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I. The Action of Sulphuric Acid on Diallyl. By Wit.1am 

Rosert JEKYLL, Dalton Chemical Scholar in Owens Col- 

lege. Communicated by Professor H. E. Roscoz, F.R.S. 

Read October 18th, 1870. 

D1ALLyu was first prepared by Berthelot and Luca in 1856. 

They found that it dissolves in concentrated sulphuric acid, 

with the evolution of much heat, and that after some hours 

an oil separates, which appears to be a modified hydro- 

carbon. 

In 1866 Schorlemmer published a paper on a new series 

of hydrocarbons derived from coal-tar, having the formula 

eee =). (Roy..So0c. Proc. xv. 132). He there says, 

“As these hydrocarbons were obtained by the action of 

sulphuric acid on coal-tar oils boiling below 120°, and as 

they differ by C,H,, it appears to me almost certain that 

they are polymers of the hydrocarbons of the acetylene 

series C,H,,—,, formed in the same way as diamylene 

is formed by treating amylene with sulphuric acid. In 

order to test this theory, I have made some experiments 

with the two isomers C.H,,, viz. diallyl and hexoylene. By 

SER. III. VOL. V. B 



2 MR, W. R. JEKYLL ON THE ACTION OF 

acting with sulphuric acid on these compounds, I obtained, 

besides large quantities of tarry matter, polymeric modifi- 

cations boiling above 200°, having a smell similar to the 

hydrocarbons described above, giving also similar nitro- 

compounds ; but the quantities which I got were not large 

enough for a more exact examination.” 

In order to throw light upon this point, I undertook, 

at the request of Mr. Schorlemmer, to investigate the action 

of sulphuric acid on diallyl. 

The diallyl used was obtained by the action of sodium 

upon allyl iodide, and boiled at 59°. Since concentrated 

sulphuric acid acts with great violence upon diallyl, the 

latter was diluted with about an equal bulk of pure paraf- 

fins, boiling at from 55° to 56°. ‘To this mixture sulphuric 

acid was gradually added in small quantities, the bottle 

being frequently shaken. The action was attended with 

the evolution of much heat, so that it became necessary to 

keep the mixture cool by surrounding the bottle with large 

quantities of water. Sulphuric acid was added at intervals 

through the space of about six hours, and allowed to re- 

main in contact with the diallyl during the night. Next 

morning the liquid was found to have separated into two 

layers, of which the upper one was pure paraffins, the 

whole of the diallyl having been taken up by the acid. 

The heavier and acid portion was diluted with water, when 

a dark-coloured oil, lighter than water, separated out, 

after which the whole was distilled from a large flask. 

Tne distillate consisted of a light oil, which came over 

below 100°, mixed with a little water. In order to free 

the oil from traces of undissolved paraffins and other im- 

purities, it was redissolved in sulphuric acid, from which 

it was again separated by dilution and distillation. The 

oil was dried by means of calcium chloride, and heated for 

some hours over potassium, which does not act upon the 

pure compound. It then boiled constantly at 93° C.; and, 
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according to the following analyses, its composition is ex- 

pressed by the formula C;H,,O :— 

(1) 0°3313 substance gave 0°869 carbonic acid, and 0°3620 water. 

(2) 02758 = ai?) Or 7Z0 pe ‘ O25S2— 5, 

Found. Calculated for 
(1). Py pe C{H..0.- 

ee 71°53 71°79 72°00 
5 Mee Pere ae oe 11°60 12°00 
a ae 16°00 16°00 16°00 

99°66 99°39 100°00 

This substance is readily soluble in concentrated sulphuric 

and fuming hydriodic acids, and slightly so in water. It 

is unacted upon by either caustic potash or potassium, and 

possesses a strong etherial odour lke that of peppermint. 

In presence of potassium bichromate and sulphuric acid, 

this substance yields a blue colour, similar to that pro- 

duced by perchromic acid and common ether. 

This compound has already been obtained by Wurtz 

(Ann. Chem. Phys. (4) 11.174) by treating di-iodhydrate of 

diallyl with silver oxide. He calls it diallyl monohydrate, 

but says, further on, that this body comports itself as an 

oxide or anhydride (ether), corresponding to dihydrate of 

dially] nat O,, standing to the latter in the same rela- 

tion as hexylene oxide to hexylene glycol ; and he therefore 

proposes to call this compound hexylene pseudoxide. As I 

have shown that it is not acted upon by potassium, this 

view of Wurtz’s is correct ; it cannot be a hydrate; and I 

therefore decide to adopt Wurtz’s name and to eall it 

pseudoxide of hexylene. 

It is of interest that while the action of sulphuric acid 

on diallyl (CsH,.) produces CsH,,.H.,O, the action of 

sulphuric acid on valerylene (C,H) produces (C,H,),H,O. 

(Reboul, ‘Comptes Rendus,’ vol. lxiv. p. 419.) This renders 

it important that this reaction should be investigated in 

B2 
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the case of hexylene, which is the true homologue of va- 

lerylene. 

Oxidation of Hexylene Pseudoxide.—An oxidizing solu- 

tion of the following strength was used :— 

15 grams potassium bichromate. 

20 grams sulphuric acid. 

100 cub. cent. water. 

50 cub. cent. of this solution were added to about 5 grams 

of the oil in each of two sealed tubes, which were exposed 

to a temperature of 100° for about four hours. On open- 

ing the tubes a gas was evolved, which, on passing it into 

lime-water, was seen to be carbonic acid. The contents 

of the tubes were distilled from a retort, the distillate neu- 

tralized with sodium carbonate, and evaporated on a water- 

bath nearly to dryness. The sodium salts were then 

washed into a retort with a slight excess of sulphuric acid, 

the distillate was neutralized with silver carbonate and 

filtered, on which crystals of pure silver acetate separated 

out, which, after drying, were analyzed with the following 

results :— 

0°331 salt gave 0°2132 silver. 

Calculated for 
Found. silver acetate. 

64°41 per cent. silver. 64°67. 

On evaporating the mother liquor a second crop of crystals 

was obtained, which also consisted of pure silver acetate. 

0°4497 salt gave 0°2903 silver. 

Calculated for 
Found. silver acetate. 

64°55 per cent. silver. 64°67. 

A second experiment with an oxidizing solution of the 

same strength yielded precisely similar results, viz. carbonic 

and acetic acids as the products of oxidation. 

(a) 0'2365 salt gave 0°1528 silver. 
(b) 0°3020 salt (from mother liquor) gave 01944 silver. 

Found. 
(a). (b). 

64°61 64°37 per cent. silver. 
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Nascent hydrogen evoked from sodium amalgam ap- 

pears to be without action upon hexylene pseudoxide. 

To roo grams of sodium amalgam, containing 5 per 

cent. of sodium, 15 grams of C.H,,0, together with 

water, were added, the mixture being frequently shaken 

during the course of some hours. Next morning an ad- 

ditional roo grams of sodium amalgam, containing the 

same percentage of sodium, were added. The pseudoxide 

was then allowed to remain in contact with the amalgam 

for two days, after which the mercury was separated from 

the solution of caustic, and a lighter layer, and heated in 

a retort; but no liquid was found to be adhering to it. 

The solution of soda and the lighter layer were heated in 

a retort, when the whole of the latter came over. The 

distillate, on being dried by means of calcium chloride, had 

the peculiar odour of hexylene pseudoxide, and boiled con- 

stantly at 93°. The oil was likewise added to sodium am- 

algam containing 5 per cent. of sodium, in presence of 

dilute hydrochloric acid; but in this case also the pseud- 

oxide experienced no change. 

Action of Hydriodic Acid on Hexylene Pseudoxide.— 

The action between fuming hydriodic acid and hexylene 

pseudoxide sets in even in the cold. A few grams of the 

substance were heated at 100° with an excess of fuming 

hydriodic acid in sealed tubes for about four hours. A 

red heavy liquid formed at the bottom of the tube, the con- 

tents of which were distilled from a retort, in presence of 

a little phosphorus. The heavy oil of the distillate was 

separated from the water, dried over calcium chloride, and 

distilled under a partial vacuum. On distillation much de- 

composition ensued, with the formation of hydriodic acid, 

a little free iodine, and with the separation of tarry matter. 

The distillate was a second time distilled under a partial 

vacuum, upon which less decomposition took place, and 

the greater portion came over at about 130°. It was then 
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dried over caustic potash, and distilled at the ordinary 

pressure of the atmosphere, when it was found to boil at 

165°-167°, which is the boiling-point of the 8 hexylic 

iodide of Wanklyn. The following iodine determinations, 

made by means of an alcoholic solution of nitrate of silver 

further show the substance to be hexyl iodide. 

(a) 02055 substance gave 0'2162 silver iodide, and 0’0045 silver. 

Gp) Gog GIP EE * “OGbIGN tees 65, 070048 ,, 

Found. Calculated for 

(a) (b) C,H,,1. 
59°43 59°68 per cent. iodine. 59°90 per cent. iodine. 

Hexyl] iodide was also readily formed by passing hydriodic 

acid into the pseudoxide, contained in a flask surrounded 

by ice. The acid was readily absorbed, with the formation 
of water ; anda heavy dark red liquid, but no free iodine, 

separated out. The heavy oil evidently contained, in addi- 

tion to the hexyl iodide, a body which underwent com- 

plete decomposition, even in vacuo. ‘The results which | 

have stated as obtained by the action of hydriodic acid on 

hexylene pseudoxide differ somewhat from those obtained 

by Wurtz (Ann. de Chem. (4), i1i.), inasmuch as he ob- 

tained a substance which contained 64°4 per cent. of iodine, 

and which he considered to be a mixture of C;H,,.H.L, 

and (C,H,,H,)O.HI. The following is perhaps the reac- 

tion which takes place when fuming hydriodic acid acts 

upon hexylene pseudoxide :— 

30,H,,0+4HI=20,H,, .HI+0,H, { (OP )2+H,0, 

Gril gb oa * being the body which undergoes decomposi- 

tion on distillation. If this should be the reaction, the 

discrepancy between Wurtz’s results and mine may be 

explained ; for he did not distil the product which yielded 

64'4 per cent, of iodine, which very nearly resembles the 
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percentage of iodine (viz. 63°98 per cent.) contained in the 

meiare 2CLH Cer. { Sn agle 

Hydride of Hexyl—Hexyl| iodide obtained from pseu- 

doxide of hexyline was, according to Schorlemmer’s method 

for the conversion of iodides into hydrides, acted upon by 

granulated zinc in presence of hydrochloric acid for about 

twenty-four hours in a flask attached to an upward con- 

denser. The liquid furnished on distillation an oil which 

was but slightly acted upon by bromine, thus indicating 

that but little of the olefines had been formed. After a 

second distillation, the oil was purified by agitating with, 

and distilling from, sulphuric acid alone, and then by 

treating it with a mixture of nitric and sulphuric acids. 

The distillate, after neutralizing with dilute caustic soda, 

and drying over calcium chloride, boiled constantly at 

68°-69°. The analyses below show this substance to be 

- hexyl hydride :— 

(a) 0°3575 substance gave 1'0945 carbonic acid, and 0°5245 water. 

(b) 0°3942 ” ” 1°2048 ” ” ” 0°53826 

Found. Calculated for 

(a) (b) CoH. 
Dy es worse 83°49 83°35 83°72 

1 3 LR eee 16°30 16°42 16°28 

99°79 99°77 190700 

Oxidation of the Hexyl Iodide, derived from Pseudoxide 

of Hexyline.-—A few grams of the iodide were heated in a 

flask attached to an upward condenser for four hours, with 

an oxidizing solution of the following strength :— 

20 grams of potassium bichromate. 

30 grams of sulphuric acid. 
60 cub. cent. of water. 

During the operation much carbonic acid was evolved. 

At the end of four hours, the same amount of an oxidizing 

solution of the same strength was added to the contents 

of the flask, which were heated together for the space of 
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three hours. The mixture was distilled from a retort, the 

distillate neutralized with sodium carbonate, and evapo- 

rated nearly to dryness on a water-bath. The sodium salts 

were washed into a retort, from which the combined acid 

was fractionated by means of successively adding five drops 

of sulphuric acid, and catching the distillates separately 

after each addition of acid. The first four distillates were 

acid, and were neutralized by silver oxides. After filtra- 

tion, salts separated out, which were analyzed with the 

following results :— 

NOS Te ce seense 0'2018 salt gave o1198 silver. 

Nota 2i(a), ZF otre25 > 0°0683_—C, 

(b) ... otr0og5 (from mother liquor) gave 0'0715 silver. 

No. 3. ......... 0°1960 salt gave 0°1257 silver. 

INO; 14. (@)' =... 073204 5 O°2072) "5 

(b) ... o*1952 (from mother liquor) gave 0°1255 silver. 

Calculated for 
Found. silver acetate. 

INOS. foie seas: 59°36 64°67 

2, A%) vs. 0663 is 

(b) ... 65:29 5 

sshd Qa eoea nicest 64°13 5 

= 4. (a) .-. 64°66 

(b) ... 64°29 ‘3 

The non-agreement of the analyses of the salts derived 

from distillates 1 and 2 with the calculated results, was 

explained by the impure nature of the salts, which were 

non-crystalline, and which I could not succeed in render- 

ing pure, though they were several times redissolved. 

Since only carbonic and acetic acids, but no butyric, had 

been obtained from this hexyl iodide, while its boiling- 

point resembled that of Wanklyn’s 8 hexylic iodide (for 

the boiling-point of the iodide prepared from C,H,,O in 

no case reached 170°), and since the alcohol prepared from 

the 8 iodide yields butyric acid among its oxidation pro- 

ducts (Journ. Chem. Soc. New Ser. 1. 221), it became 

necessary to repeat the experiment with a weaker oxidizing 

solution; therefore a few grains of the iodide were heated 
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for about five hours with the following oxidizing solution 

in a flask, in connexion with an upward condenser :— 
20 grams potassium bichromate. 

30 ~=36,,__~—« sulphuric acid. 

120 cub. cent. water. 

In this case less carbonic acid was evolved than in the 

former one. The contents of the flask were distilled from 

a retort, the distillate being neutralized with sodium car- 

bonate. The neutral solution was distilled with an excess 

of sulphuric acid. The distillate, containing in a free state 

the acids of oxidation, was slowly distilled four times from 

a retort, the residues being preserved in each case, and the 

final distillate rendered just neutral by sodium carbonate. 

About two thirds were slowly distilled off the collected 

residue, the final residue from which was neutralized by 

silver oxide filtered, and the silver salt analyzed. It is 

evident, if the two acids, acetic and butyric, had been formed, 

that almost the whole of the acetic would be in the final 

residue, and the butyric in the final distillate. The ana- 

lyses below show that the salt obtained from the final re- 

sidue consisted of pure silver acetate :— 

(a) 0'1447 salts gave o°094 silver. 

(b) 0°3362 salts (from mother liquor) gave 0°2183 silver. 

Foun Calculated for 

(a) (b) C,H,0, Ag. 
64°96 64°93 per cent. silver. 64°67 per cent. silver. 

The two thirds which were distilled off from the collected 

residues were added to the neutral sodium salt of the final 

distillate, and the whole distilled from a retort; the re- 

‘sulting distillate, however, did not furnish sufficient acid 

for analysis. Five drops of sulphuric acid, together with 

water, were added to the contents of the retort, and distil- 

lation was recommenced. From the distillate a silver salt 

was obtained, which the following analyses show to be also 

silver acetate :— 
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(a) 0°2452 salt gave 0°1595 silver. 

(b) 0°2745 sait (from mother liquor) gave 01781 silver. 

Found. 

(a) (b) 
65°05 64°88 per cent. silver. 

On the further addition of sulphuric acid to the contents 

of the retort, no acid distillate was obtained. It is thus 

seen that in this second experiment, where an oxidizing 

solution was employed of only one-half the strength used 

in the former one, precisely the same results are obtained, 

viz. carbonic and acetic acids—which, it may be remarked, 

are the same oxidation products as were yielded by the 

oxidation of the pseudoxide. 

The diluted sulphuric acid, which had been used for 

acting upon diallyl, was neutralized with barium carbonate, 

filtered and evaporated to dryness on a water-bath; but a 

sulpho-organic barium salt was not obtained. 

Polymers of Diallyl.—After distilling off the pseudoxide 

of hexylene from the diluted acid, a layer of hydrocarbons 

remained on the surface of the liquid, from which they 

were separated by means of a stop-funnel. The hydro- 

carbons were dried over calcium chloride, and found to 

to boil at between 200° and 300°. After several distilla- 

ations over metallic sodium, they were separated into three 

portions, boiling at from 205°-215°, 240°-245°, and 275°— 

285°. These hydrocarbons invariably left a slight residue 

on distillation. The analyses below show that! they have 

an empirical formula of C.H,,. 

(1) Boiling-poimt 205°-215°. 

(a) 0'2168 substance gave o°6941 carbonic acid, and _0-2445 water. 

(bh) 0°2940 .) 45 9 | @7498 > ; 02593 

Found. Calculated for 

(a) (b) C,H, 
C Lr ran gs A eine a 7 

ee ee T2552 ies LOAL Y (ats i. any 12°2 
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(2) Boiling-point 240°-245°. 

(a) 02187 substance gave o'7001 carbonic acid, and 0'2446 water. 

) S545 5° 5, OOHRS”, 9 O'1713_—;, 

Found. Calculated for 
b 

ae ee 87°30 OA G Ness a iie 87°8 

BENE UES. DORR conch ines ale ae 12°2 

99°72 99°61 100°0 

(3) Boiling-point 275°-285°. 

0'1760 substance gave 05612 carbonic acid, and 02029 water. 

Calculated for 
Found aL is. 

Gras eae SO°96 cus gyda: 87°8 

Ee actin) 5 LOO ss oe kh 12'2 

99°77 100°0 

No. 3 attacked sodium slightly, although it had been 

distilled over it several times; hence it is probable that its 

non-agreement with the calculated result was owing to 

admixture with an oxygen compound. From the above 

analyses and boiling-points it is probable that at least two, 

and possibly three, polymers of diallyl are formed by the 

the action of sulphuric acid upon it. I had not, however, 

a sufficient quantity of the hydrocarbons to obtain satis- 

factory vapour-density determinations, which would at 

once have settled the point. It is nevertheless very pro- 

bable that No. 1 consists of two molecules of diallyl con- 

densed into one, and that it has the formula C,,H,,; for 

Schorlemmer (Proc. Roy. Soc. xv. 133), by the action of 

sulphuric acid on hydrocarbons boiling below 120° from 

cannel oil, obtained one which boiled at 210°, and the 

vapour-density of which showed that its formula was 

Sas | 

Action of Bromine.—Bromine was allowed to drop very 

slowly mto the hydrocarbon boiling at 240°-245°, which 

was contained in a test-tube kept cool by being surrounded 
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with water. Combination took place with a hissing noise, 

and with the evolution of a considerable amount of hydro- 

bromic acid. After the hydrocarbon had been treated 

with an excess of bromine for several hours, the excess 

was removed by means of a dilute solution of caustic soda. 

The bromine product having been separated from the 

caustic soda, it was dried over calcium chloride and dis- 

solved in ether, which was got rid of by keeping the solution 

in a water-bath for about six hours, at the end of which 

time the bromine product was left in the form of a brown 

solid that became viscid at 100°. This crude product, 

without further purification, was analyzed, with the fol- 

lowing results :-— 

05172 substance gave 0'5546 silver bromide, and 0'0048 silver. 

Calculated for 
Found. Cigita Bhar Oye tdan tal. 

46°30 per cent. bromine. 49°38 39°40 per cent. bromine. 

Hence it appears probable that the oil boiling at 240° 

245° is a mixture of the hydrocarbons (CsH,.), and (C¢H,.);, 

while the formula of the one boiling at 205°-215° is 

(CeH,.)., and of the one boiling at 275°-285° is (C.H,,.),. 

In conclusion, I have much pleasure in tendering my 

thanks to Dr. Roscoe and Mr. Schorlemmer for their kind- 
ness and attention to me throughout the whole course of 
this research. 
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II. On Isodinaphthyl. By Watson Smit, F.C.S. Com- 

municated by Professor H. E. Roscoz, Ph.D., F.R.S. 

Read November 29th, 1870. 

InstEap of at once dealing with the main subject of this 
paper, I think a brief view of certain of the results of re- 

searches of several eminent chemists, directly bearing on 

the matter in hand, would be at once interesting and de- 

sirable. 

The peculiar hydrocarbon diphenyl was first obtained 

by Fittig* by treating monobrombenzol with sodium : 

C,H, 
2C,.H,Br+2Na=2NaBr+ CH. f° 

5 

Now Berthelot+, in the year 1866, by passing benzol 

vapour through a porcelain tube heated to bright redness, 

obtained diphenyl as the chief product of decomposition. 

Berthelot distinctly says, ‘“‘'The body so obtained is a beau- 

tifully crystalline substance, which is identical with Fittig’s 

diphenyl, possessing exactly the melting- and boiling-points 

given by Fittig, and agreeing generally with that body.” 

A small quantity of chrysene is also said to be formed, 

and of a solid resinous body, of an orange colour, which 

is but slightly soluble in alcohol, rendering the same fluor- 

escent. The formula 
Diphenyl. 

aC CH } eee 

represents this decomposition. 

I. About the commencement of the year 1867}, Dr. 

* Ann. d. Ch. und Ph. exxi. 361, and cxxxii. 201. 

+ Zeitsch. f. Chemie, 1866, Dec. 14, p. 707. 
t Ann. d. Ch. und Pharm, Band exliv. p. 71. 
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F. Lossen found that dinaphthyl could bé obtained from 

monobromnaphthalin by the action of sodium, just as 
Fittig had obtained diphenyl from monobrombenzol : 

C, ot, 2C,,H_Br+2Na=2NaBr+ en. |: 

At the same time he (Lossen) found there Was also a small 

quantity of a polymer formed, which he oPtained as a cho- 

colate-brown powder, scarcely at all soluble ™ alcohol, but 

more so in ether. It was easily soluble ™. carbonic di- 

sulphide. 

IT. Dr. Lossen also found that he could obtain dinaph- 

thyl by the oxidizing action, upon naphthalin, of a mixture 

of manganese peroxide and sulphuric acid : 

art | +0= Cay | +10. 
This mixture he found acted energetiC@lly upon naph- 

thalin, there being liberated, with strorg effervescence, 

much carbonic dioxide. When the actiof was completed, 

the contents of the retort in which the process was carried 

on were diluted with water, manganeS¢ sulphate and 

phthalic acid were dissolved out, and unaltered manganese 

peroxide and a resinous body left behind. ‘The undissolved 

portion was boiled with absolute alcohol ; and the impure 

body crystallized out from the filtered solution was re- 

peatedly recrystallized from alcohol. Th dinaphthyl was 

thus obtained in pearly shining scales of a Very light yellow 

colour. Lossen found that it was only possible to obtain 
the body quite colourless by sublimation. 

Thus obtained, dinaphthyl was found to be much more 

easily soluble in ether than in alcohol, erY stallizing there- 

from in moss-like clusters. By slowly cocling a solution of 

this body in a mixture of ether and alcohol, 1t was obtained 

erystallized in well-formed regular octahedra. It is very 

soluble in carbonic disulphide. Benzo! dissolves it to 
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much the same extent as alcohol does; and it crystallizes 

from the solution of that body in the same form as it does 

from alcohol. Dinaphthyl melts at 154°C. Its boiling- 

point lies above that of mercury. Robert Otto* and Gustav 

Mories repeated Lossen’s experiments with precisely the 

same results; but they tried, in order to get dinaphthyl 

formed more easily, and in larger quantity, to form it by 

first obtaining the mercury compound mercurio-dinaph- 

Croll, 
thyl CH. 

dium eigen (Na, Hg"), and raising this to a red heat with 

7| Hg", by heating monobromnaphthalin with so- 

soda lime in a porcelain tube. Mercury and a yellow 

crystalline mass were obtained, the greatest portion of the 

latter consisting of naphthalin. This yellow mass, on 

boiling with alcohol, yielded on cooling the rhombic tables 

of naphthalin abundantly, the mother liquors exhibiting 

strong green fluorescence by reflected light, and furnishiug - 

on evaporation a yellow mass, which, after suitable puri- 

fication, deposited from alcohol small canary-yellow shi- 

ning leaf-like crystals, which melted at 133°C. This body 

was readily soluble in alcohol, ether, and benzol. The 

solution of the pure hydrocarbon was no longer fluor- 

escent. 

They made a combustion, which did not seem to be 

satisfactory, as they only had 0°066 grm. of substance to 

work with, and of this they did not feel sure of the perfect 

purity. The percentage composition they obtained almost 

exactly corresponded. with that of naphthalin. They con- 

sider the action to be chiefly 

C,H, 
€; 1. 

About the close of the year 1866, Berthelot+ concluded 

his remarkable series of experiments on the action of cer- 

a Hg" +H,0=2C,,H, + Hg0. 

* Ann. d. Ch. und Ph. 1868, exlvii. p. 164. 
Zeitschrift f. Ch. 1867, Jan. 31st; and Compt. Rend. eee 998 and 1077. 
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tain hydrocarbons upon one another, when conducted 

through a red hot tube. In one of these experiments he 

passes the vapour of naphthalin with hydrogen through 

the tube; and as to the result he says, “‘ Almost no action 
at all takes place, the naphthalin remaining almost quite 

unaltered, and only a little benzol and acetylene are ob- 

tained.” 

CH, [C,H, (C,H,)] + H,=C,H, +2C,H,. 
Naphthalin. Benzol. Acetylene. 

About nine months ago I undertook, at the suggestion 

of Mr. John Barrow, in the laboratory of whose works I 

was then engaged, the investigation of the action of heat 

upon naphthalin, with the object of discovering whether by 

this means it is possible to obtain anthracene, according 

the equation 
7#(C,¢ Hs) = 50, Be + Or: 

‘This reaction Mr. Barrow supposed might take place on 

passing the naphthalin vapours through a red-hot tube. 

I accordingly tried a number of preliminary experiments 

in this direction, of which the results were as follows :— 

Ist. The odour and colour of the naphthalin which 

came through the tube were perceptibly altered; the colour 

became a deeper brown in proportion as the temperature 

of the tube was higher. At an incipient white heat a 

considerable quantity of black smoke came over with the 

distillate. 

andly. A gaseous product was obtained proportionately 

larger in amount as the temperatnre employed was 

higher. 

grdly. On distilling the brown mass of naphthalin 

coming through the tube, there was invariably left in 

the retort a minute quantity whose boiling-point was 

above 350° Cent. 

I now prepared some pure naphthalin, by treating a 

quantity of the crude stuff, whilst fused, with warm concen- 



MR. WATSON SMITH ON ISODINAPHTHYL. 17 

trated sulphuric acid (about 5 p.c. by volume) ; and, after 

separating, it was again shaken with hot caustic soda so- 

lution of sp. gr. =1°18. The naphthalin thus treated was 

now purified by fractional distillation, the portion boiling 

between 210° C. and 212° C. being kept. After another 

distillation, the perfectly white product obtained was 

taken for experiment. Into a small flask (a) 152°6 grms. 

LZ, 

a. Small flask with naphthalin. 

6. 4-inch iron tube, filled with small fragments of charcoal. 

e. Retort, to collect distillate. 

d. Gas-jar, to collect and measure gas evolved. 

of the pure naphthalin were introduced, and the flask was 

connected with an iron tube (4 inch diameter) filled with 

small fragments of charcoal, to afford a large heated sur- 

face. That charcoal had no chemical influence beyond 

that of affording a large heated surface, was proved by the 

fact that the same results were obtained when fragments 

of pumice stone, soda-lime, brick, or the empty tube itself 

was employed. With the other end of the iron tube was 

connected a bent glass tube (0) (4 mch diameter), fitting air- 

tight mto a retort (c) so deep that the end thereof should 

be below the aperture of the retort-stem. With the ex- 

tremity of the retort-stem was connected another bent 

glass tube, dipping into the pneumatic trough, over which 

was a jar of 340 cub. cent. capacity, to collect the gaseous 

products evolved. The iron tube was placed in a “ Griffin’s 

gas-furnace,”’ where it was raised to a bright red heat, in 

some parts approaching to whiteness. When the iron 

tube was red hot, the naphthalin was distilled through 

cautiously. As soon as it made its appearance in the tube 

SER. III. VOL. V. c 
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(5), the latter was heated up somewhat strongly, so as not 

to allow the solidification of the naphthalin. The distil- 

late, when it commenced to run down the bend to the cool 

part of the tube in the retort, was worked over for a minute 

or two as briskly as possible; or it would certainly have 

stopped up that cool part of the tube which dipped below 

the stopper of the retort, causing a dangerous explosion 

from the little flask (a). 

When the naphthalin began to run fluid into the retort, 

the distillation was kept up briskly for a time, all solidified 

particles being speedily remelted by the hot stream, and 

carried before it into the retort. All danger of stopping 

up then ceased, as the whole apparatus was too hot to per- 

mit solidification in any part thereof. 

The substance distilling over was of a deep brown-red 

colour, and had acquired a peculiar odour, in addition to 

that usual in naphthalin. The gaseous product obtained 

was just sufficient in the first trial to fill the gas-jar 

(340 cub. cent.). The distillation was carried on till the 

flask was just dry, when, on removing the flame of the 

lamp, there was always a back rush of vapour, accompanied 

by the dropping back of a dark-looking fluid, amounting 

in this (the first) distillation to about 1 cub. cent. 

This small quantity of dark-looking substance which had 

dropped back out of the hot tube, was poured out into a 

small capsule, and carefully preserved, as the first con- 

tribution towards a quantity of the crude substance. 

What distilled over into the retort (c), of reddish-brown 

colour, was now fused, and poured back again into the 

little distillation-flask (@), from which it was again dis- 

tilled through the red-hot tube as before, in the first ex- 

periment. It not only yielded a little freshly formed 

substance of high boiling-point, but also left behind a 

little which had been formed, and carried over amongst 

the bulk of the naphthalin, in the first distillation. Thus 
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a somewhat larger yield was obtained in the second and 

subsequent distillations than in the first. These distillations 

were repeated seven times, to accumulate crude material. 

The temperatures at which the tube was maintained were 

not uniform in each experiment; and the volume of gas 
evolved was found to vary accordingly. Thus in the second 
distillation, the heat was only just perceptibly red, and 

very little gas was obtained (about 5 cub. cent. or so). 

Quantities of Gas liberated during each experiment, the 

heat employed varying in intensity. 

Distillation, | tensity of heat Cub. cent. of gas 
of tube. evolved. 

1st. Bright red heat. 300 
2nd. Only just red. [Very little, about 5 cb.c. 
3rd. Bright red. 460 
4th. Do. 300 
5th. Do. 500 
6th. Do. 403 
7th. Do. 300 
8th. Do. a25 

Total 2493 

Average temperature=15° C. 

The above measurements of gas evolved were not made 

with any great accuracy, but are just fair approximations. 

This gas was tested, and yielded the following results :— 

Ist. It gave no milkiness with lime-water. 

andly. It burnt, on ignition, with a lambent bluish 

flame, tinged at times with a glimmering of the white 

carbon-flame, and on shaking with lime-water gave there- 

with a very slight milkiness; but almost always there was 

not the slightest glimmer of the carbon-flame, and not the 

slightest cloud with lime-water after burning. 

3rdly. The gas, mixed with # its volume of oxygen and 

inflamed, exploded loudly. 

From these evidences we gather that the gas is hydrogen; 

and the glimmering at times of the carbon-flame was pro- 

c2 
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bably due to the presence of a little naphthalin vapour 

mechanically carried over, though certainly a trace of 

acetylene might be present at times, and would then ac- 

count for it. 

If a calculation be made from the volume of gas evolved, 

it will be found that this quantity is too great to stand 

good for the equation 7 

7C,oug=5C,, bo Olt. 

Weight of H actually evolved . . . . =0°2107 grm. 

» 9, required for the above reaction=o'1861 _,, 

The above is sufficient to show that, as the amount of 

hydrogen evolved was too great to stand good for the 

above equation, the body formed from the decomposition 

(seeing that there was no appreciable separation of carbon) 

must be richer in carbon and poorer in hydrogen than 

anthracene is. This point will be again referred to. 

Now the crude substance which had been accumulated 

amounted to 26°3 grms.—that is, 17°23 per cent. on the 

naphthalin used. These 26°3 grams of crude substance 

were placed in a small retort with thermometer, and sub- 

mitted to fractional distillation. A very small quantity of 

naphthalin came over first, below 220° C.; and then the 

temperature very rapidly rose to considerably above 360° 

C., when most of the body distilled over, leaving a minute 

quantity of pitch in the retort. In distilling, almost 

all the substance solidified in the neck of the retort, which 

had to be kept very hot towards the end of the operation, 

to get the substance to run down fused into the receiver. 

At this stage the distilled product closely resembled anthra- 

cene in a similar stage of purification, but did not possess 

the peculiar odour which characterizes that body in the 

crude state, being almost entirely free from odour. 

To purify further, the solid hard substance was crushed 

in a mortar and made into a thin homogeneous paste with 
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light shale-spirit (or petroleum-spirit), in both of which it 

is much less soluble than in benzol. It was then drained 

on a filter, washed again several times with petroleum- or 

shale-spirit, drained, pressed in blotting-paper, and dried 

at a temperature fully sufficient to volatilize the spirit. 

By this washing it was freed from a small quantity of resin- 

ous matter, and from a citron-yellow-coloured substance, 

which coloured the spirit mother-liquors yellow by direct 

transmitted light, exhibiting a fine blue fluorescence by re- 

flected light. 

This fluorescence is similarly acquired when any fluids 

possessing any solvent action are substituted for the shale- 

spirit. 

Finally the dried substance was sublimed at as low a 

temperature as possible. The sublimate consisted of a 

faintly yellowish white inodorous powder, precisely re- 

sembling commercial anthracene sublimed under like con- 

ditions, but not possessing the slightest odour. The sub- 

limate may also be obtained in delicate little plates, by 

very careful and slow sublimation. When possessing the 

faintest yellow tint, this powder imparts a delicate blue 

fluorescence to any solvent used. 

In another preparation of a further quantity of crude 

substance, a large iron tube, about 4 or 5 feet long, and 

about 34 inches diameter was used, being placed in a char- 

coal fire. The heat was almost to whiteness. In this 

case there was a connexion with a pneumatic trough, 

the open end of the tube dipping into an iron pan, acting 

as receiver. Immense volumes of black smoke were libe- 

rated at first* ; however, on moderating the heat some- 

what, whilst the dense black smoke still poured out, a 

quantity of undecomposed naphthalin and other matters 

came over, dropping into the receiver. The black, almost 

* Probably caused by the admittance of a small amount of air acci- 

dentally. 
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solid mass in the receiver, after being put back into the one- 

gallon iron still employed, and redistilled several times, at 

length left a residue, which, on fractional distillation, 

proved to contain some undecomposed naphthalin, this 

passing over below 220°C. A very appreciable residue 

however remained, which was distilled over, the tempera- 

ture rising above 350° C. In this case, however, the solid 

hard substance obtained had a deep yellow tint, almost 

inclining to orange; and on triturating in a mortar with 

benzol (cold), the latter dissolved out a sticky resinous 

body, which coloured it a fine deep red. After washing 

once or twice, the crude body remaining was quite freed 

from this sticky substance, and remained a sulphur-yellow 

powder. This yellow colour was very much more intense 

than in the case of the experiments on the minor scale. 

By recrystallization from benzol and sublimation, it was 

obtained colourless. 

A small quantity of this crude orange-yellow body, 

treated with cold concentrated sulphuric acid, yielded a 

a very fine purple solution, better developed on warming. 

On heating more strongly, the colour changed to an indigo 

tint, and then to a dull green. As this reaction is men- 

tioned by C. Liebermann as characteristic of chrysene, I 

venture to suggest that probably chrysene was present in 

this yellow crude substance. 

With a benzol solution of picric acid in excess, no red 

compound was formed with this body. It was found to be 

much more insoluble in alcohol and shale-spirit than an- 

thracene is; from these solutions it separates on cooling in 

larger or smaller rhomboidal plates, according to whether 

the solutions are more slowly or rapidly cooled. It is almost 

insoluble in ether, but easily soluble in oil of turpentine, 

from which it crystallizes in beautiful lance-shaped crystals, 

congregating in clusters. It is, like anthracene, very sol- 

uble in carbonic disulphide, even in the cold. The tho- 
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roughly purified substance imparts no longer any fluor- 

escence to solvents. 

Action of Solvents, in the Order of Solubility. 

Lossen’s 
dinaphthyl : 

solubility &c. 

The reverse ; 
more soluble 

Isodinaphthyl. 

Solvents. 

Scarcely at all, 
even on boiling 
with excess. 

Proof spirit. ' 

States of Solubility. Crystalline form. 

On cooling, a few 
small plates sepa- 
rate out. 

Ether. Only very slightly.| ( Beautiful rhom- 
\Abs. alcohol. Soluble on boiling.| | boidal plates, 

which, on dry- 
ing carefully, 
overlap and la- 
minate, and 
have a beauti- 
ful silky ap- 
pearance. They 
possess a very 
faint, delicate 

in ether than 
in alcohol. 

From alcohol |Methylated spirit. |More so. | 
separates in 4 
moss-like clus- 
ters. 

In octahedra 

in the hot fluid. 
Easily soluble, 
even in the cold. 

alcohol. 

eases Wood spirit. | greenish colour. 

ture. 
Light petroleum- |Still more soluble 
spirit, sp.gr.*710.) than in the above.) | Rhomboidal 

Light shale-spirit, |Rather more than plates. 
sp. gr. =°737. in ie alae 

Slightly less solu- 
Carbon tetra- J "sie than in ben- 
chloride. ohh 

About the Sparingly in the Ditt 
same as in | Benzol. cold, pretty freely = 

Easily soluble. { ae disul- 

Delicate white 
lance-shaped 
crystals, in 
clusters. 

Oil of turpentine. 
einen cea + --- aaa) 

Very easily solu- 
ble. 

Melting-point |Melting-point 
=o C. 204° C. 

Boiling-point =|Boiling-point 
above 300° C. | =much above 

360° C. 

The fusing-point is from 200° to 204° C., and the boiling- 

point considerably over 360° C., certainly higher than that 

of anthracene. The subliming-point of this body hes con- 

siderably below its boiling-point, like that of anthracene. 

A portion of the pure substance was treated with two 
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parts of potassium bichromate and sulphuric acid, when 

oxidation took place, as energetically as in the case of an- 

thracene under like treatment. No crystals bearmg any 

resemblance to those of anthrachinon could be obtained on 

treating with benzol. From the product which was ob- 

tained, no substance similar to alizarin, nor in fact any 

colouring-matter, could be obtained. 

Cold sulphuric acid is without action upon this body ; 

but when heated the acid slowly dissolves it, when, if it be 

quite pure, a very faint purplish-tinted solution is formed; 

if not quite pure, but containing a trace of the yellow- 

coloured body mentioned before, a violet or purple solution 

is formed, becoming green and then reddish-brown on 

further warming. (Vide page 22.) 

Hot nitric acid oxidizes it, with liberation of nitrous 

fumes, forming heavy oily drops of a nitro-compound of a 

red colour ; on further boiling, with a larger excess of acid, 

this compound is slowly dissolved. On addition of water, 

a light yellow floccular precipitate is thrown down abun- 

dantly. , 

Placed in a glass tube and chlorine passed over it in the 

cold, no action takes place; and even on warming to a 

considerable extent, no change appears to occur. Treated 

with bromine in the cold, combination takes place with 

very energetic action. 

After many repeated experiments on the subject, I have 

come to the conclusion that it is impossible to distil pure 

naphthalin to dryness in any quantity without this body 

being formed in minute quantity. This may be observed 

by dipping the thermometer down nearly to the bottom of 

the retort, when the last minute quantity is being vapour- 

ized; the thermometer lowered into this vapour, will be 

observed speedily to indicate a high temperature, the 

mercury rapidly rismg towards 350° C. If this does 

not take place on the first distillation,—if the naphthalin, 
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all of which has passed over, be again introduced into the 

retort, and the same plan again proceeded with, this ob- 

servation may be made successfully, as a small quantity 

of high boiling substance carried over in the first distilla- 

tion will be increased by a further accumulation in the 

second, and an appreciable quantity will be left behind. 

A quantity of the pure substance crystallized from abso- 

lute alcohol was taken for analysis. The following results 

were obtained :— 
I. 01240 grm. of substance gave 0°4307 gram CO, \ 

ero624, 3, + H.0 

if, o°l237 ” . A ogesy © 5, CO. \ 

69626) 775; 40,0 

1. II. Calculated for cea} 
iN = —“X LO 7 

Cervo fish. <5is QAS7 Si ssceeee CASE 25053. 94°49 

ELV ATORCW ...0005 00 Se eee ee Sc ee ee ee 5°51 

100°31 100°08 100°00 

A calculation may also be made from the weight of 

hydrogen given off in the reaction in the hot tube; and I 

think it is well worthy of notice, as it was this observation 

which first led me to think the reaction must be as 

foll 1Z. :— Ca ollows, viz See ilk Vege 
Ome 7 

Weight of naphthalin converted =26°3 grms. (about). 

Volume of hydrogen at 0° C. evolved =2363 cub. cents. 

Then 2363 —o-91 og grm. hydrogen actually obtained. 
11200 

256 2 
SS on 

aC. HH, lose He >-s26-sleseo2055) © ;, » calculated. 

Wifierence |; ..2iiise secu 0°0054. 

For the formula 
We, §C_,H ton, o'1sGr, ,, » Should be liberated. 

CONCLUSIONS. 

I find from the foregoing facts :— 

Ist. That whereas Berthelot found that diphenyl 
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could be obtained by the action of a high temperature 

upon benzol, identical with that obtained by Fittig from 

brombenzol, the analogy does not appear to hold good 

with dinaphthyl formed from naphthalin. 

andly. That a substance having a higher melting-point, 

and differmg in many respects from Lossen’s dinaphthyl, 

is formed. } 

3dly. That this body is the chief product of the action 

of heat upon naphthalin, whether a low temperature, just 

sufficient to induce decomposition, or a temperature close 

upon a white heat be employed. 

Finally. Observing the percentage composition of this 

body, and the volume of hydrogen approximately found to 

be evolved in the decomposition, also that the boiling- 

points of dinaphthyl and this body are by no means very 

widely different, possibly not far apart, I propose to regard 

it as an isomer of dinaphthyl, and to name it accordingly 

isodinaphthyl, 

C..H,} 
ons ae a 

If naphthalin be graphically represented as 

CH ——~——— CH CH 
as 

Dr. Lossen’s dinaphthyl would appear to be 

cCH——-———-CH ——--—— CH———-CH 
~ 7 x» jf 
WEY) Nor 
ToS wi NS 

dace aa a eS c « Dinaphthyl. 
| Melting-point=154° C. 

H——_———CH —————- CH Cc 

> 7 af Naw 
Pex Aes 

A >» 4 » 
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whilst the isodinaphthyl obtained by myself would stand. 

rte ———— CH Tria 
& 

A MWA 
wi ine yA 

H eee 8 CH # Dinaphthyl. 
Melting-point = 204° C. 

— — C © ea 

Sol Nel 

me a” ~~ fe ae | 
a= on Op ee wg 

Analogously, the a and # naphthols investigated by 

Wichelhaus, and also by Schaeffer (Ann. d. Chemie und 

Pharm. cli. 281), would appear thus :— 

CH CH ——_——— CH CH 

és ~“ yi 
Sel gid | a Naphthol. 
“a aS vie “ Melting-point= 4 C. 

CH CH — CH ——_—— C Boiling-point =279° C. 

a 

CH CH CH— CH 

Se he x / 
Ove SHA B Naphthol. 
f a Ve aS Melting-point= 122° C. 

CH ——CH —-———_C — CH Boiling-point =287° C, 

me 

Action of Chlorine.—The effect of passing chlorine to. 

gether with naphthalin vapour through a red-hot tube was 

also tried in such a way that the vapours should only come 

into contact in the hot tube. It was then found that com- 

plete decomposition took place, with large separation of 

carbon in dense black smoke. 

I cannot conclude without heartily thanking Mr. Barrow, 
in the laboratory of whose works these experiments were 

carried out, for his kind assistance. My sincere thanks 

are also due to Prof. Roscoe and Mr. Schorlemmer for 

their kindness in placing the combustion-apparatus in 

Owens College laboratory at my disposal, and for their 

kind attention to me whilst there engaged. 
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III. On the Organization of Volkmannia Dawsoni, an un- 

described Verticillate Strobilus from the Lower Coal- 

measures of Lancashire. By W. C. WiutaMson, 

F.R.S., Professor of Natural History in Owens Col- 

lege, Manchester. 

Read February 7th, 1871. 

In his “‘ Observations on the Structure of Fossil Plants 

found in the Carboniferous Strata,” Mr. Binney has figured 

three types of verticillate spikes of cryptogamic fructifi- 

cation, which in all probability represent three very dif- 

ferent groups of plants. In plates 4 and 5 he has given 

the structure of one of these types under the name of 

Calamodendron commune. The same type has received 

from Mr. Carruthers the name of Volkmannia Binnet 

(Journal of Botany, Dec. 1867), whilst Prof. Schimper 

has designated it Calamostachys Binneyana. At the last 

Meeting of the British Association at Liverpool, I ad- 

vanced my reasons for believing that this spike had no 

relationship with the group of Calamites; and the same 

view is advanced in a still more recent “ Memoir on the 

Organization of Calamites,” presented to the Royal Society. 

In the type referred to, as is well known, the several nodes of 

the central axis give off bractigerous disks and sporangio- 

phores in alternate verticils. In his plate vi., Mr. Binney 

figures a spike (fig. 1), mm which the sporangia are very 

compactly clustered in verticils, which are very closely 

embraced by a bractigerous disk springing from each 

node. I believe this figure represents the same plant as 

that of which I recently described the internal organiza- 

tion (“On a new form of Calamitean Strobilus from the 

Lancashire Coal-measures,’” Memoirs of the Literary and 
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Philosophical Society of Manchester, Third Series, vol. iv. 

p- 248) ; and I have not the slightest doubt that it repre- 

sents a true Calamitean fructification. The reasons for 

this firm conviction are given in the memoir refered to. 

But Mr. Binney also figures a third form (tab. vi. fig. 4), 

in which the spikes have a much more lax habit. The 

bracts fringing the bractigerous disk do not embrace the 

sporangia, but project from beneath them in a rigid manner, 

leaving the sporangia, loosely located between each verticil- 

late bractigerous disk, conspicuously exposed to view. 

The same type of fructification has recently been found in 

carboniferous shales exposed in a railway-cutting at Huy- 

ton, near Liverpool, by the Rev. H. Higgins. 

In a second, brief memoir (“ On the Organs of Fruc- 

tification and Foliage of Calamodendron commune (?) ,” 

Memoirs of the Literary and Philosophical Society of 

Manchester, Third Series, vol. iv. p. 218), Mr. Binney 

has figured a second specimen of what I believe to be the 

true Calamitean type of fruit. 

Mr. Butterworth placed in my hands some months ago 

a small strobilus which he had found in the Lower Coal- 

measures near Oldham ; and on investigating its organiza- 

tion I soon found that it belonged to the third of the three 

types to which I have directed attention, viz. that with 

rigid bracts and exposed sporangia. Its internal structure 

demonstrates that it is altogether different from either of 

the other two types referred to, and evidently belongs to a 

different plant. A fragment of the fruit, which we have 

retained unsliced, demonstrates its close resemblance to 

Mr. Binney’s tab. vi. fig. 4. 

The spike or strobilus now to be described consists of a 

central axis, sustaining successive concavo-convex disks, 

which divide at their peripheral margins into a considerable 

number of long, stiff, slightly curved bracts. Between 

each of these bractigerous disks is a single layer of spo- 
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rangia, arranged in about four irregular circles. Each 

sporangium appears to have its own sporangiphore, of 

which considerable numbers spring from the upper surface 

of each disk. ; 

The Azis.—This resolves itself into a central vascular 

mass (a) lodged in what is now a clear space (c), but 

which was at one time doubtless occupied by cellular tissue, 

the greater part of which has disappeared, either by ab- 

sorption or decay. This space is surrounded by a cellular 

cylinder (4) consisting chiefly of a dense form of prosen- 

chyma, and of which the bractigerous disks are extensions. 

The form assumed by the central vascular axis (a) con- 

stitutes one of the most characteristic features of the or- 

ganism. Its transverse section (fig. 5) may be described 

as a triangle with concave sides (a 1) and concavely 

truncated angles (a2). It consists of a mass of vessels, 

which are largest in the central portions, and smallest and 

most dense at the periphery, especially at the angles (a2). 

At each of the latter portions the structure becomes broader, 

in consequence of the projection of two lateral vascular 

extensions (a4) than it is nearer the centre. From each 

of these projections a line of compressed and disorganized 

cellular tissue (a3) extends like a chord across the are 

described by the concave side of the triangle, and at a5 

we see a similar band stretching across the concavely trun- 

cated angle. At a'3 and a'5 we see clear proof that these 

have originally been layers of cellular tissue that have 

closely invested the vascular axis, but which have become 

detached and shortened during some of the morphological 

changes which the plant has undergone. Most probably 

this axis originally occupied the centre of the open cylin- 

drical space c, but has been drawn to one side, on the dis- 

appearance of the cellular tissue surrounding it. Fig. 5 

represents a portion of the outer or prosenchymatous 

cylinder of the axis. In the longitudinal section, fig. 1, 
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we see that this central axis consists of vessels ; but I am 

unable to discover in them any trace either of trans- 

verse bars or of reticulations. This, however, is in all 

probability due to the peculiar state of mineralization which 

the entire specimen exhibits. The general outlines are 

everywhere exquisitely preserved ; but the minute texture, 

both of cells and vessels, is so altered that no reliance can 

be placed upon its indications. That the vessels have been 

thickened by internal deposits of some kind is clear enough. 

The greater diameter of the vascular axis between its most 

distant anglesis‘065. That of the largest of its component 

vessels is about ‘0037 of aninch. Of the tissues originally 

occupying the space (c) between the axis just described 

and the outer prosenchymatous cylinder (4), we have little 

or no indication, a few shreds of what may have been 

cellular tissue being the only remains of them. 

In describing the prosenchymatous cylinder (b), we have 

to distinguish between its several parts. It gives off the 

bractigerous disks ; or perhaps it may be more correctly 

defined as consisting of the central portion of each disk, 

prolonged downward to the node below, as shown in 

figures I and 2. It of course follows that its prosenchy- 

matous walls are thinnest in a transverse section made 

immediately above each disk (fig. 4 6), and thickest at the 

points where the disk springs from it (fig. 46’). The pros- 

enchymatous structure of its walls is shown at fig. 2 J’, 

where a tangential section has intersected the cells in 

the plane of their longer axes. The mean length of these 

cells is very variable, their diameter about ‘0024 of an 

inch. The diameter of the exterior of the cylinder at 

its narrowest part, just above a node, is ‘13. At each 

node the cylinder just described gives off a thick bracti- 

gerous disk (d), which extends upwards and outwards, 

at an angle of about 45°, curving slightly upwards and 

inwards as it ascends. It extends about the eighth of 
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an inch from the inner surface of the prosenchymatous 

cylinder, in an undivided manner; but its tendency to 

break up into subdivisions is seen in the crenulated out- 

line e, in the sections figs. 3 and 4. This crenulation is 

the result of deep radiating grooves indenting the inferior 

surface of the disk. These deepen as they proceed out- 

wards, and soon divide the disk into a verticil of separated 

bracts. In fig. 4 we see the first result of this division in 

the series of irregular masses (ff); but the true form of 

these divisions is masked in the part referred to, because 

the section has passed through them very obliquely, 

in fact almost in the plane of their two surfaces. The 

form and appearance of true sections are better seen at f’ 

in the same figure. But their relative positions will be 

still better understood by referring to fig. 6, which repre- 

sents a tangential section made vertically through three of 

the bractigerous disks, a little externally to the point at 

which that structure is divided into its peripheral fringe 

of elongated bracts. Sections of these bracts are seen at 

J', whilst at the side of the cone, f”, these bracts extend 

upwards to their termination in the plane of the section. 

In the latter portions we see that their two epidermal 

surfaces appear to have been more dense and solid than 

their central portions. On turning to tranverse sections 

of these uppermost portions of the bracts, as we see them 

at f" f" in figures 3 and 4, we discover that they here 

become more depressed, thinner, and more leaf-like than 

they areat f’. At the latter point they are separated from 

each other by distinct intervals, and even at their ex- 

tremities they have not approached sufficiently entirely to 

hide the sporangia from view. At their bases these bracts 

have a breadth of from ‘035 to ‘04 of an inch. 

The vertical sections, figs. 1 and 2, show the thick and 

succulent character of the disk, and the gradual thinning 

of the bracteated subdivisions f. The appearance of 
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the prosenchymatous cells composing the bractigerous 

disk and the lower portions of the bracts is shown in 

fig. 7. 

The Sporangia.—These are arranged, nearly in a single 

plane, in the concavo-convex space between each two con- 

tiguous bractigerous disks, and appear to be grouped in 

from three to four irregular concentric circles within each 

space. Each sporangium has a mean diameter of about 

706. The sporangium-wall (g) is dense, thick, and cellular ; 

but defective mineralization prevents my ascertaining the 

exact arrangement of its cells. I have already pointed 

out that the sporangiophores are so numerous as to suggest 

the probability that there is a separate one for each spor- 

angium. ‘They arise entirely from the bractigerous disk, 

and not from the bracts. In fig. 2 we have, at A, a tangential 

section crossing one of these disks ; and its upper surface 

is seen to be crenulated with the intersected bases of these 

sporangiophores. ‘They are also seen in great numbers, 

sometimes intersected longitudinally, but more frequently 

transversely, at kA in the sections 3 and 4. Their mean 

diameter is about ‘0075. Fig. 7 represents the base of one 

of these sporangiophores, seen near the base of the lower 

right-hand bract of fig. 2,f", but more highly magnified; and 

fig. 8 exhibits a transverse section of one of them still more 

enlarged. Both these sections demonstrate their cellular 

character. They may possibly have contained a few vessels ; 

but I have not succeeded in detecting them. Since these 

organs all spring from the bractigerous disks, those sus- 

taining the outermost series of sporangia must have re- 

quired to be much elongated. Figs. 2 2 and 4h’ demon- 

strate that such is the case. Their transverse section 

(fig. 8) is usually a circular one. In the tangential sec- 

tion (fig. 6) we discover a row of intersected sporan- 

giophores, 4, immediately above each disk, and below the 

sporangia. Fig. 2 further explains this arrangement. 

SER. III. VOL. V. D 
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They evidently crept along the upper surface of the disk, 

as 1s the case amongst ferns. 

In nearly every instance each sporangium is occupied 

by a cluster of beautiful spores. The appearances which 

these objects present vary according to the direction of their 

section, ‘as is well represented in fig. 9. At the first 

glance, we should be tempted to infer that their exteriors 

had been spinous; but I have not been able to satisfy 

myself that such has been the case. IJ rather conclude 

that the appearance in question is merely the result of de- 

fective mineralization, because, as I have already shown, 

the outlines of all the more delicate cellular tissues of the 

specimens are similarly masked by irregular protuberances. 

The mean diameter of these spores is about ‘0037, or 

nearly the same size as those of the Calamitean strobilus 

of which I laid a description before this Society last year. 

The preceding description will have demonstrated that 

this fruit is very different from any of which the internal 

organization has hitherto been described. The differences 

are not merely of detail, but of type. The question 

remaining to be answered is an obvious one, viz. to what 

plant does this fruit belong? The verticillate arrange- 

ment of its bractigerous disks and bracts suggests the pro- 

bability that we must seek for the parent plant amongst such 

as have their foliage arranged in corresponding verticils ; 

and if this law of association be a sound one, we are ap- 

parently shut up to the three genera, Asterophyllites, 

Annularia, and Sphenophyllum. 

But the separation of the first and the second of these 

genera is of doubtful propriety; at all events I have not 

yet succeeded in discovering any definite character by 

which the two can be distinguished. That plants of the 

Annularian type constituted the delicate aerial foliage of 

Calamites, appears to be established by so many inde- 

pendent observations as to leave little room for doubting 
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the conclusion. It does not follow from this, however, 

that all the Asterophyllites and Annularie are Calamitean. 

It is possible that, as Dr. Dawson contends, there may be 

amongst these verticillate types of foliage one group 

belonging to Calamites and another to some other class of 

plants more nearly allied to the Ferns. If this latter pos- 

sibility be converted by further discoveries into an ui- 

questioned fact, we shall have two groups of verticillate- 

foliaged plants amongst which to find those of which our 

strobili are the fruits, viz. a section of the Asterophyllites 

and the genus Sphenophyllum. 

When we compare the internal organization of the fruits 

themselves, we discover that we now possess three very 

distinct kinds, but two of them may, notwithstanding 

generic differences, belong to allied types, if not to the 

same. 

In the fruit which I previously described, and to which 

reference was made at the beginning of this memoir, the 

structure of the central axis is almost exactly that of a 

Calamitean stem, even in its minuter details. In each 

there is a central cavity lined with cellular tissue and sur- 

rounded by a woody zone consisting of a ring of woody 

wedges, each of which has a longitudinal canal at its inner 

border; and this zone, in turn, is invested by a second cel- 

lular layer which in the true stem becomes a well-defined 

bark or dermal layer, but which in the axis of the fruit is 

not capable of being distinguished, the three tissues being 

there more intimately blended into one than in the stem. 

The great point upon which I wish to insist is, that the 

arrangement of these tissues in the axis of the fruit referred 

to and in the Calamitean stems is so identical, that no rea- 

son whatever can be shown why the former should not have 

been the terminal prolongation of one of the latter. 

But when we come to the other two types, viz. that 

which both Mr. Binney and Mr. Carruthers have identified 

D2 



36 PROF. W. C. WILLIAMSON ON THE 
4 

with the Calamites and that which I have now described, 

the case is altogether different. In both these the vas- 

cular tissues of the axis occupy the exact centre of the stem, 

or what would have been the centre of the fistulo-medul- 

lary cavity of a Calamite, whilst all their cellular layers are 

external to the vessels. Now, whilst this is an arrangment 

common enough amongst some Ferns, and still more 

so amongst the Lycopodiacer, nothing approaching it 

has been seen, either amongst the fossil Calamites or 

amongst the recent Equisetacez, with which some of our 

phytologists are so anxious to identify the Calamites. 

Mr. Carruthers very correctly acknowledges that “the 

axis of the strobilus has a bundle of fine scalariform tissue 

in its. centre, forming about a third of its diameter, and 

generally appearing free from the surrounding cellular 

tissue, which is composed of somewhat elongated cells.” 

(“On the Structure of the Fruit of Calamites,” by Wm. 

Carruthers, Esq., F.L.8., Journal of Botany, Dec. 1867.) 

Now I cannot conceive the possibility of so complete a 

reversal taking place in the relative positions of the cel- 

lular and vascular tissues of the axis as must have occurred 

if these fruits ever grew upon a Calamitean stem. 

In the case of the plant which I have just described, 

there is no room for doubting that its fohage was arranged 

in verticils. Mr. Binney’s specimens, especially that re- 

presented in his pl. vi. fig. 4, are unmistakably associated 

with the leaves of Asterophyllites ; and identical specimens 

in my own cabinet, apparently belonging to the same type 

as Mr. Binney’s, are similarly associated. It must be re- 

membered also that both Sternberg and Schimper have 

figured very similar fruits, attached to specimens of the 

closely allied genus Sphenophyllum. Hence it is clear 

that, if my plant is of the same type as some of those just 

referred to (and that such is the case there can be no 

question), we have but a limited range within which to 
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search for its true affinities. It is the fruit either of As- 

terophyllites or of Sphenophyllum; and, judging from the 

general aspect of its bractigerous disks, | am more dis- 

posed to identify it with the former than with the latter. 

But the important question now returns to us, What are 

those verticillate plants which are not Calamitean? The 

first obvious fact is, that they possessed jointed stems. In 

branched specimens of fructification in my cabinet, the ar- 

ticulations of the central axis are very distinct, and about 

an inch apart. The stems are flattened by pressure, and 

exhibit slight indications of longitudinal ridges and fur- 

rows, the origin of which I am unable to explain. They 

are less regular and definite than those of Calamites. The 

central axis of one of my examples of fruits 1s six inches 

in length, giving off six verticils of spikes or strobili, each 

of which is nearly two inches long; and as I have every 

reason for supposing that this specimen is only a portion 

of the original structure, it seems more than probable that 

the living axis, with its verticillate fructification, may have 

approached a foot in length. The bractigerous verticils of 

each strobilus are about the eighth of an inch apart, which 

is rather more than in our specimen now described ; besides 

which, the latter is broader than the specimens from the 

shales, so that its spikes have been more compact than in 

these examples. 

The verticillate arrangement of the leaves, and the arti- 

culated character of the stems, forbid our associating these 

plants either with Ferns or with Lycopodiacez. On the 

other hand, the internal organization described in this 

memoir shows how different they have been from the true 

Calamites. Yet the two features just referred to obvi- 

ously indicate closer affinities with the latter genus than 

with any other of the Carboniferous genera. I have arrived 

at the conclusion that these plants constituted a distinct 

family of Asterophyllitaceze, whose place is near the Cala- 
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mitacez, but occupying a position between the latter 

group and the Lycopodiacez, as indicated by the organ- 

ization of the central axis, which, as we have seen, is 

eminently Lycopodiaceous. This conclusion as to the 

botanical position of these objects has been arrived at from 

the study of the examples in my own cabinet; but I am 

glad to find that my friend M. Grand’Eury, of St. Etienne, 

in France, has arrived at a similar conclusion from the 

study of specimens found in his own neighbourhood. 

He ends his reasonings on the subject by affirming, “ On 

peut donc en conclure que les Astérophyllites arbores- 

centes sont issues, non des Calamites, mais des tiges folii- 

féres organisées comme elles” (‘ Observations sur les 

Calamites et les Astérophyllites, par M. Grand’Eury.” 

Comptes Rendus, tom. lxvii.). One point of difference 

between these two types upon which M. Grand’ Eury relies 

has, I think, no existence. He says that the Asterophyllites 

have “leurs feuilles attachées au-dessus des lignes d’ar- 

ticulation et, ce qui est bien autrement significatif, leurs 

rameaux secondaires insérés a l’aisselle des verticilles foli- 

aires, et non au-dessous, ce qui aurait leu s’ils avaient 

Vorganisation des vraies Calamites” (loc.cit.). These 

supposed differences, as I have shown in a memoir re- 

cently laid before the Royal Society of London, do not 

exist. 

I think we may conclude that, of the three types of Volk- 

mannia of which we know the organization, two are now 

collocated with their respective stems with a fair degree 

of probability. There yet remains the Volkmannia Binneyit 

demanding a parent axis upon which it can hang. This 

latter strobilus and the primary subject of this memoir 

obviously belong to two distinct genera of plants. The 

former has its sporangiophores arranged im verticils of 

stiff processes, projecting from each alternate node, and at 

right angles to the axis, the termediate nodes giving off 
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bractigerous disks, whose functions are merely protective. 

The latter gives off a bractigerous disk from each node, as 

is also the case with my previously described Calamitean 

strobilus ; but the relations which the sporangiophores * 

bear to the sporangia are very different in the example 

under consideration from what obtains in either of these 

other cases. The sporangiophores spring in great num- 

bers from the entire upper surface of the bractigerous 

disk, though not from its peripheral bracts, the sporangia 

themselves being loosely aggregated ; in the Calamitean 

type each sporangiophore ascending from the bractigerous 

disk sustained three or four sporangia closely clustered 

around it, the entire mass of the fruit beimg rendered 

very compact through the intense mutual pressure of its 

sporangia. 

Two fruits so different in the details of their structure 

as Volkmannia Binneyiit and the subject of this memoir 

must, as I have already observed, belong to distinct gen- 

era; consequently it is desirable to separate them. This 

can readily be done by accepting Professor Schimper’s ge- 

neric name, calling the one fruit Calamostachys Binneyana, 

and retaining the other, for the present, in the provisional 

genus Volkmannia. But as the specific features of the 

latter are very distinctive, and as I cannot identify it speci- 

fically with those forms of which the external aspect alone 

has been so often described, I propose to distinguish it by 

the name of Volkmannia Dawsoni, associating with it the 

name of the eminent geologist who has contributed so 

much to our knowledge of Canadian palzophytology. 

I may observe in conclusion that, though Calamostachys 

Binneyana exhibits features which mark strongly the ge- 

neric differences between it and Volkmannia Dawsoni, the 

organization of its central axis brings it much nearer to 

the latter plant than to the Calamites, with which Mr. 

Carruthers and others have associated it. 
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INDEX TO PLATES I., II. and ITI. 

(VOLKMANNIA DAWSONI.) 

a. Central vascular bundle of the axis. 

6. Outer cellular wall of the axis. 
ce. Middle tissue of the axis, probably cellular. 
d. Verticillate bractigerous disks. 
e. Sulcated inferior surface of the peripheral part of the bractigerous disk, 

indicating its approaching division into succulent bracts. 

f. Thick primary bracts, resulting from the division of the bractigerous 

disks. 

f. Middle portion of the bracts, where they exhibit an oval transverse 
section. 

f'. Extremities of the depressed bracts, exhibiting an oblong linear trans- 

verse section. 

g. Walls of the sporangia. 
h. Sporangiophores. 

x x (fig. 1). Line of the transverse section fig. 3. 
yy. Line of the transverse section fig. 4, only from a part of the strobilus 

on the right hand, where sufficiently perfect to cross the line of section. 
z 2. Line of the tangential section fig. 6. 

Pl; 11, 
Fig. 1. Vertical section through the centre of the axis. 

2. Oblique tangential section, crossing the bractigerous disk at its 
upper part, and passing between the outer cellular cylinder of the 

axis and its central vessels inferiorly. 

Vella fs 

Fig. 3. Slightly oblique transverse section, made in the plane of the line 
x x of fig. 1. 

4, Similar section, made in the plane of the line y y, fig. 1. 

PUATi. 

Fig. 5. Enlarged representation of the central vascular axis of fig. 3. 
6. Tangential section, made in the plane of the line zz of fig. 1. 

being intermediate between the section fig. 2 and the exterior of 
the. strobilus. 

7. Portion of the lowest bractigerous disk on the right of fig. 2, giving 
off a sporangiophore (4) from its upper surface, and exhibiting 

the prosenchymatous structure of the former organs. 

Pl 
Fig. 8. Transverse section of a sporangiophore. 

9. Three aspects of the spores. 

The same letters are employed to indicate identical structures in all the 
above figures. 
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IV. Notes on the Botany of Mere, Cheshire. 

By Grorcs E. Hunt, Esq. 

Read November 29th, 1870. 

Tue border of Mere Mere has for long been a locality 

famous to the botanists round Manchester. | 

The first published Manchester floras bore its name as 

the habitat of the rare Hlatine hexandra and Limosella 

aquatica. 

In 1855 Mr. Wilson’s ‘ Bryologia Britannica’ gave a 

still greater notability to the place by the record of several 

extremely rare mosses from thence—among others, of 

Physcomitrium sphericum, which is thus recorded by 

him :— 

“ On the dried mud of pools, Mere, Cheshire, September 

1834, W. Wilson; not found in any subsequent year; 

the only known locality in Britain.” 

The following are also recorded in the same work as 

occurring at Mere :— 

Phascum serratum Bp. 

say Sessile, 

»  rostellatum. 

I was led in 1864 by these various notices to commence 

a systematic and continuous exploration of Mere, with 

the view of discovering as many of the recorded mosses 

as might still exist there. Some of them being exceed- 

ingly minute, it has taken a considerable time to detect 

all; and it may be of service to other bryologists in the 

district to mention those which grow there at the present 

date, and also the nature of soil which they prefer. 

