J. B. Pettigrew. (R. 18G7) 215

MoiONO, F. N. Accidental or subjective colors. (R. 18G6) 214

Molina, L., Costa Rican minister, recommending Dr. Berendt. (R. 1865) 209

MoUusca of Northeastern coast of America. Parts i, ii, iii—A. E. Verrill.
(P. 1879; P. 1880) ___ 333,425

MoUusca, or shellfish, and their allies, lectures on— P. P. Carpenter. (R.

1860) 147, 152

MoUuscoids of Arctic America—A. E. Verrill 342

Mollusks—
arrangement of families of—T. Gill 227

bibliography of—T. Gill 427

eocene, some new species of, from southern United States—A. Hkilprin.

(P. 1880) 425

new forms of, from Alaska—W. H. Dall. (P. 1878) 332

of Arctic America— W. H. Dall 342

of Kerguelen I.sland—W. H. Dall 294

of western North America—P. P. Carpenter 252

Monadnock, ironclad, deviation of compasses on—W. Harkness 239

Mongolia, geological researches in—R. Pumpelly 202

Monograph of

—

American corbiculadse, recent and fossil—T. Prime 145
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Monograph of—Continued.

bats of North America—H. Allen 165

cottoids of North America—C. Girard 30

dolichopodidse—H. Loew 171

ortalidsB—H. Loetv 256

strepomatidae, (American melanians)—G. W. Tryon 253

tipulidse—U. R. Osten Sacked 219

wasps—H. De Saussure . 254

Monographs of diptera of North America

—

Part I—H. LoEW ; R. Osten Sacken 141

Part II—H. LoEW ; R. Osten Sackek 171

Part III—H. Loew 256

Part IV—R. Osten Sacken 219

Montana, distribution of forest trees in—W. W. Johnson. (R. 1870) 244

Montana, prehistoric remains in—P. W. Norris. (R. 1879) 345

Monterey Bay, California, now fishes from—D. S. Jordan
; C. H. Gilbert.

(P. 1880) 425

Monument to Joseph Henry, proceedings of Congress relative to 356

Monuments

—

aboriginal, of State of New York—E. G. Squier 15

ancient, of the Mississippi valley—E. G. Squier; E. H. Davis 1

and antiquities of Denmark, preservation of—J. J. A.Worsaae. (R. 1879.) 345

Moon

—

effect of, on the magnetic force—A. D. Bache 162, 175

effect of, on the weather—J. Henry. (R. 1871) 249

influence of, on magnetic declination—A. D. Bache 132

occultations of planets by

—

See Downes, J.

Moon-hoax, on the

—

J.Henry. (R. 1873) 275

MooRE, M. A. Pish mortality in the Gulf of Mexico. (P. 1881) 467

Moore, T., and others. Destruction of fish near the Tortugas. (P. 1878) 332

Morehouse, G. W. ; Mitchell, S. W. Anatomy and physiology of respira-

tion in chelonia 159

MoRFiT, C ; Booth, J. C. Recent improvements in chemical arts 27

Morgan, L. H.—
Circular in reference to degrees of relationship among different nations.. 138

Proposed ethnological map of North America. (R. 1861) 149

Systems of consanguinity and affinity of the human family 218

Morgan, L. H., circular to dii)lomatic agents by State Department relative to

research of
,

138

MORIN, A. "Warming and ventilating buildings. Parts i, ii. (R. 1873 ; R.

1874) 275, 286, 439

MORLOT, A.

—

Abstract of Dr. Keller's report on lacustrian settlements in Switzerland.

(R. 1863) 187
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MouLOT, A.—Conlinued.

Archeology. (R. 1861) 149

General views on archaeology. (R. 1860) 147

Lecture on study of high antiquity in Europe. (R. 1862; R. 1864.) 150, 188

Morris, J. G.

—

Catalogue of described lepidoptera of North America 118

Lecture on insect instincts and transformations. (R. 1855) 77

Lecture on natural history as applied to farming and gardening. (R. 1855.) 77

Synopsis of described lepidoptera 133

Morris, O. W. ; Henry, J. Quantity of rain at diflPerent heights. (R. 1855.) 77

Morse, S. F. B., account of origin and development of invention of—W. B.

Taylor. (R. 1878) 341,405

Morse, S. F. B., communication relative to a publication of—J. Henry. (R.

1857) : 107, 115, 329

Mortality

—

of fishes in Gulf of Mexico—E. Ingersoll. (P. 1881) 467

of fishes in Gulf of Mexico—J. P. Jefferson. (P. 1878) 1- 332

of fishes in Gulf of Mexico—S. H. Johnson. (P. 1881) 467

of fishes in Gulf of Mexico—M. A. Moore. (P. 1881) 467

of fishes in vicinity of Tortugas—J. P. Jefferson ; T. Moore ; J. T.

Porter. (P. 1878) 332

tables of, methods of interpolation applied to graduation of—E. L. De
Forest. (R. 1871; R. 1873) 249, 275

MORTILLET, G. DE ; Chantre, E. International code of symbols for charts of

prehistoric archeology. (R. 1875) 298

Morton, S. G., and others. On publication of Squier and Davis' ancient mon-

uments. (R. 1847) H
Mortuary customs of Morth American Indians—H. C. Yarrow. (E. 1879-80.) 476

Mosasaurus and the three allied genera, Holcodus, Conosaurus, and Amphoros-

fews, memoir on—11. W. Gibbes ^ 14

Motion, planetary, general integrals of—S. Newcomb 281

Motion, rotary, problems of, presented by gyroscope, precession of equinoxes,

and pendulum—J. G. Barnard 240

Motschtjlsky, V. On means of destroying the grasshopper. (R. 1858^ 109

Moulton, M. W. Mounds in Delaware county, Iowa. (R. 1877) 323

Mound in

—

Dakota, Lincoln county—A. Barrandt. (R. 1872) 271

Florida, colored bead from—A. M. Harrison. (R. 1877) 323

Florida, gold ornament from—C. Rau. (R. 1877) 323, 440, 403

Indiana—W. Pidgeon. (R. 1867) 215

Kentucky, near Lexington—R. Peter. (R. 1871) 249

Missouri, St. Louis—T. R. Peale. (R. 1861) 149

Ohio, Trumbull county—F. Miller. (R. 1877) 323

Pennsylvania, western—W. M. Taylor. (R. 1877) 323
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Mound in—Continued.

Tennessee, near Chattanooga—M. C. Read. (R. 1867) 215

Tennessee, east—A. F. Danilsen. (R. 1863) 187

Wisconsin—C. K. Dkan. (R. 1872) 271

"Wisconsin, Grant count.v—J. "Warner. (R. 1872) 271

Mound-builders—

•

and platycnemism in Michigan—H. Gillman. (R. 1873) 275, 393

in Rock river valley, Illinois—J. Shaw. (R. 1877) 323

of "Wisconsin, mounds and osteology of—J. N. De Hart. (R. 1877) 323

Mounds and osteology of the mound-builders of Wisconsin—J. N. De Hart.
(R. 1877) 323

Mounds in

—

Dakota, Fort Wadsworth—A. J. Comfort. (R. 1871) 249

Florida, (southern,) explorations among— S. T. Walker. (K. 1879) 345

Georgia—M. F. Stephenson. (R. 1870) 244

Georgia, Bartow county—M. F. Stephenson. (R. 1872) 271

Georgia, Mcintosh and Early counties—W. McKinley. (R. 1872). __ 271

Illinois, Mercer county—T. McWhorter. (R. 1874) 286

Illinois, near Albany, skull and bones from—R. J. Farquharson.
(R. 1874) 286

Illinois, Pike county—B. Mitchell. (R. 1879) 345

Illinois, Rock Island county—T. Thompson. (R. 1879) 345

Illinois, Spoon river valley—W. H. Adams. (R. 1879) 345

Illinois, Union county, near Anna—T. M. Pkrrine. (R. 1872) 271

Indiana, Franklin county—E. R. Quick. (R. 1879) 345

Indiana, Rush county—F. Jackman. (R. 1879) 345

Iowa, Delaware eounty—M. W. Moulton. (R. 1877) 323

Iowa, Des Moines valley, notes on—S. B. Evans. (R. 1879) 845

Iowa, Muscatine county—T. Thompson. (R. 1879) 345

Kentucky—R. Peter. (R. 1872) 271

Kentucky, exploration of—S. S. Lyon. (R. 1870) 244

Kentucky, Union county, exploration of—S. S. Lyon. (R. 1870) 244

Louisiana—S. H. Lockett. (R. 1872) 271

Louisiana, Moorehouse parish—B. H. Brodnax. (R. 1879) 345

Minnesota, Hennepin county, on Gideon's farm— F. H. Nutter. (R. 1879) 345

Mississippi—S. A. Agnew. (R. 1867) 215

Mississippi, Washington county—J. Hough. (R. 1879) 345

New Brunswick and New England, notes on—S. F. Baird. (P. 1881.) 467

Ohio, Trumbull county

—

F.Miller. (R. 1877) 323

Pennsylvania, (western)—W. M. Taylor. (R. 1877) 323

Tennessee—J. Jones 259

Wisconsin, Grant county—M. Strong. (R. 1879) 299

Wisconsin, Winnebago county—T. Armstrong. (R. 1879) 346
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Mountain, Black, North Carolina, topograph}' of—T. L. Clinoman. (R. 1865.) 77

Mountain measurements—A. Guyot. (R. 1862) 150

Mountains, electric resonance of—H. De Saussure. (R. 1868) 224

Mountains in Colorado, heights of—G. Engelmann. (R. 1862) 150

Mountains, lakes, and the snow-line, Norwegian—O. E. Dreutzeb. (R. 1866.) 214

Movement of the stars around a central point—J. H. Maedler. (R. 1859) __ 110

Mucu, M. Ancient history of North America. (R. 1871) 249

MuDGE, B. F. Account of lightning discharges. (R. 1867) 215

MiJLLER, Baron von. Observations on terrestrial magnetism in Mexico 114

MiJLLER, F. Smithsonian exchanges. (R. 1860) 147

MiJLLER, J.

—

Principles of the mechanical theory of heat. (R. 1868) 224

Report on recent progress in physics—electricity. (R. 1856; R. 1857.) 91, 107

Report on recent progress in physics—galvanism. (R. 1855; R. 1857; R.

1858) 77, 107, 109

Report on transactions of Geneva Society of Physics and Natural His-

tory, June, 1875, to July, 1876. (R. 1877) 323

Mummy and .skulls from Patagonia—A. Reid. (R. 1862) 150

Mummy case, Gliddon—C. Pickering 208
Mtjrpuey

, H. C. , and others. On publication of Spanish works on New Mexico.

(R. 1855) 77

Musci of Kerguelen Island—T. P. James 294

Museum

—

at Lausanne, ethnological collections of—F. Troyon. (R. 1861) 149

Blackmore, Salisbury, England, notice of. (R. 1868) 224

British, statistics of—S. F. Baird. (R. 1850) ^ 28

d'Histoire Naturelle, Paris, notes on typical American fishes in—D. S.

Jordan. (P. 1879) 333

Hungarian National. Acknowledgment for birds. (R. 1863) 187

miscellanea—S. F. Baird 164
of ethnology, Leipsic—A. Schott

; O. T. Mason. (R. 1873) 275

of National University of Greece. Exchange of specimens. (R. 1867.) 215

of Norway, Ethnological—L. K. Daa. (R. 1862) 150

of Toronto University, objects of. (R. 1865) 209

on formation of a—L. AoAssiz. (R. 1849) 21

Smithsonian

—

See Museum, U. S. National.

Museum, U. S. National

—

acts and resolutions of Congress relative to

—

See Congress. .

additions to, list of

—

See each annual report.

birds of Middle and South America not in—R. Ridgway. (P. 1881) _. 467

Bulletins of

—

See iiulletins.

catalogue and index of the Proceedings and Bulletins of 478

catalogue of collection of Japanese cotton fibre presented to. (P. 1881.) 467
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Museum, U. S. National—Continued.

catalogue of collection of Japanese woods presented to—L. F. Ward.
(P. 1881) . '. 467

catalogue of Old "World birds in—E. Eidgway. (P. 1881) 467, 462

circular asking contributions to library of. (P. 1881) 467, 458

circulars of

—

See Circulars.

classification of collections of—G. B. Goode. (P. 1881) 467, 457

classification of collections of, to illustrate taxidermy—W. T. Hornaday.
(P. 1881) 467, 456

collections furnished to, by explorations, 18S8 to 1877—S. F. Baikd.

(E. 1877) 82S

contributions to, and their acknowledgment. (P. 1881) 467, 473

directory of officers, collaborators, and employes of 466

distribution by, of marine invertebrates—E. Eathbun. (P. 1881.)

467, 465, 471

establishment and officers of Smithsanian Institution and. (P. 1881.) 467, 449

letters on work of—B. Phillips. (P. 1881) 467, 454

list of publications of. (P. 1881) 467, 478, 474

memorial of Eegents of Smithsonian Institution to Congress asking

appropriations for. (E. 1867) 215,329

memorial to Congress in behalf of Eegents of Smithsonian Institution

for new building for—G. Bancroft. (E. 1876) 299, 329

organization and objects of—G. B. Goode. (P. 1881) 467, 459

outline of scheme of classification for collections in—G. B. Goode. (P.

1881) 467, 457

plan of organization and regulations of—G. B. Goode. (P. 1881)-- 467, 445

plans for installation of collections in—G. B. Goode. (P. 1881) ._- 467, 472

proceedings in Congress relative to 328

Proceedings of. Vols, i-iv, 1878-1881 332, 333, 425, 467

report of Committee of Eegents on—A. Gray; H. Coppee. (E. 1874.) 286

report of Committee of Eegents on—A. Gray ; A. A. Sargent ; H.

Clymer. (E. 1876) 299

report on, and statistics of British Museum—S. F. Baird. (E. 1850) 28

reports of Building Commission of, for 1879, 1880. (E. 1879; E. 1880.)

345, 442, 409, 434

reports on, 1853-1867, 1873-1877—S. F. Baird. (E. 1853-1867, 1873-

1877) 67, 75, 77, 91, 107, 109, 110, 147, 149, 150, 187,

188, £09, 214, 215, 275, 286, 298, 299, 323

Myadestes obscurus, description of two new races of— L. Stejneger. (P. 1881.) 467

Myctophum crenulare, description of—T. H. Bean. (P. 1881) 467

Myctophum crenulare from Santa Barbara channel, California, description of

—

D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Myological specimens, rapid preparation of—F. Plateau. (P. 1881) 467
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Myriapods, list of North American species of, belonging to familj- of Lysiope-

talidcE—J. A. Ryder. (P. 1880) 425

Myriapods, phalangidae, etc., instructions for collecting—-H. C. Wood. (R.

1866) 214

Myriolepis zonifer, a new chiroid fish from Monterey Bay, Calfornia, descrip-

tion of—W. N. Lockington. (P. 1880) 425

Mythology of North American Indians—J. W. Powell. (E. 1879-80) 476

Myths, Indian. (E. 1879-80) ___ 476

3sr.

Naill, D. W. Dispersion of a cloud by electrical discharge. (R. 1858) 109

Naples, Italy, Royal Institute for Encouragement of Natural, Economical, and

Technological Sciences. Prize questions. (R. 1873) 276

Narrative of the Hassler expedition—L. Agassiz. (R. 1872) 271, 329

National Academy of Sciences, bequest to—A. D. Bache. (R. 1872) 271, 329

National library, on a—W. S. Jevons. (R. 1873) 276

National Museum

—

See Museum, TJ. S. National.

Natural history

—

applied to farming and gardening, lecture on—J. G. Morris. (R. 1855.) 77

bibliography of American—C. Girard ; 48

directions for collecting, preserving, and transporting specimens of

—

S. P. Baird. (R. 1856) 91, 34

explorations in, in the United States, 1851—S. F. Baird. (R. 1851) 51

of Arctic America—L. Kumlien 342

of Beaver Island, Michigan—J. J. Strang. (R. 1854) 76

of country about Fort Ripley, Minnesota—J. E. Head. (R. 1854) 75

of Fanning Islands—T. H. Streets 303

of fresh-water fishes of North America—C. Girard 30

of Hawaiian Islands, etc.—T. H. Streets 303

of Kerguelen Island—J. H. Kidder and others 294

of lower California—T, H. Streets 303

of organized bodies—E. J. Marey. (R. 1867) 215

of Pacific Islands—W. H. Pease. (R. 1862) 150

suggestions relative to investigations in, in Russian America—S. F.

Baird 207

Natural History Society

—

See Geneva.

Natural method, the Jussieus and the—M. Flourens. (R. 1867) 215

Naturalists, generic names of animals employed by—S. H. Scuddkr 470
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Niituio

—

and iu-t, on tables of the constants of—C. Babbage. (R. 1856) 91

and mechanism of lever. Toner lecture No. iv—H. C. Wood 282

and origin of force—W. B. Taylor. (R. 1870) 244, 375

of reparatory inflammation in arteries after ligature. Toner lecture No.

VII E. O. SnAKESPKARK '. 321

Nature

—

Sre Constants of Nature.

Navajo Indians, language of, said to resemble Welsh—S. Y. McMasters. (R.

18G5) S- 209

Navajo Indians, sketch of the—J. Letterman. (R. 1855) 77

Naval ofBcers, authority to, to receive and transmit specimens to Smithsonian... 34

Navigation of Ohio and other rivers, improvement of—C. Ellet 13

Navy Department, authority given by, to naval oflScers to receive and transmit

specimens to the Smithsonian Institution 34

Neah Bay, Washington Territory, description of two new species of fishes

from—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Nebraska

—

ancient fauna of—J. Leidy 58

palaeontology of—F. B. Meek; F. V. Hayden " 172

report on fossils from—J. Leidy. (R. 1851) 51

Nebulse, index-catalogue of books relative to— E. S. Holdkn 311

Nebulae, researches relative to the—Prof. Gautier. (R. 1863) 187

Nebular hypothesis, bibliography of the—E. S. Holden .: 311

Nematoda of northeast coast of North America— A. E. Verrill. (P. 1879)_- 333

Nemertina of northeast coast of America—A. E. Verrill. (P. 1879) 333

Nemichthys avocetta, new species of Nemichthys, description of—D. S. Jor-

dan
;
C.H.Gilbert. (P. 1880) 425

Neptune

—

ephemerides of, 1848, 1846-49, 1850, 1851, 1852—S. C. Walker. 4, 5, 6, 7, 24

history of discovery of— B. A. Gould 18

investigation of orbit of, with tables of its motion—S. Newcomb 199

researches relative to—S. C. Walker 3

secular variations of elements of orbit of—J. N. Stockwkll 232

Nereis-Boreaii-Americana—W. H. Harvey:
Part I. Melanospermece 32

Part II. Rhodospermece 43

Part III. Chlorospermece 95

Parts I, II, III, complete 96

Neritidaj, fresh-water—W. G. Binnky 144

Nerve, polarized, effect of irritation of—-B. F. Lautenbach. (R. 1878)-. 341, 411

Nervous system of Rana pipiens, anatomy of—J. Wyman 45

Nests

—

and eggs of American birds, instructions for collecting—S. F. Baiud.

(R. 1858) 109, 139

17
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Nests—Continued.

and pgffs of the eight North American species of empidonaces—T. M.
Brewer. (P. 1879) 333

instructions for collecting and preserving—T. M. Brewer 139

of west coast birds—J. G. Cooper. (P. 1879) 333

Netherlands, the, Royal Academy of. Prize questions. (R. 1861) 149

Neuchatel, lake of, palafittes or lacustrian constructions of—E. Desor. (R.

1865) 209, 360

Neuropteru

—

instructions for collecting—P. R. Uhler. (R. 1858) 109

North American, synopsis of—H. Haqen. (R. 1861) 149, 134

of Arctic America—S. H. Scudder 342

of North America, synopsis of—H. Hagen 134

of North America, synopsis of—P. R. Uhler 134

pseudo-, of Kerguelen Island—H. A. Hagen 294

Nevada, western. Centennial mission to Indians of—S. Powers. (R. 1876) 299

New

—

classification of clouds—A. Poey. (R. 1870) 244

species and localities of microscopical organisms, notes on—J. W. Bailey. 63

species of North American coleoptera. Parts i, ii—J. L. Le Conte. 167, 264

system of weights and measures, with 8 as metrical number—G. H.

Knight. (U. 1807) 215

tables for determining values of coefficients in perturbative function of

planetary motion—J. D. Runkle 79

New Brunswick

—

Bay of Fundy, marine invertebrata of region about mouth of—W. Stimp-

soN 50

shell heaps in—J. Fuwler. (R. 1870) 244

shell mounds of—S. F. Baird. (P. 1881) 467

New England

—

Crustacea dredged off south coast of—S. I. Smith. (P. 1880) 425

fishes from south coast of, descriptions of new genera and species of— G.

B. GooDK. (P. 1880) — 425

frigate mackerel {Auxis Rochei) on coast of—G. B. Goode. (P. 1880)__ 425

geology of— E. Hitchcock . 90

marine invertebrata from, distributed by U. S. Fish Commission—A. E.

Verrill; R. Rathbun. (P. 1879) 333

marine invertebrates from, distributed by U. S. National Museum— II.

Rathbun. (P. 1881) 407,465,471

molUisca added to fauna of—A. E. Verrill. (P. 1880) 425

shell mounds on coa-t of—S. F. Maikd. (P. 1881) 467

New Harmony, Indiana, account of tornado near, April 30, 1852—J. Chappel-

smith 59

New Haven Journal. Account of lightning discharges. (R. 1867) 215
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New Jersoy

—

artificial shell deposits in—C. Rau. (R. 1864) 188, 440, 362

fishes on the coast of Long Island and—S. P. Baird. (R. 1854) 75, 348

stone age in—C. C. Abbc^'t. (R. 1875) 298, 394

New Jersey Historical Society, address of Prof. Henry before the E
New Madrid, Missouri, earthquake at—T. Dudley. (R. 1858) 109

New Mexico

—

account of Lindheimer's, Fendler's, and Wright's botanical explorations

in—A. Gray. (R. 1849) 21

antiquities in—W. B. Lyon. (R. 1871) 249

coinmunicatit>ns relative to publication of Spanish works on— E. Robin-
son ; H. E. LuBEWiG ; E. G. Squier; H. C. Murphey; W. B.

Hodgson; W. Irving; W. H. Prkscott; J. Sparks; G. Ban-
croft; F. L. Hawks. (R. 1855) 77

description of new cretaceous Pinna from—C. A. White. (P 1880) 4'J5

diary of excursion in—J. H. Carleton. (R. 1854) 75

eastern, coleoptera of Knnsas and—J L. Le Conte .126

notes on the history and climate of—T. A. McParlin. (R. 1877).- 323, 396

plants of, collected by C. Wright. Parts i, ii—A. Gray 22, 42

report of explorations in Arizona and—J. Stevenson. (R. 1880) 442

New York-
aboriginal monuments of—E. G. Squier 15

Clinton, Hamilton College. Exchange of specimens. (R. 18G1) 149

fishes of—T. Gill. (R. 1856) 91

Fishkill, deposit of arrow-heads near—E. M. Shkpard. (R. 1877) 323

New Yiirk, exphision of niire in, July, 1845— R. Hake 17

Orleans county, antiquities of—F. H. Cushing. (R. 1874) 286

Schoharie, Indian relics from— F. I). Andrews. (R. 1879) 345

Tompkins county, ancient fort and burial ground in—D. Trowbridge.
(R. 1803) 187

University of State of, Regents of. Acknowledgment of specimens. (R.

1805) 209

Newberry, J. S. Description of fossil plants from Chinese coal-bearing rocks. 202

Newcastle, Pennsylvania, account of old Indian village near—E. M. McCon-
NELL. (R. 1871) 1 249

Newcomb, S.—
General integrals of planetary motion 281

Investigation of orbit of N(q)tune, with tai)les of its motion 199

Investigation of orbit of Uranus, wiih tables of its motion 262

Memorial address on Joseph Henry 356

Newcomb, S., and others. Scientific instructions to Capt. Hall. (R. 1871) 249

Newfoundland, new species of fishes from Grand Banks of—G. B. Goode.

(P. 1880) 425

Newton, A. Suggestions for forming collections of birds' eggs 139
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Newton, A. Suggestions for saving parts of skeletons of birds. (R. 1860) _. 147

Kewton, H. a. Metric system of weights and measures, with tables. (R.

1865) 209, 371

Nicaragua

—

.

antiquities of—E. G. Sqtjier. (R. 1850) 28

archaeological researches in—J. F. Bransford 383

eruption of volcano in—A. B. Dickinson. (R. 1867) 216

Nichols, Lieut. H. E.

—

list of fishes collected by, in Gulf of California and on west coast of lower

California—D. rf. Jordan; C. H. Gilbert. (P. 1881) 467

notes on fishes collected by, in British Columbia and southern Alaska

—

T. H. Bean. (P. 1881) 467

notes on fishes collected by, on west coast of Mexico—D. S. Jordan; C.