1. Physcomitrium sphericum. A careful search in 1864 

led to the rediscovery of this species in very minute quan- 
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tity ; in 1865 it was still more sparing (not above a dozen 

capsules) ; 1866 was so exceedingly wet a season, that the 

plant could not have come up at all; in 1867 it again oc- 

curred very sparingly; in 1868 it was plentiful, but de- 

stroyed by the autumn rains before much of the fruit had 

ripened; in 1869 again frequent, and would have been 

plentiful, but the autumn rains again destroyed it whilst 

the fruit was even more immature than in the preceding 

year; in 1870 very plentiful, and abundance of it has come 

to maturity. This moss a/ways grows on dried mud. 

2. Phascum serratum B is frequent every autumn on 

clay and sandy banks at Mere. It occurs quite frequently 

in cornfields at Bowdon, in damp seasons, coming up a few 

weeks after the corn has been cut. In cornfields at 

Bowdon its companions are Phascum muticum, Phascum 

alternifolium, and Pottia truncata, and very rarely Tri- 

chodon cylindricus. The latter never fruits in this dis- 

trict. 

3. Phascum nitidum, frequent every autumn at Mere, 

on clay and sandy banks; it occurs elsewhere about Bow- 

don on newly cut ditch-banks. 

4, Phascum rostellatum. On banks at Mere, with the 

two previous species, but much more sparingly. It has 

also been found in Sussex by Mr. Mitten, and was collected 

there again last year by Mr. Davies. It is one of the 

rarest of all the British mosses. 

5. Phascum sessile. Very rare at Mere. I collected it — 

in the autumn of 1869, and again in November 1870, in- 

termixed very sparingly among Phascum serratum, from 

which it is difficult to separate it, except with the aid of 

the microscope; with this it can be at once distinguished 

from that species by its longer, more rigid, almost 

entire leaves, with a very wide nerve. Phascum serratum 

has no nerve; and the leaves are spinulosely serrated. 

Phascum sessile was gathered in Sussex many years since ; 
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but I have not heard of its recent discovery, either there 

or elsewhere. It is one of the rarest British mosses. 

6. Phascum patens. On dried mud, almost every season, 

intermixed with Physcomitrium sphericum and usually much 

more plentiful than that species. This moss comes up in 

autumn in the Ashle district of Bowdon, although very 

sparingly, wherever an open drain has been cut in spring. 

It also springs up about Bollington, under the same cir- 

cumstances. 

7. Phascum cuspidatum. Ihave not yet found this at 

Mere ; but it comes up on banks on the Chester road, be- 

tween Bowdon and Bucklow Hill, when they have been 

newly made up, or plastered with mud from the road. 

8. Leskia polycarpa fruits freely about the roots of 

trees on the borders of Mere, both in autumn and spring. 

9. Hypnum riparium. <A very neat variety of this moss 

fruits in abundance in August and April on clay banks 

and at the roots of trees at Mere. 

HEPATICA. 

Riccia fluitans and crystallina are both frequent on 

dried mud at Mere, with Phascum patens &c., and both 

species fruit freely there. 

Numerous interesting flowering plants are also found, 

viz. :— 

Elatine hexandra, 

Limosella aquatica, 

Peplis portula, All plentiful on mud. 

Polygonum minus, 

Litiorella lacustris, | 

Carex vesicaria. Fringing the woods at the edge of the 

Mere. 

Scirpus acicularis. In vast quantity in sandy places. 

Carex Cideri. In stony and grassy places. ‘This is the 
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true Gideri, and very rare. I have only seen it elsewhere 

on the sands on the south side of Southport, where it is 

very abundant and luxuriant. It appears quite distinct as 

a species from C. flava (including C. lepidocarpa), with 

which it is often placed as a variety. 

Centunculus minimus. Frequent some seasons in the 

open pastures on the borders of the Mere. 

Mentha sativa. In ditches by the road-side, between 

Bucklow Hill and Mere Mere. 

te DT ae. | In thickets by the Mere. 
Rubus pallidus. 

Polygonum mite has been reported from Mere; but, 

after searching without success for it for several seasons, 

I can only suppose that some of the more luxuriant forms 

of P. minus frequent there have been mistaken for it. The 

seeds of P. minus, which are shining black, and only half the 

size of those of P. mite, afford the only safe distinction. 

V. The Tails of Comets, the Solar Corona, and the Aurora, 

considered as Electric Phenomena. Part I. By 

Professor OsBornE Rreynotps, M.A. 

Read November 29th, 1870. 

Aurnoven the tails of comets are usually assumed to be 

material appendages which accompany these bodies in 

their flight through the heavens (and the appearance they 

present certainly warrants such an assumption), yet this 

is not the only way in which these tails may be accounted 

for. They may be simply an effect produced by the comet 

on the material through which it is passing, an effect 
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analogous to that which we sometimes see produced by a 

very small insect on the surface of still water. We see a 

dark spot, and on looking closer we find a small fly or 

moth flapping its wings and creating a disturbance which 

was visible before the insect which produced it. 

There is nothing else that we can conceive their tails to 

be; so that they must be one or the other of these two 

things,—either 

(1) Material appendages of the nucleus, whether the 

material be limited to the illuminated tail or surround the 

comet on all sides—or 

(2) Matter which exists independently of the comet, 

and on which the comet exerts such a physical influence 

as to render it visible. 

Respecting the composition of these bodies Sir John 

Herschel says :—“ There is beyond question some profound 

secret and mystery of nature concerned in the phenomenon 

of their tails. Perhaps it is not too much to hope that 

future observation, borrowing every aid from rational 

speculation, grounded on the progress of physical science 

generally (especially those branches of it which relate to 

the etherial or imponderable elements), may ere long 

enable us to penetrate this mystery, and to declare 

whether it is matter in the ordinary acceptation of the 

term that is projected from their heads with such extra- 

vagant velocities, and if net impelled at least directed in 

its course by reference to the sun a as point of avoidance. 

In no respect is the question as to the materiality of the 

tail more forcibly pressed on us for consideration than in 

that of the enormous sweep which it makes round the sun 

in perihelio, in the manner of a straight and rigid rod, in 

defiance of the law of gravitation, nay, even of the received 

laws of motion, extending (as we have seen in the comets 

of 1680 and 1843) from near the sun’s surface to the 

earth’s orbit, yet whirled round unbroken: in the latter 
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case through an angle of 180° in little more than two hours. 

It seems utterly incredible that in such a case it 1s one 

and the same material object which is thus brandished. 

If there could be conceived such a thing as a negative 

shadow, a momentary impression made upon the lumini- 

ferous ether behind the comet, this would represent in 

some degree the conception such a phenomenon irresistibly 

calls up. But this is not all. Even such an extraordinary 

excitement of the ether, conceive it as we will, will afford 

no account of the projection of lateral streamers, of the 

effusion of light from the nucleus of the comet towards 

the sun and its subsequent rejection, of the irregular and 

capricious mode in which that effusion has been seen to 

take place, none of the clear indications of alternate eva- 

poration and condensation going on in the immense regions 

of space occupied by the tail and coma—none, in short, of 

innumerable other facts which link themselves with almost 

equally irresistible cogency to our ordinary notions of 

matter and force.” 

There can be no doubt that, if these tails are matter 

moving with the comet, this matter must be endowed with 

properties such as we not only have no experience of, but 

of which we can form no conception. This would almost 

seem a sufficient reason for rejecting the first hypothesis. 

Moreover, on the second hypothesis there is no difficulty 

in the immense velocity with which these tails are pro- 

jected from the head or whirled round when the comet is 

in perihelio; for, to take the “negative shadow” as an 

illustration, here we should have a velocity of projection 

equal to that of light, and the only effect of the whirling 

would be a slight lagging in the extremity of the tail, 

causing curvature similar to that which actually exists ; 

and whatever the action may be, if its velocity of emission 

or transmission be sufficiently great, this effect will be the 

same. But whether this hypothesis is to be rejected be- 
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cause involving assumptions beyond conception or con- 

trary to experience, must depend on the answers to the 

following question :—Do we know, or can we conceive, 

any physical state into which any substance which can be 

conceived to occupy the space traversed by comets could 

possibly be brought so as to make it present the appear- 

ance exhibited by comets? 

Now I think the answer must be in the affirmative, 

and that we may leave out the terms conceive and con- 

ceivable. For electricity is a well known state, and gases 

are well known substances; and when electricity under 

certain conditions, as in Dr. Geissler’s tubes, is made to 

traverse exceedingly rare gas, the appearance produced is 

similar to that of the comets’ tails; the rarer this gas 1S, 

the more susceptible is it of such a state; and, so far as we 

know, there is no limit to the extent of gas that may be so 

illuminated. Hence we may suppose the exciting cause 

to be electricity, and the material on which it acts and 

and which fills space to have the same properties as those 

possessed by gas. What is more, we can conceive the sun 

to be in such a condition as to produce that influence on 

this electricity which should cause the tail to occupy the 

direction it does; for such an electric discharge will be 

powerfully repelled by any body charged with similar elec- 

tricity in its neighbourhood. 

The electricity would be discharged by the comets on 

account of some influence which the sun may have on 

them, such an influence being well within the limits of our 

conception. 

The appearances of the comet in detail, such as the 

emission of jets of light towards the sun and the form of 

the illuminated envelope, are all such as would necessarily 

accompany such an electrical discharge. 

In fact, if the possibility of such a discharge is admitted, 

I believe it will explain all the phenomena of comets. 
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As to the possibility, or even the probability, of such a 

discharge, I think it may be established on very good 

grounds. 

The tails of comets may or may not be one with their 

heads ; but whichever is the case, it is certain that the 

difference in the appearance of comets and of planets in- 

dicates some essential difference either in the materials of 

which these bodies are respectively composed, or else in 

the conditions under which their materials exist. Now, 

~«from the motion of comets, we know that their heads fol- 

low the same laws of motion and gravitation as all other 

matter; and therefore we have good evidence, so far as it 

goes, that comets and planets are similarly constituted as 

regards materials. And since the appearance of a comet 

changes very much as it passes round the sun, any assump- 

tions with regard to the material of comets in order to 

account for their difference from planets would not ac- 

count for the variety of appearance the same comet pre- 

sents at different times. On the other hand the conditions 

of comets and planets must necessarily be very different, 

from the extreme difference in the shapes of the orbits 

they describe. Each planet remains nearly at a constant 

distance from the sun (whatever that distance may be), 

so that the heat or any physical effect the sun may have 

upon it will also be constant; on the comets its action 

must change rapidly from time to time, particularly when 

the comet is in certain parts of its orbit. Hence we may 

say that the temperature and general physical condition of 

planets is nearly constant, and that of comets, for the most 

part, continually varying. 

There is, too, a very remarkable connexion between the 

appearance of the comet and the rate at which the sun’s 

action on it changes. Herschel says :—“ Sometimes they 

first make their appearance as faint and slow-moving ob- 

jects, with little or no tail, but by degrees accelerate, en- 



COMETS, THE SOLAR CORONA, AND THE AURORA. 49 

large, and throw out from them this appendage, which in- 

creases in length and brightness till (as always happens in 

such cases) they approach the sun and are lost in his beams. 

After a time they again emerge on the other side, reced- 

ing from the sun with a velocity at first rapid, but gra- 

dually decreasing. It is, for the most part, after thus 

passing the sun that they shine forth in all their splendour, 

and their tails acquire their greatest length and develop- 

ment, thus indicating plainly the sun’s rays as the exciting 

cause of that extraordinary emanation. As they continue 

to recede from the sun their motion diminishes and their 

tail dies away, or is absorbed into the head, which itself 

grows continually feebler, and is at length altogether lost 

sight of.” 

Here, although unconsciously, Herschel has connected 

the increase of brightness with the increase of speed with 

which comets approach the sun, and the diminution in 

brightness with the diminution of the velocity with which 

they leave the sun. And although from Herschel’s remark 

just quoted it might be inferred that proximity to the sun 

is the cause of the increase of brightness, this is proved 

not to be the case; for (as in the case of Halley’s comet) 

when near its perihelion the tail sometimes dies away, and 

the comet shrinks. In such cases, when the comet is 

nearest to the sun there is no development of tail, which 

shows clearly that it is not the intensity of the sun’s rays, 

but the change in their intensity, that is the exciting cause 

of these extraordinary appearances ; so that there is no 

reason to suppose that a planet composed of the same 

material as a comet, no matter how close to the sun, would 

show a vestige of tail or other cometic appearance. 

It is, then, to this change in position that we must 

attribute those peculiar appearances which belong to 

comets. 

Now is not electricity the very effect which would 

SER. III. VOL. V. E 
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naturally result from such a state of change and variation 

in condition ? 

A. de la Rive remarks, “ Electricity is one of the most 

frequent forms which the forces of nature assume in their 

transformations.” It certainly often accompanies a change 

in temperature. There is every indication that it is so in 

our atmosphere ; for the times when its intensity is a max- 

imum are just after sunrise and just after sunset, both 

winter and summer. 

For these reasons it seems to me not only possible but 

probable that these strange visitors to our system are 

clothed in electrical garments with which the regular in- 

habitants are unacquainted. 

The electricity must after all depend on the composition 

of the comet; for known substances do not all show the 

same electrical properties. Hence, by assuming comets to 

be composed of various materials, we. have a source to 

which we can attribute the different appearances presented 

by the different individuals. To the same source we may 

attribute the irregularity in the direction of their tails, and 

the lateral streamers they occasionally send out. 

Secondly, I think this electrical hypothesis is supported 

by the, to me, seeming analogy between comets, the corona, 

and the aurora—an analogy which suggests that they must 

all be due to the same cause. They may be all described as 

streams of light or streamers, having their starting point 

more or less undefined, and traversing spaces of such ex- 

tent and with such velocities as entirely to preclude the 

possibility of their being material in any sense of that 

word with which we are acquainted. 

The aurora has long been considered an electric phe- 

nomenon ; and recently the same effect has been produced 

by the discharge of electricity of very great intensity 

through a very rare gas, there being no limit to the space 

which it will thus traverse. This being so, why should 
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not the tails of comets and the corona also be electric 

phenomena? Their appearance and behaviour correspond 

exactly with those of the aurora; and there is surely nothing 

very difficult in imagining the sun, which is the source of 

so much heat, being also the source of some electricity. 

Neither will there appear any thing wonderful in the elec- 

tricity of comets when we consider that of the earth. We 

must not look en our inability to explain the cause of such 

an electric discharge as fatal to its existence ; for we cannot 

any more explain the existence of the electricity which 

causes the aurora. If we cannot explain whence these 

electricities come, we can at least show that the con- 

ditions which are most favourable to the development 

of the aurora exist in much greater force on the comets 

than they do on the earth. The greatest development of 

the aurora borealis takes place at the equinoxes. There 

is a cessation in summer, and another in winter. Now 

the equinoxes are the times when the action of the sun on 

our northern hemisphere is changing most rapidly. Hence 

the condition favourable for the aurora is change in the 

action of the sun. The same thing is pointed out by the 

diurnal variation in the electricity of the atmosphere ; 

for, as has been already shown, the change in tempera- 

ture on the comets is mcomparably greater than it is on 

the earth, and its variation corresponds with the variation 

in the atmosphere of the comet. 

Angstrom has also shown that the light from the aurora, 

the corona, and the zodiacal light are all of the same cha- 

racter, or all give the same bright lines when viewed through 
the spectroscope, and that these lines correspond to the 

light from no known substance. This indicates that, what- 

ever this light may be, the incandescent material is the 

same in all cases; or may we not assume that it is the 

medium which fills space that is illuminated by the electric 

discharges? This would be supported by the fact that the 

E 2 
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light from the heads of two small comets indicated carbon, 

whereas that from the tails only gave a faint continuous 

spectrum. Foran electric discharge would first illuminate 

the atmosphere of the comet, or even carry some of the 

solid material off in a state of vapour, and then pass off to 

the surrounding medium; thus, while the spectrum from 

the head would be that of cometary matter, the tail would 

be due to the incandescent ether. 

I would here suggest that gas, when rendered incan- 

descent by electricity, may reflect light ; (it will certainly 

cast a shadow from the electric light ;) and if this be the 

case, part of the light from comets’ tails may after all be 

reflected sunlight. 

At any rate, it is certain that the appearance of streamers, 

the rapidity of change and emission, the perfect trans- 

parency, and the wave-like fluctuations which belong to 

these phenomena are all exhibited by the electric brush ; 

in fact the electric brush will explain all these appearances, 

which have defied all attempts at explanation on a material 

hypothesis. 

I have only to add that the main assumption involved 

in the electric theory is, that space is occupied by matter 

having similar electrical properties to those of gas; and 

I would ask, is it not more rational to make such an as- 

sumption than it is to attribute unknown and inconceivable 

properties to cometary matter ? 

Theories, even, if founded only on rational speculation, 

often, I believe, prove very useful, imasmuch as they 

afford observers a definite purpose in their speculations— 

something to look for, something to establish or to refute ; 

and I publish these speculations of mine at this particular 

moment in the hope that they may perchance serve such 

a purpose. 
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VI. The Tails of Comets, the Solar Corona, and the Aurora, 

considered as Electric Phenomena. Part II. By Pro- 

fessor Osporne Reynotps, M.A. 

Read February 7th, 1871. 

In the paper which I read before this Society on the 29th 

of November last, I endeavoured to show that it is pro- 

bable that these phenomena are a species of that action 

known as the electric brush, taking place in the medium 

which fills space, be it ether, or simply gas, or both. The 

reasoning I made use of was essentially a fortiori. I 

pointed to the fact that the electric brush as seen in the 

Geissler tubes exhibits similar appearances, and that at 

the times of greatest display on the part of comets and 

the aurora similar conditions are present, such as a change 

in the action of the sun, conditions which, to say nothing 

more, are favourable to electric disturbance. I purposely 

avoided all attempts to explain how the brush may be 

produced, feeling that it was sufficient to point to the 

aurora, which is universally admitted to be electrical, as 

a proof that such phenomena do exist, even if we cannot 

_ explain how. This proof, however, is perhaps not quite 

satisfactory. In order that it might be complete, the other 

phenomena would have to be produced in the same way as 

the aurora; and this, although possible,is not necessary. An 

assumption which is commonly made respecting the phe- 

nomena of the aurora cannot be made with respect to the 

others. This assumption assigns the two magnetic poles 

of the earth as the two electrodes between which the 

electric discharge takes place which forms the aurora 

borealis and the australis. If this assumption be main- 

tained, some other explanation must be found for the 

manner in which electricity may form the tails of comets 
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and the corona. It is quite clear that the tail of a comet 

cannot be due to a discharge between two electrodes 

situated on the comet itself. In the same way, from the 

position occupied by the corona, it can hardly be due to 

electricity passing between two electrodes on the sun. 

In fact, if a comet’s tail is electrical, it is due to a dis- 

charge of electricity of one kind or another from the comet, 

which for the time answers to one of the electrodes only. 

The same may be said of the corona and the sun. If we 

could observe the aurora from a point distant from the 

earth, it is very probable that we should find the same to 

be the case ; but whether this would be so or not, an as- 

sumption has been made as to the cause and nature of the 

aurora which will answer just as well for the corona and 

comets’ tails: itis, that the sun, acting by evaporation or 

otherwise, causes continual electric disturbance between 

the earth and its atmosphere, the solid earth being nega- 

tively charged and the atmosphere positively, and that the 

aurora is the reunion of these electricities taking place in 

the atmosphere. 

Now, as has been already said, this assumption will 

serve for the comets and the sun as well as for the aurora. 

If there is a continual electric disturbance between the 

sun and the medium in which it is placed, so that the sun 

becomes negatively and the medium positively charged, the 

reunion of these electricities would form the corona. It 

must not be supposed that I assume the sun to be a reser- 

voir of electricity which it is contimually pouring into space. 

I consider that the supply of electricity in the sun is kept 

up by some physical action going on between the sun and 

the medium of space, whereby the sun becomes negativery 

charged, and the medium positively. 

This may be well illustrated by reference to the common 

electrical machine: here the motion of the glass against 

the rubber causes the glass to become positively and the 
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rubber negatively charged ; and these electricities do not 

unite instantly there and then, but remain and accumulate 

in the respective bodies, until collected and brought to- 

gether again by the conductor. 

Assume, then, that the sun is im the position of the 

rubber, while the ether is in that of the glass; then the 

corona corresponds to the spark or brush which leaves the 

conductor. On the same assumption the negative elec- 

tricity of the comet would be more and more set free by 

the inductive action of the sun as the comet approached 

it, and would also be driven off by induction in a direction 

opposite to that of the sun—and, combining with the posi- 

tive electricity in the ether, would form the tail of the 

comet, in a manner analogous to that in which a native 

spark is given off by the lid of the electrophorus. 

I think that a rational account may in this way be given 

of the manner of the electrical action to which I have at- 

tributed these phenomena; but I do not consider that 

the probability of the truth of this electrical hypothesis 

depends on the value of such an explanation. It is an 

assumption, based on the manner in which it fits into its 

place and explains the appearances presented by these 

beautiful phenomena. 

Since this paper was written, my attention has been 

called to the fact that Mr. Richard Proctor has published 

‘views of these phenomena which somewhat resemble 

mine. He attributes them in part to electricity, and in 

part to meteors. There is, however, this fundamental 

difference between our views—that he regards the tails 

of comets as consisting of cometary matter, the difficulty 

of conceiving which was the origin of these speculations. 

Moreover I can conceive no electric discharge between 

two meteors without a medium between them; and if there 

is a medium, why is there any necessity for meteors? If, 

as I see good reason to suppose, gas, when glowing with 
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electricity, reflects or scatters rather than absorbs hght of 

the wave-length which it radiates, that portion of the 

coronal light which is polarized and assumed to be reflected, 

will be accounted for. I think that recent observations 

bave confirmed the probability of these speculations, inas- 

much as they have confirmed the facts on which these 

speculations were based. There is one point which has 

not been already noticed, but which seems to me to be of 

some importance. 

If the corona be an electric discharge, the electricity 

will be continually carrying off some of the elements of 

the sun into space, where they will be deposited and con- 

densed. May not this stream of matter be the cause of 

the existence of small meteors, and supply the place of 

those which continually fall into the larger bodies ? 

VIT. On the Rainfall at Old Trafford, and Comparison 

with the Averages of Twenty Years and Seventy-seven 

Years. By G. V. Vernon, F.R.A.S., F.M.S. 

Read before the Physical and Mathematical Section, April 25th, 1871. 

In a paper published in Volume I. of the Third Series of 

the Society’s Memoirs, I gave the rainfall for Old Trafford 

for the years 1850 to 1860, and I beg now to submit to 

the Society a continuation of the same down to the end of 

1870, making a period of ten years. 

The period 1850 to 1860 was unfortunately very incom- 

plete, owing to the month of August being deficient in the 

first six years of the period. The series I now submit is 

complete throughout the period of ten years. 
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In the first place I annex a comparative statement of 

the various periods. 

Month. 18 50—1860.| 1861—1870.| 1850-1870.| 1794-1870. 

in. in. in. in. 
NEED 5 ccs ecsws- snes. 2°778 2°659 2°719 2°505 
REOEUAPY «<cnccdsc.- 00 1°899 2°412 2°156 2°397 
7 es 1°925 2°356 2°131 2°297 
Ren iciweasccns se 1°348 1°983 I'9I5 2°03 
DEES elise Zac elaiws 1°808 2°112 1°953 2°316 
Se 3°310 2°286 2°798 2°683 
Eee oceinn ives esvss 2°869 2°547 2713 3°515 
September ...........3:.. 4°806 2°913 3°454 3°534. 
OMIA Ss caress cecnes 2°745 4°014 3°349 3°263 
oS ee 3°280 4191 3°785 3°3877 
MVOVEMIDEr ............... 2°611 3°245 2°928 3°814 
December ...........-... 2°786 3°34.7 3°053 3°307 

RE ot Fcc i covers. 32°665 34°165 32°954. 35°539 

This Table evidently points out the fact that the period 

1850 to 1860 was drier than the period 1860 to 1870, and 

would have shown it much more so if the observations for 

August had been complete during the earlier period, as 

the average of the 4 years 1857, 1858, 1859, and 1860 is 

quite an abnormal value, the rainfall in this month being 

excessive in each of these years. 

During the last ten years, the smallest amount of rain 

occurred in 1865, the amount being 29°389 inches, falling 

upon 164 days; the largest amount eccurred the following 

year, 1866, the amount being 43°169 inches, falling upon 

214 days. 

From the longer period of observations, 1794 to 1870, 

it seems to be quite well established that in this district 

the minimum rainfall occurs in April, and the maximum 

in October; and, but for the departure from symmetry 

in September, we should have a simple curve, with one 

maximum and one minimum. 

In October 1870, the largest fall of rain for the month 

occurred of any October between 1794 and 1870, and during 

* 1850 to 1860, four years only. 
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this entire period there were only two months approaching 

so large a fall, viz. July 1828, 11°280 inches, and August 

1799, 8740 inches. (Society’s Memoirs, 2nd Ser., vol. xv.) 

The summer months of 1868, 1869, and 1870 were ex- 

cessively dry. The four months of May, June, July, and 

August had a total rainfall of, 1868, 4-194 inches; 1869, 

7°612 inches; 1870, 4'997 inches; the average for 77 

years being 12'048, showing a very great falling off, espe- 

cially in 1868 and 1870. 

In trying to trace some law of periodicity in this long 

series of rainfall observations, I have not been able to find 

any defined period. 

Going back to 1786, it would appear from Mr. Walker’s 

rainfall returns, 1786-1793, that the heaviest rainfalls did 

not occur at the period of lowest annual mean temperature, 

but a few years later; but the irregularities are so great, 

that some other method must be adopted to reduce the 

irregularities of the temperature- and rain-curves for the 

year: perhaps taking five years’ means might enable a 

better comparision to be made; that is, the year itself and 

the two preceding and two following ones in each case. 

Rainfall at Old Trafford, Manchester. 

January. February. 

Differ. of Differ. of ||. . Differ. of |Differ. of | 
Rainfall. 

ede Lots 21 years. | 77 years. 21 years. | 77 years. | 

in. in. in. in. in. ee 9 
1861 | 07388 | —2°931 | —2.117 || 27522.) --O300 |" -O tea, 
1862 17896 |) —0°823 | —0°609)|| 07958. || 17-198) | 17499 | 
1863 | 4425 | +1°706| +1°920|| o941 | —1'215| —1°456| 
1864 1684 | —1°035| —o'821 |} 4:027 | +1°871} +1°630 | 
1865 Z:°112 | +0°393'| +-0°607 | »2°357 | ozoly —o-o40) 
1866 |* 3°252 | +-0°533} +-:0°747 || 2°983 | --0327 +0586 

1867 | 3°270 | +0°551) +0°765|| 2°930 | +0°774). +0°533 | 
1868 | 2°746 | +0°027/ +0241 2114 | —0°042| —0°283) 
1869 | 2°686 | —0°033]| +0'181]|| 4436 | +2°280| +2039 | 
1870 3131 | +0°412| +0°626|| 0356 | —1I°300) —1"541 | 

Means.| 27659 2°719 27509 |) Sole 2°156 2°397 
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Rainfall at Old Trafford, Manchester. 

March. 

Differ. of (Differ. of | 
Year. | Rainfall. ax yours. \77 years. 

in. 
1861.| 4°143 
1862.| 3°669 
1863.| 0804 
1864.| 2°o11 
1865.| 1674 
1866. 27168 
1867.| 1°446 
1868.| 3°999 
1869.| 1°270 

; 1870.| 2°378 

ecuaaiy ae 2°131 | 2°297 || 

May. 

Year. | Rainfall. Dutter. of 
21 years. 

in. in. 
1861.| 0°734 | —1°219 
1862.) 4°470 | +2°517 
$s03.| §°724 | —0o'229 
1864.; 3°175 | +1'222 
1865.| 39187 | +1°134 
1866.| 1°540 | —0'413 
1867.| 1°950 | —0°003 
1868.| 0872 | —1°081 
1869.| 2°726 | +0°773 
1870.| 0°746 | —1°'207 

Means.| 2°112 1'953 

in. 
+2°012 

+1°538 
—1°327 
—0O'I20 

—0'457 
+0°037 
—o0'685 
+1°868 

+0°039 
+0°247 

April. 

Rainfall. Differ. of Differ. of 
21 years. |77 years. 

in. in. in. in. 
+1°846 || 2426 | +o°511) +0°395 
+1°372 || 2°717 | +0°802| +0°686 
—1°493 || 1°391 | —0524| —o*640 
—o°286 || 1°602 | —0°313| —0'429 
—0°623 || 17082 | —0833|) —o'949 
—O'129 || O'299 | —1°616| —1°732 
—o'$51 4323 +2°408 |} +2°292 

+1°702 || 1°676 | —0°239} —0°355 
—1'027|| 2°096 | +0181 | +0°065 
+o'081 ane | +0°302} +0186 

1°983 | 1°95 2°031 
| 

June. 

Differ. of Rainfall. Differ. of | Differ. of 
77 years. 21 years. | 77 years. 

i. yxi| “Me in. in. 
—i°582|| 2412 | —o-386) —o'271 

+2°154)) 3072 | +0274} +0°389 
—o'gg2)) 4631 | +1°833| +1°948 
+0°859 2°945 +0147} +0°262 

—-0;572'|| (9°O§7 | —isqn| 25726 

—0°776}) 3°975 | +1:177| +1°292 
—o°366 || I°591 | —1°207| —I‘og2 
—1°544.|| 0368 | —2°430| —2°315 
+o'410 || 17122 | —1°676| —1°561 
—1'570|/ 1°790 | —1°008| —0°893 

2°316|| 2°286 2°798 2°683 
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Rainfall at Old Trafford, Manchester. 

July. August. 

. Differ. of | Differ. of : Differ. of | Differ. of 
Year. | Rainfall. 21 years.|77 years. Rainfall. 14 years. 177 years. 

in. in, in. || in. in. in. 
1861.| 3°646 | +0°933| +0°131|| 2°232 | —1°222| —1°g02 
1362.| 4°527 | +1°814| -+-T°012|| 2°350 | —1rt04| —1184 
1863.| 1°630 | —1°083] —1°885 || 5°027 | +1°573| +1°493 
1864.| 1°687 | —1°026| —1°828|| 2°367 | —1°087| —1°167 
1865.| 2°996 | +0°283} —o'519|| 3°840 | +0°386| +0°306 
1866.| 4°309 | +1°596| +0°794|| 57119 | +1°665| +1°585 
1867.| 4°284 | +1°571| +0°769 I°410 | —2°044| —2°124 
1868.| 0454 | —2°259| —3°061|| 2°500 | —o7954] —1°034 
1869.| 1131 | —1°582| —2°384|| 2°633 | —o°821] —ovgor 
1870.} o809 | —1°904| —2°706|| 17652 | —1°802| —1°382 

Means.| 2°547 2°713| 3°515 || 2°913 3°454| 3°534 

September. October. 

Veee | Banc. Differ. of |Differ. of Rainfall. Differ. of | Differ. of 
21 years.| 77 years. 21 years.| 77 years. 

in. in. in. in. in. in. 
1861 4°050 | +0°701 |} +0°787 1°230 | —2°555| —2°647 

18 2.| 4°998 | +1°649| +1°735|| 57035 | +1°250| +1°158 
1863 5°559 | +2°210| +2°296]| 6:242 | +2°457| +2°365 
1864.| 4°009 | +0°660} +0°746|| 1°908 | —1°877| —1°969 
1865.| 06 6 | —2°683| —2°597/| 5:005 | +1°220] +1°128 
1866.| 7128 | +3°779| +3°865 || 2°521 | —1°264|] —1°356 
1867.| 2°990 | —0°539| —0'273 3°979 | +0194] +0°102 
1868.| 1°760 | —1°589| —1°503]| 4°505 | +0°720| +0°628 
1869.| 6°320 | +2°971| +3°057]| 3119 | —0°666| —o°758 
1870.| 2°657 | —0°692| —0°606|! 3°363 | +4°578| +4°486 

Means.| 4°014 3°349 3°263 || 4191 3°785 3°877 
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Rainfall at Old Trafford, Manchester. 

November. December. 

: Differ. of | Differ. of : Differ. of |Differ. of 
Year. | Rainfall. 21 years. | 77 years. oo 21 years.| 77 years. 

in. in. in. in. in. in. 
1861.| 3878 | +0°950} +0°064|| 2°066 | —o'987| —1'241 
1862.| 17685 | —1°243]| —2°129|| 3°221 | +0°168| —0'086 
1863.| 2°902 | —0°026}] —o'g12]|| 3°064 | +ororr| +0°057 
1864.| 3°255 | +0°627| —0°559|| 1°970 | —1°083] —1°337 
1865.| 2°770 | —o'15§8| —1:044]|| 0°743 | —2°310| —2°564 
1866.| 5°721 | +2°793| +1°907|| 4°154 | +1101 | +0°847 
1867.| 2°431 | —0'497| —1°383]|| 3°975 | +0°922| +0°668 
1868.| 3°108 +0180] —0'706 8°123 +5°070| +4°816 
1869.| 4284 | +1°356| +0°470|| 3°623 | +0°570| +0°316 
1860.| 2°420 | —o°508|} —1°394]| 2°532 | —o°521| —0°775 

Means} 3'245 2°928| 3°814|) 3°347 3°053|  3°307 

Yearly fall. 

in. days. in. days. 
ESO! ...... ZOTLT os. 199 £866 3, hc. 43°19 VA. 214 

HAG? 6.205% 395595) fess. 218 E867 25 345579) -di cee 188 

BA63) 0.05. 38°340 215 3868 32325 SEIZES... 188 

ly 307640 %...:. 171 FSGO), 50: 25°4A6)...20. 197 

1865 oa ¢ > eee 164 ESO a cares ZOS SE ssnce 155 

VIII. Contributions to our knowledge of the Antimony 

Oxychlorides. By Writtiam Carteton WILLIAMS, 

Dalton Scholar in the Laboratory of Owens College. 

Communicated by Professor Roscoz, F.R.S. 

Read October 17th, 1871. 

PHosPHORUS OXYCHLORIDE, PO Cl,, having been prepared 

by heating together one molecule of phosphorus pentoxide 

with three of pentachloride, it appeared not unlikely that 
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a similar reaction might occur with antimony, giving rise 

to the missing oxychloride corresponding to the phos- 

phorus compound above mentioned. 

The following investigation was undertaken at Dr. 

Roscoe’s request, with the view of elucidating the above 

reaction, as no oxychlorides derived from the pentachloride 

have as yet been described. 

A mixture of one molecule of antimony pentoxide 

(prepared by heating the pentachloride with water) with 

three molecules of the pentachloride was heated for some 

hours in sealed tubes to 140° C. On opening the tube 

after cooling, it was found to contain, besides unchanged 

pentachloride and pentoxide, two distinct solid crystalline 

compounds. When the pentoxide prepared by the action 

of nitric acid on the metal is heated with the pentachloride 

in a similar way, no oxychloride is formed. 

One of these compounds fuses at 85° C. to a clear yel- 

lowish liquid, whilst the other, produced only in small 

quantities, is found in minute yellowish crystals adhering 

to the top of the tube; and these fuse at a higher tempera- 

ture. In order to obtain the first of these substances in 

a pure state, it is sufficient to place the tube upright in a 

vessel of water at 90°, with the empty end downwards ; 

the fusible oxychloride then melts, and collects as a per- 

fectly clear yellowish liquid; after cooling, the tube is 

opened ; and the small quantity of residual pentachloride 

having been poured off, the solid mass is dried on a porous 

plate over solid caustic potash in vacuo. ‘The oxychloride 

thus obtained is a perfectly white crystalline substance, 

exceedingly hygroscopic, so that when exposed to the air 

for a few minutes it becomes a pasty mass which rapidly 

changes to a liquid. It readily dissolves in an aqueous 

solution of tartaric acid; whilst it is decomposed by water, 

and is perfectly insoluble in carbon disulphide. The melt- 

iny-point of the substance is 85° C., as a mean of well- 
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agreeing determinations made with four different prepara- 

tions. When heated in a retort until it boils, chlorine gas 

is evolved, and, whilst pentachloride and trichloride of 

antimony distil over, a residue of antimony pentoxide re- 

mains in the retort. A modification of Rose’s well-known 

method of precipitation, first as insoluble antimoniate of 

soda, and then as antimony sulphide, was employed for the 

determination of the antimony. The precipitated sulphide 

was (1) oxidized to Sb, O,, either by treatment with pure 

fuming nitric acid, or by heating with from ten to twenty 

times its weight of pure mercuric oxide; and (2) the sul- 

phide was completely reduced to metallic antimony by 

heating gently in 4 current of hydrogen until sulphuretted 

hydrogen ceased to be evolved. In the estimation of chlo- 

rine, it was found that, when silver nitrate is added to a 

solution of an antimony oxychloride acidified by nitric 

acid, a small trace of antimony is invariably carried down 

with the silver chloride. In order to free the precipitate 

from antimony, the silver chloride is first heated gently in 

a current of hydrogen, when the silver is reduced; and on 

stronger ignition, the whole of the antimony is volatilized 

as the hydrogen compound. Thus 1°'277 grm. of an 

alloy, containing 2°5 parts of antimony to 97°5 parts of 

silver, was found to lose on heating in hydrogen 0°0321 

grm., corresponding to 97°48 per cent. of silver. 

The accuracy of each of the above methods was tested 

by determining the percentage of antimony and chlorine 

in pure antimony trichloride, the results agreeing closely 

with each other and with the theoretical composition. The 

objection to Schaeffer’s method of decomposing the oxy- 

chloride by boiling with a solution of sodium carbonate is, 

that the precipitated oxide of antimony being in a very 

finely divided state, a portion of it 1s apt to pass through 

the filter on washing. 

The following are the results of analysis made with three 
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specimens of the oxychloride, melting at 85°, which were 

prepared on different occasions :— 

(A.) Antimony-determinations. 

Pp nice Weight of | Total wt. |Do. taken} « 9 | Percent. 
Te se thod, | Substance | sulphide |for oxida-] ¢- > 4! of 
y °*| taken. |+sulphur.| tion. * | antimony. 

No. 1. 1 0.9940 1°416 1°2980 | 0°500 43°47 
INio2 4x2 its 0°4455 0°299 02460 | 0°2005 | 43.34 
No. 2. ai: 0°2490 0168 0°1240 fee 43-37 

meta 
No. 2. 2. 0°6225 0°483 0°3070 | O'172 43°47 
No. 3. ag 0°4630 0°345 o°2815 | 0°2085 | 43°67 

Mean of five antimony-determinations, 43°46 per cent. Sb. 

(B.) Chlorine-determinations. 

The chlorine was estimated (1) in the tartaric acid solu- 

tion of the substance by the method above described, and 

(2) in the filtrate after precipitating the antimony with 

sulphuretted hydrogen. 

Weight of | Weight of | Wt. of AgCl) 4 Percent. 
hela substance | AgCl pre-| taken for | »°°4 of 

ey taken. cipitated. | reduction. oune- | chlorine. 

I. 0°3975 o°881 0°348 0°6370 54°72 

a p51 tI) 0°758 0°714. 275959 54°88 
ss 0°3630 0°796 ©'606 3G) ces) at: 54°65 
2. 0°7385 176325 (oo) (mm mene eee 54°71 
oi 0°3630 0°798 6006.00) ANE: 54°79 

Mean of five chlorine-determinations, 54°75 per cent. Cl. 

The simplest formula which agrees with these results is 

Sb, Cl,,O, or three molecules of pentachloride in which 

two atoms of chlorine are replaced by one of oxygen. 

Calculated. Found. 
ANGIMONY *..:..+.<-.0. 43°39 as:sceeene aa O 

Chlorine” .... sce SAO 7 seers a7 5 
Oxyeen eit: 55-305... 1°90 — 

That this is a definite compound, and not a mere mix- 

ture of pentoxide and pentachloride (Sb, O, +14 SbCl,), 

is evident from the fact that the latter substance is not 
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dissolved out by washing with carbon disulphide. The 

calculated percentage of pentoxide contained in this com- 

pound is 7°68; on heating 2°517 grms. of the oxychloride 

in a tube retort, a residue of 01799 grm. of pentoxide 

remained, corresponding to a percentage of 7°14. 

The second oxychloride formed by heating the mixture 

of one molecule of pentoxide and three of pentachloride, is 

produced only in small quantities, as yellowish crystals. To 

obtain it in the pure state, that portion of the tube in which 

the substance is found is cut off, and, after the tube has been 

resealed, it is placed in a slanting direction in a vessel con- 

taining water heated from 85° to go®. The Sb, Cl,, O melts 

and runs down, leaving the other less fusible oxychloride 

behind; this is then dried on a porous plate in vacuo over 

solid caustic potash. 'T'wo determinations showed that the 

melting-point of this substance is 95°°5 C. On analysis, the 

following results were obtained :— 

(A.) Antimony-determinations. 

Weight of 
Prepara- substance Percentage 

tion. Method. taken. of antimony. 
No, 1. ie 0°8170 gave 0.5534 Sb, O,. 53°66 
No. 2. i: 0°4225 gave 0°3245 sulphide, oe 

of which 0°2972 gave 0'2656 Sb, O,. i = sy 

Mean of two antimony-determinations 53°89 Sb. 

(B.) Chlorine-determinations. 

(Chlorine precipitated in filtrate from antimony-determination. ) 

Prepara- maa Weight of | Weight of | Percentage 
Bang te eke Ag. of chlorine 

" taken. a 8: ; 

-: o°1240 o°1645 0°0135 36°48 
UE 0°2385 0°34.50 0°0060 36°61 
Be 0°2850 0°4050 o°0140 36°77 
2. 0°1676 0°2370 0°0008 36°49 

Mean of four chlorine-determinations 36°58 Cl. 

SER. III. VOL. V. F 
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The simplest formula agreeing with these numbers is 

Sb, 0, CL, or three molecules of antimony pentachloride 

in which four atoms of oxygen replace eight of chlorine. 

Calculated. Found. 

Antimonyesi ees SiGA Mi aaeoie sais 53°89 

Chlorine mee seecaes BG O20.» soeema staan: 36°58 

ORV GEN: wate.acc.axsr sone 9°44 — 

100°00 

From the above results it is clear that the simple reaction 

by which phosphorus oxychloride may be formed is not re- 

produced under similar circumstances in the antimony 

series, but that this element, in agreement with its general 

deportment, gives rise to more complicated compounds. 

The oxychlorides derived from antimony trichloride have 

been frequently examined; the results of the analysis of 

powder of algaroth made by different investigators vary 

considerably ; and Sabanejeff has recently shown that these 

differences are probably due to the presence in the sub- 

stance of antimony trichloride in varying quantities. This 

impurity he gets rid of by washing the oxychloride, ob- 

tained by the action of a large excess of water on the 

trichloride, with ether or carbon disulphide, in which the 

trichloride dissolves. In this way he obtains a compound 

having the constant composition Sb, Cl, O,, or two mole- 

cules of trioxide, in which one atom of oxygen is replaced 

by two of chlorine; whilst a simpler monoxychloride, 

Sb OCI, is prepared by acting with only from 2 to Io 

molecules of water on the trichloride; but this, on 

treatment with ether or carbon disulphide, loses tri- 

chloride and yields Sb, Cl, O,, thus :— 

5 Sb O Cl=Sb Cl, +Sb, Cl, O,. 

The results of my experiments lead me to the conclusion 

that the body obtained by the action of boiling water on 
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the trichloride does not possess the composition Sb, Cl, O,, 

but consists of ten molecules of this mixture and one of the 

trichloride, which latter, however, can be removed by wash- 

ing with either carbon disulphide or ether. Antimony-deter- 

minations in two preparations gave (1) 75°45 per cent. Sb, 

(2) 75°88 per cent. Sb; corresponding chlorine-determina- 

tions gave (1) 12°43 per cent Cl, (2) 12°49 per cent. Cl. 

Hence we have 

Calculated for Cale. for 

10 Sb, Cl, O; +Sb Cl,. Sp, Cl, O;. Found. 

yee eae iy ee eas flac ly Meade Soe 75°66 

ee porga: | dks due ss chee TG ee eee ae 12°46 

BE hw nisin i SOS his J sG.on oy 12°52 ae 

By acting upon 15 parts by weight of antimony trichloride 

with 1 part of trioxide in a sealed tube, Schneider (Pogg. 

Ann. vil. 407) obtains a crystalline oxychloride, to which 

he assigns the formula 7 Sb Cl,.SbOCIl. Repeating 

Schneider’s experiments, I obtained a pearl-grey crystal- 

line mass melting at 72° C., the melting-point of the 

trichloride. When acted upon by absolute alcohol, it 

yields powder of algaroth (Sb, Cl, O,) ; and its composition 

appears to be even more complicated than that assigned to 

it by Schneider. 

Antimony-determinations in two specimens gave (1) 

54'24 per cent. Sb, (2) 54°16 per cent. Sb; whilst the cor- 

responding chlorine-estimations were (1) 45°69, (2) 45°87, 

instead of 55°08 per cent. Sb, and 44°62 per cent. Cl, 

required by Schneider’s formula—but agreeing with the 

formula Sb,5Cl,sO, which requires 54°2 per cent. of anti- 

mony, and 45°35 per cent. of chlorine. 

The differences here found between the substances as 

prepared by Schneider and myself may arise from the 

admixture of antimony trioxide with the oxychloride in 

the former preparation. When the tube in which the 

substance has been prepared is placed in an upright posi- 

F2 
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tion and allowed to cool, the undissolved oxide sinks to 

the bottom of the tube; but on still further cooling, when 

the contents of the tube are about to solidify, the oxide 

rises from the bottom and mixes with the oxychloride. To 

obtain the substance perfectly free from the undissolved 

oxide, the contents of the tube are gently heated, and, 

when the finely divided oxide is deposited, the clear liquid 

oxychloride is drawn off with a pipette. 

IX. Arsenic in Pyrites and various Products. By H. A. 

Smiru. Communicated by Professor Roscogz, F.R.S. 

Read April 4th, 1871. 

THE presence of arsenic in the various kinds of pyrites used 

for the production of sulphuric acid has been a great draw- 

back to manufacturers from its first introduction, and has 

prevented the use of this mineral to the extent it might 

otherwise have attaimed. 

The arsenic, difficult to get md of commercially, passes 

from the pyrites to the sulphuric acid, from the acid to the 

products in the manufacture of which the acid has been 

employed, its presence alone preventing their use in very 

many cases. 

In the analyses I have seen given of pyrites the amount 

of arsenic present seems very trivial; and, mdeed, had the 

specimens analyzed been fair samples of the general ores 

supplied to manufacturers, there would be little or no 

necessity for complaint. The difference existing between 

the, amount of arsenic in pyrites obtained by laboratory 

analysis and that found in practical working led me to 

—— a a ee 



PYRITES AND VARIOUS PRODUCTS. 69 

make the following series of experiments. These enable 

us also at the same time to see whether the methods of 

analysis usually employed are sufficiently accurate for the 

purpose. 

The difference between my results and those generally 

given was so enormous, that it was only after many repe- 

titions that I could believe those now given to be correct. 

The numbers, however, obtained in the laboratory have 

been borne out in a great measure by the amounts of 

arsenic obtained in the manufactured products, the per- 

centage of arsenic in the latter being evidently out of all 

reasonable proportion to the percentages given in published 

analyses of the pyrites itself. The results are arranged in 

three Tables. 

In Table I. Part 1 is given the analyses of various spe- 

cimens of pyrites; these are extracted from Richardson 

and Watts’s ‘Technology.’ In Part 2 my own analyses 

are given in full of a few specimens of the same species 

of ore. | 

Table II. gives the amount (percentage) of arsenic in 

a certain kind of pyrites, in the sulphuric acid manu- 

factured from it, and in the various products in the 

manufacture of which the sulphuric acid has been used. 

Also the amount of arsenic in the chamber- and flue- 

deposits. 

Table III. is calculated from Table I1., giving the 

amounts in a manner more useful for practical purposes. 

In order to obtain a proper sample, a good deal of care 

was taken to get what might be considered a fair average 

of the ore. 

Forty specimens of the pyrites to be examined were 

taken from various parts of the lode; these were reduced 

to a fine powder, intimately mixed and dried. A portion of 

this was weighed out for analysis ; I then concluded that 

the sample might be considered a very tair average one. 



70 MR. H. A. SMITH ‘ON ARSENIC IN 

The pyrites used for the analyses given in Table II. was 

the Hard Norwegian. 

Before going further I may mention that the methods 

of analysis employed were as follows :— 

A weighed quantity of the ore was fused with three 

parts of pure carbonates of soda and potash, and one part 

pure nitrate of potash, for about ten minutes. The addi- 

tion of chloride of sodium was, I found, perfectly unneces- 

sary for the estimation of the arsenic. The residue was 

then boiled well with water and filtered; the insoluble por- 

tion was again treated in the same manner, and the filtrate 

from it added to that of the former. This filtrate’ was care- 

fully evaporated to one quarter of its bulk, and the arsenic 

determined by two separate methods,— Ist, by precipitation 

as tersulphide of arsenic; and, 2ndly, as the arseniate of 

ammonia and magnesia, both dried on a weighed filter. 

The methods of analysis of the products obtained from 

the sulphuric acid were simply modifications of this process, 

the unnecessary portions being omitted. 

The numbers given in Part 1 of Table I. show, I think, 

a little anomaly at the outset. As in practice we find that 

the great difficulty a manufacturer has to contend against 

in burning pyrites is the arsenic, he will naturally prefer 

the ore with the least objectionable matter present. Here 

we find four species with only a “ trace” of arsenic present, 

and one with actually “none.” I do not think manufac- 

turers, as a rule, would run so much against their own 

interests as to use a pyrites containing arsenic when they 

could buy another kind free from it; but, according to 

this analysis, they must make a great error, as I believe 

there is a pretty fair demand for both Belgian and West- 

phalian pyrites, and that even Spanish finds ready cus- 

tomers, although the Norwegian is said to be free from 

arsenic impurity. Iam afraid we must lay this fact not 

altogether to the stupidity of the manufacturers, but partly 
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to the fault of the analysts. It was with this idea that I 

worked out Part 2 of the same Table, which I think some- 

what explains the fact. 

The difference in the numbers found is certainly large ; 

but, as I said before, I find them borne out im a great 

measure by other analyses which I will shortly mention. 

The purest pyrites is the Belgian, containing only 0°9437 

per cent. As; but this carried along with it the very great 

inconvenience (which also became an expense) that, in 

breaking for the kilns, a large amount of “ smalls ” accumu- 

lated; and it was therefore put aside so as to make room 

for that containing the next smallest amount of arsenic, 

the Hard Norwegian, which had the great advantage of 

making little or no “smalls.” This contained a decidedly 

larger amount of arsenic than the last, namely 1°6490 per 

cent. As. The increase found by laboratory analysis was 

also corroborated by the practical working. 

In Table II. I have endeavoured to show how this 

amount of arsenic is distributed among the separate pro- 

ducts of manufacture. 

After this pyrites (Norwegian), containing originally 

1°649 per cent. As, has been burnt in the kilns, we find the 

amount reduced to 0°465 per cent. As, leaving thus 1°184 

per cent. As to be accounted for. As is naturally expected, 

the greatest quantity of this finds its way into the sulphurie 

acid, the amount there present being 1°051 per cent. As; 

so that 0°133 per cent. As has been lost between the kilns 

and the chamber. 

In a flue leading from the kilns to the lead chamber 

a yellowish white, partly crystalline, deposit was found, 

consisting of arsenious and arsenic acids mixed with 

sulphur in a viscous state. This, on analysis, gave 46°360 

per cent. of arsenic. Unluckily this number becomes 

of very little use to us here, as this was a flue that had 

been im use for a very long time; so that we have an 
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accumulated deposit from which we can procure no rela- 

tive numbers. 

In the chamber itself we find another deposit having 

here and there beautifully regular crystals, mostly showing 

transparent elongated prisms, evidently of arsenic acid. 

On analysis this deposit gave 1°857 per cent. of As, there 

being present besides large quantities of silica and other 

insoluble impurities. I am sorry that the observation 

applied to the previous deposit must also be applied to 

this, that it has accumulated too long for any useful num- 

bers to be got from it. However, this shows us so far 

where the amount of Arsenic missing in the Sulphuric 

acid has been collected. 

In regard to the products in the manufacture of which 

Sulphuric acid has been used, we come first to Hydrochloric 

acid. Of eight analyses, the mean obtained is o'6gr per 

cent. As. Considering the amount in the Sulphuric acid, 

this number is comparatively small. I have not been able 

- to examine any of the coke in the condensing-towers ; but 

I there expect to find a good deal of arsenic collected, as 

we find only 0-029 per cent. As left in the sulphate of soda. 

I have also made a few analyses for arsenic of the gas 

escaping to the chimney from the reverberatory furnace ; 

but the numbers I do not give at present, hoping to have 

a more extended series shortly. 

In some samples of soda waste, the production of which 

I did not see, there was found nearly half a per cent. of 

arsenic, or 0°442 per cent. This, however, can explain 

nothing relating to the former numbers, as it came from 

different manufactories. Still it shows how persistently 

arsenic sticks to the products, and how difficult it is to get 

rid of it. 

In twelve analyses of carbonate of soda got from six dif- 

ferent places of manufacture I was unable to find a trace of 

arsenic; still I do not feel at all confident on this head, and 
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expect that I may still come across some specimens con- 

taining at least a “ trace.” 

Some samples of Sulphur recovered by Mond’s process 

gave avery large amount of arsenic, 0°7002 per cent. ; but 

this was before it had undergone the process for purification, 

as I have since had some prefectly free and pure. 

Taste III. 
Tons. Ton As. 

100 Hard Norwegian pyrites (Table I.) contain, before burning 1°649 

” %) %» » after burning 0'465 
Tons. 

100 Hard Norwegian pyrites make 140°875 H. SO,, containing 1°481 

140°875 Sulphuric acid make ......... 1049 HCl a 0°724 

+ 4: " 20412 Na, SO, . 0°059 

In this Table I have given the numbers on a practical 

scale, so that one may see the amount of impurity we have 

to deal with. Viewed in this way it looks really serious. 

In every 100 tons of pyrites we have 12 ton of arsenic, and 

nearly half a ton left in the burnt residue. The difference, 

or I ton, spreads itself through the whole process of soda- 

making. 

If the arsenic is to be expelled at all, it must be ex- 

pelled from the sulphuric acid. In some places this is 

already in operation; but this process always carries with 

it the other great inconvenience, not only to ourselves but 

to our neighbours, of the disagreeable smell of sulphu- 

retted hydrogen. In some places in Germany, in the 

Hartz &c., I believe they clear the acid by simply passing 

this gas through it; it is, however, difficult to imagine how 

this can possibly be remunerative. However, this is one of 

the many open questions in alkali manufacture the working 

out of which will be a gain to the manufacturer. 

Arsenic is not only an expensive impurity to the manu- 

facturer, extending itself to the products, but it also acts 

upon the nitric acid in the lead-chamber. 
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It is a common thing in Sulphuric-acid manufacture to 

find the acid which has passed through the Gay-Lussac 

tower of a deep red colour. This has been referred to the 

presence of the lower oxides of nitrogen, their presence 

being explained by the fact that the mixture of nitrate of 

soda and sulphuric acid, used for the production of nitric 

acid, has been heated to too high a temperature; this may 

be one good reason for it, but I think the arsenic must 

also come in for a share of the blame. The arsenic is 

expelled from the pyrites as arsenious acid, and, coming in 

contact with the nitric-acid gas, is oxidized and converted 

- into arsenic acid, always causing, of course, a loss of nitric 

acid, and in part a conversion of it into the lower oxides of 

nitrogen. That such happens I have no doubt, as in the 

deposit formed in the chamber I found clear and perfect 

crystals of arsenic acid. 

But this seems like getting up a case of prosecution 

against arsenic, and enumerating and multiplying the evils 

manufacturers have to fight against. Whether greater 

evils be found out or not, they have their work before them 

in discovering methods of getting rid of their persistent 

enemy. 

X. A Study of certain Tungsten Compounds. By Henry 

E. Roscoz, B.A., Ph.D., F.R.S., Professor of Che- 

mistry in Owens College, Manchester. 

Read January 23rd, 1872. 

THe formule of the tungsten compounds, the atomic 

weight of the metal, and even its elementary nature are 

subjects upon which, for many years, serious doubts have 
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been expressed. Thus, Persoz (Ann. Ch. Phys. [4] i. p. 93) 

comes to the conclusion that the atomic weight of tungsten 

and the formula of its highest oxide are not 184 and WO, 

respectively, as generally adopted, but that the metal is to 

be considered as belonging to the arsenic group, having an 

atomic weight of 153, and forming a pentoxide and a 

pentachloride known as the tungstic series, together with 

a lower series of compounds which correspond to the 

lower arsenic compounds*. This supposition of Persoz’s, 

whilst unsupported by sufficient experimental evidence of 

its own to attract much attention from chemists, and con- 

tradicted by the important fact of the normal atomic heat 

of the metal corresponding to the old atomic weight, has 

never been satisfactorily proved to be incorrect, and has 

received a certain amount of corroboration from the sub- 

sequent vapour-density determinations of the chloride of 

tungsten published by Debray (Compt. Rend. Ix. p. 820, 

1865). In this research Debray shows that the vapour- 

density of tungstic chloride, taken in mercury and sulphur 

vapours, is 168°5 (H=1), the normal density for WCl, 

(W= 184) being 198°5, whereas that for Persoz’s tungstic 

chloride, TuCl, (Tu=153), is 165, and therefore closely © 

corresponds to the experimental density. 

In order to clear up these questions, a thorough in- 

vestigation of the chlorides and oxychlorides of tungsten, 

together with the corresponding bromine and iodine com- 

pounds, appeared before all things necessary. 

Preparation of Metallic Tungsten.—Tungstic acid was 

first prepared by decomposing 2 kilogs. of the commer- 

cially pure tungstate of soda with hydrochloric acid. The 

precipitated tungstic acid was repeatedly washed by decan- 

* At a later date (Bull. Soc. Chimique, 1364, il. p. 188) MM. Persoz (pére 

et fils) even state that they have succeeded in separating from the crude tung- 

states several radicals, giving rise to acids possessing different properties and 

different compositions. 
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tation, the mass being heated by steam, and the rapid 

settling of the precipitate bemg brought about by the 

plentiful addition of sal-ammoniac. After compiete wash- 

ing, the acid, drained on a Bunsen’s filter, was mixed with 

excess of strong ammonia, which converted it completely 

into white ammonium salt. This was then dissolved in 

water, and the solution filtered and concentrated, when 

several crops of needle-shaped crystals were obtained. 

Care must be taken in the last crystallization to prevent 

(by the addition of strong ammonia) the formation of flat 

scales of a double tungstate of sodium and ammonium, 

which yields, on heating, an impure greenish acid. 

The crystals of ammonium tungstate were then converted 

into tungstic anhydride by strong ignition in access of air. 

This oxide possesses a bright canary-yellow colour, and be- 

comes dark orange on heating. A very slight admixture of 

sodium-salt imparts to the oxide a greenish tint, which no 

amount of oxidation can remove ; it also becomes greenish 

on exposure to light. 

The metal was prepared by igniting the tungstic anhy- 

dride, contained either in a platinum or in a porcelain 

tube, to bright redness in a current of dry and purified 

hydrogen. The metal powder thus prepared possessed a 

light grey bright metallic lustre; on oxidation it gained 

26'r per cent., that required by W=184 to WO, being 

26°09 per cent. 

Three determinations of the specific gravity of the metal, 

prepared on two different occasions, gave :— 

Preparation A, specific gravity in water at 12°0 ............ 19‘261 

%9 0» 3 fc eee ere 19°213 
Preparation B, 3 M Chia, acer Sli 18°950 

or mean specific gravity, referred to water at 4°, 19°129. 

This number is considerably higher than that found by 

previous observers. 
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THE CHLORIDES OF TUNGSTEN. 

_ 1. Tungsten Hexachloride, WCl\s.—In the preparation 

of this chloride in the pure state it is absolutely necessary 

to exclude every trace of oxygen or of moisture. For this 

purpose the pure metal must be burnt in a current of per- 

fectly dry and air-free chlorine, otherwise some red oxy- 

chloride is invariably formed ; and this cannot be separated 

from the chloride, owing to the slight difference existing 

between their boiling-points. 

Metallic tungsten takes fire at a moderate heat in dry 

chlorine, and the action goes on by itself until all the 

chlorine disappears. In order to obtain the hexachloride 

in quantity, the metal was first ignited in a current of dry 

hydrogen, then the hydrogen in the whole apparatus was 

displaced by a current of dry carbonic-acid gas, and, lastly, 

air-free chlorine was substituted for the carbonic acid, and 

the tube or retort heated moderately. At the commence- 

ment of the operation a slight sublimate of red needle- 

shaped crystals of the oxychloride is frequently formed, 

owing to the unavoidable presence of traces of oxygen; but 

this is easily driven to the end of the tube beyond the 

point at which it is intended to collect the hexachloride. 

On raising the temperature of the metal, a granular sub- 

limate of dark violet opaque crystals of the hexachloride 

makes its appearance. Prepared in quantity, the hexa- 

chloride collects as a dark blackish-red liquid. In order 

to saturate this liquid, it was slowly distilled in a current 

of chlorine, by which means any traces of red oxychloride 

were got rid of. 

The dark violet crystals decrepitate on cooling, and the 

mass can thus be easily transferred to the tube in which it 

is sealed up. When pure, the solid hexachloride does not 

undergo any change even in moist air; but in presence of 

the slightest trace of the red oxychloride it at once absorbs 
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moisture, evolving copious fumes of hydrochloric acid, and 

the colour changing from a violet to a greenish brown. 

Water does not act upon pure hexachloride of tungsten in 

the cold; but, on boiling, the decomposition into tungstic 

acid and hydrochloric acid occurs. If, however, oxychlo- 

ride is present, the red needle-shaped crystals at once 

become yellow, or, if an impure mass is employed, the 

whole is suddenly decomposed by cold water into a green- 

ish oxide. ‘Tungsten hexachloride dissolves readily in dry 

carbon disulphide, forming a dark brown solution, from 

which the substance is deposited in six-sided plates; but, 

as the oxychloride is likewise soluble in this liquid, this 

mode of preparation was not adopted. One of the tubes 

in which the crystals thus obtained had been sealed, ex- 

ploded with a loud report cn opening with a file, the crys- 

tals suddenly assuming the condition of the decrepitated 

chloride. On decomposing the hexachloride with water, 

a small quantity of chlorine is invariably retained by the 

tungstic acid even on repeated distillation with water ; 

and, in order to obtain the whole of the chlorine, it was 

found necessary to reduce the oxide to metal. The ana- 

lysis was therefore carried out as follows :—the pure chlo- 

ride was weighed in a porcelain boat, then carefully covered 

with water, and the boat and contents quickly introduced 

into a combustion-tube already fitted to a gas-furnace. 

A current of purified hydrogen was delivered at one end 

of the combustion-tube, whilst the other was connected 

with a bent tube dipping into a flask containing water for 

the absorption of the hydrochloric acid. On gently heating 

the fore part of the tube (the greatest care being necessary 

to avoid spirting), the chloride is converted into the yellow 

oxide, which, after beimg perfectly dried, is gradually heated 

to as high a temperature as the tube will stand. The tung- 

sten is thus obtained in the metallic state and the chlorine 

as hydrochloric acid, which is estimated with silver. 
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The following six analyses were made from six different 

preparations :— 

Analyses I. and II. Substance distilled three times in 

chlorine over charcoal. 

Analysis III. A large quantity of chloride was boiled 

in a retort whose neck dipped under mercury until no 

more red oxychloride could be seen to come over. Still 

this residue contained a trace of lower chlorides, as it 

rapidly decomposed on addition of cold water. 

Analysis IV. No. III. was twice redistilled in chlorine 

and again treated in a retort as before. The substance 

still contained traces of lower chloride, as it was decom- 

posed by cold water. 

Analysis V. Prepared by burning pure metal in dry 

chlorine and redistilling. | 
Analysis VI. Residual chloride left from a vapour-den- 

sity experiment of the material No. IV. 

Analyses of Tungsten Hexachloride, WC\lg. 

qr, if. LAae 
Weight of chloride taken ............... 2°1974 15719 2°0284 

tungsten obtained ............ 1‘O117 0°7321 0°9508 
= silver chloride ..............- 4°7654. 3°3941 4°3467 

Percentage of tungsten .................. 46°04 46°57 46°87 
sy GEOPUNE S9 hsie < ae'nnca. as’: 53°64 53°42 53°01 

99°68 99°99 99°88 
IV, V. VI. 

Soe aa Page Ey. 
Weight of chloride taken ...... 14185 1°3744 08443 1°6678 o'9210 

- tungsten trioxide .. 0°8036 O°9757. "O"5423 
ds silver chloride ...... 3°0540 1°8220 19823 

Percentage of tungsten ......... 46°37 — 46°39 46°69 
% chlorine ......:.- 5326 —— 5339 — 53 22 

99°63 99°78 99°91 

Calculated. Mean foun. 
Ponesten, W = 1384...........- 46°35 46°49 
enlormme, Cl —29g.....2....5 53°65 59°42 

397 T00'0O 99°81 

SER. III. VOL. V. G 
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The exact determination of the melting-pomt of the 

hexachloride is attended with some difficulty, as the lique- 

faction takes place gradually, and the smallest trace of oxy- 

chloride depresses the melting-point down to about 180°C., 

that given by the older observers (180° Forcher, 183° 

Cahours). A mean of several determinations of the pure 

substance gave the number 275° C. (corrected) as the true 

melting-point, and 270° (corrected) as the point of solidi- 

fication. The constant boiling-point of the liquid was found 

to be 346°7 (corrected) under a barometric pressure of 

759°5 millims. 

The vapour-density of tungsten hexachloride was deter- 

mined (1) in sulphur-vapour at 440°, and (2) m mercury- 

vapour at 350°. As the hexachloride always leaves, on 

distillation, a small quantity of solid residue, the substance 

was distilled (either in a current of carbonic acid or of 

chlorine) into the heated bulb from a smaller one attached 

to it, according to the method employed by me in the 

determination of vapour-density of vanadium tetrachloride. 

The narrow neck of the bulb was kept open by inserting a 

platinum wire; and, after the sulphur or mercury had been 

boiling for some minutes, the neck was sealed. 

Determinations of Vapour-density of WCl, in Sulphur- 

vapour at 440°. 

i its ite, 

Weight of bulb and air ...... 22°7797 14°5806 21°8781 germs. 

Barometer ys cocoons ses aeeen 756° 7 755°4 7554 

‘Temperature _......-sscae0g-2+*- 1A) 14° iar 

Weight of bulb and vapour, 

sealed at 440° C. ......... } agiebes 1479652 22°3135 grms. 

Baromeser > Pec cscsnsaccona-horns 761°0 755°4 755'4 

Capacity of bulb ............... 193°63 84°25 97°36 

Residual MIF s3 ocho ete. 0°20 ¢.¢.T 0°42 c.c.f 0°94. c.c.t 

Hence vapour-density (H=1) 167°8 169°7 163°8 

* Coefficient of expansion of glass, 0°00003. 

t At 16° and 633 millims. t At 14° and 640 millims. 
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Giving a mean of 168°8 as the density for 440° C.; whilst 

the calculated density is 198°5. This closely corresponds 

to Debray’s experimental number of 170. 

Determination of Vapour-density of WCl, in Mercury- 

vapour at 350°. 

As there is only a difference of 3° between the boiling- 

points of the hexachloride and of mercury, a condensation 

of the substance in the neck of the bulb may possibly 

have occurred, although there was no indication of this 

having happened. In a third experiment the number 

199 was obtained ; but in this case a distinct residue was 

noticed, the chloride not having been redistilled in the 

usual way from the small bulb, and this determination 

is therefore omitted. 

i. Ii. 
Weight of bulb and air ...... 23°9960 13°6360 grms. 

MPAPOMCUOE. 2 se oes 758°5 756 

oe 20° 20° 

Weigteatvant rar | asaoyo tas ems 
Parometer  :............. SAC 758°5 756 

Senacity of bulb*.....:..:...... 1932 8277 

Hence vapour-density (H=1) 190°7 IgI'2 

Giving a mean vapour-density of 1g0°g at 350°, instead of 

198°5 as calculated from the fermula. 

The fact of the alteration of the vapour-density from 

Igo at 350°, or only 3° above the boiling-point, to 167 

at 440°, shows pretty clearly that the anomalous vapour- 

density is to be ascribed rather to dissociation than ex- 

plained by Persoz’s suggestion of an error existing in the 

atomic weight of the metal, according to which the 

atomic weight is five-sixths of 184, and the chloride is 

supposed to be TuCl,, requirmg a vapour-density of 165°4. 

* Expansion of glass not allowed for. 

«2 
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This conclusion is fully borne out by further experiments 

detailed in the sequel*. 

The residual hexachloride remaining in the bulb exhibits 

the same properties, and analysis shows that it possesses the 

same composition (see Analysis No. VI.) ,as the original sub- 

stance; and there is no trace of free chlorine found in the cold 

bulb, nor does the vapour of the WC], appear to change its 

peculiar dark red colour at any higher temperature to which 

it was exposed even when mixed with chlorine or carbonic 

acid. On treating the residue with water, a difference 

between its behaviour and that of the original hexachloride 

could, however, be detected, as it yielded an oxide which 

was not perfectly yellow, but had a greenish colour, showing 

the existence of traces of oxides lower than WO,, although 

present in too small quantities to affect the results of the 

analysis. 

In order to ascertain whether the gaseous hexachloride 

is decomposed at high temperatures, a portion of this chlo- 

‘ride was distilled upwards for several hours in a current of 

dry carbonic acid. A continuous liberation of chlorine 

was clearly shown to occur by passing the exit gas through 

a solution of potassium iodide from which considerable 

quantities of iodine were set free. The residual chloride 

was tested for lower chlorides of tungsten by titrating 

a weighed quantity with standard permanganate, which 

readily oxidizes the blue oxide formed by the action of 

water on the pentachloride into tungstic acid (W,0,+0O 

= 2WO,)...1°2237.erm. of the: residual chomde, deco- 

lorized 0°7 cub. centim. of a standard solution, of which 

I cub. centim. corresponds to 0001278 grm. oxygen. 

This quantity is required for the conversion of 0°0404 

* R. Rieth (Ber. Deutsch. Chem. Gesellschaft, 1870, p. 666) determined 

the vapour-density of “ Wolfram chlorid,” showing that it contained 187 

of metal instead of 184. There is nothing to prove whether the body thus 
examined was the hexa- or pentachloride. 
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grm. of WCl,; so that the residual chloride contained 3°3 

per cent. of pentachloride. In a second experiment about 

6 grms. of the hexachloride were distilled upwards in a 

current of carbonic acid for eighteen hours; 3°9763 grms. 

of this residue were oxidized with water, sulphuric acid, 

and permanganate, when 17 cub. centim. of the standard 

solution were needed. This corresponds to 0°0217 grm. 

oxygen, or to 0°9806 grm. of WCI, oxidized, or the residue 

contained 24°6 per cent. of the pentachloride. The penta- 

chloride treated in a similar way yields no free chlorine, 

and therefore does not undergo a similar decomposition at 

high temperatures. 

2. Tungsten Pentachloride, WCl,=361°5.—On distilling 

the hexachloride in a current of hydrogen, a reduction 

always takes place. If the temperature is kept but little 

above the boiling-point of the hexachloride the dark red 

colour of the vapour is seen to vanish, and a light greenish- 

yellow coloured vapour makes its appearance, which soon 

condenses either to black drops or long shining black 

needles. After two or three distillations in hydrogen, a 

pure volatile product is obtained. It is, however, more 

convenient to reduce at a higher temperature; and in this 

case the loss of chlorine goes further than one atom, and 

the distillation is repeated in hydrogen until a solid 

residue of a lower non-volatile chloride remains, showing 

that all the hexachloride has been decomposed. The 

mixture of chlorides thus obtained is then redistilled in 

a current of dry carbonic acid, when pure pentachloride 

comes over. 

Tungsten pentachloride crystallizes in long, black, 

shining crystals; if condensed in fine powder its colour is 

dark green, and the crystals also yield a green powder like 

potassium manganate when finely divided. The penta- 

chloride is exceedingly hygroscopic, the solid becoming 

instantly covered with a dark golden-green film on exposure 
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to air, and small particles being immediately converted into 

drops.. The crystals do not decrepitate on cooling, like 

those of the hexachloride. On treatment with larger 

quantities of water the pentachloride forms an olive-green 

solution, although the greater part is at once decomposed 

into the blue oxide and hydrochloric acid. With carbon 

disulphide a deep blue solution is formed ; but the chloride 

is only slightly soluble. 

The analyses were made as described under the last 

compound, except that the water needed for the decom- 

position was placed in a separate boat, from which it was 

distilled on to the one containing the chloride in a current 

of hydrogen; this was necessary, owing to the violent 

action of water upon the pentachloride. 

Analyses of Tungsten Pentachloride, WC\,. 

I, if. nae 

Weight of chloride taken ...... 0°8973 1'0781 0°7007 

tungsten obtained... 0°5488 

tungsten trioxide ... 0°5758 

. silver chloride ...... 2°1262 1°3831 

Percentage of chlorine ......... 48°78 48°38 

a tungsten ......... 50°8g 50°90 

Calculated. Mean found, 

Tungsten, W =184_ ......... 50°89 50°90 

Chiorime 40), 17755 ae 49°11 48°58 

361°5 100°00 99°48 

Tungsten pentachloride melts completely at 248° and 

solidifies (as a mean of several determinations) at 242° C. 

(beth corrected) ; and it boils at 275°°6. 

The vapour-density of tungsten pentachloride was deter- 

mined in sulphur-vapour at 440°, and in mercury-vapour 

at 350°. 
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Vapour-density of WC1, at 440° C. 

I. it, LM 

Weight of bulb in air ......... 19°4245 19°5200 19°6395 grms. 

OL) 772 770 769 mm. 

BPRDOTAGITD |... 225 -t + 00-0002 14° na 42°C, 

Weight of bulb and vapour, \ 
oy ee ES SES jon a7 paae Fae GF 

Capacity of bulb*............... 106'02 93°76 110°58 cc. 

Hence vapour-density (H==1) 186-4 186°5 185°7 

Vapour-density af WC1, at 350° C. 

{, II. 

Weight of bulb in air ......... 25°7517 25°8148 grms. 

go 755°S 755°5 mm. 

PSMA POTALUTC... 02.22 <scscae sores rg°"s ry eC. 

Weight of bulb and vapour... 26°5370 26°3300 grms. 

Capacity of bulb ©............... 134°3 90°69 c.¢. 

Hence vapour-density (H=1) 179°9 175°6 

The formula WCl, requires a density of 180°7; hence 

the density in the case of this compound is normal, the 

mean experimental number being 182°8. 

3. Tungsten Tetrachloride, WCl, = 326.—The tetra- 

chloride forms the non-volatile residue formed in the dis- 

tillation of the hexachloride in hydrogen. In order to 

obtain it in a pure state, the mixture of the two higher 

chlorides is distilled at a low temperature (best in a bath 

of sulphuric acid) in a current of dry hydrogen or carbonic 

acid, and the volatile pentachloride distilled back again 

once or twice over the residue to saturate the lower 

chlorides or metal, which are always formed, up to the 

tetrachloride. 

The tetrachloride of tungsten is a loose, soft, crystalline 

powder of a greyish-brown colour. It is highly hygro- 

scopic, but not so much as the pentachloride, and it is 

partially decomposed by cold water into brown oxide and 

hydrochloric acid, and also forms a greenish-brown solu- 

* The residual air was not measured; expansion of glass not allowed for, 
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tion, which is rather more stable than the green solution 

of the pentachloride in water, but which in course of time 

deposits insoluble oxide. On evaporating the solution in 

vacuo traces of a crystalline body were obtained. The tetra- 

chloride is non-volatile and infusible under ordinary pres- 

sure; but it is decomposed on heating into pentachloride, 

which distils off, and a lower dichloride, which remams 

behind. On heating in hydrogen at a temperature above 

the melting-point of zine the tetrachloride is reduced to 

metallic tungsten, some of which is deposited as a black 

tinder-like powder, undergoing spontaneous ignition on 

exposure to the air. 

Analyses of Tungsten Tetrachloride, WC\,. 

i ie Tif, ry, 

Weight of chloride taken ... 1°0100 06402 074830 10804 grms. 

i. tungsten obtained 0°5715 02780 

ke tungsten trioxide 0°4632 0°7845 

: silver chloride .... —— 0°8344 1°8239 

Percentage of tungsten ...... 56°58 57°38 57°55 57°58 

75 chlorine ...... ed a 42°73 41°76 

Calculated. Mean found. 

Tungsten, W =184...........- 56°45 57°22 

Chlorine, Cl \— 42.7 -<.-2-.0-- 43°55 42°24 

326 100°00 99°46 

The want of exact agreement with the calculated num- 

bers probably arises from the facts (1) that, in the first 

reduction of WCl,, some metal or the lowest chloride is 

formed which is not entirely reconverted into WCl,, and 

(2) that if the temperature used for the reduction of the 

pentachloride be ‘a little too high, some dichloride is 

formed. 

4. Tungsten Dichloride, WC\,=255.—This body is ob- 

tained in light grey crusts by reducing the hexachloride at 

Iugh temperatures in hydrogen. It can be best prepared 
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by heating either the non-volatile residue or the pure tetra- 

chloride in a current of carbonic acid. For this purpose 

the temperature of a moderately hot zinc bath was found 

convenient; if a higher temperature be used metallic 

tungsten is produced. 

The dichloride is a non-volatile loose grey powder with- 

out lustre or crystalline structure. It alters perceptibly 

on short exposure to the air, and dissolves slightly in water, 

forming a brown solution ; the remainder is converted into 

brown oxide, a slow evolution of hydrogen taking place. 

Analyses of Tungsten Dichloride, WC1,. 

Weight of chloride taken ...... 0°7553 1°7258 grms. 

i tungsten obtained ... 0°5590 1'2419 

silver chloride ...... 0°7595 1°9429 

Percentage of tungsten ......... 74°04 71°96 

a chlorine ......... 24°86 27°84 

Calculated. Found. 

muneaton, W = 184.....000000. IZ15 73°00 

Chlorine, Cl 77... .e..c 05.8 27°85 25°35 

255 100°00 93°35 

For analysis the dichloride was placed in a boat and 

converted into WO, by passing hydrogen saturated with 

nitrous fumes over it. In this process the formation of 

some quantity of a white sublimate was observed, which 

on examination proved to be ammonia salt formed by the 

reducing action of the dichloride on nitric acid, thus :-— 

W, Cl, + HNO,+3H,O0=W, 0,4+4HCI+NH,. 

Experiments made in the endeavour to prepare the chlo- 

rides WCl, and WCl were unsuccessful. 

5. Tungsten Oxychlorides.—The monoxychloride, WC1,0O, 

and the dioxychloride, WC1,0,, have been already tolerably 

fully studied by Bloomstrand and Riche; nevertheless we 

find that Persoz doubts the existence of these well-charac- 
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terized compounds*, and Debray, obtaining abnormal 

numbers for the vapour-density of the monoxychloride, is 

unable to explain the cause of his results. 

The splendid, red, needle-shaped crystals of the mon- 

oxychloride are best obtained by passing the vapour of a 

chloride over heated oxide, or dioxychloride, in a current 

of chlorme. The crystals melt at 210°4 (corrected), and 

solidify at 206°7 C.; when heated more strongly, the 

liquid boils at 227°°5 (corrected), forming a red vapour, 

rather lighter coloured than that of the hexachloride. On 

repeated distillation over red-hot charcoal in a current of 

chlorine the hexachloride is formed. On exposure to air 

it becomes at once covered with a yellow crust of tungstic 

acid, from which it is difficult to obtain it quite free. 

Analysis gave :— 7 
Calculated. Found. 

Tungsten, W  2.5..Apee--..-- 53°80 53°89 

Chiorimtes Clie tse es enres 41°52 7 os 

Oxygeny O...feiglcofat ys: 4°68 Sos 

Debray (Compt. Rend. lx. p. 820) determined the vapour- 

density of the monoxychloride in sulphur-vapour to be 148 

(H=1), whereas the calculated density is 171. It appeared 

therefore of interest to repeat this determination. 

Vapour-density of WCl,O in Sulphur-vapour. 

I. 1. 

Weight of bulb in air ......... 21°6315 20°5745 grms. 

Barometer usc ..So5'n052-eeeceene cake 754 761 mm. 

Weihperatumre . este: tess Seeks i i Aen Ge 

Weight of bulb and vapour, \ Be donor 
GAB O LC aera re eee ; : 

Capacity of bulb. ..............- 142'73 £97335, Cc, 

Hence vapour-density (H=1) 17173 171-7 

* “Te tungsténe, pas plus que le phosphore, n’engendre d’oxychlorure. 

Les composés que l’on a ainsi désignés sont des combinaisons en proportions 
définies, mais variables, d’acide anhydre avec le chloride correspondant.”— 
Comptes Rendus, lvii. p. 766. 
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Vapour-density of WCl,O in Mercury-vapour. 

F, II. 

Weight of bulb in air ......... 22°634.5 24°1850 grins. 
ao) a ee ee 764. 767 mm. 

PU PUIGORADUTE 1.05.1... aseresson 10° 10° GC. 

Weight of bulb and vapour, | ; ; 

2 LogEc ae ale ete ie POETS: SNA erases 

Capacity of bulb ....:.......2.. 89°45 FO7 70s 

Hence vapour-density (H=1) 175°8 170°2 

Hence it appears that the vapour-density of tungsten 

monoxychloride has the normal density. 

The Dioxychloride, WC1, O,, is best prepared by passing 

chlorine over the brown dioxide. Combination takes place 

at a moderate heat, the oxide becoming covered with a 

whitish crust, which, on increase of temperature, distils 

off without melting, condensing in small square scales of a 

whitish-yellow colour. The dioxychloride volatilizes at a 

temperature near to a red heat, with partial decomposition. 

The crystals are infusible, and are not acted upon by moist 

air or cold water. Even when boiled with water the di- 

oxychloride is not completely decomposed, the unaltered 

substance being volatilized on evaporation; and in the 

analysis, in which moist hydrogen is passed over the sub- 

stance, great care has to be taken to prevent loss by volati- 

lization of the compound. If the. metal only is to be 

determined, the oxychloride may be dissolved in ammonia, 

and the solid mass ignited when WO, is left. 

The following were the results of the analyses :— 

Calculated. Found. 

Panenten $s. i..h.c water: 64°32 64°11 

AT OGINE i 9: «5.53 eee 24°31 24°74 

25.27 | Rs BA Ir 37 

100700 

The vapour-density of the dioxychloride could not be 

determined, as at 440° C. the contents of the bulb remained 

liquid. 
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BROMIDES OF TUNGSTEN. 

Bromine-vapour, or, more conveniently, carbonic acid 

saturated with bromine, acts rapidly on red-hot tungsten, 

forming dark bromine-like vapours, which condense to a 

crystalline sublimate. Especial precautions, similar to 

those necessary in the preparation of the chlorides, must 

be employed with the bromides, as the oxybromide formed 

in presence of air or moisture possesses very nearly the 

same colour as the bromide, and therefore the detection 

of an impurity is not so easy as in the case of the 

chloride. 

1. Tungsten Pentabromide, W Br,=584.—By the action 

of excess of bromine on tungsten, a penta- and not a 

hexabromide is obtained; indeed the pentabromide itself 

evolves bromine on standing, showmg that it is an un- 

stable compound. Thus prepared, and distilled in excess 

of bromine, the pentabromide forms dark crystals having 

a metallic lustre, not unlike those of iodine; these melt at 

276° C. (corrected), and solidify at 273°, and the substance 

boils at 333°. The pentabromide is at once decomposed by 

excess of water into the blue oxide of tungsten and hydro- 

bromic acid, and immediately undergoes decomposition on 

exposure to moist air. On distillation, a small quantity of 

a lower non-volatile bromide remains behind; and this 

explains the slightly too high percentage of metal found in 

the analysis. 

The body employed in Analysis I. was obtained directly 

by the action of bromine on the metal ; for Analysis No. II. 

the same body was employed after it had been heated for 

eighteen hours at 100° with excess of bromine, and this 

distilled off at a low temperature. The analyses were con- 

ducted as described for the chlorides, except that the hydro- 

bromic acid and free bromine evolved were passed into a 

solution of sulphurous acid. . 
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I. Tf. 

Weight of bromide taken ...... 1°3750 1°6200 

7 tungsten obtained ... 0°4570 O°5144. 

ee silver bromide ...... 2°0956 2,633 

5 metallic silver ...... rove) ©: ae O01 72 

Percentage of tungsten ......... 33°24 31°75 

" bromine) .....s«5. 65°56 69°93 

Calculated. Found. 

Tungsten, W =184 ......c0000e 3I°St 32°49 

Smsroulne, BY. —400 . ......s...0 68°49 67°74 

584 100°00 100'23 

Reduction of Pentabromide in Hydrogen.—When penta- 

bromide is strongly heated in a current of hydrogen, the 

metal is reduced in the form of a fine black powder, which 

takes fire spontaneously on exposure to air; so that the 

complete reduction of the bromides takes place much more 

readily than in the case of the corresponding chlorides. 

If the pentabromide be treated with hydrogen at 350° 

for several hours, the resulting substance (which is not 

homogeneous) consists of hard black crusts covered with 

a velvety substance. It is scarcely acted upon by water, 

and on analysis gave the following percentages :— 

i II. ists 
Percentage of tungsten ..... ang A559 44°48 45°35 

Be UFEMING. {3....<. — — 50°30 

~The percentage of tungsten agrees nearly with that 

needed for the formula WBr,; but that of the bromide is 

too low, owing to admixture of oxybromide. 

2. Tungsten Dibromide, WBr,=344.—This mixture, 

_when heated in a bath of fused zinc-chloride in a current of 

hydrogen, gave off a large quantity of volatile bromide and 

oxybromide, leaving a residue of a bluish-black velvety 

colour. This latter substance is WBr,, tungsten dibro- 

mide. The dibromide is decomposed by water, forming 

a brown solution with evolution of hydrogen. Acted on 

by nitric acid, tungsten trioxide is formed and bromine 
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evolved ; and when the vapour of the same acid is passed 

over the heated body, the formation of an ammonium salt 

was observed as in the case of the dichloride. 

Analysis No. I. was made from a portion of substance 

which was partially oxidized, Nos. II. and III. from a 

purer preparation. 

Analyses of Tungsten Dibromide, W Br,. 

i AT: PT. 

Weight of substance taken ...... 0°6354 1°1874 08040 

65 tungsten obtained ... 0°3261 076149 

5 tungsten trioxide . 0°5374 

‘d silver bromide ...... 0°6287 1°3112 

ds SILVER tease eestor 0'0260 070068 — 

Percentage of tungsten ......... Br732 51°78 53°01 

3 bromine; .<esa8.. 45°12 47°41 

Calculated. Mean. 

Tungsten, W = 184. ..0.,-c..0 53°49 52°03 

Bromine, Br,=160 ©............ 46°51 46°26 

344 100°00 93°29 

OXxYBROMIDES OF TUNGSTEN. 

1. Tungsten Monoxybromide, W Br,O.—This substance 

is formed, together with the dioxybromide, by acting on a 

heated mixture of equal parts of metal and tungsten di- 

oxide by bromine. It forms in brownish-black, crystalline, 

shining needles, which are easily fusible, and can be sepa- 

rated from the dioxybromide by gentle sublimation, when 

the latter compound remains behind. The monoxybromide 

melts at 277°, and boils at 327°°5 (corrected), and is readily 

acted on by water. 

The preparation used for Analyses I. and IT. contained 

a small quantity of dioxybromide. 

1 i WE IIT. 1¥a 

Weight of substance taken ... o'9980 1°1985 1°2218 1°7388 

" tungsten found ... 0°3665 0°4419 
tungsten trioxide... 

3 silver bromide...... a 1°6683 

silvers deco hs: eS 0°0163 — 0°01 30 

0°5624 —- 
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nL, ET. III. Ly, 

Percentage of tungsten......... 36°72 36°37 36°50 —_-- 

5 bromine .22//.?. 60°25 61°83 

Calculated. Found. 
Toursten, W 184 *..........- 35°38 36°69 

Bromine; Br,= 320. ........ succes OMP5A 61°04 

Oxygen, O = 16 w.eccin gs5- 1 ¢Zi08 

520 _ 100°00 

2. Tungsten Dioxybromide, WBr,O,.—This compound 

is formed on passing bromine-vapour over red-hot tungsten 

dioxide, or (together with the monoxybromide) by passing 

the vapour of the pentabromide over tungsten trioxide. 

The light, reddish-brown coloured vapours of dioxybro- 

mide easily condense to dark, reddish-brown coloured, well- 

formed crystals and crystalline crusts, which, on cooling, 

form light red, transparent crystals, yielding a yellow 

powder. The crystals do not melt, but volatilize at a 

temperature near to a red heat. On resublimation, a par- 

tial decomposition occurs, a small quantity of tungstic 

oxide remaining, and a sublimate of the two oxybromides 

bemg formed, from which the more volatile monoxybro- 

mide can be expelled by agentle heat. The dioxybromide 

is not acted upon by water. In the following analyses, 

the metal was estimated by dissolving the substance in 

ammonia, evaporating and igniting with access of air; the 

bromine was determined (collecting the hydrobromic acid 

formed) by passing hydrogen over the heated substance in 

a boat ; a partial volatilization occurs, but the volatile por- 

tion is completely decomposed in the red-hot part of the 

tube. , 
i, TT: ELT. Ey: 

Weight of substance taken ......... 1°I550 0°9910 1°0077 0°7692 

s tungsten oxide obtained 0°6265 0°4.760 
x silver bromide............ I'1080 0°9889 oe 
a ERM hehe sa. ae cerca! O°O131 —— — 

Percentage of tungsten............... 49°27 49°07 
~ ronnie sg -2)...0.-00. 41°65 42°46 
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Calculated. Found. 
Tunpsten, W = 3784. oc .sevesens 48°94 49°18 

Bromine, r,-=160 ~ 122... .2.<- 42°55 42°05 

Oxypen, sO, i= 142-ok. oe ee 8°51 

376 100°00 

TopipE oF TUNGSTEN. 

On passing iodine-vapour, together with carbonic acid, 

slowly over metallic tungsten heated to redness, a very 

small quantity of soft scaly crystals, having a greenish me- 

tallic lustre, is found to sublime near the heated part of 

the tube. The same substance is formed (but also only in 

very small quantities) when iodine-vapour is passed over 

the heated brown oxide, or a mixture of a metal and an 

oxide. The product was analyzed by passing air over the 

heated iodide, when it is readily converted into tungstic 

trioxide, iodine being volatilized. The sublimed iodine 

was dissolved in sulphurous acid solution, and the iodide 

of silver ultimately converted into silver chloride. 

Substance taken (. o.-silvasc:nsen sen: onlaias. 0°9142 
Tungsten trioxide obtained ............... 0°4953 
il vere orig ics. 5... ctsoca suse acne patos 075850 

Calculated, WI,. Found. 

Hence tungsten, W=184 ............ 42°01 42°95 

3 'aodine, Pi Scents. ie 57°99 56°64 

438 100°00 99°59 

The iodide is infusible, and cannot be redistilled with- 

out decomposition ; it is not immediately acted upon by 

water. 

Atomic WEIGHT oF TUNGSTEN. 

1. By reduction of Tungsten Trioxide.—The difficulty 

of obtaining perfectly pure tungstic acid, and the effect 

impurity produces on the atomic-weight determinations, 

has been pointed out by Dumas*. 

* Ann. Ch. Pharm. cv. p. 105. 
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In order to avoid the danger to which all the former 

determinations are liable, consequent upon the partial re- 

duction to green oxide, which cannot again be oxidized, 

and the production of which appears to be caused by the 

presence of traces of alkali, the tungstic acid used was pre- 

pared by decomposing pure oxychloride with water. The 

acid thus obtained has a bright canary-yellow colour, which 

becomes darker on heating. After igniting a portion of 

this oxide in a glass tube, in a current of air, it lost its 

bright yellow colour and assumed a greenish tint, owing to 

reduction by alkaline impurities which it had taken up 

from the glass. Hence the acid used for the atomic- 

weight determinations was ignited on porcelain, and the 

determination of the loss of weight on reduction and the 

subsequent gain of weight on oxidation was several. times 

repeated. 

The oxide was for this purpose placed in a large por- 

celain boat (platinum is attacked by tungsten), and heated 

in a porcelain tube alternately in pure hydrogen and in a 

current of air. After each reduction the boat was found 

to be partially coated inside with a thin black film having 

a metallic appearance, which oxidized completely when 

heated in the air. A second boat was placed beyond that 

containing the substance, for the purpose of ascertaining 

whether any metal was volatilized; but the boat was not 

found to have become the least discoloured. 

The following are the experimental data :— 

grms. 
1. Weighing-tube and boat (after heating for three hours in air) ... 63°0573 

2. 5 + ae trioxide (after heating for seal ree 

Tse is) ee ee ee eee 

3 ‘- + tungsten (after reduction in hydrogen)......... 69°3011 

a + tungsten trioxide (after heating for three : 
h here 729379 
OLB ARR ANE) es Se vist wen ene des 

Lt 5 + tungsten (after reduction in hydrogen) ...... 69°3054 
6. 28 + tungsten (after reheating in hydrogen)......... 69°3061 

cs % + tungsten trioxide (after oxidation in air) ...... 70°9 365 

SER. III. VOL. V. H 
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Hence we have :— 
orms. 

1. Origmal weight of oxide, ..i.c.csecenersess-: 7°8840 

2. Oxide after first reoxidation.................. 7°8806 

a ” second reoxidation............66. 7°8792 

4. Weight of metal, first reduction ............ 6:24.38 

Se 5 second reduction ......... 6°2481 

6. + third reduction ......... 6°2488 

It is evident from these numbers that the second and 

third weights of oxide and the second and third weights of 

metal are the only ones which can be relied on as being 

perfectly pure. Taking the means of these two series, we 

have 7°87g9 grms. of oxide giving 6°24845 grms. metal, or 

79°296 per cent. This corresponds to the atomic weight 

183°84. In order to have obtained the number 184, 

7°8799 grms. of oxide must have yielded 6:24960 grms. of 

metal, differmg by 0°00115 grm. from the experimental 

observed weight. | 

2. From analysis of the Hexachloride.-—Perfectly pure 

hexachloride was prepared from the pure metal (obtained 

from the oxychloride), the first product being distilled in a 

current of chlorine into a clean part of the tube. 

No traces of red oxychloride could be detected in this 

product ; and it yielded a perfectly pure canary-yellow tri- 

oxide on treatment with water, proving absence of any 

pentachloride. For the determination of the chlorine, the 

hexachloride employed was weighed in the piece of drawn- 

out combustion-tube, in which it was afterwards reduced in 

hydrogen, the hydrochloric acid being collected and pre- 

cipitated as silver chloride. 

The determination of metal was made in a porcelain boat, 

in which the weighed quantity of hexachloride was first 

carefully converted into trioxide by exposure for two days 

to a moist atmosphere, and afterwards reduced in a current 

of hydrogen. 

The following are the experimental data :— 
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(A.) Determination of Chlorine. 

Weight of tungsten hexachloride taken ......... 19°5700 grms. 
; silver chloride obtained ............... ASP G55 

“ pilver OM plahinuMt »... 3:7..ca0.sn-<sece GIO265, » 5; 

Total weight of silver chloride...................4. 42°4127  ,, 

Frercentage Of CHIOTING ........-..2.0s0scececsesseeee §3°605 

(B.) Determination of Metal. 

Werhing-tube and boat .....)............ccec cscs 67°6054 grins. 

Bs s and hexachloride...... 78'0380__,, 

- 4 and metal. .cass0vse. sae 72 AALS 5s 

Pee OF CHIOTIAG 6.2.2... 6. stsccnnseceersecennses TaQ°Age6  ,, 
e LLCS eA ee Sr oe Re esa hy eA 48374" "4, 

ereontaeo Of metals. 6... i... ie cc ccecscec eee des 46°368 

Hence the atomic weight of the metal is 184°25; or 

taking the mean of the two methods, we have 184°04 as 

the atomic weight of tungsten. 

I have, in conclusion, to thank Mr. H. Rocholl for the 

able assistance which he gave me in carrying out the above 

experiments. 

XI. Notices of several recently discovered and undescribed 

British Mosses. By Guorce KE. Hunt, Esq. 

Read before the Microscopical and Natural-History Section, Oct. 9th, 1871. 

Gymnostomum calcareum, N. & H., var. brevifolium, B. 

&S. (Gymnostomum viridulum, Bridel.) 

Perennial?, dioicous; stems cespitose, sparingly branched, 

very slender, a third of an inch in height, of a reddish- 

brown colour below, upper part pale green, slightly glau- 

cous; leaves ovate or ovate-lanceolate, with erect bases, 

thence spreading, papillose, margin crenulated in the 

H2 
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upper part ; cells in the upper part of the leaf opaque, qua- 

_ drangular, in the lower portion elongated, subdiaphanous ; 

nerve thick, papillose, extending almost to the apex. Male 

flowers gemmiform, on very short axillary branches which 

usually spring from an innovation ; perigonial leaves ovate, 

suddenly acuminated, nerved to the apex. 

I have not seen female flowers or fruit. 

Hab. Rocks at Blackhall, near Banchory, where it was 

discovered by Mr. John Sim. 

Entosthodon minimum, Huut, sp. nov. 

Annual, dioicous ; stems gregarious, erect, an eighth to 

a quarter of an inch high; lower leaves obovate, margin 

reflexed, nerve thin, vanishing below the apex; upper 

leaves oblong, suberect, subcanaliculate, margin recurved, 

crenulate in the upper part, nerve rather strong, produced 

almost to the apex; areole large, those of the lower part 

of the leaf elongate-hexagonal, of the upper part shorter. 

Male plants with the flowers terminal, antheridia 6-8, 

sessile, without paraphyses, perigonial leaves usually like 

the upper stem-leaves, but occasionally (together with all 

the stem-leaves) obovate, when they contain clavate, 

slightly swollen paraphyses, without antheridia. 

Female plants with the flowers both terminal and in the 

axils of the upper stem-leaves; archegonia with a few rather 

long filiform paraphyses; no distinct pericheetial leaves ; 

vaginula short, cylindrical; seta an eighth to a quarter of 

an inch long, erect; capsule with a distinct neck, smooth, 

when dry obconical, widest at the mouth; operculum coni- 

cal acute. Calyptra, when young, brown, very narrow, 

conical, cleft on one side for a third of its length, cells 

spirally arranged; peristome half immersed, teeth six- 

teen, very slender, linear-subulate, transverse articulations 

distant. 

Fruit matures in August. 
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Hab. Discovered near Glasnevin, Dublin, on the top of 

a sandstone wall, by Mr. David Orr. 

It has no nearly related European allies. 

Webera Breidleri, Juratzka (fide Fergusson). 

Dioicous, growing in extended light-green patches, pro- 

cumbent in the lower part, which is of a reddish-brown 

colour; stems about 12 inch long, leaves ovate, decurrent, 

erecto-patent, concave, serrated towards the apex, margin 

recurved; nerve thin, vanishing below the apex; areolz 

rather large, upper ones narrow-elongate, acute at both 

ends, lower ones narrow-elongate, quadrangular. Male 

flower terminal, discoid ; outer perigonial leaves spreading, 

elliptic-lanceolate, longer than the stem-leaves, saccate at 

the base, margin strongly recurved, apex cucullate, ser- 

rated; mner perigonial leaves obovate, suddenly acumi- 

nated, serrated at the diaphanous apex, areole large, elon- 

gate-quadrangular ; antheridia subsessile, with short fili- 

form paraphyses. Perichzetial leaves linear lanceolate, 

recurved at the margin, strongly nerved, nerve vanishing 

below the apex; seta geniculate near the base, slender ; 

capsule oval, pendulous, glaucous green when young, pale 

reddish brown when mature. 

Fruit matures July to August. 

Hab. Abundant on wet débris of slaty rocks near springs 

on the tablelands above the head of Glen Callater, also on 

Loch-na-gar, and in Canlochan Glen. 

Its companions above Glen Callater are Dicranum Starkii, 

D. faleatum, Oligotrichum hercynicum, and Polytrichum 

sexangulare. In the springs themselves abound. the fol- 

lowing, viz.:—Philonotis, several species ; Splachnum vas- 

culosum, Mnium cinclidioides, and several allied species ; 

Hypnum exannulatum, H. faleatum, Thuidiwn decipiens, 

Webera albicans, vav. glacialis, and numerous other inter- 

esting plants. 
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Webera Ludwigiu differs in its narrower, hardly concave, 

patulous leaves, more strongly decurrent, with larger, 

longer, and more diaphanous areole. The whole foliage 

also is frequently of a fine red colour. 

Fruit matures in August. 

Hab. Abundant on the fine débris of granitic rocks, by 

streamlets issuing from the perpetual snow-beds near the 

summits of Ben-mac-Dhui, Ben-na-Boord, and doubtless 

all the other mountains of like character. On the slaty 

formations it is rare, and I have only seen it by a steamlet 

in one small ravine above Glen Callater, where, in the 

middle of July, the snow was lying abundantly. 

Webera Schimpert, Wis. (not of B. & 8. Bry. Eur.), has 

leaves more rigid, erect, narrow-lanceolate, less decurrent, 

nerve stronger, continued almost to the apex; areole a 

little longer, more obscure. 

Fruit matures in July. 

Hab. Frequent on débris of micaceous rock, on Ben 

Lawers, and on most of the other Perthshire mountains. 

It also occurs on débris near the summit of Snowdon, but 

barren. 

Philonotis adpressa, Ferg. 

Plant widely czespitose, erect, 2 or 3 inches high, either 

dull glaucous green or with a fine red tinge; leaves papil- 

lose, when moist erect, with one wide plica on each side of 

the nerve, incurved towards the apex, when dry slightly 

twisted, widely ovate, from an amplexicaul base, not acu- 

minate, apex either obtuse and cucullate, with a very slight 

mucro, or mm the more slender forms of the plant rather 

acute; margin denticulate, slightly reflexed; nerve very 

thick, continuous; cells in the upper part of the leaf 

small, ovoid, towards the base a little shorter and wider. 

I have seen neither flowers nor fruit. 

Hab. Glen Prossen, Clova, and various other places in 
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the Clova district (Rev. J. Fergusson); Glas Mheal, Perth- 

shire, at an elevation of 2500 feet (G. E. Hunt). 

In the latter station it was accompanied by Thuidium 

decipiens, De Not.; Bryum Duvalit, Splachnum vasculosum, 

and other rare species. 

The allies of Philonotis adpressa may be distinguished 

from it as follows :— 

Philonotis calcarea has longer, secund, very acute leaves, 

with areolz twice or thrice as large, oblong; basal areole 

larger, elongate-hexagonal. 

Philonotis fontana has leaves usually spreading, but 

sometimes secund, longer, suddenly acuminated halfway 

up, very acute, very distinctly plicate, margin strongly 

recurved; nerve much thinner; areole linear above, 

small and oblong towards the base of the leaf. 

Philonotis seriata, Mitt., has leaves with a distinctly 

spiral arrangement, from a suberect base, patent towards 

the apex, ovate, acute, plicate, margin distinctly reflexed ; 

areole linear above, small and ovoid towards the base of 

the leaf; perigonial leaves from an erect dilated base, 

_ which is composed of rather large linear cells with a red 

tinge, upper part of leaf widely spreading, cordate-trian- 

gular, obtuse; areole elongate-quadrangular, very small 

and obscure; nerve thick and indistinct, continuous or 

vanishing below the apex; margin slightly denticulate. 

This species was first described in Mitten’s “ Musci Indiz 

Orientalis,”’ 

for 1859. It is frequent in springs at the head of Clova, 

fruiting freely in favourable seasons. 

in the ‘ Proceedings of the Linnean Society ’ 

Thuidium decipiens, De Not. (Hypnum rigidulum, Ferg., 

MSS.) . 

This species was lately described by the Rev. J. Fer- 

gusson in ‘Science Gossip,’ and noticed in the ‘ Journal 

of Botany,’ October 1871. It had been collected in 1866 
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on Ben Lawers by Dr. Stirton, but was for some years 

confounded with Hypnum commutatum, to which species it 

bears much resemblance. The Rev. J. Fergusson, how- 

ever, satisfied of its distinctness, distributed it in 1870 

as Hypnum rigidulum, Ferg., sp. nov.; and a few months 

since Juratzka identified it with Thuidium decipiens, De 

Notaris, Briologia Italiana, 1869. It occurs in springs, 

and is found in Britain on Ben Lawers and Glas Mheal, 

Perthshire—at Auchinblae, Kincardineshire, first observed 

by Mr. John Sim—and abundantly in various places in 

Clova and Braemar, first observed by the Rev. J. Fer- 

gusson. From every form of Hypnum commutatum it is at 

once separated by its papillose leaves with much dilated 

auriculate bases, by its larger alar cells, by the ovoid 

cells of the upper portion of the leaf (those of H. com- 

mutatum being linear), by its monoicous inflorescence, 

and by the time of the fruit (which is at maturity im 

autumn). Fruit has been found oniy in Italy and in 

South Prussia. 

XII. Experiments on the Oxidation of Iron. 

By Professor F. Crace-Catvert, Ph.D., F.R.S. 

Read January 24th, 1871. 

Some two years since Sir Charles Fox inquired of me if I 

could give him the exact composition of iron-rust, viz. the 

oxidation found on the surface of metallic iron. I replied 

that it was admitted by chemists to be the hydrate of the 

sesquioxide of iron, containing a trace of ammonia; to this 

he answered that he had read several books on the subject, 
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in which the statements referring to it differed, and from 

recent observations he had made he doubted the correct- 

ness of the acknowledged composition of rust. He further 

stated that if he took a bar of rusted wrought iron and put 

it into violent vibrations hy applying at one end the fall of 

a hammer, scales would be separated which did not appear 

to him to be the substance I had described. 

This conversation induced me to commence a series of 

experiments which I shall now detail. 

I first carefully analyzed some specimens of iron-rust 

which were procured as far as possible from any source of 

contamination. Thus, one of these samples was supplied 

to me by Sir Charles Fox as taken from the outside of the 

Conway Bridge, the other secured by myself at Llangollen, 

North Wales. 

These specimens gave the following results when sub- 

mitted to analysis :— 
Conway Bridge. Llangollen. 

Sesquioxide of iron ............ g2"900 937094 

Protoxide of iron............... 6°177 5810 

Carbonate ofiron ............ 0°617 07605 

Carbonate of lime ............ 0°295 0°295 

1 ie eer O°I21 0°196 

Lo Te ae eee trace trace 

100°000 100°000 

These results clearly show the correctness of Sir Charles 

Fox’s statements that the composition of the rust of iron 

is far more complicated than it is stated in our text-books. 

Therefore the question may be asked, is the oxidation of 

iron due to the direct action of the atmosphere, or to the 

decomposition of its aqueous vapour ? or does the very small 

quantity of carbonic acid which it contains determine or 

intensify the oxidation of metallic iron? To reply to these 

queries I have made a long series of experiments extend- 

ing over two years, which I hope will tend to throw some 

light on this very important question; and although it 



106 PROF. F. CRACE-CALVERT ON THE 

appeared to me an easy matter to solve, still I have had 

many difficulties to overcome, which will be described as 

they occurred in the course of my investigations. 

The first series of experiments consisted in placing cri- 

noline and steel wires, very carefully cleaned, in tubes con- 

taining pure dry or moist oxygen; and in another series 

of tubes, containing the same gas, was added 1 per cent. 

of carbonic acid or a trace of ammonia. 

Before describing the facts observed, I must state that 

the oxygen was prepared from pure chlorate of potash, 

mixed with a little binoxide of manganese, and the gas 

obtained passed through several feet of U-tubes filled with 

glass moistened with sulphuric acid and caustic potash. 

The carbonic acid was purified by washing it with water 

and passing it through U-tubes containing sulphuric acid. 

The ammonia was purified by first passmg it through a 

saturated solution of ammonia and then over caustic lime. 

These purified gases were then introduced into tubes having 

I centim. diameter, and 30 centims. in length, which had 

been previously filled with dry mercury, and containing an 

iron blade, to the bottom of which had been fixed a small 

mass of gutta percha, so as to isolate the iron from the 

mercury, and prevent galvanic currents. 

The results of the above experiments were so unsatis- 

factory that I was led to infer that I had overlooked some 

source of error; and it was so: small globules of mercury 

having adhered to the perfectly polished surfaces of the 

iron, had become centres of galvanic action—determining 

the oxidation on the blades, and thus rendering the series 

of experiments discordant. 

To overcome this source of error, cleaned blades of steel 

and iron, having a gutta-percha mass at one end, were in- 

troduced into similar tubes to those employed in the pre- 

vious experiments, and were placed over a mercury-trough ; 

the atmospheric air was displaced by a current of pure oxy- 
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gen conducted to the top of the experimental tube; and it 

was then easy to introduce into them traces of moisture, 

carbonic acid, and ammonia. After a period of four months 

the blades of iron so exposed gave the following results :— 

0 re No oxidation. 

{ In three experiments, only one blade 
slightly oxidized. 

Bory GAS DONIC ACIC ..................-4- No oxidation. 

MUMEROMVHOD 5.0. 252.0... sscceseecsees 

(Slight appearance of a white precipitate 
| on the surface of the iron—found to 

Wamp Carbonic acid .................. { be carbonate of iron; two only out 
| of six experiments did not give this 
\ result. 

Dry carbonic acid and oxygen ...... No oxidation. 

Oxidation most rapid, a few hours being 
sufficient; the blade assumed a dark 
green colour, which then turned 
brown-ochre. 

Dry oxygen and ammonia ......... No oxidation. 

Damp oxygen and ammonia......... No oxidation, 

Damp oxygen and carbonic acid ... 

The above results prove that, under the conditions de- 

scribed, pure and dry oxygen does not determine the oxida- 

tion of iron—that moist oxygen has only a feeble action— 

dry or moist pure carbonic acid has no action—but that 

oxygen containing traces of carbonic acid acts most rapidly 

on iron, giving rise to protoxide of iron, then to carbonate 

of the same oxide, and lastly to a mixture of saline oxide 

and hydrate of sesquioxjde. 

As these facts tend to show that carbonic acid is the 

agent which determines the oxidation of iron, I am justi- 

fied in assuming that it is the presence of carbonic acid in 

the atmosphere, and not its oxygen or aqueous vapour, 

which determines the oxidation of iron in common air*. 

Although this statement may be objected to at first sight, 

on the ground of the small amount of carbonic-acid gas 

existing in the atmosphere, still we must bear in mind 

that a piece of iron, when exposed to its influences, comes 

* These results prove the statement of Bonsdorff (see Gmelin, vol. v. 
p- 185), that carbonic acid has no action on iron, is incorrect. 
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into contact with large quantities of carbonic acid during 

twenty-four hours. 

These results appeared so interesting, that I decided to 

institute several series of experiments. 

First Series.—Perfectly cleaned blades of iron placed in 

bottles filled with ordinary Manchester water were rapidly 

covered with rust, whilst similar blades, placed in the same 

water previously deprived of air and carbonic acid by boil- 

ing, remained free from rust for a period of four weeks— 

thus proving that oxygen and carbonic acid are necessary 

for the production of oxide of iron in presence of water. 

Second Series.—Into bottles filled with some pure dis- 

tilled water (which had been boiled and then allowed to 

cool in corked flasks) blades of iron were introduced, and 

a part of the water in the bottles was displaced by common 

air, pure oxygen, or carbonic-acid gas; but the results were 

unsatisfactory. I therefore decided to keep the upper part 

of the blades dry ; to effect this, cleaned blades of crinoline- 

wire were introduced into bottles containing pure oxygen, 

and then boiled, and cooled distilled water was introduced 

by means of an aspirator until only half the blades were 

immersed in the water. By this method I was enabled to 

ascertain the comparative degree of oxidation of that part 

of the blades dipping in the water ; .and the results observed 

were as follows :— 

The section of the blades out of the water remained 

bright for several days, whilst that in the water became 

attacked in about six or twelve hours; and the deposit in- 

creased so quickly that, after two or three days, the blade 

was entirely covered with an ochre deposit of the hydrated 

sesquioxide of iron. This rapid oxidation of iron under 

these circumstances appeared to me to be entirely due to 

a galvanic current; for the oxide was deposited in two 

separate columns, which left the outside edges of the blade 

perfectly bright, as well as the centre of it, each separate 



OXIDATION OF IRON. 109 

column apparently representing the poles of a battery. In 

fact, the production of this precipitate was 

so rapid that, after a short time, a consider- 

able amount was found as a deposit in the 

bottle. 

To be certain that the oxidation of the 

immersed portion of the blade was not due 

to the fixation of oxygen dissolved in the fluid, but to the 

decomposition of water through a galvanic current, I exa- 

MY Yessy rn ann AARRARADRAA 

mined the gaseous mixtures existing in the upper part of the 

bottle, and found hydrogen in large quantities, thus proving 

that the water had been decomposed, its oxygen being fixed 

by the iron, whilst the hydrogen was liberated. 

AcTION oF OxyGEN AND CarBonic ACID ON [RON IN PRE- 

SENCE OF WATER. 

To ascertain the influence which carbonic acid exerts on 

the oxidation of iron, I prepared mixtures of oxygen and 

carbonic acid in the followimg proportions :— 

25 of oxygen to 75 of carbonic acid. 

50 33 50 3) 

75 +) 25 oP) 

84 33 16 +) 

88 = 12 - 

Having mtroduced iron blades and the above gaseous mix- 

tures into bottles, they were inverted over water so that 

their necks dipped into this fluid. When half the gaseous 

mixture had been displaced by aspiration, as in the previous 

experiments, the following results were obtained; viz., whilst 

that portion of the blade standing out of the water in the 

previous experiments remained for weeks unoxidized, in 

this series the same section of the blade assumed rapidly a 

dark colour, which became afterwards of a dark brown. 

This change of colour was no doubt due, first, to the for- 
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mation of carbonate of the protoxide of iron, mixed with 

carbon existing in the iron; and then the excess of oxygen 

in the mixture converted the carbonate into magnetic or 

saline oxide of iron, with a little sesquioxide of iron. Whilst 

these phenomena were proceeding with that portion of the 

blade exposed to the gaseous atmosphere, the one dipping 

into the aqueous solution was observed to loose its bril- 

liant and metallic lustre in a few minutes, presenting a 

black appearance, which became, at the end of three hours, 

of a dark greenish hue, due to the formation of similar 

compounds as those above described. 

In all these experiments the water became not only 

turbid after a short time, but on the surface of the same 

floated a considerable amount of magnetic oxide and car- 

bonate of the protoxide of iron, and which varied in quan- 

tity according to the relative proportions of oxygen and 

carbonic acid employed. This series of experiments con- 

firms the result of the previous ones, that carbonic acid is 

a most active agent in determining the oxidation of iron*. 

Action oF Carsonic Actp ON IRON IN PRESENCE OF WATER. 

Having studied the action of oxygen and of carbonic 

acid and oxygen on iron in the presence of water, I was 

desirous of ascertaining what would be the action of car- 

bonic acid and water. I operated in a similar manner as 

in the previous experiments, and observed that the blades 

in the gaseous mixtures had assumed a dark grey appear- 

ance ; in the liquid they were black, the carbon having been 

rendered perceptible by the iron having been dissolved as 

carbonate of protoxide of iron, soluble im the excess of 

the carbonic acid. After a few days, a perfectly white 

deposit was formed on the edge of the water, which gra- 

dually increased and became so abundant that some fell to 

* The composition of the various deposits above described was not 

assumed, but was determined by careful analysis. 
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the bottom of the vessel. Water had been decomposed 

and hydrogen liberated. 

I again made another experiment, which further illus- 

trates that carbonic acid is the real determining agent of 

the oxidation of iron. Thus a blade of steel placed in pure 

water which had been previously deprived of all gaseous 

mixtures by long boiling, and-then allowed to cool, the metal 

remained bright for several days; and when any signs of 

oxidation appeared, it was only on a few parts of the blade. 

The careful examination of this fact led me to infer that the 

limited action which had taken place might be attributed to 

traces of impurity in the iron; and this view was supported 

by the previous observations described, on the influence 

which minute globules of mercury exert on the oxidation of 

iron, as well as the known influence which a few thousandths 

of antimony, platinum, tungsten, sulphur, phosphorus, &c. 

impart to iron—and, again, the facts I published a few years 

ago, that by covering the one-hundredth part of a blade of 

iron with zinc the whole of the blade is prevented from 

rusting when plunged in soft or sea water, whilst platinum 

under the same circumstances promotes in a marked de- 

gree the oxidation of iron. Therefore, if a minute quan- 

tity of a substance modifies the properties of iron so as to 

facilitate or retard its oxidation, we may, I think, fairly as- 

sume that any impurity in the purest steel (watch-springs) 

may give rise to the few specks of oxide which were ob- 

served in the steel placed in boiled distilled water. 

Whilst I was engaged im the above experiments, it oc- 

curred to me that it might be useful to make a series with 

the view of throwing light, if possible, on a fact stated by 

Berzelius, and well known to alkali- and soap-manufac- 

turers, viz. that caustic alkalies have the property, even 

when dilute, of preventing the oxidation of iron. 

Do the alkalies possess the curious property of rendering 

the iron “passive,” or, as Berzelius has supposed, is the iron 
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in a negative electrical condition? This is a very difficult 

question to solve. From many observations I have made, 

I am led to believe that the iron is in a passive state; and 

this opinion is based not only on the known data, that a 

blade of iron is not attacked by strong nitric acid, and that 

we have no electrical current if one fluid and one metal 

are brought into contact, whilst if two fluids and a metal, or 

two metals and one fluid, are employed a galvanic current 

is generated. My experiments show that not only caustic 

alkalies possess this peculiar property, but also their car- 

bonates and bicarbonates; and I hope that the following 

experiments will throw some light on this pot. A blade 

of polished iron was dipped into a solution of caustic soda, 

and at each end of the blade was attached a wire communi- 

cating with a galvano-multiplicator, and no galvanic cur- 

rent was generated; and, again, when blades of perfectly 

polished hoop-iron were placed in bottles half-filled with 

solutions of caustic alkali, carbonates, and bicarbonates 

containing from I to 5 per cent. of these compounds, and 

only a part of each blade was immersed in the solution, the 

other part being exposed to atmospheric air enclosed in 

the stoppered bottles, the results were, that after three 

months neither that portion of the blade dipping in the 

liquid nor that m the atmosphere was in any way rusted 

in the solutions contaming 5 per cent. of alkali; and in 

the experiments with 1 to 2% per cent., only the part of 

the blade out of the water was slightly oxidized. 

I was much surprised to find that the carbonates and 

bicarbonates of the alkalies acted in the same manner as 

their hydrates in preventing the oxidation of iron, not only 

on that part of the blade immersed in the solutions but 

also on that which was exposed to a damp atmosphere of 

common air. Previously to obtaining these results, I was 

inclined to believe that caustic alkalies prevented the oxida- 

tion of iron by absorbing the carbonic acid of the atmo- 
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sphere; but, as carbonates and even bicarbonates act in a 

similar manner, it is evident that this view of the action 

was erroneous. 

The results above stated not coinciding with those ob- 

tained by Payen, and given in Gmelin (vol. v. p. 185), 

I repeated his experiments, and found that the portions of 

the blades of iron immersed in dilute alkaline solutions as 

described by him are preserved from oxidation, but that 

the portion out of the liquor becomes covered with oxide, 

which increases in inverse ratio to the strength of the 

solution, and that when the proportion of 1 part of the 

alkali to 2000 parts of water is reached, the oxidation of 

the iron proceeds rapidly on that part of the blade just 

above the surface of the water. 

This series of experiments confirms the opinion already 

expressed that the iron exists in a passive condition, and 

that this condition only attains sufficient power to resist 

oxidation by atmospheric oxygen when there is 5 per cent. 

of either hydrates or carbonates of alkalies in solution. 

I have repeated also M. Payen’s experiments on the 

preservative action of weak solutions of carbonate of soda, 

and find that my results do not correspond with his. He 

states that 1 part of a saturated solution of carbonate when 

diluted with 54 parts of water will preserve iron from rust, 

while 1 with 59 willnot. I find that the iron rusts in both 

cases, thereby proving that stronger solutions are necessary 

to prevent oxidation. 

I have made many experiments with the view of dis- 

covering the cause of this interesting preservative action 

which alkaline solutions exert on iron, but have failed. 

Knowing the destructive influence which sea-water has on 

iron, and the serious injury done to iron ships through the 

action of bilge-water, a series of experiments were made 

with sea-water to which was added such a quantity of 

caustic soda or potash or their carbonates that, after the 

SER. III. VOL. V. I 
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salts of lime and magnesia were decomposed, there still 

remained in the solutions 1 to 5 per cent. of alkalies or 

the alkaline carbonates; and when iron blades were intro- 

duced into such liquids, they gave the same results as when 

iron had been dipped partially into an alkaline solution of 

Manchester water. I would propose, in conclusion, that a 

certain quantity of soda-ash should be introduced from time 

to time into the bilge-water of iron ships, as by so doing a 

great saving would be effected, as it would prevent the 

rapid destruction of such ships. 

After reading the above paper, Mr. E. Hunt inquired 

whether I had made experiments to ascertain if the pre- 

sence of caustic alkalies or their carbonates when mixed 

with sugar prevented the marked action of that substance 

on iron. Considering this a most important question to 

determine, as iron ships are rapidly destroyed when used 

for conveying sugar from the colonies to this country, 

I instituted the following series of experiments :— 

Blades of iron were partly immersed in a solution con- 

taining 10 per cent. of sugar, and in similar solutions to 

which had been added 22 to 5 per cent. of caustic and car- 

bonate of soda; after a month the same results were ob- 

tained with the saccharine as with the aqueous solutions. 

But as it would be impracticable to use solutions of caustic 

or carbonated alkalies in the holds of ships laden with sugar, 

I thought it therefore advisable to try what might be the 

influence of zinc when attached to iron in preventing its 

oxidation, and am glad to say that a piece of zinc covering 

about the fiftieth part of the blade preserves the iron from 

rusting in that part of the blade immersed in the sugar- 

solution. The use, therefore, of plates of zinc fixed on the 

sides of an iron vessel, or, perhaps better, the employment 

of galvanized iron plates in the construction of ships, de- 

serves the attention of shipowners. 
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XIII. On the Boiling-points of the Normal Paraffins and 

some of their Derwatives. By Cari ScHoRLEMMER, 

F.R.S. 

Read February 6th, 1872. 

In several papers published in the years 1842, 1844, 1855, 

&c.*, Professor H. Kopp showed that there exist certain 

simple relations between the boiling-points and composi- 

tion of analogous compounds. According to him, the 

boiling-points of the members of the homologous series of 

the alcohols, fatty acids, and their compound ethers are 

raised 19° for each addition of CH,. Afterwards it was 

stated that in other series this difference is sometimes 

smaller and sometimes larger, but that it was always the 

same in the same series. 

In many cases, however, the boiling-points calculated 

by this rule did not agree at all with those which have 

been observed. One reason for this discrepancy is that 

the compounds of which the boiling-points have been 

compared are not true homologous bodies; 7. e. they have 

not an analogous constitution, although they differ in 

their composition by CH, or a multiple thereof. Thus 

at that time it was believed that ethyl alcohol, propyl 

alcohol, and butyl and amyl alcohol from fusel-oil, as 

well as the so-called capryl alcohol from castor-oil, were 

true homologues; but we know now that this is not the 

case. 

During the last year, however, we have become ac- 

quainted with a larger number of true homologous bodies, 

* Ann. Chem. Pharm. vol. xli. p. 86, vol. 1. p. 182, vol. xevi. pp. 2, 330, 
vol. xeviii. p. 267. 

Ee 
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as the normal paraffins and the normal alcohols and their 

derivatives*. 
In a paper read before the Royal Society I have already 

pointed out that the difference between the boiling-points 

of the lower members of these paraffins is not the same, 

but that it decreases regularly by 4° until it becomes the 

well-known difference of 19°, as the following table will 

show :— 
Boiling-points. 
ae 

Mean found. Calculated. Difference. 
CC Fae ye hk haat 
Cs EAs Sena —- od — 
CLs ke. atsecee cee + 
OF} rie BA ERAS nice 1° 1° i 
Ce EL af enactocindsiome 38 38 37 

Ca & ina ee ee 70 71 33 
A THEA hea cnces eect 99 100 ses 
CAE Tees Saclewete 124 125 5 

Cig HUE se cance ee 202 201 i ie 
Oi, Ha meter 278 278 ae 

It appeared to me of interest to compare the boiling- 

points of other normal compounds, selecting, of course, 

only such of which the boiling-points have been carefully 

determined and corrected for pressure and expansion of 

the mercurial column of the thermometer above the va- 

pour. The result of this investigation is that in most of 

the other series the difference between the boiling-points 

also steadily decreases by about 2°; but I am not in a 

position to state whether this decrease ceases when the 

difference becomes 19°, as we do not yet know a sufficient 

number of compounds. 

* Compare :—Lieben and Rossi on normal butyl alcohol (Ann. Chem. 
Pharm. vol. clviii. p. 137), on normal valerianic or pentylic acid (Ann. 

Chem. Pharm. vol. clix. p. 58), on normal amyl or pentyl alcohol and 

normal caproic or hexylic acid (Ann. Chem. Pharm. vol. clix. p. 10); Zincke 

on otyl compounds (Ann. Chem. Pharm. vol. clii. p.1); Franchimont and 
Zincke on hexyl compounds (Ann. Chem. Pharm. vol. clxiii, p. 193), and 

on nonylic acid (Deut. Chem. Ges. Ber. vol. v. p. 19). 
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Boiling-points. 

Normal Lodides. 

Methyl, C H, I ......... 40 
Pictey is i), EL Bo od ies 72 

Propye, WH, EO 2c.i.0.-. 102 
Daryl he, H, Dieses. 129°6 
0 1 Oa s nee re 155°4 

5 UR OR 2 a 179°5 

Repay!) C. a. b <.xe<9-- 
ait C2 TL. Ws Sines 225 

Normal Bromides. 

Calculated. Difference. Observed. 

Ethyl, C,H, Br......... 39 
iEropy!, ©. HY Be .:.:.,... 71 
Cag, C,H, Br’......... 100°4 

Penby!, C2 Hi, Br «2.0.3.2. 123°7 

em, (CoH. Be 0.015. —. 

ireptyl, CH. Br ....5..+. 

Octyl  O,. Breas... 199 

Normal Chlorides. 

Calculated. Difference. Observed. 

Ethyl, C,H, Cl ......... 12'5 
Propyl,.C, Hy Cl. 2.....0.. 46°74 

Pemeite Co bro Oly 5 oe taci 776 

Fenty, ©, HC) ......-.- 106°6 

Hemi C2 MCL Jo... 
Heptyl, ©, Hy: C1 ’.....i2:. —-— 

ew. Co BO nikon. 180 

Normal Acetates. 

Observed. 

Ethyl, C, H, O,........ 74 
Eropya. OU. Hi O) essere 102 

Petty O,- HO, S522 135°% 

emi C7 HO), ..0cckeen 148-4 
Pew GEO), ..+.scene 168°7 
frepeyl, ©, HH, O, .....050: 

rey Oban Olg os sicnses 207 

| Ta SE aw 

Observed. Calculated. Difference. 

° 

32 

30 

28 

26 

24 
22 

20 

° 

33 
31 

29 

27 

a5 

23 

Calculated. Difference. 

fe) 

27 
25 
23 
21 

19 
19 

117 
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Whilst in these series the difference between the boil- 

ing-points steadily diminishes, in the series of the normal 

alcohols the difference appears to remain the same, being 

about 109°. 

Normal Alcohols. 

Observed. 

Rithyl, CH, oO. .2e28*. 78°4 
Propyl, iC. tte (Ouse ene 97 
Butyl, Oy gg Oe sea ane vce 116 

Pentyl, “Cul OMe. epee 137 

Mexyil 0 ie On eee 156°6 

Heptyl, CH, O ee 

Ochy ls (C20Ek tO” ek aase 192 

° 

78°4 
97 

116 

135 

154 

173 
192 

Calculated. 

In the series of the normal fatty acids, the difference 

between the boilmg-pomts of the lower members is also 

constant, being 22°, but afterwards it becomes less. 

Normal Fatty Acids. 

Observed. 

Acetic, C,H, O,...... 118 
Propionic, ©,)H, (0, 220. 140°6 

Butyricy, “Cy He Osa. 163°2 

Pentylic, (CO; 2.3. 184'5 

HHexylie, CS On cs. 2045 

ileptylic, (Ct, O07. 2.2.0 

Octylie.) Ci On jos 233 

Non lie): CE Oya 254 

Calculated. Difference. 
fe) 

118 

140 

162 

184 

206 

° 

22 

22 

22 

22 
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XIV. On the Inverse, or Inductive, Logical Problem. By 

W. Stantey Jevons, M.A., F.R.S., Professor of 

Logic in The Owens College, Manchester. 

Read December 26th, 1871. 

Loeicat deduction consists in ascertaining from a law or 

laws the combinations of qualities which may exist under 

those conditions. The natural law that all metals are 

conductors of electricity really means that in nature we 

find three classes of objects, namely :—(1) metals, con- 

ductors; (2) not metals, conductors; (3) not metals, not 

conductors. It comes to the same thing if we say that it 

excludes the existence of the class metals not conductors. 

But every scientific process has its mverse process. As 

addition is undone by subtraction, multiplication by divi- 

sion, involution by evolution, differentiation by integration, 

so logical mduction is the imverse process of deduction. 

Given certain.classes of objects, we endeavour by induction 

to pass back to the laws embodied in those classes; given 

combinations, we have to learn the laws obeyed by them. 

There does not exist, indeed, any distinct method of in- 

duction, except such as consists in inverting the processes 

of deduction, by noting and remembering the laws from 

which certain effects necessarily follow. The difficulties 

of induction are thus exactly analogous to those of inte- 

gration, which can only be performed by trial, assisted by 

a full knowledge of the effects of differentiation and a cer- 

tain happy knack of arranging the formule so as to bring 

them into connexion with some previous result of the 

direct process. 



120 PROF. W. STANLEY JEVONS ON THE 

In two essays*, and in my paper “ On the Mechanical 

Performance of Logical Inference ”’+, I have attempted to 

represent, with the utmost generality and simplicity, the 

processes of formal logic by which, from any proposition 

or series of propositions, we arrive at the combinations of 

terms possible under the condition of their truth. The 

inverse problem yet remains, I believe, to be considered. 

Given certain combinations, what are the propositions 

stating their conditions? I proceed to explain how this 

problem can be resolved in the case of two or three 

terms. 

According to the laws of thought, two terms, say A and 

B, can be present or absent in four combinations, thus— 

NB. NB anes 

A small italic letter indicates the absence or negation of 

the corresponding large one. The above combinations are 

unconditioned, except by the primary conditions of thought 

itself; but if we remove any one of the combinations, say 

Ab, the meaning will be that A which is not B cannot 

exist. Thus, the three combinations AB, aB, ab being 

given, we pass back to the law all A’s are B’s, or, if A 

mean metal and B conductor, to a law such as “ all metals 

are conductors.” 

We arrive at the utmost number of cases which can 

occur by omitting any one or more of the four com- 

binations. The number of possible cases is therefore 

2x2xX2x2, or 16; and they are all shown in the follow- 

ing table, in which the sign c indicates the non-existence 

of the combination given at the left hand, and the mark 1 

its presence. 

* Pure Logic: London, 1864 (Stanford). The Substitution of Similars : 
London, 1869 (Macmillan). 

+ Philosophical Transactions, 1870, vol. clx. p. 497- 
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Meese ge(vae 5. Os 7.) Ov) 9.) FOU ED.) 12.) ¥3.| 14.1 15.) 16. 
* 1% * % * | x* | x 

Pia sicks. . Erinasor) GL OL honor wo Wen ME BE | ri 

i ee worl Gh ih | wire tw Onl. ct Orb Ont k bor | .£ | 2 
WI Se occ eee Seer n Ts ho Larrermrhotorer tml oe Pol rr | 1 
oo Ont Ou De iOr een vOne na: Onlero On Wwktel Onl moO: |r 

Thus column 16 represents the case where all combina- 

tions are present, and the only conditions are the laws of 

thought. The example of metals and conductors of elec- 

tricity would be represented in the 12th column; and 

every other mode in which two things or qualities might 

present themselves together or apart, is shown in one 

column or another. But more than half the cases may at 

once be rejected because they involve the entire absence 

of a term or its negative. Thus, in the 1st column, no 

combinations at all are represented as present. In column 

2 there is only the negative combination ab. Now it isa 

logical principle that when any term or its negative entirely 

fails to appear, there must be some contradiction between 

the conditions of combination. Thus the two conditions 

A is B and A is not B, would result in altogether destroy- 

ing the combinations containig A. We may therefore 

restrict our attention to those cases where at least two 

combinations are present, and they contain among them 

each of the letters A, B, a, 6; these cases are represented 

in the columns marked with the sign x. Among these 

seven cases we find 

Four cases containing three combinations, 

Two cases containing two combinations, 

One case containing four combinations. 

It has already been pointed out that a proposition of the 

form A is B, or, as it is more exactly represented in a 

symbolic notation explained in the essays referred to, 

A=AB, destroys one combination AJ, and thus accounts 

for the 12th case. Let us consider in how many ways we 
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can vary this form of proposition either by interchanging 

A and B or substituting for one or both of them its nega- 

tive. We should arrive altogether at eight different ex- 

pressions, which are thus stated :— 

12: 8. nig 14. 

A= AB, A=A6, a=aB, a =ab, 

b =ab; BoB, b=Ad, B=AB. 

If we test the effect of each of these conditions by ascer- 

taining the combinations which it negatives, it will be 

found that each proposition in the first line gives the same 

result as the one immediately below it. Hach pair con- 

sists then of logical equivalents. And in fact the lower 

line contains what are called by logicians the contra- 

positives of those in the higher line. Thus the first pair 

mean 
All A’s are B’s, 

All not B’s are not A’s, 

which have exactly the same logical force. The last pair 

mean 
All not A’s are not B’s, 

All B’s are A’s, 

which are again exactly equivalent. to each other. Al- 

though then there may be eight propositions of the form 

A= AB, only four of these have independent logical mean- 

ings. On trial we find that these four propositions give 

the combinations respectively shown in the 12th, 8th, 

15th, and 14th columns, which cases are thus referred to 

their proper law. 

If we now join these latter four propositions two and two, 

they will generally be found to contradict each other; thus 

all A’s are B’s contradicts all A’s are not B’s. There are 

only two pairs which give consistent results, namely :— 

A=AB A=Ab 
. and | 

a=aBb j a =ab 
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The first of these pairs gives the combinations in the roth 

column ; but it may readily be shown that the two pro- 

positions all A’s are B’s, and all not A’s are not B’s, are 

but equivalent to the single proposition A=B, or all A’s 

are all B’s. In the same way the second pair of pro- 

positions gives the combinations of the 7th column, and 

are equivalent to the single proposition A=4, or all A’s 

are all not B’s. There remains but a single case, that in 

the 16th column; but as all the combinations are present, 

there can be no condition except the laws of thought. 

We have now effected a complete solution of the inverse 

logical problem of two terms; we have found that two 

terms can manifest themselves only in seven series of com- 

binations, and the corresponding laws are as below :— 

Series of combinations. Laws. Equivalent laws. 