H. Gilbert. (P. 1881) 467

NiCKLEs, F. J. Scientific Congress of Carlsruhe. 1858. (R. 1860) 147

Nile, explorations of the—C. Hale. (R. 1865) 209

Nitre, memoir on explosiveness of—R. Hark 17

Nitrification—B. F. Craig. (R. 1861) 149

Nitrogen bodies of modern chemistry— Prof. Kletzinsky. (R. 1872) 271

Nomenclator zoologicus. Alphabetical list of generic names employed bj nat-

uralists. Part I—S. H. ScuDDER 470

Nomenclature of

—

certain North American birds, revisions of—R. Ridgway. (P. 1880) _- 425

clouds 347

North American birds—R. Ridgway 422

NoRRls, P. W. Prehistoric remains in Montana. (R. 1879) 345

North America

—

abbreviations of names of States and Territories of 164

algae of, fresh-water, history of—H. C. Wood, Jr 241

algae of, marine

—

See W. H. Harvey.

ancient aboriginal trade in—C. Rau. (R. 1872) 271, 440, 385

ancient history of—M. Much. (R. 1871) 249

atlas of, physical, proposed—G. Gibbs. (R. 1866) 214

batrachia and reptiles of, check-list of—E. D. Cope 292

bats of, monograph of—H. Allen 165

birds added by L. Belding to fauna of—R. Ridgway. (P. 1881) 467

birds of, catalogue of—S F. Baird 106

birds of, instructions for collecting nests and eggs of 139

birds of, nomenclature and catalogue of—R. Ridgway 422

birds of, review of. Part i—S. F. Baird 181

botany of, bibliographical index to—S. Watson 258

coleoplera of, classification of. Parts l, n—J. L. Lb Contb 136, 265

coleoptera of, list of—J. L. Lb Contk 140
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North America—Continued.

coleoptera of, new species of. Parts i, ii—J. L. Le Conte 167, 264

combined meteorological system for, report of Committee of American

Association for Advancement of Science on. (R. 1851) 51

conchology of, bibliography of. Parts i, ii—W. G. Binney 142, 174

contributions to natural history of fresh-water fishes of. Part i. Mono-
graph of cottoids— C. GiRARD 30

diptera of, catalogue of—C. R. Osten Sacken 102, 270

diptera of, monographs of—H. Loew ; R. Osten Sacken. 141, 171, 219, 256

duck new to fauna of—R. Ridgway. (P. 1881) 4G7

explorations on western coast of—W. H. Dall. (R. 1873) 275

extinct sloth tribe of—J. Leidy 72

fishes of east coast of, catalogue of—T. Gill ^_ 283

fishes of Pacitic coast of, duplicates of, distributed in 1881—D. S. Jor-

dan ; P. L. JouY. (P. 1881) 467

forests and trees of, distribution of—J. G. Cooper. (K. 1858) 109, 351

grasshoppers of, circular relative to history of 163

Indians of, uses of brain and marrow of animals among—T. R. Peale.

(R. 1870) 244

lakes of, fluctuations of level of—C. Whittlesey 119

lepidoptera of, catalogue of—J. G. Morris 118

le{)idoptera of, synopsis of—J. G. Morris 133

libraries, public, in, list of—W. J. Rhees 116

mammals of, catalogue of—S. F. Baird 105

map of, ethnological, suggestions relative to—L. H. Morgan. (R. 1861.) 149

meteorological stations and observers in. (R. 1868) 224, 373

moUusks of western—P. P. Carpenter 252

myriapods of, belonging to family Lysiopetalidce—J. A. Ryder. (P.

1880) : 425

neuroptera of, synopsis of—H. Hagen 134

orthoptera of, catalogue of—S. H Scudder 189

rain and snow fall of, tables of—C. A. Schott 222, 353

reptiles of, catalogue of—S. F. Baird; C. Girard 49

shells of, catalogue of— I. Lea; P. P. Carpenter; W. Stimpson
; W.

G. Binney; T. Prime 128

shells of, circular in reference to collecting 176

shells of, land and fresh-water. Parts i-iv—W. G. Binney ; T. Bland.

143, 144, 194, 253

siluridas of, synopsis of—D. S. Jordan '606

stone implements of—C. Rau. (R. 1872) 271, 382

North American

—

archjBology-J. Lubbock. (R. 1862).! 150

birds, catalogue of—S. F. Baird 108
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North American—Continued.

birds, catalogue of—K. Ridgway. (P. 1880) 425, 422

birds, desiderata among— R. Ridgway. (P. 1881) 467

Continent, physical geography of—J. Froebel. (R. 1854) 76

fishes, duplicates of, distributed by Smithsonian Institution—T. H. Bean.

(P. 1880) 426

Indians, catalogue of portraits of—J. M. Stanley 53

Indians, list of photographic portraits of 216

stone implements—C. Rau. (R. 1872) 271,382

stone period, agricultural implements of—C. Rau. (R. 18G3) 187, 382

tortoises, land, of genus Xerobntes—F. W. True. (P. 1881) 467

North American Ichthyology, contributions to—
Part I. Review Rafinesque's memoirs

—

D.S.Jordan 305

Part II. A. Notes on Cottidoe, (etc.) B. Synopsis SUuridce—D. S.

Jordan ._.__. 306

Part III. A. Distribution of fishes of Alleghany region, (etc.)—D. S.

Jordan; A. W. Brayton. B. Synopsis of family

CatoHiomidce—D. S. Jordan 308

North American Oology. Part i. Raptores and fissirostres—T. M. Brewer __ 89

North Carolina

—

ancient mica mines in

—

C.D.Smith. (R. 1876) 299

Beaufort, description of new species of fish {Caranx Beani) from—D. S.

Jordan. (P. 1880) 425

Beaufort, notes on fishes of—D. S. Jordan; C. H Gilbert. (P. 1878.) 332

Black Mountain, topography of—T. L. Clingman. (R 1855) 77

earthquakes in, in 1874— VV. Du Pre; J. Henry. (II. 1874) 286

Lenoir county, antiquities in—J. M. Spainhour. (R. 1871) 249

Montgomery county, antiquities of

—

F.J. Kron. (R. 1874) 286

occurrence of P/tyciv reams' in—T. H. Bean. (P. 1880) 425

Stanley county, antiquities of—F. J. Kron. (R. 1874) 286

North German Lloyd, free freight between Germany and United States by

—

R. Schleiden. (R. 1858) 109

North Pacific Surveying Expedition, contributions to natural history made in

connection with—T. H. Streets 303

North Pole, expedition toward the, scientific instructions to—J. Hbnry; J. E.

Hilgard; S. Newcomb; S. F. Baird; F. B. Meek; L. Aqassiz.

(U. 1871) 249

North Pole, map of stars near the, for observations on the aurora 350

Northern Hemisphere, winds of the—J. H Coffin. 52

Northern latitudes, record of auroral phenomena observed in— P. Force 84

Northern seas, the—J. Babinet. (R. 1869) 228

Northumberland. Duke of, account of the Jl_ SBO

Northumberland, Duke of, presentation of books by. (R. 1859) 110
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Northwest coast of America, kjokken-rnoddings on the—P. Schumacher.

(R. 1873) 275

Norton, E. On wasps 254

Norway, Ethnological Museum of— L. K. Daa. (R. 1£62) 150

Norwa}', University of Christiania, ethnological specimens from. (R. 1863) 187

Norwegian mountains, lakes, and the snow-line—0. E. Dreutzkr. (R. 1866.) 214

Notacanthus phasganorus from Newfoundland—G. B. Goode. (P. 1880) 425

Note on occurrence of Fhycisy^egius in South Carolina—T. H. Bean. (P. 1880.) 425

Note on the latiloid genera—T. Gill. (P. 1881) 467

Notes

—

of egging expedition to Shoal Lake, Lake Winnipeg—D. Gunk. (R.

1867) 215

on aboriginal shell mounds of New Brunswick and New England—S. P.

Haird. (P. 1881) 467

on American migration— F. von Hellwald. (R. 1866) 214

on fishes

—

See D. S. Jordan; C. H. Gilbert; also, Proceedings National

Museum,

on fishes of Pacific coast of United States—D. S. Jordan; C. H. Gil-

bert. (P. 1881) 467

on history and climate of New Mexico—T. A. McParlin. (R. 1877.) 323, 396

on horary variations of barometer—M. Vaillant; J, IIenry. (R. 1866.) 214

on Indian history—F. V. Hayben. (R. 1867) 215

on life and character of Joseph Henry—J. C. Welling 356, 338

on mortality among fishes of Gulf of Mexico—S. H. Johnson. (P. 1881.) 467

on new species and localities of microscopical organisms—J W. Bailky. 63

on physical geography of North America—J. G. Cooper. (R. 1858.) 109, 351

on .SrtZmonirffc of upper Columbia—C. Bendire. (P. 1881) 467

on some Costa Rican birds— R. Ridgway. (P. 1881) 467

on Tinneh or Chepewj'an Indians of British and Ru-sian America—G.

GiBBS and others. (R. 1866) 214, 365

on Tonto Apaches—C. Smart. (R. 1867) 215

relative to George Catlin—J. Hknry. (R. 1872) 271

to accounts of lightning discharges, by G. W. Dodge and others—J.

Henry. (R. 1867) 215

to article on vitality, by H. II. Higgins—J. Henry. (R 1866) 214

to articles on metcorolog}', by G. Latimer and others—J. Henry. (R.

1871) 249

to lectures on meteorology, by E. Russell—J. Hknry. (R. 1854) 75

Notice, biographical, of

—

Agassiz, L., by J. A. Garfield. (R. 1873) 276

Agassiz, L., by P. Pakkek. (R. 1873) 275

Blackmore .Museum, Salisbury, England. (H. 1868) 224

Chasers. P., by J. A. Gakfikld. (R. 1873) 275
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Notice, biographical, of—Continued.

Chase, S. P., by H. Hamlin. (R. 1873) 275

Cleaveland, Parker, by J. Henry. (R. 1859) 110

Espy, James P., by A. D. Bache. (R. 1859) 110

Harvey, W. H., by A. Gray. (R. 18(37) 215

Irving, Washington, by C. C. Felton. (R. 1859) 110

Jewelt, C. C, by R. A. Guild. (R. 1867) 215

Rush, Richard, by J. A. Pearce. (R. 1859) 110

Schoenbein, Ciiristian Frederic, the discoverer of ozone. (R. 1868) 224

Smithson, James, by D. Gilbert, President of the Royal Society. ( R.

1853) - 67,380

Smithson, James, by W. R. Johnson; J. R. McD. Irby 327

Smithson, James, by W. J. Rhees. (R. 1879) 349, 330

Turner, W. W., by C. C. Felton. (R. 1859) 1 10

Wurdernann, G , by A. D. Bache. (R. 1859) 110

Notice of recent additions to marine invertebrates of northi-ast coast of America

—

A. E. Verrill. (P. 1880) 425

Notices of public librarids in the United States—C. C. Jewett 25

Nova Scotia

—

birds of—Blackiston ; T. Bland; J. R. Willis. (R. 1858) 109

fishes obtained at

—

See G. B. Goode ; T. H. Bean.

l<j6lvi<en-moddings in—J. M. Jones. (R. 1863) 187

Numeration, report on imjtroved system of—W. B. Taylor. (R. 1867) 215

Nuovi Lincei, Pontifical Academy of tlie. Prize questions. (R. 1865; R.

1867) - 209, 215

Nutation, phenomena of—J. G. Barnard 310

Nutter, F. H. Mounds on Gideon's farm, near Excelsior, Hennepin county,

Minnesota. (R. 1879) 346
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o.
Ober, F. A.—

birds of Antigua and Barbuda collected by, catalogue of—G. N. Law-
rence. (P. 1878) 332

birds of Dominica collected by, catalogue of—G. N. Lawkekce. (P. 1878.) 332

birds of Grenada collected by, catalogue of—G. N. Lawrence. (P. 1878.) 332

birds of Guadeloupe collected by, catalogue of—G. N. Lawrence. (P.

1878) 332

birds of Lesser Antilles collected by, catalogue of—G. N. Lawrence.
(P. 1878) 332

birds of Martinique collected by, catalogue of—G. N. Lawrence. (P.

1878) 332

birds of St. Vincent collected by, catalogue of—G. N. Lawrence. (P.

1878) -^ 332

Ober, F. A. Ornithology of the Caribbee Islands. (R. 1878) 341

Obsequies of Joseph Henry 356

Observations

—

astronomical—W. Harkness 239

astronomical, discussion of Piazzi's—B. A. Gould. (R. 1863) 187

astronomical, in Arctic Seas—E. K. Kane 129

in Hudson's Bay Territory— B. R. Ross. (R. 1859) 110

magnetic, in the Arctic Seas—E. K. Kane 97

physical, in Arctic Seas—I. I. Hayes 196

physical, in Arctic Seas. Parts i-iv—E. K. Kane 198

scientific, metric system for—A. Guyot. (R 1848) I

Observations

—

See Magnetic, Meteorological, Physical, Tidal.

Observations, meteorological

—

at Brunswrick, Maine—P. Cleaveland 204

at Providence, Rhode Island—A. Caswell 103, 443

at Sacramento, California—F. W. Hatch. (R. 1854) 75

at Sacramento, California—T. M. Logan. (R. 1854) 75

at Washington, Arkansas—N. D. Smith 131

combined, report of committee of American Association for Advance-

ment of Science on system of. (R. 1851) 61

directions for— A. Guyot 19

for year 1855 93

in the Arctic Seas— E. K. Kane 104

Observations of

—

earthquake phenomena—R. Mallet. (R. 1859) 110

Siredon lichenoides—W. E. Carlin. (P. 1881) 467

temperature, best hours for

—

C.Dewey. (R. 18G0) 147

thunder storm, John Wise's—R. Hare. (R. 1854) 75

thunder storms, instructions for—J. Henry 235
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Observations on

—

auroras, map of stars near North Pole for 350

Batis maritima of Linnaeus—J. Torrey 60

electric resonance of mountains—H. De Saussure. (R. 1868) 224

gold ornament from mound in Florida—C. Rau. (R. 1877)--- 323, 440, 403

ice—D. Walker 146

Mexican history and archaeology—B. Mayer 86

natural phenomena, shooting stars, aurora, etc. —S. Masterman. (R.

1857) 107

prehistoric mounds of Grant county, Wisconsin—M. Strong. (R. 1876.) 299

terrestrial magnetism—J. Locke 35

terrestrial magnetism and deviation of compasses of iron-clad " Monad-

nock "—W. Harkness 239

terrestrial magnetism in Mexico—Baron von Mijller; A. Sonntaq — 114

thunder and lightning— S. Masterman. (R. 1855) 77

Observatories

—

at Dorpat and Poulkova, description of—C. Abbe. (R. 1867) 215, 369

detached, universal meteorograph for—E.H.VON Battmhauer. (R. 1879.) 345

instructions to, relative to telegraphic announcements of astronomical

discoverii's—J. Henry 263

reports of, 1879—E. S. Holden. (R. 1879) 345, 410

reports of, 1880—E. S. Holden; G. H. Boehmkr. (R. 1880) 442, 438

Observatory

—

at Cordova, Argentine Republic, account of— B. A. Gould. (R. 1873.) 275

at St. Martin, Isle Jesus, Canada East, description of—C. Smallwood.

(R. 1856) 91

Girard College

—

See Bache.'A. D.

Kew, verification of barometers at—J. Welsh. (R. 1859) 110

magnetic, at Smithsonian Institution, description of—J. E. Hilgard

(R. 1859) 110

physical, on a—J. Henry. (R. 1870) 244

Toronto, instructions by, for aurora observations 148

Observers, meteorological, of Smithsonian Institution, list of. (R. 1868).- 224, 373

Observers

—

See Meteorological stations and observers.

Occultations

—

in 1852—C. H. Davis 29

of planets and stars by the moon, 1853—J. DowNES 54

visible in the United States during the years 1848-1852—J. Downes.

8, 9, 10, 11, 29

Occultator, account of—T. Hill 101

Ocean, fre.-h water in the—W. C. Dennis. (R. 1866) 214

Ocean, Indian, cyclon.! in the—N. Pike (R. 1807) 215

Oceanic boiiito on coast of Unit, d States—G. B. Goode ;
T. H. Bean. (P. 1878.) 332
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Oceanic bonito [Orcynus pflamys), occurrence of, in Vineyard Sound— V. N.

Edwards. (P 187H) 332

Odling, W. Scientific work of Thomas Graham. (R. 1871) '249

Okhler, A. Stone cists near Highland, Madison county, Illinoia. (R. 1879.) 345

Oersted, 11. C, memoir of, by E. De Beaumont. (R. 18G8) .-_ 224

Officers

—

and establishment of the Smithsonian Institution and National Museum. 449

collaborators, employe-, etc., of Smithsonian Institution, National Mu-
seum, Geological Survey, Bureau of Ethnology, and Fish Commis-

sion, directory of 466

and Regents of Smithsonian Institution, 1846, list of N
Ohio-

ancient earthworks in, sketch of—I. Dille. (R. 1866) 214

ancient works in, descriptions of—0. "Whittlesey 37

Ashland county, earthworks in—G. W. Hill. (R. 1877) 32:{

Ashtabula county, double-walled earthwork in—S. D. Peet. (R. 1876.) 299

Holmes county, flint instruments in—H. B. Case. (R. 1877) 323

Kelley's Island, climate of—G. C. Huntington. (R. 1866) 214

Marietta, meteorological observations at—S. P. Hildreth; J. Wood __ 120

northern, antiquities of—G. W. Hill. (R. 1874) 286

Perry county, antiquities of—W. Anderson. (K. 1874) 286

Trumbull county, mound in—F. Miller. (R. 1877) . 323

Ohio river, habits of black bass of the—J. Eoff. (R. 1854) 75

Ohio river, suggestions for improvement of navigation of—C. Ellet, Jr 13

Oil-
coal, explosibility of—Z. Allen. (R. 1861) ._ 149

porpoise, manufacture of—C. Cook. (P. 1878) 332

rock, or petroleum, history of—T. S. Hunt. (R. 1861) 149

Oil-shark of southern California—D. S. Jordan; C. H. Gilbert. (P. 1880.) 425

Old-World birds in National Museum, catalogue of—R. Ridqway. (P. 1881.) 467

Oligocene fossils, check-list of—T. A. Conrad 200

Olmos, Peru, account of solar eclipse at—J. M. Gilliss 100

Olmsted, D. Aurora borealis, recent secular period of 81

Olney, S. T. List of Rhode Island algae 241

Omaha myth—J. O. Dorsey. (E. 1879-80) 476

Oolog}', North American. Part i. Raptores and fissirostres—T. M. Brewer__ 89

Oology of Kerguelen Island—J. H. Kidder; E. Coues 294

Opening and closing of Kennebec river, Maine—R. H. Gardiner. (R. 1858.) 109

Opheosaurus ventralis, remarks on osteology of— R. "W. Shufeldt. (P. 1881.) 467

Orbit—

and phenomena of meteoric fire-ball—J. H. Coffin 221

of Neptune, investigation of, with tables of its motion—S. Newcomb _. 199

of Uranus, inve.•^tigation of, with tables of its motion—S. Nkwcomb 262
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Orbits, planetary, secular variations of—J. N. Stockwell. (R. 1871) 249, 232

Orcynus pelamys (oceanic bonito), occurrence of, in Vineyard Sound, Massa-

chusetts—V. N. Edwards. (P. 1878) 332

Oregon

—

fishes of, notes on collection of—D. S. Jordan. (P. 1878) 332

jargon of—B. K. Mitchell; W. W. Turner 68

trade-language of—G. Gibbs 1(U

Ores collected on geological survey in Michigan, catalogue of—C. T. Jackson.

(Pv. 1854) : 76

Ores, rocks, minerals, and fossils, catalogue of—J. Locke. (R. 1854) 75

Organic bases—A. Bauek. (R. 1872) 271

Organisms

—

See Microscopic.

Organization and objects of the United States National Museum—G. 13. Goode.

(P. 1881) - 467, 459

Organization, plan of, and regulations of the U. S. National Museum—G. B.

GooDK. (P. 1881) 467,445

Organization of

—

local scientific societies—J. Henry. (R. 1875) 298

Smithsi nian Institution, programme of P, J, 328

Smithsonian Institution, report of American Academy of Arts and

Sciences on—E. Everett; J. Sparks; B. Peirce; H. W. Long-
fellow; A.Gray. (R. 1853) . 67

Smithsonian Institution, report of committee of Regents on B, L, 328

Organized bodies, natural history of—E. J. Marey. (R. 18G7) 215

O'Rielly, Henry, deposition of J. Henry in case of S. F. B. Morse versus 115

Origin

—

and history of the Smithsonian Institution—W. J. Rheks 328

and propagation of disease—J. C. Dalton. (R. 1873) 275

of force—W. B. Taylor. (R. 1870) 244, 375

Ornament, gold, from a mound in Florida, observations on—C. Rau. (R. 1877.)

323, 440, 403
Ornithology

—

of Caribbee Islands—F. A. Ober. (R. 1878) 341

of Hawaiian and Fanning Islands and California—T. H. Streets 303

of Kcrguelen Islands—J. H. Kidder; E. Coues 293

Ortalidas, monograph of—H. Loew 256

Orthoptera

—

bibliography of—S. H. Scudder 189

instructions for collecting—P. R. Uhler. (R. 1858) 109

of North America, catalogue of—S. H. Scudder 189

Osborne, J A. Account of lightning discharges. (R. 1867) 215

Osmerus attenuatus, new species of California fish, description of—W. N. LocK-

INOTON. (P. 1880) 425
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OSTEN SaCKEN, R.—
Bibliography of diptera 270

Catalogue of described diptera of North America 102, 270

Diptera of Kerguelen Island 294

Directions for collecting and preserving diptera 102

Monograph of Tlpulidce 219

Monographs of diptera of North America. Part iv 219

OsTEN Sacken, R. ; Loew, H. Instructions for collecting diptera. (R. 1858.) 109

OsTEN Sacken, R. ; Loew, H. Monographs of diptera of North America.

Parts I, II 141, 171

Osteology and mounds of the mound-builders of Wisconsin—J. N. De Hart.

(R. 1877) 323

Osteology of Oph(osaurus ventralls—R. W. Shxtfeldt. (P. 1881) 467

Ostraciontidse (trunk fishes), a study of, with notes on American species—G. B.

Goode. (P. 1879) 333

Othonops eos, a new gobioid fish from San Diego, Cal.—R. Smith. (P. 1881.) 467

Outline of scheme of classification of collections in U. S. National Museum

—

G. B. GoouE. (P. 1881) 467, 457

Outline of systematic review of the class of birds—W. Lilljeborq 364

Owen, D. D. Catalogue of geological specimens. (R. 1854) 75

Owen, D. D. Report on building stones. (R. 1847) H, 329

Owen, R. D. Hints on public architecture P
Owl, description of a new, from Porto Rico—R. Ridgway. (P. 1881) 467

Ox, American, extinct species of—J. Leidy 41

Oxygen and its combinations, lecture on—G. I. Chace. (R. 1855) 77

Ozone and antozone—C. M. Wethebill. (R. 1864) 188,355

Ozone, notice of C. F. Schoenbein, the discoverer of. (R. 1868) 224
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IP.

Pacific coast

—

fishes from, descriptions of new—D. S. Jordan; C. H. Gilbert. (P,

1881) 467

fishes from, distributed in 1881—D. S. Jordan ; P. L. JouY. (P. 1881.) 467

fishes of—S^e D S. Jordan ; C. H. Gilbert.

fishes of, bibliography of—T. H. Bean. (P. 1881) 467

fishes of, bibliography of—T. Gill 4G3

fishes of, notes on—D. S. Jordan
; C. H. Gilbert. (P. 1881) 467

Pacific Islands, nntural history of—W. H. Pease. (R. 1862) 150

Packard, A. S. Directions for collecting and preserving insects 261

Packard, A. S. Memoir of H. J. Clark 242

Packard, F. A*. Project of outline history of education in the United States.

(R. 1863) 187

Page, C. G. Report on efiTect of frost on building stones. (R. 1847) H, 329

Palaeontology

—

lisi of generic names employed in—S. H. Scudder 470

of the upper Missouri—F. B. Meek; F. V. Hayden 172

principles and methods of—T. H Huxley. (R. 1869) 228

Palafittes or lacustrian constructions of the lake of Neuchatel—E. Desor.