Matias | xk. A=AB 6 =ab 

Sb s)./66)0 A=A6 B=aB 

Begetle ss 3 sh a =aB 6b =Ab 

BAGH ey. 34 2 a =ab B=AB 

ee 
BOE. 35:5 os A= B a= see 

a =ab 

A=Adéb 
| Ne =6 = 7t A a=B5 | Pe 

BOLD cs No law 

We also learn from the above investigation that there is 

no possible logical relation between two terms which may 

not be expressed in a proposition either of the general 

type A=AB or of A=B. For the logical relation must 

manifest itself in some series of combinations of natural 

qualities; but every series of combinations which is pos- 

sible, according to the very laws of thought, has been 

included in our investigation. Thus every such logical 

relation must either be expressed in one of the six laws, 

or must be equivalent to one of them. The general result 
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of the problem then is that two terms admit only of six dis- 

tinct logical relations, which again have only two essentially 

different typical forms, namely, A=ABand A=B. These 

laws express respectively partial and complete coincidence ; 

the first is illustrated by the relation between metals and 

elements, the metals comceiding with a part of the elements ; 

the latter, by the complete coincidence between substance 

possessing inertia, and substance possessing gravity, or 

between crystals of the cubical system and crystals not 

capable of doubly refracting light. 

The Inverse Logical Problem involving Three Terms. 

No sooner do we introduce into the problem a third 

term C, than the investigation assumes a far more com- 

plex character. There are now three terms, A, B, C, and 

their negatives, a, 6, c, which may be combined, according 

to the Laws of Thought, in eight different combinations, 

ie ABC BC 3 a | 

ABe, aBe, 

AbC, abC, 

Abc, abe. 

The effect of any logical conditions is to destroy one or more 

of these combinations. Now we may make selections from 

eight things in 2°, or 256 ways; so that we have no less than 

256 different cases to treat, and the complete solution is at 

least fifty times as troublesome as with two terms. Many 

series of combinations indeed are contradictory, as im 

the simpler problem, and may be passed over. The test 

of consistency is that each of the letters A, B, C, a, 8, ¢ 

shall appear somewhere in the series of combinations ; but 

I have not been able to discover any mode of calculating 

the number of cases in which inconsistency would happen. 

The logical complexity of the problem is so great that the 
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ordinary modes of calculating numbers of combinations in 

mathematical science fail to give any aid, and exhaustive 

examination of the combinations in detail is the only me- 

thod applicable. 

My mode of solving the problem was as follows :— 

Having written out the whole of the 256 series of com- 

binations, I examined them separately, and struck out 

such as did not fulfil the test of consistency. I then chose 

some common form of proposition involving two or three 

terms, and varied it in every possible manner, both by the 

circular interchange of letters (A, B, C into B, C, A and 

then into C, A, B) and by the substitution for any one or 

more of the terms of the corresponding negative terms. 

For instance, the proposition AB=ABC can be first varied, 

by circular interchange, so as to give BC= BCA and then 

CA=CAB. Each of these three can then be thrown into 

eight varieties by negative change. Thus, AB=ABC gives 

aB=aBC, Adb=A0bC, AB=ABc, ab=abC, andsoon. Thus 

there may possibly exist no less than twenty-four varieties 

of the law having the general form AB= ABC, meaning that 

whatever has the properties of A and B has those also of C. 

It by no means follows that some of the varieties may not 

be equivalent to others; and trial shows, in fact, that 

AB=ABC is exactly the same in meaning as Ac=AcOd 

or Be=Bca. Thus the law in question has but eight 

varieties of distinct logical meaning. I now ascertain, by 

actual deductive reasoning, which of the 256 series of com- 

binations result from each of these distinct laws, and mark 

them off as soon as found. I now proceed to some other 

form of law, for instance A=ABC, meaning that whatever 

has the qualities of A has those also of Band C. I find 

that it admits of twenty-four variations, all of which are 

found to be logically distinct; the combinations being 

worked out, I am able to mark off twenty-four more of the 

list of 256 series. I proceed in this way to work out the 
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results of every form of law which I can find or invent: 

If in the course of this work I obtain any series of com- 

binations which had been previously marked off, I learn at 

once that the law is logically equivalent to some law pre- 

viously treated. It may be safely inferred that every 

variety of the apparently new law will coincide in meaning 

with some variety of the former expression of the same 

law; I have sufficiently verified this assumption in some 

cases, and have never found it lead to error. Thus, just 

as AB=ABC is equivalent to Ac= Adc, so we find that 

ab=abC is equivalent to ac=acB. 

Among the laws treated were the two A=AB and 

A=B, which involve only two terms, because it may of 

course happen that among three things two only are in 

special logical relation, and the third independent; and the 

series of combinations representing such cases of relation 

are sure to occur in the complete enumeration. All single 

propositions which I could invent having been treated, 

pairs of propositions were next investigated. Thus we 

have the relations “all A’s are B’s, and all B’s are C’s,” 

of which the old logical syllogism is the development. 

We may also have “all A’s are all B’s, and all B’s are C’s,” 

or even “all A’s are all B’s, and all B’s are all C’s.” All 

such premises admit of variations, greater or less in num- 

ber, the logical distinctness of which can only be deter- 

mined by trial in detail. Disjunctive propositions, either 

singly or in pairs, were also treated, but were often found 

to be equivalent to other propositions of a simpler form ; 

thus A=B-+|-C (the sign -l- standing for the disjunctive 

conjunction ov in an unexclusive sense) is exactly the 

same In meaning as a—=dc. 

This mode of exhaustive trial bears some analogy to that 

ancient mathematical process called the sieve of Eratos- 

thenes. Having taken a long series of the natural num- 

bers, Eratosthenes is said to have calculated out in succes- 
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sion all the multiples of every number, and to have marked 

them off, so that. at last the prime numbers alone remained, 

and the factors of every number were exhaustively dis- 

covered. My problem of 256 series of combinations is the 

logical analogue, the chief points of difference being that 

there is a limit to the number of cases, and that prime 

numbers have no analogue in logic, since every series of 

combinations corresponds to some law or group of condi- 

tions. But the analogy is perfect in the point that they 

are both inverse processes. There is no mode of ascer- 

taining that a number is prime but by showing that it is 

not the product of any assignable factors. So there is no 

mode of ascertaining what laws are embodied im any series 

of combinations but trying exhaustively the laws which 

would give them. Just as the results of Eratosthenes’s 

method have been worked out to a great extent and regis- 

tered in tables for the convenience of other mathematicians, 

I have endeavoured to work out the imverse logical pro- 

blem to the utmost extent which is at present practicable 

or useful. 

I have thus found that there are altogether fifteen con- 

ditions or series of conditions which may govern the com- 

binations of three terms, forming the premises of fifteen 

essentially different kinds of arguments. The following 

table contains a statement of these conditions, together 

with the number of combinations which are contradicted 

or destroyed by each, and the number of logically distinct 

variations of which the law is capable. There might be 

also added, as a sixteenth case, that case in which no 

special logical condition exists, so that all the eight com- 

binations remain. 
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Refer- | Propositions expressing | Number of dis- | Number of com- 
ence the general type of tinct logical . | binations contra- 

Number.| the logical conditions. variations. dicted by each. 

| EM ee: UeN Crane Serene TO Orem Ore 6 4 
fT AD peak nee 12 2 

Pie) ASB UB Oey Ae 4 6 
TV. | A= BeBe BO rian ccc cnshon ace 24. 5 
V. | B= AB UBS BCT Rei nccet 24 Os 

Wal ch AIBC, ie oc Sees we veered 24 4. 
AVE | Aa AO ecto e ce seem nee 24 3 

VIEL. | ABS ABC cen need nee 8 I 
EX. | AAR Wap abe eee 24. 3 
XA ABC Ghb==as€ (20 8 4 

Ki. 4) AB= ARC) gb=abe an... 4 2 
XL. AAS AIBC tage ee eee 12 2 
ATG, WAS BC) AGG i. :so.0te.ssnae 8 3 
DO | WGA Oe Oe See. cee 2 4 
KV. | A=ABC, a=Be-|-0C ...... 8 5 

192 | 

There are 63 series of combinations derived from self- 

contradictory premises, which, with the above 192 series 

and the one case where there are no conditions or laws at 

all, make up the whole conceivable number of 256 series. 

We learn from this table, for imstance, that two pro- 

positions of the form A=AB, B=BC, which are such as 

constitute the premises of the old syllogism Barbara, nega- 

tive or render impossible four of the eight combinations in 

which three terms may be united, and that these proposi- 

tions are capable of taking twenty-four variations by trans- 

positions of the terms or the introduction of negatives. 

This table then presents the results of a complete analysis 

of all the possible logical relations arising in the case of 

three terms, and the old syllogism forms but one out of 

fifteen typical forms. Generally speaking, every form can 

be converted into apparently different propositions; thus 

the fourth type A=B, B=BC may appear in the form 

A=ABC, a=ad, or again in the form of three propositions 

A=AB, B=BC, aB=aBc; but all these sets of premises 

yield identically the same series of combinations, and are, 

therefore, of exactly equivalent logical meaning. The fifth 
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type, or Barbara, can also be thrown into the equivalent 

form A=ABC,aB=aBC. In other cases I have obtained 

the very same logical conditions in four modes of state- 

ment. As regards mere appearance and mode of state- 

ment, the number of possible premises would be almost 

unlimited. 

The most remarkable of all the types of logical condi- 

tions is the fourteenth, namely A=BC-l-dc. It is that 

which expresses the division of a genus into two doubly 

marked species, and might be illustrated by the example— 

Component of the physical Universe = Matter, gravitating, 

‘++ Not matter (ether), not gravitating. 

It is capable of only two distinct logical variations, 

namely A=BC-|-dc and A=Be-|-bC. By transposition, or 

negative change of the letters, we can indeed obtain six dif- 

ferent expressions of each of these propositions; but when 

their meanings are analyzed by working out the combina- 

tions, they are found to be logically equivalent to one or the 

other of the above two. Thus the proposition A=BC + dc 

can be written in any of the following five other modes :— 

a=bC +: Be, B=CA +I ca, b=cA+|-Ca, 

C=AB+- a8, c=aB +: Ad. 

I do not think it needful at present to publish the com- 

plete table of 193 series of combinations and the premises 

corresponding to each. Such a table enables us by mere 

inspection to learn the laws obeyed by any set of combina- 

tions of three things, and is to logic what a table of factors 

and prime numbers is to the theory of numbers, or a table 

of integrals to the higher mathematics. The table already 

given above (p. 128) would enable a person with but little 

labour to discover the law of any combinations. If there be 

seven combinations (one contradicted) the law must be of 

the eighth type, and the proper variety will be apparent ; 

if there be six combinations (two contradicted), either the 

SER. III. VOL. V. . K 
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second, eleventh, or twelfth type applies, and a certain 

number of trials will disclose the proper type and variety ; 

if there be but two combinations, the law must be of the 

third type; and so on. 

The above investigations are complete as regards the 

possible logical relations of two or three terms. But when 

we attempt to apply the same kind of method to the rela- 

tions of four or more terms, the labour becomes impossibly 

great. Four terms give sixteen combinations compatible 

with the laws of thought, and the number of possible 

selections of combinations is no less than 2°, or 65,536. 

The following table shows the extraordinary manner in 

which the number of possible logical relations increases 

with the number of terms involved. a 

Number | Number of | Number of possible selections of com- 
of possible binations corresponding to con- 

terms. | combinations. | sistent or inconsistent logical relations. 

2 4 16 
3 8 256 

4 16 65,536 
5 32 4,294,967,296 
6 64. 18,446,744,073,709,551,616 

Some years of continuous labour would be required to 

ascertain the precise number of types of laws which may 

govern the combinations of only four things; and only a 

small part of such laws would be exemplified or capable of 

practical application in science. The purely logical inverse 

problem whereby we pass from combinations to their laws 

is solved in the preceding pages as far as it is likely to be 

for a long time to come; and it is almost impossible that 

it should ever be carried more than a single step further. 
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XV. Corrections of the Nomenclature of the Objects figured 

in a Memoir “On some of the minute Objects found in 

the Mud of the Levant” &c.*. By Professor W. C. 

Wituiamson, F.R.S. 

Read April 3oth, 1872. 

In 1845 I laid before the Manchester Philosophical Society 

a memoir “‘On some of the Microscopic Objects found in 

the Mud of the Levant and other Deposits; with Remarks 

on the Mode of Formation of Calcareous and Infusorial 

Siliceous Rocks.”’ This memoir was written at the period 

when the microscope was opening out a new world alike to 

the zoologist, the botanist, and the geologist. The study 

of the Foraminifera was beginning to assume its modern 

scientific form; and the objects now so familiar to us as 

Diatomacee were being discovered at innumerable locali- 

ties ; so that we were entering upon that harvest of beau- 

tiful organisms which we have since reaped in so abundant 

a measure. 

' But, as was inevitable in the infancy of these studies, 

our views on many points connected with them were vague 

and unformed. The memoir in question constitutes one of 

the earliest of the attempts made to give scientific shape to 

a number of important problems, especially dealing with 

the nature of the Foraminifera, demonstrating the organic 

nature of some sea-beds and the almost invariable organic 

origin of Limestones, insisting upon the Diatomaceous cha- 

racter of those innumerable microscopic disks of which Cos- 

cinodiscus, Campylodiscus, and Actinocyclus are amongst 

* Published in vol. viii. of the ‘Memoirs of the Literary and Philoso- 
phical Society of Manchester’ (1847). 

K 2 
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the earliest known of the many types with which the labours 

of Ehrenberg made the scientific world familiar. 

At the above period the nomenclature of these various 

objects was in a most unsettled state; consequently the 

specific references contained in the above memoir are very 

defective. Some of my fellow-labourers in this field are 

kind enough to say that the memoir still retains sufficient 

scientific value to make a correction of the nomenclature 

a desirable thing. My valued friend Professor Rupert 

Jones has not only urged me to undertake this task, but, 

by the assistance he has kindly given me in the case of 

the recent and fossil Foraminifera, he has made the duty a 

light one. The following columns therefore give, on the 

one hand, references to the figures of the various objects 

represented in the plates to the memoir in question, and, 

on the other, the names by which these objects are known 

at the present day. 

Diatomacee. 

REFERENCES TO THE MEmorrR. Moprern NOMENCLATURE. 
Plate I. 

fig. 1. Denticella tridentata, Ehr. (p. 16) ... Biddulphia Tuomeyt. 

It is my belief that Biddulphia regina (Smith), triden- 

tata (Ehrenberg), and Twomeyi (Bailey) are but varieties 

of the same species. They chiefly vary in the length of 

their terminal processes. 

fig. 2. Biddulphia pulchella, Gray (p. 16)... Biddulphia pulchella. 

3. Amphitetras antediluviana, a Amphitetras antediluviana. 

(Ds8G)) shee ree niet ion 

4,6,8. Grammatophora africana, Ehr. 

fps Ae jie. cenesenpe ceecre sc Sec. coe | Grammatophora serpentina. 

5. —— —, var. (p. 18) ............ 

This not uncommon marine species varies exceedingly 

in the form of its frustules and in the number of the 

undulations of its characteristic vertical septa—G. angu- 

losa, Ehr., africana, Ehr., anguina, Kutzing, mediterranea, 

Ehr., and is/andica, Khr., being but varieties of the same 
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species. We have here a very characteristic example of 

that undue multiplication of species to which Ehrenberg 

has been so prone. | 

REFERENCES TO THE Memoir. Mopern NoMENCLATURE. 
Plate I. 

£.7,9. Grammatophora tenieformis (p. 17)... Grammatophora marina, Lyng. 

According to Kiitzing, Diatoma tenieforme, latruncula- 

rium (Agardh), brachygonium (Carm.), Bacillaria Cleopa- 

tre (Ehr.), B. adriatica, B. Meneghina (Lobarewsky), and 

Grammatophora oceanica are all varieties of this species ; 

and I doubt the distinctness of macilenta (Smith) and some 

others. 

fig. 10. ? 

11. Striatella arcuata, var. (p. 18) ...... Rhabdonema arcuata, var. 

7 Probably a thick variety of F'ra- 

Manne: Pad { gillaria capuana (Desm.). 
13. Gomphonema geminatum? (p. bi Bei aouneral: 

14. MEE i Sinckstal einai 
ern CCIE (Pe ZO) 20.2. cisccccccessensens Navicula didyma (Kiitz.). 

16. CeO ls... 6s sas) ets. 

ee ee 
ees 0 Oy a ee 
20. PMO saa aSa tec son anaes co vaa eM Plewrosigma (species uncertain). 

ee DO) ao ctl asdioas dee caccbanvcan ss 
Plate IT. 

a2. Surirelia: (p. 20)o.0002.) 06.2... nae 
Plate I. ; 
tees Cocconcs (p. 20): iss Ui sk ecseese Navicula. 

24. GROQOt FR. ALS, FL Navicula. 

Plate IT. 

m2, COCcconeme (Po 21) x..ccccecececevenn os Cocconema, or Cymbidum. 

It is impossible to distinguish isolated frustules of these 

two genera, the chief distinction bemg that the one is 

supported on a peduncle, whilst the other is free. 

f.26. Campylodiscus (p. 51)............00000- Campylodiscus (undescribed). 

Foraminifera (Recent). 

f.27. Rosalina globularis, D’Orb., or} Young individual of Planor- 
Rotalia stigma, Ehr. (pp. 38-43) bulina mediterranensts, 
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REFERENCES TO THE MEmorR. Movern NoMENCLATURE. 
Plate I. 

f. 28. Rosalina globularis, D’Orb., | Nave Ri ntuceL Picnorhulane Gee 

Rotalia stigma, Ehr., older (pp. dope onenes 

0 cae: 0) eR en ne ree EES 

29. Decalcified animal of the same. 

In reasoning upon this specimen in the memoir (pages 

38-39), I erroneously concluded that the form which it 

assumed afforded proof that its external surface consisted 

of a membrane more dense than the rest of the structure. 

I first became convinced that my reasoning was inaccurate 

from observing that some collodion dried up im a bottle in 

precisely the same way as the gelatinous sarcode of the 

Foraminifer dried up within the interior of each segment 

of the shell; ¢.e. it first shrank considerably m size, its 

external surface assuming a hard membranous aspect, after 

which the contraction ceased in the centripetal direction. 

Tbe soft contained collodion now contracted from within 

outwards upon the hardened exterior, which ultimately 

assumed the form and aspect of a dense membrane en- 

closing a hollow cavity. This is precisely what we see in 

these dried-up Foraminifera. 

fie. 30. Polystomella (p. 44)  ....2..0.00000- { Tea ioe a 
ichte oll). 

Ol, Peneroplis (PAL): cis. dosnaeee eee Peneroplis pertusus, Forskal. 

This is the species so widely known as P. planatus, the 

specific name given to it by Fichtel and Moll. 

f. 32. Peneroplis, young shell (p. 45) ...... Peneroplis pertusus. 

Bou | LOLUAMANW ALI)! -peacsceres chaos Bolivina punctata, D’ Orb. 

34. Foraminifer (p. 49) ....--.....0 { a igi perforata (William- 
son). 

Plate IIT. 

f. 35. Truncatulina tudberculata (p.46) ... Truncatulina lobatula. 

36. Spiroculina (p. 46) ......0..ceese0e. Deu Reg e eerab ies te 
almost impossible to deter- 

mine the species of these three 
Miliole. 

39. Lagena globosa? (p. 47) ............065 Lagena globosa (Montagu). 

37. 
38. Biloculima (pr4G)) .....0c.cceseseees 
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Sponge-spicula. 

REFERENCES TO THE MEmorr, Mopern NoMENCLATURE. 
Plate ITI. 

f. 40. Spiculum of Tetheia (p. 26) ......... Spiculum of a sponge. 
oT 0) Oe 2) ne Spiculum of Tetheza. 

42. Globular cortical spicule of asa Cortical spicule of Geodia. 
GO (BME) Cs eet AEE, ose L8G 

43, Spicule of ATO can acegnivdis Sponge spiculum. 
44, RUN RARE. Sian saenericicwian' Ditto. 

45. Calcareous spicule of » ? (p. 26) Ditto, calcareous. 

46. Siliceous spicule of aici Siliceous acicular spiculum of 
SIN) hI IEE, variations sponge. 

EEOC AD) Pinal. Lia sls <p sc cscene ce Siliceous capitate ditto. 
48. Muricated spicule of sponge (p. 27) . Siliceous muricate ditto. 

49. Calcareous spicule of one of eh Calcareous spiculum of Gor- 

Walid: (Ps ZA) wien snasignsens gonia. 

Miscellaneous. 

fig. 50. Rudimentary plate of an Echino-| Rudimentary plate of an Hehi_ 

BTR DoD?!) Na since stead iii aneanpiee noderm. 

BPPETONUS DD). cacacnsiavsencascccersartes Ditto. 

ee Dare (PDS) OTL Be Ditto. 

53. Cribriform plate (fragment) of si Fragment of test of a matured 

matured Echinoderm (p. 53) ... Echinoderm. 

4, Lamina of Pinna-shell (p. 52) ...{ “@mina of Dinna-shell, viewed 
superficially. 

55. Portion of a detached prism of \ Portion of a detached prism of 
Persame:( 9. 52) \.0c05ssn.-aesica a0 the same. 

Cretaceous Foraminifera. 

Plate IV. 
: Planorbulina Lorneiana £, 56. Rotalia (p. 75).c.sssesesseeeeseee { 5 otalia (p. 75) (D’Orb.) 

Bee Wibta APs, FO)" 5 sgaayeds.- Beis vos Ditto. 
58. Robulina, or Cristellaria (p. 75) ... Cristellaria rotulata (Lam.). 
59. ? (p. 75) ... Globigerina bulloides? 

Professor Rupert Jones informs me that he has seen a 

state of Globigerina bulloides from the Atlantic ooze like 

the above figure. At the same time I am doubtful re- 

specting the identity of the fossil with the well-known 

living form. 
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REFERENCES TO THE Memoir. Mopern NoMENCLATURE. 
Plate IV. 

f.60. Rotalia globulosa, Ehr. (p.76) ...... Globigerina cretacea, D’Orb. 
61. Textilaria globulosa, Ehr. (p. 76) ... Textilaria gibbosa (D’Orb.). 

62. Tectilanig Gp 616) Mee. cc. soeeers des prelonga (Reuss). 

G3. Verneutlina (p. 71) :.-.-2-0-+-- ovens. { eee 
ster). 

64. Textilaria, genus near to (p.76) ... Textilaria trochus. 

G5. Ditto (pata) ames. Sete esas Ditto. 
66. Margmulina (pp. TIO ek <cc2n- cnn Vaginulina costulata (Reuss). 

67. Cristellaria (Pp. 77) .......cccceseeeee | Cae ee 
planata (Reuss). 

6S. Ditton. 77). eect cee Ditto, ditto, cymba (D’Orb.). 

69. Dentalina (p. 78) { Small bent Nodosaria raphanus 
(Linn.), or NV. obscura (Reuss). 

70, Ditto\(pags) . ceteris. eS Dentalina communis, D’ Orb. 
A, EGONGA (D. 10) «BOE: acto weteeeee Coccolith. 

eC i a a 

When investigating the cretaceous deposits I found vast 

numbers of these small bodies, which, when viewed by 

transmitted light, appeared to have a single central cavity 

like that of the recent Lagene. There is no doubt, how- 

ever, that these are the Coccoliths to which so much atten- 

tion has been given during the last three or four years. 

The above figure is a bad representation of the external 

aspect of one of these small objects. 

fig. 72. WDentaling (peIisy Wr .cceck eee: Dentalina communis (D’Orb.). 

73. Dentalina aculeata (D’Orb.) (p. 78) . aculeata (D’Orb.). 

THESAIIGUO ct nea. d sheets tsar tae mene Ditto. 

Cretaceous Entomostraca. 

f.75. Cytherina echinulata, ae Cythere (Cythereis) ornatissima 

Cp FO) aes Beet ee cea (Reuss) *. 

76. ; (DPS): ASN 
Arts concentrica, W. (p. 79) ......... Cythere concentrica (Roemer). 

78. umbonata, W. (p. 79) ......... Cytheroptera umbonata (W.). 

79 serrata, W. (p:°19)..24.. { COREE hee montons, (2) 
(Jones). 

80. —— levis, W. (p. 79) 

+s 

5 sae ceer eee —— Muensteri (Roemer). 

* See Geological Magazine, no. 68, p. 75. 



ON CHANGES DURING A SOLAR-SPOT PERIOD. 137 

Sponge-spicula. 

REFERENCES TO THE Memoir. Mopern NoMENCLATURE. 
Plate IV. 

f. 81. Sponge-spiculum ? (p. 80) ............ Sponge-spiculum. 

82. Ditto, calcareous (p. 80) ....... .... Ditto, calcareous. 

83. Ditto, siliceous (p. 80) ............... Ditto, siliceous. 

Shell-structures. 

f. 84. Laminez of shell-structure (Jnoce- 
[Seal (Oat. Pen ee 

85. Detached prisms of ditto (p. 80) ... Prisms of ditto. 

eet (EGO) i429..sic.)..c0eat esasse: Ditto. 

} Lamina of Jnoceramus (shell). 

XVI. On Changes in the Distribution of Barometric Pres- 

sure, Temperature, and Rainfall under different Winds 

during a Solar-spot Period. By JoserH BaxENnpELL, 

F.R.A.S. 

Read before the Physical and Mathematical Section, November 7th, 1871. 

In my paper “On Periodic Changes in the Magnetic 

Condition of the Earth, and in the Distribution of Tem- 

perature on its Surface,” read March 8, 1864, I endea- 

voured to account for some of the phenomena therein 

described by assuming that variations in the magnetic 

condition of the earth produce corresponding variations 

in the direction and velocity of the great currents of the 

atmosphere ; and some time afterwards, in considering this 

hypothesis more carefully, it appeared to me that if, as is 

generally supposed, magnetic changes are intimately con- 

nected with the disturbances which take place in the solar 

_photosphere, their influence upon the atmosphere ought 

to be indicated by variations in the distribution of baro- 
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metric pressure, temperature, and rainfall under different 

winds corresponding to the variations of solar-spot fre- 

quency. Fortunately the means of at once testing the 

soundness of this view were at hand in the valuable tables 

numbered X VI. and X VIII. in the volumes of the ‘ Rad- 

cliffe Observations,’ which show for each year the relations 

between barometric pressure, temperature, and rainfall 

under different winds at Oxford. I therefore extracted 

from these tables, and arranged in order, the mean annual 

barometric pressures, mean temperatures, and amounts of 

rainfall under different winds for the ten years 1858-67 ; 

and on carefully examining the table thus formed I found 

that changes had taken place in the three ‘elements which 

corresponded very closely in the times of their maxima 

and minima with those of solar-spot frequency. 

The mean length of a solar-spot period is about 11 years 

and 5 weeks; and as the volume of ‘ Radcliffe Observations’ 

for 1868 has been published since I formed the ten-years’ 

table, I have included the mean results for that year in 

the following table, which thus represents the changes 

which took place through a complete solar-spot period. 

According to the observations of Schwabe the numbers 

of groups of solar spots which occurred in the years 1858-68 

were as follows :— 

Number of Number of 
Year. groups. Year. groups. 
ESBS) socghtenpeeceye 1388 OLS. ae 5° 130 

ESGOQ) lecncampancrmecchar 205 ROOS, t5.0 Pesca eee are 93 

DOGO", LAs ee 211 1866 25) Ae ree 45 

ESOT races ie. Aes 204, 3367) $222. deretase 25 

TROD. o acieccsccssoecne 160 1308 9..25escea eee IOI 

ESOS! pceod.ee-eirs poser 124 

The mean number is 135; and therefore it appears that 

during the five years 1858-62 the frequency of solar spots 

was above the average, and during the six years 1863-68 

it was below. In order, then, to ascertain the effects of 
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changes of solar activity upon the distribution of baro- 

metric pressure, temperature, and rainfall under different 

winds, the above table (p. 139) was divided into two—the 

first comprising the results for the five years 1858-62, 

when the number of solar spots was above the average, 

and the second those for the six years 1863-68, when the 

number of spots was below the average. The means of 

the numbers under each wind in both tables were then 

determined; and a comparison of the two sets of results 

thus obtained showed, for each element, the nature of the 

changes which had taken place. 

Barometric Pressure. 

The mean pressures under different winds for the two 

periods, and their differences, are as follows :— 

Mean pressure, | Mean pressure, : 
18 a 62. 1863-68. So 

in. in. in. 
i ee eee 29°859 29°849 +o'oIo 
NA gee econ coe. | 29°890 29°801 +0°089 
1 eco a ea ree 29°791 29°728 +0°063 
en rch scams | 29°672 29°615 +0°057 
= es ae Sa se 29°635 29°652 —o'ol7 
DEW orsacieecereseet 29°604 29°719 —O'lls 
Wien snsid ee | 29°684 29°789 —O'l05 
NNW etch ee 29.810 29°805 +0°005 

It appears, therefore, that in the years of maximum 

solar-spot frequency the maximum barometric pressure 

took place under north-east winds, and the minimum 

under south-west; but m years of minimum frequency 

the maximum and minimum pressures occurred respec- 

tively under north and south-east winds. The difference 

of pressure under north-west winds is almost inappreciable; 

and the differences under north and south winds are small; 

but those under north-east, east, south-east, south-west, 

and west winds are too considerable to be fairly attri- 
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butable to accidental causes. In order, then, to determine 

whether they are due to the operation of a change in the 

intensity of solar activity, I have made the following com- 

parison of the mean pressures under north-east, east, and 

south-east winds with those under south-west and west 

winds :— 

Mean pressure, | Mean pressure, 
under winds under winds . 

from N.E., E., | from S.W. and Difference. 
and S.E. W. 

in. in. in. 
TEE sndadivee en 29°348 29°649 +199 
BEE cc cancoss'se 29°313 29°672 +°141 
BBO! 3-0 ove on 29°728 297502 +226 
ae 25775 29°714 +:061 
2 Mar ae 29°756 29°683 +°073 
SS. sak 28°794 29°782 +:o12 
| hele ane 29673 29°717 — "044 
Se ee 29°715 29°722 —*007 
MI ais acess | 29°664 29°717 —'053 
7) ah re uy 29°685 29°835 —"I50 
DAE ce vhcdeues| 29°757 29°748 +009 

The maximum difference occurred in 1860, when solar- 

spot frequency was at a maximum; and the minimum 

difference in 1867, when solar-spot frequency was also at 

a minimum ; and the general course of the differences has 

a remarkable similarity to that of the numbers representing 

the variations of solar-spot frequency. 

As the rate of variation in the pressures during the 

maximum years 1858-62 was greatest in the quadrant 

between north-west and south-west, and as winds from 

the westward coming over the Atlantic are probably less 

affected by disturbing causes than those coming from the 

eastward over the continent of Europe, it appeared to me 

that the nature of the law of change of the pressures would 

be best indicated by a comparison of the differences be- 

tween the pressures under north-west and south-west winds. 

These differences are as follows :— 
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BEERS cath. sochctite «pre 221 BSOw, Lad srieshsiniddte. 122 

BOs ocogia oc niadynimsinas 238 TBO teens natin d 083 

£10, Rm 231 TOOG since cen soscust san 033 

BOGEN §355595. 2a cts 229 ES67 14.08. AGS otf: 066 

a a ee ae 109 ISGS. ccosasey. aedka! 074. 

WROD onccien emnua tne 134 

These numbers indicate a maximum at the end of 1859, 

a minimum in the latter half of 1866, and a secondary 

maximum at the end of 1863, thus presenting a very close 

agreement with the results obtained by De La Rue, Stewart, 

and Loewy from actual measurements of the areas of the 

sun-spots observed during the period under discussion. 

The mean pressure under all winds is 29°744 inches in 

both periods ; but the sum of the differences of the indivi- 

dual pressures from this mean is 0°755 inch in the first 

period, and only 0°530 inch in the second. It appears, 

therefore, that the forces which produce the movements of 

the atmosphere are more energetic in years of maximum 

solar activity than in years of minimum. 

Temperature. 

Mean tempera- | Mean tempera- 
ture, 5 years ture, 6 years Difference. 
(18 53-62). (1862-68). 

| a —— ——— a 

fe) fe) fe) 

Nites eeceeee 46'7 46°8 —oO'!l 
2.) a coer 46°7 46°5 +0'2 
UCU TREE AY. Sa GEE 48°1 50°%4 —2°3 
Sal ewer es 49°5 522 —2°7 
Pelee, Loe. PP 50°8 5273 —1°5 
Ss Wiens tene pier 50°7 +04 
Wee srereee 48°8 48°83 foWe) 
NW atest eee 46°6 47°1 —0'5 

In the first period the maximum temperature occurs 

under winds from south-west, and in the second period 

under winds from about south-south-east. The greatest 

differences between the two periods occur with east, south- 

east and south winds. Comparing the mean temperature 
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under south-west winds with that under south and south- 

east winds we have the following differences :— 

swe eeeeeeoerees 

So -  salie i Se —0O'75 

PEGI so BS —1°80 

BOO. 5 sek Sascins —2°10 

ic 27 Ee eee eee — 3°70 

BOOS ere De cone inet —0'45 

Here we have again a maximum in 1860 and a minimum 

in 1867. 

As the temperature diminished under two winds only 

(the north-east and south-west), we may compare the 

means of the temperatures under these winds with those 

of the wind under which the greatest increase of tempera- 

south-east, thus :— ture took place, the 

eeereseeseessecs 

° 

—I'1§ 

—o75 
+ 0°05 

—o'50 

—o'85 

—I1'go 

01) a 2°75 

EEO Siataeiesuys —4°90 

$866. .......ccssesees —3°45 

ESOU. avcenicooeens —6°75 

to ee, See —2°15 

Again we have a maximum in 1860 and a minimum in 

1867; and it is therefore evident that the distribution of 

temperature under different winds, like that of barometric 

pressure, is very sensibly influenced by the changes which 

take place in solar activity. 

Rainfall. 

(1858-62). 

eee eereereeeees 

eeeeereorses 

ee eeeseareeeres 

eee eeeasesever 

eee eeeeeees 

Mean annual amount. 

5 years 
Difference. 

6 years 
(1863-68). 

in. in. 
2°56 +0°60 

2°56 +0°77 
2°06 +017 

4°74 = % 44 
11°16 — 3°46 

5°47 + 6°04 
2°37 2°30 
2°23 —o'48 
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In the first period the maximum fall occurs with south- 

west, and in the second period with south winds; and the 

greatest differences between the two periods are with winds 

from south-east, south, south-west, and west, the differ- 

ences with south-east aud south winds being negative, and 

those with south-west and west winds positive. Comparing, 

then, the sums of the amounts which fell under the first 

two winds with those which fell under the last two, we 

have the following results :— 

Sum of Sum of : 
S.E. and 8. | S.W. and w. | Difterenee. 

in. in. in. 
HOG. cot csecee: 6°32 11°53 — 5°21 
TSEO, Gn creccmeeae 13°42 15°58 — 2°16 
FSGOO. so cowes sane 10°06 20°04 — 9°98 
ESGE Os. acenoues 10°44 14°98 — 4°54 
TSO2.ctsrsenes 9°77 19°08 — 931 
1S63 bacon 11°93 8°47 + 3°46 
TOBA were nce ats LO22 710 +. 312 
WSOG Sones. tas es 17°18 5°40 +11°78 
ESOOs ciieecshecens 24°72 g'12 +15°60 
TS07 “5 ccresutee 16°14 7°98 + S16 
ESOS» cs .ncehrens 15°20 8°99 + 6°21 

It will be observed that in every year of the first period 

(1858-62) the differences were negative, while in every 

year of the second period (1863-68) they were positive— 

or, that the amounts of rainfall under south-west and 

west winds were invariably greater than those under 

south-east and south winds during the years when the 

number of solar spots was above the average, and inva- 

riably less im the years when the number of sun-spots 

was below the average,—and, further, that the greatest 

difference in the first series of years occurred in 1860, 

at the time of a solar-spot maximum, and that in the 

second series in 1866, at or very near the time of a solar- 

spot minimum. 

Considering the irregular character of rainfall, both in 

the times of its occurrence and the amounts in which it 
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falls, I confess I was scarcely prepared to expect that the 

results of rainfall observations would agree so closely with 

those of barometric pressure and temperature. 

Instead of comparing the differences between the amounts 

of rainfall, it would perhaps be more correct to compare 

their ratios; but the results would be substantially the 

same. Thus, dividing the entire series of II years into 

three groups—the first including the four years 1858-61 

(one of which was a year of maximum frequency of solar 

spots), the second the four years 1862-65, and the third 

the three years 1866-68 (one of which was a year of mini- 

mum frequency)—we have the following amounts and 

their ratios :— 

Sum of rainfall | Sum of rainfall 
under 8.E. and | under S.W.and/| Ratio. 

S. winds. . winds. 

in. in. 
4 years (1858-61)...... | 40°24. 62°13 0°64 
4 years (1862-65) ...... | 49°10 40°05 1°22 
3 years (1866-68) ...... 56°06 26°09 2°14 

Here we have a small ratio in years of maximum solar 

activity, and a large ratio in years of minimum, and a ratio 

of intermediate value for the intervening years. 

It will, I think, be admitted that the results of this 

investigation support very strongly the hypothesis which 

led me to undertake it. They show also strikingly that 

the future progress of meteorology must depend to a much 

greater extent than has been generally supposed upon the 

knowledge we may obtain of the nature and extent of the 

changes which are constantly taking place on the surface 

of the sun; and therefore, in the interests of meteoro- 

logical science, it is evidently very desirable that observa- 

tions of solar phenomena should be greatly multiplied, by 

the establishment, in various parts of the world, of obser- 

vatories specially devoted to this object, so that a con- 

SER. III. VOL. V. L 
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tinuous daily, or even hourly, record may be obtained of 

the state of the solar disk and its appendages, and the 

results discussed in connexion with those of observations 

of meteorological phenomena. 

XVII. On the Distribution of Rainfall under different 

Winds, at St. Petersburg, during a Solar-spot Period. 

By Josepu Baxenpet, F.R.A.S. 

Read before the Physical and Mathematical Section, December 5, 1871. 

In the paper which I read at the last meeting of the 

Section it was shown that, at Oxford, changes take place 

in the relative amounts of rainfall under different winds in 

a period corresponding with that of solar-spot frequency. 

Thus, in the years when the number of groups of solar 

spots, as observed by Schwabe, was above the average, the 

amount of rainfall under west and south-west winds was 

greater than that under south and south-east winds, while 

in the years when the number of groups of solar spots was 

below the average the reverse of this took place, the amount 

of rainfall under west and south-west winds being /ess than 

that under south and south-east winds. The hypothesis 

which led to the investigation requires, however, that great 

diversity should exist in the relative amounts of rainfall 

under different winds at different stations. While at some 

the distribution will be similar to that at Oxford, at others 

it will be of an opposite, and in others again of an inter- 

mediate character; but, whatever may be the nature of 

the distribution at any station, the changes to which it will 

be subject will take place in a period identical with the 

solar-spot period. In some localities the changes will be 

so slight, or so irregular, as not to be immediately referable 
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to any well-defined law. These points on the surface of the 

earth may be regarded as nodal points in the general system 

of circulation of the great currents of the atmosphere. 

Among the places at which it seemed to me hkely that 

the law of change in the relative amounts of rainfall under 

different winds would be found to differ considerably from 

that which prevails at Oxford is St. Petersburg. I there- 

fore extracted from the volumes of the ‘ Annales de l’Ob- 

servatoire Physique Central de Russie’ the amounts of 

rain which fell under different winds at St. Petersburg 

during the eleven years 1854-64. ‘The results are shown 

in the following table :— 

Rainfall under different Winds, at St. Petersburg, during a 

Solar-spot Period. 

Year.| N. | N.W.| W. | S.W. | S. S.E. | E. | N.E. | Calm. 

in. in. in. in. in. in. in. in. in. 
1854. | 0°800] 0°675| 3°543| 2°r01| 1°088| 0°776| I'04r | 1°087| 17644 
1855.| 2°056| 2°688| 1°192| 3°688 | 1°720| 07558) 1°509] o-g61| 1°325 
1856.| 0°313| ror4| 5°174| 2°331| 1°386) 1°551] 0°535| 1°852| 0°800 
1857.| 1°871 | 0°000} 2°700| 1°640| 1°223| 0°757/ O18} 2°518 | 1°856 
1858. | 0°213 | 0°445| 2°218 | 2°441 | 0°475| 2°759| 1°025] 1°075| 1°002 
1859. | 0°375| 0°548| 4°961 | 4°371| 2°329| 2°251 | 1°038| 0°618 | 0°639 
1860. | 1400] 1°182| 2°194| 3°088 |) I*gI0} 2°460}| 2°469| o-301 | 0°683 
1861. | 1°861 | 0°123| 6°327| 2°681| 3:225) 2°259| 1°376| 0°978 | 0°332 
1862. | 1°045| 1°448| 3°290| 2°717| 2°032] I°921| 0°497| 0°431| 0°368 
1863. | 0°332| 2°446| 2°521 | 3°390| 3°110| 1°984| 0°512| 0°831 | O'000 
1864. | 2°171 | 6°560/ 3°038| 4°580| 2°017| 7°532| I°201 | 2°430| 0°656 

Means, 1°131 | 1°557| 3°378| 3°002| 1°865| 2°258)| 17035] 1°189| 0°846 

From the mean values in the last line of this table it 

appears that there was a principal maximum of rainfall 

under west winds, and a secondary maximum under south- 

east winds, a principal minimum under east winds, and a 

secondary minimum under south winds. 

In the eleven years 1854-64 the number of groups of 

solar spots, as observed by Schwabe and others, was above 

the average in the five years 1858-62, and below the ave- 

rage in the remaining six years 1854-57 and 1863-64. 

L2 
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I therefore divided the series of rainfall-results into two 

corresponding series ; and taking the means of the amounts 

under each wind, I obtained the following numbers :— 

Mean annual Mean annual 
amount of rainfall, amount of rainfall, 

1858-62. 1854-57 and 1863-64. Difference. 

in. in. in. 

NUE. Bitches 0°979 F257 —o'278 

ING Wo) deeb teae 0'749 ; 2'230 —1°481 

Wrecca meee 3°798 3°028 +0°770 
OW Soar tener 3°059 2°955 +0104 
aS sa Bese 1°994 1°757 +0°237 

gE: ciapeae cares 2°330 2°198 +0°132 

Men scent eke 1°281 0°830 +0°451 
NAG. corn ics. OST 1613 —0'932 
GO spanaatbeiiaaeee- 0°605 1°047 — 0442 

The differences in the last column show that the mean 

amounts of rainfall under west, south-west, south, south- 

east, and east winds are greater in years of maximum 

solar-spot frequency than in years of minimum, while the 

amounts under north-east, north, and north-west winds, 

and calms, are less. Comparing, then, the total amounts 

which fell under west, south-west, south, south-east, and 

east winds in each year with those which fell under north- 

east, north, and north-west winds, and in calms, we have 

the following results :— 

Total amounts of Total amounts of Groups 
rainfall under rainfall under of 

W., S.W., S., S.E., N.E., N., & N.W. Corrected solar 

and E. winds. winds and calms. Ratios. ratios. spots. 

in. in. 

TBGAGG Ens: 8°552 4°026 2°03 

TS5S aes pee 3°697 7°030 1°23 2°00 79 

PESO. sees ae 10°977 3°979 275 1°67 34. 

TS57 theese 6°5o1 6°245 1°04. 2°34. 98 

TS58 o.cceeres $°918 2°735 3122 771 183 

TBEOn ree 14°950 2°180 6°86 4°49 205% 

1860 <., 3554 I2°121 3°566 3°39 5700 211 

1862 (x. .2n90 15°868 3°294 4°76 wie 204 

1862 «2 sc cuete 10°457 3°292 3:17 grat 160 

ASG2". coe sees Ti-Gry 3°609 3°19 2°64 124 

1864-86 5058, 18-368 11°816 155 



RAINFALL DURING A SOLAR-SPOT PERIOD. 149 

The mean ratio is 3°01; and the ratios for the years of 

maximum solar-spot frequency are all above this mean, 

while those for minimum years are all below it, with only 

one unimportant exception. 

In order now to eliminate as far as possible the effects 

of accidental disturbing causes, we may take the means of 

the ratios of every three successive years; and in this way 

we obtain the corrected ratios in the fifth column of the 

above table. For convenience of comparison I have added 

in the sixth column the number of groups of solar spots 

observed in each year by Schwabe; and a glance at the two 

sets of numbers will show the remarkably close agreement 

which exists between them in the times of their maxima 

and minima, which seems to me fully to justify the con- 

clusion that both classes of phenomena are intimately 

connected, either as cause and effect, or as effects of the 

same cause. 

Excluding the amounts of rain which fell during calms, 

the corrected ratios become :— 

BS Seay canon aide oe iy | BOOS cis casnaste sone 6°42 

MET Ce elcilan cto 2°15 (ot Od 2S RR RS 4°37 

MOR sisalacvedsedsiazs 3°32 ESO dacs dashes sus tae 4°04. 

So a a 5°40 ESOS Syrusesavsccasnene 2°80 

Wes Di ade tadasciew dno ws 6°31 

It will be observed that the course of these numbers is 

almost identical with that of the numbers obtained when 

the amounts of rain which fell durmg calms are combined 

with those which fell under north-east, east, and north- 

west winds. 

The close agreement which has thus been shown to exist 

at St. Petersburg between the times of maximum and 

minimum frequency of solar spots, and those of the varia- 

tions in the distribution of rainfall. under different winds, 

gives increased value to the results derived from the Oxford 

observations, and affords additional support to the hypo- 
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thesis I ventured to advance in a former paper—that 

changes in solar activity, and consequently in the mag- 

netic condition of the earth, produced corresponding 

changes in the directions and velocities of the great cur- 

rents of the atmosphere, and in the distribution of baro- 

metric pressure, temperature, and rainfall. It is therefore 

evidently very desirable to discuss observations made at 

stations in various parts of the globe with reference to the 

variations which take place in solar activity, and thus to 

determine for each station the nature of the changes which 

take place in the relations between the several meteoro- 

logical elements during a solar-spot period. 

XVIII. Ona peculiar Fog seen in Iceland, and on Vesicular 

Vapour. By R. Anevus Smirtnu, Ph.D., F.R.S., &e. 

Read October 29th, 1872. 

One bright afternoon in July a party from Mr. Young’s 

yacht (the ‘Nyanza’) landed in Reikjavik and took tea 

at a hospitable house in that capital. After tea we were 

invited to go out and see the fashionable people on the 

promenade. We saw few people; but, as soon as we left 

the house, a cloud came down a street from southwards, 

and some one said ‘‘let us cross out of the way of the 

dust.” Dust was strange m such a place, where there 

is gravel enough, but few particles on the ground so fine 

as to be called dust. I looked more carefully, and, 

finding the cloud moving very slowly on the ground, con- 

cluded that it was smoke from a chimney, but smoke 
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mixed with larger particles than we generally see, caused 

probably by the excess of ash driven up the chimney. 

Gradually it came on to us; there was no smell, but a 

distinct chill. “It is not smoke; it is fog.” Wewent up 

the rising ground that leads to the tower on the great in- 

land road, and we saw the fog rising out of the small lake 

or pond behind the town and rolling into the streets very 

slowly. As this advanced, a similar fog rose from the sea 

and rolled also into the town, so that the two met in the 

streets. It is clear, therefore, that wind had nothing to 

do with the matter, but that both rolled from the fact 

that they were too heavy to remain suspended. I will 

not say that this is uncommon; but I will say that it 

was accompanied here by a larger size of particle than I 

have ever seen, and that the flatness with which it fell on 

the ground and the lumbering mode of rolling distin- 

guished it from all fogs which I have seen. It was not 

even common there, because the people took it for dust; 

and dust it certainly looked like, in part because the whole 

body of the fog was not composed, I believe, of particles 

equally large; had it been so, it would probably have 

been more transparent. I have seen the fogs of great 

cities at their worst, and have watched fogs and clouds on 

the plains and hills, and been enveloped in both so often 

as to make many of their phenomena familiar (I cannot 

say all, because there seems to be no limit to their varia- 

tions of appearance) ; but I have not at any time seen any 

approach to the strange sight at Reikjavik. After stand- 

ing on the hill and looking at the fog, with the chimneys 

of the small town standing out of it, we came down; but 

the air had become clear. The fog lasted only about an 

hour and a half. 

On examining the particles with the aid of a magnifier, 

somewhat of the same power as that used by Saussure 

when he made the observations to be spoken of, I con. 
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sidered that they were in diameter about ;}, to 4, of 

aninch. This could not be determined at the time; but 

I remembered the size very well, and measured a body 

which I considered about the same when I came home. 

I also obtained the particles spoken of by Saussure exactly 

in the way he obtained them, and came to the same con- 

clusion as to their size, but was equally certain that those 

of the fog were entirely different, being at least ten times 

as much in diameter. These particles, when seen through 

a glass, were perfectly spherical, and seemed quite concrete, 

as Saussure would say, or solid, as some people would re- 

mark—although this word has a different meaning when 

applied to water; in other terms, they seemed to be similar 

throughout, without any hollow centre. The sun was not 

down, the sky was still brilliant; and indeed this bril- 

liancy and the colour of the clouds towards the occident 

did not leave as late as 113 o’clock, and I do not see any 

reason to suppose that it left at all; it probably was seen 

till the sun rose. The light was reflected from some of 

the spheres in the extreme of the fog, and from some 

not; but all seemed concrete, and, being transparent, had 

a very beautiful appearance. They all tended downwards ; 

they were falling evidently; it was a falling dew, or a 

slight incipient rain, rapidly disappearing into the earth. 

A few globules of air might be entangled in the vapour— 

of course without systematic vesiculation, a most difficult 

thing toimagine. It seemed evident to me that to make a 

distinction absolute between fog, rain, and dew was a waste 

of words. There is a broad observable distinction, but no 

narrow line; and we cannot tell the end or beginning of 

either. 

Holding that the opinion regarding vesicles rests on a 

foundation too weak to be worth much attention, I do not 

consider it necessary to examine the history of the subject 

with great minuteness. However, as it is not well known, 
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and much disregarded in works on Meteorology, I shall 

give the opinions of some who are the principal originators 

or at least those best known to me. To begin with 

Edmund Halley, the astronomer, I quote from the abs- 

tract of his paper in the ‘ Philosophical Transactions.’ 

The actual paper itself is not much longer, but it was not 

at hand. 

“T have formerly attempted to explain the manner of 

the rising of vapour by warmth, by showing that if an 

atom of water were expanded {nto a shell or bubble so as 

to be ten times as large in diameter as when it was water, 

such an atom would become specifically lighter than air, 

and rise as long as that flatus or warm spirit that first 

separated it from the mass of water shall continue to dis- 

tend it to the same degree; but that warmth decreasing, 

and the air growing cooler and so specifically lighter 

{heavier is meant], the vapours consequently will stop at 

a certain region of the air or else descend, which may 

happen on several accounts, as will be seen below. Yet I 

assert not that this is the only principle of the rise of 

vapours and that there may not be a certain kind of 

matter whose conatus may not be contrary to that of 

gravity, as is evident in vegetation, wherein the tendency 

of the sprouts is directly upwards, or against the perpen- 

dicular. But whatever be the true cause, it is certain 

that warmth does separate the particles of water and emit 

them with a greater velocity as the heat is more intense, 

as is evident in the steam of a boiling caldron, wherein, 

likewise, the velocity of the ascent of the vapours visibly 

decreases till they disappear, being dispersed and assimi- 

lated into the circumambient air.”—PAil. Trans. (abridged) 

vol. ili. p. 428. 

Gottlieb Kratzenstein, candidate in Medicine at Halle, 

obtained the prize from the Bordeaux Royal Academy of 

Belles-Lettres, Sciences, and Arts, for his ‘Théorie de 
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VElévation des Vapeurs et des Exhalaisons, démontrée 

mathématiquement,’ published at Bordeaux in 1743. This 

and the next mentioned are written in Latin and French. 

He says :—“IV. I put a vessel of boiling water at a 

window, so as to have more light. I observed two kinds of 

watery particles rising from it: the first, of a white colour, 

dividing into different parts, remained for some seconds on 

the surface ; and then I saw one division after another sepa- 

rate from the surface and rise into the air with an accelerated 

movement. 2. Whilst the*water boiled, the vapour moved 

about two feet and a half in three seconds. 3. Amongst 

the vapours I saw another kind—small transparent glo- 

bules, not hollow—which rose very quickly about a foot 

high; but their motion was uniformly retarded, and they 

described a parabolic curve in descending. 

““V. The principles of mechanics teach us that bodies 

which describe a parabolic curve are pushed by a violent 

force; it follows that the second kind of particles are 

pushed out of the water and rise by a violent impulsion. 

“VI. Since this class of particles falls back, these cannot 

be called vapour. 

“VII. Since the little particles keep a spherical form 

in the midst of the air by reason of the equal adhesion of 

their parts, the vapours ought also to have a spherical 

form.” 

“X. I exposed a vessel of boiling water to the rays of 

the sun, which entered by an aperture into a chamber. 

I placed myself in such a way that my eye made an angle 

of 42 degrees with the falling ray; and I was unable to 

see in the vapours the colours of the rainbow. To be 

more certain, I caused a jet of water or fine rain to fall 

into the middle of the vapours; and having placed myself 

as was required, I saw two segments of a rainbow in the 

middle of the vapours—that is to say, a segment of the 

principal bow and a segment of that of which the colours 
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are reversed and less vivid; but as soon as I removed the 

jet they both disappeared.” 

“XII. The colours came from the reflection and re- 

fraction of the sun’s rays, in a certain manner, in the 

drops of water; it follows that this must take place dif- 

ferently in vapours and in drops of water not hollow. 

- Now there can be no other cause of this difference than 

the interior figure, because the exterior is the same. 

Therefore the vapours are hollow vesicles.” 

He then found that, in a globe with water, when the air 

was compressed he saw no vapour till he made an opening 

to the air, when the vapour became visible and the colours 

of the rainbow appeared. He also formed visible vapours 

by pumping the air out of a globe with aqueous vapour. 

Some particles he found different from others, and twelve 

times as fine as a hair; the diameter of the hair was 

the three-hundredth part of an inch, and of the vapour 

particles 255. 

He concludes, from the experiment by exhaustion, that 

the vapours which keep themselves in the air naturally are 

invisible, and become visible when they descend and expand. 

He considers that the rays are refracted from the 

vapours as from soap-bubbles. To the objection that the 

refraction may be in the concrete bubble, he replies that 

“some vapours show an order of colours very different 

from others; vapours are, therefore, of different sizes. 

They do not reflect colour from their whole volume.” 

To reflect colours in the order seen, he says the pel- 

licle of the vapours must be very fine. Then he wishes to 

show that air is necessary to keep up vapours, because if 

the air is pumped out the vapours become visible. 

He thinks the elastic fluid causing ebullition in a 

vacuum goes through the pores of the vessel. 

He sees that vapours have no absolute lghtness, and 

cannot lose their specific gravity. 
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He also says (in XL.), “The specific weights of water 

and air are as goo tor. A vesicle of water must there- 

fore be a thousand times as large as the drop of water of 

which it is composed. The vapours, therefore, cannot be 

so dilated as to rise by being specifically lighter than air.” 

But how are these vesicles elevated ? 

“ According to Mr. Halley’s observations, air which 

touches boiling water is dilated one quarter, and the air 

heated by the sun is dilated by a seventh. Therefore the 

air becomes lighter than the colder air which surrounds it ; 

it ought, therefore, to rise with an accelerated movement, 

and to employ a quarter of its weight as force.” “The 

bubbles are not able to overcome by their weight the cohe- 

sion of the air, but remain suspended.”—LX. 4. 

“The vapour will rise with the air when it preserves its 

heat; the air would lose its heat very slowly, because the 

cold air which surrounds it has a very small specific 

gravity.”—LX. 6. 

“The motion of the air ceasing, the molecules of the air 

remain adhering to the vapours ; and because the vapours, 

being so small, are unable by their weight to overcome 

this adherence, they become supported in the air even 

when it is calm.”—LX. 7. 

I think I have shown enough from M. Kratzenstein to 

prove that he has given in reality no argument for the 

vesicularity of vapours. He has, in fact, shown quite 

clearly that the vesicularity does not do away with the 

difficulty of floating water in the air; and he has taken 

refuge in heated and expanded air. Not knowing that 

the cold produced by expansion allows the vapours to be 

seen, he is far misled, and ends at last in the cohesion of 

the air and smallness of the particles, forgetting appa- 

rently the importance at first given to his vesicles. The 

whole is like the work of a clever youth, as the author 

seems to have been. By diminishing the size of the par- 
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ticles he may, it is true, diminish to an imdefinite extent 

the resistance of the air; but the heat, which he wishes 

to retain, cannot be allowed to him. 

In the same year, and at the same Academy of Bor- 

deaux, a prize was adjudged to M. Hamberger, Professor 

of Physics and Medicine in the Academy of Jena. Both 

he and Kratzenstein were Germans, and from Saxony. 

Hamberger shows that the weight of water cannot be 

reduced by increasing the size of the vesicles or, indeed, 

by making vesicles. He says, “the force which raises 

bodies into the air diminishes with the size of the bodies ; 

but as the elevating forces act only on the surface, and 

these diminish as the squares of their diameters, whilst 

the bodies (and consequently their weight) diminish as 

the cubes, it is easy to see that a force insufficient to raise 

a body may raise the smali portions.” In other words, 

the smaller the body the less can it resist the air. It is 

somewhat wearisome to go over the eighty-four para- 

graphs, some considerably divided; so I need only add 

one or two. 

“71, Nothing but the motion of the air is the ultimate 

cause of the rise of vapours. We must now therefore 

explain what is the cause which, during the time of 

evaporation, produces the motion of the air.” 

“72. The movement of the air and its direction upwards 

are produced by the vapours themselves, which are heated 

when raised into the air by causes explained in par. 63, 

no. 2, letter B, and no. 3, letters A and B, because the 

heat passes from the vapours warmed into the air which 

touches the vapours, whence it arises that this air is heated 

and expanded ; consequently it becomes specifically hghter 

than the surrounding air, by which it is pressed upwards. 

This air follows the dilated air, which yields its place and, 

being put in motion upwards, carries with it the vapours 

attached to it.” 
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It is clear that, in this, Hamberger has found a possible 

way of raising vapours and of keeping them afloat ; whereas 

the others have wandered more amongst vapours heated 

internally, which we know must soon equalize their heat ; 

heat-particles have also led some astray. 

We may, in reality, say that amongst those who seem 

to have been the founders of this theory of vesicles, no 

reasons have been given, but only a few fancies by no 

means well supported even in the opinion of the authors, 

and still less in that of natural philosophers at the present 

time. 

We may conclude that a drop of water may be rendered 

more easily supported and moved in the air by two 
methods easily imagined :—the first, namely, by increasing 

the size in the vesicular method; the second, by being 

broken into minute fragments. In clouds we may sup- 

pose either cause; but no reason 1s given for the first, and 

we must fall back on the second. These fragments are of 

varlous sizes. 

I have not searched carefully the authors who have taken 

up the subject of vesicles, and do not think it well to 

spend much time upon it; but Horace-Bénédict de Saus- 

sure, being the most notable, and the one to whom the 

idea itself is generally referred, must be carefully attended 

to. In his ‘ Essais sur  Hygrométrie’ there is a chapter 

on ‘Vesicular and Concrete Vapours,” at page 282. A 

few of the most characteristic sentences will be given. 

Par. 199. “If there is no body contiguous to that air 

which is supersaturated with vapour, so that it may attach 

itself, the elements of water unite together and form 

either small spherical full drops, or small congealed 

needles, or, finally, hollow spheres.” 

200. “ These little solid drops, which unite to form rain 

and the frozen needles (the first rudiments of snow), may be 

considered not to be vapours; but as they are so fine as to 
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remain suspended a long time in the air and cause other 

meteoric results, I think it better to leave them under the 

head of vapours, and to call them concrete vapour.” 

201. “ As to the hollow spheres, which I have called 

vesicular, it appears that conjecture has been in advance of 

observation ; and their existence has been supposed in order 

to account for the formation of vapour before knowing that 

they could be made to fall before the senses. Desaguiliers, 

in his ‘ Cours de Physique Expérimentale,’ tom. 11. lecon x., 

opposes, by abstract reasoning, the physicists of his time 

who admitted the existence of vesicles, and endeavours to 

refute this opiion as a purely gratuitous hypothesis, or at 

least one which does not depend on direct observation. 

One may now make these vesicles visible to the least-expe- 

rienced eyes. 

“This I consider the best way to observe them. Expose 

to the rays of the sun, or at least to full daylight and 

where the air is still, a cup of very hot water of a black or 

dark colour—for example, coffee, or water mixed with ink. 

From this will arise fumes more or less dense, which will 

rise for a little and disappear. An observant eye will 

perceive that this vapour is composed of rounded granules, 

whitish and detached. But to see them better, we must 

use a lens of an inch or an inch-and-a-half focus ; and with 

this the surface of the liquid ought to be observed; but 

care must be taken to hold the lens out of the current of 

the risimg vapours, as they impair its transparency. 

“Observing attentively what passes on the surface of 

the liquid, we see little spherical balls of different sizes, 

and moving with different rapidities. The freest rise 

rapidly and vanish; but the coarser fall back into the cup 

without mixing with the liquid from which they escaped, 

and roll on the surface like light dust, and so on....... 

It is sufficient to see them to be convinced that these are 

hollow spheres.” 
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He then tells of Kratzenstein’s measurements, and re- 

sumes at 203 :— This is my mode of observation. I have 

a sort of eolipile made with two bulbs—a tube of glass 

sealed at A and open at D; the two bulbs C and B com- 

municate with each other and the opening at the point D. 

I pass a few drops of water into the bulb B, and put it on 

the flame of a spirit-lamp. I use spirits of wine, so as not 

to soil the bulbs of the eolipile. As soon as the water is 

sufficiently heated in the bulb B, and the bulb C cold, one 

sees the vapours coming out of B, enter into C, and condense 

in the form of a cloud which is entirely formed of vesicles. 

But when the water begins to boil in B, the torrent of 

elastic vapours which enter C reheats it; the vapours no 

longer condense; we see clouds or vesicles no longer. But 

take away the eolipile from the flame, and with a little fresh 

water cool the bulb C; one sees then immediately a vesi- 

cular vapour. Under a microscope these vapours may be 

better observed; but the rapidity of their movements pre- 

vents us seeing them with large magnifiers.” 

At p. 293, par. 206, he speaks of clouds, and says again 

“This is my mode of observation ;”” but it ends simply in 

looking at the fog with a lens, and waiting till he sees a 

drop or a particle pass. 

Finding that the thinness of the envelope will not give 

them qualities sufficient, he, as others before him, seeks 

some other liquid, and in par. 210, talking of an atmo- 

sphere rarer than air surrounding bodies, says, ‘“‘ Even our 

vesicles give a very striking proof of the existence of their 

atmosphere, and that by the ease with which they roll on 

the surface of water without mixing or adhering; for it is 

evident that if they adhered they would be attracted 

strongly.” But this is another subject. 

Par. 211. “ Is this fluid electricity ?” 

In par. 213, speaking of the cause of vesicularity, “ We 

have no distinct notions of the intimate and elementary 
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structure of bodies. I will say only that most liquids 

have a marked disposition to take this form, and that it 

appears to be the result of their viscosity or mutual 

attraction of their elementary parts and of the figure 

proper to those parts; it is a kind of crystallization—the 

degree which water is capable of whilst it retains sufficient 

heat to be fluid.” 

The conclusions drawn by Saussure are quite unwar- 

ranted by his observations; and one can scarcely find 

anywhere that he sees any thing that would lead him to 

consider the particles hollow. It is a vague inference 

from certain of their qualities and their supposed analogy 

to soap-bubbles. 

I have tried his few experiments, and think he may be 

right about the size of the granules he speaks of when 

water condenses in a bulb; but as to their vesicularity, [ 

consider he has no right to pronounce an opinion in this 

ease. If vesicularity be proved, it must be by larger 

powers than he has used, or by better eyes than he pre- 

tended to have. If there are vesicles formed by con- 

densation, they are still to find. And this will apply 

either to the vapour in the glass bulb or the atmosphere 

above us. 

When vapour rises from water which is heated,.or, let us 

say, in ebullition—on bubbling, from whatever cause, the 

result may be different. If steam, .aises a bubble of water, 

it may take it into the air, and on cooling leave a little 

air which it may have received from the water. The 

amount in this case will be excessively small; but I do 

not know that it has ever been observed. If, however, 

gas should be present in greater quantities than the air in 

water, we may expect a larger bubble to remain formed 

for a while. This is especially the case when hydrogen 

bubbles out of an acid solution where zinc or iron is dis- 

solving. It seems to form small balloons which carry the 

SER. lij. VOL. V. M 
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salt to a great distance. I have sometimes, in this case, 

believed that I saw the proof of hollowness of such vesicles ; 

and the great range of their flight is remarkable to any 

one who will stand even in a large room where metal is 

dissolving. I have sometimes found branches of trees, set 

a considerable distance from works where sulphate of iron 

was manufactured, so covered with crystals as to be striking 

to passers-by. This observation of the balloon-forming cha- 

racter in the evolution of hydrogen gas was first made to 

me by my friend James Higgin, F.C.S. 

This observation, however, is entirely independent of 

any thing that we know to occur in the regions of the air 

where cloud is formed. The remarkable vapour which 

was described at the beginning, and which led me to look 

a little mto this subject, showed me no signs of vesicularity 

where one would have supposed there existed the best 

opportunity of seeing it. 

That there are difficulties attendant on the explanations 

of the subsistence of vapour, it is easy to see; but vesicles 

of any kind we can suppose must be heavier than the air 

around them, and even the inventors have been aware of 

the new difficulty, and sought to lift them up by various 

means. They have probably arisen out of the imagination 

of people active-minded and speculative, and been seen 

by the eyes of persons whose reasonings were beforehand 

affected with the notion. If vesicles should be found (and 

who knows what wonderful things there may be found in 

the future?), the discovery must have an entirely new origin 

and basis. 

Indeed I see no reason for going far for a mode of keep- 

ing clouds up. Times out of number I have observed on 

calm summer evenings a cloud of smoke from a steamboat- 

funnel, lying for miles in length at a height very little dif- 

ferent from that of the funnel out of which it issued. 

Sometimes this will be found a little lower. At other 
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times I have found the smell of a cigar, used by a per- 

son fully a quarter of a mile on, over the road at about 

the same height as his mouth, nothing -being visible. In 

these cases have we any thing to look to but the size of the 

particles? They are so small that their resistance to the 

atmosphere is diminished to its utmost, as the resistance 

of the air is increased so much in proportion to the weight 

that they cannot fall rapidly. 

We can, then, make clouds lie on the air without falling. 

In some cases these artificial clouds rise; this is no doubt 

caused by upward currents, which must exist for various 

reasons. One very common is that when sailing you come 

to the end of the current of air or wind very suddenly ; it 

goes neither to the right nor left. These currents make 

long serpentine movements in the line of smoke, and abun- 

dantly explain alternate calms and winds on one line, so 

often observed by sailors. 

If, however, the particles of the water forming a cloud 

are large, there is abundant tendency to fall observed, 

as in other bodies. Dust from a chimney will fall down 

on a deck at once; but the smoke will float, as said. Let 

the particles be large, and the fall will be rapid and 

evident. If, as in the case of the fog observed at Reik- 

javik, the particles are inordinately large, the fall is also 

greater than usual; the water acts exactly as dust in 

similar cases acts, with due respect to specific gravity 

and other qualities. One of these is the fact that, unlike 

dust, the fine vapour-particle will evaporate antl become 

transparent if heat is given. When, then, it falls a little, 

in certain atmospheres it is resolved into gas, as we may 

say; but in this state it may rise and be again cooled, and 

so on without intermission; and this may be one of the 

modes of keeping clouds pretty uniform in the air. It is, 

however, to be observed that they are never long of the 

same appearance; they are constantly changing; and no 

M2 
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doubt this unforming and reforming is very active at times. 