(R. 1865) 209, 360

Palenque tablet in the U. S. National Museum— C. Rau 331

Palermo, evaporation observed at, in 1865, 1866—P. Tacchini. (R. 1870) ___ 244

Palmieri, Prof. Electro-magnetic seismograph. (K. 1870) 244

Palmieri, Prof. Presence of electricity during fall of rain. (R. 1870) 244

Panama, shells of, review of C. B. Adams' catalogue of—P. P. Carpenter— 252

Pancreas, observations on the—J. Jones 82

Pandoridse, contributions towards a monograph of the—P. P. Carpenter 252

Paralepis coruscans, new species of Paralepis, description of—D. S. Jordan
;

C.H.Gilbert. (P. 1880) 425

Parasites—J. Leidy : 44

Paris

—

Academy of Sciences, historical sketch of the—M. Flourens. (R. 1862.) 150

Anthropological Society of, history of transactions of, 1865 to 1867— P.

Broca. (R. 1868) 224

Exposition

—

See French Exposition.

Museum d'Histoire Naturelle, typical specimens of American fishes in

the—D. S. Jordan. (P. 1879) . 333

Parker, P. Biographical notice of L. Agassiz. (R. 1873) . 276, 329

Parker, P. Eulogy on Henry Wilson. (R. 1875) "_ 208, *29

Parophrys iscbyurus, new species of flounders from Puget Sound, description

of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425
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Parrot, new species of, of genus C/iini'^, from Dominica— G. N. Lawrence.
(P. 1880) 425

Parthenogenesis in the animal kingdom—G. A. Kornhuber. (R. 1871) 249

Parvin, J. B. Habits of the gopher of Illinois. (R. 1854) 75

Past and future of geology—J. Pkestwich. (11.1875) 298

Patagonia, human remains from—A. Ried. (R. 1862) 150

Patent OflBce, U. S., meteorological observations under the direction of. Vols.

I, II
, 157, 182

Patterson, R. ; Sharpless, T. Phonography. (R. 1856) 91

Patton, A. Antiquities of Knox county, Indiana. (R. 1873) 275

Patton, a. Antiquities of Lawrence county, Illinois. (R. 1873) 275

Peabodt, A. P. Scientific education of mechanics and artisans. (R. 1872.) 271,380

Peale, T. R.—

Ancient mound in St. Louis, Missouri. (R. 1861) 149

Method of pre-erving lepidoptera. (R. 1863) 187

Prehistoric remains in vicinity of cit3' of Washington, D. C. (R. 1872.) 271

Uses of brain and marrow of animals among Indians of North America.

(R. 1870) 244

Pearce, J. A., eulogy on, by A. D. Bache. (R. 1862) 1.50, 329

Pearce, J. A. Notice of Richard Rush. (R. 1859) 110,329

Pearce, J. A. Report of Committee of Regents on distribution of Smithso-

nian income. (R 1853) 67

Pease, W. H. Acknowledgment for shells, etc. (R. 1861) 149

Pease, W. H. Natural history of Pacific Islands. (R. 1862) . __. 150

Pedro II, Dom, biographical sketch of, by A. Fialho. (R. 1876) 299

Peet, S. D. Double-walled earthwork in Ashtabula county, Ohio. (R. 1876.) 299

Peirce, B., and others. Report of American Academy of Arts and Sciences

on organization of Smithsonian Institution. (R. 1853) 67

Peltier, F. A. Memoir of J. C. A. Peltier. (R. 1867) 215

Peltier, J. C. A., memoir of, by P. A. Peltier. (R. 1867) 215

Peltier, J. C. A., scientific researches of. (R. 1867) 215

Pendulum, problems of rotary motion presented by the—J. G. Barnard 240

Pennsylvania

—

Centre county. Spruce creek valley, account of a tornado in—J. B. Meek.
(R. 1871) 249

Chester county, birds of—V. Barnard. (R. 1860) 147

Chester county, history of—W. Darlington. (R. 1862) 150

magnetic survey of—A. D. Bache 166

Newcastle, old Indian village, Kushkushkee, near—E. M. McConnell.
(11. 1871) :

'_

249

western, ancient mound in—W. M. Taylor. (R. 1877) 323

Pensacola, Florida, description of new species of amber fish (Seriota Stearnsii)

from—G. B. GooDK. (P. 1879) 383
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Pepin, Lake, antiquities on the banks of—L. C. Estes. (R. 1866) 214

Perca flitvescens, notes on—F. Steindachnkr. (P. 1878) 332

Perc'idffi, notes on— D. S. Jordan 306

Perennibrancbiates, acknowledgment of—J. G. Fisher. (E. 1863) 187

Periodical phenomena

—

directions for registry of 148

observations on, 1851 to 1859—F. B. Hough 182

registration of—J. Henry. (E. 1855) 77

registrj' of 65, 148

Periodicals

—

deposited in Library of Congress, meteorological articles in. (E. 1873
)

275

in Library of Smithsonian Institution. Parts r,ii; foreign works ; 1866.

73, 85, 117, 179

received by the Institution, list of. (E. 1880j 442, 436

received in reading-room of Smithsonian Institution in 1853, check-list of. Q
Perrine, T. M. Antiquities of Union county, Illinois. (R. 1873) — 275

Perrine, T. M. Mounds near Anna, Union county, Illinois. (E. 1872) 271

Persistence of images— F. N. Moiono. (E. 1866) 214

Perspiration and respiration, apparatus for testing results of—M. Pettenkofkr.

(E. 1864) 188

Peru

—

earihquake in, August 13, 1868—J. V. Campbell. (E. 1870) 244

Indiansof—F. L. Galt. (E. 1877) 323

Olmos, total eclipse of sun, September 7, 1858, observed near—J. M.

GiLLIS.S 100

Peslin, M. Relation between barometric variations and general atmospheric

currents. (E. 1877) 323,398

Peter, E. Ancient mounds in Kentucky, (E. 1872) 271

Peter, E. Ancient mound near Lexington, Kentucky. (E. 1871) 249

Petite Anse Island, salt deposit on—E. W. Hilqard 248

Petitot, E. Account of the Indians of British America. (E. 1865) 209

Petrel, supposed new, from Sandwich Islands, description of—E. Eidoway.
(P. 1881) 467

Petroleum collections, circular in reference to—S. F. Baird. (P. 1881) ._ 467, 447

Petroleum or rock oil, history of—T. S. Hunt. (E. 1861) 149

Pettenkofer, M. Apparatus for testing the results of perspiration and res-

piration. (E. 1864) 188

Pettigrkw, J. B. Modes of flight in relation to aeronautics. (R. 1867) 215

. Phajn-'gamia of Kerguelen Island—A. Gray 294

Phulangidae, instructions for collecting—H. C. Wood. (R. 1866) 214

Phenomena

—

accompanying the propagation of electricity in highly rarefied elastic

fluids—A. Dk La Eive. (E. 1863) 187

in telegraphic lines during the aurora borealis—G. B. Donati. (E. 1872.) 271
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Phenomena—Continued.

natural, observations on—S. Masterman. (R. 1857) 107

of contact, studies on—T. L. Phipson. (R. 1862) 150

of fliglit in animal kingdom—E. J. Marey. (R. 1869) 228

of meteoric fire-ball—J. H. Coffin 221

of precession and nutation—J. G. Barnard 310

periodical registration of—J. Henry. (R. 1855) 77

Philadelphia

—

exhibit at

—

See Centennial.

magnetic and meteorological observations at

—

See A. D. Bache.

memorial of citizens of, relative to Lowe's aeronautic voyages across

Atlantic. (R. 1860) 147

Philadelphia Academy of Natural Sciences, report on shells presented to—J.

Leidy; G. W. Tbyon. (R. 1865) 209

Phillips, B. Two letters on work of the Museum. (P. 1881) 467,454

Philological circular—G. GiBBS. (R. 1862) 150

Philology, Indian—W. W. Turner. (R. 1851) 51

Philology, instructions for research relative to—G. Gibbs 160

Philosophical Society of Washington

—

Bulletins of. Vols, i-iii. March, 1871, to June, 1880 423

memoir of Joseph Henry read before the—W. B. Taylor 356, 339

notes on life and character of Joseph Henry read before the—J. C.

Welling 356, 338
proceedings of, on death of Joseph Henry 356

Philosophy, annals of, contributions to, by J. Smithson. (R. 1853) 67, 330

Philosophy, Batavian Society of Experimental, of Rotterdam. Prize questions.

(R. 1861) 149

Phipson, T. L. The catalytic force or studies on the phenomena of contact.

(R. 1862) 150

Phlegmasia, disease of, bibliography of works on—W. W. Keen 300

Phonetic language, vocal sounds of L. Bridgman compared with elements of

—

F. LlEBER • 12

Phonography—^T. Sharpless; R. Patterson. (R. 1856) 91

Phonography, institutions in which, is taught. (R. 1856) 91

Photo-chemistry—J. Jamin. (R. 1867) 215

Photographs of Indians, list of 216

Photography, astronomical, progress in—Dr. Lee. (R. 1861) 149

Photography, celestial, use of silvered-glass telescope in—H. Draper 180

Phycis Chesteri from deep-sea fauna of northwestern Atlantic, description of

—

G. B. Goode; T. H. Bean. (P. 1878) 332

Phycis Earlii, new hake, from South Carolina, description of—T. H. Bean.
(P. 1880) 425

Phycis regius from North Carolina, note on occurrence of—T. H. Bean. (P.

1880) 425

18
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Physical

—

atlas of North America, proposed—G. Gibbs. (R. 1866) 214

ethnology, lectures on

—

D.Wilson. (R. 1862) 150

geography of Mississippi valley—C. Ellet, Jr. 13

geography of North America—J. G. Cooper. (R. 1858) 109, 351

geography of North American Continent—J. Froebel. (R. 1854) 75

observations in the Arctic Seas—I. I. Hayes 196

observations in the Arctic Seas—E. K. Kane 198

observations in the Arctic Seas—F. L. McClintock 146

observatory, on a

—

J.Henry. (R. 1870) 244

sciences, on the relation of, to science in general

—

H.Helmholtz. (R. 1871) 249

tables—A. Guyot 153

Physics

—

present fundamental principles of—F. J. PiSKO. (R. 1879) 345

recent progress in, 1879 and 1880—G. F. Barker. (R. 1880) 442, 429

report on recent progress in, electricity, galvanism—J. Muller. (R.

1855-1858) 77, 91, 107, 109

syllabus of a course of lectures on—J. Henry. (R. 1856) 91

terrestrial, articles on—J. V. Campbell ; Prof. Palmieri
; W. W.

Johnson ; W. D. Sargent. (R. 1870) 244

Physics and Natural History, Geneva Society of

—

See Geneva.

Physiological investigations of vertebrata—J. Jones 82

Physiology

—

electro-, lectures on—C. Matteucci. (R. 1865) 209

of fever—H. C. Wood 357

of lucernarians—H. J. Clark 242

of rattlesnake—S. W. Mitchell 135

of respiration in chelonia—S. W. Mitchell ; G. R. Morehouse 159

Piazzi's astronomical observations, discussion of— B. A. Gould. (R. 1863)— 187

Pickering, C. Gliddon mummy case in Museum of Smithsonian Institution. 208

Picture writing. Central American, studies in—E. S. Holden. (E. 1879-80.) 476

PiDQEON, W. Ancient burial mound in Indiana. (R. 1867) 215

PiERSON, W. M. Discovery of large meteorite in Mexico. (R. 1873) 275

Pike, N. Cyclone in Indian Ocean. (R. 18G7) 215

Pilar, G. Revolutions of crust of the earth. (R. 1876) 399

Pile work antiquities of Olmutz. (R. 1866) 1 214

Pilling, J. C. Catalogue of linguistic manuscripts in library of Bureau of

Ethnology. (E. 1879-80) 476

Pima Indians of Arizona—F. E. Grossman. (R. 1871) 249

Pinna, cretaceous, from Now Mexico, description of new—C. A. AVhite. (P.

1880) 425

PiRZ, A. Methods o£ making and preserving plaster casts. (P. 1881) 467

Pisces, class, arrangement of—T. Gill 247
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PiSKO, F. J. Present fundamental principles of physics. (R. 1879) 345

Pitcher plant, new, {Darlingtonia Californica,) from California—J. Torrey ._ 61

Pits at Embarrass, Wisconsin—E. E. Breed. (R. 1877) 323

Pittsburg, on Des Moines river, composition of ancient pottery found at—R.

N. Dahlberq; C. Dahlberg. (R. 1879) 345

Plan of—

a bibliography—J. Friedlander. (R. 1858) 109

organization and regulations of U. S. National Museum

—

G. B. Goode.

(P. 1881) 467, 445

research upon the atmosphere—C. M. Wetherill. (R. 1866) 214

Smithsonian exhibit at Centennial—S. F. Baird. (R. 1875) 298

Planet

—

See Neptune, Uranus.

Planetary

—

disturbances, lecture on—E. S. Snell. (R. 1855) 77

motion, general integrals of—S. Newcomb 281

motion, perturbative function of, tables for determining values of coeffi-

cients in—J. D. RuNKLE 79, 94

orbits, secular variations of elements of—J. N. Stockwell. (R. 1871.)

249, 232
Planetoids

—

See Asteroids.

Planets

—

between Mars and Jupiter—Prof. Lespiault. (R. 1861) 149

between Mars and Jupiter, lecture on—E. LooMis. (R. 1854) 75

occultations of

—

See Downes, J.

Planisphere of the visible heavens for observations of meteoric displays 359

Plans for the installation of collections in the U. S. National Museum—G. B.

Goode. (P. 1881) 467, 472

Plans of the Smithsonian building—R. D. Owen P
Plantae Fremontianse—J. Torrey 46

Plantse Wrightianse Texano-Neo-Mexicana3. Parts i, ii—A. Gray 22, 42

Plantamour, E. Report on transactions of the Society of Physics and Natu-
ral History of Geneva, July, 1864, to June, 1865; July, 1874, to June,

1875. (R. 1865; R. 1877) 209, 323

Plants

—

collected by J. C. Fremont in California—J. Torrey 46

cryptogamous, present state of knowledge of—W. Reichardt. (R. 1871.) 249

dates of blossoming of—F. B. Hough 182

dates of defoliation or fall of leaf of—F. B. Houou 182

dates of foliation of—F. B. Hough 182

directions for collecting and preserving—L. F. Ward 460

of Arctic America, descriptions of—A. Gray 342

of Texas, New Mexico, and Mexico, collected by 0. Wright—A. Gray. 22

of upper Missouri, list of—T. C. Porter. (R. 1850) 28

of Washington, check-list of—L. F. Ward 461
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Plants

—

See Torrey, J., Gray, A.

Plaster casts

—

•

methods of making and preserving—A, Pirz. (P, 1881) 467

of antique and modern statues-^W. J. Stone. (R. 1855) 77

of heads of Indian boys and girls at Hampton, Virginia—R. H. Pratt.

(P. 1879) 333

of heads of Indian prisoners at St. Augustine, Florida—R. H. Pratt.

(P. 1878) 332

Plateau, F. Rapid preparation of myological specimens. (P. 1881) 467

Plateau, J. Experimental and theoretical researches on the figures of equi-

librium of a liquid mass withdrawn from the action of gravity. Parts

i-vi. (R. 1868-1866) 187, 188, 209, 214

Platessa ferruginea, note on—G. B. Goode ; T. H. Bean. (P. 1878) 382

Platessa rostrata, note on—G. B. Goode; T. H. Bean. (P. 1878) 382

Platycnemism in Michigan—H. Gillman. (R. 1873) 275, 393

Platyrhina exasperata, generic relations of—D. S. Jordan; C. H. Gilbert.

(P. 1880) 426

Platyrhina triseriata, new ray from coast of California, description of—D. S,

Jordan; C.H.Gilbert. (P. 1880) 425

Platysomatichthys stomias, new flounder from coast of California, description

of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Plenronectes glaber, identity of, with Euchalarodus Putnami—T. H. Bean.

(P. 1878) 332

Pleuronectidse of San Francisco, review of—W. N. Lockington. (P. 1879)__ 333

Pleuronichthys verticalis, new flounder from coast of California, description

of—D. S. Jordan ; C. H. Gilbert. (P. 1880) 425

PoE, O. M. Account of lightning discharges. (R. 1867) 215

Poet, A. New classification of clouds. (R. 1870) 244

Poet, F. Notes on American species of genus Cybium. (P. 1878) 332

POGQENDORFF, J. C. Use of galvanometer as measuring instrument. (R. 1859.) 110

Points, boiling and melting—F. W. Clarke 255, 288

Points, spear and arrow, primitive manufacture of, along line of Savannah

river-C. C. Jones, Jr. (R. 1879) 345

Poison

—

See Venom.

Poisoned arrows, lecture on nature and cure of wounds of—D. Brainard.

(R. 1854) 75

Poisonous water in Gulf of Mexico, destruction of fish by—J. Y. Porter.

(P. 1881) 467

Polar expedition

—

See Hall, Capt.

Polar expedition, the Howgate, contributions to natural history of Arctic

America made in connection with—L. Kumlien 342

Polar light, or aurora borealis, its phenomena and laws—E. LooMis. (R. 1865.) 209

Polaris expedition, scientific instructions for—J. Henrt; J. E. Hilgard
;
S.

Nkwcomb; S. F. Baird ; F. B. Mkek; L. Aoassiz. (R. 1871) . 249
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Polarized nerve, effect of irritation of—B. F. Lautenbach. (K. 1878)__ 341, 411

Pollock, J. Assay of coins at the Mint of the United States. (K. 1868) 224

Polychrome bead from Florida—S. S. Haldeman. (E. 1877) 323, 404

Polypetalae, bibliographical index of—S. Watson 258

Polypi, relations of lucernarians to—H. J. Clark 242

Polyzoa of northeastern coast of America, notice of recent additions to—A. E.

Verrill. (P. 1879) 333

Pomadasys, description of new species of, from Mazatlan, Mexico—D. S. Jor-

dan ; C. H. Gilbert. (P. 1881) 467

Pontifical Academy of the Nuovi Lincei, Rome. Prize questions. (R. 1865;
R. 1867) 209, 216

Poole, H. Cone-in-cone. (R. 1863) 187

Popocatepetl, examination of—Baron von Muller; A. Sonntag 114

Population of the world, estimate of the—E. Maillt. (R. 1873) 275

Porcupine, Canada, occurrence of, in Maryland—O. Lugger. (P. 1881) 467

Porcupine, Canada, occurrence of, in West Virginia—G. B. Goode. (P. 1878.) 332

Porifera of northeast coast of America—A. E. Verrill. (P. 1879) 333

Porpoise oil, manufacture of—C. Cook. (P. 1878) 332

Porter, Commodore. Account of hail storm on the Bosphorus. (R. 1870) 244

Porter, J. Y. Destruction of fish by poisonous water in Gulf of Mexico.

(P. 1881) . 467

Porter, J. Y. ; Jefferson, J. P. ; Moore, T. Destruction of fish near the

Tortugas. (P. 1878) i 332

Porter, T. C. List of plants of upper Missouri. (R. 1850) 28

Portland Society of Natural History, account of—E. C. Bolles. (R. 1867) ' 216

Porto Rico

—

description of new owl from—R. Ridgway. (P. 1881) , 467

great hurricane at

—

G.A.Latimer. (R. 1867) 215

Latimer collection of antiquities from—0. T. Mason. (R. 1876) 397

meteorology of—G. Latimer. (R. 1871) 249

Portraits

—

of North American Indians, catalogue of—J. M. Stanley S3

of North American Indians, Stanley, report of Committee of Regents

on. (R. 1857) 107

photographic, of North American Indians, in gallery of Smithsonian

Institution, list of 216

Potamocottus Bendirei, description of—T. H. Bean. (P. 1881) 467

Pottery

—

ancient, from Phillips county, Arkansas—J. H. Devereux. (R. 1872.) 271

ancient, from Pittsburg, on Des Moines river—R. N. Dahlberq ; C.

Dahlberg. (R. 1879) 345

. Indian—C. Rau. (R. 1866) 214, 440, 368

Pouched rat, or salamander of Georgia, habits of—W. Gesner. (R. 1860) — 147

Poulkova and Dorpat, description of observatories at—C. Abbe. (R. 1867.) 215, 369
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Powell, B. Reports on state of knowledge of radiant heat. (R. 1859) 110

Powell, J. W.

—

Evolution of language. (E. 1879-80) 476

Limitations to use of some anthropological data. (E. 1879-80) 476

Mythology of North American Indians. (E. 1879-80) 476

Report of Director of Bureau of Ethnology. (E. 1879-80) 476

Wyandot government. (E. 1879-80) 476

Powers, S. Centennial mission to Indians of western Nevada and California.

(R. 1876) 299

Pratt, R. H. Catalogue of casts of heads of Indian boys and girls at Hamp-
ton Institute, Virginia. (P. 1879) 333

Pratt, R. H. Catalogue of casts of heads of Indian prisoners at St. Augus-

tine, Florida. (P. 1878) 332

Pratt, W. H. Antiquities of Whiteside county, Illinois. (R. 1874) 286

Prayer at funeral of Joseph Henry—C. Hodge 356

Prayer at memorial of Joseph Henry—J. McCosh 356

Prayer at memorial of Joseph Henry—B. Sunderland 356

Precession of the equinoxes—J. N. Stockwell 232

Precession of the equinoxes, problems presented by—J. G. Barnard 240, 310

Precious stones—J. Babinet. (R. 1870) 244

Precipitation

—

influence of rain upon the formation of—J. Hann. (R. 1877) 323, 398

of rain and snow in the United States, charts of—C. A. Schott 374

of rain and snow in the United States, tables of—C. A. Schott 222, 353

Prehistoric

—

antiquities of Hungary—F. F. Romer. (R. 1876) 299, 440, 392

archaeology, international code of symbols for charts of

—

G. de Mortil-

let ; E. Chantre. (R. 1875) 298

evidences in Missouri—G. C. Broadhead. (R. 1879) 345

man, remains of, from caves in Alaska—W. H. Dall 318

mounds of Grant county, Wiscon.sin—M. Strong. (R. 1870) 299

remains in vicinity of city of Washington, D. C.—T. R. Peale. (R.

1872) 271

Prentiss, S. S. ;
Coues, E. List of birds of the District of Columbia. (R.

1861) 149

Preparation of large myological specimens—F. J. Plateau. (P. 1881) 467

Preparations, dry, on Semper 's method of making—J. A. Ryder. (P. 1881.) 467

Prescott, Canada West, ancient Indian remains near—W. E. Guest. (R.

1856) 91

Prescott, W. H., and others. On publication of Spanish works on New
Mexico. (R. 1855) 77

Present state of ethnology in relation to form of human skull—A. Retzius.

(R. 1859) , 110
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Presentation of

—

books

—

Duke OF NoRTHTJMBEBLAND. (11.1859) . 110

books

—

Imperial Library of Vienna. (R. 1865) 209

books on Brazil—M. M. Lisboa. (R. 1865) 209

books on Egypt—R. Lepsius. (R. 1860) 147

collections by foreign governments. (R. 1876) 299

engravings—C. B. King. (R. 1861) 149

specimens

—

University of Christiania, Norway. (R. 1863) 187

Preservation

—

and collection of marine invertebrates—W. Stimpson 34

of antiquities and national monuments in Denmark—J. J. A. Worsaae.
(R. 1879) 345

of copper and iron in salt water—A. E. Becquerel. (R. 1864) 188

of wood. (R. 1864) 188

Preserving

—

diptera, directions for—R. Osten Sacken 102

fish, directions for—T. H. Bean. (P. 1881) 467, 464

insects, directions for—A. S. Packard 261

lepidoptera, method of—T. R. Peale. (R. 1863) 187

nests and eggs, instructions for—T. M. Brewer 139

plants, directions for—L. F. Ward 460

specimens of diatomacea—A. M. Edwards 366

specimens of natural history—S. F. Baird. (R. 1856) 91, 34

Pressure and velocity of the wind—J. Hann. (R. 1877) 323, 398

Pressure of the air—J. Hann and others. (R. 1877) 323, 398

Prestwich, J. Past and future of geology. (R. 1876) 298

Priestley, J., memoir of, by G. Cuvier. (R. 1858) 109

Priestley's lens, account of

—

J.Henry. (R. 1859) 110

Prime, T. Monograph of American corbiculadas 145

Prime, T., and others. Check-list of shells of North America 128

Primitive manufacture of spear and arrow points along line of Savannah river

—

0. C. Jones, Jr. (R. 1879) 345

Prince Regent's Inlet, meteorological observations in—F. L. McClintock 146

Princeton, New Jersey, address at, by J. Henry' E
Principles

—

and methods of palieontology—T. H. Huxley. (R. 1869) 228

of crystallographj' and crystallophysics, explanation of—A. Brezina.

(R. 1872) 271, 386

of mechanical theory of heat—J. Muller. (R. 1868) 224

of physics, present fundamental—F. J. Pisko. (R. 1879) 345

of subcutaneous surgery—W. Adams 302

Prionotus stephanophrys, new species of Prionotus from coast of California,

description of—W. N. Lockington. (P. 1880) _ 425
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Prize questions

—

Academy of Sciences of the Institute of Bologna. (R. 1862) 160

Batavian Society of Experimental Philosophy of Rotterdam. (R. 1861.) 149

Dunkirk Society for Encouragement of Sciences, Letters, and Arts. (R.