Sometimes the unforming is seen clearly in a constant fall 

of vapour which never goes below a certain level, some- 

times in rising up a hill to one definite point. A very 

curious and frequent occurrence is the formation of vapour 

from a current of air as soon as it touches a peak, and the 

complete evaporation of all as soon as it leaves the peak a 

few hundred yards—this goimg on for hours, a constant 

forming and reforming. So much is this the case that J 

thought of assigning it as a reason for the suspension 

generally of all clouds; but I do not see it acting on all 

occasions; and at any rate the fact of the cloud of carbon 

gave an analogy which showed that size was not to be for- 

gotten in the matter. I can imagine that size in the 

vapour of carbon from chimneys is not the only point, 

but that the form of the carbon, ight and feathery, and so 

holding air, may diminish the specific gravity ; but, as in the 

case of vesicles, it can never reduce the gravity to that of 

the air. Besides, we see the matter illustrated by dust, 

with equal precision, although, so far as I have observed, 

not in such extreme cases. We sce an example also in 

sulphuric acid and sulphur-fumes mixed with various sub- 

stances, arsenic &c., in copper-smoke. We see the same 

in the smoke from iron-furnaces sending out lme and 

other substances, which go like clouds to great distances. 

Indeed the matter is illustrated in nature to extremes, and 

any one can find out some point for himself. 

Of course we cannot deny the possibility of the air being 

entangled in the condensed vapour and so assisting; but 

how enormous must be the proportional amount of air to 

keep the whole suspended? Even the hydrogen little bal- 

loons spoken of fall soon, although that light gas supports 

them better than common air can do. 
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XIX. On Black-bulb Solar-Radiation Eietiloniéters ex - 

posed in various Media. By G. V. Vernon, F.R.A.S., 

F.M.S. 

Read before the Physical and Mathematical Section, February 27th, 1872. 

Burne desirous to make some comparisons of the readings 

of black-bulb thermometers exposed in various media, I got 

Messrs. Negretti & Zambra to make me a set of three ther- 

mometers, in addition to the ordinary black-bulb maximum 

m vacuo. 

The glass tubes containing the thermometers were filled 

with hydrogen gas, carbonic-acid gas, and atmospheric air, | 

at 32° F., the latter thermometer being described in the 

tables as filled with compressed air. The instruments were 

all alike, the glass tubes enclosing them being of equal 

thickness. The thermometers were all compared with the 

Greenwich standard, and require no index-error correction. 

The observations were made in the years 1861 to 1865 ; 

and the period embraced was just four years. Since the 

latter year the observations have been discontinued ; but 

the thermometers remain in the same position they were 

originally placed in. 

In the annexed Tables, Table I. gives the mean monthly 

readings of the thermometers for each year, with the addi- 

tional readings of the black-bulb freely exposed and the 

maximum thermometer in the shade. 

Looking at the yearly means, the black-bulb in vacuo 

gives the highest mean reading, the one with carbonic-acid 

gas comes next, followed by the condensed-air one, that 

filled with hydrogen giving the lowest temperature. 

Examination of the monthly values shows that the 

maxima for all the thermometers occur in July, and the 
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minima in January. The minima of the enclosed ther- 

mometers read nearly all alike; the maxima of the 

vacuo and carbonic-acid ones are nearly equal; and the 

same remark applies to the hydrogen one and the one 

filled with compressed air: the latter agrees with what 

Tyndall poimts out, that hydrogen and atmospheric air 

absorb heat equally. 

Table III. gives the difference of each monthly mean 

referred to the reading of a freely exposed black-bulb 

thermometer. 

In volume v. page 169, of Symons’s ‘ Meteorological 

Magazine,’ there is a paper by Mr. Francis Nunes, giving 

comparisons of carefully made black-bulb thermometers 

by Pastorelli, showimg a considerable difference between 

the thermometer 7 vacuo and the one partially exhausted ; 

his observations were made in October, and show a differ- 

ence of 1°2 to 11°°5, the vacuo thermometer being the 

highest of the two. Mr. Nunes also states that an en- 

closed thermometer without any exhaustion reads still 

lower, beg from o°8 to 12°°8 below the vacuo ther- 

mometer. 

From my observations the difference between the vacuo 

and condensed-air thermometers is never very large, 

amounting rarely in individual cases to 5°:0 to 6°0, but 

in July 1865 reached occasionally 10°0, the mean differ- 

ence in July only reaching 4°°3. 

IT am not aware of any similar series of observations to 

be found anywhere else, and thought it might be desirable 

to tabulate the values for comparison with any subsequent 

series that may be made. 
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Tasie I[.—Radiation Thermometers. 

Maximum in the Sun. 
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Mean Monthly 

JANUARY. 

In car- In Gans | EEE) Wee In ; bulb : 
Year. bonic- | hydro- | densed mum in 

oaeuo. | acid gas. | gen gas air preety. shade 
py £8 cee * | exposed. : 

3° ° ° te} ° ° 

1862. 48°0 46°3 46°4 47°83 44°6 43°2 
ene RES ec AS) ee See Oe ocho. WMG cawtts, Lt baad 

1864. 4571 45° | 447 | 454 | 434 | 41°9 
1865 443 | 441 | 447t 442 | 436 | 413 

Means ....... 45°38 45°71 4571 45°83 43°83 42°1 

FEBRUARY. 

1862 54°8 532 33° 54°2 +97 46°3 
1863. 65°0 61°9 62°4 62°1 552 50°0 

1864. SoS Sis 4973 9 489 536 | 45°55 | 4270 
1865. 5°°7 Cy ie! Ret 50°8 46°3 42°3 

Means ...... 552 53°9 53°8 55°2 49°3 45°1 

MARCH. 

1862. 64°4. 61°3 60°3 60°7 56°83 48°9 
1863. 75°7 736 7271 725 62°8 52°6 
1864. 70°6 69°6 68°3 69°1 59°8 43°9 
1865. 65°3 64°9 65°9 63°1 5770 441 

Means ...... 69'0 67°3 66°6 66°2 59°1 48°6 

APRIL. 

1862. 31°6 761 736 ee 70°8 57°5 
1363. 86°0 83°3 31°2 81°8 69°9 562 
1864. 35°38 33°74 81°9 $2°8 76°0 60°0 
1865. 92°6 91°3 894 89°3 81°5 63°5 

Means ...... 86°5 83°5 81°5 82°3 746 59°3 

MAY. 

1862. 95°77 89°1 86°9 86°3 81°2 64°4 
1863. 88°4 87°1 86°1 86°6 74'8 61°2 

1864. 97°5 96"4 95°0 95°8 81°4 66°5 
1865. 93°7 83-2 87°I 87°9 79°3 65°0 

Means ...... 93°8 go"2 88°3 89°1 79°2 64°3 
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Tap ie 1.—Radiation Thermometers. 

Maximum in the Sun (continued). 

MR. G. V. VERNON ON BLACK-BULB 

Mean Monthly 

JUNE. 

In car- In Con. | | tani 
In : bulb . 

Year into bonic- | hydro- | densed frecly | mum in 
* lacid gas.| gen gas.| air. onoan d. shade. 

° 10} co) ° ° ie} 

1862. 88°9 86°73 $4°2 84°38 69°6 58.8 
1363. 97°2 96°6 93°0 94/1 81°4 66°83 

1864. 989 | 9775 | 949 | 955 | 812 | 662 
1865. 101°8 104°6 99°0 IOI‘O 93°0 72°38 

Means ..:.% 96°7 96:2 g2°8 93°8 81°3 66°1 

JULY. 

1862. 97°8 94°0 91°9 g1°8 803 66°7 
1863. IOI‘l 100°7 981 98°7 $7°3 70°8 
1864. 100°8 108°6 98°8 98°8 86'0 70°9 
1865 110°6 O72: 1034 103°8 94°4 76°6 

Means ...... 102°6 102°6 938'1 98°3 87°0 71°2 

AUGUST 

TSG620°. Cocks OO ak Piao. BEATE es a cere ee ene 

1863. 93°9 93°5 918 92°7 83°4 68-7 
1364. 963 94°5 g1‘o g2°1 80'9 68-0 
1365 102°6 97'0 94°8 97°0 81°7 68°7 

Means ...... 97°6 95°0 92°5 93°9 82°0 68°4 

SEPTEMBER. 

1861. 86°5 $0°9 78°5 79°6 78°5 63°9 
1362. 83°6 31°6 80°0 800 74:2 62°6 

1863. 79°2 78°5 75°2 78°7 701 58°5 
1864. 91°7 88-4 34°6 go'l 73°3 65°2 

Means ...... 85°2 $2°3 79°6 82°1 740 62°6 

OCTOBER. 

1861. 72°6 69°7 689 70°9 64°'8 60°5 
1862. 71°3 63:0 66°6 67°2 61'9 56°5 
1863. 660 66°2 64°6 67°5 62°0 55°9 
1864. 69°3 66°9 64°9 68°6 61°7 57°0 

Means .....: 69°8 67°7 66:2 68°6 62°6 57°5 
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Tasie I.—Radiation Thermometers. Mean Monthly 

Maximum in the Sun (continued). 

NOVEMBER. 

EB In car- In Con- ca ~ | Maxi- 
Year. éacuo, | PODIe hydro- | densed | p47, | mum in 

* Jacid gas.| gen gas.| air. expos y. e shade. 

° ° ° ° °o ° 

1861. 51°4 50°7 49°6 51°6 47°2 46°3 

1862. 46°7 47°0 46°8 46°4 44°9 43°7 
1863. 53°6 53°4 52°8 54°4 52°3 50°7 
1864. 53°0 52°6 52°9 52°5 49°71 43°2 

Means:........ 512 | 50°9 50°5 512 48°4 47°2 

DECEMBER. 

1861. 47°2 45°3 45°3 48°0 44°0 44°8 
1862. 49°6 49°5 49°9 49°6 48°2 48°0 
1863. 49°0 49°2 48°9 49°6 48°6 48°3 

. 1864. 432 | 435 | 43°5 434 | 419 | 43°2 

Means ...... 47°2 46°9 46°9 47°7 45°7 46°1 

TasiLe I[J.—Mean Results of the Four Years. 

ie In car- In In con- ae Maxi- 
Month. bonic- | hydro- | densed "s mum in vacuo, . . freely 

acid gas.| gen gas.| air. expos a shade. 

° ° ° ° ° ° 

January ...... 45°8 451 45°1 45°8 43°8 42°1 

February ...) 55:2 53°9 53°8 552 49°3 451 
March "...... 690 67°3 —-66°6 66°2 591 48°6 
EU 552201001 86°5 8375 81°5 82°3 746 59°3 
ee 93°8 go°2 838°8 89°1 79°2 64°3 
ON ee 96°7 96"2 92°8 93°8 31°3 6671 
EN oc on. 0is- 102°6 102°6 98'1 98°3 87°0 75'2 
August ...... 97°6 95°0 92°5 93°9 82°0 68-4. 
September ...| 85:2 82°3 79°6 82°1 74'0 62°6 
October ...... 69°8 67°7 66'2 68°6 62°6 575 
November ...| 51°2 50°9 50°5 512 438°4 47°2 
December ...|  47°2 46°9 46°9 47°7 45°7 46°1 

Ann.means...| 75°0 | 73°4 71°9 72°9 65°6 56°6 
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Tasxie III.—Differences from the Readings of the Freely 

exposed Black Bulb in the Sun. 

In car- 
Month. In vacuo. | bonic-acia | 1 bydro- | oS wage 

gas. gen gas. | pressed air. 

ce) ° ce) O° 

JANUALY ......--00 2:0 1°3 i4 2° 
Pebruary’~.!...... 59 4°6 4°5 59 
March "lreee ees 9°9 8:2 7a 71 
APE Corcesara- se. II'9 8-9 6°9 77 
Miniy Foc se Osa. te 14°6 II" 9°6 9°9 
Aes ee A 15°4 14°9 II°5 12°5 
Ouely” bo eae c says 15°6 15°6 1I‘l 103 
PATEOTISG || 4. on. a= fo 15°6 130 10°5 119 
September ......... 1r2 3°3 5°6 ae 
October 22.59... 72 pn 3°6 60 
November 225...52. 2°8 225 oon 2°83 
December ......... 1°5 1°2 12 2°0 

Micans’ cocpchewuntes 9°47 7°90 6°28 7°26 

XX. On the Composition of Ammonium Amalgam. 

By R. Routiepe:, B.Sc., F.C.S. 

Read October rst, 1872. 

THE substance now known as ammonium amalgam appears 

to have been first obtained by Seebeck* in the beginning 

of the year 1808, immediately after Davy had announced 

his brilliant discovery of the isolation of potassium and 

sodium by means of the voltaic battery. Seebeck pre- 

pared the amalgam by placing mercury which formed the 

negative pole of a battery in contact with moistened car- 

bonate of ammonia. About the same time Berzelius and 

Pontin+ obtained the like result with solution of ammonia. 

* Annales de Chimie, lxvi. p. 191. 
t Gilb. vi. p. 260, and ‘ Bibliothéque Britannique,’ Nos. 323, 324, p. 122. 
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This discovery they communicated to Davy early in June 

1808, declaring their conviction that ammonia, like potash 

and soda, must be an oxide, and that the new substance 

was a combination of its metallic constituent with mercury. 

Davy immediately commenced a series of elaborate expe- 

riments on the production and properties of the amalgam ; 

and in an account of these experiments laid before the 

Royal Society in the same month* he first uses the name 

ammonium to indicate the supposed metallic base of am- 

monia. So convinced was Davy that the substance united 

with mercury in the amalgam was of a metallic nature, 

and that by combining with oxygen it constituted am- 

monia, that he was inclined to view nitrogen and hydrogen, 

if not as oxides of metals, at least as metallic gases. 

Davy discovered that the ammonium amalgam was 

readily produced when an amalgam of potassium was made 

to act on moistened sal-ammoniac. He found that the 

electrically prepared amalgam, when introduced into a 

tube, rapidly evolved gas, which he describes as consisting 

of “ about two thirds to three fourths of ammonia, and the 

remainder hydrogen.” In another experiment, amalgam 

obtained by potassium was moistened with strong liquid 

ammonia, and when heated in a tube generated gas which 

was proved to consist of two thirds ammonia and one 

third hydrogen. 

In the following year Gay-Lussac and Thénardt} investi- 

gated the ammonium amalgam, and were led to regard it 

as a triple compound of mercury, ammonia, and hydrogen. 

They found, on putting some of the amalgam prepared by 

potassium into a tube which was filled up with mercury 

and then inverted in a vessel of that liquid, that the 

amalgam gave off, in decomposing, ammonia and hydro- 

gen gases in the proportion of 22 volumes to 1. But the 

* Phil. Trans. 1808, p. 355. 

t Recherches Physico-Chimiques, i. p. 52. 
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electrically prepared substance gave off the gases in quite 

another proportion, the ratio in four different experiments 

being nearly 28 volumes of ammonia to 23 of hydrogen. 

These results were obtained by first drying the amalgam 

with bibulous paper, then introducing it into a tube con- 

taining a little mercury, closing the tube with the finger, 

agitating it for some minutes with the enclosed air, open- 

ing the tube after inversion in mercury, measuring the 

ammonia by absorbing with water, and determining eudio- 

metrically the hydrogen mixed with the residual air. The 

amalgam was afterwards described by Thénard, in his 

‘Traité de Chimie’*, under the name of “ ammoniacal 

hydride of mercury.” 

It is interesting to observe that in 1816 Ampérey, in 

the passage where the now universally received views on 

the constitution of ammoniacal compounds are first pro- 

pounded, refers to the amalgam. Speaking of the diffi- 

culty of assimilating the constitution of ammoniacal to 

metallic salts, he remarks—“ This difficulty would disap- 

pear if we admit that, just as cyanogen, although a com- 

pound body, exhibits all the properties of the simple bodies 

which are capable of acidifying hydrogen, so the combina- 

tion of one volume of nitrogen and four volumes of hydro- 

gen which is united to mercury in the amalgam discovered 

by M. Seebeck, and to chlorine in the hydrochlorate of 

ammonia, behaves in all the compounds which it forms 

hike the simple metallic substances.” This theory was 

more fully developed by Berzelius, and was soon generally 

received, except as regards the amalgam, concerning which 

various conflicting opinions were entertained. Daniell t, 

for example, speaks of it as a mere mixture of mercury 

and gases resulting from the cohesion of the mercury and 

* Vol. ii. p. 162, 3me édit. 

.t Annales de Chimie et de Physique, ii. p. 16 (note). 
t Chemical Philosophy, p. 420. 
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the adhesion to it of the gases; and he cites the absorp- 

tion of oxygen by melted silver as a similar case. 

Grove*, in 1841, made a few experiments on the amal- 

gam, and advanced the idea that it is a chemical compound 

of mercury and nitrogen, merely swelled up with hydrogen. 

In 1864 Dr Wetherill+ performed several ingenious 

experiments on the amalgam, but without attempting any . 

quantitative estimate of its composition. He concludes 

that it is not an alloy of mercury and ammonium, and 

that the swelling up of the mass is due to the retention 

of gas bubbles by virtue of some unexplained action which 

he somewhat vaguely refers to catalysis. 

In the ‘ Annalen der Chemie u. Pharmacie’ for 1868 ¢ 

is a paper by Landolt, in which, after pomting out the dis- 

cordance of the quantitative results obtained by Davy, and 

by Gay-Lussac and Thénard, he describes a method by 

which he attempted a new determination of the relative 

quantities of ammonia and hydrogen. He prepared the 

substance from a solution of sal-ammoniac, separated from 

the mercury (which formed the negative pole) by a porous 

cell. The amalgam, when removed from the circuit, was 

washed in a stream of water to get rid of the adhering 

solution of sal-ammoniac, which always contains free am- 

monia. It was then immediately plunged into dilute 

hydrochloric acid of known strength; and the hydrogen 

evolved was received in a graduated cylinder placed over 

it, while the ammonia was estimated by determining the 

amount of unneutralized acid in the liquid. Two experi- 

ments gave results corresponding respectively to 2°15 and 

2°4 volumes of ammonia to 1 of hydrogen. These figures 

of Landolt’s cannot be considered satisfactory, neither 

nearly agreeing with each other nor approximating to the 

* Phil. Mag., United Series, xix. p. 97. 

+ Silliman’s Amer. Journ. [2], xl. p. 160. 

t Supp. Bd. vi. p. 346. 
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ratio 2: 1 sufficiently close to justify his conclusion that 

they “completely confirm the results formerly obtained by 

Davy.” Indeed Landolt points out a serious defect in his 

process—namely, that however rapidly the amalgam may, 

after washing, be transferred into the acid, the adhering 

water will nevertheless take up some more ammonia from 

the continuously decomposing substance, while the hydro- 

gen escapes. 

It must be observed that Davy himself appears to have 

found a difficulty in obtaming consistent results; for he 

does not seem to have ever entirely satisfied himself as to 

the proportions of the two gases. These are the words in 

which he sums up his observations :—‘‘ As it does not 

seem possible to obtain an amalgam in an uniform state, 

as to adhering moisture, it is not easy to say what would 

be the exact ratio between the hydrogen and ammonia 

produced, if no more water was present, than would be 

decomposed in oxidating the basis. But in the most 

refined experiments which I have been able to make, this 

ratio is that of one to two; and in no instance in which 

proper precautions are taken, is it less; but under common 

circumstances often more. /J/f this result is taken as accu- 

This statement of Davy’s being apparently the only 

authority for the assertion that the decomposing amalgam 

gives off the gases in atomic proportions, and yet being in 

conflict with Gay-Lussac and Thénard’s results, it ap- 

peared to me desirable to attempt to obtain more exact 

determinations. 

I used amalgam prepared by electricity in the manner 

described by Landolt. 

A simple’ mode of eliminating the disturbing effect pro- 

duced by the attraction of ammonia for moisture suggested 

itself. A U-shaped glass tube was provided, open at both 

* Bakerian Lecture, 1809. 



COMPOSITION OF AMMONIUM AMALGAM. 175 

ends, about 1°4 centimétre in diameter and having its 

shorter limb 40 centimétres long. At the bottom of the 

longer limb, just above the bend, there was an 

outlet tube, to which was attached a piece of 

caoutchoue tubing closed by a_ pinch-cock. 

Mercury was poured into the tube until it filled 

about two-thirds of the shorter limb, into which 

was then introduced the amalgam after the 

latter had been wiped with filtering-paper. 

Into the end of the limb containing the amal- 

gam, a caoutchouc stopper, perforated with a small open- 

ing, was immediately thrust so far that its upper surface 

came a little below the rim of the tube. The decom- 

position of the amalgam was then allowed to proceed 

for a few minutes, during which period any moisture ad- 

hering to the amalgam or present in the tube would 

become completely saturated with ammonia, and the two 

gases would begin to escape through the perforation in 

the stopper in the proportions in which they are really 

evolved. Mercury was now poured into the open end of 

the longer limb until the amalgam just made its appearance 

at the top of the hole in the stopper, which was then closed 

by pushing in a piece of glass rod. The evolved gases, 

being thus retained in the tube, pressed up the mercury in 

the longer limb; and it was from time to time drawn off 

by the outlet-tube, to prevent undue pressure on the 

stopper. When the decomposition was complete, which 

usually occurred in about 12 hour (but m one case more 

than 22 hours were required), the mercury was brought 

to the same level in both limbs, and the space occupied by 

the gases was marked on the tube. A little mercury was 

then let out, so as to make the pressure on the gas some- 

what less than that of the atmosphere, and the space 

above the stopper was filled with hydrochloric acid diluted 

with a little water.. The glass rod was now carefully with- 
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drawn for an instant, so that a few drops of the acid might 

enter the tube. The ammonia gas present was of course 

immediately absorbed ; and the mercury having been again 

brought to the same level in both limbs, the space occu- 

pied by the residual hydrogen was marked on the tube. 

The volumes occupied by the gases were determined hy 

finding the quantity of water required to fill them from a 

burette. 

The following are the results of four experiments :— 

Volume of 
No. of | Volume of | Volume of | Volume of be we ts pres te 

expe- the mixed residual ammonia for one volume 
riment. gases. hydrogen. absorbed. of hydrogen 

cub. cent. cub. cent. cub. cent. 
¥ 20°8 70 13°8 1°97 
2. 18-2 6°2 12°0 1°93 
3. 12°38 43 8°5 1°98 
4. 13°6 4°6 De 95 

I believe these figures are as nearly accordant with the 

atomic proportions as could be expected from the means 

employed, where the possible error in determining the 

volumes might amount to perhaps °2 cub. centim. 

In another similarly conducted experiment, in which it 

was sought to obtain as much gas as possible, the tube 

was closed too soon; and the result showed a deficiency of 

ammonia, but is otherwise interesting :— 

Experiment 5. 

Volume of Volume of Volume of 
mercury in Volume of the mixed residual 

the amalgam. amalgam. gases. hydrogen. 

cub. cent. cub. cent. cub. cent. cub. cent. 
11°8 30°5 49°90 18'0 

A new observation on the amalgam has recently been 

made in America by Professor C. A. Seely*, who found, by 

subjecting it to varying pressure, that its volume changes, 

* Chemical News, June 10, 1870. 
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apparently, in accordance with Mariotte’s law. He em- 

ployed simply a glass tube fitted with a plunger, and did 

not measure the pressures or volumes. His conclusions 

were that the amalgam is a mechanical or physical mix- 

ture of liquid mercury with the gases ammonia and hydro- 

gen, and that its semifluid consistence is due to the mixture 

having the nature of a froth. 

The following table contains the results I obtained on 

submitting the compressibility of the amalgam to the test 

of direct measurement. 

Atmo- | Volume The Observed | Calculated 
Volume d : 

No. of of spheric of increased | volume of | volume of 
_ mercury | Pressure amalgam | pressure | amalgam | amalgam 

P reury | in centi- | under at-| in centi- | under under 
i .| In the : : : ; 
ee métres of |mospheric} metres of | increased | increased 

amalgam. mercury. | pressure. | mercury. | pressure. | pressure. 

cub. cent. cub. cent. cub. cent. | cub. cent. 
6. 14°5 76'2 21°0 152°4 13'0 17°9 
7a II‘g 76°38 27°0 183-2 Lys 17° 
8. II'9 76°83 22°7 200°9 17°0 16°4 
9. 24°4 76°2 36°2 E524 31°6 30°9 

10. 24°4 76°2 31°6 152°4 28°0 27°4 
ri. 1452 76°2 28°7 1524 23°0 21°6 
xe. ¥3°2 76°2 22°5 152°4 18°5 E72 
13. 10°4, 76°2 180 186°3 14°7 537 
14. 104 76°2 160 186°3 12°8 12°8 
15. 23°83 76°2 40°4, 178°7 33°6 31°9 
16. 23°83 76°2 42°0 176°! 33°6 32°7 
57. 23°38 76°2 42°83 152°6 35°0 347 
18. 23°8 76°2 40°4 177°4 53°35 31°9 
19. 23°8 76°2 42°2 102°6 38°83 ‘ 38°5 
20. 23°8 762 42°2 153°6 34°0 34°0 
21. 23°8 7G2 AB FTA 33°70 ga:7 
22. 23°8 76°2 42°0 2015 32°72 31°6 
23; 23°8 762 40°2 177°4 32°2 92°5 
24. 23°38 702 40°6 251° 31°2 30°6 
25- 23°38 762 36°2 149°5 32°6 30°6 
26. 29°2 76°2 42°0 177°4 36°8 35°4 
ag20) if -O'2g*2 76°2 42°0 200°2 36:2 34°7 
28. 29°2 762 40°6 173°6 36°0 34°7 
29. 29°2 76°2 39°5 198°9 34°4 3374 
30. 24°6 76°2 32°0 ASEO A 297 28°4 

31. 24°6 76'2 34°0 177°4 30°4 28°7 

I subjected the electrically formed amalgam to pres- 

sure in a glass tube 48 centims. long and 13 centim. in 

diameter. The pressure was applied by connecting the 

SER. Il. VOL. V. N 
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tube with a syringe, by which air could be forced into the 

apparatus ; and the amount of the pressure was measured 

by a column of mercury in an open manometer. There 

was some difficulty in measuring the volume, owing to the 

occasional escape of bubbles of gas, which caused abrupt 

alterations of the level. The table also contains a column 

of volumes calculated on the supposition that the amalgam 

is a mere mixture of fluid mercury and gas, allowance 

being made for the pressure on the gas due to the column 

of mercury in the amalgam itself. The extreme case was 

assumed, namely that this additional pressure is repre- 

sented by a column of mercury half the height of the 

amalgam. 

Five points deduced from the mean results of experi- 

ments 15 to 24 having been laid down in relation to rec- 

tangular axes, the curve (1) which passed through them 

is represented in the diagram, which shows also the curve 

Pressures. Vol of Mercury 

Volumes. 

(2) through five points representing the calculated volumes, 

and a line (3) representing volumes corresponding to the 

pressures which were applied to the top of the columns of 

amalgam. 

The diagram and figures sufficiently show that the com- 

pressibility of the amalgam agrees nearly with the supposi- 

tion of its being a mixture of gas and mercury, but that it 

is somewhat less compressible. This, no doubt, is owing 

chiefly, if not entirely, to its want of fluidity. 
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I think that from these experiments I am warranted in 

drawing the two following conclusions, viz. :— 

1. In the fact of the gases being evolved in atomic pro- 

portions, we have the clearest proof that the ammonia and 

hydrogen are chemically combined. 

2. The compressibility of the mass proves that the 

enlarged volume or swelling up is due mainly, if not 

entirely, to free gases entangled in it. 

In connexion with the first of these conclusions arises 

the further question whether the NH, is combined with 

the mercury. That itis so combined appears in the highest 

degree probable from the apparently uniform diffusion of 

the NH, throughout the mass, and from the fact that such 

a union would be only one additional instance of the innu- 

merable cases in which this radical plays the part of a 

metal. Seely says that, if the radical NH, be contained 

in the amalgam at all, it must be in the state of gas. But 

the figures furnished by my fifth experiment show that, if 

this supposed NH, gas had the normal molecular volume, 

and existed in the amalgam from the beginning, a force of 

two atmospheres would be required to compress it within 

the amalgam. The decomposition therefore is progressive, 

and points to the existence of a real compound of NH, 

with the mercury. We may therefore admit that such a 

compound is originally formed, and decomposes rapidly 

into mercury, ammonia, and hydrogen, while the gases 

becoming entangled in the mass impart to it that remark- 

able turgescence which is not, however, a property of the 

original compound (or ammonium amalgam), but merely 

an accidental result of its decomposition. 

As to the cause of the retention of the gases, I am not 

prepared to offer an opinion, further than that its explana- 

tion would probably involve physical rather than chemical 

considerations. 

I have to express my obligation to the kindness of 

N2 
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Dr. Roscoe for the use of the appliances of the laboratory 

at Owens College, where the experiments were carried out ; 

and I am also indebted to him for valuable suggestions. 

XXI. On Arsenic from Alkah-Works. 

By H. A. Smitu, F.C.S. 

Read April 30th, 1872. 

Some time ago I laid before this Society the results of 

several analyses showing the amounts of arsenic contained 

in the different species of pyrites used in vitriol-manufac- 

ture, and in several of the products in the manufacture 

of which the acid was employed. At that time I car- 

ried my analyses as far as the carbonate of soda, in which 

no arsenic was found. I should now hke to supplement 

that paper by showing how the arsenic contained in the 

pyrites escapes in a not inconsiderable amount to the 

atmosphere. : 

When the salt used for the production of hydrochloric 

acid is treated with sulphuric acid containing arsenic, the 

arsenic present becomes converted into the trichloride 

(AsCl,). This compound is said to be completely decom- 

posed by contact with water, so that, after passing along 

with the hydrochloric acid gas through the condensing- 

towers, it would scarcely be expected that any traces of 

the arsenic originally present would be found in the 

escaping gas. I find, however, that this really is the case. 

A considerable quantity of the arsenic trichloride escapes 

the action of the water in the condensing-towers, and 
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' passes, along with a very small proportion of the uncon- 

densed hydrochloric acid gas, to the chimney. 

A deposit in the flue (about 20 feet long) leading from 

the salt-cake furnace to the condensing-towers, the coke 

contained in the towers themselves, the gas in the flue 

leading to the chimney (through which the gases pass, 

having first passed through a small extra washing-tower), 

and the smoke escaping to the chimney were all sub- 

mitted to analysis, and found to contain arsenic. 

The results are gathered together in the following 

Tables :— 

Taste I.—Deposit in Flue leading from Salt-cake 

Furnace to Condensing-towers. 7 

No. of analysis. Arsenic trioxide. 
per cent. 

| anaes. Bully te ema ry be Bs 44°66 

PRU ate cn Aondts se vecewse nba’ 42°93 

OD ee ein cess ormonceiucte 45°33 

OPE siwiharsednataccssoquaness 39°98 

Be ian a centceat catadehdnesncs 46°45 

Pe. ncnvaecwase <r acvondandvs ans 44°40 

CCE RE ORL OE 40°44 

Beat Silesgw ens tains cauoe een sores 33°97 

WE eels oes takes se dees ERATE. 47°73 

390°89 

PR i ccna oe coe 43°43 

In this Table we have the results of nine analyses of a 

deposit found in a flue leading from the reverberatory 

furnace to the condensing-towers. The total length of 

this flue is about 20 feet; the part from which the dif- 

ferent samples were taken is about 15 feet from the 

furnace: the gas had therefore undergone cooling to a 

certain extent. The deposit at first sight appeared to be 

principally composed of common salt and a little sulphate 

of soda; but on examination with an ordinary hand- 

microscope, small octahedral crystals of arsenic trioxide 
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were found. On analysis this deposit gave, as an average 

of nine analyses, 43°43 per cent. As,O,. This flue had, 

however, been in working for some years. 

Passing from the flue to the towers, the next analysis 

made was of the coke itself. Even when examined by 

the highest microscopic power at my disposal, there was 

no appearance of any arsenic crystals; but arsenic was 

very easily detected in it. For each analysis 10 lb. of 

the coke was used. It was digested first with distilled 

water, and then with perfectly pure HCl. 

The results of three analyses gave 2°88 as the average 

percentage of arsenic present, the variation being from 

2°64 per cent. to 3°18 per cent. As,O,. The towers had 

been in use for about a year. 

Taste II.—Coke from Condensing-towers. 

No. of analysis. Arsenic trioxide. 
per cent. 

De Os oes visite adeno 2°64 

Ba Seis an matrtoanenset fi anteievesaunpcees 3°18 

Bia hda cs oh acdons son weaeeneeer 2°34 

8°66 

Mean: | gecsucneeneones 2°88 

The air in the flue leading from the condensing-towers 

to the chimney was next examined. 

For each analysis 500 cubic feet of air was employed, 

and twelve analyses were made. 

_ The amount of air passing at this flue was 31,722 cubic 

feet per hour. 

In the following Table the results have been calculated 

out to 
Grains As, O, per 1000 cubic feet, 

oF per hour, 

- per day. 

The numbers here are comparatively large, and the 
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variation considerable, owing to the fact that at one time 

more furnaces were in use than at another; but, as the 

analyses extended over a long period, the results may, 

I think, be taken as a very fair average. 

Taste I{J.—Air in Flue leading from Condensing-towers 

to Chimney. 

(Amount of air taken for each analysis = 500 cubic feet.) 

(Amount of air passing = 31,722 cubic feet.) 

Arsenic trioxide Arsenic trioxide Arsenic trioxide 

No. of analysis. per 1000 cb. ft. per hour. per day. 
grain. grains. grains. 

EE eee eee 0068 2°59 51°768 

BE a ghia ciniieis bahia 

Breet as ones 0°082 2°601 62°424 

Bee kPa ils Slaten ss 0°072 2°284 54°816 

SIP thi dn ninitua ne o°102 3°235 77°640 
RR iwaatan aa nccnas 0°064 2°030 48°720 

ommend en ARR aes 0'198 6°280 150°720 

a Ce eee 0'248 7°367 183°808 

7 SES aoe 0°186 5900 141°600 

_ Oe ee 0°232 7°359 176°616 

MES, Noite cot nap sols 0°262 8°311 199°464 

Bate sn cen nisin 0°382 12°117 290°808 

1°396 60°141 14.43°384 

Means ....., "158 5012 120°282 

The quantity of arsenic trioxide per 1000 cubic feet varies 

from 0°068 to 0°382 of a grain. This gives, as an average 

of twelve analyses, 0°158 grain As, O, per 1000 cubic feet. 

Taking then the amount of air passing through the flue as 

31,722 cubic feet per hour, the average amount of arsenic 

trioxide escaping per hour would be 5'012 grains, this be- 

coming in twenty-four hours 120°282 grains As,O,. This 

will probably escape either as arsenious acid or as arsenic 

trichloride. If as the latter, it may be decomposed, on 

coming into contact with the atmospheric moisture, into 

arsenious acid and hydrochloric acid— 

2AsCl, +3H, O=As, O,+6HCI. 
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Taste [V.—Air taken to feet from bottom of Chimney. 

(Amount of air taken for each analysis = 500 cubic feet.) 

Arsenic trioxide 

No. of analysis. per 1000 eb. ft. 
grain. 

Kc, Woah sisawaise saan woes meee ee 07046 

[Bis ac Seat eee ee Remon ean Perea 0°022 

Buy oan nbipansiinctinn pei obaet cece 0'086 

MANA volslassiniomin grec sat wauas ela eset 0°062 

Bact ohs base cine cine Se menes eee O°lI2 

Qe netics oerantacan ees Lone eee 0054 

Te Medetemeer hace sheceeeeceet or o°122 

Si bunldaete weer bees dealer ener 0°132 

Os) Lt etavae tenes nases eee 0°144 

0780 

Gant, ss. ckhcn ees 07086 

In Table IV. the analyses of some of the air escaping to 

the atmosphere from the chimney itself are given. 

A small hole was made in the chimney, about 10 feet 

from the ground, and the passing air aspirated through. 

As in the former Table (Table III.), the amount of air 

employed for each determination was 500 cubic feet; and 

the number of analyses made was nine. I do not know the 

amount of air passing in the chimney, so have only calcu- 

lated the amount of arsenic trioxide per 1000 cubic feet. 

The variation in these specimens is not so great as in 

the former, being only from 0°022 to 0°114 of a grain per 

1000 cubic feet. From nine analyses the average amount 

is 0'086 of a grain per 1000 cubic feet, being below the 

average in Table III. 

The method employed for collecting the arsenic trioxide 

contained in the last two tables was very simple. The air 

was aspirated through three bottles containing respectively 

(1) water, (2) hydrochloric acid, (3) nitrate of silver. The 

gas was allowed to bubble very slowly through the solu- 

tions; the bottles containing them were capable of holding 
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40 ounces, and were filled about half full. It was found 

in most cases (I might almost, indeed, say in all) that the 

nitrate-of-silver solution was not required, the water and 

hydrochloric acid absorbing all the arsenic which was in 

the air drawn through. 

The idea of arsenic being present in the atmosphere 

surrounding chemical works is by no means new. ‘The 

fact of its existence in large amounts in the ore from 

which the greater amount of our vitriol is made leads 

one to suppose that it must find its way into the atmo- 

sphere at one place or another; but I believe this is the 

first time the comparative amounts have been brought 

forward. It would be very interesting to have similar 

analyses made on this subject in the various works where 

large quantities of sulphur ore are burnt, so that we could 

have an idea of the amount of this impurity which is being 

daily thrown into the atmosphere in the neighbourhood of 

Manchester. 

I also made some attempts to determine the amount of 

arsenic in grass grown close to the works at which these ex- 

periments were carried on; but the result was very unsatis- 

factory. The grass should be got from some distance from 

the alkali-works, in the direction of the prevailing winds. 

XXII. On Animal Life in Water containing Free Acids. 

By H. A. Suiru, F.C.S. 

_ Read April 30th, 1872. 

So much has been written lately concerning animal life, 

its origin, and the conditions under which it ean origi- 



186 MR. H. A. SMITH UN ANIMAL LIFE 

nate and exist, that I thought it might be interesting to 

find out to what extent it could be present in water con- 

taining free acids, and also to notice how far free acids 

prevented its origination. 

The animals upon which the experiments were tried 

were the Rotifers (Rotifer vulyaris). These were obtained 

by washing a certam amount of air in distilled water and 

exposing the washings to the air in a small wooden vessel, 

which was kept lightly covered. Five days elapsed before 

they came to perfection. 

The method of procedure was very simple :—One litre 

of air in the neighbourhood of an alkali-work was washed 

in a glass vessel with 100 cubic centimetres of pure dis- 

tilled water; this was then transferred to a small wooden 

vessel and allowed to stand in the laboratory, at a tempe- 

rature which remained nearly constant at 60° F.  Pre- 

viously, however, the total amount of acidity had been 

obtained, which equalled 0°065 grm. per litre. This was 

calculated in the first place as sulphuric acid. 

After having stood five days, the liquid presented a very 

lively appearance when viewed under the microscope, and 

the Rotifers seemed in a very active condition. The total 

acidity was now raised, by the further addition of sul- 

phuric acid, to 0'084 grm. per litre; but there was no per- 

ceptible difference in the appearance of life. On raising 

the acidity still higher* (to 0°097 grm. per litre) a very 

decided difference was observed. The appearance of the 

liquid was no longer clear, but became of a light brown 

shade; whilst the Rotifers were apparently unwilling tc 

move, and when any disturbance took place in the flwia 

their motion was very sluggish. This seemed to be a defi- 

nite point in the action of the acid. Small “clots” of 

vegetable matter also became visible, presenting a charred 

* In every case, in these experiments, on the addition of acid, the liquid 
was allowed to stand an entire day before furtier addition. 
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appearance. Acid was again added till the total acidity 

had reached 0153 grm. per litre. The appearance now 

presented was similar to the former, except that life was 

still more languid, and after an hour all had ceased. The 

whole solution presented the appearance of being filled with 

decomposed and decaying organic matter floating about in 

shreds. Thinking that perhaps the length of time which 

had elapsed since the Rotifers had been obtained might 

have had some effect, a portion of the original solution 

which had been kept apart for the purpose, but to which 

no acid had been added, was examined, and the life found 

to be as active as at its first origination. 

A number of experiments were also made in order to 

see what amount of free acid would prevent the origination 

of life. In the above case it was seen that 0°065 grm. per 

litre did not prevent it, that beimg the original acidity of 

the liquid. The amounts given below were then tried with 

the following results :— 

Time allowed to stand. ‘Total acidity. Remarks. 

days. grm. per litre. 
re er hee, varnn’ 0°070 Life abundant. 

Ne oA it badd osinn igen 0°074 Little or no life. 

26 Dbeeeeeeeeteesteneeees 0°080 © No life. 

Here, then, we sce, the line of demarcation is distinctly 

marked, 07004 grm. per litre making a very decided im- 

pression on, if not completely stopping, the origination of 

life, and o-or grm. per litre entirely preventing it. 

The next acid tried was hydrochloric acid. The same 

amount of air was taken and treated in a similar manner, 

the acidity in this case amounting to 00085 grm. per litre, 

calculated as hydrochloric acid. 

This, after being left for five days under the same con- 

ditions as formerly, was very full of life and in active 

condition. 
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The acidity was now raised to o'o1 grm. per litre, and 

the solution allowed to stand twenty-four hours. The 

appearance of the solution had not varied to the smallest 

degree. On further acidification till the amount reached 

o'o18 grm. per litre, no difference was observed between 

the present and the original solution. However, on the 

further addition of o-oor grm. per litre (that is, on raising 

the acidity to o’o1g grm. per litre) a very decided differ- 

ence was noticeable; all life had become extinct. The 

change from active hfe to death was almost instantaneous, 

and could be most distinctly seen by the microscope. The 

bodies of the Rotifers, generally so clearly white and 

transparent, became, immediately on the addition of the 

acid, of a dull opal-like appearance; and all movement 

was arrested. The solution remained clear; and the 

bodies of the Rotifers were seen floating im it, becoming 

rapidly acted upon by the acid. Even while watching, in 

the short space of ten minutes they became “shredded.” 

Here, then, the line between life and death is very 

sharp, much more so than in the observations with 

sulphuric acid. 

The present experiments extended over the same space 

of time as those in the former case—eight days from the 

time of washing air, or four days from time of first ob- 

servation. 

The same attempts were made as formerly to find the 

amount .of acidity which would prevent life originating, 

the present results being :— 

Time allowed to stand. __ Total acidity. Remarks. 
days. grm. per litre. 

Beigseips Pade e ess 0°0085 Life abundant. 
BO a cease ei bees «cas 0°009 No life. 

Thus, then, we see that the addition of 0°0005 grm. per 

litre of hydrochloric acid prevented the origination of life, 
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showing that the action of that acid on animal life is much 

more marked than that of sulphuric. 

Sulphurous acid was next tried; and the action of this 

acid was very marked and rapid. 

For these observations I took some Rotifers and placed 

them in pure water, free from acid. The sulphurous acid 

was then added. ' 

On the addition of 0'002 grm. sulphurous acid per litre, 

the appearance of the solution completely changed. The 

Rotifers became more active, darting about, and making 

such a great disturbance in the fluid that microscopical 

examination became a matter of some difficulty. - When 

this acidity was raised to 0°004 grm. per litre, they became 

quiet and very sluggish, a peculiar twitching action of the 

tail being the only indication of life. 

The solution was now acidified to o:or grm. per litre; 

but by degrees all motion ceased, and about three hours 

after the last addition of acid all life had become extinct. 

The action of this acid is not so rapid as either that of 

hydrochloric or sulphuric acid; a smaller amount, how- 

ever, is required for the destruction of animal life. © 

Water, acidified with o*002 grm. sulphurous acid per 

litre, was treated similarly to the former solutions, to see 

if life could originate in water containing that amount of 

free sulphurous acid; but after standing twenty-one days 

no life was visible. I could not obtain any symptom of 

life in water containing this acid. 

I do not consider these observations at all complete ; 

they only show the action of these acids on one species of 

animal life, the Rotifers. If we took either a higher or a 

lower degree of life, we should probably find that our 

results would be in some degree different. 
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In this case we find that sulphuric acid has the least 

harmful effect on that species of animal life, hydrochloric 

I only lay these 

results before the Society thinking they may have some 

interest in themselves. 

I have put my results into a more compact form in the 

following Tables :— 

Taste I.—Acid used, Sulphuric Acid. 

Time allowed 
to stand. 

days 

Total acidity. 

grm. per litre. 
0°065 

0084 

0'097 

0153 

Remarks. 

Animal life very abundant. Rotifers 
in very active condition. 

No perceptible difference in the ap- 
pearance of life. 

Brownish shades now evident in the 
water; want of clearness in portion 
examined: small “clots” of vege- 
table matter become visible. Roti- 
fers languid, seemingly disinclined 
to move. 

Life continued for about an hour; all 
traces then disappeared. The water 
presented the appearance of being 
filled with decomposing and decay- 
ing organic matter, which was float- 
ing about in “shreds.” 

Tasie II.—Acid used, Hydrochloric Acid. 

Time allowed 
to stand. 

days. 

oom 

Total acidity. 

grm. per litre. 
0°0085 
o°O109 

o'o18 
o'o19 

ee 
| 

Same as in Table I. 
No perceptible difference in the appear- 

ance of solution. 
No difference observable. 
Life almost immediately extinct. Fluid 

still clear; bodies of Rotifers seen 
floating in it, but of a dull opal-like 
colour, and becoming rapidly acted 
on by the acid, seemingly becoming 
‘* shredded.” 

Remarks. = 
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Taste III.—Acid used, Sulphurous Acid. 

Time allowed 
ae Total acidity. Remarks. 

days. grm. per litre. 
MT sakes Life very abundant. 
6 0°002 Rotifers more active, causing great dis- 

turbance in liquid. 
7 0°004. Life sluggish ; Rotifers not inclined to 

move. 
8 ; ool After three hours all life extinct; no 

obvious action on the bodies of the 
animals. 

Experiments on the Amount of Free Acid contained in 

Water in which Animal Life can originate. 

Taste [V.—Acid used, Sulphuric Acid. 

Time allowed ee Gtimad: Total acidity. | Remarks. 

days. grm. per litre. | 
8 0°070 Life abundant. 

20 0°074 Little or no life. 
26 0°070 No life. 

Taste V.—Acid used, Hydrochloric Acid. 

oo eat ea Total acidity. Remarks. 

days. grm. per litre. 
5 0°0085 Life abundant. 

26 0009 No life. 
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XXIII. On Cometary Phenomena. 

By Professor OsBorNE Reynoxps, M.A. 

Read November 28th, 1871. 

Tue observation of comets by powerful telescopes has 

shown them to be in a state of violent internal agitation 

—a feature which is as much their characteristic as tails 

or vaporous appearance; for it is not possessed by any of 

the planets or fixed stars. Robert Hook seems to have 

been the first to notice this: when he observed the great 

comet of 1680 (Newton’s comet) through his 14-feet tele- 

scope, he saw bright streams issuing from some point near 

the centre of the comet’s head and at first taking direction 

opposite to the tail and towards the sun, then gradually 

diverging, and finally falling back imto the tail. These 

streams were continually changing in magnitude and di- 

rection, some of them disappearing and fresh ones appear- 

ing in their places. Their behaviour was such as to lead 

the philosopher to the conclusion that they were flame 

and smoke, or vapour excited by the action of the sun on 

the constituents of the body of the comet. Robert Hook 

again noticed this phenomenon in the comet of 1682. In 

1836 Bessel observed similar appearances in Halley’s 

comet; and, although he appears to have been in igno- 

rance of the fact that they had been noticed before, he 

was led to the same conclusion as Hook as to their origin, 

viz. that these streams were jets of vapour caused by the 

action of the sun’s heat on the more solid part of the 

comet. This hypothesis, started by Hook and afterwards 

by Bessel, seems to have been very generally confirmed by 

subsequent observation, almost all comets, large and small, 
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showing signs of the same action. Now although at first 

sight there seems nothing improbable in the supposition 

that the sun causes a great amount of evaporation on a 

comet, yet before we can admit it as altogether satisfac- 

tory it is necessary to show why the same action should 

not go on to the same extent on the earth and on the 

planets; for neither do the planets show this same ap- 

pearance, nor are we aware of any action on the earth 

which could give rise to these appearances. I do not 

know that any attempts have as yet been made to explain 

this; but I think an explanation may be found in the dif- 

ference between planets and comets in their size and the 

shape of their orbits, in the fact that the planets are, so 

to speak, large bodies moving in approximately circular 

paths and so remaining at about the same distance from 

the sun, while comets are small and move in eccentric 

paths, continually altermg their distance from the sun. 

I have (in the subsequent part of this paper) endeavoured 

to state these reasons, and, further, to show that the differ- 

ence of evaporation on a comet and on a planet is a suffi- 

cient cause for electrical phenomena on the former which 

do not take place on the latter. 

I think that the reason why the materials of comets 

should at times (i.e. when the comets are in certain posi- 

tions) evaporate under the sun’s heat in a greater degree 

than those of planets will be rendered clear by con- 

sidering the reasons why the heat of the sun does not 

continually evaporate the materials of the earth—always 

remembering :— 

Ist, That comets move in eccentric, and planets in 

nearly circular orbits ; 

2nd, That comets are very much smaller in mass or 

weight than planets. 

Why, then, does not the heat of the sun evaporate 

the materials of the earth? The heat which the sun is 

SER. III. VOL. V. 0 
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continually pourmg into the earth or any of its sur- 

rounding bodies is expended in one of the three follow- 

ing ways :— 

I. By external radiation from the body. 

II. By the evaporation and liquefaction of the materials 

of the body. 

III. By producing changes in the body such as the 

formation of coal and the growth of living things. 

The amount of heat expended in the third way may be 

considered very small in any such body as the earth; for 

the amount of energy given out by the combustion of fuel 

and the work of animals must be nearly equal to that 

stored in the growing plants. 

Therefore the heat which the earth receives from the 

sun during any period (a day or a year) is nearly all spent 

in evaporation and liquefaction or radiated away into 

space. Hence the quantity of heat spent in evaporation 

&c., is the difference between the heat received and that 

radiated away; and consequently it follows :— 

1. If these are equal, there will be no evaporation. 

2. If the heat received is greater than that radiated 

away, there will be evaporation &c. 

3. If less, there will be condensation &c. 

That is to say, if over any definite period of time the 

heat which the earth receives from the sun is equal to that 

which it radiates into space, then the amount of ice and 

vapour will be unchanged (unless there be some interchange 

between these). 

If, on the other hand, the heat received is in excess of 

that radiated away, the vapour in the atmosphere will 

increase and the ice diminish, and vice versd. Now the 

relation which the heat radiated away bears to that received 

will depend on two things, viz. the temperature of the 

earth’s surface, and its distance from the sun. For both 

the heat received and that radiated depend in the same 



PROF. 0. REYNOLDS ON COMETARY PHENOMENA. 195 

way on (and, in fact, are both proportional to) the extent 

and nature of the earth’s surface ; and the quantity of heat 

received depends on (in addition to this) the distance of 

the earth from the sun (it varies inversely as the square of 

this distance) ; whereas the quantity of heat radiated away 

depends on the temperature of the earth’s surface as well 

as on its extent and nature. Hence the ratio which the 

heat received bears to that radiated away will decrease as 

the distance of the earth from the sun increases, and also as 

the temperature of the earth’s surface increases. 

If there were nothing to melt or evaporate on the earth 

(or any other body whose distance from the sun is nearly 

constant), then the heat radiated away would eventually 

equal the heat received ; for the temperature at the surface 

would continually rise until the quantity radiated away 

equalled that received, and there was equilibrium. This 

temperature I have in the remainder of this paper called 

the temperature of equilibrium. It will depend simply on 

the distance of a body from the sun, increasing inversely as 

the square of the distance. Hence in the case of planets 

this will be constant, whereas in the case of comets it will 

vary. If there is any material on the body which evapo- 

rates at a lower temperature than that of equilibrium, 

then there will be evaporation until the material is all 

gone or its conditions of boiling are altered. The tem- 

perature at which the softest material will evaporate 

will depend on the nature of that material and on the 

pressure of the atmosphere surrounding the body. Any 

increase in the pressure of the atmosphere will increase 

the temperature required to evaporate the material. If 

initially a body has no atmosphere, then we may assume 

that its materials will evaporate until the vapour forms one 

sufficient (if possible) to increase by its pressure the tem- 

perature of evaporation to that of equilibrium. But the 

possibility of this will depend on the size of the body and 

02 
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the consequent attraction it has for its atmosphere ;. for it 

is clear that there must be a limit to the pressure which 

the atmosphere can exert on the surface of the body; and 

this limit must depend on the size of the body. Up to a 

certain point the thicker the atmosphere the greater would 

be the pressure on the surface; yet there must be a limit 

beyond which the extension of the atmosphere would pro- 

duce no effect, a limit beyond which the external air would 

be so distant that the central body would not exert suffi- 

cient coercive force to retain it, so that all excess would go 

off, expanding into space. Hence the temperature at which 

evaporation will continue on any body must depend on the 

size of the body. The smaller the body, the lower will be 

this temperature. 

If, then, the body is so small that the atmosphere, when 

at its greatest, cannot restrain evaporation until the tem- 

perature is equal to the temperature of equilibrium, then 

the body will go on evaporating and the vapour go on 

expanding into space until it is all evaporated, or, at any 

rate, until all the softer materials, those which evaporate 

at a low temperature, are gone. Thus we see that no body 

whose temperature of equilibrium remains fixed—that is to 

say, no body which moves round the sun in a circle—no 

planet, in fact, can remain for ever in a condition of perma- 

nent evaporation ; for in time, no matter how long, it would 

lose all those materials on its surface which would evaporate 

at a temperature below the temperature of equilibrium. 

This, then, is the reason why there is not permanent 

evaporation going on on the earth. The temperature of 

equilibrium may be taken roughly at something like 50°, 

whereas the temperature at which the most volatile 

material (water) will boil is 212°. If, however, the earth 

were to approach the sun until its temperature of equili- 

brium rose to 300°, then the water wouid commence 

evaporating until either the pressure of the atmosphere 
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of vapour was sufficient to stop further boiling, or else until 

it was all gone*. Or if, on the other hand, the size of 

the earth were reduced so that it was no longer able to 

retain an atmosphere whose pressure on its surface was 

sufficient to prevent water boiling at 60° F., then the 

water would go on boiling until it was all consumed. We 

see, then, that the earth owes its stable condition to being 

so far away from the sun, and to being of such size that it 

can retain an atmosphere sufficient to prevent its softest 

material from evaporating at a temperature below that of 

equilibrium, and that in all bodies where this is not the 

case evaporation will be going on. We may now see why 

comets should generally be in a state of evaporation, even 

though they may not contain softer materials than water, 

and may not approach nearer the sun than the distance of 

the earth. The fact of their being so much smaller 

prevents their retaining the same pressure of atmosphere ; 

and so their materials evaporate at a lower temperature. 

The eccentricity of their orbits is also essential to the 

explanation ; for if they remained at a constant distahce 

they must eventually lose all the material which would 

evaporate at that distance, and so become like the other 

planets. This will be the case with periodic comets, those 

which, in spite of the eccentricity of their orbits, return 

again and again; for each time they come near enough 

to the sun for the temperature of equilibrium to rise 

above that of evaporation they will lose some of their 

softer materials, until these are all done; and then, so 

far as evaporation is concerned, the comets will behave 

as planets. 

This may appear as though it were incompatible with 

the existence of periodic comets. It is not so, however ; 

it is only mcompatible with the permanence of periodic 

* It is true that water evaporates from its surface at a temperature much 

below 212°; but an atmosphere of steam would soon prevent this. 
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comets; and it is an explanation of the facts :—(1) that 

whilst there are apparently a countless number of comets 

which do not return, and, according to the laws of gra- 

vity, a countless number of these must have been con- 

verted by the disturbances of the planets imto periodic 

comets, there are only a very few which are known to be 

periodic ; (2) that the size of the periodic comets has been 

observed in many instances, if not in all, to decrease; 

(3) that there are many meteoric stones whose orbits are 

similar to those of many of the periodic comets, and 

which do not show cometic appearances,—the assump- 

tion being that numberless comets have been disturbed 

in their paths through space, and, instead of having been 

sent back in a parabolic orbit, have, owing to a second 

disturbance by one of our planets (generally Jupiter or 

Uranus) been attached to our system, and, for a time, have 

appeared as periodic comets such as those of Halley, but 

that they gradually lost their softer materials, becoming 

less and less, until they finally ceased to be comets, and 

became meteoric stones. 

The rate of evaporation on such a body as a comet 

would obviously increase as the comet approached the sun, 

and diminish as it receded ; but it would not depend solely 

on the distance of the bodies from each other; for the 

materials of the comet would take time to heat, and con- 

sequently, as it was approaching, part of the heat would go 

to warming the body of the comet, and for any position the 

evaporation would be less than the sun would cause if the 

comet were stationary. As it left the sun it would be the 

other way; that is, the evaporation would be more than 

the position warranted. Thus the greatest rate of evapo- 

ration would not be exactly at the time when the comet 

was nearest the sun, but some time after it had passed its 

perihelion. Now this lagging (as it may be called) of the 

sun’s action on the comet is similar to, and consequently 
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offers an explanation of, the lagging which is observed in 

the display of comets. This will be seen from the following 

quotation from Herschel :— 

‘Their variations in apparent size, during the time they 

continue visible, are no less remarkable than those of their 

velocity. Sometimes they make their first appearance as 

faint and slow-moving objects with little or no tail; but 

by degrees accelerate, enlarge, and throw out from them 

this appendage, which increases in length and brightness 

till (as always happens in such cases) they approach the sun 

and are lost in his beams. After a time they again emerge 

on the other side, receding from the sun with a velocity at 

first rapid, but gradually decaying. It is for the most part 

after thus passing the sun that they shine forth in all their 

splendour, and that their tails acquire their greatest length 

and development, thus indicating plainly the action of the 

sun’s rays as the exciting cause of that extraordinary 

emanation.” 

The direct heat of the sun wouid only cause evaporation 

on that side of the comet to which it was opposite; and 

consequently the stream of vapour would be emitted 

towards the sun, just as appears to be the case from 

observation; the streams of vapour wouid first form an 

atmosphere round the comet, which would imcrease until 

the extent was such that its attractive force could no 

longer prevent the outside bemg driven away by any 

force there might be, and so forming a tail or train—such 

force, for msitance, as would be exerted if the sun and 

vapour were both charged with electricity and acted on 

each other by induction. 

Again, as the vapour proceeded outwards from the 

comet it would rapidly expand; and this expansion would 

cause clouds to form by condensation, which would travel 

outwards till they were agam dispelled by the sun’s 

rays; so that on the side tewards the sun it is probable 
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there might be one or several shells of cloud at certam 

distances from the central mass. These, under the action 

of the sun’s rays, would be illuminated, and afford that 

striking appearance of several bands which is so often 

seen. 

The effect of any repulsive or attractive force in the sun 

acting on the vapour of the comet, but not on the central 

mass, would cause a train or tail; but the direction of this 

tail would depend on the motion of the comet as well as on 

the intensity of the force. 

It does not necessarily follow because the tail points 

away from the sun that the force which repels it must 

entirely overcome the effect of the sun’s attraction ; but it 

can be shown that even for those comets whose tails show 

the most curvature the force must be comparable with the 

sun’s gravitation; and to produce the straight tails which 

comets sometimes possess, it would require a force of almost 

infinite intensity, if it acted as gravity does on ordinary 

matter. It has been found by Professor Norton that if 

the bent tail of Donati’s comet were composed of ordinary 

matter, leaving the comet under the action of a repulsive 

force in the sun, this force must be between 1°5 and *39 

of the sun’s attraction, the matter in the leading edge 

being repelled by the former, and that in the following by 

the latter. 

If the force is electrical, its intensity will depend on the 

charge of electricity in the vapour; and if there are seven 

streams of vapour variously charged, these would each form 

a tail of distinct curvature; so that the comet might have 

several bent tails or even a fan—which are features not 

uncommonly observed. This, then, affords an explanation 

of the great variety of bent tails often seen with comets 

and even of those pointing towards the sun; for some of 

the vapour might have a charge of the opposite electricity 

to that in the sun, under whieh circumstance it would be 
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attracted. But, so far as I can see, the straight tails which 

are so often seen, and sometimes in conjunction with the 

curved ones, can only be explained in the manner de- 

scribed in my previous paper before this Society (see 

Memoir, Noy. 29, 1870, p. 44 of the present volume), as 

an electric brush or discharge through space. 

- As a probable cause of the electricity in the vapour of 

the comet, I would suggest that the evaporation taking 

place from the surface of the comet might cause a crust 

to form there, through which the subsequent vapour would 

have to force its way in the form of jets, which, like the 

jets from Armstrong’s hydro-electrical machine, might 

issue charged with electricity, the solid bemg charged with 

electricity of the opposite kind. If this were the case, the 

vapour, as it formed an atmosphere round the nucleus, 

would discharge some of its electricity back, and so cause 

those portions of the atmosphere near the solid to be 

self-luminous; and, besides this, there might be other 

discharges, between the clouds or outwards into the 

medium of space, so as to illuminate a part of or the 

whole atmosphere. 

On this hypothesis, if the electricity of the tail is charged 

with electricity of one kind, say negative, the solid head 

must leave the neighbourhood of the sun charged with 

positive electricity, which, as it gets further from the sun, 

and evaporation becomes feeble, will at length overpower 

the negative and charge the atmosphere of the comet, 

which would then be attracted by the sun instead of re- 

pelled ; so that the tail, if it had one, would be towards the 

sun ; or else, if by this time the comet had no atmosphere, 

it would carry off its charge, and (unless it lost it en 

voyage) on its next appearance it would be charged with 

positive electricity, and the first vapour would probably be 

attracted instead of repelled, and the first tail point towards 

the sun. 
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Thus a comet as it left the sun would arrive at a point 

where it had no tail, and afterwards would commence a 

tail towards the sun. ‘This tail would not make much 

show on the comet’s departure; for the evaporation con- 

tmues to a much greater distance from the sun on the 

departure than that at which it commenced; but if the 

comet returned it would make its first appearance with 

a tail towards the sun, which, as the evaporation in- 

creased and the comet enlarged, would soon take the 

opposite direction. 

There seem to have been some instances where comets 

have been first seen with a tail towards the sun, which 

they have afterwards changed ; indeed this is said to be 

the case with Encke’s comet, now visible; so that this is 

another instance of the remarkable way in which the actual 

phenomena agree with those which would result from the 

assumptions in the electrical hypothesis. 

XXIV. On an Electrical Corona resembling the Solar 

Corona. By Professor OsporNE Reynowps, M.A. 

Read February 2oth, 1872. 

‘Tux object of this paper is to point out a very remarkable 

resemblance between a certain electrical phenomenon 

(which may have been produced before, although I am 

not aware that it has) and the solar corona. This resem- 

blance seems to me to be of great importance; for the 

striking features of these two corone are not possessed by 

any other halos, coronz, or glories with which bright 

objects are seen to be surrounded. 
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Until the eclipse of 1871 there was considerable doubt 

how far the accounts given by observers of the corona 

could be relied upon; but Mr. Brothers’s photograph has 

left no doubt on the subject. In this photograph we have 

a lasting picture of what hitherto has only been seen by a 

few favoured philosophers, and by them only during a 

few moments of excitement. 

~ This picture shows the beautiful radial structure of the 

corona, and the dark rifts which intersect it; and it also 

shows the disk of the moon, clear and free from light. I 

have not yet seen any of the photographs of the last eclipse ; 

but I hear there are several, and that they show the radial 

structure and rifts even more distinctly than this one does ; 

but whether they do or not, one photograph is positive evi- 

dence; the absence of more simply means nothing. 

The features to which I refer as those which distinguish 

the solar corona are :— 

1. lis rifts and general radiating appearance. 

2. The crossing and bending of rays. 

3. Its self-luminosity, shown by the spectroscopic obser- 

vations of Professor Young. 

4. The way in which its appearance changes and flickers. 

When taken in connexion with the blackness of the 

moon’s disk (which shows that the corona did not exist or 

owe its existence to matter between the moon and the 

plate on which the photograph was taken) these features 

show that we see on the card the picture of something 

which actually existed in the neighbourhood of the sun— 

that the bright rays which we see photographed were 

actually bright rays of light-giving matter, standing out 

from the sun to an enormous distance. The rifts and 

general irregularity of the picture show that these rays 

do not come out uniformly all over the sun’s surface, 

but that they are partial and local, in some places thinly 

distributed, and in others absent altogether. The rays 
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are not all of them straight or perpendicular to the sun’s 

surface. 

Such bright rays as these cannot be the result of the 

sun’s light or heat acting on an atmosphere or on matter 

circulating in the form of meteorites. If they are due to 

the action of the sun’s light or heat at all, the matter on 

which these act must be distributed im the rays we see; for 

the sun’s light and heat coming out uniformly all round 

would illuminate any surrounding matter, if at all, so as to 

show its figure. 

The picture irresistibly calls up the idea of a radial 

emission. If it is the picture of distributed matter, that 

matter must exist in the form of streams leaving the sun ; 

if it is the picture of some light-producing action, this also 

must exist in the form of an emission from the sun. 

Such, then, are the extraordinary features of the solar 

corona; and, as I stated, they resemble those of an elec- 

trical corona. Any one who is familiar with the various 

forms of electrical disruptive discharge will recognize the 

general resemblance these coronal features bear to an 

electric brush. But to the electric phenomenon I am 

about to describe it is no mere general resemblance; it is 

an actual likeness, with every feature identical. 

Before describing this phenomenon I may be allowed to 

state how I came to notice it. It will be remembered that 

in a former communication to this Society I ascribed the 

phenomena of comets and the corona to a certain electrical 

condition of the sun. Well, the peculiar appearance of 

Mr. Brothers’s photograph induced me to try if a brass ball, 

brought into the condition I had ascribed to the sun, 

would give off a corona presenting this appearance. 

The phenomenon is produced by discharging electricity 

from a brass ball in a partially exhausted receiver. To do 

this there is no second pole used, the objects which sur- 

round the outside of the glass probably answering for this 
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purpose. In order to produce the appearance, a certain 

relation is necessary between the pressure of the air and 

the intensity of the discharge. It is produced best when 

the receiver is a glass globe insulated on a glass stand, the 

ball beimg supported in its middle by a rod (coated with 

india-rubber, to prevent any discharge except from the ball). 

It is only negative electricity that is discharged into the 

globe*. 

There is great difficulty, even when the apparatus is 

right, in producing the corona. Using a large coil, I just 

exhausted the receiver till the pressure was equal to half 

an inch of mercury; then there was no appearance of a 

corona, but one more resembling what is seen in a Geissler 

tube. I then let the air in gradually ; and, as the pressure 

rose, the appearance changed at first to that of a most 

extraordinary mass of bright serpents twining and un- 

twining in a knot round the ball, then to that of the 

naked branches of an oak tree; and as the pressure kept 

increasing I gradually observed amongst the branches a 

faint corona, which I saw at once was what I was looking 

for. It consisted of pencils of light, forming a faint radia- 

ting envelope round the ball, and diminishing in bright- 

ness as it receded from it. The tree gradually died out 

until there was nothing left but the bright radiating enve- 

lope, out of which a brighter ray would occasionally flash. 

The diameter of this envelope was about three or four 

times that of the ball. It was not steady, but flickered, so 

that at times it appeared to rotate on the ball. It consisted 

of pencils or, as they are termed, bundles of rays, between 

which there were dark gaps. These gaps moved round 

about the ball; subsequently, however, by sticking seal- 

* What becomes of this electricity is not clear; when a machine is used 

it probably distributes itself on the inside of the glass, and induces a corre- 

sponding charge on the outside. When the coil is used it must escape back ; 
for I have had it going for hours without any variation. 
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ing-wax on the ball, I rendered them definite and perma- 

nent. As the pressure of air increased, the brush became 

fitful, and finally ceased altogether. It was best when 

there was about four inches of mercury in the gauge. 