1865) 209

Holland Society of Science, Harlem. (R. 1861, 1864, 1867, 1873) 149, 188, 224, 275

Imperial Academy of Sciences of Vienna. (R. 1864; R. 1865) 188, 209

Imperial Society of Natural Sciences of Cherbourg. (R. 1864) 188

Imperial Society of Science, Agriculture, and Arts of Lille. (R. 1865.) 209

London Institution of Civil Engineers. (R. 1862) 150

Pontifical Academy of Nuovi Lincei, Rome. (R. 1865; R. 1867)— 209, 215

Royal Academy of Netherlands. (R. 1861) 149

Royal Academy of Science, Literature, and Pine Arts, Brussels. (R. 1873.) 275

Royal Danish Society of Sciences. (R. 1862, 1865, 1867) 150, 209, 215

Royal Institute for Encouragement of Natural, Economical, and Tech-

nological Science, Naples. (R. 1873) 276

Royal Prussian Academy of Sciences. (R. 1864) 188

Royal Scientific and Literary Institute of Lombardy. (R. 1865) 209

Society for Encouragement of Science, Literature, and Art, Dunkirk,

Prance. (R. 1873) 276

Society of Arts and Sciences of Utrecht. (R. 1861 ; R. 1862) 149, 150

Society of Science, Art, and Literature of Hainaut, Mons, Belgium.
(R. 1873) 276

Problems of rotary motion, presented by gyroscope, precession of equinoxes,

and pendulum—J. G. Barnard 240

Proceedings of

—

Board of Regents

—

See Regents.

Establishment, 1853-1854. (R. 1853) 67, 329

U. S. National Museum. Vols, i-iv, 1878-1881 332, 333, 425, 467

U. S. National Museum, catalogue and index of 478

Products of combustion of gun-cotton and gunpowder— Lieut, von Karolyi
;

B.F.Craig. (R. 1864) J88

Productus giganteus, note on occurrence of, in California—C. A. Whitk. (P.

1880) 426

Programme of organization of Smithsonian Institution P, J, 328

Progress

—

in physics—See J. Miiller.

in science, record of

—

See Record.

of astronomical photography—Dr. Lee. (R. 1861) 149

Project of outline history of education in United States—P. A. Packard.
(R. 1863) 187

Promotion of science in the United States, Tyndall trust for the. (R. 1872) __ 271

Propagation of disease—J. C. Dalton. (R. 1873) 276

Prospectus of a Bibliographia Americana—H. Stevens. (R. 1848) I
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Providence, Rhode Island, meteorological observations at—A. Caswell :

1831 to 18G0 103
1831 to 1876 443

Provincetown, Massachusetts, experiments made at, upon animal heat of fishes

—

J. H. Kidder. (P. 1879) 333

Provincetown, Massachusetts, littoral marine fauna of—R. Rathbun. (P. 1880.) 425

Provincial Society of Arts and Sciences, Utrecht. Prize questions. (R. 1862.) 160

Provisional classification of the food collections—G. B. Goode. (P. 1881.) 467, 455

Prussian Royal Academy of Sciences. Prize questions. (R. 1864) 188

Psychrometric observations 157

Psychrometrical tables—J. H. Coffin 87

Pterophryne, on proper specific name of—T. Gill. (P. 1878) 332

Ptychochilus Harfordi, new species of Ptychochilus, description of—D. S. Jor-

dan ; C.H.Gilbert. (P. 1881) 467

Public-
architecture, hints on—R. D. Owen P
buildings, acoustics applied to—J. Henry. (R. 1856) 91

instruction, minister of, report to Emperor of France by, on scientific

expedition to Mexico. (R. 1864) 188

libraries of the United States, notices of—C. 0. Jewett. (R. 1849) __ 21, 25

libraries

—

See Libraries.

Publications

—

exchange of

—

Agricultural Association op Milan. (R. 1863) 187

exchange of

—

Chamber of Commerce of Bordeaux. (R. 1863) 187

of learned societies and periodicals in Smithsonian library. 73, 85, 117, 179

of Smithsonian Institution, list of. (R. 1866.) 74, 203, 226, 245, 278, 290,

301, 344, 437, 478

of U. S. Government, 1868-1881—G. H. Boehmer 477

of U. S. National Museum, list of. (P. 1881) 467, 474

periodical received in reading-room of Smithsonian Institution Q
report on, 1853-1866—S. F. Baird. (R. 1853-1866.) 67, 75, 77, 91, 107,

109, 110, 147, 149, 150, 187, 188, 209, 214

Puebla, Mexico, description of large fossil gasteropod from—G. A. White.
(P. 1880) 426

Puget Sound, description of two new species of flounders {Parophrys ischyurus

and Hlppoglossoides elassodon) from—D. S. Jordan ; C. H. Gilbert.

(P. 1880) 426

Pulmonata geophila, monograph of—W. G. Binney ; T. Bland 194

Pulmonata limnophila, monograph of—W. G. Binney 143

PumpellYjR. Geological researches in China, Japan, and Mongolia 202

Purple dyeing, ancient and modern. (R. 1863) 18T
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Quale; Lewis. Account of the cryolite of Greenland. (R. 1866) 214

Qualitative determinations by the blow-pipe—T. Egleston. (R. 1872) 271

Quartermasters, authority to, to receive and transmit specimens to Smithsonian. 34

QuATREFAGES, J. L. Memoir of Isidore Geoifroy St. Hilaire. (R. 1862) 150

Queen Charlotte's Islands, Haidah Indians of—J. G. Swan 267

Queries about expression for anthropological inquiry—C. Dakwin. (R. 1867.) 215

Queries relative to tornadoes—J. Henry 190

Questions relative to the food fishes of the United States—S. F. Baird 234

Questions

—

See Prize questions.

Quetelet, L. A. J., eulogy on, by E. Mailly. (R. 1874) 286

Quick, E. R. Mounds in Franklin countj-, Indiana. (R. 1879) 345

Quillehute Indians of west coast of Washington Territory, method of taking

surf smelt by—J. G. Swan. (P. 1880) 425

Quincy, Illinois, mounds near—W. G. Armstrong. (R. 1879) 345

Rabbit catching the sun in a trap (Omaha myth)—J. O. Dorsey. (E. 1879-80.) 476

Race, the human, probable future of—A. De Candolle. (R. 1875) 298

Races

—

intermixture of—G. Gibbs. (R. 1864) 188

lower, social and religious condition of the—J. Lubbock. (R. 1869) 228

mixed, in Liberia—E. D. Blyden. (R. 1870) 244

Radiant heat, reports on state of knowledge of—B. Powell. (R. 1859) 110

Radiates of Arctic America—A. E. Verrill 342

Radiation, lecture on—J. Tyndall. (R. 1868) _- 224

Rafinesque's memoirs on North American fishes, review of—D. S. Jordan 305

Raia inornata, note on—D. S. Jordan; C. H. Gilbert. (P. 1881) 467

Raia rhina, new species of ray from coast of California, description of—D. S.

Jordan; C.H.Gilbert. (P. 1880) 425

Raia stellulata, new species of ray from Monterey, California, description of

—

D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Rain

—

and atmospheric pressure—J. Hann. (R. 1877) 323,398

and barometric minima—T. Reyk. (R. 1877) 323,398

and snow, tables of precipitation in—C. A. Sciiott 222, 353
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Bain—Continued.

articles on, preserved in Smithsonian. (R. 1874) 286, 353

gauges—R. H. Gardiner. (R. 1858) 109

influence of, upon the barometer—J. Hann. (R. 1877) 323, 398

observations 157

presence of electricity during fall of—Prof. Palmieri. (R. 1870) 244

quantity of, at different heights

—

O.W.Morris; J.Henry. (R. 1855.) 77

snow, or hail, electricity of induction in strata of atmosphere surround-

ing cloud resolving into—F. Zantedeschi. (R. 1870) 244

Rain-charts of United States, 1, 2, 3: summer, winter, and year—C. A. Schott. 374

Rana pipiens, anatomy of nervous sj'stem of—J. Wyman 45

Raptores, oology of—T. M. Brewer 89

Rat, pouched, of Georgia, habits of—W. Gesner. (R. 1860) 147

Rathbun, R. Littoral marine fauna of Provincetown, Cape Cod, Massachu-

setts. (P. 1880) 425

Rathbun, R. Marine invertebrates from New England, distributed by U. S.

National Museum, list of. (P. 1881) 467, 465, 471

Rathbun, R. ; Verrill, A. E. Marine invertebrata of New England, dis-

tributed by Fish Commission. (P. 1879) 333

Ratio between diameter and circumference of a circle—W. Ferrel 233

Rattlesnake, researches upon venom of—S. W. Mitchell 135

Rattlesnakes, bibliography of—S. W. Mitchell 185

Rattlesnakes, genera and species of—E. D. Cope 185

Rau, C—
Agricultural flint implements in southern Illinois. (R. 1868.) 224, 440, 370

Agricultural implements of North American stone period. (R. 1863.) 187, 440

Ancient aboriginal trade in North America. (R. 1872) 271, 440, 385

Anthropological publications, list of. (P. 1881) 467

Archaeological collection of the U. S. National Museum 287

Artificial shell-deposits in New Jersey. (R. 1864) 188, 440, 362

Drilling in stone without metal. (R. 1868) 224, 440, 372

Gold ornament from mound in Florida, observations on. (R. 1877.)

323, 440, 403

Indian pottery. (R. 1866) 214, 440, 368

Memoir of C. F. P. Von Martius. (R. 1869) 228, 440, 251

North American stone implements. (R. 1872) 271, 440, 382

Palenque tablet in the U. S. National Museum 331

Stock-in-trade of an aboriginal lapidary. (R. 1877) 323, 440, 402

Translation of Baegert's account of the Indians of southern California.

(R. 1863; R. 1864) 187, 188,440,361

Translation of Romer's antiquities of Hungary. (R. 1876) .._ 299, 440, 392

Rawson, R. Memoir of Eaton Uodgkinscm. (R. 1868) 224

Read, M. C. Ancient mound near Chattanooga, Tennessee. (R. 1867) 215
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Reading-room of Smithsonian Institution, periodicals received in, 1853 Q
Eecalculation of atomic weights. Constants of Nature Part v—F. W. Clarkb. 441

Receipts of specimens

—

See annual reports.

Recent

—

improvements in the chemical arts—J. C. Booth; C. Morfit 27

progress in physics—J. Muller. (R. 1855-1858) 77, 91, 107, 109

progress in relation to the theory of heat—A. Cazin. (R. 1868) 224

progress in science, reports on

—

See Record of recent progress.

researches on secular variations of planetary orbits—J. N. Stockwell.
(R. 1871) 249

Recommendation of Shea's Indian linguistics—G. Gibbs and others. (R. 1861.) 149

Record of

—

auroras in higher northern latitudes—P. Force 84

meteorological material preserved in Smithsonian. (R. 1874) 286

monthly meteorological reports preserved in Smithsonian Institution.

(R. 1873) 275

Record of recent progress in science, 1879 and 1880

—

Anthropology—O. T. Mason. (R. 1880) 442, 432

Astronomy—E. S. Holden. (R. 1880) 442, 427

Botany—W. G. Farlow. (R. 1880) 442, 430

Chemistry—G. F. Barker. (R. 1880) 442, 429

Geology—G. W. Hawes. (R. 1880) 442, 428

Mineralogy—G. W. Hawes. (R. 1880) 442, 428

Physics—G. F. Barker. (R. 1880) 442, 429

Zoology—T. Gill. (R. 1880) 442,431

Recording Indian languages, method of—J. 0. Dorset; A. S. Gatschet ; S.

R. RiGQS. (E. 1879-80) 476

Records and results of magnetic survey of Pennsylvania—A. D. Bache 166

Red river of the North, ethnology of Indians of valley of—W. H. Gardner.
(R. 1870) J 244

Red river settlement, Hudson's Bay Territory, Indian remains in—D. Gunn.
(R. 1867) 216

Reed, H. Lecture on " the Union." (R. 1854) 76

Refraction of sound—W. B. Taylor. (R. 1875) 298

Regents of Smithsonian Institution

—

list of, 1846 N
list of, 1846-1879. {See also each annual report) 329

memorial of Board of, relative toSmithsonfund. (R. 1850; R. 1866.) 28,214,329

memorial of Board of, to Congress asking appropriations for museum.
(R. 1867) 215, 329

memorial to Congress in behalf of, relative to new museum building

—

G. Bancroft. (R. 1876) 299,329

proceedings of Board of. {See also each annual report)-- A, Q, H, I, M, 329

proceedings of Board of, on death of Joseph Henry 366
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Regents of Smithsonian Institution—Continued.

proceedings of Board of, relative to the electro-magnetic telegraph 115, 329

report of Committee of, on Corcoran Art Gallery. (R. 1872) 271, 329

report of Committee of, on fire at Smithsonian—R. Wallach ; J.

Henry. CR- 1864) 188,329

report of Committee of, on Museum— A. Gray; H. Coppee. (K.

1874) 286, 329

report of Committee of, on Museum—A. Gray ; A. A. Sargent ; H.

Clymer. (R. 1876) 299,329

report of Committee of, on Stanley's gallery of Indian portraits. (R.

1857) 107, 329

report of Committee of, on communication of J. Henry relative to electro-

magnetic telegraph—C. C. Felton. (R. 1857) 107, 329

reports of Committee of, on distribution of Smithsonian income. J. A.

Pearce; J. Meacham. (R. 1853) 67,329

Regents of University of State of New York. Acknowledgment for specimens.

(R. 1865) 209, 329

Registration of periodical phenomena—J. Henry. (R. 1855) 77

Registry of periodical phenomena 148, 65

Regulations of the Smithsonian Institution, 1872 260

Regulations of the TJ. S. National Museum—G. B. Goodk. (P. 1881) ___ 467, 445

Reichardt, W. Present state of knowledge of cryptogamous plants. (R. 1 871. ) 249

Reid, D. B. Architecture in relation to ventilation, warming, lighting, fire-

proofing, acoustics, and health. (R. 1856) 91

Reigen Mazatlan collection of mollusks—P. P. Carpenter 252

Reindeer, man as the contemporary of, in middle Europe. (R. 1867) 215

Relation

—

between barometric variations and atmospheric currents—M. Peslin.

(R. 1877) 323, 398

of food to work, and its bearing on medical practice—S. Hauohton.
(R. 1870) 244

of physical sciences to science in general—H. Helmholtz. (R. 1871)__ 249

of time and space, lecture on—S. Alexander. (R. 1861) 149

Relationship

—

circular respecting degrees of—L. H. Morgan 138

system of, of Cree Indians—E. A. Watkins. (R. 1862) 150

systems of—L. H. Morgan 218

Relative intensity of heat and light of sun—L. W. Meech. (R. 1856) 91, 83

Relic, ancient, of Maya sculpture, remarks on—A. Schott. (R. 1871) 249

Relies

—

ancient, in Missouri—J. W. Foster. (R. 1863) 187

ancient Indian—J. Jones 259

ancient, of northwestern Iowa—J. B. Cutts. (R. 1872) 271

presented by J. H. Devereui. (R. 1872) 271
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Keligion of Shoshone Indians—A. G. Brackett. (R. 1879) 345

Eeligious condition of lower races of man—J. Lubbock. (R. 1869) 228

Remains

—

aboriginal, of Tennessee—J. Jones 259

ancient, in Colorado—E. L. Berthoud. (R.'1867) 216

human, from Patagonia—A. Ried. (R. 1862) 150

Indian, in Caddo parish, Louisiana—T. P. Hotchkiss. (R. 1872) 271

of later prehistoric man from caves in Alaska—W. H. Dall 318

of walrus (?) in Maine—C. H. Boyd. (P. 1881) 467

prehistoric, in Montana—P. W. Norris. (R. 1879) 345

prehistoric, in vicinity of city of Washington, D. C.—T. R. Peale.
(R. 1872) 271

Zapotec, account of— J. G. Sawkins ; B. Mayer 86

Remains

—

See Ancient remains.

Remarkable forms of hail-stones in Georgia—S. Abich. (R. 1869) 228

Remarks

—

concerning nature of currents of air—A. Colding. (R. 1877) 323, 398

on ancient relic of Maya sculpture—A. Schott. (R. 1871) 249

on Cm-a gigantesca of Yzamal in Yucatan—A. Schott. (R. 1869) 228

on kjokken-mdddings on northwest coast of America—P. Schumacher.
(R. 1873) 275

on osteology of Opheosaurus venti-alis—R. W. Shufeldt. (P. 1881) 467

on physical geography of North America—J. Froebel. (R. 1854) 75

on species of genus Chiurus—W. N. Lockington. (P. 1880) 425

Reminiscences of Joseph Henry by S. B. Dod 356

Reparatory inflammation in arteries after ligature, etc., nature of. Toner lec-

ture No. VII—E. O. Shakespeare 321

Reply to criticisms of J. Hann by W. Ferrel. (R. 1877) L_. 323, 398

Report—-See Henry, J., Baird, S. F., Regents.

Report of

—

American Academy of Arts and Sciences on organization of Smithso-

nian—E. Everett; J. Sparks; B. Pierce; H. W. Longfellow;
A.Gray. (R. 1853) 67

architect—B. S. Alexander. (R. 1854) 75

architects, 1879, 1880—Cluss and ScnuLZE. (R. 1879; R. 1880)__ 345,

442, 409, 434

Board of Regents of Smithsonian Institution, 1847-188^ G, H, I, 21,

28, 51, 57, 67, 75, 77, 91, 107, 109, 110, 147, 149, 150, 187, 188, 209,

214, 215, 224, 228, 244, 249, 271, 275, 286, 298, 299, 323, 841, 345, 442

Bureau of Ethnology, first—J. W. Powell. (E. 1879-80) 476

chemist—F. W. Taylor. (R. 1880) 442

Commission on general stereotype catalogue of public libraries. (R. 1850.) 28,47

Committee of American Association on system of combined meteoro-

logical observations. (R. 1851) . 51
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Keport of— Continued.

Executive Committee (See also each annual report) 329

Executive Committee on Henry statue. (R. 1880) 442

experiments on animal heat of fishes—J. H. Kidder. (P. 1879) 333

explorations in New Mexico and Arizona—J. Stevkn^on-. (R. 1880) __ 442

Government explorations and surveys. (R. 1878) 341

National Museum Building Commission for 1879. (R. 1879) 345, 409

National Museum Building Commission for 1880. (R. 1880) 442, 434

Secretary of Smithsonian Institution, 1847-1877—J. Henry. (R. 1847-

1877)— F, H, I, 21, 28, 51, 57, 67, 75, 77, 91, 107, 109, 110, 147, 149,

150, 187, 188, 209, 214, 215, 224, 228, 244, 249, 271, 275, 286, 298, 299, 323

Secretary of Smithsonian Institution, 1878-1880—S. F. Baird. (R.

1878-1880) 841, 345, 442, 408, 418. 419

Senate Judiciary Committee on management of Smithsonian—A. P. But-

ler. (R. 1855) 77

Smithsonian Institution

—

See Report of Board of Regents.

visit to Luray Cavern—O. T. Mason. (R. 1880) 442, 433

Keport of Committee of Regents of Smithsonian Institution on

—

hest use of new^ hall of the Institution—L. Agassiz. (R. 1867) -__ 215, 329

communication from S. F. B. Morse—C. C. Felton. (R. 1857) .__ 107, 329

Corcoran Art Gallery. (R. 1872) 271, 329

electro-magnetic telegraph—C. C. Felton. (R. 1857) 107, 329

fire of January, 1865—R. Wallach ; J. Henry. (R. 1864) 188, 329

Greek album 329

Museum-A. Gray; H. Coppee. (R. 1874) 286, 329

Museum—A. Gray; A. A. Sargent; H. Clymer. (R. 1876) 299

organization of Institution B, L, 328

Stanley's gallery of Indian portraits. (R. 1857) 107, 329

system of accounts. (R. 18G6) 214

Washington canal—R. Delafield. (R. 1868) 224, 329

Report on

—

building stones—D. D. Owen 329

catalogue system—C. C. Jewett. (R. 1849) 21

Centennial Exhibition—S. F. Baird. (R. 1876) 299, 307

contents of bottles of water from Gulf of Mexico—W. G. Farlow.
(P. 1881) 467

copyright system—C. C Jewett. (R. 1851) 51

effect of frost on stones—C. G. Page 329

ethnological collections of Museum of Lausanne—F. Troyon. (R. 1861) 149

exploration of ancient mounds in Union county, Kentuckj'—S. S. Lyon.
(R. 1870) 244

fishes of New Jersey coast, as observed in 1854—S. F. Baird. (R.

1854) 75, 348

fossils from Nebraska—J. Leidy. (R. 1851) 51
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Report on—Continued.

Halliwell manuscripts—C. C. Jkwett. (E. 1852) 57

history of discovery of Neptune—B. A. Gould 18

improved system of numeration—W. B. Taylor. (E. 1867) 216

international exchanges—G. H. Boehmek 477

lacustrian settlements—A. Morlot. (E. 1863) 187

library—C. 0. Jewett. (R. 1848-1853) I, 21, 28, 51, 57, 67

limpets and chitons of Alaskan and Arctic regions—W. H. Dall. (P.

1878) 332

magnetic telegraph 115

meteorological system—E. Foreman. (R. 1852) 67

meteorology of the United States—E. Loomis. (E. 1847) H
mollusca of west coast of North America—P. P. Capenter 252

Museum and statistics of British Museum—S. F. Baird. (R. 1850) 28

paleontological collections made by Lieut. G. K. Warren—F. B. Meek
;

F. V. Hayden - 172

plan of librarj-—C. C. Jewett. (E. 1847) H
proposed exhibit by Smithsonian Institution at the Centennial Exhibi-

tion—S. F. Baird. (E. 1875) 298

public libraries of United States—C. C. Jewett. (E. 1849) 21

publications, exchanges, explorations, and Museum, 1851-1877—S. F.

Baird. (E. 1851-1877) 61, 67, 67, 75, 77, 91, 107, 109, 110,

147, 149, 150, 187, 188, 209, 214, 216, 224, 228, 244, 249, 271, 275, 286,

298, 299, 323

recentprogress in physics : electricity, galvanism—J. Muller. (E. 1855-

1857) 77, 91, 107

shell heaps of Tampa Bay, Florida—S. T. Walker. (E. 1879) 345

shells presented to Academy of Natural Sciences—J. Leidy ; G. W.
Tryon. (E. 1866) 209

state of knowledge of radiant heat—B. Powell. (E. 1859) 110

survey of economic geology of Trinidad—G. P. Wall ; J. G. Sawkins.

("r. 1866) 91

system of accounts. (R. 1866) 214

use of new hall in Smithsonian building—L. Agassiz. (R. 1867) 215

Report to Emperor of France by Minister of Public Instruction on scientific

expedition to Mexico. (R. 1864) 188

Reports, meteorological, preserved in Smithsonian Institution, list of. (R. 1873.) 275

Reports of

—

astronomical observatories, 1879—E. S. Holden. (R. 1879) 345, 410

astronomical observatories, 1880—E. S. Holden ; G. H. Boehmer. (R.

1880) 442, 438

Committees of Regents, 1846-1877'- t 329

Secretary of Smithsonian Institution, J. Henry, 1865-1877 343

Smithsonian Institution, catalogue and index of 478
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Reports on transactions of Geneva Society of Physics

—

See Geneva.

Reptiles

—

circular relating to collections of living 320

cretaceous—J. Leidy 192

cretaceous, review of—J. Leidy. (R. 1864) 188

dates of first appearance of—F. B. Hough 182

extinct—J. Leidy 192

North American, catalogue of. Part i. Serpents—S. F. Baird
; C.

GiRARD 49

Reptilia, check-list of North American—E. D. Cope 292

Request for hison by Bern Museum. (R. 1865) 209

Request for shells—W. E. Logan. (R. 1859) 110

Research

—

ethnological—E. H. Davis. (R. 1866) 214

relative to ethnology and philology of America, instructions for—G.

GiBBS 160

upon the atmosphere, plan of a—0. M. Wethebill. (R. 1866) 214

Researches

—

archaeological, at Concise—F. Troyon. (R. 1861) 149

archaeological, in Nicaragua—J. F. Bransford 383

by officers of Hudson's Bay Company, letter of Sir G. Simpson 137

geological, in China, Mongolia, and Japan—R. Pumpelly 202

in sound—J. Henry. (R. 1878) 341, 406

on ammonia-cobalt bases—W. Gibbs ; F. A. Genth 88

on electrical rheometry—A. Secchi 36

on figure of equilibrium of a liquid mass withdrawn from action of

gravity

—

See J. Plateau,

on secular variations of planetary orbits—J. N. Stockwell. (R. 1871.) 249

relative to nebulae—Prof. Gautier. (R. 1863) 187

relative to planet Neptune—S. C. Walker 3

scientific, list of apparatus available for. (R. 1878) 341

scientific, of Peltier—F. A. Peltier. (R. 1867) 215

upon anatomy and physiology of Chelouia—S. W. Mitchell ; G. R.