The phenomenon could be produced with different pres- 

sures of air by making a corresponding variation in the 

action of the coil; and hence I assume that there is a 

definite relation between the intensity of the charge in the 

ball and the pressure of the air surrounding it, under which 

the phenomena can occur. 

The appearance is very faint—so faint that it is difficult 

to see it even when close to the ball; and I find that it 

takes some time before the eye can fully appreciate its 

beauty. It was unfortunately so faint that Mr. Brothers 

was unable to photograph it. The plate was exposed ten 

minutes ; but there was not the slightest trace of any thing 

on it. 

The annexed woodcut represents the apparatus employed, 

except that the receiver was replaced by the globe described 

above. The light round the ball gives a fair idea of the 

momentary appearance; and it is impossible to represent 

more, as this flickers and changes so rapidly. 

This corona has the same special features as the solar 

corona :— 
1. The rifts and general radial appearance. 

2. The bending and crossing of rays. 

3. The self-luminosity. 

4. The changefulness and flickering. 

There is one point in which it differs from the solar 

corona; but this is no more than must be expected. The 

shading off of the hght in the solar corona is much more 

rapid than that in its electrical analogue. If, however, the 

pressure of the air could be made to vary so that it was 

denser close to the ball, even this difference could be done 

away with. 
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In this experiment, then, we have actually produced the 

very features which are so extraordinary in the larger 

phenomenon; and were there no other evidence that the 

solar corona is electrical, it seems to me that this resem- 

blance constitutes a very strong proof. When two things 

existing at different times, or in different places, resemble 

each other perfectly, and resemble nothing else in the 

range of our knowledge, surely that is high probability 

that they are akin. 

We may, however, expect, if the sun is electrical, to find 

some direct indications of its electricity. Such indications 

are not wanting, but are increasing every day. There are 
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the phenomena of the aurora and the direct effect of the 

sun on the electricity of the earth’s atmosphere, and on its 

magnetism; there is, moreover, the observed connexion 

between the sun-spots and terrestrial meteorology, as well 

as the connexion between the planets and the sun-spots, 

shown by Mr. De la Rue and Dr. Balfour Stewart. It must 

be admitted that these are evident signs of some mutual 

influence between the sun and the planetary bodies, which 

is neither the result of gravity nor of heat. Almost all 

these signs are of an electrical character; and some are 

electricity itself; moreover electricity, or electric induction, 

is the only other known “action at a distance” besides 

gravity and heat. Is it not, then, probable that this 

influence is electrical? Are we to reject an hypothesis 

which explains some of these phenomena, and may explain 

all, simply because we do not see any cause for the elec- 

trical condition of the sun*—why the sun should be 

charged with negative electricity ? 

Should we have discovered that the sun is hot if we had 

waited to find out why it was so? Surely it is sufficient to 

say that there is no proof that it is not electrical. But we 

may go further than this; for, if we may compare large 

bodies with small, then we may show a possible reason for 

the sun’s being electrified. When two particles of diffe- 

rent metals approach or recede from each other, they 

become electrified with opposite electricities. May not the 

sun be approaching or leaving some other body of a diffe- 

rent material? I do not suggest this as a probable expla- 

nation, but simply in answer to those who say that it is 

absurd to suppose the sun can be electrified. 

* This paper was read before Section A of the British Association in 1871, 
when these objections were raised. 
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XXV. On the Electro-Dynamic effect which the mduction 

of Statical Electricity causes in a moving body.—This 

induction on the part of the Sun a probable cause of 

Terrestrial Magnetism. By Professor Osporne Rey- 

NoLps, M.A. 

Read February 2oth, 1872. 

IF an electrified body were placed near a moving conductor 

so as to induce an opposite charge in the moving body, 

this charge would move on the surface of the conductor so 

as to remain opposite the electrified body, whatever the 

motion might be. If we suppose the moving conductor to 

be an endless metal band running past a body negatively 

charged, the positive charge would be on the surface of 

the band opposite to the negative body, and here it would 

remain whatever might be the velocity of the band. Now 

the effect of the motion of this positive electricity on the 

conductor would be the same as that of an electric current 

in the opposite direction to the motion of the band. 

If, instead of a band, the moving body consisted of a 

steel or iron top spinning near the charged body, the effect 

of the electricity on the top would be the same as that of 

a current round it m the opposite direction to that in 

which it was spimning. 

It might be that the electricity in the inducing body 

would produce an opposite magnetic effect on the top; 

but even if this were so (and I do not think it has been 

experimentally shown that it would be so), its effect, owing 

to its distance, would be much less than that of the electri- 

city on the very surface of the top. If we take no account 

of the effect of the inducing body, the current round the 

top would be of such strength that it would carry all the 

SER. III. VOL. V. P 
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induced electricity in the top once round every revolution. 

And if the top were spinning from west to east by south it 

would be rendered magnetic, with the positive pole upper- 

most—that is, the pole corresponding to the north pole in 

the earth or the south pole of the needle. 

In order to show that such a current might be produced, 

a glass cylinder, twelve inches long and four across, was 

covered with strips of tinfoil, parallel to the axis, separated 

by very small intervals. These strips were about six inches 

long and an half imch wide, the intervals between them 

beig the two-hundredth of an inch. In one place there 

was a wider interval; and from the strips adjacent to this, 

wires were connected by means of a commutator with the 

wires of a very delicate galvanometer. This cylinder was 

mounted so that it could be turned at the rate of twelve 

hundred revolutions in a minute, and brought near the 

conductor of an electrical machine. ‘This apparatus, after 

it had been thoroughly tested, was found to give very de- 

cided results. As much as 20° deflection was obtained in 

the needle; and the direction of this deflection depended 

on the direction in which the cylinder was turned, and 

on the nature of the charge in the conductor. When 

this charge was negative, the current was in -the opposite 

direction to that of the rotation. It may be objected that 

the measurement was not actually made on the cylinder. 

It must, however, be remembered that it was made in the 

circuit of metal round the cylinder, and that my object was 

to find the relative motion of the cylinder and the electricity. 

Altogether I think it may be taken as experimental proof of 

the fact previously stated, that, if a steel top were spinning 

under the inductive infiuence of a body charged with nega- 

tive electricity, the effect would be that of a current round 

the top such as would render it magnetic. 

The origin of terrestrial magnetism has not been the 

subject of so much speculation as we might have supposed 
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from its importance. This magnetism seems to have been 

regarded as part of the original nature of things, just like 

gravity, or the heat of the sun, as a cause from which 

other phenomena might result, but not as itself the result 

of other causes. 

Yet, when we come to think of it, it has none of the 

characteristics of a fundamental principle. It appears in- 

timately connected with other things; and when two sets 

of phenomena have a relation to each other, there is good 

reason for believing them to be connected, either as parent 

and child or else as brother and sister—the one to be 

derived from the other, or else both of them to spring 

from the same cause. 

Now the direction of the earth’s magnetism bears a 

marked relation to the earth’s figure; and yet it can have 

had no hand in giving the earth its shape, which is fully 

explained as the result of other causes; therefore we must 

assume that the figure of the earth has something to do 

with its magnetism, or, what is more likely, that the ro- 

tation which causes the earth to keep its shape, also causes 

it to be magnetic. 

If this is the case, then there must be some influence 

at work with which we are as yet unacquainted—some 

cause which, coupled with the rotation of the earth, results 

in magnetism. From the influence which the sun exerts 

on this magnetism we are at once led to associate it with 

this cause. Yet the cause itself cannot be the result of 

either the sun’s heat, light, or attraction. What other 

influence, then, can the sun exert on the earth? 

The analogy between the magnetism produced in a 

spinning top by the inductive action of a distant body 

charged with electricity, and the magnetism in the rota- 

ting earth, probably caused by the influence of the sun, 

which influence is not its mass or heat, seems to me to 

suggest what the sun’s influence is. If the sun were 

Ba 
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charged with negative electricity, it seems to me to follow, 

from what the experiments I have described establish, that 

its inductive effect on the earth would be to render it 

magnetic, with the poles as they actually are. 

The only other way in which the sun can act to produce 

or influence terrestrial magnetism appears to be by its 

own magnetism. If the sun were a magnet, it would mag- 

netize the earth. If this is the case, the sun’s poles must 

be opposite to those of the earth. Now it follows that 

such a condition of magnetism would, or at least might, 

if its materials are magnetic, be caused by the rotation 

of the sun under the inductive action of electricity in the 

earth and planets, in exactly the same way as that caused 

in the earth by the inductive action of the sun. As the 

direction of rotation is the same in both bodies, and the 

electricities of the opposite kind, the magnetism would be 

of the opposite kind also. So that on this hypothesis it is 

probable that the sun would act by both causes. 

When I first worked out this idea, I was not aware that 

any thing like it had been suggested before; but Mr. Bax- 

endell, after having seen my experiments, noticed a review 

of a book ‘On Terrestrial Magnetism,’ to which he kindly 

called my attention. The author, without making any 

assumption with regard to the electrical condition of the 

sun, assumes it to act on the earth’s electricity precisely as 

it would under the conditions I have described; and he 

then proceeds to consider, not only the general features of 

the earth’s magnetism, but all its details (and this in a most 

elaborate manner)—and to show the explanation which this 

hypothesis offers for them, particularly for the secular varia- 

tion of the direction of the needle. I am therefore able to 

speak of the hypothesis as affording an explanation of the 

numerous variations of the earth’s magnetism, as well as of 

its general features. 
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XXVI. Odservations on the National Characteristics of 

Skulls. By S. Mussrenerr Brapwey, F.R.C.S., Lec- 

turer on Comparative Anatomy, Royal School of 

Medicine and Surgery, Manchester. 

Read November 28th, 1871. 

In 1856 Professor Retzius read a paper before the Scandi- 

navian Association of Naturalists, on the present state of 

ethnology with reference to the form of the skull, which 

largely influenced the study of craniology. 

The conclusions which he arrived at may be briefly 

summarized as follows. He arranged the various races of 

mankind in four classes, according to the character of 

‘their skulls. 

. Long-headed aia people (Dolichocephali 

Bek can). 2. Long-headed people with protruding 

lower jaws (Dolichocephali prognathi). 3. Short-headed 

vertical-jawed people (Brachycephali orthognathi) ; and 

4. Short-headed people with protruding jaws (Brachy- 

cephali prognathi). 

The simplicity of this led abl quickly made it 

popular ; and before long it became, and has continued to 

be the classification most generally accepted by English 

and German naturalists. My chief object is to show 

that we cannot any longer accept the method of classifi- 

cation employed by the Swedish naturalists as scienti- 

fically correct. 

Amongst the European orthognathic Dolichocephali we 

find ranked the Germans, the Anglo-Saxons, Franks, 

Trish, English, Welsh, &c. I shall be able to show that 

in some of these nations the general type of skull is by no 
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means generally of a dolichocephalic character, while in 

all there is a large admixture of both forms. 

The measurements of Professor Retzius were taken on a 

level with the glabella in front, and the occipital tuberosity 

behind—in other words, just along the line which a man’s 

hat takes when placed upon his head. It is owing to this 

circumstance that I have been able to take a large number 

of measurements ; for instead of being limited to the skulls 

collected in various museums (which for obvious reasons 

are open to the objection that they probably all belonged 

to people of the lower class, the significance of which cir- 

cumstance we shall see later on), I have been able to 

measure the skulls of hundreds of living men with whose 

nationality and intellectual characters I was acquainted. 

I was enabled to obtain these measurements owing to 

the fact that hatters employ an instrument for taking the 

model of the outline of a man’s skull, by which they are 

guided in shaping his hat. The apparatus is largely 

employed both in this country and abroad, and is made 

to adapt itself with perfect accuracy to the scalp. The 

closely fittmg wooden pegs which form the moving part 

of the machine are connected with a piece of card-board 

by their inner extremities, which repeats the shape of the 

head in miniature. 

I have traced the outlines of some of these forms, and 

wish to point out the most striking facts which they serve 

to illustrate. It 1s necessary in limine that I state that 

although the miniatures strangely exaggerate all the pecu- 

harities of a skull, yet they may fairly be compared with 

each other, and, what is more to the purpose, we can ina , 

moment obtain a correct figure of any skull by running a 

2-inch gauge completely round the tracing. 

_ It is further necessary to state that the skull will, of 

course, be a little (about 2 lines) less than the enlarged 

tracings indicate, as the scalp is included in these tracings ; 
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but as there is not much variation in the thickness of the 

scalp in different heads or on opposite sides of the same 

head, I do not admit this to be a source of error*. 

The lesson that these tracings teach is a very plain one, 

amounting in a word to this, that the skull-forms of 

(probably) every living nation range from extreme types 

of dolichocephalism to extreme types of brachycephalism, 

and constantly present examples of every intermediate 

form. 

Turning to the tracings, Nos. 1-16 are English skulls. 

Of these, nos. 1, 2, 3, 5,6, 7,8, 9, 10, and 16 are dolicho» 

cephalic, 13, 14, and 15 are brachycephalic, and 4, 11, 

and 12 are of a median type, and may be termed meso- 

cephalic. No. 16 is an extreme type of dolichocepha- 

lism, the skull measuring 8 inches from before back- 

wards, and 6 inches from side to side. This gives a 

cephalic index of 75+. 

No. 15 is a type of brachycephalism, the skull measuring 

72 inches from before backwards and 64 inches from side 

to side, which gives a cephalic index of 88:1. 

Nos. 17-28 are German skulls, which are described by 

Retzius as dolichocephalic. There is not a single dolicho- 

cephalic skull amongst these examples, which were taken 

quite haphazard. The nearest approach to dolichocepha- 

lism is afforded by No. 17, in which the skull measures 

73 by 62 inches, which gives a cephalic index of 82:2. 

The extreme type of brachycephalism (No. 28) measures 

74 by 64 inches. 

* The lithographic drawings are exactly one third the size of the original 

tracings; so that, to obtain the real outline of any skull from them, it is neces- 

sary first of all to multiply the antero-posterior and transverse diameters 

by three, and then to add 2 inches to each product. 
+ The cephalic index is the relation which the transverse diameter of the 

_ skull bears to the antero-posterior diameter, the latter being taken at 100. 

When the former reaches 80, the skull is brachycephalic; when below that 

nuanber, it is dolichocephalic. 
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Danish Skulls. 

G | 

Russian Skulls. Spanish Skull. 

BS 34 R 35 

Greek Skulls. 

oC 
Nos. 29 and 30 are Danish skulls, both dolichocephalic. 

Nos. 33 and 34 are Russian skulls, one mesocephalic, and 



NATIONAL CHARACTERISTICS OF SKULLS. 219 

one dolichocephalic,—the former measuring 72 by 64 

inches, the latter 72 by 64 inches. Nos. 36 and 37 are 

Greek skulls, both brachycephalic, one (No. 36) being an 

extreme example. This skull measures 63 by 6} inches, 

which gives a cephalic index of 93, or nearly so. Carl 

Vogt, in his ‘Vorlesungen tiber den Menschen, seine Stel- 

lung in der Schopfung, und in der Geschichte der Erde,’ 

gives many instances of brachycephalic skulls, but none so 

extreme as is afforded by this Greek skull. His most 

brachycephalic skull is that of a Kleim-Russen, which 

measured 54 by 44 inches, the cephalic index being 86 

within a very little. 

Nos. 31 and 32 are Jewish skulls. The evidence afforded 

by the Jewish skulls is interesting. We have hitherto been 

Jewish Skulls. 

3I 32 

dealing with the skulls of peoples who freely intermarry 

with the peoples of other nationalities, and whose skulls in 

consequence may be expected to vary; but in the case of 

the Jew this objection no longer holds good, inasmuch as 

he does not intermarry, and has always kept his race free 

from any foreign intermixture. Do we here find a uniform 

dolichocephalic or brachycephalic type? By no means, but 

we meet with long and broad heads equally in this race 

with the others. 
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Another point which these tracings serve to illustrate is 

an absence of bilateral symmetry in human crania. My 

observations lead me, indeed, to the conclusion that, though 

the amount of asymmetry differs, no such thing as a per- 

fectly symmetrical human skull exists. I am not able to 

say whether extreme cranial asymmetry necessarily involves 

a greater want of cerebral symmetry. 

I now pass on to say a few words about the facial angle, 

which, Retzius states, in the Australians, Turks, Circas- 

sians, Lascars, Tartars, Negroes, &c. is always prognathic: 

There is no doubt that in the great majority of cases this is 

true; but is it sufficiently definite for a scientific classifi- 

cation? Is it not fair to ask what departure from a right 

angle suffices to constitute prognathism? Does one degree 

suffice, or are two necessary ? When there is scarcely such 

a thing as a perfectly vertical jaw, these questions are 

important. | 

Again, amongst the orthognathi Retzius includes the 

Celtic Scotch, the Irish and Welsh; but any one who 

has travelled amongst these people would be able to 

confute the universal (or even general) accuracy of this 

statement, by bringing forward numerous individuals from 

these countries who present extreme types of prognathism. 

Amongst the lower class of the Irish it is the prevailing 

type; and there is this further interest connected with 

this subject, that prognathism is a feature which appears 

to be rapidly acquired by changed external circumstances. 

Before mentioning the conclusions which I draw from these 

facts, I may observe that no plan of measuring the dimen- 

sions of a skull which omits to note the greater or less pro- 

minence of the occipital tuberosity is likely to be of much 

value, as this indicates the greater or less degree to which 

the cerebellum is overlapped by the cerebrum. We should 

indeed examine the slope of the occiput as carefully and 

uniformly as we examine the slope and shape of the fore- 
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head ; equally valuable evidence is afforded by the one as 

the other. The conclusions which I draw from these facts 

are briefly as follows. 

It is highly probable that when the struggle for exist- 

ence was less keen than at present, and the human brain 

was in consequence less prone to rapid growth, human 

skulls preserved a pretty uniform type: thus, e.g., all the 

Neolithic skulls yet discovered are, I believe, dolicho- 

cephalic, and bear a very close resemblance to each other ; 

further observation, moreover, shows that the skulls of 

prehistoric man are unusually bilaterally symmetrical. 

(Of the Paleolithic skulls I do not speak, as we have 

not a sufficient number for forming a correct opinion.) 

It is quite im accordance with the doctrine of evolution 

to suppose that different environments (such as differ- 

ences in climate, soil, mode of livelihood, e.g. living 

by the chase or by agriculture) would produce certain 

and definite cranial changes; hence would arise national 

types of skull, slow in arriving at the degree of differ- 

ence which exists between an Eskimo and a Negro, slow 

to change from that type when once acquired. After a 

time the modifying influence of civilization would come 

into operation; and we should a priori expect to find that 

the wide difference in the environments of individuals, 

which results from the various existing grades of society, 

would tend to produce a divergence in the forms of a 

nation’s crania. We are able inductively to verify this 

deduction. Europe is a field where people are subjected 

to widely different environments; and it is precisely in 

Europe that we observe the hard and fast limes which 

Retzius made between the skulls of two nations fade 

‘away and cease to mark one type from another.’ A simi- 

larity of external circumstances and an absence of marriage 

with other nations will tend to produce but one type of 

skull; a difference in external circumstances, and inter- 
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marriage with other nations, will tend to produce a varying 

type. These factors are both in operation in Europe. 

Nations whose skulls have perhaps long ago been of a 

well-marked distinctive character, are exposed to the same 

environments and intermarry; the result is a confusion 

and mingling of the two forms, one-cropping up here and 

another there. 

When Retzius made his observations there is no reason 

to doubt that he was correct in the main; nay, it is very 

likely that his classification would still apply to the 

majority of a nation’s skulls; but there is sufficient evi- 

dence in these tracings to show that so numerous are the 

exceptions, and so frequent the departures from one type, 

that a classification founded on such a system is valueless. 

It would be strange if it were otherwise. There is but 

one species of man ; and however widely he may have varied 

in some cases from the parent stock, when their varieties 

become exposed to similar influences with others who have 

remained unchanged, he would differ from all other ani- 

mals if these distinctions did not diminish and finally 

disappear. 

One other point is of interest. 

Progressive development always means greater inte- 

gration and greater differentiation. The brain of the 

Primates becomes constantly more unsymmetrical as it 

becomes larger. In the Bosjesman, as in the Chimpanzee, 

the convolutions are comparatively simple and symme- 

trical. It is, to say the least of it, not improbable that 

this increasing cerebral asymmetry will produce some effect 

upon the bony cranium; and hence it is not fanciful to 

look upon this bilateral asymmetry, which is plainly seen 

in many of these tracings, as evidence, ceteris paribus, of 

a higher type than would be afforded by a perfectly 

symmetrical skull. 

Although the commingling of long-headed and short- 
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headed skulls in a nation has been noticed before, suffi- 

cient weight has not been given to this circumstance in 

forming a cranial classification. Huxley, for example, 

who divides the races of mankind into two groups, (a) the 

Ulotrichi, or races with woolly hair, and (8) the Leiotrichi, 

or races with smooth hair, mentions incidentally that bra- 

chycephalic and dolichocephalic people are met with in each 

division; and in the four subdivisions of the Leiotrichi, 

viz. the Australioid, the Mongoloid, the Xanthochroi, and 

the Melanochroi, he states that the two forms are very 

freely mingled; yet he does not find any fault with the 

system on this account, whereas it appears to me so 1m- 

portant us to lead us to look to the philologist, rather 

than to the anatomist, for a correct classification of the 

human race. 

XXVIII. On Causes preventing Smoothness of Ground. 

By R. Aneus Smitu, Ph.D., F.R.S. 

Read October 29ta, 1872. 

WueEn in Iceland this year (1872) I spent many hours on 

the small Island of Effersey, in the Bay of Reikjavik, and 

had occasion to cross the island (only a few hundred yards) 

several times. It was well covered with grass of a kind 

not very fine; but it was unlike any surface of grass I had 

ever seen, although it appeared at a short distance not to 

be a field of unusual character, with a few risings. 

It was studded over with small mounds that could be 

compared only to children’s graves in every dimension, 

the spaces between being filled with grass. It was there- 

fore very difficult to walk over the ground. Stepping from 
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heap to heap was a good mode, but caused a greater exertion 

than mere walking causes. This effort and the attempt to 

walk in the furrows (the least pleasant method) brought 

the fact before my mind very strongly. I could see no 

good reason for the phenomenon, although I imagined frost 

to be the beginning; and I also imagine that I have seen 

the circumstance mentioned in a periodical. However, I 

have asked two eminent geologists, and they have not been 

able to direct me to any account of such a circumstance. 

Walking over the Island of Videy I saw the same state 

of surface in many places (not in every place); and there 

was a less regular form of it close to Reikjavik, and in cer- | 

tain places a few miles out. It was a daily wonder until, 

on wandering slowly on a pony towards Ellida Vatn after 

having gone to the right of the road to the Geysers, I saw 

at the side of the track small cracks in the soil forming 

figures about the size of the little mounds spoken of. The 

soil on the district now traversed had no grass, and it was > 

closely.allied to a fine gravel and had little cohesion. These 

figures were numerous; and the cracks were very narrow, 

scarcely half an inch in most cases, weaving a network of 

great regularity. 

Then it came to my mind still more strongly that the 

action of frost must be at the root of it. In our own 

country, after thaws, we find walks with some gravel and 

a similar amount of cohesion as at Iceland breaking up in 

such a manner that some portions rise 2 or 3 inches; and 

there being nothing present to fill up the void caused by 

the separation from the rest of the surface, a crack or 

empty space is the consequence. With us this is done in 

a most irregular manner: there is no distinct form; and 

all the pieces are small, a few inches at most. In this 

bare field in Iceland the size was some 2 to 3 feet in 

length and less than 1 broad; and there was no rising 

apparent, only the separation and the crack between the 
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pieces. If so, we must then ask if they were quite ana- 

logous. The rising would not be expected to be seen, as 

I saw the place in July, and with us the ground is much 

levelled by rain soon after the thaw. In a grass-field in 

the Carse of Gowrie I noticed irregular forms of the size 

of those made on a gravelly walk close to it. 

But if the causes are similar here and in Iceland, why is 

the result different? In Iceland the frost lasts longer and 

the hardness will be much deeper. The expansion will there- 

fore be from a much further point of pressure, and will 

affect a greater surface at a time; deeper, heavier masses 

also will be contracting on cooling, and greater forms will 

take place. I think this a fair mode of reasoning. 

Now we must endeavour to identify these flat forms on 

the gravel with the raised forms on the grass-field. The 

identity sets itself off very strikingly in aspect, similarity 

of size and form occurring in the same climate. This is a 

long way towards the matter already. We require now 

to widen the cracks and raise the forms. If grass grew 

on the flat forms, it would raise them by the upward pres- 

sure, but it would not grow in the crack, which the rising 

would widen. The crack would then become a deposit for 

water or a drain, and the grass would more and more seek 

the upper part until a natural limit was attained. What 

is the natural limit? As soon as the crack became so 

wide as to allow light and other requirements of a plant, 

‘and was so wide as to be able to take off the water rapidly 

by the extent of its surface, it would assert the rights of 

that surface, and grow grass-crops also. 

This seems fair reasoning. But a difficulty occurs. 

The first figure, 1 foot wide, had a crack at the side about 

half an inch wide. The figure when raised is still 1 foot 

wide, and the space taking the place of the crack is equally 

wide. Ido not see how they adjusted themselves ; but it 

may be that in such cases the original figure was 2 feet 

SER. III. VOL. V. Q 
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wide. I see no reason for supposing that those I acciden- 

tally met with in the incipient state surrounded by cracks 

were the normal size for all Iceland or other places. 

/) 

fi \ 

peng 

( a : U 
| a 

Forms on the gravel: flat Forms on the grass: raised 
(from memory). (from memory). 

And now let us consider the state of a peat-bog in refer- 

ence to irregularity of surface. Viewed from a height a 

peat-bog has frequently an appearance somewhat resem- 

bling the field described; not quite so, however. The 

raised parts are not regular in shape, although there is a 

rough similarity among them. ‘They are also different 

in size, and not of the same regular dimensions as those 

mentioned. ‘The furrows are wet, and are sometimes 

streams of water—always, one may say, to some extent 

draining. Have they had a similar origin, being some- 

what similar? Or being somewhat similar, have they had 

a somewhat similar origin ? 

I see no reason for believing that the original form of 
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the raised parts was carved out by any mechanical agency 

on a frozen or a freezing surface. That produces the 

forms spoken of (if we are judging rightly) on rather dry 

ground. I assume that the origin is not quite the same. 

But the second action was considered to be that of the 

growing plant; and that is probably the degree required 

to form the peat-bog forms. One may notice that, from 

the earliest commencement, the plants found in them 

seem to grow in tufts by preference, either from a defect 

in the ground having few spots capable of giving nutriment 

or from a defect in the plants, there being few that take 

firm root. When once the beginning is formed, the growth 

is easily accounted for in the same manner. 

I conclude that the results seen on the fields in Iceland 

are not identical in kind, and are only somewhat similar 

in appearance. 

XXVIII. On Anthraflavic Acid, a Yellow Colouring-mat- 

ter accompanying Artificial Alizarine. By Epwarp 

Scuunck, Ph.D., F.R.S., F.C.S. 

Read March 7th, 1871. 

Tue artificial formation of alizarine is a process of very 

great interest to the scientific chemist as affording the 

first instance of the production of a natural colouring- 

matter by artificial means, and also to the technologist, 

since it is chiefly to alizarme that madder owes its valu- 

able dyeing properties. The process itself, as described 

by its discoverers (Graebe and Liebermann), seems ex- 

ceedingly simple. It consists essentially in the conver- 

sion of the hydrocarbon anthracene, C,, H,., into alizarine, 

C,,H,;0,. Nevertheless the product obtained on a large 

Q2 
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scale (for the use of dyers and printers) by their process is 

very far from being pure alizarme—so much so, indeed, 

that some chemists are inclined to doubt its perfect iden- 

tity with the natural substance. Its solution in caustic 

alkali, for instance, has not the fine violet colour of a 

solution of pure alizarine, but is more or less purple or 

even red. There can be no doubt, however, that the dif- 

ferences observed between the natural and artificial pro- 

ducts are mainly due to impurities accompanying the 

latter. A few simple experiments are sufficient, mdeed, 

to prove that artificial alizarine, as ordinarily prepared, is 

always accompanied by other substances, some of which 

are coloured while others are colourless or nearly so. My 

object on the present occasion is to describe one of these 

substances, and to point out the relation in which it stands 

to alizarine. 

My attention was first directed to this subject in conse- 

quence of some experiments which I made to obtain ali- 

zarine from anthracene according to the directions of 

Graebe and Liebermann. I was surprised to find that, in 

spite of all the precautions taken, I always obtained be- 

sides alizarme a notable quantity of another body, also 

crystalline, but differing essentially from the former by 

its dissolving in alkalies with a yellow colour. About the 

same time Mr. Perkin, who, as is well known, is engaged 

in the manufacture of alizarine on a large scale, sent me 

for examination a specimen of the residue obtained by 

him in evaporating the mother-liquors of alizarine. This 

residue, which was a crystalline reddish-brown mass 

soluble in alkalies with a cherry-red colour, I found to 

contain, in addition to alizarine, a quantity of a substance 

apparently identical with that which I had previously 

obtained directly from anthracene. I afterwards found 

the same body, though in much smaller quantities, in 

commercial alizarine, both in that manufactured by the 
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Messrs. Perkin and in a sample from a continental firm. 

I therefore requested Mr. Perkin to supply me with a 

quantity of commercial alizarine sufficient to enable me 

to prepare a pure specimen of this body—a request to 

which he very kindly acceded. 

The product supplied to me, which was a yellow, almost 

amorphous powder, was in the first place treated with 

dilute caustic soda, in which it dissolved for the most part, 

yielding a dark purple solution. A small quantity of pale 

yellow powder, consisting of impure anthraquinone, was 

left undissolved. An excess of acid, added to the filtered 

liquor, produced a bulky brownish-yellow precipitate, 

which was filtered off and dissolved in boiling alcohol. 

The alcohol, on cooling, deposited a quantity of almost 

pure alizarine in. small mica-like scales. The mother- 

liquor was freed from alizarine by adding acetate of lead, 

which gave a bulky purple precipitate. The filtered 

liquid, which had a dark yellow colour, was evaporated, 

when it left a yellowish-brown residue, consisting for the 

most part of the yellow colouring-matter or acid. In 

order to separate the latter from the impurities accom- 

panying it, the residue was treated first with water and 

then with cold alcohol, the latter of which removed a 

quantity of a brown resinous substance. It was then 

dissolved in dilute caustic soda; and the soluticn. having 

been raised to the boiling-point, chloride of barium was 

added. The filtered liquor deposited, on cooling, a mass 

of small shining crystals of the barium salt of the acid. 

These were purified by recrystallization from boiling water 

and then treated with hydrochloric acid. The lemon- 

yellow flocks left by the acid were filtered off, washed, and 

dissolved in boiling alcohol. This, on cooling, deposited 

yellow silky needles, consisting of an acid which I have 

named anthraflavic acid, m order to indicate its source 

and its most obvious external property. 
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The chief properties of this acid are these:—Wheu 

crystallized from alcohol and dried, it has the appearance 

of a dark lemon-yellow silky mass, which, under the 

microscope, 1s seen to consist of slender four-sided prisms. 

' Heated on platinum foil, it gives off copious yellow fumes, 

and then burns with a luminous flame, without leaving any 

residue. When cautiously heated between large watch- 

glasses, it may be almost entirely volatilized, yielding a 

vapour which condenses in the form of a yellow sublimate. 

This sublimate consists of small lustrous crystalline plates, 

some of which, when examined under the microscope, are 

found to have very regular forms. The acid is only slightly 

soluble in boiling water, and almost insoluble in cold. It 

is more soluble in aicohol and ether, but insoluble in boil- 

ing benzol and sulphide of carbon. It dissolves readily in 

concentrated sulphurie acid even in the cold, forming a 

yellow solution, from which it is precipitated, by water, in 

yellow flocks. It is not much affected by dilute nitric acid 

even on boiling. In fuming nitric acid it dissolves very 

readily even in the cold, yieldig a deep-yellow solution, 

which, on standing for some hours, becomes lighter in 

colour without evolving any gas. On now adding water, 

a quantity of lght-yellow shining crystals is deposited, 

having the general properties of a so-called nitro-acid. 

The salts of anthraflavic acid are compounds of well- 

defined character, some of them being regularly crystal- 

lized. When an alcoholic solution of the acid is mixed 

with an alcoholic solution of potash, it assumes a dark 

yellow colour, and, on standing, deposits long orange- 

coloured needles exhibiting considerable lustre. The 

sodium compound, prepared in the same manner, crystal- 

lizes in needles and resembles the potassium salt, but is 

lighter in colour. The ammonium salt may be obtained 

in dark-yellow lustrous crystals by dissolving the acid in 

boiling absolute alcohol and adding a slight excess of 
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ammonia. ‘These crystals, however, after a short exposure 

to the air, lose the whole of their ammonia, leaving a yel- 

low residue of uncombined acid. This inability to retain 

ammonia, even at the ordinary temperature, is a proof of 

the feeble nature of the acid. The potassium and sodium 

salts are also rather unstable compounds; for if it be 

attempted to recrystallize either of them from boiling 

water, a portion of the acid separates, the solubility of the 

base in water being sufficient to overcome its affinity for 

the acid. Anthraflavate of barium may be obtained by 

dissolving the acid in boiling baryta-water, or by adding 

chloride of barium to a solution of the substance in caustic 

alkali. The salt may be dissolved in boiling water without 

decomposition, and is deposited from the solution, on cool- 

ing, in small shining crystalline plates of a brownish-red 

colour, which, when examined under the microscope, are 

found to be very regular in form. The strontium salt is 

very similar, being soluble in boiling water, and crystal- 

lizing in long needles. The calcium salt, however, is 

insoluble in water, and is precipitated, in orange-coloured 

flocks, on the addition of chloride of calcium to a solution 

of the acid in ammonia. On adding sulphate of magne- 

sium to an ammoniacal solution of the acid, no precipitate 

is produced; but, on standing some time, the magnesium 

salt is deposited in dark yellow crystalline plates and 

needles, arranged in star-shaped clusters, and possessed of 

much lustre. The aluminium compound, prepared in a 

similar manner, appears as a yellow deposit, consisting of 

microscopic crystals. The ammoniacal solution gives 

with acetate of lead a voluminous orange-coloured preci- 

pitate, with acetate of copper a light brown, and with 

nitrate of silver a reddish-brown precipitate. 

All the compounds of the acid which are soluble in 

water yield yellow solutions. It is chiefly the presence of 

this acid in crude alizarine which affects the colour of the 
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alkaline solution, changing the violet, due to alizarine 

itself, mto purple, or, when present in larger quantity, 

into red. From the same cause an alkaline solution of 

crude alizarine does not show the absorption-bands in the 

spectrum so distinctly as one of pure alizarine. Alkaline 

as well as alcoholic solutions of anthraflavic acid absorb 

the blue end of the spectrum very powerfully (though no 

bands are visible) even with very dilute solutions. A solu- 

tion of the acid in concentrated sulphuric acid, however, 

if not too dark, shows a broad but well-defined absorption- 

band on the border of the blue and green of the spectrum, 

accompanied by a total darkening of the violet end. 

If pure anthraflavic acid be dissolved in an excess of 

caustic potash-lye, and the solution be boiled down to 

dryness, a yellow residue is left, which, after being care- 

fully heated almost to fusion, dissolves in water with a red 

colour. This solution contains alizarine, as it shows the 

absorption-bands in the spectrum peculiar to the latter— 

though not very clearly, on account of undecomposed 

enthraflavic acid still present. Pure alizarime may, how- 

ever, be obtained from it by adding an excess of acid, 

filtering off the flocculent precipitate, dissolving the latter 

in alcohol and adding to the solution acetate of lead, when 

a purple precipitate falls, which contains the whole of the 

alizarine, the excess of anthraflavic acid remainmg im 

solution. The lead precipitate, suitably treated, yields 

pure alizarine. It appears therefore that by the action of 

caustic potash anthraflavic acid is converted into alizarine. 

It should at the same time be stated that the conversion 

is never complete, probably because the action, if carried 

far enough to convert the whole of the acid, leads to the 

decomposition of the alizarine already formed. 

Though anthraflavic acid gives, with bases, compounds 

of an intensely yellow colour, it seems to possess no dyeing 

properties. The freshly precipitated acid, suspended in 
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water, communicates not the least tinge of colour to alu- 

mina and iron mordants on calico, however long the liquid 

may be boiled. The effect produced in dyeing by artificial 

alizarine would appear therefore to be in no way due to 

the presence of the acid. 

The analysis of the acid yielded the following results :— 

I. 0°3014 grm. of the substance, dried at 100° C., gave 

07808 grm. carbonic acid and 0°1062 water. 

II. 0°3194 grm. gave 0°8288 grm. carbonic acid and 

O°1140 water. 

III. 0°3226 grm. gave 0°8372 grm. carbonic acid and 

o°1138 water. 

These numbers lead to the following composition :— 

Experiment. 
Calculation. —_—_—__-_-———~ 
i 7: LE III. 

Srreitsuecs iat 180 70°86 70°65 70°76 70°77 

Hyg ee-seeee 10 3°93 3°91 3°96 3°91 
ieee 64 25°21 25°44 25°28 25°92 

254 100°00 10000 100°00 100°00 

The barium salt, prepared in the manner above de- 

scribed, was dried at first in vacuo, then at 100°, and finally 

at 120°C., before being analyzed. 

I. 0°4980 grm. of the dry salt gave 08026 grm. car- 

bonic acid and o*1080 water. 

0°4442 grm. gave 0'2528 grm. sulphate of barium. 

II. 0°4844 grm. gave o°7892 grm. carbonic acid and 

o°1052 water. 

0°4904 grm. gave 0'2790 grm. sulphate of barium. 

The composition of the salt is therefore as follows :— 

Experiment. 
Calculation. DEERE 
ae ip Ee 

MAB ere 180 44°22 43°95 44°43 
| eee 10 2°45 2°40 2°41 
MRE ios e cace ces: 137 33°66 33°46 33°45 

Re aircon apis e> 80 19°67 20°19 19°71 

407 100°00 100°00 100'00 
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The formulz of the acid and its barium salt are there- 

fore respectively C,,H,,O, and C,,H; BaO,+ aq. It is 

probable that the latter, when freshly crystallized, contains 

some water of crystallization which is expelled at 100°, in 

addition to that which is retained at 120° C.; but I made 

no attempt to determine the amount. 

The silver salt also retains water with great pertinacity, 

even when heated to a temperature of 140°C. The salt 

was obtained as a reddish-brown precipitate by adding ni- 

trate of silver to a solution of the acid in liquid ammonia. 

Its analysis led to the following results :-— 

I. 0°4792 grm., dried at 100° C., gave 0'6628 grm. car- 

bonic acid and 0°0742 water. 

04836 grm. gave 0:2882 grm. chloride of silver. 

II. 0°3976 grm., dried at 100° C., gave 0°1782 grm. silver. 

IIT. 0°4952 grm. silver salt of another preparation, dried 

at 140° C., gave 0°6810 grm. carbonic acid and 00764 water. 

0'4924 grm. gave 0°2240 grm. silver. 

IV. 075484 grm., dried at 140° C., gave 0°:7616 grm. 

carbonic acid and 00810 water. 

O°4714 grm. gave 0°2132 grm. silver. 

In 100 parts :— 

[. Tt. III. IV. 

OC tert Beas 27°92. ae ee 37°50 37°87 

PAS IRS AAS: P74 US ERY. 71 1°64 

AG. speuneatee 44°35 44°81 45°49 45°22 

0 Beene oF Ng MO a 15°30 1527 

100°00 10000 100°00 

These numbers correspond with the formula 2C,, Hs 

Ag, O,+ aq. which requires in 100 parts :— 

Be oy os Ss Side a ae 37°7% 

WE ie ie es RM Oe 1°88 

72 ARPES SY OF te ae 45°28 

OY cian cons Saree ep 
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If the formula C,, H,, O, for anthraflavic acid were cor- 

rect, it would stand in a very simple relation to that of 

alizarine, and the conversion of the acid into alizarine by 

the action of caustic alkalies would not be difficult to 

understand. If, however, the crude material which I 

employed was prepared from pure anthraquinone, as I am 

informed it was, it is not easy to see how a substance with 

15 ats. C could have been obtained from it, and it may 

therefore be questioned whether the acid examined was 

perfectly pure. An experiment which I made for the 

purpose of removing doubt on this point, rather tends to 

increase it. Having heated a quantity of the acid with 

fifty times its weight of zinc powder, in the manner de- 

scribed by Graebe and Liebermann, I obtained a quantity 

of a brownish crystalline sublimate, amounting to about 

Io per cent. of the substance employed, and consisting 

apparently of anthracene. It still retained, after being 

purified as far as possible, the yellowish tinge which, 

according to the chemists just named, adheres so perti- 

naciously to anthracene; but it did not differ in other re- 

spects from the pure substance. It melted at the same 

temperature as anthracene, and began to sublime before 

fusing; it dissolved in boiling alcohol, but more readily in 

benzol, and was deposited from these solutions in lustrous 

crystals of a very regular form; and it gave, like anthra- 

cene, with picric acid a compound crystallizing mm long red 

needles. If, by heating with metallic zinc, anthraflavic 

acid, like alizarine, yields anthracene, we may infer, in 

accordance with the principle laid down by Graebe and 

Liebermann, that it also contains 14 ats.C. It is evident, 

therefore, that further experiments are required in order to 

ascertain exactly the composition and formula of the acid. 
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XXIX. On Methyl-alizarine and Ethyl-alizarine. 

By Evwarp Scuunck, Ph.D., F.R.S. 

Read March 18th, 1873. 

In a paper read before this Society some time ago I gave 

an account of a yellow colouring-matter accompanying 

artificial alizarine, to which I gave the name of anthra- 

flavic acid. 

My analyses of the acid and of its barium and silver 

salts led to the formula C,,H,,O, for the acid; and I 

was therefore inclined to view it as a body homologous 

with alizarine, or alizarine in which H is replaced by CH,. 

I supposed it to be derived from a hydrocarbon higher m 

the series than anthracene, contained in the ordinary 

anthracene of commerce and having the formula C,, H,,, 

a body which is supposed by some chemists really to exist, 

and which would stand in the same relation to anthracene 

as toluol does to benzol. It was necessary to adopt some 

such hypothesis, since, as Graebe and Liebermann remark 

in referring to my experiments, a compound obtained from 

anthraquinone by the same process as that yielding aliza- 

rine cannot possibly contain 15 atoms of carbon. 

The examination of anthraflavic acid was subsequently 

undertaken by Mr. Perkin*, whose analyses, of the care- 

fully purified substance led to the conclusion that it is 

isomeric with alizarine. I do not wish to dispute the 

accuracy of this view of its composition, since a trifling 

admixture of some impurity, such as anthraquinone, might 

easily have given rise to the excess of carbon found in my 

analyses—though I may state that a specimen of the sub- 

stance prepared, not from commercial alizarine itself but 

* Chem. Soc. Journ, vol. xxiy. p. 1109. 
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from some of the “ by-product,” from which the alizarine 

had already been separated before I received it from Mr. 

Perkin, and purified with great care, gave exactly the 

same composition as before. | 

Graebe and Liebermann* have also examined a yellow 

crystalline body accompanying artificial alizarine, which 

is converted into the latter by the action of fusing caustic 

potash. They are of opinion that it is identical with 

anthraflavic acid, there being, indeed, little or no difference 

in the properties of the two substances. They assign to 

it the formula C,, H,O,, and consider it monoxyanthra- 

quinone, alizarine being dioxyanthraquinone. ‘The results 

of their analyses of the substance and its barium com- 

pound differ, however, so widely from those obtained by 

Mr. Perkin and myself, especially as regards the number 

of atoms of hydrogen that may be replaced by metals, as 

to lead to the conclusion either that there exist more 

than one body having the general properties (chemical 

and physical) of anthraflavic acid, or that we have not all 

been working with pure substances. 

Without pronouncing any decided opinion on this point, 

which can only be determined by further investigation, 

and without entertaining any sanguine anticipation of 

being able to prepare anthraflavic acid directly from ali- 

zarine, it seemed to me that it might be of some interest 

to ascertain the nature and properties of the methylic and 

ethylic compounds of alizarine obtained directly from the 

latter. 

In order to prepare methyl-alizarine, purified artificial 

alizarine was treated with a mixture of iodide of methyl, 

caustic potash, and a little methylic alcohol in closed 

tubes, at a moderate temperature. After heating for 

some days the tubes were opened ; and the excess of iodide 

of methyl having been evaporated, the residue was treated 

* Liebig’s ‘Annalen,’ vol. clx. p. 141. 
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first with hot water to remove the iodide of potassium, and 

then with a little cold alcohol. The alcohol (which dis- 

solved out a brown resinous substance) having been filtered 

off, the residue was treated with dilute caustic potash lye, 

in which the alizarine not acted on dissolved with a violet 

colour. The liquid was filtered, and the residue, which 

consisted of the potassium compound of methyl-alizarine, 

a compound very little soluble in cold water, was washed 

until the percolating liquid began to be of a cherry-red 

colour. It was then treated with hydrochloric acid; and 

the orange-coloured flocks left undissolved were filtered 

off, washed, and dissolved in boiling alcohol. The alco- 

hol, on cooling, deposited crystalline needles of methyl- 

alizarine. 

Methyl-alizarine as thus prepared has the following 

properties :—When crystallized from boiling alcohol it 

appears in long yellow needles which resemble crystallized 

alizarine, though devoid of the semimetallic lustre pecu- 

liar to the latter. When heated it melts, and is then 

entirely volatilized, yielding a sublimate of yellow lustrous 

scales and needles. It is very little soluble in boiling 

water, but dissolves easily in concentrated sulphuric acid, 

even in the cold, giving a dark red solution. It does not 

dissolve perceptibly in caustic potash lye in the cold; but 

on boiling, a bright cherry-red solution is obtained, which 

on cooling deposits dark red crystallme masses. The 

solution shows no trace of absorption bands, but only a 

general obscuration of the green part of the spectrum, and 

in this respect differs widely from the alkaline solutions of 

alizarine, which exhibit such very characteristic absorption 

bands. The solution in concentrated sulphuric acid, how- 

ever, does show an absorption band on the border of the 

green and blue of the spectrum, just like a solution of 

anthraflavic acid in the same menstruum, but far less 

distinctly than the latter, on account of the much greater 
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obscuration of the parts of the spectrum adjacent to the 

band. On adding alcoholic potash solution to a boil- 

ing alcoholic solution of methyl-alizarine, the potassium 

compound is deposited, on cooling, in dark-red needles 

arranged in star-shaped masses. The sodium compound, 

prepared in the same way, crystallizes in small light-red 

needles, forming a bulky mass which fills the whole liquid. 

In liquid ammonia and in baryta-water methyl-alizarine 

dissolves very little even on boiling. A watery solution 

of the potassium compound gives, with chloride of barium, 

a red flocculent precipitate, and with sulphate of magne- 

sium a bright pink precipitate. The alcoholic solution of 

methyl-alizarine gives no precipitate with acetate of lead. 

When treated with boiling nitric acid, methyl-alizarine is 

dissolved and decomposed; and the solution, on evapora- 

tion, leaves a white crystalline residue, which on being 

heated yields a sublimate in white needles, consisting pro- 

bably of phthalic anhydride. Methyl-alizarine undergoes 

no change when treated with strong caustic potash lye, 

even at the boiling-temperature. It is only when fusing 

hydrate of potash is employed that decomposition takes 

place. If the operation be carefully conducted, there will 

be obtained, on the addition of water to the fused mass, a 

violet-coloured solution, which shows the absorption bands 

of alizarine very distinctly. There is no doubt, therefore, 

that by the more energetic action of the alkali at the tem- 

perature of fusion alizarine is regenerated. Methyl-ali- 

zarine does not dye mordanted cloth when tried in the 

usual manner. It imparts hardly any colour to the mor- 

dants, differing in this respect from alizarine itself more 

than in any other. 

Though methyl-alizarine differs in many points very 

widely from anthraflavic acid, still the two substances 

resemble one another in some respects. Both yield crys- 

tallized potassium and sodium compounds. Both are 
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converted into alizarine by the action of fusing potassic 

hydrate, though remaining unchanged when heated with 

strong alkaline lyes. The actions of the two on the spec- 

trum when in solution are very similar. Both are inca- 

pable of dyeing mordants. 

The quantity of material at my disposal barely sufficed 

for the determination of the composition of methyl-ali- 

zarine. The results of analysis, however, leave, I think, 

no doubt as to its true formula. 

0°2738 grm. methyl-alizarine, dried at 140° C., gave 

0°7034 grm. carbonic acid and 0°1082 water. 

These numbers lead to the following composition :— 

Calculation. 
—_—_—_ Experiment. 

Cad cote leagia tb ee ee 180 70°86 70°06 
ET 2s ase akcoisaemeese fe) 3°93 4°39 

OS einai ieteeade case 64 PN 25°55 

254. 100°00 100°00 

0°4710 grm. of the crystallized potassium compound of 

methyl-alizarine, prepared in the manner above described 

and dried in vacuo, lost, on being heated for several hours 

at 110° C., 0'0022 grm., and then gave o°1318 grm. sul- 

phate of potassium containing 0°0590 potassium = 12°60 

per cent. The formula C,, H, (KO) (CH, O) O, requires 

13°35 per cent. of potassium. 

The formula of methyl-alizarine must therefore be 

C,, He (HO) (CH, O) O,; and hence it would appear to 

belong to the class of compound ethers, beg formed by 

the replacement of one of the hydrogen atoms of a bibasic 

acid by methyl. It has a composition similar to that of 

Mr. Perkin’s diacetyl-alizarme. In the latter, however, 

two atoms of hydrogen are replaced by acetyl. Diacetyl- 

alizarine seems also to be a much less stable body than 

methyl-alizarine. 

Ethyl-alizarine was prepayed in the same way as the cor- 
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responding methyl-compound, employing iodide of ethyl] in 

place of iodide of methyl. The two substances have pro- 

perties so similar that it is almost impossible to distinguish 

one from the other. 

XXX. Mean Monthly Barometric Readings at Old Traf- 

ford, Manchester, from 1849-72. By G. V. Ver- 

Non, F.R.A.S., F.M.S. 

Read before the Physical and Mathematical Section, October 14th, 1873. 

Havine a tolerably complete register of barometric read- 

ings, and knowing of no published normal values for any 

station in or near Manchester, I have reduced and tabu- 

lated the monthly means for the period above named. 

The barometer with which the observations were made 

was a standard, by Negretti & Zambra, No. 266, and had 

been compared at Greenwich. 

All the observations have been corrected for capillarity 

and index-error to reduce them to the Greenwich standard, 

and then reduced to 32° F. 

In the earlier part of the series I have unfortunately 

some months deficient ; but in the latter part of the series 

I have been able to fill up the gaps by the use of the very 

careful series of observations made at Eccles by my friend 

Thomas Mackereth, Esq., F.R.A.S., by applying correc- 

tions determined by comparing the months in which the 

observations were simultaneous. 

I found that the two series of observations were nearly 

identical, after allowing for difference of level. 

The mean annual pressure for the entire series was 

SER. III. VOL. V. R 
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2.9°780 inches, which, corrected for an altitude of 123 feet 

above the mean sea-level, and assuming the mean annual 

temperature to be 50° F., gives us 29°912 inches as the 

mean yearly value reduced to sea-level. 

If we take the complete period of the last eleven years, 

we have a mean reading of 29°838 inches, which is 0°074 

inch below the value given for the entire period 1849 

to 1872. 

In the earlier series the month of August was generally 

wanting in the observations, except for a few years; but 

this month, having a reading generally in excess of the 

yearly value, would tend, if any thing, to make the annual 

value somewhat higher; and the result would tend to show 

that during recent years the pressure has been lower than 

during the earlier part of the series. 

The variation between the highest and lowest mean 

yearly readings during the last eleven years is 29°828 

inches (1870) and 29°624 inches (1872), or equal to 0'204 

inch: this would appear greater than probability would 

point out, 1872 having had an exceptionally low mean 

reading; leaving 1872 out, we have a difference of 0'118 

inch between 1870 and 1866. 

Looking at the mean mouthly values, we find that the 

maximum occurs in June and the minimum in January. 

The order, beginning with the minimum, is January, Octo- 

ber, March, December, November, September, February, 

July and April equal, also May and August equal. If 

fine weather depends upon barometric pressure, the above 

shows that May and August should be the finest months, 

as a rule, and January and October the worst. May is 

next to the driest month April; and October bears off the 

palm for being the wettest, at least in this district. 

The remarkable year for rain 1872 would appear to have 

been also remarkable for deficient atmospheric pressure, 

as the table annexed will show, every month except August 
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having had a pressure below the average; and August was 

only a few thousandths of an inch above the average :-— 

Difference from mean. 

1872. in. 

PAUL Ys: jects Seeded edt eee —0°315 

Febrirary: 4, 0-3ccresiewesmoeeneasdaes —0'205 

Mareli 2 1. sesdeesp ee esesaeeteeane —0'I39 

Aral Fook. hincsemtnetoeateae eee —0'032 

Nye Gaz ipanpn ne Poon e tat oe Sees esere —o'050 

SENG 24 on oa ea oe Mea es sea a oe —o'107 

SADLY aco iiccier doe veces des sees Ueacteates —o'oI7 

ASB, Hp. oes dee. Beets dee +0°006 

roy] 0] 2) 01 12) A SEER COSMIC ARNO TIE —o'r61 

Octobers, 2.34.5; S29 eee oe —o'lg95 

November ® ¢..0)0s9000 soe. eee —o'291 

December 2:25.83. eee —0'367 

Comparison of these departures below the average with 

the separate monthly values of the rainfall for 1872 does 

not show that the greatest rainfall occurred in those months 

in which the pressure was the most below the average ; 

but the almost constant depression throughout the year 

certainly does so: it is probable that, if a longer and more 

complete register could be examined, 1872 had a lower 

mean pressure than any year over a very long period, just 

as it had a greater rainfall than any year for a very long 

period, say eighty years. 

XXXII. Notes on fossil Lithothamnia (so-called Nullipore). 

By Artuur Witiiam Waters, F.G.S. 

Read January 27th, 1874. 

THE organisms on the table before us have been assigned 

very various places in the organic or inorganic kingdoms 
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at different times. The recent ones have perhaps most 

often been placed among the corals, while the fossil forms 

have passed most frequently as concretionary. 

Lamarck, Deshayes, Milne-Edwards, D’Orbigny, Bronn, 

and others placed the Nullipore among the Anthozoa, 

either as a separate genus or as a division of the Mille- 

pore. Ehrenberg placed them under his Pocillopora, but, 

while doubtful what is their true nature, does not think 

they are plants. Blainville and Link consider them to be 

concretions ; and such the fossil forms have usually been 

considered to be by geologists. Murchison and Sedgwick, 

speaking of the limestone of Wildon, Styria, from which 

place a few of those on the table were collected, say, 

“many of the masses have a mottled appearance, resulting 

from a number of spheroidal and cylindrical concretions 

formed of concentric layers of white carbonate of lime, 

probably produced, in the first instance, by organic bodies, 

the traces of which are now lost.” 

In 1837 Philippi*, by microscopic examination of some 

recent forms, proved their vegetable nature, establishing 

nine species of what he called Lithothamnium, and placed 

them near to Corallina. Kiitzing, later, entirely confirmed 

their vegetable nature, calling them Spongites. 

In 1866 Rosanoff+ published a classical paper on the 

Melobesiacez, which he divides into three sections— 

Melobesia, Lithophyllum, and Lithothamnium. In this 

paper he gives full descriptions as to their mode of growth 

and their reproduction. 

Philippi, Kuitzing, and Rosanoff confined their attention 

to the recent forms. Unger, of Vienna, in 1858 } proved, 

by microscopical examination, the similarity of organisms 

of the Leithakalk. 

* Wiegmann’s ‘ Archiv fiir Naturgeschichte,’ iii. Jahrg. 1837. 
t+ Mém. de la Soc. Imp. des Sc. Nat. de Cherbourg, t. xii. 

¢ Denk. der Ak. der Wissensch. math.-naturw. Cl. Bd. xiv. (Wien). 
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Since then Gtimbel has published, in 1871, an excellent 

monograph* on the fossil forms, under the title “ Die so- 

genannten Nulliporen,’ in which he establishes fifteen 

species. This paper has been largely used in preparing 

the present notes. 

This would seem to be the best place to mention their 

importance in geological formations. As most present 

will know, they attain their greatest development in the 

Leithakalk, a Miocene formation, which is principally, 

in some cases almost entirely, composed of this Alga. 

Unger says he has never seen any which contains less than 

two thirds. Thus formations of vast extent and many 

hundreds of feet thick, perhaps in some places thousands, 

are largely composed of this limestone seaweed. But it is 

in no way confined to the Leithakalk, being also very 

abundant in the Eocene, especially the upper divisions ; 

the so-called “ Granitmarmor,’ or Bavarian marble, a 

Nummulitic formation, is very largely composed of this 

concretionary-looking body. From what I have seen, I 

should judge that more than half is thus made up. 

This is a very good building-stone, largely used in 

Bavaria. In all the large buildings in Munich (as the 

Glyptothek, Pinakothek), and many of the buildings at 

Vienna, this marble is extensively used. In North Italy 

it abounds in the Eocene formations which are so largely 

developed in the Veronese and Vicentin. Some of the 

pieces before you will show what a large proportion some 

of the rocks there contain. In many places the formation 

is some hundred feet, much more than half composed of 

the Lithothamnium. 

It occurs abundantly in Hungary and Switzerland. The 

so-called Pisolithic limestone of Paris is, according to 

Gumbel, about four fifths stone Algz, also Monte Mario, 

Astrup, the Pliocene of Castel Arquato; and, in fact, it 

* Abhand. d. k. bay. Ak. der Wissensch. xi, part 1 (Miinchen, 1871). 
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seems to be found in most of the Tertiaries on the Con- 

tinent. It is further found in the Chalk at Maestricht 

and in the Jurassic sponge-beds at Schwabenbergs (in the 

Frankischen Alb). 

A calcareous seaweed (the Corallina reussiana) has, 

according to Schimper, been found in the Silurian beds in 

Bohemia, the oldest known at present. 

There are a few fine fossil specimens on the table from 

the Murray River, Australia, kindly lent to me by Mr. 

William Johnson. The few fossils from the same place, 

from a cursory examination, seem to correspond with the 

European younger Eocene or Miocene; but I cannot say 

exactly their position, though it is undoubtedly middle or 

later Tertiary. It is very difficult to say much about its 

distribution, since, from the extreme simplicity of appear- 

ance, it is but seldom noticed by geologists or travellers ; 

but doubtless, when geologists have paid more attention 

to the question, we shall find it has a very wide distri- 

bution, and has formed rocks of equal importance in other 

parts of the world. 

Taking the Eastern Alps, with which I have a fair 

acquaintance, viz. the Bavarian, Austrian, and North- 

Italian Alps, in which, as you know, the Tertiary deposits 

attain extraordinary importance, I do not think it is too 

much to say that one sixth of the whole Tertiary rocks of 

this district are composed of Lithothamnium. I do not 

give this as an exact calculation in any way, but merely to 

give an idea of its importance. 

The rocks formed by corals will only bear a very small 

proportion to those thus formed. 

It would be very strange if this fossil, which is so abun- 

dant on the Continent, should not occur frequently in 

England; but, as far as I am at present aware, it has not 

been mentioned from any locality in Great Britain. 

The recent Melobesiacez seem to have a very general 
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distribution, principally in the North temperate and Arctic 

zones. ‘They grow at but moderate depths, and are appa- 

rently fairly common on the west coast of the British Isles, 

especially on the coast of Ireland. 

Lithothamnium belongs to the family Melobesiacez of 

the order Florideze or Rhodospermez. A large number of 

this order are lime-secreting; but these (Lithothamnium) 

differ very materially from the Corallinz, since in the 

former the carbonate of lime is deposited in and between 

the cell-structure, while with the Coralline the plant is 

filiform, and the lime is deposited round this, entirely 

incrusting it. I think the structural difference of the 

Melobesiaceze from the Coralline and other limestone- 

secreting seaweeds is sufficient to separate them into two 

entirely distinct classes, since the similarity of stony ap- 

pearance is merely morphological, the deposition of lime 

being so different. 

The reproductive organs are produced in conceptacula, 

called by Rosanoff cystocarpi. The spores, tetraspores, 

and antheridia are known of many recent species. 

One of the microscopical sections, of which a drawing is 

before you, shows some of the conceptacles of this fossil 

cut through. There can, I think, be no doubt of their 

true nature. ‘There is also a body which I take to be a 

tetraspore; but I feel it to be far from certain: as the 

tetraspores would contain but very little carbonate of lime, 

they could be but imperfectly fossilized. The concep- 

tacula are, in recent species, according to Rosanoff, free 

from carbonate of lime. 

Gumbel, after saying how frequently only fragmentary 

pieces are to be had, and not fine bunches, and how the 

stems and branches of a species are subject to variation as 

well as the external characteristics and the superficial 

nature, although some are easily distinguishable by the 

character of branching and superficial form, says, ‘‘ but by 
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far the most important and numerous species can scarcely 

be distinguished by any other method than by the form 

and relative size of the cells, which can only be made out 

by transparent sections.”” We must be very careful how 

we accept this; for in a piece I prepared, from Torbole, on 

the Lake of Garda, a drawing of which is shown, we find 

the same plant producing distinctly three sizes of cells—at 

first the cells bemg large; then at right angles to these 

cells grow out others much smaller, the same process 

being repeated a second time. The three sets of cells are 

in the proportion 5:3:2. In any branch we take we 

shall find the centre cells, which are arranged along the 

long axis, much larger than those at the sides, which turn 

outwards. 

According to Rosanoff, the form of the young is always 

orbicular. The germinal cell divides into two; these again 

divide; then the cells grow concentrically round these, 

usually soon losing the orbicularity, and growing princi- 

pally in one direction by occasional radial division of the 

cells. The cells, when cut through in a branch at right 

angles to the direction of growth, are circular. 

Gumbel gives the average of various analyses of the Litho- 

thamnium nodosum from Vienna and Monte Mario :— 

RHE CLT eM See recs ss cdten ss oe vedi ew soles 47°14 

MT Cea ts 2 EE SH a wae Sade on able 2°66 

- Alumina, iron, and oxide of manganese ...... 2°55 

IEPOBDMOPUS GENE. 562 cec ccc dseseen ade casesacengesee 0°06 
Carbaniemeid Poti) §. se aria ee 40°06 

Tmsobuble int eid «5 os54. «sta xiccie ing ees datesss ine «de 4°96 

WWy BCE GM COG gehen ane ticavada seeue~sxaesee pals 

100‘00 

You will notice, beside the large amount of carbonate of 

lime, the large proportion of magnesia, representing 5} per 

cent. of carbonate of magnesia. 

Giimbel points out the important bearing the large 

amount of magnesia which plants and animals can take 
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up from the water and convert into carbonate, may have 

upon the question of the formation of dolomitic rocks. 

The Lithothamnium takes very various forms—in some 

formations abounding as small concretionary-looking 

lumps, in others in branched form. Some recent ones at 

the British Museum are tubular, others filiform; some 

anastomose; very frequently others grow quite straight. 

One Melobesiacea in the British Museum is composed of 

fine filiform tubes, about six or eight together, these 

bundles then frequently anastomosing. The fossil ones 

are very frequently much altered in colour. One rock on 

the Lake of Garda might almost be described as a black 

rock with white spots, an infiltration having taken place 

from the outside, turning all but the central portion a 

dark colour, so that each piece, when broken through, 

shows the centre white and the rest dark. I bring this 

before your notice to show the great care that is re- 

quired when judging from lithological characteristics, as 

no one would, at first sight, and often not without 

microscopical examination, consider such a pure white 

rock, and one almost black, to be composed of the same 

material. 

From the mode of its growth, it will easily be under- 

stood that solid masses can be formed of such stony sea- 

weeds, since they grow incrusting stones, corals, and 

other Lithothamnia, in this way filling up all the inter- 

stices. In some instances, in rock-sections, I have found 

the chambers of Foraminifera thus filled up; probabiy 

they were partially broken before the commencement of 

the vegetable growth. 

As I before said, the difficulties are at present very 

great in studying this organism, on account of the want of 

material and observation; but it is very important every 

geologist should look carefully for it, since it should be a 

very material help in regard to the climate, and the con- 
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dition of the coasts and currents, besides being of great 

stratigraphical assistance. 

In conclusion, the object of this paper is to draw atten- 

tion to the great masses of these bodies, and the import- 

ance of always noticing their occurrence in geological 

formations. Nor is it of less importance to note carefully 

the growth of recent ones; for only through a knowledge 

of the present can we interpret the past. 

XXXII. On the Graphical Representation of the Move- 

ments of the Chest-wall in Respiration. By Arruur 

Ransome, M.D., M.A. 

Read January 13th, 1874. 

In a communication to the Royal Society * I have given 

a description of a three-plane stethometer, an instrument 

for measuring simultaneously the extent of movement of 

points on the chest-wall in three directions at right angles 

to one another (namely, forward, upward, and outward) 

during one act of breathing. Some of the results obtained 

with this instrument were also given; and in subsequent 

papers, to the Royal Society and to the Medico-Chirur- 

gical Society +, I have given both the practical applications 

of the instrument, and the physiological deductions which 

may be drawn from these measurements. 

Tn these researches, amongst other matters, certain indi- 

cations were observed which showed that the course de- 

scribed by the end of a rib, in respiratory action, was very 

far from being regular, and very different from the curve 

* Proc. Roy. Soc. vol. xxi. p. 11. 
+ Medico-Chirurgical Transactions, vol. lvi. 1873. 
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which it would produce if its movements were governed 

simply by the mechanical conditions of the costo-vertebral 

joints, and by the length and obliquity of the chord-line 

drawn from its anterior extremity to its head. 

In consequence of these indications, it seemed desirable 

that exact graphical tracings of the course described by 

the ends of the ribs should be obtained, in order that their 

peculiarities in different cases might be studied. 

The chief difficulty in the way of obtaining these tracings 

was found in the fact that the course of the movement lay 

in three planes, instead of in two only. 

Observations with the three-plane stethometer, how- 

ever, had shown that the degree of outward or lateral 

motion possessed by the ends of the ribs was very small, 

and that the measurements of this movement were of much 

less importance than those of the other two, which carried 

with them interesting practical indications. 

It seemed better, therefore, to sacrifice the registration 

of this, the lateral motion, for the sake of bringing the up- 

ward and forward movements into the same plane. It 

was easy to do this by resting the whole apparatus, both 

the pencil and the ground upon which the course was de- 

scribed, upon a swivel joint, which permitted free rotation 

with any lateral movement of the chest-wall; and in ex- 

periments upon the ends of the ribs this motion is so small, 

that it produces no perceptible effect upon the movements 

in the upward and forward direction, and any error that it 

introduces may safely be neglected. 

The stethograph, then, which I have devised consists of 

a lever (L), 6 inches long, having a pad (8) at one end, con- 

nected with it by a ball-and-socket jomt, and so shaped 

as to fit upon the rib, and at the other a finely-poimted 

pencil (c). 

This lever is suspended at its central point by a pivot 

(Pp), which permits of free movement up and down, but in 
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no other direction, and which firmly fixes the lever to a 

sliding-plate working backwards and forwards in a slot in 

the frame (F). 

A writing-frame (w) is attached to the instrument by a 

hinge (Hw); and a spring (Rr) keeps it continually pressed 

against the pencil at c. The whole mechanism is then 

allowed to rotate upon the pivot (N) in the stand (t). 