Morehouse 159

upon fever—H. C. Wood 357

upon Hydrobiinae and allied forms—W. Stimpson 201

upon venom of the rattlesnake—S. W. Mitchell 135

Residuary legacy

—

See Smithson.

Resolutions of Congress

—

See Congress.

Resolutions of Regents

—

See each annual report.

Resonance, electric, of mountains, observations on the—H. De Saussure. (R.

1868) 224

Respiration, apparatus for testing results of—M. Pkttenkofkr. (R. 1864) 188
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Respiration in the Chelonia, researches on—S. W. Mitchell ; G. R. More-
house 159

Results of

—

magnetic survey of Pennsylvania—A. D. Bache 166

meteorological observations at Brunswick, Maine—P. Cleaveland 204

meteorological observations at Marietta, Ohio—S. P. Hildreth
;

J.

Wood 120

meteorological observations at Providence, Rhode Island, 1831-18G0,

1831-187G—A. Caswell 103, 443

meteorological observations in the United States, 1854-1859 157, 182

precipitation in rain and snow in United States—C. A. Schott 222, 353

spectrum analysis applied to heavenly bodies—W. Huggins. (R. 18GG.) 214

Retziijs, a. Present state of ethnology in relation to form of the skull. (R.

1859) 110

Review of

—

Amei-ican birds. Part i. North and Middle America—S. F. Baird— 181

American species of genus Scops—R. Ridgway. (P. 1878) — 332

classification of birds—W. Lilljeborg. (R. 18G5) 209, 364

cretaceous reptiles of the United States—J. Leidy. (R. 1864) 188

genera and species of family Centrarchidce—C. L. McKay. (P. 1881)

—

4G7

genus Ceniurus—R. Ridgway. (P. 1881) 4G7

pleuronectidae of San Francisco—W. N. Lockington. (P. 1879) 333

Rafinesque's memoirs on North American fishes—D. S. Jordan 305

Revisions of nomenclature of North American birds—R. Ridgway. (P. 1880.) 425

Revolutions of crust of the earth—G. Pilar. (R. 1876) 299

Reye, T. Rain-fall and barometric minima. (R. 1877) 323,398

Reynolds, J. E. Hydrogen as gas and metal. (R. 1870) 244

Rhees, W. J.

—

Catalogue and index of publications of the Smithsonian Institution, U. S.

National Museum, etc., 1846-1881 478

James Smithson and his bequest. (R. 1879) 345, 330

Journals of Board of Regents, reports, statistics, etc., of Smithsonian In-

stitution 329

List of public libraries, institutions, and societies in United States and

British Provinces 116

List of public libraries, institutions, and societies in United States in cor-

respondence with Smithsonian Institution 238

Origin and history of Smithsonian Institution 328

Scientific writings of James Smithson, (edited by) 327

Rheometry, electrical, researches on—A. Secchi 36

Rhinobatidse, American, synopsis and descriptions of—S. Garman. (P. 1880.) 425

Rhinonemus caudacuta, identity of with Gudus cimbrius—G. B. Goode
;
T. H.

Bean. (P. 1878)— 332
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Khode Island, list of algae of—S. T. Olney 241

Rhode Island, Providence, meteorological observations at, 1831-1860, 1831-1876

—

A. Caswell 103, 443

Rhodospermeoe—W. H. Harvey 43

RiDGWAY, R.

—

Catalogue of birds of North America. (P. 1880) 425

Catalogue of Old World birds in U. S. National Museum. (P. 1881) __ 467

Catalogue of TrochllidfB in U. S. National Museum. (P. 1880). 425

Description of new fly-catcher and new petrel from Sandwich Islands.

(P. 1881) 467

Description of new owl from Porto Rico. (P. 1881) 467

Description of new species of birds from Costa Rica and mites on rare

species. (P. 1878) 332

Descriptions of new species and races of American birds and synopsis of

genus Tyrannus. (P. 1878) 332

Descriptions of new species and races of birds in U. S. National Museum.
(P. 1878) 332

Descriptions of tvVo new thrushes from the United States. (P. 1881) 467

List of special desiderata among North American birds. (P. 1881) 467

List of species of Middle and South American birds not in National

Museum. (P. 1881) 467

Nomenclature of North American birds chiefly in National Museum 422

Notes on some Costa Rican birds. (P. 1881) 467

On Amazilia Yucatanensis and Amazilia cerviniventris. (P. 1881) 467

On ducic new to American fauna. (P. 1881) 467

On new humming bird, Atthis Elliotti, from Guatemala. (P. 1878) 332

On two recent additions to North American bird fauna by L. Belding,

(P. 1881) 467

Review of American species of genus Scops. (P. 1878) 332

Review of genus Cew^M7-MS. (P. 1881.) 4G7

RiED, A. Human remains from Patagonia. (R. 1862) 150

RiGGS, S. R. A dog's revenge (Dakota fable.) (E. 1879-80) 476

RiGGS, S. R. Grammar and dictionary of Dakota language 40

Ripley, Fort, INIinnesota, natural history of the country about—J. E. Head,
(R. 1854) 75

Rissoidre, fresh-water—W. G. Binney 144

River, Kennebec, opening and closing of the—R. H. Gardiner. (R. 1858) 109

Rivers

—

dates of opening and closing of— F. B. HotiOH 182

diminution of water in-H. G. Wex. (II. 1875) 298

improvement of navigation of—C. Ellet, Jr 13

methodof ascertaining amountof water in—A. A. Humphreys. (R. 1858) 109

Roads and bridges, lectures on—F. Rogers. (R. 1860; R. 1861) 147, 149
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EOBERTSON, R. S.

—

Age of stone and troglodytes of Breckenridge county, Kentucky. (R.

1874) 286

Antiquities of Allen and De Kalb counties, Indiana. (R. 1874) 286

Antiquities of La Porte county, Indiana. (R. 1874) 286

Antiquities of Nashville, Tennessee. (R. 1877) 323

Robinson, E., and others. On publication of Spanish works on New Mexico.

(R. 1855) 77

Robinson, E., and others. On publication of Squier and Davis' ancient monu-
ments K

Rock BluflF, Illinois, description of human skull from—J. A. Meigs. (R. 1867.) 215

Rock-oil, or petroleum, history of—T. S. Hunt. (R. 1861) 149

Rock river valley, Illinois, mound builders in—J. Shaw. (R. 1877) 323

Rocks

—

catalogue of—J. W. Foster. (R. 1854) 1 75

catalogue of

—

C.T.Jackson. (R. 1854) 75

catalogue of—J. Locke. (R. 1854) 75

catalogue of

—

J.D.Whitney. (R. 1854) 75

crystalline, metamorphism, and formation of—G. A. Dattbree. (R. 1861.) 149

in Green river valley, Indian engravings on face of—J. G. Bruff. (R.

1872) „ „ 271

Rocky Mountain goat, habits of the—J. C. Merrill. (P. 1879) 333

Rodent, rare, {Cricetodipus parvus)—F. W. True. (P. 1881) : 4()7

EoEHRia, F. L. O. Language of Dakota or Sioux Indians. (E. 1871) 249, 378

Rogers, F. Lectures on roads and bridges. (R. 1860 ; R. 1861) 147,149

Rogers, W. B. Memorial address on Joseph Henry 356

Rome, Pontifical Academy

—

See Prize questions.

RoMER, F. F. Prehistoric antiquities of Hungary. (R. 1876) 299, 440, 392

Romero, M. Explorations of John Xantus in Mexico. (R. 1862) 150

Rosing, J. Exchange system. (R. 1865) 209

Ross, B. R. Eastern Tinneh Indians. (R. 1866) 214, 365

Ross, B. R. Observations in Hudson's Bay Territory. (R. 1859) 110

Rotary motion, problems of—J. G- Barnard 240

RoTHROCK, J. T. Sketch of flora of Alaska. (R. 1867) 215, 367

Rotterdam, Batavian Society of Experimental Philosophy of. Prize questions.

(R. 1861) 149

Royal-
Academy of Netherlands. Prize questions, (li. 1861) 149

Academy of Science, Madrid. On exchanges. (R. 1861) 149

Danish Society of Sciences. Prize questions. (R. 1862, 1865, 1867.) 150,209,215

Horticultural Society, London. Exchange of publications. (R. 1861)-_ 149

Institution of Great Britain, history of—E. Mailly. (R. 1867) 215

Prussian Academy of Sciences. Prize questions. (R. 1864) 188
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Eoyal—Continued.

Scientific and Literary Institute of Lombardy. Prize questions. (R. 1865.) 209

Society of London, list of Smithson's papers presented to. (R. 1853.) 67, 330

Society of London, notice of Smitiison, by D. Gilbert, president of. (R

1853) 67,330

Society of London, origin and history of—C. A. Alexander. (R. 1863.) 187

Society of Victoria, address of president of— R. L. J. Ellert. (R. 1868.) 224

RoTCE, C. C. Cessions of land by Indian tribes to United States. (E. 1879-80.) 476

Ruin, ancient, in Arizona—J. C. Y. Lee. (R. 1872) 271

Ruins

—

at Savannah, Tennessee—J. P. Stelle. (R. 1870) 244

in Hardin county, Tennessee—J. P. Stelle. (R. 1870) 244

in White river caiion, Pima county, Arizona—R. T. Burr. (R. 1879.) 345

Rules

—

for cataloguing libraries—C. C. Jewett 47

for examination of specimens. (R. 1880) 442

of distribution of Smithsonian publications 290

RxTNKLB, J. D. New tables for determining perturbation of planets 79

RuNKLE, J. D. Supplement for asteroid perturbations 94

Rupert's Land, Institute of, circular of the. (R. 1861) 149

Rush, R.—
correspondence of, relative to Smithson 328

letter from, relative to James Smithson. (R. 18-53) 67,328

notice of, by J. A. Pearce. (R. 1859) 110

Russell, R. Lectures on meteorology, with notes by J. Henry. (R. 1854) 75

Russia, meteorology in—A. Woeikoff. (R. 1872) 271

Russian America

—

ethnological investigations in, suggestions for—G. Gibbs 207

suggestions relative to objects of scientific investigation in—J. Henry__ 207

Tinneh Indians of—G. Gibbs ; B. Ross ; W. L. Hardisty
; S. Jonks.

(R. 1866) 214, 365

Yukon, journey to the—W. W. Kirby. (R. 1864) 188

RiJTiMEYER, L. Fauna of middle Europe during the stono age. (R. 1861)-_ 149

Ryder, J. A.

—

Camaraphysema, a new type of sponge, (P. 1880) 425

List of North American species of myriapods belonging to family of

Lysiopetalidce, with description of blind form from Luray Cave, Vir-

ginia. (P. 1880) 425

On Semper's method of making dry preparations. (P. 1881) 467



294 ALPHABETICAL INDEX

Sabine, E. Magnetic storms. (R. 1860) 147

Sabine, E. On continuance of magnetic observations, (li. 1858) 109

Sable Island Bank, description of Argentina syrtensium, new deep-sea fish from

—

G. B. Goode; T. H. Bean. (P. 1878) 332

Sacken, Osten

—

See Osten Sacken.

Sacramento, California

—

meteorological observations at—F. W. Hatch. (R. 1854) 75

meteorological observations at—T. M. Logan. (E. 1854) 76

meteorology of—T. M. Logan. (R. 1857) 107

Sacramento river, description of new species of Ptychochilus {P/ychochilus Har-

fordi) from—D. S. Jordan; C. H. Gilbert. (P. 1881) 467

Saint Augustine, Florida, catalogue of casts of heads of Indian prisoners at

—

R.H.Pratt. (P. 1878) 332

Saint Christopher, West Indies, description of new subspecies of saxigilla

from—G. N. Lawrence. (P. 1881) 467

Saint Croix Island, flora of—H. F. A. Eggkrs 313

Saint George's Banks, occurrence of Hippocampus antiquorum on—G. B. Goode.

(P. 1878) 332

Saint Hilaire, Etienne Geoffroy, memoir of, by M. Floitrens. (R. 1861) 149

Saint Hilaire, Isidore Geoffroy, memoir of—J. L. Quatrefages. (R. ]862)__ 150

Saint John's river, Florida, catalogue of fishes of—G. B. Goode. (P. 1879) ._ 333

Saint John's river, Florida, shell-heaps at mouth of—S. P. Mayberry. (R.

1877) 323

Saint Louis, Missouri, ancient mound in—T. R. Pkale. (R. 1861) 149

Saint Louis, Missouri, temperature of—A. Fendler. (R. 1860) 147

Saint Martin, Isle Jesus, Canada East, description of observatory at—C. Small-
wood. (R. 1856) 91

Saint Michael's, Alaska, occurrence of Hippoglossus vulgaris at—T. H. Bean.

(P. 1879) 333

Saint Michael's, Alaska, occurrence of SticJiceus punctatus at—T. H. Bean.

(P. 1878) 332

Saint Petersburg Academy of Sciences. Exchange system. (R. 1867) 215

Saint Thomas

—

earthquakes in—G. A. Latimer. (R. 1867) 216

hurricane in the island of—G. A. Latimer. (R. 1867) 216

whirlwind at, August 21, 1871—A. Colding. (R. 1877) 323, 398

Saint Vincent, catalogue of Ober's collection of birds of—G. N. Lawrence.

CP. 1878) 832

Salamander

—

habits of a species of—C. Mann. (R. 1854) 76

inhabiting Wisconsin—P. R. Hoy. (R. 1854) 75

or pouched rat, of Georgia, habits of—W. Gesnkr. (R. 1860) 147
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Salisbury, England, notice of Blackmore Museum at. (R. 1868) 224

Salmon in Columbia river, Chinook names of—S. B. Smith. (P. 1881) 467

Salmonidse of upper Columbia, notes on the—C. Bkndire. (P. 1881) 467

Salt deposit on Petite Anse Island—E. W. Hilgard 248

Salt water, preservation of copper and iron in—A. E. Becquerel. (R. 1864.) 188

Samoan Islands, fishes from the—T. H. Streets 303

San Diego, California

—

description of new gobioid fish (Otho?tops eos) from—R. Smith. (P. 1881.) 467

description of new species of Oobiesox {Gobiesox rhessodon) from—R.

Smith. (P. 1881) 467

notes on collection of fishes from—D. S. Jordan ; C. H. Gilbert. (P.

1880) 425

occurrence of species of cremnobates at—R. Smith. (P. 1880) 425

San Francisco, California

—

climate of—H. Gibbons. (R. 1854) 75

fishes of

—

See Jordan, D. S., Gilbert, C. H., Lockington. W. N.

revie-w of PleuronectldcB o{—W. N. Lockington. (P. 1879) 333

Sandwich Islands, description of new fly-catcher and new petrel from—R.

RiDQWAY. (P. 1881) 467

Sanitary drainage of Washington, suggestions for the. Toner lecture No. viii

—

G. E. Waring 349

Santa Barbara, California, pleistocene fossils collected at, by E. Jewett—P. P.

Carpenter 252

Santa Barbara channel, California, description of two new species of scopeloid

fishes {Sudis ringens and Myetophum crenulare) from—D. S. Jordan
;

C. H. Gilbert. (P. 1880) 425

Santa Catalina Island, California, description of new flounder [Xystreurys

liolepis) from—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Santa Lucia Cosumalwhunpa, Guatemala, sculptures of—S. Habel 269

Santa Rosa Island, history and antiquities of—S. Bowers. (R. 1877) 32.3

Sarcophagus from Beirut, Syria, account of—A. A. Harwood. (R. 1870) 244

Sargent, A. A., and others. Report on Museum. (R. 1876) 299

Sargent, W. D. Influence of aurora on the telegraph. (R. 1870) 244

Sargus Holbrookii, a new sparoid fish from Savannah Bank, description of

—

T. H. Bean. (P. 1878) 332

Sartorius, C. Earthquakes in eastern Mexico, January, 18G6. (R. 1806) 214

Sartorius, C. Eruption of volcano of Colima. (R. 1869) 228

Saturn, secular variations of elements of orbit of, with tables—J. N. Stock-

well 232

Saunders, Commander. Tidal record at Wolstenholm Sound, 1849, 1850 130

Saussure

—

See De Saussure.

Savage weapons at Centennial Exhibition, study of—E. 11. Knight. (R.

1879) 345, 415

Savannah, Tennessee, account of aboriginal ruins at—J. P. Stelle. (R. 1870.) 244
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Savannah Bank, description of new sparoid fish {Sargus Holbrookii) from—T. H.

Bean. (P. 1878) 332

Savannah river, primitive manufacture of spear and arrovsr points along line of

—

C. C. Jones, Jr. (R. 1879) 345

Sawkins, J. G., drawings of Zapotec remains by 86

Sawkins, J. G. ; Wall, G. P. Economic geology of Trinidad. (R. 185G)-_ 91

Scenery, catalogue of sketches of—J. M. Stanley 5$

Scheme for qualitative determinations by the blow-pipe—T. Egleston. (R.

1872) 271

Scheme of classification for collections of U. S. National Museum—G. B.

GooDE. (P. 1881) 467,457

Scherzer ; ScHWARZ. Table of anthropological measurements. (R. 1866) 214

Schlagintweit, H. De. Ethnogsaphical collections. (R. 1862) 150

Schlagintweit ethnographic collection, account of the—H. Zisgenbals. (R.

1867) 216

SCHLEIDEN, R. Free freight between Germany and United States by North

German Lloyd. (R. 1858) 109

Schoenbein, C. F., notice of, by J. Henry. (R. 1868) 224

Schoharie, New York, Indian relics from—F. D Andrews. (R. 1879) 345

Schoodic Lakes, Maine, description of new species of Gasterosteus from—T. H.

Bean. (P. 1879) 333

ScHOTT, A. Remarks on ancient relic of Maya sculpture. (R. 1871) 249

SCHOTT, A. Remarks on the Cava gigantesca in Yucatan. (R. 1869) 228

ScnoTT, A. ; Mason, O. T. Leipsic Museum of Ethnology. (R. 1873) 275

SCHOTT, C. A.

—

Base-chart of the United States 414

Discussion of Caswell's meteorological observations at Providence, Rhode

Island 103

Discussion of Cleaveland's meteorological observations at Brunswick,

Maine 204

Discussion of Hayes' physical observations in the Arctic Seas 196

Discussion of Hildreth's and Wood's meteorological observations at

Marietta, Ohio 120

Discussion of Kane's astronomical observations in the Arctic Seas 129

Discussion of Kane's magnetic observations in the Arctic Seas 97

Discussion of Kane's meteorological observations in the Arctic Seas 104

Discussion of Kane's physical observations in the Arctic Seas . 198

Discussion of Kane's tidal observations in the Arctic Seas 130

Discussion of McClintoek's meteorological observations in the Arctic

Seas 146

Discussion of Smith's meteorological observations made near Washing-

ton, Arkansas 131

Tables, distribution, and variation of atmospheric temperature 277

Tables of rain and snow in the United States 222, 353
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ScHOTT, C. A'.; EvERKTT, J. D. Underground temperature. (R. 1874) 286

Schulze

—

See Cluss & Schulze.

Schumacher, P. Ancient graves and shell-heaps of California. (R. 1874) __ 286

Schumacher, P. Kjokken-moddings on the northwest coast of North America.

(R. 1873)— 275

ScHWARZ ; Scherzer. Table of anthropological measurements. (R. 1866).- 214

Science

—

on a dominant language for

—

'A. De Candolle ; J. E. Gray. (R. 1874.) 286

in general, relation of the physical sciences to—H. Helmholtz. (R. 1871.) 249

recent progress in

—

See Record.

trust fund for promotion of, in the United States—.J. Tyndall. (R. 1872) 271

Science, Agriculture, and Arts, Society of, Lille—See Prize questions.

Science, Art, and Literature, Society of, Hainaut^See Prize questions.

Sciences, Harlem Societj' of

—

See Prize questions.

Sciences, Letters, and Arts, Society of, Dunkirk

—

See Prize questions.

Sciences, Natural, Society of, Cherbourg

—

See Prize questions.

Sciences, Royal Danish Society of

—

See Prize questions.

Scientific

—

character and researches of Sraithson—W. R. Johnson 327

Congress of Carlsruhe, 1858—F. J. Nickles. (R. 1860) 147

cooperation

—

University of Toronto. (R. 1861) 149

education of mechanics and artisans—A. P. Peabody. (R. 1872)__ 271, 380

exchanges

—

See Exchanges.

expedition to Mexico by French Government. (R. 1864) 188

instructions to Capt. Hall—J. Henry; J. E. Hilgard
; S. Newcomb

;

S. F. Baird; F. B. Meek; L. Agassiz. (R. 1871) 249

investigation in Russian America, suggestions relative to—J. Henry 207

labors of Edward Lartet—F. Fischer. (R. 1872.) 271

observations, on metric system for—A. Guy'OT. (R. 1848) I

progress, reports of. (R. 1880) 442, 427, 428, 429, 430, 431, 432

researches of J. C. A. Peltier—F. A. Peltier. (R. 1867) 215

societies, local, organization of—J. Henry. (R. 1875) 298

writing.s of Sir William Herschel—E. S. Holden
; C. S. Hastings.

(R. 1880) 442,426

writings of James Smithson ; 327

Scientific and Literary Institute of Lombardy

—

See Prize questions.

Scintillation of the stars—C. Dukour; Kamtz. (R. 1861) 149

Scops, review of American species of genus— R. Ridgway. (P. 1878) 332

scuDDER, s. n.

—

Bibliography of orthoptera 189

Catalogue of orthoptera of North America 189

Nomenclator zoologicus. An alphabetical list of generic names of recent

and fossil animals 470
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SCTJDDEB, S. H,, and others. Insects of Arctic America 342

Sculpture, Maya, remarks on ancient relic of—A. Schott. (R. 1871) 249

Sculptures of Santa Lucia Cosumalwhuapa in Guatemala—S. Habel 269

Scytalina cerdale, new species of fish from Neah Bay, "Washington Territory,

description of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Sea, gradual approach of, upon land—S. P. Mayberry. (R. 1867) 215

Seas, the northern—J. Babinet. (R. 1869) 228

Seaton, W. W., memoir of, by J. Henry. (R.'1866) 214

Sebastichthys carnatus, new species of rockfish from coast of California, descrip-

tion of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Sebastichthys chry.somelas, new species of rockfish from coast of California,

description of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Sebastichthys entomelas, new species of Sebastichthys from Monterey Bay, Cal-

ifornia, description of—D. S. Jordan; 0. H. Gilbert. (P. 1880) 425

Sebastichthys maliger, new scorpaenoid fish from coast of California, description

of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Sebastichthys miniatus, new species of Sebastichthys from Monterey Bay, Cali-

fornia, description of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Sebastichthys mystinus, description of—D. S. Jordan; C. H. Gilbert. (P. 1881) 467

Sebastichthys proriger, new scorpaenoid fish from Monterey Bay, California, de-

scription of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Sebastichthys rhodochloris, new species of Sebastichthys from Monterey Bay,

California, description of—D. S. Jordan; C. H. Gilbkrt. (P. 1880)__ 425

Sebastichthys serriceps, new species of rock cod from coast of California, de-

scription of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Sebastoid fishes, description of seven new species of—D. S. Jordan; C. H. Gil-

bert. (P. 1880) 425

Skcchi, a. Researches on electrical rheometry 36

Secretary of Smithsonian Institution, report of

—

See Henry, J., Baird, S. F.

Secretary of Treasury, letter to, on payment of interest in coin—J. Henry. (R.

1865) 209

Secular period of aurora borealis—D. Olmsted 81

Secular variations of elements of planetary orbits—J. N. Stockwell. (R.

1871) 249, 232

Seismograph, electro-magnetic—Pfof. Palmieri. (R. 1870) 244

Sema, note on—D. S- Jordan. (P. 1880) 425

Semper's method of making dry preparations—J. A. Ryder. (P. 1881) 467

Senate Judiciary Committee, report of, on management of Smithsonian—A. P.

Butler. (R. 1855) 77

Senses, the. Sense of feeling, sense of smell. (R. 1865) 209

Senses, the. Sense of taste, sense of hearing, sense of sight. (R. 1866) 214

Sequard

—

See Brown-Sequard.

Series, converging, expressing ratio of diameter and circumference of a circle

—

W. Ferrel 233
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Seriola Stearnsii, new species of amber fish from Pensacola, Florida, descrip-

tion of—G. B. GooDE. (P. 1879) 333

Sermon at funeral of Joseph Henry—S. S. Mitchell 356

Serpent venom, bibliography of—S. W. Mitchell 135

Serpents, catalogue of—S. F. Baird; C. Girard , 49

Serpents, lecture on nature and euro of bites of—D. Brainard. (R. 1854) 75

Seven cities of Cibola, Coronado's march in search of the—J. H. Simpson.