It will be readily seen that these arrangements permit 

the motion of the pencil (c) backwards and forwards, and 

upwards and downwards, and that these movements will 

closely correspond to those of the pad (s), with the differ- 

ence that the upward movement of the pad will produce a 

downward thrust of the pencil, and vice versd ; and thus, 

when the pad is placed upon the end of a rib, all its move- 

ments, with the exception of that directly outward, will be 

transferred in reverse to the paper or smoked glass con- 

tained in the writing-frame; and by having the paper 

ruled in squares, each one tenth of an inch, the extent of 

movement in the forward or upward direction can be read 

off at once. 

In using the instrument it is fixed toa table by a clamp, 

or by a sufficiently heavy weight attached to its foot, and 

the back of the subject to be examined is firmly supported 

by a pad placed opposite the costo-vertebral articulation 

of the ribs whose movements are to be traced. In this 
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manner any error due to the altered curvature of the spine 

in respiration is avoided. 

It will be observed that the medium for receiving the 

writing is fixed, so far as its relation to the pen is con- 

cerned—that it is not a rotating cylinder, as in Dr. San- 

derson’s stetho-cardiograph, nor a travelling carrier, as in 

Dr. Marey’s sphygmograph. These devices are needed 

when a record of the relative force and frequency of the 

motions is required; but, on the other hand, the imtro- 

duction of this extraneous movement prevents the accurate 

delineation of the actual track pursued, in the forward 

and upward directions, by any point on the chest-wall. 

By means of the instrument now described, this tracing 

may be obtained without difficulty. 

The following curves are selected in illustration of the 

results which have been obtained with the stethograph ; 

and, for the sake of affording a simple basis for compari- 

son, they are in the present paper limited, for the most 

part, to the movements of the ends of the third pair of 

ribs. 

I. Movements in Health. 

In observations made with the three-plane stethometer, 

it had been remarked that the forward motion of the rib 

was most equable throughout the whole act of respiration, 

and that in men the upward movement takes place chiefly 

at the latter portion of the respiratory act, but that in 

women and children this movement keeps pace with the 

forward push. 

Figs. 1 and 2, from a healthy adult male, and figs. 12, 13, 

14, and 15, from a woman and from a youth, entirely bear 

out this statement. In the tracing No. 2, taken from the 

right third rib of an adult male, it will be found that the 

ordinates of the curve in the first half of its course are 

og inch of forward to 0:3 inch of upward motion, and in 
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the latter half they are 0-4 inch forward to 0°75 inch up- 

ward. In the female and the youth the curves are much 

more equable in the two directions of motion. 

It may also be noticed in these healthy curves that the 

lines of the tracing enclose an irregular but yet a percep- 

tible space—in other words, that the anterior end of the rib 

takes a different course in its ascent from that of its expi- 

ratory descent. 

In most cases the uppermost line is that of inspiration ; 

and when it reaches its highest point it descends somewhat 

more abruptly than it rose, being afterwards drawn inwards 

more horizontally. In other instances, however, this track 

is reversed, and the descent of the rib is more gradual than 

its ascent (see figs. g and 10) ; and in some the two tracks 

will interlace with one another once or twice; or they may 

occasionally, but very rarely in healthy breathing, follow 

the same line. 

These variations are doubtless produced by the varying 

degree to which the will interferes with the action. The 

expiratory act in most persons is at first automatic, and 

mainly due to the elasticity of the parts; but when a 

forced effort of expiration has to be made, the voluntary 

muscles of respiration are used to a greater or less extent 

according to the will of the subject. 

Now it is important to observe that the actual shape of 

this respiratory curve is very different from what it would 
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be on the usually received hypothesis, that the ribs are 

simply rigid bars moving upon the support of their costo- 

vertebral joints. 

It is not difficult to construct the curve which ought to 

be described by the end of the rib on this hypothesis. The 

average chord-length of the third rib is known; and the 

expiratory and inspiratory angles made by the plane of the 

rib with the vertical can easily be ascertained. Fig. 5 4 

gives the curve produced with a radius of 6 inches and an 

initial angle of 60°, conditions resembling those of the 

chest from which figs. 1 and 2 were taken. 

Again, another, more direct means of ascertaining the 

curve formed by the end of the rib in its rise and fall may 

be taken; and fig. 5 B represents the actual motion of the 

fifth rib in a dead male subject, in whom the fourth and 

fifth intercostal spaces had been divided, and the costo- 

sternal attachment released, so as to permit of free move- 

ment at its vertebral articulation. The rib was then 

simply raised and depressed, whilst the button of the 

stethograph rested upon it. 

In fig. 5 ¢ some inward pressure was made upon it 

during its descent, and gradually removed during its 

ascent. 

Now the curve constructed by the simple rise and fall 
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of the rib considered as a rigid body must necessarily pos- 

sess the following attributes :— 

1. It must approximate to a segment of a circle. 

2. It will be the same in its ascent and descent. 

3. Its shape for the same rib will always be nearly the 

same. 

4. Its curve will depend (a) upon the angle formed by 

the plane of the rib-circuit with the perpendicular, 

and (b) upon the length of the radius, the chord- 

length of the rib employed. 

It is hardly needful to point out that the first and second 

of these characteristics are not found in the actual curves 

described by healthy ribs; and, in order to test the third 

and fourth, an attempt was made to ascertain what influence 

could be exerted upon the movement by the constraining 

power of the will. In figs. 3 and 4 the result is given in 

one case (3) of an effort to raise the rib with but little 

forward motion, and (4) to push its end forward without 

raising it. 

Although the tracing is irregular from the constraint 

put upon the ordinary motion, it is evident that in No. 3 

we have a closer approximation to the simple radial move- 

ment; and in No. 4 the effort has succeeded in producing 

‘2 inch of forward push with only 0°6 inch of rise. 

These peculiarities of the motions of the rib in health 

SER.AII. VOL. V. S 
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can only be accounted for by an alteration in the chord- 

length of the rib, due to the action of some constrictor- 

power possessed by certain of the respiratory muscles. 

The tracings of the spasmodic and partly involuntary 

actions of coughing and sneezing are also interesting, not 

only from their bearing upon the mechanism by which 

these acts are accomplished, but also because they afford 

a strong corroboration of the conclusions drawn from 

ordinary breathing. 

In fig. 6 it may be observed that, after the first rapid 

inspiration, which traces an oblique but almost rectilinear 

line on the paper, there is a momentary depression, as if 

the rib were commencing to assist in expiration ; but this 

is suddenly stopped by the closure of the glottis, and there 

is a slight outward bulging of the rib to the extent of 

o'o5 in. This appearance may probably be explained by 

the continued action of the diaphragm, which compresses 

the air in the chest, and so, to some extent, forces the ribs 

outwards for the moment. Immediately that the air is 

released from the windpipe, however, there is at once a 

downward fall of the rib for a space of about 02 in., with 

a barely perceptible incline inwards; there is then a sud- 

den change in the direction of its course, and it is drawn 

inwards for about 0*4 in. almost horizontally, the fall in 

this space amounting only to about 0°15 in. 

In the first part of the expiratory effort only is there 

any similarity to the hypothetical curve given in fig. 5. 
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The second half is entirely unlike any thing that could be 

radially produced by the rib, and can, in my opinion, only 

be explained ‘by the bending of the rib, which, as I have 

shown before, usually occurs in forced expiratory efforts. 

The second act of coughing, which is portrayed in the 

figure, is almost exactly lke the first, except that, as 

might have been anticipated, there is no slight drop pre- 

ceding the second sudden closure of the glottis. 

In the second figure belonging to the same case (fig. 7), 

there are three acts of coughing in the same fit; and it is 

noticeable that, although the general method by which they 

are accomplished is the same, the second and third acts are 
apparently each preceded by a very short inspiratory effort. 

In all, however, we notice the outward bulge upon the 

closure of the glottis; and it is very interesting to note 

that the extent of this forward push became greater the 

lower the rib descended, as if the rib yielded to the pressure 

of the air in the chest more easily in the position of partial 

expiration than in that of full inspiration. 

In the act of sneezing, produced by snuff-taking, shown 

in fig. 8, the course taken by the rib is remarkably like its 

track in coughing. There is first the almost rectilinear 
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track of quick inspiration, and afterwards the downward 

drop of the rib, followed immediately by a very strong in- 

drawing of its end. The differences observable are the 

absence of any stoppage at the commencement of expi- 

ration, and the much more complete indrawing in the 

second half of the expiratory act. The first portion is 

strikingly similar in its course to the hypothetical curve, 

its ordinates being about o°5 in. of downward drop for 

o'15 of indrawing ; those of the curve given im fig. 5 are 

o'8 downwards and 0:2 inwards. 

In the second part of its expiratory track the end of the 

rib only drops about 0°15 in. to 0°8 in. of indrawing, and 

for six tenths of an inch its course is almost horizontal. I 

would again repeat that such a movement seems to me 

impossible without an inbending of the nb. 

Figs. 9g, 10, and 11 are introduced to show the variations 

occasionally produced by individual peculiarities :—first, in 
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the course of the inspiratory and expiratory tracings ; and, 

second, in the form of the cough-movements, the closure 

of the glottis taking place after some degree of expiration 

had been accomplished. 

Figs. 12 and 13 display the movements of the third ribs 

in a healthy female, zt. 29 years. The pliability of the 

bones is well shown both by the large extent of forward 

movement in proportion to the upward rise, and by the 

variations in the curves of mspiration and expiration. 

In the boy, et. 11, from whom the tracings given in 

figs. 14 and 15 are taken, the same elasticity is apparent, 

and the curves also demonstrate the great freedom of 

movement possessed by the thoracic walls in childhood. 

Figs. 16 and 17 mark the differences in the healthy 
tracing produced by advancing years. There is an ap- 

proach to the form of curve traced by the unyielding nb ; 
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and the upward and downward track are more nearly 

alike. 

Il. Movements in Disease. 

A few tracings (figs. 18-28) are given to show the effect 

of disease upon the form of the respiratory curves :— 

Figs. 18, 19, and 20 are from a female, xt. 21, suffering 

from chronic phthisis on both sides of the chest. Dura- 

tion g years. Fig. 18 is from the least-diseased side, 

fig. 19 from the third rib over a large contracting vomica. 

Fig. 20 represents a cough. 

Figs. 21 and 22 are from a male, et. 25, also a case of 

phthisis, but of an acute character, the tracings being 

taken during an intermission of the disease. 

Fig. 23 is from the right third rib, and fig. 24 from the 

left third rib, im a male subject of chronic phthisis, in 

whom the left side was chiefly affected. His age was 35, 

the duration of the disease 4 years. 
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The four tracings, figs. 25-28, are taken from a female, 

eet. 26, who had acute pleurisy with effusion nine months 

before, and in whom there was considerable contraction of 

the left side in consequence. The first two are from the 

third rib, the last two from the fifth. Figs. 26 and 28 

are from the diseased side. 

In all these cases the comparative feebleness of the 

respiratory acts are to be noticed, and the want of elasticity 

of the chest is evidenced by the tendency to similarity in 

the upward and downward track of the end of the rib. In 

the case of acute phthisis there is also a degree of tremu- 

lousness in the original tracing ; and the case of pleurisy 

displays the effect of the subsequent adhesions in the very 

small extent of the forward push on the affected side. It 

is interesting to notice that the phthisical cough portrayed 

in fig. 20 is similar in its form to that of the healthy chest 

fig. 6, although so much smaller and more feeble. 

Notr.—Since this paper was written, a modification of 

the instrument has been kindly suggested by Mr. Gibbon, 

Assistant in the Physiological Laboratory at the Owens 

College. Jn order to obviate any risk of error from the 
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influence of the upward motion of the lever upon the 

record of the forward push, he proposed to substitute a 

pentagraphic motion for the slding-stage (Pp); and the 

apparatus, as it is now constructed, presents the appear- 

ance shown in the figure. 

WATKINSON, $2 == 

A large number of observations have been made with 

this new form of stethograph; but the tracings do not 

materially differ from those given in the paper, nor do 

they lead me to alter the descriptions which I have given 
of the several curves. The alteration of the instrument is 

an important one, however, and renders the results theo- 

retically more trustworthy. 
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XXXII. An Improved Method for preparing Marsh-gas. 

By C. ScnortemmeEr, F.R.S. 

Read November 18th, 1873. 

Every one who ever had to prepare soda-lime knows that 

the preparation of this substance is a troublesome as well 

as a laborious process. Chemists will therefore hail with 

pleasure a paper “On the Determination of Nitrogen,” 

by S. W. Johnson (Liebig’s ‘Ann.’ vol. clxix. p. 69). He 

has found that, in using the method of Varrentrapp and 

Will, soda-lime may be replaced by an intimate mixture 

of about equal weights of anhydrous sodium carbonate 

and dry slaked lime. It occurred to me that such a mix- 

ture might also be employed instead of soda-lime in the 

preparation of marsh-gas ; and I found that by heating an 

intimate mixture of anhydrous sodium acetate with more 

than twice its weight of lime and sodium carbonate, a 

very regular and quiet evolution of marsh-gas took place. 

The gas thus obtained always contaims some acetone, 

which is easily removed by shaking it with water or, 

better still, with a solution of acid sodium sulphite. 

XXXIV. The Chemical Constitution of Bleaching-powder, 

By C. Scuortemner, F'.R.S. 

—- 

Read December 2nd, 1873. 

In his classical research “ On the Compounds of Chlorine 

with Bases”* Gay-Lussac has shown that the bleaching 

* Compt. Rend. vol. xiv. p. 927. 

SER. III. VOL V. T 
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compounds formed by this reaction are not direct com- 

binations of chlorine and a base, as Berthollet believed, 

but that a hypochlorite and a chloride are produced simul- 

taneously, according to the equation 

2KOH +Cl=KOCI+ KCl+ H, O. 

When to the compounds thus formed a small quantity 

of a mineral acid is added, hypochlorous acid is set free ; 

whilst by adding the acid in excess, only chlorine is ob- 

tained, because in the latter case the hydrochloric acid 

acts on the hypochlorous acid in the following way :— 

ClH + CIOH=Cl,+ H, O. 

As a ready method for preparing a dilute solution of 

hypochlorous acid, Gay-Lussac recommends to distil a 

solution of bleaching-powder with a quantity of dilute > 

nitric acid which is just sufficient to liberate the hypo- 

chlorous acid. 

According to Gay-Lussac’s view, bleaching-powder is a 

mixture of calcium chloride and calcium hypochlorite ; and 

the same view is held by most chemists; Prof. Odling, how- 
ever, has pointed out that, calcium being a dyad metal, the 

constitution of bleaching-powder was probably Ca oan 

or it was, at the same time, a hypochlorite and a chloride. 

Of course both views explain equally well the formation of 

hypochlorous acid by Gay-Lussac’s method; and I read, 

therefore, with great surprise a paper by Goepner (Ding- 

ler’s Polytechn. Journ. vol. ccix. p. 204), in which he 

states that bleaching-powder is nothing but a simple com- 

bination of lime and chlorine, which, by acids, is again 

resolved into its constituents without the Jeast trace of 

hypochlorous acid being formed. He says that although 

the preparation of hypochlorous acid by this method is 

described in all handbooks as if this experiment had been 
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made hundreds of times, this is a mistake, and the reason 

why this error has maintained itself so long in chemical 

literature is, that hitherto no reaction was known by which 

free chlorine and hypochlorous acid could be readily dis- 

tinguished. But such a reaction has now been found by 

Wolters, who has shown that when chlorine-water is shaken 

with an excess of mercury, only mercurous chloride is 

formed, while with aqueous hypochlorous acid it yields a 

brown crystalline oxychloride of mercury, which is readily 

soluble in hydrochloric acid, and thus offers a ready means 

of the qualitative as well as quantitative determination of 

hypochlorous acid in the presence of free chiorine. 

In employing this reaction for detecting hypochlorous 

acid in the liquid which was obtained by distilling bleach- 

ing-powder with a small quantity of hydrochloric or sul- 

phuric acid, Goepner could net find a trace of hypechforous 

acid, but only free chlorine. 

I have already mentioned that he says the preparation 

of hypochlorous acid by this method is described in the 

books as if this experiment had been repeated hundreds of 

times. Now this experiment has been repeated many 

hundred times in our laboratory only. Professor Roscoe 

shows it every year in his lectures; and all our students, 

in the course of their practical work, perform it, and find 

that the perfectly colourless distillate is a much more 

powerful bleaching-agent than freshly prepared chlorine- 

water. This is quite sufficient to show that the liquid 

contains hypochlorous acid. But why did Goepner fail in 

detecting it? Perhaps it was the fault of the analytical 

method. To decide these questions I prepared hypochlo- 

rous acid by distilling solutions of bleaching-powder with 

dilute nitric and sulphuric acid, and shook the colourless 

distillates with mercury. In every case the brown oxy- 

chloride was formed in quantity, and possessed all the 

properties which Wolters has assigned to it; while by 

T2 
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shaking chlorine-water with mercury, only calomel was 

formed. From a careful perusal of Goepner’s paper I was 

unable to find the cause of his failure. 

Another argument against the existence of a hypochlo- 

rite in bleaching-powder is, according to Goepner, the 

following. The chlorine which is used in the manufacture 

of bleaching-powder always contains free hydrochloric 

acid, and thus, in bleaching-powder, more calcium chlo- 

ride will always exist than would correspond to Gay- 

Lussac’s formula. Now, when bleaching-powder is ex- 

hausted successively with small quantities of water, the 

excess of calcium chloride is always found in the first 

solutions, whilst those following contain calcium and chlo- 

rine in the proportions corresponding to the empirical 

formula CaOCl,. This fact, however, only proves that 

bleaching-powder is not a mixture of calcium chloride 

and hypochlorite, but that the bleaching compound con- 

tained in it has the constitution which Prof. Odling has 

assigned to it. 

Professor Williamson has shown that an aqueous solu- 

tion of hypechlorous acid may also be obtained by sus- 

pending finely divided calcium carbonate in water and 

passing chlorine into the liquid until the carbonate is dis- 

solved, and then distilling the solution. In this reaction 

the compound Ca(OCl)Cl is probably also first formed 

and acted on by an excess of chlorine in the following 

way :— 
Cl Cl 

Ca oc) + Ck=Ca cit Cl, O. 
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XXXV. Some Remarks on Dalion’s First Table of Atomic 

Weights. By Prof. Henry E. Roscoz, Ph.D., F.R.S. 

Read November 17th, 1874. 

As the Society is aware, the First Table, containing the 

relative weights of the ultimate particles of gaseous and 

other bodies, was published, as the 8th and last paragraph 

to a paper by Dalton, “On the Absorption of Gases by 

Water and other Liquids,” read before this Society on 

October 21, 1803, but not printed until the year 1805. 

There appears reason to believe that these numbers were 

obtained by Dalton after the date at which the paper was 

read, and that the paragraph in question was inserted at 

the time the paper was printed. The remarkable words 

with which he introduces this great principle give us but 

little clue to the methods which he employed for the de- 

termination of these first chemical constants, whilst in no 

subsequent publication, as in none of the papers which 

have come to light since his death, do we find any detailed 

explanation of how these actual numbers were arrived at. 

He says* “TI am nearly persuaded that the circumstance 

[viz. that of the different solubilities of gases in water | 

depends upon the weight and number of the ultimate 

particles of the several gases, those whose particles are 

lightest and single being less absorbable, and the others 

more, according as they increase in weight and complexity. 

An enquiry into the relative weights of the ultimate par- 

ticles of bodies is a subject, as far as I know, entirely new. 

I have been lately prosecuting this inquiry with remarkable 

success. The principle cannot be entered upon in this 

paper; but I shall just subjoin the results, as far as they 

appear to be ascertained by my experiments.” 

* Manch. Mem. vol. i. 2nd ser. p. 286. 
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Here follows the Table of the relative weights of the 

atoms :— 

Table of the relative weights of the ultimate particles of 

gaseous and other bodies. 

Hyd roger & ...c.<ccssneshonnatectenees I 
BIO andinea hs slepen saeaen ee remee eee 4°2 

CAPDORD cose awaeese wets oute se eecarns 4°3 

Armament ocg. CR 52 

Oxygen : wrevsvee  5°5 
Water 2.22500 Masi ascuse taatnceamucercs 6°5 

PHOSPHOTUS.c- ..-coessvean=csesepece oe ee 

Phosphuretted bctioden pesausede ee 

Nitrous gas .....+... pases ua=~aapeane= 9°3 

BiLHer’ v5, sexes caranees-eee Se es 

Gaseous oxide of carbon ......... 9°8 

Nitrous oxide ......... ddcnteedosens 43°F 

Se HUE gona ce sce e don SoS cvpen deen 14°4 

INMTiC ROI |<. coccedns dessweese’ atane 15°2 

Sulphuretted hydrogen........... . 15°4 
Carbomnc acicl .cceses coke. caves cobese 15°3 

Alcohotk x. 3-0; catenstucoshccdpanses 157% 

Sulphureous ackd  .....0.....ceseeee 19°9 

Sulphuriciacid)) cece, eaesenscee 25°4 

Carburetted hydr ogen, from } 65 

stagnant Water .....esecssesee - 

Gletarmtt ease Stra ecaate ge 

In the second part of his ‘New System of Chemical 

Philosophy,’ published in 1810, Dalton points out, under 

the description of each substance, the experimental evidenee 

upon which its composition is based, and explains, in some 

cases, how he arrived at the relative weights of the ultimate 

particles in question. Between the years 1805 and 1810, 

however, considerable changes had been made by Dalton 

in the numbers, the Table found in the first part of the 

new system being not only much more extended, but in 

many eases the numbers differing altogether from those 

given in the first Table published m1805. It is therefore, 

unfortunately, to a considerable extent now a matter of 

conjecture how Dalton arrived at the first set of numbers ; 
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all we know is, that it was mainly by the consideration of 

‘the composition of certain simple gaseous compounds of 

the elements that he arrived at his conclusions; and, in 

order that we may form some idea of the data he employed, 

we must make use of the knowledge which chemists at that 

time (1803-5) possessed concerning the composition of the 

‘more simple compound gases. 

As I can find no record of any explanation of these early 

‘numbers, I venture to bring the following attempt to trace 

their origin before the Society to whom we owe their first 

‘publication. 

The first point to ascertain, if possible, is, how Dalton 

arrived at the relation between the atomic weights of hy- 

‘drogen and oxygen given in the Table as 1 to 5°5 (but 

altered to 7 in 1808). The composition.of water by weight 

had been ascertained by the experiments of Cavendish and 

Lavoisier to be represented by the numbers 15 of hydrogen 

to 85 of oxygen; and this result was generally accepted by 

chemists at the time, amongst others doubtless by Dalton. 

That in those early days Dalton had actually repeated or 

confirmed these experiments appears improbable. At any 

rate he formed the opinion that water was what he called 

a binary compound, 7. e. that it is made up of one atom of 

oxygen and one atom of hydrogen combined together. 

Hence, if he took the numbers 85 to 15 as giving the com- 

position of water, the relation of H=1 to O would be 1 to 

5°6, or nearly that which he adopted. It does not appear 

possible to explain why Dalton adopted 5°5 instead of 5°6 

for oxygen; it may, perhaps, have been a mistake or a 

misprint, as there are two evident mistakes in the Table, 

viz. 13°7 for nitrous oxide instead of 13°9, and 9°3 for ni- 

trous gas instead of 9°7. 

Let us next endeavour to ascertain how he obtained the 

number 4°3 for carbone (altered to 5 in 1808 and to 5°4 

later on). Lavoisier, in the autumn of 1783, had ascer- 
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tained the composition of carbonic acid gas by heatmg a 

given weight of carbon with oxide of lead, and he came to 

the conclusion that this gas contained 28 parts by weight 

of carbon to 72 parts by weight of oxygen. Now Dalton 

not only was acquainted with the properties and composi- 

tion of carbonic acid, but he was aware that Cruikshank 

had shown, in 1800, that the only other known compound 

of carbon and oxygen, carbonic oxide gas, yields its own 

bulk of carbonic acid when mixed with oxygen and burnt ; 

and also that Desormes* analyzed both these gases, finding 

carbonic oxide to contain 44 of carbon to 56 of oxygen, 

whilst carbonic acid contained, to 44 of carbon, 112 of 

oxygen, being just double of that in the carbonic oxide. 

Dalton adds, “this most striking circumstance seems to 

have wholly escaped their notice.” Hence Dalton assumed 

that one atom of carbon is united, in the case of carbonic 

oxide, with one atom of oxygen, whilst carbonic acid pos- 

sessed the more complicated composition, and contains two 

atoms of oxygen to one of carbon. Now, if carbonic acid 

contains carbon and oxygen in the proportion of 28 to 72, 

carbonic oxide must contain half as much oxygen, viz. 

28 of carbon to 36 of oxygen, and assuming that the 

atomic weight of oxygen is 5°5, that of carbon must be 

ee = 4°3. Having thus arrived at the number 4°3 

as the first atomic weight of carbon, it is easy to see why 

Dalton gave 6°3 as the atomic weight of carburetted hy- 

drogen from stagnant water, and 5:3 as that of olefiant 

gas. The one represents one atom of carbon to 2 of hy- 

drogen; the other, one of carbon to one of hydrogen ; 

or, Olefiant gas contains to equal quantities of carbon 

only half as much hydrogen as marsh-gas. This conclu- 

sion doubtless expressed the results of Dalton’s own expe- 

riments upon these two gases, which were made, as we 

* Ann. de Chimie, t. 39. p. 38. 



FIRST TABLE OF ATOMIC WEIGHTS. 273 

know from himself, in the year 1804. He proved that 

neither of these gases contained any thing besides carbon 

and hydrogen, and ascertained, by exploding with oxygen 

in a Volta’s eudiometer, that if we reckon the carbon in 

each the same, then carburetted hydrogen contains exactly 

twice .as much hydrogen as olefiant gas does, and that 

“just half of the oxygen expended on its combustion was 

applied to the hydrogen and the other half to the charcoal. 

This leading fact afforded a clue to its constitution.” 

Whereas in the case of olefiant gas two parts of oxy- 

gen are spent upon the charcoal and one part upon the 

hydrogen. 

The atomic weight of nitrogen (azote = 4:2) was doubt- 

less obtained from the consideration of the composition of 

ammonia, whose atomic weight is given in the Table at 5:2. 

Ammonia was discovered in 1774 by Priestley; but the 

composition was ascertained by Berthollet mm 1775 by 

splitting it into its constituent elements by means of elec- 

tricity, when he came to the conclusion that it contained 

193 parts by weight of hydrogen to 807 parts by weight 

of nitrogen. Dalton assumed that this substance is a 

compound of one atom of hydrogen with one of nitro- 

gen, and hence he obtained for the atomic weight of azote 

807 x I 

ae 
ammonia. It is also probable that Dalton made use of 

the composition of the oxides of nitrogen for the purpose 

of obtaining the atomic weight of nitrogen. If we take 

the numbers obtained partly by Davy and partly by him- 

self, as given on page 318 of the ‘ New System,’ as repre- 

senting the composition of the three lowest oxides, it ap- 

pears that the mean value for nitrogen is 4°3 when oxygen 

is taken as 5°5. In all probability the number in this 

Table (4°2) was obtained from an experiment of Dalton’s 

made at an earlier date. 

= 4'2; and 4°24+1=5'2 as the atomic weight of 
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It is not possible to ascertain the exact grounds upon 

which Dalton gave the number 7:2 for phosphorus ; its 

juxtaposition, however, in the Table, to phosphuretted 

hydrogen shows that it was probably an analysis or a 

density-determination of this gas which ied him to the 

atomic weight 7°2, under the supposition that this gas (like 

ammonia) consisted of one atom of each of its components. 

In the second Table, published in 1808, Dalton gives the 

number g as that of the relative weight of the phosphorus 

atom; and we are able to trace, the origin of this latter 

number, although that of 7°2 is lost to us. On p. 460, 

part 11. of his ‘New System,’ Dalton states that he found 1oo 

cubic inches of phosphuretted hydrogen to weigh 26 grains, 

the same bulk of hydrogen weighing 2°5 grains. Hence 

26—2°5 

2°5 

was probably by similar reasoning from a still more in- 

accurate experiment than this one that he obtained the 

=9g'4 gives the atomic weight of phosphorus. It 

number 7°2. 

Sulphur, which stands in the first Table (of 1803) at 14°4, 

was altered in the list published in the ‘New System’ to 

13. These numbers were derived from a consideration (1) 

of the composition of sulphuretted hydrogen, which he re- 

garded as a compound of one atom of sulphur with one of 

hydrogen, and (2) of that of sulphurous acid, which he 

supposed to contain one atom of sulphur to two of oxygen. 

Dalton knew that the first of these compounds contained 

its own volume of hydrogen ; and he determined its specific 

gravity, so that by deducting from the weight of one 

volume of the gas that of one volume of hydrogen he would 

obtain the weight of the atom of sulphur compared with 

hydrogen as the unit. The specific gravity he obtained 

was about 1°23 (corresponding nearly, he says, p. 451, to 

Thenard’s number 1°23). Hence (as he believed air to be 

twelve times as heavy as hydrogen) he would obtain the 
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atomic weight of sulphur as (12 x 1°23) —1.=13'76, which 

number, standing half-way between 14°4, as given in the 

first Table, and 13 as given in the second, points out the 

origin of the first relative weight of the ultimate particle 

of sulphur. So from sulphurous acid he would obtain a 

similar number: taking the specific gravity as obtained by 

him (part i. p. 389) to be 2°3, and remembering that this 

gas contains its own bulk of oxygen (p. 391), he obtained 

(2°3—1'12) X 12=14'16 for the atomic weight of sulphur. 

As, however, we do not possess the exact numbers of his 

specific-gravity determinations, and as we do not exactly 

know what number he took at the time as representing the 

relation between the densities of air and hydrogen (in 1803 

he says that the relation of 1:0°077 is not correct, and 

that =; is nearer the truth), it is impossible to obtain the 

exact numbers for sulphur as given in the first Table. 

In reviewing the experimental basis upon which Dalton 

founded his conclusions, we cannot but be struck with the 

clearness of perception of truth which enabled him to argue 

correctly from inexact experiments. In the notable case, 

indeed, in which Dalton announces the first instance of 

combination in multiple proportion (Manch. Mem. vol. i. 

ser. 2, p. 250), the whole conclusion is based upon an 

erroneous experimental basis. If we repeat the experiment 

as described by Dalton we do not obtain the results he 

arrived at. Oxygen cannot, in fact, be made to combine 

with nitric oxide in the proportion of one to two by merely 

varying the shape of the containing vessel, although by 

other means we can now effect these two acts of combina- 

tion. We see, therefore, that Daltou’s conclusions were 

correct, although in this case it appears to have been a 

mere chance that his experimental results rendered such a 

couclusion possible. - 
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XXXVI. Action of Light on certain Vanadium Compounds. 

By Mr. James Gissons. Communicated by Professor 

H. E. Roscog, F.R.S. 

Read November 17th, 1874. 

Porasstum divanadate in combination with organic matter 

is at first rendered green, and ultimately blue, by exposure 

to light, being reduced probably to the state of vanadium 

trioxide. 

The salt is not sensitive to light in the absence of organic 

matter. 

Gelatine mixed with potassium divanadate becomes 

slightly less soluble in warm water after being exposed to 

light. This is apparent by the unexposed portions of the 

film swelling and dissolving more quickly when treated 

with water than the exposed part. 

If a colourless film of dry sodium orthovanadate (Na, 

VO,), free from organic matter, be exposed on glass to the 

sun for several hours, it only acquires a faint brown tint. 

The film kept in the dark for some hours, regains its 

normal colourless condition. 

The salt does not undergo any change when exposed to 

diffused daylight. 

Paper which does not contain any size of an animal origin, 

when coated with a solution of sodium orthovanadate, is 

darkened on exposure to light, the depth of tint depend- 

ing on the length of exposure and on the strength of the 

solution used. The tint, however, never becomes darker 

than a slate-colour. 

If the paper thus prepared be immersed, after exposure 

to light, in a solution of silver nitrate, the colour in the 

exposed parts instantly changes to a deep brown or to a 
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black, varying according to the amount of exposure. A 

tint of the decomposed vanadate which is of so slight an 

amount as to be with difficulty distinguished from the 

whiteness of the paper will, by immersion in the silver 

nitrate, be toned so as to become very perceptible. It is 

evident that paper prepared in this way might be em- 

ployed for the purposes of photographic printing. 

The unexposed parts are converted, by treatment in the 

silver bath, into yellow silver vanadate. This substance 

may be dissolved out either by ammonia or by sodium hypo- 

sulphate. This act of fixing changes the dark brown or 

black parts to red; this may be prevented to some extent 

by using a bath of ammonio-silver nitrate with an excess 

of ammonia, instead of the simple silver nitrate bath. 

The developed print can afterwards be toned with gold 

chloride. 

The length of exposure required to produce a deep mel 

is about one hour to a strong sunlight—this by using a 

solution of the sodium orthovanadate containing about 

II per cent. of the salt. 

Some ligneous substance only must be present with the 

sodium orthovanadate for the production of the above-: 

mentioned slaty tint; for if an albuminous body be pre- 

sent, a faint brown tint is produced after exposure to light, 

and the silver nitrate is not afterwards reduced to any very 

great extent. 

. The slate-colour of sds reduced salt appears to be due to 

ise formation of vanadium trioxide. . 

If the exposed paper be kept for some weeks, its colour 

changes to that of a yellowish brown, free vanadic acid 

appearing to be produced. 

Gelatine impregnated with sodium orthovanadate, ex- 

posed to light and afterwards dipped into a solution of 

silver nitrate, becomes insoluble in hot water. 

Silver orthovanadate is capable of forming a photo- 
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graphic image which is nearly latent, and which may be 

developed by the ordinary ferrous developer used in pho- 

tography. ‘To produce this image, two or three minutes’ 

exposure to sunlight is required. ‘To develop it, it is es- 

sential that little or no silver nitrate be present ; otherwise 

the exposed and unexposed parts are reduced indiscrimi- 

nately. The washed silver vanadate can be mixed with a 

solution of gelatine containing a little albumen spread 

upon paper and allowed to dry; it can then be exposed to 

light and afterwards developed. 

XXXVII. On Basie Calcium Chloride. 

By Harry Grimsuaw, F.C.S. 

Read November 17th, 1874. 

WueEN a strong solution of calcium chloride is boiled with 

calcium hydrate, the solution filtered and allowed to cool, 

a salt separates out in long, slender, needle-shaped crystals. 

This salt is called, in Gmelin’s Handbook, hydrated chlo- 

ride of calcium and lime, or hydrated tetra-hydrochlorate 

of lime, and, according to him, has been noticed by Bucholtz 

and Frommsdorf and by Berthollet, and analyzed by H. 

Rose, who found the formula 3 CaO, CaCl+ 16 Aq, or, in 

present notation, 3CaO, CaCl,+16H,O. This is nota 

very simple or intelligible formula; and moreover the per- 

centage of water found, which was 49°084, is considerably 

lower than that required by the formula, namely 50°793. 

The salt was therefore prepared and analyzed as follows. 

The solution of calcium chloride was prepared by dis- 

solving, by heat, pure white marble in moderately concen- 
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trated hydrochloric acid until saturated. This was boiled 

with an excess of milk of lime for about an hour, filtered 

whilst hot, and allowed to cool. The salt separated out 

on standing, in slender, white, needle-shaped crystals, 

generally from one half to an inch in length. They were 

sometimes obtained not more than a quarter of an inch 

in length and almost transparent, the separation not taking 

place until the solution was agitated. The composition of 

the crystals was in all cases the same, and was not affected 

by the length of time they were allowed to remain in con- 

tact with the liquid. 

The crystals, dried as quickly as possible between blot- 

ting-paper, on analysis gave the following results :— 

(a) 0°677 grm. gave 0273 grm. CaO. 

0°442 J 0228 ,, AqCl and o-oor2 Aq. 

0°307 lost on heating 0°152 grm. 

(b) 0°359 grm. gave 0°144 grm. CaO. 

<a 8 2, 0°2045 ,, AqCl and 070245 Aq. 

1'052 lost on heating 0°52 grm. | : 

Calculated for 

3 Ca O, Ca Cl,+ 16 H,O, 
Calculated for 

CaO, CaOH Cl + 7H,0. 

_ Found. 
= —_“—_—~,_ 

ph) pol) 
Ca =—s_- 29144 28°80 28°77 28°22 

Cl 12°932 12°86 12°794 12°522 

O 5°829 8°465 

OH 6°193 

H,O 45901 

Loss on heating 49°179 49°40 49°47 (H,0) 50°793 

100°000 100°000 

The constitution of the salt is therefore expressed by the 

formula O CaO 
CaCl 

+ 7H,O. On heating, two molecules 

of the salt decompose, forming 3 CaO+CaCl,+15 H, O. 
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The difference of the proportion of the constituents ac- 
cording to the above formula, and according to that as- 

signed by Rose, is therefore that corresponding to one 

atom of water more or less. As the amount of water is 

nearly 50 per cent. of the whole, this constituent will ex- 

hibit the greatest difference, namely 1°614. Accordingly, 

the numbers above will be found to agree with the formula 

O seat me + 7H,0O, which loses on heating 49°179 per 

cent. The number found by Rose (49:084) agrees very 

nearly. 

The salt is perfectly stable for any length of time if kept 

out of contact with the air. It may be also kept unaltered 

in the mother-liquor for some time. In the air it decom- 

poses, absorbing carbonic acid and water. Over sulphuric 

acid 7m vacuo or in air, or over quicklime, it parts with a 

portion of its water of crystallization. Both these circum- 

stances interfere with the exact drying of the salt. 

With water it decomposes into calcium hydrate and 

calcium chloride ; 

CaOH 

we CaCl 
+ 2H,O = 3Ca(OH),+CaCl.,. | 

By the substitution of hydrobromic for the hydrochloric 

acid in the preparation of the salt, I expect to obtain a 

corresponding bromine compound. 
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XXXVIII. A Study of Peat.—Part I. 

By R. Anevs Smirtu, Ph.D., F.R.S., F.C.S., &c. 

Read March 3oth, 1875. 

Wen living for a short time on the edge of a peat-bog at 

Loch Etive, and speculating on its age and the possibility 

of learning from its thickness and condition the era of 

some remnants of human industrial efforts, I came to the 

following conclusions, published by the Society of Anti- 

quaries in Scotland in 1870-71. 

Before quoting myself, I may remind the Society that 

Mr. Binney had long ago brought forward to this Society 

some interesting observations concerning peat. He men- 

tioned specially two examples, described to the Geological 

Society of Manchester (Trans. vol, iii. 1860) :—the first at 

Down Holland, near Ormskirk, giving out an oily liquid ; 

and the second, with a brittle conchoidal fracture, bright as 

pitch, and giving no flame on burning, called “jelly peat.” 

He traced its analogies with coal, and gave a theory of its 

formation. I cannot remember any thing very new in 

relation to peat since that time, although a great deal has 

been written as to its economic worth and management. 

A few years ago I began to form some opinions, of. which 

I may give the origin. 

Age and Growth of Peat*. 

“ Near the point we now are, the road divides into two: 

one line goes straight forward to Connel Ferry ; the other 

leads along the hill-side to Ardchattan up Loch Etive. 

The plain between this and the Loch is a moss, called by 

Dr. Wilson the Black Moss. On pages gi and 106 of his 

* Proceedings of the Society of Antiquaries of Scotland, vol. ix. 

SER. III. VOL. V. U 
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‘Prehistoric Scotland,’ he says that stones showing the 

action of fire have been found, along with stakes which 

seem to indicate circular dwellings. He adds that they 

are under eight or ten feet of moss, under which is a foot 

of soil before coming to the gravel on which the cairns of 

the neighbourhood rest. This, he considers, indicates a 

period before the Romans. I suppose the question of the 

age of peat is quite unsettied. I am inclined to believe 

that a moss may be very old or comparatively recent. We 

scarcely give the peat-moss fair play, although in this case 

I do think the lower moss, being very black, must be old. 

When thinking of this subject, I turned to the ‘ Handwor- 

terbuch der Chemie,’ and found opinions there which it 

may be interesting to quote. An analysis by Liebig of a 

Lemna from a peat-moss in Switzerland is given; and his 

remark is mentioned, that the water in which it grew con- 

tained all the ingredients required for feeding it. It is 

inferred that one can easily understand why peat should 

grow under such circumstances on the most barren ground. 

When discussing the time required to grow, it is said that 

between Olching and Loehausen, near Munich, a surface of 

peat was burnt, and after sixteen years there was a depth 

of seven inches above the burnt part. In Erdinger Moss, 

in Bavaria, three feet of turf is found made in old cut-out 

beds. The newer turf is coarser than the old. ‘In Lang- 

moos an old road is covered 13 feet.’ ‘If the growth of 

turf is carefully attended to, it may become of great value.’ 

Sprengel says that ‘ under favourable circumstances a peat- 

moss (Torfmoor) will produce more combustible matter 

than the best forest.’ In Liebig’s ‘Agricultural Chemis- 

try’ he shows that wood- and meadow-land grow remark- 

ably near the same amount of dry woody fibre—about one 

ton and one fifth per annum per acre. 

‘Tf we suppose an acre of ground to be covered with solid 

fir wood an inch thick, it would weigh about fifty-five tons ; 



‘ 

DR. ANGUS SMITH ON PEAT. 283 

and growing one ton and a fifth per annum, it would re- 

quire forty-five years. Considering the rapidity of growth 

of surface-plants on some peat-bogs, we cannot suppose it 

less, when not removed by cattle or otherwise. Now, as 

peat will hold something like eighty per cent. of water, or 

even more, we may fairly allow in the same time five inches 

of peat to have grown, considered roughly equal to one inch 

of wood. On the other hand, we know that grass and other 

plants may be stimulated so that several crops may be ob- 

tained in the year—under favourable circumstances, let us 

say, three. We might thus have in some places five, and in 

others fifteen inches of soft peat in forty-five years, accord- 

ing as the peat-plants were ill or well fed. We must divide 

the peat into two classes (some purposes require more) —the 

fibrous (which is fresh or not very old), and the amorphous. 

The rapid growth can apply to the first only ; the true black | 

peat, burning with much flame, is much older, and we can- 

not vet calculate the time for its formation. In order to 

form it, a decay goes on, which consists of oxidation of the 

carbon mainly, whilst the (higher) hydrogen compounds 

remain and proportionally increase. The carbonaceous 

matters are carried away in considerable quantities in the 

brown water. This lost quantity is not easily calculated. 

Some peat-water has two grains in it, some less than one. 

If we supposed one grain per gallon, and thirty-six inches 

of rainfall, we should require to subtract 115 lbs. or about 

I ewt. per acre per year (and with seventy-two inches twice 

as much) for removal by water. When the peat is fibrous, 

there is no decay perceptible, and the growth may be taken 

without deduction. In some cases the plants remain 

nearly fresh, I believe, for centuries. In a lake-dwelling 

of which I am going to speak, the plants below the hearth- 

stone and the floor appeared only slightly yellow. Still 

the decay is needful for the conversion to true peat. If 

the plant is well protected from air, and from flowing 

ua 
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water containing air, its change may be arrested com- 

pletely. A certain openness of structure is necessary for 

the formation of true black peat. 

“ T need not speak of the matter, excepting in relation to 

the subject of antiquities. If these notions are correct, we 

may have from ten inches to thirty inches of open fibrous 

peat in a century, according to the nature of the water 

supplying the moss. Ifthe supply of water is abundant 

and easy, and if the water itself is well supplied with 

earthy salts, we can see no necessary limit to the depth 

which peat may attain during long ages. If there be a 

plain, and if the plants are obliged to obtain their inor- 

ganic salts by capillary attraction or osmose, or by the 

dialytic action of the peat, then a natural limit must take 

place. It will not be a sharp line; but the early peat will 

grow very fast, and the later slowly, until it ceases to 

increase in depth. We must therefore judge very differ- 

ently of different mosses. One may have remained of the 

same thickness for an indefinitely long time, being as thick 

im much of the prehistoric as in historic days; another 

may have grown about two feet in acentury. ‘This latter, 

however, will not, in all probability, have attained the 

black stage at which the richer hydrogen compounds are 

found. At present we have no guide to the length of time 

required for this stage. 

“‘ When people speak of the age of peat as being exces- 

sively great, they ought to mention the quality of the peat. 

If black, we may allow at present very great antiquity, 

until we learn better ; if covered over from air, we may allow 

a great age, even to fibrous peat ; if otherwise, there seems 

no necessity for speaking of a very great age. By follow- 

ing up this inquiry, which I know to be imperfect, but new, 

at least to me, we may arrive at some more definite ideas. 

As an extreme one, I may consider that less than a cen- 

tury cannot be allowed to thirty inches of fibrous peat, and 
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that where water is very pure, and the supply of salts ob- 

tained by dialysis only, the probability is that one foot in 

a century is plenty for moderately soft peat ; but when the 

moss is deep, and dialysis has a great distance to act, growth 

may stop entirely. In seeking to grow turf it seems im- 

portant not to cut down to the soil. The peat grows best 

on a portion of its kind; this is to be observed abundantly 

in places where part of the ground has been left bare and 

part covered. It is rather remarkable that, in questioning 

Mr. M°Gregor (the ground-officer of Lochanabeich), his 

opinion came out that it would take about fifty years to 

grow a foot under favourable circumstances such as he had 

seen. If these ideas are correct, we may gain by the ma- 

nuring of peat, if it is ever much required inthe arts. As 

a scientific experiment, at any rate, it is well worth attend- 

ing to. (It will be seen that there was much to learn.) 

“ As to peat obtaining its inorganic constituents from 

rain, I think it improbable, as in that case there is no 

limit to its possible thickness, whereas the thick deposits 

are all in low places, in hollows of hills, where superficial 

sources of the salts are more readily found.” 

Since the above was written, a socketed bronze spear- 

head was found at the bottom of the moss spoken of, by Dr. 

Dan. Wilson. The peat was certainly not so hard or brittle 

at the bottom as many mosses described. The weapon 

would, I suppose, point to a possible great distance of time, 

at least the early centuries of our era; but it produces no 

certainty of date, as a piece of bronze might have been 

lost long before the moss began to grow, and, on the other 

hand, the moss may for a long time have ceased to grow. 

I might adduce instances where there is much more 

grown than I have said, were I to seek the experience and 

acquaintance of others. 

If peat grows so rapidly, why does it not grow everywhere? 

I was told that at Cairnmonearn it was at one place cut 
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by persons who, having no knowledge of the subject, did 

not leave any of the vegetable surface, but levelled quite to 

the gravel, the result at present being that the place is quite 

bare. The practice of planting peat and growing it as a 

crop is therefore already well known to many persons ; 

and the careful landlord who insisted on pieces being left 

behind, has left for his successors a valuable field of fuel in 

a place where nothing else can grow, whilst the careless one 

close to him has rendered the land a desert. Now this is 

the very thing that I wish first to call attention to. 

It is at present the opinion of many that the only thing 

to be done with peat when it cannot be economically 

compressed, is to throw it or have it washed away, if not 

burnt away, so as to make land for richer crops. In places 

where richer crops will grow, this may be right; but there 

may be some of even these places where it would be wise 

to cultivate certain portions for fuel. The use of coal will 

probably always be more expensive than the use of peat in 

many parts of Scotland and of Ireland, if not of England ; 

and the power of growing fuel on land that will grow 

nothing else well, is a great and valuable power. Syste- 

matic peat-cuttings have been common enough; but 

systematic peat-growing has been rare, and the circum- 

stances best suited have not been studied. 

The ash of peat varies, it is said by Websky (Jahresbericht 

uber die Fortschritte der Chemie, vol. xvii. p. 804), from 

o’5 to 50 per cent. I know of no such wide numbers 

myself, and shall be inclined to keep to the amount found 

at Loch Etive, viz. 6 to Io per cent. calculated on the dry 

matter, and 1°2 to 2 on the wet peat. The ash is chiefly 

siliceous; after silica, the earths are in most abundance ; 

but alkalies and phosphates are in very small quantities. 

Fuller analysis will follow. 

For the growth of a peat-bog it is required, from the 

foregoing, that the water and plants should break up rocks 
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to the extent, in some places, of about one tenth of the 

dry matter of the peat. The supply of morganic matter 

must be brought by water; and accordingly we find all 

peat-bogs which grow to a great depth to be in the midst 

of a very abundant supply. 

Frequently they receive the drainage from a hill, so that 

all the inorganic matter washed down seems to give the peat 

the first choice. The organic matter must have its supply 

of nitrogen, and the abundant rain of the peaty districts 

never fails to contain some ammonia or some nitric acid. 

Peat, then, grows where water is constantly bringing it 

food; and the inorganic matter is easily got even in soft- 

water districts. One grain of salts in 100,000 would be 

70 tons per annum on 1000 acres, with 70 in. of rainfall, 

and enough to grow 700 tons of dry peat or 3500 of wet 

peat. I have no experience of peat on soils with hard 

water. 

If the supply of water is small, there is a smail supply 

of peat ; and this we see on places where there is no stream 

from above; but it sometimes happens that there is a con- 

siderable amount of peat on land which occupies the upper 

part of a rising ground, having no supply of water from 

a distance at least: in this case there may be from three 

to four feet—as an instance, at the stones of Callernish in 

Lewis, where there is said to have been this thickness. 

This I suppose to depend on the capillary attraction, as 

well as on the existence of broken ground or fine earth or 

very soluble rocks. When it reaches a height not man- 

ageable by capillary attraction, the peat, I believe, almost 

entirely ceases to grow, being fed only a little by the rain, 

or in some places by spray. 

The bogs of Ireland are said to rise as much as 40 feet, 

sloping down very slightly on all sides, and occupying a 

great plain. The distance necessary for the water to run 

facilitates the diffusion of salts. 
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On isolated pieces of rock I have seen peat grow to a 

thickness of from 1 to 2 inches ; but there is no power to go 

higher, apparently. In instances to be alluded to, the field 

of peat, when large, is said to grow 12-15 feet above the 

water-level; the maximum depends on many conditions. 

Such large masses are never dry, although narrow districts 

are readily drained. 

The amount of inorganic supply from the air must be 

small. If it were desired to increase the rapidity of 

growth, the mode of acting would, I suppose, be the same 

as 1s adopted in all cultivation, and soluble salts, or salts 

not so insoluble as the hard rocks so often found in the 

peaty districts of our island, would require to be used. It 

is not improbable that a very large crop of fuel might 

then be grown. 

And now, some one will say, why adopt this fantastical 

idea? Is it not better to clear the country of swamps, 

remove peat-bogs by improving the drainage generally, and 

raise the best crops we can ? 

It must not be supposed that a peat-bog is a swamp in 

the sense used in southern chmates: nor is it a marsh; it 

produces no marsh-fevers. The water itself is disinfecting, 

and the peat wonderfully preserving. The air overit may 

be damp, but little to be noticed in a damp country. The 

peat-bogs may be inconvenient as being soft (sometimes 

too soft to walk upon) during most of the year; they may 

be poor feeding-lands, producing little grass and sometimes 

no available grass; but we must still respect them as 

having long grown fuel for many of our countrymen, and 

promising to grow it much longer. 

There are many parts of Scotland, certainly, where fuel 

is cheaper in this than in any other form, large parts of 

freland, and probably some of England, as well as of Wales. 

Is it probable that the time will ever come when coals will 

become cheaper in all these places? This probability has 
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surely ceased. The cheapening would require an ex- 

tension of railway- and boat-communication which the 

scattered inhabitants of peat-growing districts cannot be 

expected to support. 

Landowners need not, therefore, look too much to the 

outer world for fuel; but on hilly places and many other 

. parts it seems their interest to keep up a system which 

has so far succeeded, and which the present aspect of things 

does not prove to be easily superseded. I certainly would 

recommend the careful preservation of a certain amount of 

peat-grounds, and also experiments on the mode of acce- 

lerating the growth. 

Since a failure to obtain fuel would render the places 

spoken of simply uninhabitable, it is dangerous to presume 

much on any other source, and it is only wise, in my opinion, 

to retain the supply which is known to be lasting. The 

supply of peat is sometimes said to be inexhaustible. It is 

not so; the supply of a district is for the farmers around very 

frequently easily exhausted. It is only by fostering growth 

that any long cultivation can be expected of many parts ; 

whilst there are some enormous bogs which are so far from 

habitations that it does not seem probable that there will 

be any benefit in removing them until surrounding condi- 

tions change. An advantage of the peat is, that it can be 

cultivated near one’s house and used when required. The 

disadvantage is, that it cannot afford much carriage. It 

may be found to be the final and most convenient method, 

in all the northern part of this country, to have a field 

growing fuel at the side of others growing corn and 

potatoes ; and it certainly is in some places the most con- 

venient method at present. The habit, however, is going 

out more than is safe; and the mode of cultivation never 

has been sufficiently systematic. 

So far as I know, there never has been any attempt to 

assist or to stimulate the growth, either by irrigation in 
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cases where the peat has not had its share of the floods, or — 

by manuring, and so hastening its increase. 

Notwithstanding the limited sphere which seems assigned 

to peat, there is to be found in books new and old a great 

hope of using up the peat-bogs when coal is done, and of 

having an almost equal supply. The present supply, if 

depended on for the whole community, would be neces- 

sarily expensive and short in duration. 

If we cut a ten-foot bog, we may allow by shrinkage one 

fifth to remain dry, and much less than this for its equi- 

valent in bulk of coal—five times according to Prof. John- 

son. Half a foot of coal at the surface would certainly be 

more valuable than 10 feet of wet peat. 

The district, including as much as a man can walk over 

to his daily work, would soon be cleared, and a migratory 

population would continually demand new arrangements 

for living and for carriage of products. 

Whilst, therefore, I speak of the value of peat, it is only 

under limited conditions, as well as in limited districts, so far 

as the country during its coal-using period is concerned. 

I was told in Argyleshire that about 50 years was a good 

time for recutting; and I was told the same thing in Kin- 

cardineshire. This looks like knowledge which has been 

gained by experience; at any rate it is a wide-spread 

theory not spread by books. The working people of the 

east and west of Scotland, north of the Clyde, have had 

little communication with each other, and are different in 

habits, in race, and in language. 

In working a moss on the Dee, the peats are first 

taken away in barrows holding 18 peats. When these are 

dried, 40 of the barrows are a load for a horse; a load, then, 

is 720 peats. A family fire used all the year requires 24 

of these loads, or 17,280 peats. The peat is 1 foot by 4 x4 

inches; or, generally, there are g in a cubic foot. The 

total required per annum is, then, 2160 cubic feet calculated 
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wet. This is a square space of 23 feet very closely, and 4 

feet deep. But, at the rate at which the peat spoken 

of was grown, the amount on an acre annually would be 

2454 cubic feet, considerably above that demanded ; or if 

we take the observation of Sir Richard Griffith, one third 

of an acre would be sufficient to grow the quantity. Now 

we have a right to suppose this attainable by selecting or 

averaging circumstances suitable to the growth; and then 

we may have greater depth and less surface still. 

The elements of the calculation differ very much; but 

we may say that the value of the peat in the cutting al- 

luded to, coal being 20s. a ton (a low estimate on the 

hills), is from £4 to £5. 

I was told that the loads were heavy: let us call them 12 

ewt., which would be enough for the hills; we should then 

have 24°4 tons of peat (often at 25 lbs. weight per cubic foot) 

burnt per annum ; thisis quitealow weight. Ifan equiva- 

lent of coal were used, about 5 tons would be wanted; and 

it must be in few parts of the Highlands that they can be 

got for a pound a ton. It would therefore be needful for 

the cotters to spend, at a very low calculation, £5 to have 

the same comfort; indeed, when they use coal, they gene- 

rally half starve themselves. In Manchester, people who 

keep only one fire, require about 44 tonsin ayear at 20s.a 

ton, or nearly five pounds; andin the Highlands it is quite 

fair to suppose that more would be needed. Nay, it is not a 

supposition, because it is required if not obtained ; the cli- 

mate is colder and wetter, the summers are shorter, and 

there is more heat required merely for drying clothes. 

However, the sum of £5 is too low for the 5 tons required ; 

but it is high enough to prove the point before us. If a 

man got £5 for every acre of poor land he cultivated, he 

would, with a very moderate-sized farm, soon feel rich ; 

for some acres he would be pleased with 5 pence. We may 

leave out altogether any inquiry into the value of land in 
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most cases, and say that an acre of land would be very 

well set aside for a family for fuel, and that it would 

produce more value than an acre of land used for other 

crops in very wet districts and on cold hills. 

It would, of course be needful to inquire into the best 

positions for peat-growing. At present we only know it 

generally ; but we know enough to begin successfully. 

It has been desired to show that even on fair land one 

acre might be preserved for a small family; but if the fa- 

mily had several apartments with fires, more would be 

wanted. On the hills and among sheep-farms, counting by 

thousands of acres, this is really nothing; in lowlands in 

outlying districts it can still have calculation in its favour. 

It must not, however, be supposed that if a few acres pay 

well, a few more will pay also. It is economical in the 

case in question to cultivate only for the neighbourhood. 

If more is attempted, cartage will cause a loss. — 

In short, I advocate a systematic peat-agriculture in the 

north carried on so as to have easy carriage to every house 

far from railways and deprived of access from any cause ; 

and I have reason to believe that even in this age many 

would be great gainers, whilst the gain will increase as coal 

becomes dearer. 

Growth of Wood. 

But some one will naturally ask, why not grow wood ? 

This question has already been partly answered ; but it may 

be somewhat further examined. I wish to show that peat 

will grow in places where it is extremely difficult, if at all 

possible, to raise wood, and, next, that the growth of peat 

is more rapid than the growth of wood. For the prevention 

of excessive floods nothing is better than peat, on account 

of the enormous amount of water it retains; it is a natu- 

ral reservoir and a forest at the same time. 

As to the first point, the difficulty of raising wood. It 
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is well known to all who have gone much to the hilly parts 

of Scotland and Ireland on the sea- coasts, and, we may say, 

England also, that the trees seem to avoid the sea-breezcs 

even at a considerable distance from the shore. They lean 

from the sea even in a great deal of Lancashire; and on the 

northern sea-coasts, if defended by a wall, they rise up 

as high as the wall, and then appear at a distance as if 

sharply cut off by a hatchet. 

There are, however, sheltered places even near the west- 

ern Atlantic where trees grow well; and in these let wood 

be grown, for beauty as well as for use. So valuable and 

beautiful is a forest, that it would be wise to grow wood, 

even if fuel could be had at a much cheaper rate. Wood 

has uses so numerous, that it will not be attempted for a 

moment to argue as if peat could ever be an actual rival, 

except for a limited purpose and within a limited range. 

For want of wood, I have long been inclined to think, 

the great empires of the Euphrates fell, perhaps even 

Egypt, Syria also; and it is very clear that Asia Minor, 

Greece, Italy, and Spain have all suffered: some of them 

would of necessity have ceased to be powers in the world, 

if for no other reason than this want of heat so important 

for the numerous demands of civilization. I have even 

come to the conclusion that Germany owes as much to her 

forest-cultivation as to any one individual fact in her eco- 

nomy. She has treasured her strength, and her people 

have been kept in comparatively comfortable houses, al- 

though even she would have done well to have treasured it 

more. Had we not been possessed of coal, our neglect of 

forests would have been fatal to us. How long a dried-up 

and burnt-up land, as much of Spain is said to be, must 

wait before it has its forests restored, must be the painful 

experience of millions to come. 

We have burnt up our forests ; and with us the planting, 

inclosing, and care are a great expense. Nature seems 
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during seasons of neglect to make it up to us by the growing 

of peat; and now let us see how rapidly it is grown com- 

pared with wood. 

In some places you will be told by gentlemen, by the 

ministers of the parish and some of the farmers, that the 

peat is almost as dear as the coal. This of course depends 

partly, sometimes entirely, on the carriage; but there are 

other cases where, I believe, the population would starve 

without peat, or be reduced to the state of the dwellers in 

Terra del Fuego, civilization becoming impossible. Many 

persons who have to pay high wages to have their peat cut, 

take the readiest combustible—coals, as they are conve- 

nient, if a little dearer; but by many, and by all the poor, 

the fuel can be dug economically, the latter using their own 

hands in districts where the people, as a rule, have a good 

deal of time at their disposal. This quality of being within 

easy reach is never found with coal, and is not to be 

forgotten. The idea of buying peat or coal, with many 

would be preposterous. ‘They have certain rights to a peat- 

moss; and all I advocate is the systematic protection of 

these mosses, these rights, and the cultivation of the fuel 

as carefully as they would cultivate the oats, although the 

crop may be slower sometimes, and to be reaped only by 

the succeeding generations ; and my reason for doing so is, 

that I find fuel becoming dear in some parts of the High- 

lands, and a hitherto abundant supply of nature is turning 

into a serious expense. 

In estimating the growth of wood, Liebig, as said, gives 

about a ton and a quarter to an acre annually. As it was 

better to obtain the numbers from a northern climate more 

allied to that on which the peat was grown, I have con- 

sulted Mr. John Begg, Junior, at Durris, Deeside, and ob- 

tained the following information :— 

“T take on the Durris estate a wood 35 years old, 

and composed of Scotch firs and larch. (My reason for 
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starting at this point is, that the wood being half-age, the 

age of maturity being generally 70 years, the amount of 

wood or thinnings taken out and dried previous to 35 

will, I believe, correspond to what would be taken out 

from 35 to 70.) The number of trees planted at first 

would be 5000 to the acre; and at the age of 35 there would 

not be above 500 to the acre, and at 70 not more than 

150. I find, then, that an average tree in one of our fair- 

growing woods, and, [ should say, an average of the coun- 

try, contains 644 lbs. weight or 74 cubic feet of timber, 

84 lbs. of brush or branches, and an equal quantity of 

roots, in all 812 lbs., which, multipled by 500 trees, gives 

406,000 lbs. of wood to an acre. 

““T presume a deduction of one fourth would be the 

weight in the dry state. On looking at Brown’s book on 

Forestry, he says that at Castle Forbes he found Scots- 

pine wood to weigh in the rough state, at 60 years old, from 

813 to 83% lbs. to the cubic foot..... It has long been 

found that wood between 35 and 60 years old is about the 

same weight, and after that it gets lighter. I have found 

spruce wood to weigh at 35 or 50 years 70 lbs. per cubic 

foot, and at the age of go only 57 lbs. 

“ Hay 1 ton to 3 tons to an acre. 

Oats { eid Bini 4020 lbs.” 
seed 1600 

I scarcely know what data for weight to adopt. I in- 

tended to take 33 lbs. for the dry wood; but Mr. Bege 

insists on 50 at least for his district ; and after all it is not 

of much importance for our case. Neither do I know the 

shrinkage ; but it is evident that the weight of the wood 

is great at Deeside, although it is not so great on the 

heights. Karmarsch’s table, quoted in the ‘ Handworter- 

buch der Chemie,’ gives the specific gravity of the Pinus 

sylvestris green as 0°811 to 1°005 (this last, although above 

the weight of water, is not so high as Mr. Begg mentions). 
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It gives larch as 0°694 to 0924; the weight of the air- 

dried pine 41 lbs. per cubic foot, and of larch 30, Hanove- 

rian measure. ‘The Hanoverian pound is larger than ours, 

and the foot less; and we have 51°8 lbs. to a cubic foot of 

the pine, and 37'9 lbs. for the larch. If a cubic foot weighed 

86, and shrank down until an equal space weighed 50, we 

should have a loss of 42 p.c. without allowing for shrink- 

age. We shall not be far wrong if we call it 50; and 

this makes 203,000 lbs. an acre in 35 years or 2°5 tons per 

annum of dry fibre, equal to about 2 tons of coal. This 

is not an amount that must everywhere be expected. 

Let us compare this with the growth of peat on the 

same estate. We have in 44 years 30 inches, equal to 

108,900 cubic feet on an acre; of this every cubic foot 

weighed 57°8 lbs., which dried to 11°56. We have, then, 

in 44 years 1,252,350 lbs. of dry combustible matter, or 

559 tons, or 12°7 tons per annum, which being taken at 

the value spoken of, nearly 23 of peat to one of coal, 1s equal 

to 5°6 tons of coal. In this calculation there is no hypo- 

thetical quantity. 

This certainly is a marvellous result. The amount ob- 

tained appears to be less by my estimation than by taking 

the figures spoken of in the extracts to be given ; but we ap- 

pear to come to the conclusion that in a wet and cold climate 

the best mode of growing combustible matter is by the culti- 

vation of peat. The expense of growth must then be con- 

sidered. The peat from which the data last given have 

been obtained was grown so high up that no trees were 

found; it was on land that was valuable for nothing but 

that by which it was occupied. The value in rent was 

scarcely any thing for grazing; let us say, fourpence an 

acre. There was no inclosure, thus saving one of the great 

expenses of wood-growing; there was no forester required 

to look after the trees ; there were no rabbits, sheep, or cattle 

to kill the young or old; there was no interruption to 
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motion unless when the ground was very wet ; and drainage 

would have been a disadvantage. 

On the other hand, if systematic peat-growing were un- 

dertaken, not drainage but irrigation might be necessary ; 

that is, it would be needful to choose a place where abun- 

dance of water could be had. 

By selecting suitable land, which is generally very low- 

rented, it seems to be the case that abundance of fuel can be 

raised for the outlying population. There may even be much 

to spare; and in some districts a large surplus can be ob- 

tained. I shall not go into the question as regards the 

town population, as it is not now that our large towns 

require to think of this; nor shall I speak of the low. 

grounds where rich land for grain is to be had; but my 

first object, as stated, is to show that peat is really an im- 

portant growing fuel, and that it is not wise to root it out 

as is so frequently done, but that it is wise to preserve 

a certain portion for the near inhabitants, as it can be 

raised at a price far lower than coal or wood, the land 

costing almost nothing, and the labour very little. If care 

is not taken to have the peats grown near to the spot where 

they are used, the expense becomes great. I am told that 

the cutting, drying, and stacking of peat in one district 

where much is used, amounts only to 1s. gd. per ton on the 

dried product. Ifwe multiply this by 24 we obtain 4s. 3d. 

as the price of 24 tons of peat, equal to 1 tonofcoal. The 

5 tons of coal, or its equivalent in peat, is obtained for 

21s. 5d.,a price that would be low for one ton only of coal 

in nearly all the hilly parts of the country, and in most 

even of the coast-towns. [am aware that this price is not 

everywhere the same; but I had it on good authority that 

it is done where the work is systematic and the wages not 

low. I know that some estimates are much higher. 

I can quite imagine a peat-farm of no excessive size 

growing fuel as fast as it can be made use of by itself and 

SER. III. VOL. V. x 
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neighbours, or, if compression should succeed, growing 

also oil and perhaps ammonia, when that can be economi- 

cally removed. But care would be required to have the 

proper plants and to feed them properly ; and that is not, 

so far as I see, to be expected in the immediate future, 

without some previous cautious experimenting. 

CoLLECTED OBSERVATIONS. 

As it was not my intention to write so much as I have 

done on peat, I had got this length before I examined its 

literature ; and perhaps it may be as well to introduce it 

here, so far as it seems to be necessary. It-is not easy to 

exhaust such a subject; and I shall attempt only to give 

certain specimens. And first a little must be said of the 

etymology of the words turf and peat. 

Beckmann quotes various authorities, saying that at cer- 

tain distinct periods the use of peat was discovered in certain 

places in Germany and France. I think it clear that the 

use is far older than history—in Germany, at any rate; and 

when it is said that its value was found by any named per- 

son, it means probably that the wood had been exhausted 

and the people had taken then to burning peat instead. 

I prefer the name peat although turf is an old German 

and English one; but it is confusing, as it means also a 

grassy sod. The number of compounds beginning with 

Torf in Kaltschmidt’s Dictionary is 39, besides those that 

end with the word; so that it has attained great importance, 

as indeed the substance had even in Pliny’s time. 