(R. 1869) 1 228

Sexual characters of eels—S. T. Cattie. (P. 1880) 425

Shad, western gizzard, Dorosoma cepedianum heterurum, notes on—S. Wilmot.
(P. 1878) 332

Shakespeare, E. O. The nature of reparatory inflammation in arteries after

ligature, etc. Toner lecture No. vii 321

Shark, the oil, of southern California, (Galeorhinus galeus)—D. S. Jordan;
C. H. Gilbert. (P. 1880) 425

Sharpless, T. ; Patterson, R. Phonography. (R. 1856) 91

Shaw, J. Mound-builders in Rock river valley, Illinois. (R. 1877) 823

Shea, J. G. Account of library of Indian linguistics. (R. 18G1) 149

Shea's Indian linguistics, recommendation of—G. Gibbs and others. (R. 1861.) 149

Shell-bed skull—A. S, Tiffany. (R. 1874) 286

Shell-deposits, artificial, of the United States—D. G. Brinton. (R. 1866.) 214, 440

Shell-deposits, artificial, in New Jersey—C. Rau. (R. 1864) 188, 362

Shell engravings granted by British Museum. (R. 1863) 187

Shellfish and their allies, lectures on—P. P. Carpenter. (R. 1860) 147, 152

Shell-heap in Georgia—D. Brown. (R. 1871) 249

Shell-heaps

—

and ancient graves of California—P. Schumacher. (R. 1874) 286

at mouth of St. John's river, Florida—S. P. Mayberry. (R. 1877) 323

in New Brunswick—J. Fowler. (R. 1870) . 244

of Tampa Bay, Florida—S. T. Walker. (R. 1879) 345

on Mobile river, Alabama—A. S. Gaines; K. M. Cunningham. (R.

1877) 323

Shell-mounds

—

See Mounds.

Shells-

acknowledgment for—W. H. Pease. (R. 1861) 149

bibliography of. Parts i, ii—W. G. Binney 142, 174

duplicate, collected by United States exploring expedition—C. Wilkes. 193

from California, description of new species of, in U. S. National Museum

—

W. H. Dall. (P. 1878) 332

from Costa Rica kitchen-midden—W. H. Dall. (P. 1878) 332

land and fresh-water, instructions for collecting—J. Lewis. (R. 1866) 214, 363

land and fresh-water, of North America :

Part I. Pulmonata geopldla—W. G. Binney; T. Bland 194
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Shells—Continued.

land and fresh-water, of North America

:

Part II. Pulmonata limnophila and Thallasophila—W. G. Binney. 143

Part III. Ampullariidce, Valvatidce, (etc.)—W. G. Binney 144

Part IV. Strepomatidce {American melanians)—G. W. Tryon, Jr. ._ 253

letter on—J. Lewis 253

North American, check-list of—I. Lea ; P. P. Carpenter ; W. Stimp-

son; W. G. Binney; T. Prime 128

North American, circular in reference to collecting 176

of Gulf of California, lectures on the—P. P. Carpenter. (R. 18o9)-_ 110

of Panama, collected by C. B. Adams, descriptions of new species and

varieties of Chitonidce and Acmceidce in—P. P. Carpenter 252

presented to Academy of Natural Sciences, report on—J. Leidy ; G. W.
Tryon. (R. 1865) 209

request for duplicate—W. E. Logan. (R. 1859) 110

Shells

—

See Mollusca.

Shepard, C. U. Arrangement of mineralogical collection. (R. 1861) 149

Shepard, E. M. Deposit of arrow-heads near Fishkill, New York. (R. 1877.) 32»

Sherman, W. T. Memorial address on J. Henry 356

Sherman, W. T. Report of National Museum Building Commission, 1879,

1880. (R. 1879; R. 1880) 345, 442, 409, 434

Shetland, vegetable colonization of—C. Martins. (R. 1858) 109

Shipping fresh fish and other animals, circular relative to—S. F. Baird 384

Shoal Lake, Lake Winnipeg, egging expedition to—D. Gunn. (R. 1867) 215

Shooting stars, observations on—S. Masterman. (R. 1857) 107

Short memoirs on meteorological subjects, translated by C. Abbe. (R. 1877.) 328, 398

Shoshone Indians, religion, superstitions, and manners of—A. G. Brackktt.

(R. 1879) - 345

Shufeldt, R. W. Remarks upon osteology of O/j/ieosawrMS «en<rait.9. (P. 1881.) 467

Siberia, descriptions of new fishes from—T. H. Bean. (P. 1881) 467

Sibley, H. Meteorological telegrams by Western Union Telegraph Company.

(R. 1862) 150

Sight, sense of. (R. 1866) 214

Sign language among North American Indians—G. Mallkry. (E. 1879-80.) 476

Sign language of deaf mutes—G. Mallery. (E. 1879-80) 476

Siluridffl of fresh waters of North America, synopsis of—D. S. Jordan 306

Silver coins, assay of, at United States Mint—J. Pollock. (R. 1868) 224

Silver coins, foreign, table of. (R. 1868) 224

Silvered-glass telescope, on construction of—H. Draper 180

Simpson, G. Letter to officers of Hudson's Bay Company relative to scientific

researches 137

Simpson, J. H. Coronado's march in search of the seven cities of Cibola.

(R. 1869) .'- 228
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SiMSOX, R. Meteorite in Mexico. (R. 1867) 215

Sioux Indians—A. G. Brackett. (R. 1876) 299

Sioux Indians, language of the—F. L. O. Roehrig. (R. 1871) 249, 378

Sioux nation of the upper Missouri—T. A. Culbertson. (R. 1850) 1 28

Sioux

—

See Dakota.

Siredon lichenoides, observations on—W. E. Oarlin. (P. 1881) 467

Six Nations, wampum belts of the—W. M. Beatjchamp. (R. 1879) 345

Skeletons of birds, suggestions for saving parts of—A. Newton. (R. 1860) 147

Sketch of

—

Academy of Science of Paris—M. Flourens. (R. 1862) 150

ancient earthworks of Ohio—I. Dille. (R. 1866) . 214

ancient earthworks on upper Missouri—A. Barrandt. (R. 1870) 244

flora of Alaska—J. T. Rothrock. (R. 1867) 215, 367

Navajo Indians—J.- Lettkrman. (R. 1855) 77

scientific work of Joseph Henry—W. B. Taylor 356, 339

Sketches, historical and bibliographical, of archaeology of United States—S. F.

Haven 71

Sketches of scenery, catalogue of—J. M. Stanley 53

Skull—
and long bones from mounds near Albany, Illinois—R. J. Farquhar-

SON. (R. 1874) 286

human, from Rock Bluff, Illinois, description of—J. A. Meigs. (R. 1867.) 215

human, present state of ethnology in relation to form of the—A. Retzius.

(R. 1859) 110

shell-bed, from Rock Island, Illinois—A. S. Tiffany. (R. 1874) 286

Skulls and mummy from Patagonia—A. RiED. (R. 1862) 150

Sloth tribe of North America, extinct—J. Leidy 72

Smallwood, C. Description of observatory at St. Martin, Isle Jesus, Canada
East. (R, 1856) 91

Smart, C. Notes on the Tonto Apaches. (R. 1867). 215

Smell, sense of. (R. 1865) 209

Smelt, surf, of northwest coast, and method of taking by Indians—J. G. Swan
(P. 1880) 425

Smith, B. Spanish works on New Mexico. (R. 1855) 77

Smith, C. D. Ancient mica mines in North Carolina. (R. 1876) 299

Smith, J. L. Lecture on meteoric stones. (R. 1855) 77

Smith, J. W. C. Antiquities of Yazoo county, Mississippi. (R. 1874) 286

Smith, N. D. Meteorological observations made near Washington, Arkansas. 131
Smith, R.—

Description of new gobioid fish {Othonops eos) from San Diego, Cali-

fornia. (P. 1881) _„ 467

Description of new species of gobiesox (Qobiesox rhessodon) from San
Diego, California. (P. 1881) 467

Occurrence of species of cremnobates at San Diego, California. (P. 1880.) 425
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Smith, S. B. On the Chinook names of salmon in Columbia river. (P. 1881.) 467

Smith, S. I.

—

Crustaceans of Kergnelen Island 294

'Notice of Crustacea dredged off south coast of New England in 1880. (P.

1880) „ 425

Notice of new species of Willemcesia group of Crustacea (recent Eryon-

tidce.) (P. 1879) 333

Occurrence of Chelura terebrans (crustacean destructive to timber) on

coast of United States. (P. 1879) 333

Smithson fund, memorial of Regents to Congress relative to the. (E,. 1850) 28

Smithson, James—

r

act of Congress to receive residuary legacy of. (R. 1866) 214, 329

catalogue of library of 330

character and researches of—W. R. Johnson 327

contributions to Annals of Philosophy by. (R. 1853) 67, 330

exposition of bequest of—J. Henry B
letter from Richard Rush relative to. (R. 1853) 67, 328

letters from Fladgate, Clark, and Finch, relative to. (R. 1861) 149, 328

life of, by W. J. Rhees. (R. 1879) 345, 330

list of papers presented to Royal Societj' by. (R. 1853) 67, 330

notice of, by D. Gilbert, president of the Royal Society. (R. 1853)__ 67, 330

personal effects of 328, 330

scientific writings of 327

will of. (R. 1853) 67, 328, 330

will of
,
facsimile of , 330

works and character of—J. R. McD. Irbt 327

Smithson, James, and his bequest—W. J. Rhees. (R. 1879) 345, 330

Smithsonian

—

building, report on use of new hall in—L. Agassiz. (R. 1867) 216

Bulletin No. i. Vocabulary of the jargon 68

Contributions to Knowledge

—

See Contributions. •

Miscellaneous Collections

—

See Miscellaneous Collections,

publications

—

See Publications.

publications, catalogue and index of—W. J. Rhees 478

Reports

—

See Reports.

Smithsonian Institution

—

act to establish

—

See Congress.

address on the—J. IIenry. (R. 1853) E, 67

business arrangements of the 325

directory of officers, collaborators, and employes of the . 466

establishment and officers of the 449

Journals of Regents, reports of committees, statistics, etc.—W. J. Rhees. 329

magnetic observatory at, description of—J. E. Hilgard. (R. 1859) 110
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Smithsonian Institution—Continued.

origin and history of—W. J. Ehees 328

report of American Academy of Arts and Sciences, on the. (R. 1853)__ 67

report of Senate Judiciary Committee on management of—A. P. Butler.

(R. 1855) 77

views and plans of the— E. D. Owen P
Snake Indians, religion, superstition, and manners of—A. G. Brackett. (R.

1879) 345

Snell, E. S. Lecture on planetary disturbances. (K. 1855) 77

Snell's barometric observations, discussion of—F. H. Loud. (R. 1880) 442, 435

Snow

—

•

charts

—

See Rain.

electricity during fall of—F. Zantedeschi. (R. 1870) 244

gauge—W. E. Guest. (R. 1858) ' 109

gauges—R. H. Gardiner. (R. 1858) _._ 109

line, Norwegian—O. E. Dreutzer. (R. 1866) 214

observations of 157

tables of precipitation in—C. A. Schott 222, 353

Sntder, J. F. Deposit of stone implements in Illinois. (R. 1876) 299

Social and religious condition of the lower races of man—J. Lubbock. (R. 1869.) 228

Societies

—

list of, in United States and British Provinces—W. J. Rhees 116

local scientific, organization of—J. Henry. (R. 1875) 298

proceedings of, relative to Joseph Henry 356

publications of, in Smithsonian library, 1854, 1856, 1858, 1866. 73, 85, 117, 179

Societies

—

See Holland, Belgium, Publications.

Society

—

Batavian, of Experimental Philosophy, Rotterdam. Prize questions. (R.

1861) 149

Bath and West of England, for Encouragement of Agricultural Arts, etc.

Exchange system. (R. 1867) 216

for Encouragement of Science, Dunkirk—<9ee Prize questions.

Society of

—

Arts and Sciences, Utrecht. Prize questions. (R. 1861) 149

Natural History, Portland, Maine, account of—E. C. Bolles. (R. 1867.) 216

Natural Sciences, Cherbourg

—

See Prize questions.

Physics and Natural History of Geneva

—

See Geneva.

Science, Agriculture, and Arts of Lille—.See Prize questions.

Science, Art, and Literature, Hainaut

—

See Prize questions.

Sciences, Harlem

—

See Prize questions.

Sciences, Letters, and Arts, Dunkirk

—

See Prize questions.

Sciences, Royal Danish

—

See Prize questions.

Victoria, address of president—R. L. J. Eixery. (R. 1868) 224
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SoHNCKE, L. Law of variation of temperature in ascending moist currents of

air. (K. 1877) 323, 398

Solar

—

diurnal variation in magnetic declination—A. D. Bache 113, 121

diurnal variation in vertical component of magnetic force—A. D. Bache. 175

eclipse of April 25, 1865—Baron de Prados. (R. 1864) 188

eclipse of July 18, 18G0—J. Lamont. (R. 1864) 188

system, harmonies of the—S. Alexander 280

Solids, specific heat of—F. W. Clarke 276

Solids, tables of expansion of, by heat—F. W. Clarke 289

Solitary wasps, synopsis of—H. De Sausstjre 254

SoNNTAG, A. Observations on terrestrial magnetism in Mexico 114

Sonora, plants collected in, by C. Wright—A. Gray 22

Sound, refraction of—W. B. Taylor. (R. 1875) 298

Sound, researches in—J. Henry. (R. 1878) 341, 406

Soundings, microscopical examination of—J. W. Bailey 20, 23

Sounds, vocal, of Laura Bridgman—F. Libber 12

South America

—

birds of, not in U. S. National Museum—R. Ridqway. (P. 1881) 467

Caracas, meteorology of—G. A. Ernst. (R. 1867) 215

circular relative to collections of birds from 168

rain-fall in—C. A. Schott ." 222, 353

travels in—S. Habel 269

South Carolina

—

description of new hake from—T. H. Bean. (P. 1880) 425

fishes of—D. S. Jordan; A. W. Brayton 308

microscopical observations in—J. W. Bailey 23

Southern Baptist Missionary Society. Toruba grammar and dictionary 98

Southern States, antiquities in the—H. C. Williams. (R. 1880) 244

Southern States, microscopical observations in the—J. W. Bailey 23

Space and time, lecture on the relations of—S. Alexander. (R. 1861) 149

Spainhour, J. Antiquities in Lenoir county, North Carolina. (R. 1871) 249

Spanish vocabulary, with comparative words in English, French, and Latin 170

Spanish works on New Mexico, by Buckingham Smith, communications rela-

tive to publication of. (R. 1855) 77

Sparks, J., and others. On publication of Spanish works on New Mexico.

(R. 1855) 77

Sparks, J., and others. Report of American Academy of Art and Sciences on

organization of Smithsonian Institution. (R. 1853) 67

Sparoid fish, new, {Sparus brachysomus,) from lower California—W. N. Lock-
INGTON. (P. 1880) 425

Sparrows sent to United States—W. A. Lloyd. (R. 1867) 215
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Sparus braehysomus, new sparoid fish, from lower California, description of

—

W. N. LocKiNQTON. (P. 1880) 425

Specific gravity

—

bibliography of—F. W. Clarke , 255

of sea water

—

D. Walker 146

tables. Constants of Nature, Part i—F. W. Clarke 255

tables. First supplement to Constants of Nature, Part i—F. W. Clarke. 288

Specific heat, bibliography of—F. W. Clarke 276

Specific heat tables. Constants of Nature, Part ii—F. W. Clarke 276

Specimens

—

acknowledged by British Museum. (E. 1865) 209

acknowledged by Chicago Academy of Sciences. (K. 1867) 215

authority to collectors of customs to receive and transmit to Smithsonian

Institution . 34

authority to naval officers to receive and transmit to Smithsonian Insti-

tution 34

authority to quartermasters of War Department to receive and transmit

to Smithsonian Institution 84

derived from expeditions—S. F. Baird. (R. 1867) 215

exchange of—Hamburg Zoological Gardens. (R. 1867) 215

exchange of—W. A. Llotd. (R. 1867) 215

exchange of—University of Costa Rica. (R. 1867) 215

exchange of—University of Greece. (R. 1867) 215

from Brazil, presented—M. M. Lisboa. (R. 1865) 209

large myological, rapid preparation of—F. Plateau. (P. 1881) 467

of flamingo from south Florida, presented—G. Wurdeman. (R. 1860.) 147

of natural history, directions for collecting, preserving, and transport-

ing—S. F. Baird. (R. 1856) 91, 34

presented, circular sent with—J. Henry. (R. 1872) 271

receipts and distribution of. (R. 1880) 442

rules for examination of. (R. 1880) 442

Spectrum analysis applied to the heavenly bodies—W. Huggins. (R. 1866) 214

Spencer's telescope, examination of, for Hamilton College. (R. 1855) 77

Spheres, tangcncies of—B. Alvord 80

Spleen, observations on—J. Jones 82

Sponge, a new type of, (Camaraphysema)—J. A. Ryder. (P. 1880) 425

Spruce Creek valley, Pennsylvania, account of tornado in—J. B. Meek. (R.

1871) 249

Squalius aliciae from Utah Lake—P. L. JouY. (P. 1881) 467

Squier, E. G. Aboriginal monuments of State of New York 15

Sqtjier, E. G. Antiquities of Nicaragua. (R. 1850) 28

Squier, E. G., and others. On publication of Spanish works on New Mexico.

(R. 1855) 77

20
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Squier, E. G. ;
Davis, C. H. Ancient monuments of the Mississippi valley. 1

Squier, E. G.; Davis, C. H., correspondence relative to memoir by. (R. 1847.) H, K
Stanley's gallery of Indian portraits, report of Committee of Regents on the.

(R. 1857) 107

Stanley, J. M. Catalogue of portraits of North American Indians 53

Staxton, E. M. Deposit of Beaufort Library. (R. 1862) 150

Star clusters, bibliography of—E. S. Holden 311

Stars—
index-catalogue of—E. S. Holden 311

movement of, around a central point—J. H. Maedler. (R. 1859) 110

near the North Pole, map of, for observations on auroras 350

scintillation of the—C. Dtjfour; Kamtz. (R. 18G1) 149

State Department. Circular to diplomatic agents relative to Morgan's research. 138

Statement and exposition of harmonies of the solar system—S. Alexander... 280

Stations, meteorological, of Smithsonian Institution {See, also, List) 373

Statistics of

—

British Museum—S. F. Baird. (R. 1850) , 28

Norwegian mountains, lakes, andsnowline—O. E. Dretjtzer. (R. 1866.) 214

Smithsonian Institution, finances, exchanges, etc., 1846-1877 329

Statue of Joseph Henry, proceedings of Congress relative to 356

Statues, on plaster casts of
—

"W. J. Stone. (R. 1855) 77

Stearns, J. Translation of Babinet on diamonds and precious stones. (R.

1870) 244,377

Stearns, S., catalogue of fishes from Pcnsacola, collected by—G. B. Goode ;
T. H.

Bean. {'P'. 1879).. 333

Stearns, S., description of new species of amber fish {Seriola Stearnsii) obtained

near Pensacola, by—G. B. Goodk; T. H. Bean. (P. 1879) 333

Stearns, S. Note on Gulf menhaden, .B/-euoor<iaprt;^?"owMs. (P. 1878) 332

Stebbins, R. p. Memoir of Louis Agassiz. (R. 1873) 275

Steindachner, F. Note on Percajlavescens. (P. 1878) 332

Stejneger, L. Description of two nsyf races of Mi/adestesobscurtis. (P. 1881.) 467

Stelle, J. P. Account of aboriginal ruins in Hardin Co., Tennessee. (R. 1870.) 244

Stelle, J. P. Account of aboriginal ruins at Savannah, Tennessee. (R. 1870.) 244

Stephenson, M. F. Account of ancient mounds in Georgia. (R. 1870) 244

Stephenson, M. F. Mounds in Bartow county, Georgia. (R. 1872) 271

Stereotype catalogue of public libraries, report of Commissioners on. (R. 1850. ) 28, 47

Stereotyped titles for library catalogues—C. C. Jewett 47

Stevens, H. Prospectus of a bibliographia Americana. (R. 1848) I

Stevens, J. A. Memoir of George Gibbs. (11.1873) 275

Stevenson, J. Report of explorations in New Mexico and Arizona. (R. 1880.) 442

Stewart, B. Experiments on aneroid barometers at Kew Observatory. (R. 1868.) 224

Stichaeus punctatus, occurrence of, at St. Michael's, Alaska—T. H. Bean. (P.

1878)... .:.— 332
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Stimpson, W.—
Chock-list of the shells of North America 128

On collection and preservation of marine invertebrates 34

Kesearches upon the Hydrohiince and allied forms 201

Synopsis of the marine invertebrata of Grand Manan 50

Stock-in-trade of an aboriginal lapidary—C. Rati. (E. 1877) 323, 440, 402

Stockholm Academy of Sciences. Acknowledgment of birds. (R. 1867) 215

Stockwell, J. N. Secular variations of elements of orbits of the eight prin-

cipal planets. (R. 1871) 249,232

Stone, W. J. On plaster casts of statues. (R. 1855) 77

Stone

—

celts in the West Indies and Africa—G. J. Gibbs. (R. 1877) 823

cists near Highland, Mad-ison county, Illinois—A. Oehler. (R. 1879.) 345-

drilling in, without metal— C. Rati. (R. 18G8) 224, 440, 372

image in Tennessee, account of discovery of—E. M. Grant. (R. 1870.) 244

implements, North American—C. Rau. (R. 1872) 271, 440, 382

Stone age

—

and the troglodytes of Breckinridge county, Kentucky—R. S. Robert-
son. (R. 1874) 286

fauna of middle Europe during the—L. Rutimeyer. (R. 1861) 149

in New Jersey—C. C. Abbott. (R. 1875) 298, 394

Stone period. North American, agricultural implements of the—C. Rau. (R.

1863) 187, 440

Stones, precious—J. Habinet. (R. 1870) 244,377

Storm in Butler county, Kansas, June 23, 1871—W. Harrison. (R 1871)-!._ 249

Storms

—

in Europe and America, December, 1836—E. Loomis 127

magnetic—E. Sabine. (R. 1860) 147

of 1859—J. H. Coffin 182

thunder, instructions for observations of—J. Henry 235

Strain and over-action of the heart. Toner lecture No. iii—J. M. Da Costa. 279

Strait of Juan de Fuca, Indians of—J. G. Swan 220

Strait of Juan de Fuca, description of new species of Paralepis {Paralepis corus-

cans) from—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

Strang, J. J. Natural History of Beaver Island, Michigan. (R. 1854) 75

Streets, T. N. Contributions to natural history of Hawaiian Islands, Fanning

Islands, and lower California 303

StrepomatidiE (American melanians)—G. W. Tryon 253

Stricklandia Davidsoni, note on the occurrence of, in Georgia—C. A. Wuite.
(P. 1880) _ 425

Stricklandia Salter! , note on the occurrence of, in Georgia—C. A. White.
(P. 1880) 425

Strong, M. Antiquities in Wisconsin. (R. 1877) 823
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Strong, M. Observations on the prehistoric mounds of Grant county, Wis-
consin. (R. 1876) 299

Structure, internal, of the earth—J. Q. Barnard 310
Structure of cancerous tumors. Toner lecture No. i—J. J. Woodward 266

Structures, aboriginal, in Georgia—C. C. Jones, Jr. (E. 1877) 323, 400

Study of—
chionis minor—J. H. Kidder; E. Coues 294

highantiquityinEurope, lecture on—A. MoRLOT. (R. 1862; E. 1864.) 150, 188

jade—S. Blondel. (R. 1876) 299

mortuary customs of North American Indians—H. C. Yarrow. (E.

1879-80) 476

nature and mechanism of fever. Toner lecture No. iv—H. C. Wood _. 282

phenomena of contact—T. L. Phipson. (R. 1862) 150

physiology of fever—H. C. Wood 357

savage weapons at the Centennial—E. H. Knight. (R. 1879) 345, 415
skulls and long bones from mounds in Illinois— R. J. Farquharson.

(R. 1874) 286

trunk fishes, Ostracioniidce—G. B. Goode. (P. 1879) 833

Studies in Central American picture writing—E. S. Holden. (E. 1879-80) .. 476

Subcutaneous surgery'. Toner lecture No. vi

—

W.Adams 1 302

Sudis ringens, new species of scopeloid fish from Santa Barbara channel, Cali-

fornia, description of—D. S. Jordan; C. H. Gilbert. (P. 1880) 425

SuESS, E. Boundary line between geology and history. (R. 1872) 271

Suggestions

—

for ethnological researches in Russian America—G. Gibbs_1 207

for forming collections of birds' eggs—A. Newton 139

for meteorological observations in Russian America—J. Henry 207

for sanitary drainage of Washington city—G. E. Waring 349

for saving parts of the skeletons of birds—A. Newton. (R. 1860) 147

relative to ethnological map of North America—L. H. Morgan. (R. 1861.) 149

relative to objects of scientific investigations in Ru.ssian America—J.

Henry; S. F. Baird 207

to beginners in botany—L. F. Ward 460

Sulphurous acid, action of, upon putrefactive bacteria. (P. 1881) 467

Sumichrast, F., birds of Mexico, collected by—G. N. Lawrence 295

Summary of anthropological correspondence previous to 1880—O. T. Mason.
(R. 1879) 345

Sun

—

chemical analysis of the—A. Laugel. (R. 1861) 149

disk of the, external appearance of. (R. 1866) 214

eclipse of the, September 7, 1858—J. M. GilliSs 100

• eclipse of the, March 16, 1868—T. Hill 101

eclipse of the, April 25, 1865—M. De Prados. (R. 1864) 188

relative intensity 6f heat and light of the—L. W. Meech. (R. 1856.) 91, 83
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Sunderland, B. Prayer at memorial of Joseph Henry 356

Sun's distance, means available for correcting measures of the—G. B. Airy.

(R. 1859) 110

Superstitions of Shoshone Indians—A. G. Brackett (R. 1879) 345

Supplement, asteroid, to new tables of planetary motion—J. D. Runkle 94

Surgery, subcutaneous. Toner lecture No. vi—W. Adams 302

Surgical complications and sequels of continued fevers. Toner lecture No. v

—

"W. W. Keen 300

Survey

—

in Michigan, catalogue of rocks, minerals, and ores collected in the—C. T.

Jackson. (R. 1854) 75

magnetic, of Pennsj'lvania and parts of adjacent States—A. D. Bache. 166

of economic geology of Trinidad—G. P. Wall ; J. G. Sawkins. (R.

1856) 91

of State of New York—E. G. Squier 15

Surveying expedition. North Pacific, natural history of—T. H. Streets 303

Surveys, Government

—

See Explorations.

Swan, J. G.

—

Eulachon, or candlefish of northwest coast. (P. 1880) 425

Haidah Indians of Queen Charlotte's Island?, British Columbia 267

Makah Indians of Cape Flattery, Strait of Fuca 220

Makah vocabulary 220

Surf smelt of the northwest coast, and mode of taking them by the

Quilleh'ute Indians of west coast of Washington Territory. (P. 1880.) 425

Sweden,Stockholm, Academy of Sciences. Acknowledgment of birds. (R. 1867.) 215

Switzerland

—

Concise, archaeological researches made at—F. Troyon. (R. 1861) 149

Crania helvetica—F. Troyon. (R. 1864) 188

lacustrian cities of—F. Troyon. (R. 1861) 149

lacustrian settlements in, abstract of Dr. Keller's report on—A. Morlot.
(R. 1863) 187

Lake of Neuchatel, palafittes or lacustrian constructions of—E. Desor.

(R. 1865) 209, 360

Lausanne, Cantonal Museum at, antiquarian and ethnological collections

of the—F. Troyon. (R. 1861) 149

lecture on—A. D. Bache. (R. 1870) 244

Syllabus of a course of lectures on physics—J. Henry. (R. 1856) 91

Symbols for charts of prehistoric archseolog}-, international code of—G. de
Mortillet; E. Chantre. (R. 1875) 298

Symbols used by James Smithson 327

Synopsis of

—

American Rhinobatidoe—S. Garman. (P. 1880) 425

American wasps, solitary wasps—H. De Saussure 254

catostomidse—D. S. Jordan 308
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Synopsis of—Continued.

marine invertebrata of Grand Manan—W. Stiupson 50

North American lepidoptera—J. G. Morris 133

North American neuroptera—H. Hagen ; P. R. Uhlbr 134

pediculate fishes of east coast of extra tropical North America—T. Gill.

(P. 1878) 332

scientific writings of Sir WilliamHerschel—E. S. Holden ; 0. S. Has-
tings. (R. 1880) 442, 426

siluridae of fresh waters of North America—D. S. Jordan 306

trochilidse—D. G. Elliott 317

useful and injurious animals—G. B. Goode 297

Synoptical tables of characters of mammals—T. Gill 280

Synthetic experiments relative to meteorites—G. A. Daxjbree. (R. 1868) 224

Syria, Beirut, sarcophagus from—A. A. Harwood. (R. 1870) 244

System

—

meteorological, of Smithsonian Institution—E. Foreman. (R. 1851;

R. 1852) 51, 57

of accounts adopted by Board of Regents. (R. 1866) . 214

of combined meteorological observations, report on, by committee of

American Association for Advancement of Science. (R. 1851) 61

of numeration, improved, report on—W. B. Taylor. (R. 1867) 215

of weights and measures, new—G. H. Knight. (R. 1867) 215

solar, harmonies of the—S. Alexander 280

Systematic

—

index of Smithsonian publications. (R. 1868) 224, 478

index to list of foreign correspondents 257

list of batrachia and reptilia—E. D. Cope 292

review of classification of birds—W. Lilljeborg. (R. 1865) 209, 364

Systems of consanguinity and affinity of the human family—L. H. Morgan.. 218

Systems of relationship of Cree Indians—E. A. Watkins. (R. 1862) 150
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T.

Table of—

anthropological measurements

—

Scherzkr; Schwarz. (R. 1866) 214

chemical equivalents of sixty-three elements. (R. 1864) 188

distribution of birds—G. N. Lawrence. (P. 1878) 332

foreign gold and silver coins. (R. 1868) 224

Tables—
asteroid—J. D. Runklk 94

barometrical—A. Gttyot 153

for conversion of centigrade degrees to Fahrenheit's scale. (R. 1863) __ 187

for determining values of coefficients in perlurbative function of planetary

motion which depend on ratio of mean distances—J. D. Runkle.. 79

hygrometrical—A. Guyot ' 153

hypsomotrical—A. Gdyot 153

meteorological—A. Guyot 31, 153

metric—H. A. Newton. (R. 1865) 209, 371

miscellaneous—A. Guyot 153

mortality, methods of interpolation applied to. Parts i, ii—E. L. De
Forest. (R. 1871; R. 1873) 249, 275

of atmospheric temperature—C. A. Schott 277

of constants of nature and art— C. Babbage. (R. 1856) 91

of expansion by heat. Constants of Nature, Part iii—F. W. Clarke. 289

of meteorological corrections—A. Guyot 153

of motion of Neptune—S. Newcomb 199

of motion of Uranus—S. Newcomb 262

of precipitation in rain and snow—C. A. ScnOTT 222, 353

of variations of elements of orbits of the eight principal planets—J. N.

Stockwell 232

of weights and measures, English and French. (R. 1863-1865.) 187, 188, 209

of winds of the globe—J. H. Coffin ; S. J. Coffin 268

physical—A. Guyot 153

psychromotrical—J. H. Coffin 87

specific gravity. Constants of Nature, Part i, and supplement— P. W.
Clarke 255, 288

specific heat. Constants of Nature, Part ii—F. W. Clarke 276

thermometrical—A. Guyot 1.53

Tablet, Palenque—C. Rau 331

Tacchini, p. Evaporation observed at Palermo in 1865 and 1866. (R. 1870.) 244

Tampa Bay, Florida, shell-heaps of—S. T. Walker. (R. 1879) 345

Tangcncies of circles and of spheres—B. Alvord 80

Taste, sense of. (R. 1866) 214
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Taxidermy, classification of collections of U. S. National Museum to illustrate

art of—W. T. Hornaday. (P. 1881) 467, 456

Taylor, A. S. Grasshoppers and locusts of America. (R. 1858) 109

Taylor, F. W. Report of chemist of Smithsonian Institution. (R. 1880)--- 442

Taylor, W. B.—

Henry and the telegraph. (R. 1878) 341,405

, Kinetic theories of gravitation. (R. 1876) 299,395

Memoir on the scientific work of Joseph Henry : 356, 339

Refraction of sound. (R. 1875) 298

Report on improved system of numeration. (R. 1867) 215

Thoughts on the nature and origin of force. (R. 1870) 244, 375

Taylor, W. M. Ancient mound in vi^estern Pennsylvania. (R. 1877) 323

Telegrams, astronomical, circular relative to—J. Henry 263

Telegrams, meteorological, by AVestern Union Telegraph Company—H. Sibley.

(R. 1862) 150

Telegrams read at memorial of Joseph ffenry 356

Telegraph

—

American fire-alarm, lecture on the—W. F. Channing. (R. 1854) 75

electro-magnetic, deposition of J. Henry in relation to. (R. 1857)— 107, 115

electro-magnetic, Henry's contribution to—W. B. Taylor. (R. 1878.) 341, 405

electro-magnetic, Morse's invention—W. B. Taylor. (R. 1878) .. 341, 405

electro-magnetic, proceedings of Board of Regents in relation to. (R.

1857) 107, 115

Henry and the—W. B. Taylor. (R. 1878) _ 405

history of the—J. Henry. (R. 1857) 107, 115

influence of aurora on the—W. D. Sargent. (R. 1870) 244

lines, phenomena in, during auroras—G. B. Doxati. (R. 1872) 271

report of Committee of Regents on the. (R. 1857) 107, 115, 329

statement of S. P. Chase relative to the. (R. 1857) 107, 115, 329

statement of L. D. Gale relative to the. (R. 1857) 107, 115, 329

statement of James Hall relative to the. (R. 1857) 107, 115, 329

statement of J. Henry relative to history of. (R. 1857) 107, 115, 329

statement of Charles Mason relative to the. (R. 1857) 107, 115, 329

Telegraphic announcements of astronomical discoveries—J. Henry 263

Telescope

—

Henry Draper's, account of—T. W. Webb. (R. 1864) 188

silvered-glass, construction of, and its use in celestial photography—H.

Draper 180

Spencer's, examination of, for Hamilton College, Clinton, N.Y. (R. 1855.) 77

Temperature

—

chart of United States for the year—C. A. Scuott 381, 388

charts of United States, summer, winter, and year—C. A. Schott 387
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Temperature—Continued.

in ascending currents of air, laws of variation of—J. Hann. (R. 1877.) 323, 398

in ascending moist currents of air, laws of variation of—L. Sohncke.
(R. 1877) . 323, 398

mean, best hours to find—C. Dewey. (R. 1857; R. 1860) 107,147

observations in the Arctic Seas—I. I. Hayes 196

observations in the Arctic Seas—E. K. Kane 104

observations in the Arctic Seas—F. L. McClintock 146

of St. Louis, Missouri—A. Fendlek. (R. 1860) 147

tables for United States and adjacent parts of America—C. A. Schott__ 277

underground—C. A. Schott ; J. D. Everett. (R. 1874) 286

Temperature

—

See Kane, Hayes, Meteorology, etc.

Tempests and tornadoes, distinction between—J. B. Lamarck. (R. 1871) 249

Tennessee

—

.

aboriginal remains of— J. Jones 259

Alleghany region of, fishes of—D. S. Jordan; A. W. Brayton 308

antiquities in—I. Dille. (R. 1862) 150

antiquities in—E. O. Dunning. (R. 1870) 244

antiquities of—W. M. Clark. (R. 1877) 82-3

antiquities of—J. Jones 259

antiquities of—D. F. Wright. (R. 1874) 286

Blount eounty, antiquities of—A. E. Law. (R. 1874) 286

Chattanooga, ancient mound near—M. C. Read. (R. 1867) 215

East, mound in—A. F. Danilsen. (R. 1863) 187

explorations in—E. A. Dayton. (R. 1870) 244

Hardin county, aboriginal ruins in—J. P. Stelle. (R. 1870) 244

herbarium captured in—H. R. Wirtz. (R. 1862) 150

Jackson county, antiquities of—J. Haile; J. W. McHenry. (R. 1874.) 286

Nashville, antiquities of—R. S. Robertson. (R. 1877) 323

Savannah, aboriginal ruins at—J. P. Stelle. (R. 1870) 244

stone image in, discovery of—E. M. Grant. (R. 1870) 244

Terrestrial magnetism

—

observations on—W. Harkness 239

observations on—J. Locke 35

observations on—Baron von Muller; A. Sonntao 114

Terrestrial magnetism

—

See Bache, A. D.

Terrestrial physics, articles on. (R. 1870) 244

Tertiary fossils, presented

—

Imperial Geological Institute, Vienna. (R.

1863) 187

Testing building materials, on mode of

—

J.Henry. (R. 1856) 91

Testing results of perspiration and respiration, apparatus for—M. Pettenkofer.
(R. 1864) 188
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Texas

—

hail storm in—G. M. Bache. (K. 1870) 244

new cretaceous invertebrate fossils from, descriptions of—C. A. White.
(P. 1879) .. 333

ornithology of, notes on—J. C. Merrill. (P. 1878) 332

plants of, collected by C. Wright. Parts i, ii—A. Gray 22, 42

zoological position of—E. D. Cope : 412

Thalassophila—W. G. Binney 143

Thenard, L. J., memoir of, by M. Flotjrens. (K. 1862) 150

Theoretical researches

—

See Plateau, J.

Theories, kinetic, of gravitation—W. B. Taylor. (R. 1876) 299, 395

Theory

—

mechanical, of heat, principles of—J. Muller. (E. 1868) 224

modern, of chemical types—C. M. Wetherill. (R. 1863) 187

of heat, recent progress in relation to—A. Cazin. (R. 1868) 224

Thermometer scales, table for conversion of centigrade to Fahrenheit. (R. 1863.) 187

Thermometer, wet and dry bulb, tables for—J. H. Coffin 87

Thermometric observations 157

Thermometrical tables—A. Guyot 153

Thompson, T. Mounds in Iowa and Illinois. (R. 1879) 345

Thoughts on the nature and origin of force—W. B. Taylor. (R. 1870)— 244, 375

Thrushes, description of two new, from United States—R. Ridgway. (P. 1881.) 467

Thunder

—

and lightning, observations on—S. Masterman. (R. 1855) 77

storm, on John Wise's observation of a—R. Hare. (R. 1854) 75

storms, instructions for observations of—J. Henry 235

Tidal observations

—

at Wolstenholm Sound—Com. Saunders 130

in the Arctic Seas—I. I. Hayes 196

in the Arctic Seas—E. K. Kane 130

Tide, flood, law of deposit of the—C. H. Davis 33

Tides and tidal action in harbors-J. E. Hilgard. (R. 1874) 286, 390

Tiffany, A. S. Shell-bed skull from Illinois. (R. 1874) 286

Timber of submarine structures, occurrence of Chelura terebrans, a crustacean

destructive to—S. I. Smith. (P. 1879) 333

Time and space, lecture on relations of—S. Alexander. (R. 1861) 149

Tinneh or Chepewyan Indians of British America—G. Gibes; W. L. Hard-
isty; S. Jones; B. R. Ross. (R. 1866) 214, 365

Tipulidaj, monograph of—R. Osten Sacken 219

Toellner, A. Antiquities of Rock Island county, Illinois. (K. 1879) 345

Tokio, University of, catalogue of Japanese woods presented by—L. F. Ward.
(P. 1881) 467
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Tompkins county, New Yoi-k, ancient fort and burial ground in—D. Tkow-
BUiDOE. (R. 1863) 187

Toner, J. M. Deed of foundation of Toner lectures. (R. 1872) 271,329

Toner lectures

—

No. I. On the structure of cancerous tumors and the mode in which adja-

cent parts are invaded—J. J. Woodward 266

II. Dual character of the brain—C. E. Brown-Sequard 291

III. On strain and over-action of the heart—J. M. Da Costa 279

IV. A study of the nature and mechanism of fever—H. C. "Wood 282

V. On the surgical complications and sequels of the continued fevers,

with a bibliography of worlcs on diseases of the joints, bones,

larynx, the eye, gangrene, hsematoma, phlegmasia, etc.—W. W.
Kekn 300

VI. Subcutaneous surgery, its principles, and its recent extension in

practice

—

W.Adams 302

VII. The nature of reparatory inflammation in arteries after ligature,

acupressure, and torsion—E. O. Shakespeare 321

VIII. Suggestions for the sanitary drainage of Washington city—G. E.

Waring, Jr. 1 349

Tonto Apaches, notes on the—C. Smart. (R. 1867) 216

Topography of Black Mountain, North Carolina—T. L. Clingman. (R. 1855.) 77

Tornado in Spruce creek valley. Centre county, Pennsylvania—J. B. Meek.
(R. 1871) 249

Tornado near New Harmony, Indiana, April 30, 1852—J. Chappelsmith 59

Tornadoes and tempests, distinction between—J. B. Lamarck. (R. 1871) 249

Tornadoes, queries relative to—J. Henry 190

Toronto

—

Observatory, instructions bj', for observations of aurora 148

Observatory, map of stars near North Pole used by 350

University. Objects of the museum. (R. 1865) 209

University. Scientific cooperation. (R. 1861) 149

Torrey, John, memoir of, by A. Gray. (R. 1873) 275

Toerey, J.

—

Observations on the Batis maritima 60

On the Da7'lingtonia Callfornica, a new pitcher plant from northern Cali-

fornia 61

Plantaa Frcmontianje, or descriptions of plants collected by J. C. Fre-

mont in California 46

Tortoises, North American land, of genus Xerobaies—F. W. True. (P. 1881.) 467

Tortola, great hurricane at—G. A. Latimkr. (R. 1867) 216

Tortugas, destruction of fish in vicinity of the—J. P. Jefferson; J. Y. Por-

ter; T. MooRE. (P. 1878) 332

Totten, Gen. J. G., eulogy on, by J. G. Barnard. (R. 1865) 209

Traces of early mental condition of man—E. B. Tylor. (R. 1867) 216
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Trade-
ancient aboriginal—C. Rau. (R. 1872) 271,440,385

language of Oregon, dictionary of the—G. Gibbs 161

language of Oregon, vocabulary of the—B. R. Mitchell; W. W.
TURKER 68

Transactions

—

See Geneva Society, Paris Anthropological Society.

Transatlantic longitude—B. A. Gould 223

Transfer of Smithsonian library to Library of Congress, act of Congress to

authorize. (R. 18G5) 209,328,320

Transformations, lecture on insect instincts and—J. G. Morris. (R. 1855) 77

Transit of Venus expedition to Kerguelen Island—J. H. Kidder and others. 293, 294

Transporting specimens of Diatotnacece, directions for—A. M. Edwards 366

Transporting specimens of natural history, directions for—S. F. Baird. (E.

1856)..: _'.
91, 34

Trapezium, gray substance of the—J. Dean „_ 173

Travels in Central and South America—S. Habel 269

Treasury Department, authority given by, to collectors of customs and others

to receive ^ind transmit specimens to the Smithsonian 34

Treasury, Secretary of, letter to, on payment of interest in coin—J. Henry.
(R. 1865) 209, 329

Treasury of United States, account of, with Smithson fund 328, 329

Trees

—

forest, distribution of, in Montana, Idaho, and Washington—W. W.
JoHKSON. (R. 1870) 244

of Florida and the Mexican boundary—J. G. Cooper. (R. 1860) 147

of North America, distribution of—J. G. Cooper. (R. 1858) 109, 351

Trinidad, economic geology of—G. P. Wall; J. G. Sawkins. (R. 1856) 91

Trochilidas

—

classification and synopsis of—D. G. Elliot 317

in collection of U. S. National Museum, catalogue of—R. Ridgavay.

(P. 1880) 425

list of—D. G. Elliot 334

Troglodytes of Breckinridge county, Kentucky—R. S. Robertson. (R. 1874.) 286

Troglodytes or cave dwellers of the valley of the Vezere—P. Broca. (R. 1872.) 271

Trowbridge, D. Ancient fort and burial ground in Tompkins countj'. New
York. (R. 1863) . 187

Troyon, F.—
Archajological researches made at Concise. (R. 1861) 149

Lacustrian cities of Switzerland. (R. 1861) 149

On the Crania helvetica. (R. 1864) 188

Report on ethnological collection of Museum at Lausanne, Switzerland.

(R. 1861) , 149

True, F. W. On North American land tortoises of genus Xerobates. (P. 1881.) 467

True, F. W. On the rare rodent, Cricetodvpus parvus. (P. 1881) 467
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TruncatellidsB—W. G. Binnet 144

Trust fund for the promotion of science in the United States—J. Tyndall.
(R. 1872) 271

Tryon, G. W., letter to, on shells—J. Lewis 253

Tbyon, G. W. Report on shells presented to Philadelphia Academy of Natural

Sciences. (R. 1865) , 209

Tryon, G. W. Strepomatidse or American melanians 253

Trypetina, review of—H. Loe"w 256

TuCKERMAN, E. Lichcns of Arctic America 342

TucKERMAN, E. Lichens of Kerguelen Island 294

TUCKETT, P. F. On barometer tables. (R. 1867) 215

Tucson meteorite, account of—S. Ainsa. (R. 1863) 187

Tucson meteorite, account of—B. J. D. Irwin. (R. 1863) 187

Tumors, cancerous, structure of—J. J. Woodward 266

Tunicata of northeast coast of America—A. E. Verrill. (P. 1879). 333

Turdidse, description of new species of, from Dominica—G. N. Lawrence.
(P. 1880) 425

Turner, W. W., notice of, by C. C. Felton. (R. 1859) 110

Turner, "W. W. Indian philology. (R. 1851) 51

Turner, W. W., and others. On publication of Squier and Davis' Ancient

Monuments of the Mississippi valley. (R. 1847) H, K
Turner, W. W. ; Bowen, T. J. Yoruba grammar and dictionary 98

Turner, W. W. ; Mitchell, B. R. Vocabulary of the jargon of Oregon 68

Tylor, E. B. On traces of the early mental condition of man. (R. 1867) 215

Tyndall, J. Radiation. (R. 1868) 224

Tyndall, J. Trust fund for the promotion of science in the United States.

(R. 1872) 271, 329

Tyrannus, synopsis of genus—R. Ridgway. (P. 1878) 332
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TJ.

UrrLETi, P. R.

—

Circular in reference to the history of North American grasshoppers 163

Instructions for collecting hemiptera. (R. 1858) 109

Instructions for collecting neuroptera. (E.. 1858) 109

Instructions for collecting orthoptera. (R. 1858) 109

Synopsis of neuroptera of North America 134

Underground temperature—C. A. Schott ; J. D. Everett. (R. 1874) 286

Union, lectures on the—H. Reed. (R. 1854) 76

United States

—

animal resources and fisheries of the, catalogue of collection to illustrate

the—G. B. GooDE 326

animal resources of the, catalogue of collection to illustrate the—G. B.

Goode 297

antiquities of the, proposed map of—A. J. Hill. (R. 1861) 149

archaeology of the—S. F. Haven 71

base chart of the—C. A. Schott 414

chalk found in the—T. A. Coxrad. (R. 18G5) 209

coleoptera of the, catalogue of the—F. E. Melsheimer 62

collections presented to the, by foreign commissioners, list of. (R. 1876.) 299

education in the, project of outline historj- of—F. A. Packard. (R. 1863.) 187

ethnological map of the, proposed—G. Gibbs. (R. 1862) 150

exhibit of fisheries and fish culture of the, at Berlin, 1880—G. B. Goode. 413

explorations in the

—

See Baird, S. F.

fishes, food, of the

—

See Baird, S. F.

fishes of Pacific coast of the—D. S. Jordan ; C. H. Gilbert. (P. 1880.) 425

fishes of Pacific coast of the, bibliography of—T. H. Bean. (P. 1881.) 467

fishes of Padlfic coast of the, bibliography of—T. Gill 463

fishes of Pacific coast of the, notes on—D. S. Jordan; C. H. Gilbert.

(P. 1881) 467

free freight between England and the—E. Cunard. (R. 1859) 110

free freight between Germany and the

—

Kunhardt & Co. (R. 1861) __ 149

free freight between Germany and the, by North German Lloyd—R.

SCHLEIDEN. (R. 1858) 109

fund for promotion of science in the—J. Tyndall. (R. 1872) 271

institutions, scientific and literary, in the, list of the principal 335

libraries, institutions, and societies in the, list of—W. J. Ruees— 116, 238

libraries, public, in the, notices of—C. C. Jewett 25

libraries, public, of the, report on—C. C. Jewett. (R. 1849) 21

limpets and chitons from deep waters off eastern coast of the—W. H.

Dall. (P. 1B81) —

-

467
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United States—Continued.

meteorology of the, report on—E. Loomis. (R. 1847) . H
microscopic examinations of soundings off Atlantic coast of the—J. W.

Bailey 20

mollupca of the southern, some new species of eocene—A. Heilprin.

(P. 1880) 426

occultations visible in the

—

See Downes, J.

physical geography of the—C. Ellet, Jr ; 13

rain and snow fall in the, tables of—C. A. Schott 222, 353

rain charts of the, 1, 2, 3: summer, winter, year—C. A. Schott 374

reptiles, cretaceous, of the—J. Leidy 192

reptiles, cretaceous, of the, review of—J. Leidy. (R. 18G4) 188

shell-deposits, artificial, of the—D. G. Brinton. (R. 1866) 214

sparrows sent to the

—

W.A.Lloyd. (R. 1867) 215

temperature chart of the, for the year—C. A. Schott 381, 388

temperature charts of the, 1, 2, B : summer, winter, year—C. A. Schott. 387

temperature tables of the—C. A. Schott 277

thrushes from the, description of two new—R. RidgvtaY'. (P. 1881) 467

trees of the, catalogue of—J. G. Cooper. (R. 1858) 109, 351

United States E.xploring Expedition, duplicate shells collected by the 193

United States Fish Commission

—

See Fish Commission.

United States Government, list of publications of, 1868-1881—G. H. Boehmer. 477

United States National Museum

—

See Museum, U. S. National.

United States Patent OtHce, results of meteorological observations under the

direction of the. Vols, i, ii 157, 182

United States Treasury

—

See Treasury.

Universal meteorograph for detached observatories—E. H. Von BAUMHAtTER.
(R. 1879) 345

University

—

National, of Greece, Museum of. Exchange of specimens. (R. 1867.) 216

of Chrisliania, Norway, ethnological specimens presented by. (R. 1863.) 187

of Costa Rica. Exchange of specimens. (R. 1867) 216

of State of New York, Regents of the. Acknowledgment for specimens.

(R. 1865) 209

of Tokio, catalogue of Japanese woods presented by—L. F. Ward. (P.

1881) 467

of Toronto, objects of museum of. (R. 1865) 209

of Toronto, s<'ienti(ic cooperation. (R. 1861) 149

Uranidoa marginata, new species of fish, description of—T. H. Bean. (P. 1881.) 467

Uranidea microstoma, new fish from Alaska, description of—W. N. Locking-
ton. (P. 1880) 425

Uranus, investigation of orbit of, with tables of its motion—S. Newcomb 262

Uranus, secular variation of elements of orbit of—J. N. Stockwell 232
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Urine, observations on the—J. Jones 82

Useof galvanometer as a measuring instrument—J. C. Poqgendorff. (R. 1859.) 110

Uses of brain and marrow of animals among Indians—T. R. Peale. (R. 1870.) 244

Utah, descriptions of new invertebrate fossils from—C. A. White. (P. 1880.) 425

Utah lake, description of new species of Squalius (Squalius alieim) from— P. L.

JoTTY. (P. 1881) 467

Utah lake, notes on collection of fishes from—D. S. Jordan ; C. H. Gilbert.

(P. 1880) 425

Utrecht, Provincial Society of Arts and Sciences. Prize questions. (R. 1861

;

R. 1862) 149, 160

Vaillant, M. ; Henry, J. Horary variations of the barometer. (R. 1866)-. 214

Values of b^^} and its derivatives—J. D. Runkle 94

Values of ooeflBcients in perturbative function of planetary motion depending

on ratio of mean distances—J. D. Runkle 79

Valvatidae—W. G. Binney 144

Van Rensselaer harbor, Arctic Seas, observations at

—

See Kane.

Vapor, aqueous, on the diminution of, with increasing altitude in the atmos-

phere—J. Hann. (R. 1877) 323, 398

Vapor, aqueous, table for determining elastic force of—J. H. Coffin 87

Vastness of the visible creation, lectures on—S. Alexander. (R. 1857) 107

Vegetable colonization of Shethind Islands, Faroe Islands, and Iceland—C.

Martins. (R. 1858) 109

Vegetable .«pecies, causes which limit, towards the north—A. De Candolle.

(R. 1858) 109

Vegetation and the atmosphere—J. Jamin. (R. 1864) 188

Velie, J.W., catalogue and description of fishes collected by, in Gulf of Mexico

—

G. B. Goodk; T. H. Bkan. (P. 1879) 333

Velocity of light, essay on the—C. Delaunay. (R. 1864) 188, 354

Velocity of the wind—J. Hann and others. (R. 1877) 323, 398

Venezuela, Colonia Tovar, meteorology and ethnology of—A. Fendler. (R.

1857; R. 186G) 107,214

Venom of rattlesnake, researches on the—S. W. Mitchell 135

Venom of serpents, bibliography of—S. W. Mitchell 135

Ventilating and warming buildings. Parts i, ii—A. Morin. (R. 1873; R.

1874) 275, 286, 439

Ventilation, architecture in relation to—D. B. Reid. (R. 1856) 91

Venus, secular variations of elements of orbit of—J. N. Stockwell 232
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Venus

—

See Transit of Venus.

Vera Cruz, Mexico, antiquities in—H. Finck. (R. 1870) 244

Verification of barometers at the Kew Observatory—J. Welsh. (R. 1859) 110

Vep.rill, a. E.—
Annelids, echinoderms, and anthozoa of Kerguelen Island 294

Annelids, molluscoids, and radiates of Arctic America 342

Marine invertebrata of New England. (P. 1879) 333

Mollusca recently added to fauna of southern New England, catalogue of.

(P. 1880) 42.5

Mollusca, with notes on annelida, echinodermata, etc. (P. 1880) 425

Eecent additions to marine invertebrata of northeast coast of America,

with new genera and species. Parts i, ii, iii. (P. 1879; P. 1880. ) 333,425

Verrill, a. E. ; Rathbun, E. Marine invertebrata of northeast coast of

America distributed by Fish Commission. (P. 1879) 333

Vertebrata, chemical and physiological investigations relative to—J. Jones 82

Vespidse, synopsis of—H. Dk Saussxjre 254

Vestiges of antiquity in the United States—S. F. Haven 71

Vezere, valley of the, cave-dwellers of the—P. Broca. (R. 1872) 271

Vibratory movement of matter—L. Magkini. (R. 1868) 224

Victoria Royal Society, address of the president—R. L. J. Ellert. (E. 1868.) 224

Vienna

—

Imperial Academy of Sciences of. Prize questions. (R. 1864; E. 1865.) 188,209

Imperial Geological Insiitute, tertiary fossils presented by. (R. 1863) 187

Imperial Library of, books presented. (R. 1865) 209

Views and plans of Smithsonian Institution—R. D. Owen P

Vineyard Sound, Massachusetts, occurrence of oceanic bonito in—V. N.

Edwards. (P. 1878) 332

Virgin Islands, flora of the—H. F. A. Egqers 313

Virginia

—

Hampton, catalogue of casts of heads of Indian boys and girls at—E. H.

Pratt. (P. 1879) 333

Luray Cave, blind myriapod from—J. A. Ryder. (P. 1880) 425

Luray Cave, report of visit to—O. T. Mason and others. (R. 1880.) 442, 433

Vitality—H. H. Higgins; J. Henry. (R. 1866) 214

ViviparidoG—W. G. Binney 144

Vocabularies, Indian—G. GiBBS. (E. 1862) .: __.._ 150

Vocabularies, Indian, received from the "Wheeler expedition, list of. (R. 1874.) 286

Vocabulary

—

comparative—A. Gallatin 160

comparative, English, Spanish, French, Latin 170

Makah—J. G. Swan 220

of Chinook jargon, or trade language of Oregon—G. Gibbs 161

of Chinook jargon, or trade language of Oregon—B. E. Mitchell;

W. W.Turner; G. Gibbs 68

21
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Vocal sounds of Laura Bridgman—F. Lieber 12

Voices of crustaceans—G. B. Goode. (P. 1878) 332

Volcano

—

in Nicaragua, eruption of—A. B. Dickinson. (R. 1867) 215

of Colima, eruption of—C. Sartoritjs. (R. 1869) 228

of Popocatepetl, examination of—Baron von Muller; A. Sonntaq 114

VoLLUM, E. P. On the wingless grasshopper of California. (R. 1860) 147

Volta, Alexander, eulogy on, by F. Arago. (R. 1875) 298

Von Baumhauer, E. H. Universal meteorograph for detached observatories.

(R. 1879) 345

Von Buch, Leopold, memoir of, by M. Flourens. (R. 1862) 150

Von Hellwald, F. The American migration. (R. 1866) 214

Von Karolyi, Lieut. ; Craig, B. F. Products of combustion of gun-cotton

and gunpowder. (R. 1864) 188

VoN LiEBiQ, J. Induction and deduction. (R. 1870) 244

Von Martius, C. F. P., honorary medal to—W. Haidinger. (R. 1863) 187

Von Martius, C. F. P., memoir of, by C. Kau. (R. 1869) 228, 440, 251

Von Muller, Baron. Observations on terrestrial magnetism in Mexico 114

"W.

"Waite, M. R. Memorial of Joseph Henry 356

Wale ; Hawkins. Blow-pipe apparatus. (R. 1872) 271

Walker, D. Observations on Arctic auroras and specific gravity of sea water. 146

Walker, D. Observations on ice 146

Walker, S. C. Ephemerides of planet Neptune, 1848, 1846-1849, 1850, 1851,

1852 4, 5, 6, 7, 24

Walker, S. C. Researches relative to planet Neptune 3

Walker, S. T. Explorations among Indian mounds in southern Florida.

(R. 1879) 345

Walker, S. T. Shell-heaps of Tampa Bay, Florida. (R. 1879) 345

Wall, G. P. ; Sawkins, J. G. Report on survey of economic geology of

Trinidad, (ft. 1856) 91

Wallace, R. ; Henry, J. Report of Committee of Regents on the fire at

Smithsonian. (R. 1864) 188

Walrus, remains of, in Maine—C. H. Boyd. (P. 1881) 467

Wampum belts of the six nations—W. M. Bkauchamp. (R. 1879) 345

War Department, authority given by, to officers of Quartermaster's Depart-

ment to receive and transmit specimens to Smithsonian 34
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Ward, L. F.—
Barometer tube breaking suddenly. (K. 1866) 214

Catalogue of collection of Japanese woods presented by University of

Tokio, Japan. (P. 1881) 467

Check-list of plants of Washington and vicinity 461

Directions for collecting and preserving plants 460

Guide to flora of Washington and vicinity 444

Waring, G. E., Jr. Suggestions for sanitary drainage of Washington city.

Toner lecture No. viii 349

Warming and ventilating buildings. Parts i, ii—A. Morin. (R. 1873; R.

1874) 275, 286, 439

Warming, architecture in relation to—D. B. Reid. (R. 1856) 91

Warner, J. Big elephant mound in Grant county, Wisconsin. (R. 1872) __ 271

Warren, G. K., report on collections made by—F. B. Meek; F. V. Hayden. 172

Wartmann, E. Report on transactions of the Society of Physics and Natural

History of Geneva, July, 1867, to Juno, 1868. (R. 1868) 224

Washington, Arkansas, meteorological observations near—N. D. Smith 131

Washington, D. C.

—

canal of, report of Committee of Regents on—R. Delafield. (R. 1868.) 224

flora of, and vicinity, guide to the—L. P. Ward 444

notice of, in Harriot's travels 830

notice of, in Isaac Weld's travels .' 330

prehistoric remains in vicinitj- of—T. R. Peale. (R. 1872) 271

sanitary drainage of. Toner lecture No. viii—G. E. Waring, Jr 349

Washington Philosophical Society, bulletin of. Vols, i-iii; March, 1871, to

June, 1880 423

Washington Territory

—

fishes of—T. H. Bean. (P. 1881) 467

forest trees in, distribution of—W. W. Johnson. (R. 1870) 244

Indians of—J. G. Swan 220

method of taking surf smelt by Indians of—J. G. Swan. (P. 1880) 425

Neah Bay, description of two new species of fishes [Ascelicthys rhodorus

and Scytalina cerdale) from—D. S. Jordan ; C. H. Gilbert. (P.

1880) 425

Wasps, American solitary, synopsis of—H. De Saussure 254

Wasps, translation of De Saussure's monograph of—E. Norton 254

Water

—

formation of ice at bottom. of—M. Engelhardt. (R. 1866) 214

from Gulf of Mexico, report on—W. G. Farlow. (P. 1881) 467

in rivers, diminution of—H. G. Wex. (R. 1875) 298

in rivers, method of ascertaining the amount of—A. A. Humphreys.
(R. 1858) ^ 109

polluted, in Gulf of Mexico, destruction of fish by—W. C. W. Glazier.

(P. 1881) 467
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Water—Con tinued.

salt, preservation of copper and iron in—A. E. Becqtjerel. (E. 1864.) 188

sea. specific gravity of—D. Walker 146

Watkins, E. a. System of relationship of Cree Indians, (R. 1862) 150

Watson, S. Bibliographical index to North American botany. Part i. Poly-

petalcR 258

Weapons, savage, at Centennial Exhibition, study of—E. H. Knight. (E,.

1879) 345, 415

Weather, efiTect of moon on the—J. Henry. (R. 1871) 249

Webb, T. W. Account of Henry Draper's telescope. (R. 18G4) 188

Weights, atomic, recalculation of. Constants of Nature, Part v—F. W. Clarke. 441

Weights, small, method of forming—R. Hare. (R. 1858) 109

Weights and measures

—

English and French, tables of. (R. 1863; R. 1864) 187, 188

metric system of, with tables—H. A. Newton. (R. 1865) 209, 371

new system of, with 8 as the metrical number—G. H. Knight. (R. 1867.) 216

Weismann, a. Change of Mexican axolotl to amblystoma. (R. 1877)-- 323, 401

Weld, I. Account of city of Washington, 1807 330

Welling, J. C. Notes on the life and character of Joseph Henry 356, 338

Welsh, language of Navajos said to resemble—S. Y. McMasters. (R. 1865.) 209

Welsh, J. Construction and verification of standard barometers. (R. 1859.) 110

West Indies

—

birds of the

—

See Lawrence, G. N., Ober, E. A.

list of described birds of the, not in Smithsonian collection 186

loxigilla from, description of new subspecies of—G. N. Lawrence. (P.

1881) 467

stone celts in the—G. J. GiBBS. (R. 1877) . 323

West Virginia, occurrence of Canada porcupine in—G. B. Goode. (P. 1878.) 332

Wet and dry bulb thermometer, tables for—J. H. Coffin 87

Wetherill, C. M.—
Modern theory of chemical types. (R. 1863) 187

Ozone and antozone. (R. 1864) _. 188, 355

Plan of a research upon the atmosphere. (R. 1866)..; 214

Wex, H. G. Diminution of the water of rivers and streams. (R. 1875) 298

Wheeler expedition, list of Indian vocabularies received from the. (R. 1874.) 286

Wheeler expedition— Sec Explorations.

Whirlwind at St. Thomas, August 21, 1871—A. Coldinq. (R. 1877) 323, 398

White, C. A.

—

Description of new cretaceous pinna from Now Mexico. (P. 1880) 425

Description of very large fossil gasteropod from State of Puebla, Mexico.

(P. 1880) r 426

Descriptions of new cretaceous invertebrate fossils from Kansas and

Texas. (P. 1879) 838
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"White, C. A.—Continued.

Descriptions of new invertebrate fossils from the mesozoic and cenozoic

rocUs of Arkansas, Wyoming, Colorado, and Utah. (P. 1880) 425

Descriptionsof new species of carboniferous invertebrate fossils. (P. 1879.) 333

Note on acrothele. (P. 1880) 425

Note on Criocardium and Ethmocardium. (P. 1879) - 333

ISotQ on Eadothyra ornata. (P. 1879) 333

Note on occurrence of Productus giganteus in California. (P. 1880) 425

Note on occurrence of Stricklandia salteri and Strieklandla Davidsoni

in Georgia. (P. 1880) 425

On certain cretaceous fossils from Arkansas and Colorado. (P. 1881)

—

467

White river caiion, Pima county, Arizona, ruins in—R. T. Burr. (R. 1879.) 345

Whitney, J. D. Catalogue of rocks, minerals, etc. (R. 1854) 75

Whitney, J. D. Ciive in Calaveras county, California. (R. 1867) 215

Whitney, W. D. Lectures on principles of linguistic science. (R. 1863.) 187,352

Whittlesey, C.— ,

Ancient mining on shores of Lake Superior , 155

Descriptions of ancient works in Ohio 37

On fluctuations of level in North American lakes 119

On fresh-water glacial drift of the northwestern States 197

Wilkes, C, duplicate shells of exploring expedition under 193

Will of Smithson. (R. 1853) B, 67, 328, 330

Willemoesia group of crustacea, (recent Eryoniidce,) notice of new species of

the—S. I. Smith. (P. 1879) 333

Williams, H. C. On antiquities in some of the southern States. (R. 1870.) 244

Williamson, G. Antiquities in Guatemala. (R. 1876) 299

Willis, J. R. ; Blackiston; Bland. Birds of Nova Scotia. (R. 1858) .— 109

Willis, J. R. ; Bland. Birds' of Bermuda. (R. 1858) 109

Wilmot, S. Notes on western gizzard shad, Dorosoma cepedianum heterurum.

(P. 1878) 332

Wilson, D. Lectures on physical ethnology. (R. 1862) 150

Wilson, Henry, eulogy on, by P. Parker. (R. 1875) 298

Wind—
and fog—J. Balfour. (R. 1866) 214

articles on, preserved in Smithsonian. (R. 1874) 286

changes of—C. Mallinikroot. (R. 1866) 214

connection of gales of, and appearance of aurora—R. T. Knight
; J.

Henry. (R. 1871) 249

observations of, in the Arctic Seas—I. I. Hayes 196

observations of, in the Arctic Seas—E. K. Kane 104

observations of, in the Arctic Seas—F. L. McClintock 146

observations of, in the United States 157

relation between difference of pressure and velocity of—J. Hann. (R.
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Winds

—

in Florida—J. Baltzell. (E. 1866) 214

of the globe—J. H. Coffin 268
of the northern hemisphere—J. H. Coffin 52

upper, importance of attention to the—C. Dewey. (R. 1866) 214

Winnipeg Lake, egging expedition to—D. Gunn. (R. 1867) 215

WiRTZ, H. R. Herbarium captured in Tennessee. (R. 1862) 160

Wisconsin

—

antiquities in—M. Strong. (R. 1877) 32S

antiquities of—I. Lapham 70

earthworks in—E. E. Breed. (R. 1872) 271

Grant county, elephant mound in—J. Warner. (R. 1872) 271

Grant county, observations on prehistoric mounds of—M. Strong. (R.

1876) 299

mound in—C. K. Dean. (R. 1872) 271

mounds and osteology of mound-builders of—J.N. DeHart. (R. 1877.) 323

mounds in—W. G. Anderson. (R. 1879) 345

salamander of—P. R. Hoy. (R. 1854) 75

Winnebago county, mounds in—T. Armstrong. (R. 1879) 345

Wise, J., on observation by, of a thunder storm—R. Hare. (R. 1854) 75

Wiseman, N. Identification of the artisan and artist. (R. 1870) 244

WissNER, J. Meteorology of the District of Columbia. (R. 1857) 107

Withers, R. E. Memorial address on Joseph Henry 356

WoEiKOFF, A. Discussion of winds of the globe 268

WOEIKOFF, A. Meteorology in Russia. (R. 1872) 271

Wolstenholm Sound, tidal record at—Com. Saunders 130

Wood, ancient implement of, from Connecticut—E. W. Ellsworth. (R. 1876) 299

Wood, preservation of. (R. 1864) 188

Wood, H. C—
Bibliography of alga3 241

Contribution to the history of the fresh-water algas of North America __ 241

Fever. A study in morbid and normal physiology. (R. 1878) 341, 357

Instructions for collecting myriapods, phalangidse, etc. (R. 1866) 214

Study of nature and mechanism of fever. Toner lecture No. iv 282

Wood, J. Meteorological observations at Marietta, Ohio 120

Woods of Japan, collection of, presented to U. S. National Museum, catalogue

of—L. F. Ward. (P. 1881) 467

Woodward, J. J. Structure of cancerous tumors and mode in which adjacent

parts are invaded 266

WooDWORTH, A. Meteorite in Mexico. (R. 1867) 215

WooLSKY, T. D. Eulogy on C. C. Felton. (R. 1861) 149

Work, relation of food to, and its bearing on medical practice—S. Haughton.

(R. 1870) .'- 244
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"Works published by Smithsonian Institution to January, 1866 203

World, estimate of population of the—E. Mailly. (R. 1873) 275

"WoRSAAE, J. J. A. Preservation of antiquities and national monuments in

Denmark. (R. 1879) 345

"Wounds of poisoned arrows, lecture on nature and cure of—D. Brainard.

(R. 1854) 75

Wright, C, account of botanical explorations of, in New Mexico and Cali-

fornia—A. Gray. (R. 1849) 21

Wright, C, account of plants collected by, in Texas and New Mexico. Parts

I, II—A. Gray 22, 42

Wright, D. F. Antiquities of Tennessee. (R. 1874) 286

Wright, G. Account of lightning discharges. (R. 1867) 215

Writings, scientific, of Sir "William Herschel, synopsis of—E. S. Holden ; C.

S. Hastings. (R. 1880) 442, 426

"Writings, scientific, of James Smithson . 327

Wiirdemann, G., notice of, by A. D. Bache. (R. 1859) 110

WuRDEMANN, G. Specimensof flamingo, etc., from south Florida. (R. 1860.) 147

WuRDEMANN, "W. ; Green, J. On filling barometer tubes. (R. 1859) 110

Wyandot government—J. "W. Powell. (E. 1879-80) 476

"Wyman, J. Anatomy of nervous system of Rana plpiens 45

"Wyoming, new invertebrate fossils from—C. A. White. (P. 1880) 425

Xantus, John, explorations of, in Mexico—M. Romero. (R. 1862) 150

Xenichthys ocyurus, new species of Xenichthys from west coast of Central

America, description of—D. S. Jordan; C. H. Gilbert. (P. 1881) 467

Xerobates, land tortoises of genus—F. W. True. (P. 1881) 467

Xiphister, description of new species of, from Monterey, California—D. S. Jor-

dan ; C. H. Gilbert. (P. 1880) 425

Xystreurys liolcpis, new flounder from Santa Catalina Island, California, descrip-

tion of—D. S. Jordan ; C. H. Gilbert. (P. 1880) 426
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Yacht " Fox," meteorological observations made on—F. L. McClintock 146

Yale College, catalogue of meteorites in—G. J. Brush. (R. 1868) 224

Yarrow, H. C. Study of mortuary customs of the North American Indians.

(E. 1879-80) 476

Yellowstone river, prehistoric remains near the—P. W. Nokris. (R. 1879) -_ 345

Yoruba, Africa

—

country and people of, description of—T. J. Bowen 98

language of, bibliography of 98

language of, grammar and dictionary of—T. J. Bowkn ; W. TV. Turner. 98

language of, grammar and dictionary of

—

Southern Baptist Mission-

ary Society 98

Young, C. B. Translation of Morin on warming and ventilating buildings.

(R. 1873; R. 1874) 275, 286, 439

Young, C. B. Translation of Von Baumbauer on a universal meteorograph.

(R. 1879) 345

Young, Thomas, eulogy on, by F. Arago. (R. 18G9) 228

Young, W. J. Cloudbursts. (R. 1867) 215

Yu, (Chinese name of jade,) study of—S. Blondel. (R. 1876) 299

Yucatan, remarks on Caret gic/aniesca of Yzamal in—A. Schott. (R. 1869) 228

Yukon, Russian America, journey to the—W. W. Kirby. (R. 1864) 188

Yzamal, Yucatan, remarks on Cara gigantesca of—A. Schott. (R. 1869) 228

Zantedeschi, F. R. Electricity of induction in aerial strata of atmosphere

surrounding cloud resolving into rain, etc. (R. 1870) 244

Zapotec remains, notice of—B. Mayer; J. G. Sawkins 86

Zisqenbals, H. Schlagintwcit ethnographic collection. (R. 1867) 215

Zone of small planets between Mars and Jupiter, lecture on the—E. LooMis.

(R. 1854) 75

Zoological

—

Gardens, Hamburg. Exchange of specimens. (R. 1867) 216

position of Texas—E. D. Cope 412

Record, list of generic names supplemental to those indexed in—S. H.

SCUDDER 470

Zoologicus, Nomenclator. A list of generic names of recent and fossil ani-

mals—S. H. SCUDDER 470

Zoology, list of generic names employed in—S. II. Scudder 470

Zoology, record of recent progress in, 1879, 1880—T. Gill. (R. 1880).-. 442, 431













_»-> ^J>



• 3> >

> > z^

A A ^33^

C:^:^Af^

fh

^^

> :> >

^^y

^>S<>5=

3^

>> >> ^"» > « _^

'>3^

>323

^&^
"m^

^^.s

>> 53



SMITHSONIAN INSTITUTION LIBRARIES

3 9088 01421 4183

^
fJtA.l,-\iiiX'^ I