I do not doubt that our word peat is the Low German 

Piitte, of the High German Pfiitze, and that it has come 

from the Chauci or their neighbours straight to us, and 

probably was the name used by them when Pliny wrote. 

It means swamp, standing water, and well, and has the 

same origin, if, indeed, we may not callit almost the same 
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word as pit. The verb pfitzen, to dabble in water, or splash 

in water, correctly points out the old process, and even the 

newest, which by machines resuscitates the old. Indeed, 

by every plan there is a good deal of dabbling in the soft 

muddy-looking material. In Scotch and Irish Gaelic, 

monadh and moin (equal to mountain, I suppose) are used as 

if the idea were that the peat was merely a part of the hill, 

and the greatness and profusion were thus indicated. It 

might also lead one to suppose that, after burning the trees, 

they had taken to burning the hill itself on which they 

grew. 

The word turf seems to have a similar origin ; the verb 

most nearly approaching to it is forfa, “graben, to dig,” as 

given in Heyse’s Deutsches Handworterbuch. From this 

probably comes the common Latin word turba, which I 

believe is not an old or classic word. I shall leave others 

to trace it into Asia. 

Heyse thinks the original is the Low German form of 

the High German Zurb, a broken-off clod or sod, connected 

with the verb zerren, to tear. 

Cleasby and Vigfussen’s Dictionary does not give Torfa 

in the sense of a verb graben, and indicates that the Ice- 

landers learnt the use of peat from Scotland. 

A little volume exists called ‘ Dissertatio physica de 

Turfis, to the title of which is added “sistens historiam 

naturalem cespitum combustilium qui in multis Europe 

regionibus et precipue in Hollandia reperiuntur ac ligni 

loco usurpantur ;” it was written by Joh. Hartm. Degner, 

and was published at Utrecht in 1729. 

Degner describes the chief points relating to peat, begin- 

ning with the derivation of Torf, which he makes litle of. 

He then treats of the districts of peat; and when he tells 

us of the great moors of Germany, Holland, &c. we have 

it put prominently before us that it is not in the Britannic 

islands that this fuelis preeminent in quantity. 

x2 
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In the third book, “ on preparation of peat,” we are told 

of the usual mode of cutting and also of the mode of taking 

out the fine peat from the wet places, ponds, and ditches, 

by means of nets. The magistrates decide in what places 

peat shall be taken, as otherwise not only the fuel of the 

neighbourhood may be interfered with, but the drainage 

and embankments. It would appear that the modern mode 

of breaking the peat fine and taking it out of the water in 

a condition resembling mud was an old one. The texture 

is by this means rendered less open. The more it is 

kneaded and pressed the more dense and solid is the peat. 

Patents have lately been taken out for doing this, as well 

as for methods of doing it. 

“XJ. Precipua in labore hec circumstantia est obser- 

vanda, ut materia turfina, tanquam massa pistoria bene 

misceatur et subigatur; quo magis enim depsendo com- 

pingitur, eo solidior et densior sit turfa, eoque meliores et 

ignem diutius foventes largitur carbones. Cum contra, 

quando materia minus bene subacta sit, turfas porosas, 

spongiosas, non diu coherentes, sed cito dissolubiles inque 

igne deflagrantes sistat.” 

The labour of digging or, rather, fishing out the peat is so 

great that the habitants of Holland will not do it, but 

bring yearly several thousand strangers from Hanover and 

Luneburg, who work with wonderful patience. 

It was the custom where the levels unite to sell off all 

the peat and then to use the land for agriculture. It is 

said in XX VII. that this plan of obtaining good land 

was first discovered in the 15th century, as told by W. van 

Gouthoven, ‘Chronick van Holland,’ p. 574. 

The 4th chapter is on the differences in peat, which the 

author fully recognizes. 

In another place he shows the difference between peat 

and turf, which he names “ turfa’’? and “ cespes,’ and. 

which it is better in English to call peat and turf. The 
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English as well as the Germans have used the name for 

both and caused confusion. § XV. cap. 11, he says “the 

turf (cespes) may grow to be cut again in 30-40 years.” 

In Chapters 5 and 6 he gives various opinions regarding 

peat, and discusses the question, “Is it rotten wood?” in 7, 

“Ts peat earth?” in 8, “Is it bituminous or sulphurous ?” 

in 9, whether it is a marine excretion; in 10, “ Is it vege- 

table ?” 

In Chapter 11, he recognizes peat as a distinct growth, 

and also says that moss and marsh-grass grow abundantly 

in all those places where peat is abundant. It is added 

that it has been observed by botanists that the roots and 

stems of the mosses grow both in winter and summer, 

and press deep into the earth and water. The author 

thinks that a space two feet or more deep may grow suf- 

ficiently in ten, twenty, thirty or more years, so firm 

that men and flocks can pass over it, since mosses are 

during the whole year increasing in marshy places and 

yearly growing into dense masses. Not only does the 

moss grow, but the fossil part grows. He gives it as 

a decided opinion that peat grows, but requires a long 

time. 

He gives the opinion of some old men that it would 

take a hundred years to grow as much as would allow 

it to be cut at the same place. (The cuts he speak of 

are deep.) Countrymen of a truthful character have said 

that they found at a depth of seven feet iron instruments, 

such as spades, and other abundant proofs that the peat 

had been cut before by their predecessors. And certainly, 

he says, if it did not grow, it must long ago have come to 

an end. He quotes Pliny, who tells (in Book xvi. cap 1) 

that they (the Chauci near Friesland) “take the mud with 

their hands, and drying it in the wind rather than the sun, 

warm with this earth their food as well as their entrails, 

which are stiffened by the northern cold.” (‘‘ Captum 
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manibus lutum ventis magis quam sole siccantes, terra ci- 

bos, et rigentia-septentrione viscera sua urunt.”’) 

It has sometimes been proposed to throw the sewage of 

towns on to peat-bogs, and so procure disinfection. How 

this would suit has not been tried ; it is extremely probable 

that the richer manures (that is, those much richer in nitro- 

gen and phosphates than the peat has been accustomed to) 

would cause the growth of the mosses which constitute the 

material of most of the bogs of which I speak to cease, and 

bring out grasses or other substances more fitted for the 

feeding of cattle. Alkaline manures would probably suit 

best. This would be no misfortune in itself; but it would 

at least put an end to the plan begun, namely the disin- 

fection by the peaty matter, after a time. 

The manuring of peat-bogs by sewage so as to grow peat 

would not be hopeful, as we cannot look for any crop so ex- 

travagant as to make such agriculture valuable; but the 

humble Sphagnum would probably be well pleased to have 

the poorer food which comes as drainage from land already 

manured either by sewage or other manures. At present 

the peat does very well with the washings of rocks most 

disinclined to dissolve or to disintegrate. I can give no 

opinion on the best mode of manuring the mosses so as 

to cause the increased growth of the same plants, further 

than said; but I quite expect that trials would find some 

fit substance, probably earthy manures with little of phos- 

phates. 

Achard (Crell’s J, 1786, p. 391), by some experiments, 

very imperfect however, wished to prove that the three 

layers of peat which he observed at Hertefeld, a village in 

the district of K6nigshorst, some 25 miles from Berlin, were 

alike in quality fundamentally, but differed in the relative 

quantity of some of their component parts. He does not 

seem to have noticed resins or wax. In Ireland, as 

Mr. Moir Crane telis me, three layers are prominent at 
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the bog of Allen—first red, then brown, and lowest black. 

In the same volume of Crell, G.G. Ten Haaff explains how 

he found sal ammoniac sublimed from peat. 

Du Ménil, in Trommsdorff’s ‘ Journal’ for 1826, gives 

only 0°36 p.c. soluble in ether and 0°75 in alcohol. This 

is from what he calls Baggertorf from the Steimhuder 

Meer in Hanover. 

In 1810, ina paper by Du Ménil, there is this sentence :— 

‘Peat must be able to grow under water, as the follow- 
ing passage from Schoock’s works show :—‘ Amplius szpe 

usu venit, ut turfofodine se demum prodant subductione 

aquarum, bituminosique cespites ibi effodiantur, ubi antea 

navigabatur aut aque stabant.? Mart. Schoocku, Tract. 

de Turfis. Groning. 1658, p. 29.”—Trommsdorff’s Jour- 

nal de Pharmacie, vol. xix. p. 2,1810. Here the filling-up 

of great spaces by the growing of peat is clearly observed 

and expressed. 

Du Ménil gives the names of many plants found in 

the peat, and mentions Papiertorf, Sumpftorf, and Moor or 

Modererde, and Torfruss or the soot from peat, which, he 

says, contains sulphate of ammonia, which is used for the 

formation of sal ammoniac and sulphur. 

The Germans have many names for the various peats 

and their products (asphalt, resin, and wax)—Rasentorf, 

Pechtorf, Moostorf, Heidetorf, Schilf- oder Rohrtorf, Holz- 

torf, Meer- oder Tangtorf, Sumpf- oder Baggertorf, Moder- 

torf and Streichtorf, Maschinentorf, and Presstorf, Wurzel- 

torf, Erdtorf. Then they have Hochmoore, Kesselmoore, 

Wiesenmoore, and Meermoore. 

Hiinefeld speaks (in Erdmann’s ‘Journal’ of 1838, 

vol. iii. p. 456) of bread-shaped masses which contain resin 

to the extent of 16°8 p. c., the resin being formed in the 

course of 800 years from bread which had fallen into the 

moss. 

M. Dejean, of the Agricultural Society of the Somme, 
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read a paper ‘ On the mode of extracting and preparing peat 

in the provinces of Holland and Utrecht ; and on the ad- 

vantages which will result to the department of the Somme 

by the adoption of a part of the Dutch processes.” See 

Annales de Chimie, vol. xxxiv. p. 224, An viil. 30 Prairial. 

At p. 256 he says:—* This object, so mteresting to the 

department of the Somme, and especially for the poor, de- 

serves the attention of the Central Administration. And 

as the peat (tourbe) is a product of the soil, an agricultural 

product, if I may dare to call it so, attention to it becomes 

naturally one of the duties of the Free Society of Agricul- 

ture established in that department.” 

I call attention to this extract to show that I am quite 

aware that I am not the first to look with interest to the 

production of peat as a national industry—the actual grow- 

ing, independent of the utilizing, which has long been 

studied ; but many inventions must be made again and 

again, until the fitting time for their use shall come. That 

the time has not come for a general use of this idea every 

one will agree; but it has come, and has never in our 

time ceased to exist, for a considerable portion of the 

community—which portion is, in my belief, very much 

disposed to neglect its privileges, and, we may say, also 

its duties to a great extent, because these are not seen. 

This paper of M. Dejean might very well apply now to 

some parts of this country, where so much waste of mate- 

rial is allowed; but there is this consolation, that, if there 

is waste for this generation by the mode of cutting peat, 

there is no real waste, as the material, if allowed to remain, 

soon repairs itself, and all loose pieces are cemented by 

growth. 

In Erdmann’s ‘ Journal fiir pr. Chemie,’ vol. xxiv. 1841, 

at p. 275, there is a paper by H. Reinsch on peat; and at 

p. 277 he says that, by slow distillation of the etherial 

solution of the peat-resins, he obtained a distinctly crys- 
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talline powder; but he could not find it on a second ex- 

periment. And then, further, he considers the resins to be 

more allied to wax. 

In the same volume, W. F. First, of Salm-Horstmar, 

gives the result of his analyses for nitrogen. He finds by 

combustion of peat with caustic soda an amount of ammo- 

niacal salt equal to 2°1 p. c. of nitrogen. 

In Erdmann’s ‘Journal fiir praktische Chemie’ for 1839, 

vol. xvii. p. 16, is an article by W. A. Lampadius on the 

peat (Schwartztorf and Brauntorf) of Eger in Bohemia. 

He quotes an examination of the subject made for him by 

Dr. Palliardi of Franzenbad, from which I extract the fol- 

lowing (p. 18) :— 

“‘ In the second year after cuttmg the peat, a number 

of conferve are to be seen collected on the brown water in 

the cutting. In the third year the vegetation is more 

complete, and duckweed shows itself on the surface. In 

the fifth year at last appear rushes [Binsen], cotton-grass, 

and reed-grasses of different kinds. These two form a 

substance firm enough to enable one to walk uponit. This 

covering is called Kiihwampen. After ten or twelve years 

Erica vulgaris, Vaccinium Oxycoccus, V. uliginosum, Salix 

repens, and Pinus obliqua appear upon the peat-cutting. 

After thirty or forty years, if the place has not been 

drained, and no cattle have been fed upon it, they cut 

peat again in the place where they consider there was 

formerly a cutting.... 

“The deeper the cutting is made the better is the peat 

which is obtained; the solid substratum here is granite. The 

thicker the layer of the peat the denser it becomes, because 

of the pressure, the more bitumen also it contains and ap- 

proaches nearer to brown coal. Where the moss has been 

drained it becomes perfectly dry and changes into adusty, 

poor, black earth (Moorerde) which is entirely barren, a 

proof that water and pressure are necessary for preserving 
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the bitumen, and that the bitumen is necessary for preser- 

ving the vegetable matter of the peat. In some parts of 

this moor are mineral wells, which bubble up very strongly 

and contain a great dealof gas. They contain also a good 

deal of Glauber salt, which is found around them in efflo- 

rescence in warm weather. The stems and roots of pines 

or birches found in the peat are of a very dark colour, red 

and sound in the centre, and are used for fuel.” 

In Erdmann and Marchand’s ‘ J. fiir prakt. Chemie’ for 

1839, ina communication from M. Reinsch on the peat of 

the Fichtelgebirge, the value of wood and peat are com- 

pared. When a klafter of wood is worth 6 florins, a klaf- 

ter of surface-peat (Rasentorf) is worth 4 florins and 13 

kreutzers (4°2 florins), and of hard peat (Pechtorf) 7 florins 

(6 florms 55 kr., properly ; but 60 kreutzers are a florin). 

At the time when this was written the two qualities of peat 

were selling at the same price, namely a florin and a half. 

Peat was in reality much cheaper than coal. These prices 

have ceased in Germany ; but the relative value of the heat- 

producers must remain the same. 

Petzholdt, in the same year (Erd. J. i. 1839, p. 314), 

says that peat-formation is more active in warm weather, 

and that the proportion of carbon is constantly increasing 

until there appears to be nothing but carbon. He adds 

also that, although the formation is rapid at present, some 

peat-bogs must be 2000 years old, judging by the substances 

or articles found in them. The escape of marsh-gas and 

carbonic acid he especially mentions as constant. 

Several works or brochures have appeared of late years 

in Germany on peat. We have a useful history by Dr. 

Theodor Bromeis, Berlin, 1859, ‘ Die neuesten Metho- 

den der Aufbereitung und Verdichtung des Torfs.’ It 

gives the development of the pressure-system, wet and dry, 

of the mixture of peat with tar, and the machinery and 

arrangements used in various establishments in France, 
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Germany, aud Switzerland. There is also an account of 

the use of peat in metallurgy and for locomotives. 

On the heat-giving power, Dr. Bromeis says that peat, 

which usually (when air-dried) contains 34 p. c. of water, 

produces half the amount of heat produced by coke. Al- 

though compression cannot cause more heat to be pro- 

duced, it removes 20 p. c. of water, and thus allows much 

more to be available ; so that 160 of peat when thus pressed 

would be equal to 100 of coke : some, however, give higher 

values to the first (see p. 49 of Dr. Bromeis’s pamphlet). 

But he also adds that “ the peat may be made to attain 

the density of coal, and so become a more valuable mate- 

rial for heat. A cubic foot may attain the weight of 86 

pounds.” However, I do not wish to enter on the question 

of condensation, which has been sufficiently worked at by 

others. If the peat could be condensed for nothing or even 

cheaply, the condition of the question would change; at 

present the position of the bogs and the price of coal are 

too variable to allow of more than general statements. 

Strange ideas have connected themselves with the growth 

of peat. Men have actually supposed that it grew in a 

mass like some great wen out from the ground, instead of 

simply growing on the surface like other plants. In al- 

lusion to this and to the two classes of peat, I may quote 

from three lectures by Albrecht Tiirrschmiedt “iiber Torf- 

fabrikation,” Berlin, 1859. He says :— 

“ It requires no million years or geological periods to 

form peat: a life-time is enough to convince one that it 

grows—not from below, however, but from above. Still, if 

the arts in their haste expect in the course of seventy or a 

hundred years to find heavy peat formed, they will obtain 

no more by growth than the entangled mass which the sun 

bleaches and which gives flame but no heat. To convert 

mosses, heaths, grasses, &c. into that humous pitchy moss 

which you see in the beautiful specimen from Carolinen-— 
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horst, and as Challeton makes it, requires not a life-time 

merely, but ages such as in ordinary speech we may call 

an eternity” (p. 18). I am more hopeful. 

He quotes Prof. Scheerer as saying that the peat is a 

compound of, approximately, 

60 per cent of Carbon, 

Bi ip » Hydrogen, 

a3-,5 » Water; 

whilst dried wood is 

50 per cent of Carbon, 

EUs, ws Water. 

differig by 2 per cent. hydrogen and 10 carbon. 

Challeton’s method is to prepare the peat in the dry way. 

The Haspelmoor method, used at Munchen and Augsburg, 

and introduced by Exter, is to heat dry and so cause the 

oleaginous and tarry substances to keep the mass together. 

The author takes an impartial view of the various methods, 

and is not willing without more trial to decide on the value 

of wet and undrainable bogs. 

A little volume by Prof. August Vogel in Miinchen 

(1859), ‘Ueber Torf, seine Natur und Bereitung,’ goes 

into the description of apparatus for making and distilling 

with great detail. It is mentioned, by the way, that Sendt- 

ner, in his work on the vegetation of the peat-mosses, de- 

scribes 332 plants as found in those of Southern Bavaria. 

Dr. Vogel considers that the decomposition is the same as 

with organic bodies decaying ; but as oxygen cannot enter, 

the carbon is not reached: the changes are made at the ex- 

pense of the oxygen of the humus; so that carbon is relatively 

increased. He thinks that it can easily compete with coal. 

Dr. Dullo in his ‘ Torf-V erwerthungen in Europa’ (1861), 

after describing the condition of the peat-industry, calls 

special attention to the cultivation of the moorlands of 

Holland and the previous production of the fuel. He says 

that 630 dollars (go guineas) are demanded sometimes for 
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a morgen (3 acre) of peat of 5 feet depth. He thinks that 

one shilling for 1000 pieces 1s as much as ought to be asked 

for rent. 

A great deal of information is to be found in ‘ Das ge- 

sammte Torfwesen nach den neuesten Versuchen und Ver- 

fahren, von Wilhelm Leo, Bergmeister und Mitglieder der 

Sachs. Societat fir Mineralogie, &c.’? I shall confine the 

extracts to the growth of peat (see p. 40) :— 

“The waters under the peat are the real producers of 

peat; and the growth can easily be forwarded by putting 

back the surface on the portion cut; in it the plants grow 

and the bitumen is preserved from the influence of the oxy- 

gen of the air. In the large peat-bogs of Bavaria a growth 

of 2-3 feet has been observed in 40 years, in Oldenburg 

4 feet in 100 years, in Denmark only 2% feet. On the 

other hand, in Switzerland old peat-holes could be cut again 

after 30 years, having grown in that time 5 feet thickness of 

peat. This growth may also be improved by strewing the 

seed about. The water must move slowly over the surface, 

and not shut out atmospheric oxygen; if the latter occurs, 

vegetation ceases and decomposition begins. If, however, 

the surface is gradually raised out of the water and some- 

times dried, the reed-grasses begin to be dried up, and other 

plants take their places, such as bilberries, heather, St. 

John’s wort, mare’s tail, and bog-moss, and at last it will 

bear light woods, such as willow, alder, and birch. 

“Bogs grow on any place where there is standing water 

not drying in summer: all peat-bogs have been smaller or 

greater collections of water, some of them lakes.” By 

the advice and under the management of Forest-master 

Luschka, a great peat-bed_was opened at Gundholzen, on 

the Lake of Constance, in 1804. In 1827 it was opened 

again, when 22 feet of peat had grown since 1805. A ten- 

acre field was opened at Gayenheim, in the same district, 

with a similar result. The new part is less solid and of 
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lighter colour than the old (p. 42). The rootstock of Arundo 

phragmites is abundant in the young peat of Greifswald. 

“Tt is known for certain that the part of the Alt-Warm- 

bruch moss belonging to the city of Hanover has been cut 

twice over, and that where it was cut 30 years ago there is 

from 4 to 6 feet of new growth.” He says that a moss may 

grow ten feet above the water-level. Perfectly dried peat, 

he adds, stands between wood and coal as a heat-producer. 

‘Rationelle Torf-Verwerthung, by Dr. Ernst Schenck 

zu Schweinsberg and Dr. K. Karmarsch, being chiefly 

concerning the apparatus for preparing and using peat, I 

have not given it attention. 

In ‘Die Torfmoore Oesterreichs,’ by Dr. George Thenius, 

p- 46, there is mention made of peat to be obtained after 

from 20 to 30 years either by “ Stechen” or “ Baggern,” 

cutting or dredging. When dredging, as one may call it, 

is used, the peat must be in a fine state of division: this 

shows that decomposition of the fibre has gone to a great 

extent; the method cannot be employed for fibrous peat. 

It is added that the fact (that is, the rapid growth) has been 

proved in many mosses, in the Salzburg moss, the Buhr- 

moos, and the Pass-Thurmoos, as well as other places. 

The author advises to retain the deep mosses and to remove 

the shallow by cultivation. There are many interesting 

points in this volume, and a description of new plans; but 

I cannot enter on the questions of machinery or price. 

The German literature itself is extensive; and I cannot 

pretend to exhaust it here, still less to examine that of all 

our other neighbours. The English is even less known to 

me; but one of the earliest works I have found is from Scot- 

land, by “ Wilham Aiton, Writer in Strathaven ”’ (Lanark- 

shire), and published at the desire of the Highland Society. 

It is entitled “A Treatise on the Origin, Qualities, and 

Cultivation of Moss-earth, with Directions for converting 

it into Manure. Air, 1811.” 
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In most treatises on peat there is an idea that it is a 

mass of broken vegetation and a fortuitous accumulation of 

rubbish. No one explains it, so far as I know, before Mr. 

Aiton, so well; he says, p. 25, “‘ Moss-earth is nothing else 

than an immense collection of the successive crops of aquatic 

vegetables which have grown from year to year on the 

surface in humid situations and at a low temperature.” 

Although believing in the rapid growth of peat, he is not 

inclined to believe the account quoted from the Phil. Trans. 

of 1711, p. 296, that the Earl of Cromarty saw a field of old 

withered firs in 1651, and m 15 years saw them broken 

down and moss growing on the spot, which had become wet 

by the stoppage of drainage, and in 48 years from the first 

period saw peat cutting on the same spot for fuel. I see 

no reason for refusal to believe quite as much as this; and 

the quoted accounts would lead us to believe in even shorter 

periods. 

Kneaded peat, Mr. Aiton says, is the best of fuel. He 

advises the making of peat-sheds to prevent exposure. 

‘The Natural and Agricultural History of Peat-moss or 

Turf-bog,’ by Andrew Steele, Esq., of Crosswoodhill (Edin- 

burgh, 1826), is an interesting volume, from which I draw 

a few sentences. 

‘“< T have myself observed the Sphagnum grow four feet in 

a year, springing from the bottom, and covering the surface 

of stagnant water of that depth. The Hypnum fluitans, 

which also grows in water, and floats on the surface, has 

been known to grow to two or three feet in length in a sea- 

son, and to form a stratum of peat in 20 years” (p. 14). 

“ By replacing the surface-turf of a moss cut for fuel, I am 

informed, a peat-moss near Cupar Angus grew again so as 

to admit of being cut for fuel twice in fifty years” (p.15). 

“ A great proportion of the mosses and mossy farms in 

the lowlands retain the name of woods, though there does 

not now exist a growing tree in their vicinity ” (p. 27). 
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P. 27, he alludes to a noctilucous quality in peat-bogs, 

and to the mineral oils, naphtha and petroleum, found in 

most mosses. 

The healthiness of people on peat-bogs is spoken of, 

p. 183 and elsewhere, p. 369. Dr. Plott has shown that 

intermittent fevers never occur in the neighbourhood of 

peat-mosses. 

After speaking of the washing away of Blair-Drummond 

moss to make arable land, the author says, p. 297, “ It 

seems necessary to remark that, as the agricultural proper- 

ties of peat-moss are yet but little known, it would be rash 

to decide whether, in a future age, floating-off peat into 

the sea as a useless commodity may not, in whatever cir- 

cumstances, be condemned. It is not impossible that, like 

the inhabitants of Holland, our descendants may consider 

peat-mosses as magazines of valuable manure as well as of 

fuel in those cold northern regions, too important to be 

squandered away with a lavish hand. 

“ Meantime it is not a little amusing to observe that while 

the improvers of Kincardine moss-grounds are floating-off 

their peats, others are exerting their best endeavours to 

catch them in their way from being lost in the sea, consi- 

dering them as profitable manures; while the former are 

decrying peat-earth as a useless incumbrance to the ground, 

others are exulting in the discovery of it as a treasure ; 

while some are despising it as a fuel as well as a manure, 

others in the same island are paying hundreds of pounds 

for the surface of an acre of peat-bog, believing that after 

it has served the purposes of fuel, its very ashes are the 

best of all restoratives of the vegetative powers of the 

earth.” Artificial manures had not then appeared. 

Visiting again the same district mentioned in the first 

extract, I made more inquiries and have come to the con- 

clusion that, however various the growth of peat may be, 

there are cases where it is much more than the extracts [ 
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first gave would show. I had the pleasure of visiting a part 

of Glen Lonnan with Mr. Duncan Clerk (Writer, Oban) and 

his brother. These gentlemen had a distinct remembrance 

of peat being cut in the glen forty-five years previously ; 

both knew the place precisely and without any shadow of 

doubt ; and we proceeded to dig in order to ascertain how 

much had grown since the last disturbance. We found 20 

inches of clear peat before coming to the débris left 

on the surface after digging. This point is easily as- 

certained. We may be liberal in the calculation and not 

exact the whole 20 inches, but say that the rate was that 

of 3 feet im a century. The bog was soft, but still 

hard enough to allow us to stand or walk over, and would 

contain about 75 per cent. of water, as I know from expe- 

rience of other places; but in this place I prefer to take 

the higher number often found and call it 80, leaving 20 

per cent. of solid matter. 

Further down the valley we found an old highland woman 

living entirely alone and far from neighbours. She called 

herself eighty-five years old; but it was clear that her mind 

had not suffered by time. She told us of the spot that was 

cut when she was ten years old; and I entirely credit her. 

The growth here was not measured by digging, but by 

comparison with the surrounding ground. It was about 

3% feet, which is 4,6 feet in a century. It is sometimes 

unsafe to judge of the depth by the exposed side, because 

there are cases where the peat is so soft as to be pressed 

out from below ; but then there is a gradual lowering or 

an incline, and no such thing occurred here: the sides 

were firm and kept their level. 

My next observation was on the estate of Durris, 

belonging to James Young, F.R.S., on the Dee, in Kin- 

cardineshire. I was taken to the side of the hill Cairn- 

monearn by a man named Davidson, an intelligent cotter, 

who showed the spot where he had dug peats forty-four 

SER, Ill. VOL. v. Y 
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years ago. This was measured, and found to be 22 to 32 

feet thick to the bottom, to which point it had been dug, 

leaving only the upper turf for the continuation. This 

peat was of a light brown when dug up, but blackened 

when we were looking at it, and next day was very black. 

It was pronounced by all who saw it to be good burning 

peat. 

It is not necessary to accumulate instances, or I could tell 

of persons who have cut peat twice in the same spot. A 

cotter at Dun MacUisneachan cut it twice in twelve years 

on Lochawe-side; but then the thickness was only a foot, a 

proportionally large growth; however, another, a compa- 

ratively young man, had cut it twice in fifteen years, and so 

on. Davidson tells me that at Durris, turf is considered 

fit for cutting in fifty years, as already mentioned. 

I may gain here something from youthful reminis- 

cences. J remember the peat-cutting on the north side of 

Lochawe forty years ago. ‘There were many deep places 

very extensive also; but now they are quite level with the 

surrounding country, except on the parts very near the 

roads. The village of Stronmilichan had then many more 

inhabitants than now, and peat was the only fuel. 

It is pleasant to give here extracts from the Reports of 

the Irish Commission, and especially the opimions and 

experience of Sir Richard I. Griffiths, Bart. 

First Bog Report, or Report of the Commissioners appointed 

to inquire into the nature and extent of the several bogs 

in Ireland. (1810.) 

Page 6. “It appears, from Mr. Griffith, that each of 

the four bogs included in the subject of his Report is a 

mass of the peculiar substance called Peat, of the average 

thickness of twenty-five feet, nowhere less than twelve, 

nor found te exceed forty-two, this substance varying ma- 
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terially in its appearances and properties in proportion 

to the depth at which it lies, on the upper surface covered 

with moss of various species, and to the depth of about ten 

feet composed of a mass of the fibres of similar vegetables 

in different stages of decomposition proportioned to their 

depth from the surface, generally, however, too open in 

their texture to be applied to the purposes of fuel; below 

this generally lies a light blackish brown turf, containing 

the fibres of moss still visible, though not perfect, and ex- 

tending to a further depth of perhaps ten feet under this. 

In the instance exhibited in the Section at the close of Mr. 

Griffith’s Report, are found small branches and twigs of 

_ alder and birch; but we do not understand him as being 

of opinion that such is by any means generally the case. 

At a greater depth the fibres of vegetable matter cease to 

be visible, the colour of the turf becomes blacker, and the 

substance much more compact, its properties as fuel more 

valuable, and gradually increasing in the degree of black- 

ness and compactness proportionately to its depth: near the 

bottom of the bog it forms a black mass which, when dry, 

has strong resemblance to pitch or bituminous coal, and 

having a conchoidal fracture in every direction, with a 

black shining lustre, and susceptible of receiving a con- 

siderable polish.” 

P. 16. Mosses.—“< Of the growth of moss in stagnant 

waters there are numberless instances ; and in fact through- 

out the whole of the clay-lands in this part of the country, 

wherever water is suffered to remain any length of time, 

an incipient formation of bog (by the growth of aquatic 

mosses) is the invariable consequence. | 

“Tt has been supposed by some, that the whole of the 

country now covered by bog had formerly been forests, 

which having been either entirely or partially destrcyed by 

fire, currents of water, or otherwise, the wreck of these 

forests falling in various directions had caused an interrup- 

¥ 2 
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tion in the waters, and occasioned the growth of watery 

mosses. 

‘*That some bogs may have been formed from such 

obstructions (as Hatfield Mossin Yorkshire} I do not deny, 

but that the bogs in this part of the country did not origi- 

nate from such a cause is evident from the fact that trees 

or branches of trees are very rarely found in the interior of 

our deep and extensive bogs, but are always met with on 

the bog-edges, and on the edges of gravel hills or islands 

in the bog, lying horizontally and in no particular direc- 

tion, frequently crossing each other, either attached to 

their roots or broken off; in this latter case, the stumps 

usually stand upright in the place where they grew, some- 

times having six or eight feet of bog above them, and 

three, four, five feet, or rarely more below their roots. 

“Trees are still to be found growing on the bog-edges, 

and in the valleys in the bog where the rivers flow. Thus, 

in the vale of the stream running from Lullymore by Lul- 

lybeg to Cuthaling (in Lullymore Bog), oak, alder, aspen, 

birch, willow, whitethorn, and holly trees are now grow- 

ing; but I did not observe any fir trees, though they are 

found in the bog. 

“Tt is probable that most people who have hitherto 

written on bogs, having merely examined the composition 

of the mass of bog near the edge (the interior being 

scarcely accessible), may have concluded that trees and 

branches of trees were as thickly scattered beneath the 

surface throughout the bog as in the part near the edge 

which had been examined. 

“It is to be understood that I do not mean to apply the 

foregoing observations to the probable formation of bog 

generally, but merely to this division of the Bog-district, 

No. 1, which I have had an opportunity of minutely ob- 

serving.” 
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Fourth Bog Report. (1814.) 

P. 112. “ Composition and Growth of Red Bog.—The 

composition of the upper and lower bogs is exactly the 

same, and is similar to that described in my former Reports, 

particularly in the section of the turf-bank in Timahoe Bog, 

—that is, a regular gradation from spongy moss to a com- 

pact mass resembling pitch, or pitch coal. In the bog of 

Killcashiel (one of the upper bogs) I had an opportunity of 

observing the annual increase in height or growth of a bog 

for twenty years, which, in the spot where I noticed the 

fact, was about two inches for each year: this may seem 

an extraordinary increase ; but the situation appeared to be 

particularly favourable to the growth of moss. 

“Twenty years ago the water from a small lake situated 

close to the edge of the bog of Killcashiel was drawn off 

by a drain cut from the lake to a stream which runs 

beyond the edge of the bog; it was intended to improve 

the bog beneath the water, and that immediately adjoining 

the banks of the lake. The improvement was not followed 

up, and the drain was suffered in part to close. The 

bottom of the lake was now exposed to air; but the bog 

below remained still highly saturated with water. Moss 

immediately began to vegetate, and has continued to in- 

crease in height ever since. 

“T was enabled clearly to observe this fact, from a turf- 

bank having been cut into the place where the lake formerly 

was; and, from the variety in the colour and texture, I cal- 

culated the annual growth of the moss, with nearly as much 

accuracy as the age of a Scotch-fir tree may be determined 

by observing the number of concentric rings visible when 

the stem is cut across.” 

P. 167. “The circumstance of the scarcity of fuel has 

mduced Mr. Greene of Kilranalagh to stop the water in 

the drains, in part of a bog near his house, from which 
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turf has been cut nearly to the bottom; and Mr. Greene 

expects that the bog will grow again, and afford fuel to a 

future generation. The drains have now been stopped 

four years. I saw the bog last summer, and I found that 

in many places the whole of the drains, and many of the 

old turf-holes, were filled nearly to the top by a pulpy 

mass, which upon examination I found to be composed of 

matted grass and the bog-moss (Sphagnum palustre) — 

which when soaked in water has a gelatinous appearance, 

but when taken out and dried diminishes to less than a 

twentieth part of its apparent bulk in the water, and 

becomes hard and tough. Probably in eight or ten years 

the grass and moss will have grown so thick and firm as 

to bear a man to walk on its surface; and I doubt not 

that in less than forty years turf may be again cut from 

the old turbary.” 

P. 182. “It may be observed that the depths of moun- 

tain and lowland bogs are very different: the former 

rarely exceeds six feet; whilst the latter amounts to 

twenty on the average, and is sometimes more than 

forty feet. This may at first sight appear extraordinary ; 

for if my argument be correct, it is certain that the 

shallow bog must have commenced its growth immediately 

subsequent to the formation of the mountains, and that 

the growth of the deep or lowland bogs was commenced at 

a much later period. But it should be recollected that 

moss will grow in some situations much more quickly 

than in others; and there have been instances (one of 

which I have mentioned in my Report on the district of 

the river Suck) of the growth of moss in a lowland bog 

amounting to two inches in a year for 20 years: this rapid 

growth of moss may perhaps be attributed to the great 

abundance of stagnant water which is always present in 

the lowland bogs, excepting in the hottest of the summer 

months, 
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“Mountain bog is much denser than lowland moss; 

this is the natural consequence of the difference in the 

rapidity of the growth of each.” 

A valuable little work on Peat and its Uses, by Prof. 

Samuel Johnson, of Yale College, must be quoted. On 

p- 11, Prof. Marsh is mentioned as saying “ that he has 

seen in Ireland, near the north-west coast, a granite hill 

eapped with a peat bed several feet in thickness. Many 

of the European moors rise more or less above the level of 

their borders towards the centre, often to a height of 10 

or 20, and sometimes more feet.” Peat islands floating 

are mentioned. The floating island of Derwentwater, 

however, did not, when seen long ago, appear to me to 

be peaty. | 

“ Fibrous peat is found near the surface; and as we dig 

down into a very deep bed we find almost invariably that 

the fibrous structure becomes less and less evident, until at 

a certain depth it entirely disappears.” ‘The ripest, most 

perfectly formed peat, that in which the peaty decomposi- 

tion has reached its last stage, which in Germany is 

termed pitchy peat or fat peat (Pechtorf, Specktorf), is dark 

brown or black in colour, and comparatively heavy or 

dense. 

“Jn Holland, West Friesland, Holstein, Denmark and 

Pomerania a so-called mud peat (Schlammtorf, also Bag- 

gertorf, and Streichtorf) is fished up from the bottoms 

of ponds, which on drying becomes hard and dense like 

the pitchy peat.’ This is, in America, called swamp- 

muck. | 

Prof. Johnson at p. gg, says :—“< Two considerations 

would prevent the use of ordinary cut peat in large works, 

even could two and one-fourth tons of it be afforded at the 

same price as one ton of coal. 

“The Nassau Water Department consumes 20,000 tons 

of coal yearly, the handling of which is a large expense, 
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six firemen being employed to feed the furnaces. To 

generate the same amount of steam with peat of the 

quality experimented with would require the force of fire- 

men to be greatly increased. Again, it would be necessary 

to lay mm, under cover, a large stock of fuel during the 

summer, for use in winter, when peat cannot be raised. 

Since a barrel of this peat weighed less than 100 lbs., the 

short ton would occupy the volume of 20 barrels; as is 

well known, a ton of anthracite can be put into 8 barrels. 

A given weight of peat, therefore, requires 22 times as 

much storage room as the same weight of coal. As 22 

tons of peat, in the case we are considering, are equivalent 

to but one ton of coal in heating-effect, the winter’s supply of 

peat fuel would occupy 5% times the bulk of the same supply 

in coal, admitting that the unoccupied or air-space in a 

pile of peat is the same as in a heap of coal. In fact, the 

calculation would really turn out still more to the disad- 

vantage of peat, because the air-space in a bin of peat is 

greater than in one of coal, and coal can be excavated for 

at least two months more of the year than peat. 

“Tt is asserted by some, that, because peat can be con- 

densed so as to approach anthracite im specific gravity, it 

must, in the same ratio, approach the latter in heating- 

power. Its effective heating-power is indeed considerably 

augmented by condensation; but no mechanical treat- 

ment can increase its percentage of carbon, or otherwise 

alter its chemical composition; hence it must for ever 

remain inferior to anthracite. 

“The composition and density of the best condensed peat 

is compared with that of hard wood and anthracite in the 

tollowing statement :— 

Oxygen and Specific 
In 100 parts Carbon. Hydrogen. Nitrogen. Ash. Water. gravity. 

Wood? Ac: 39°6 4°8 34°8 o'8 20°0 O75 
Condensed t : ae ” + “ 

peat ...$ ee as a 5 ie ice 
Anthracite... org fag 2°8 3°0 1°40 
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“ In combustion in ordinary fires, the water of the fuel is 

a source of waste, since it consumes heat in acquiring the 

state of vapour. 

“This is well seen in the comparison of the same kind of 

peat in different states of dryness. Thus, in the table of 

Gysser (page 97), Weber’s condensed peat, containing 10 

per cent. of moisture, surpasses in heating-effect that con- 

taining 25 per cent. of moisture, by nearly one half.’’ 

Composition of Peat—Analyses. 

Prof. Johnson ‘says, p. 43, “The average amount (of 

nitrogen) in thirty specimens, including peat- and swamp- 

mucks of all grades of quality, is equivalent to 17 per 

cent. of the air-dried substance or more than twice as 

much as exists in ordinary stable- or yard-manure. In 

several peats the amount is as high as 2°4 percent.; and in 

one case 2°9 per cent. was found. 

“The great part of the nitrogen exists in an insoluble 

or inert form; but, by the action of the atmosphere upon 

it, especially when mixed with and divided by the soil, it 

gradually becomes available to vegetation to as great an 

extent as the nitrogen of ordinary fertilizers. 

“Under certain conditions, the free nitrogen of the air 

which cannot be directly appropriated by vegetation is 

oxidized in the pores of the soil to nitric acid; and thus, 

free of expense to the farmer, his crops are daily dressed 

with the most precious of all fertilizers.” On p. 68 he 

says ‘When the night-soil falls into a vault it may be 

composted by simply sprinkling fine peat over its surface 

once or twice weekly, as the case may require, 7. e. as often 

as a bad odour prevails.” 

I find it almost useless to make many ultimate analyses 

of peat, as I find that so many have been made; I shall 

give a collection of some. 

In the Giessen Jahresbericht, vol. for 1871, p. 1089, we 
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read, “Osc. Jacobsen examined peat from the district of 

Hor, im Schonen. Remains of moss could be perceived 

only in the upper layers; the lower layers had a shiny 

fracture and contained some rather large pieces of wood. 

The denser part was of 1°07 sp. gravity ; at 100 it lost 11°5 

per cent. of water, and contained 

Carbon. Hydrogen. Oxygen. Nitrogen. Ash. 

51°38 6°49 35°43 1°68 5°02 

“The ash contained 
per cent. 

PbS sisson voces aie ng ss caoaly winless 1°50 

Oda. Feaviec eves. niet hO seas oe ace eee een eeeee eer 0°58 

RATIO 2 82h de LEE ER Ege ek ee oe ae 20°75 

Magnesia... dssice 7 Bas, Meebo tes ner epe ee eee 4a 

Ann 5.8 shes Shh eet cae te eae Sera 6°60 

Tron peroxide: ii accscs recur tocicseseneeeeee eee ee 17°34 

Sul phurtesiewls: }.. Rube! 1 See eee 55 

Co OIG 5 fered wah Mee Seacoast eee eee 0°67 

Solublostea . 2... csincawenne ces csaeem eee cnnatee 46°50 

Phosphoric Actd:4....<f/40s. oe datet ects 0°42 
Carbonie-acidl | eesss.etsyeareh tes sasha eee eee 3°43 

Sand and traces of manganese ................ 33°50 

“ He found no paraffin in the peat by means of ether. 

Benzol dissolved more than ether. All the dissolved sub- 

stances were resins containing oxygen. ‘The part insoluble 

in alcohol and ether, but soluble in benzol, agrees in pro- 

perties with Mulder’s Delta resin. It melts at 70°, and 

contains 81°03 carbon and 11°98 hydrogen. From the hot 

alcohol solution a crystallizable resin may be obtained in 

groups star-formed, melting at 74° to 75°. The author 

agrees with Mulder that the resins are formed in the pro- 

duction of turf. This opinion is confirmed by the obser- 

vation that from the lower and older stratum 3°26 per cent. 

was obtained, and only 2°5—2°7 from the upper.” 

T next give an interesting collection of analyses by Mr. 

George W. Hawes, as I wish afterwards to look at the 

relation between the plants which form the peat- and the 

peat itself. 
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C. H: O. N. 

Lycopodium dendroidum .................. 43°79 6°62 43°15 1°44 
—— complanatuM ...............ccccsseeeeee 48°35 6°61 43°09 1°95 

Hquisetum hyemale:............05....0. 6.000. 47°54 6°74 44°45 127 

POSER IMATCINAIC .........626.5-00,c0--0> 47°18 6°35 44°30 2-17 

Cyathea caniculata (section) ............... 49°08 6°66 43°05 121 

EOI PALL) cn sacssanes a 0th 52°04 5°26 41°18 1 52 

The analyses are from p. 154 of vol. v. of ‘ The American 

Chemist ’ (No. 52). 

A table of analyses taken from p. 24 of Johnson’s ‘Peat 

and its Uses,’ shows the loss of oxygen in the formation of 

peat extremely well, beginning with Sphagnum. 

Hydro-| Oxy- | Nitro- Analyst. |Carbon. get. are eas 

1. Sphagnum, undecomposed. Websky. | 49°88} 6°54 | 42°42) 1°16 
2. Peach-wood, 5 ‘Chevandier.| 49°90} 6°10 | 43°10] 0'go 
3. Poplar, 3 £ 50°30} 6°30 | 42°40] 1°00 
4. Oak, 4 50°60| 6°00 | 42°10] I°30 
5. Peat, light brown, | porous, |) TEEN RE fot PE ORME he | sphagnous. | Websky. | 50°86) 5°80 | 42 ahh a7 

6 , porous, red brown. | Jaeckel. 53°57 lt 5°90 | 40°50 
7. ——, heavy, brown. is 56°43] 5°32 | 38°25 
8 , dark red brown, well } ’ : é ea | Be eihoed. Suis pes Websky. | 59°47| 6°52 | 31°51| 2°51 

, black, d d ; om 
eer ” SPN SIP patio# || arse 

best lies . Io. —-—, rt a quality! i; 5971 $37 ResescgH agp 
ee , brown, heavy | ¢5 fuel. | “ 2°54. 1 | 29°24] 1°41 

upon which Prof. Johnson remarks:—‘‘ We notice in 

running down the columns that as the peat becomes 

heavier and darker in colour, it also becomes richer in 

carbon and poorer in oxygen. Hydrogen varies but 

slightly. Nitrogen is variable; but in general the older 

peats contain the most. 

“ Carbonic acid is the most abundant gaseous product of 

the peaty decomposition. - Since it contains nearly 73 per 

cent. of oxygen and but 27 per cent. of carbon, it is obvious 

that by its escape the proportion of carbon in the residual 

mass is increased’? (p. 26). 



324: DR. ANGUS SMITH ON PEAT. 

Although I believe this really happens, we cannot sup- 

pose all the carbonic acid to be formed without a supply 

of oxygen from the air as well as from the peat; and Prof. 

Johnson would no doubt say the same. 

P. 43. ‘‘ In several peats, the amount of nitrogen is as 

high as 2°4 per cent.; and in one case 2°9 was found.” 

Although he adds that some are poor and contain less than 

half per cent., he does not give the quality of this peat. 

Of nitric acid in weathered peat Prof. Johnson gives a 

table of analyses by Boussingault and Reichardt, in which 

the amounts vary from 0 to 0'421 per cent. (p. 44). 

The ultimate composition of peat has been inquired into 

by W. Baer; and the results of his research, and his analyses 

of wood, are here given. The average of his peat agrees so 

well with one of the specimens examined in my laboratory 

that one may consider that the composition does not greatly 

vary from Scotland to Germany, but depends on the soil 

more than climate. The much larger amount of ash in 

ordinary peat is a disadvantage compared with wood. 

The following comparison is by W. Baer, in the ‘ Jahres- 

bericht wber die Fortschritte der Chemie 1847-48,’ p. 1112. 

The quantity of carbon is greater than in wood; but that of 

the hydrogen is less. 

Carbon. Hydrogen. Oxygen. Ash. 
IDIBEH Shas. nese 48°39 6°19 43°93 0°99 

Red Beech, tst.......... 46°10 5°79 46°87 1°24 

—— 597 “1010 Fags, re 48°29 6:00 45°14 0°57 

White Beech............ 48°08 6°12 44°93 0°87 

Oak ti 5ae Soe 48°94 5°94 43°09 2°03 

AIGOr ss tens. ecenastck oats 48°63 5°94 44°75 0°68 

Pine, younpe <.c-....c-- 50°62 6°27 42°58 0°58 

Old pete ke ee 49°87 6°09 43°14 0°68 

8)389°42 8)48°34 8)354°43 8)7°64. 

Average. ..0.c.50.0. 48°677 6:042S+N+044°304 0955 
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Carbon. Hydrogen. Oxygen. Ash. 
PR as «coup ere o's apne 51°54 4°60 33°90 9°87 

50°13 5°36 35°24 9°37 
50°36 4°20 34°27 1117 

53°6y 4°84 43°73) 9°74 
55°01 4°63 31°44 8°92 

5)260°73 -5)23°63 5)166°58 = 5)49°07 

52146 4726 337316 9814 

Specimens of peats from the Ledaig moss, Loch Etive, 

were of a moderately good quality, and gave results as fol- 

lows :— 

When dried at 100° C. 
No.1 No. 2 

Organic matter’’.............00.- 90°563 93°520 

RUSTE gree 2268 WARS. seainda. cae tee 9°436 67480 

consisting of 

cogs tc ealetieet Mile <M a deed Ga ree 43961 

i welrowent? 52 hes As ewes. tasek 4°236 4°474 

PRO PREN o S ta ae a 1°660 0'957 

Fe le Cae cairo tian ck Oaehiianciain 9°436 6°480 

Leaving for oxygen .......+0... 31°947 39°128 

Leaving out the ash, the composition is 

rN hE lh Mca tha A twee stiham Saminiae oe 58°21 

FER VE QUO cern cchataack ep iaseemceessesscervecmerssts” | QOS 

ey Rg! os Gee ns Se AE? BEE Soe eee ee 1°33 

Re etc: berraries. antiag hb ed ei a) 35°28 

The result of Mulder’s examination of humous bodies has 

not been to give satisfaction ; the probable reason is that the 

stages of decay of the woody fibre are very numerous. I 

am disposed to admire much that chemist’s labours. It is 

agreed that there is oxidation of the woody fibre. Miller 

in his ‘Chemistry’ has put it simply thus :-— 

Wood . . 4C,, H,,0,,+60,= 

Peat . . . 4C,, H,,03;+24CH,+ 32CO,+4H,O 
Marsh- Carbonic Water. 
gas. anhydride. 

or more simply in Watts’s Dictionary (under “Wood”’), 

Wood C,,H,s0., + 30=C,, H,,03 + 6CH, +8 CO, + H,0. 
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It is a common mode of decomposition of woody fibre 

to give out marsh-gas; but we can hypothetically form the 

humic acids without this evolution, as Malaguti did by 

merely adding oxygen and drawing off carbonic acid; and 

this I conceive to be mainly the action in bogs in cold chi- 

mates. The evolutionof marsh-gas is found also in peat bogs; 

but I suppose it to be a non-essential part of the process, 

although sometimes this gas escapes in great abundance. 

Liebig also supposed a decomposition of woody fibre by 

removal of carbonic acid and water only, not accounting 

for marsh-gas. In peat bogs we have products of decom- 

position removed in the form of brown matter; so far as 

we see, this brown matter has less oxygen than the 

woody fibre, judging from all the analyses, and the peat 

left has less oxygen ; so that oxygen has been removed, but 

carbon also flows away in the brown matter. The removal 

of carbon with less oxygen than the original substance 

would increase the proportion of this latter element, where- 

as its diminution leads to the conclusion without further 

observation that a higher oxide of carbon escapes; this is 

no doubt the carbonic acid removed finally by the abun- 

dant water. The apparent deoxidation is really an oxida- 

tion. But hydrogen does not much change its proportion ; 

this shows that some of it also 1s removed, since the dimi- 

nution of the other two elements would otherwise increase 

its amount. Possibly the marsh-gas may account for it 

all, although I am not inclined to grant the formation of 

so much. 

This reasoning leads us to the conclusion that the effect 

is due chiefly to oxidation—the splitting-up of bodies into 

gases, such as in fermentation is effected in warmth; if by 

putrefaction, then also at a higher temperature; and in a 

former paper I showed that it begins very slightly below 

12°2°C, (54° Fahr.). I do not know if woody fibre will 

give off gas at a very low temperature; it probably ceases 
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early ; nor do I know if any bodies give off marsh-gas if 

merely kept moist and exposed to the air, as the upper 

layers of peat often are with us, without being immersed 

in water. 

However this may be, the effect of air and moisture in 

reducing plants to peat is rapid; and it is seen best in 

plants of delicate form, small plants, such as mosses. 

Hypnum purum, triquetrum, and tamariscinum, with a 

Galium (as named by Dr. Schunck, F.R.S.), were those 

which grew above the peat which was found most rapid in 

growth at Cairn Monearn, and of which, in all probability, 

the whole was composed. ‘This will explain why the struc- 

ture was so fine, and why it shrunk into such a small space 

and became so heavy; it did so because the feeble stems 

crumbled on a slight attack by the atmosphere. Had they 

been strong pieces of wood, they would of course have re- 

sisted ; and thus we find peat of strong fibre very light and 

bulky. It is often supposed that wood makes peat; and we 

hear of forests falling and becoming peat. The forests may 

interrupt drainage and aid mechanically; but when large 

pieces of wood become entangled in mosses they endure very 

long. It may be that the outside or surface, after being 

attacked, prevents the action on the rest. We find forests 

preserved for ages, and real peat formed in a few years; 

this is enough to lead us to give up the opinion that trees 

form peat bogs. If any peat is formed of the wood of 

trees, it can only be after a very long time, when the thick 

stems have decomposed. : 

When I say that the formation of marsh-gas is not an 

essential to peat, so far as I know, I do not mean to deny 

that it does always occur, especially in warmer regions 

than I have studied; and indeed we know, from several 

sources which I have quoted, that the formation takes 

place; but then this is the action which allies itself to 

ordinary vegetable decomposition, and not to peat-making, 
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The inclination to break up into gaseous bodies is opposed 

to the general character of peat, a large portion of which is 

disposed to remain stable, to preserve itself little changed, 

and to preserve other bodies also ; and thus we find so much 

of the matter which is compelled by the atmosphere to de- 

cay, passing off quietly in solution, mnocent of all effect on 

the air, even the carbonic acid being soluble enough. When 

mosses decompose, sulphuretted hydrogen is eliminated also, 

as from other organisms; but whether it ever reaches the 

atmosphere has not been shown, so far as I know; nor do 

we know if it is essential. This gas is readily oxidized in 

abundance of water with free air. 

The ‘Giessen Jahresbericht’ for 1864, describing a 

paper by J. Websky, says :—“ According to him, Sphag- 

num is the only proper peat-former. By means of its 

peculiar cellular structure it can take up 200 times its 

weight of water, and live luxuriously in such waters as 

give very little ash; on the other hand, when it decays, it 

gives out the greatest part of its morganic substances in 

a comparatively short time, thus enabling the plant to con- 

tinue its growth.” He gives analyses of three ashes, of 

which one peat contained 3°88 per cent., the second 5°74, 

and the third 2°83 :— 
15 B. g. 

Potash." shccc ase eee 13°04 0°44 1°08 

Noda! 225i Sheet eet 6°36 0°23 NS i 

Line: ney. bee eeeasd. ec 10°31 4°72 5°96 

Magnesia. 1. .dssseocetgesss (oo as 4 ds i 57 

Atma D” v2seseeeen: aoe ee 80 3°96 6°98 
Peroxide of iron 2%2.....- 14°30 3°51 4°19 

Sulphurieiacid...2..-..2.4 4°47 Tz, 2°88 

Chilorin@ts...: 4 are 4°28 o'18 0°66 

Sten Thy. ste atoe ee e 9°02 4°9 

Phosphoric acid ......... Ant: 77 2°05 

Undetermined ...,........ 25°33 76°56 73°04 

MOORE” feu eer reat ota ae 0°27 O'S 0°57 

I cannot agree to put Sphagnum on such a lofty plane 

at present. 
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Resins, Fat, Waxes, &c. found in Peat. 

It seemed to me at one time that the retention of hydro- 

gen during the decomposition of woody fibre was an expla- 

nation of the existence of the large amount of bodies con- 

taining much of that element—making in this manner a 

theory which would suit the opinion generally held by the 

few who have thought of the subject. 

Mulder, as has been mentioned, has paid much attention 

to the resins. 

It is known that when peat is washed with ether or bisul- 

phide of carbon or alcohol, benzol, or any of the liquids used 

for dissolving fats or resins, we obtain substances very rich in 

carbon and hydrogen. The origin of these compounds does 

not seem to be any decomposition in the dead plant, but 

may be traced, I think, with certainty to the living one. 

I suppose now that the substance is one which, like the 

resins in wood, resists decomposition under water, and to a 

certain extent accumulates ; that is, the woody fibre is 

washed away and the resins are left to be greater in pro- 

portion than at first. 

This gives the reason why the old peat is so much richer 

than thenew. ‘The early stages give us it light and fibrous, 

and so elastic that it cannot practically be compressed for 

useful purposes without great expense, and the fibres must 

be broken so as to destroy the elasticity of the moss. Time 

breaks up all the fibres and gives us a substance containing 

few, if any, distinct forms, the spaces all filled up, and the 

resinous part much increased, along with the total density. 

The weight per cubic foot varies in my specimens from 1 

to 6, z.e. from 0°2 to 1°2. 

If the action went on very long, we should have nothing 

at last but the hydrocarbonaceous matter remaining: the 

woody fibre would all be gone; and we should have a sub- 

stance such as a hydrocarbon (a resin, a wax, or a fat) by 

SER. III. VOU. V. Z 
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itself. I can believe that in peat bogs this action soon 

ceases; that is, the separation ceases, and the resins &c. begin 

after a time to be washed away also. If this were not the 

case, we should certainly in some of the old peat deposits 

have some compounds richer than we have. Or it may be 

that at a certain time, when the peat ceases to oxidize and 

form soluble compounds, the permanent stage has set in, 

and the substance may remain unchanged for ever, as in 

the beds to which geologists have attributed great age. 

In any case some hydrocarbonaceous substance remains. 

This has been examined by several chemists; but specula- 

tion, as well as a little work on the subject, has given me 

the idea that it deserves further research. That which I 

have found is very solid, and some of that also which I have 

seen described. 

The observations of Mr. Binney and many other authori- 

ties quoted make it certain that oil flows from the peat ; 

and we have thus plants forming both liquid and solid oils, 

so to speak, on the surface, and giving the former at least 

out whenever the plant becomes so much decayed and loses 

so much of its substance as to be unable to hold the fluid. 

One feels at a point like this strongly inclined to look to 

this source for many of the resmous and paraffin products 

found under various names, earth-wax or ozokerit included ; 

and who knows if we may not even look to this for the 

great supplies of American oil, and the source from which 

the shales were impregnated with their hydrocarbons (as 

intimated by Mr. Binney’s speculations) ? Whilst writing 

this there is an account of oil bemg found under a large 

heath in Germany, the “ Luneberger Heide.” 

The resins and waxes of peat have received some atten- 

tion; and most of my work is useless, as others have done 
the same: but there are still some questions left ; and that 

concerning the formation of these bodies is one not quite 

enough considered. 
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The solid resin, as obtained by evaporating the solution 

of naphtha or ether with which the peat is washed, is hard 

and black, with a fracture like that of wax. When peat is 

utilized as a source of oil, it is as a distillate that this is 

obtained ; but here we have a crude, solid product, exactly 

as it exists in the peat, and several trials gave 6 per cent. : 

in some cases it rose above, and in some it was below this 

amount; but the variations found have not been great. 

This crude substance, analyzed in my laboratory, gave 

CREDO 5. oetasamen cede hawt « 73°391 73°545 

16 10°78 10°49 

The melting-point was 57° C.; after some purification, 

60°. 

After being kept at the boiling-point some time, during 

which a more volatile matter came off, analysis gave :— 

LOMA IMER ERE reece cite icteceeee 80°844 80°949 

Eligmeagen }....npeiscasas sees 2 12°00 12°004 

If rapidly distilled, a white solid product is brought over ; 

if slowly, an oil of a pale yellow, anda pleasant odour when 

the empyreuma has been driven off. When 142 grammes 

of the crude was distilled, the results were :— 

At 100° C. no product. 
200 1°5 of an aqueous liquid. 

200-280 0°5 oil. 

325 boiling, a pungent smell of acetic acid. 

352 30 cub. centims. of oil, and 2 of water. 

The specific gravity of the oil which came over below 

350° was 0°857, above that temperature 0819. 

_ The oils of the distillate were not analyzed separately. 

That may be done some day; but the amount being small, 

a general result was sought; and there was found 

When this oil is kept for some weeks, it darkens like 

some resin oils; but I found one specimen which scarcely 

Z2 
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did so in six months. There were indications, it seemed to 

me, that it was allied more to the paraffin oils; but I found 

no solid paraffin in it, and gave up the inquiry until more 

of the substance should be obtained. 

Dr. Schorlemmer, however, who has had more expe- 

rience in separating these oils, appeared to be very certain 

that a paraffin did exist init. We are thus led into the 

belief of a great variation in the composition of this soluble 

part of the peat, as, indeed, the mdications in the writings 

of former observers would show. 

When one of the specimens, namely that from a heavy 

peat from Stornoway, was boiled with caustic soda, nearly 

all was dissolved, and the solution, when acidified, gave a 

resin closely, m all external characteristics, resembling 

shellac. The insoluble was a thick oleaginous body; of 

that, however, I had little, and so I must leave this portion 

for another time or for other persons. It was at first no part 

of my plan to examine it all, although it has now become 

more interesting than it was at first. 

I considered a little if this could be made a manufac- 

turing process, and made an experiment with 6 gallons of 

naphtha and dried peat; but I did not obtain above half 

the amount found on a small scale. This was owing to 

the difficulty of washing large quantities. It seemed to 

me too that it would require too much labour to boil down 

the naphtha, and to remove it all from the peat, which ab- 

sorbs enormous quantities. These difficulties cannot be 

solved except by trials on a considerable scale. At the 

rate of 6 per cent. on the dry peat, an acre of good mate- 

rial ten feet deep would give 67 tons of the crude material, 

which, even allowing it to be worth no more than three- 

pence a pound, would be worth about £1800 sterling. Bu; 

I have no idea of the expense of obtaining this, although I 

think its value would be more when obtained. It might 

he a hetter mode of clearing peat-ground than some plans 
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adopted at present ; and, at any rate, if of no use today, one 

may amuse oneself in thinking of this as a mode of grow- 

ing oil to be employed perhaps when whales, oil-wells, and 

good coal and shale are rather scarcer than at present. 

Peat thus becomes, to use another comparison, like an 

olive tree to the north, so far as the light of the oil is con- 

cerned, although the want of beauty and the want of the 

edible part will certainly strike one as a contrast, little as 

the beauty of the olive tree is. 

Peat from Helensburgh. 

This peat, when dried, was treated with bisulphide of 

carbon. The amount of fat &c. extracted is 5°55 per cent. 

The bisulphide was driven off the peat, and the peat was 

then treated with alcohol. 2°4 per cent. of mixed resins &c. 

was extracted. 

This substance nearly melts at about 100° C., and when 

cold is quite hard and brittle. 

Peat from Stonorway. January 1875. 

5°5 per cent. of oil and resins was extracted from this 

peat by warm naphtha. 

2°2 per cent. was extracted with alcohol after the peat 

had been treated with naphtha. | 

7°5 per cent. oil and resins was extracted from the peat 

with alcohol alone. 

This substance seems much harder and more resinous 

than that extracted with naphtha. 

The peat was dried before it was treated. 

Peat from Durris. February 24, 1875. 

grains. 

Box and wet peat weighed 16700 

Oe chy a Ae 

Baath) {4a5E2500 
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grains. 

Box and peat, after 4 weeks and 3 days, 7°600 

BORG eho cice of 208 

Peat i. = 34.00 
= 27 per cent of dry peat. 

The amount of resin extracted by naphtha= 5:04 p. c. 

This was peat of the most recent growth. 

Moss from Cairn Monearn, Durris. February 24, 1875. 

The moss contained 77°91 per cent. moisture. 

1 lb. of the turf was dried and treated with warm naphtha ; 

the amount of resins &c. extracted is c*26 per cent. calcu- 

lated on the wet moss. Calculated to the dry moss it is 

1°17 per cent. (This moss was Hypnum chiefly.) 

This resin or grease is very soft and has quite a different 

smell from that of peat. 

The moss was treated with alcohol after the naphtha. A 

good deal of colouring-matter was extracted, but very 

little if any resin. 

A fresh Sphagnum molluscum produced only o°8 per cent. 

of the resins. 

With these facts before me I come to the conclusion 

which I mentioned previously, that the highly combustible 

substances in peat have been formed in the growing 

aud are left in the partly decomposed peat. It may 

be that they undergo a change; but some of them 

seem scarcely to do so. If I am right, then, the hydro- 

carbons and hydrocarbonaceous substances, by which I 

mean substances not entirely hydrocarbons, may differ in 

peat according to the plant which was at the origin; we 

may therefore receive the words wax and oil, pitch and 

resin as correct, and we may even suppose that the isolated 

masses of ozokerite, so abundant in Galicia, may owe 

their existence to ancient peat now destroyed. Why 

should it be destroyed? In circumstances favouring oxi- 
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dation we may suppose all the woody matter to be removed, 

leaving no trace of woody structure ; or we may suppose 

that the lighter oils from the peat carried away in solution 

some of the heavier hydrocarbons and left them in the 

earth in masses, or perhaps carried them into hollows 

where the one evaporated and the other was left. The 

numerous varieties of the pitch and resin species, including 

elaterite, may find a similar origin. 

The part soluble in ether was found much softer in the 

mosses tried than in the peat; there is here therefore a 

clear proof that some oleaginous substances were either 

carried off or hardened ; and as it was shown that some of 

the substances rich in hydrogen may have been removed, 

we must fix on those most easily carried by water, oils and 

soft fatty substances. As the peat decays or diminishes 

in bulk, there will be less power of retaining oily matter, 

and it will be driven out from want of fine fibrous material 

to harbour it. 

After concluding that the resinous or pitchy matter of 

the peat had grown in the plant when fresh, and was not a 

product of decomposition, it was an easy step to coal; 

whether a correct one or not is to be learnt. 

In a lecture by Prof. Dawkins we find a short history 

of the discovery by Prof. Morris of spores and sporangia 

in coal, with the labours of Mr. Carruthers and Prof. 

Huxley upon the subject. He says, “ There can be no 

doubt that the bituminous matter of coal is derived nearly 

altogether from the spores and sporangia of fossil vege- 

tables allied to the club-moss. And if we come to examine 

what the character of the club-moss is, we can easily un- 

derstand how the bituminous material in coal is derived 

from like objects . . . . Our bituminous coal derives its 

bitumen from this altered resinous matter, which was first 

of all stored up in fruits of that kind, and afterwards 

altered by the subterranean heat into bitumen, thus form- 
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ing our bituminous or blazing coals.” He then compares 

the recent club-moss (the Lycopodium) and the ancient one 

(the Lepidodendron), the latter being seen as a specimen 

at Newcastle 3 feet in diameter and 49 feet high, whilst 

the “living club-mosses are not much larger than your 

finger, and the largest of them is not more than six feet 

high.” Prof. Huxley says, in a lecture on the formation 

of coal, “If, as I believe, it can be demonstrated that 

ordinary coal is nothing but ‘saccular’ coal which has 

undergone a certain amount of that alteration which, if 

continued, would convert it into anthracite, then the con- 

clusion is obvious that the great mass of the coal we burn 

is the result of the accumulation of spores and spore-cases 

of plants, other parts of which have furnished the car- 

bonized stems and the mineral charcoal, or have left their 

impressions on the surfaces of the layer.’ ‘‘ These facts 

do not permit us to suppose that coal is an accumulation 

of peaty matter, as some have held.” 

Dr. Dawson, in a paper “ On Spore-cases in Coal,” says 

“that sporangite beds are exceptional among coals, and 

that cortical and woody matters are the most abundant 

ingredients in all the ordinary kinds; and to this I cannot 

think that the coals of England constitute an exception.” 

I have not examined coal; but judging from the peat, it 

seems to me probable that the truth may lie near the 

above. The resins of trees are not found only in spores ; 

and it may be that the bituminous or, rather, the hydro- 

carbonaceous parts of coal were formed from the parts of 

the plants containing the resins or similar bodies, no mat- 

ter what we call them, fats and waxes included. ‘This, I 

am disposed to think, is the method with peat; that it 

should be so with coal seems most natural. 

If so, it may be well to review the statements as to the 

length of time needful to grow a foot of coal. But the 

actual measurement is impossible. If we compare the 
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mosses of the present with the Lepidodendra of the past 

we find a capacity of growth which must compel us to be 

careful in our calculations. The rapidity may have been 

as much greater as the bulk of the tree is greater than 

now; we see the same rapidity and bulk in warmer 

climates. If we calculate only ten feet im a century, we 

obtain two of dry peat, and at least one of very hard peat 

with our present growth; with the tropical growth there 

may be ten times as much. If the growth is in water, the 

speed seems to be much greater, and gradually ceases as 

it rises above the level. This would favour the idea so 

consistently advocated by Mr. Binney, and still not render 

comparatively dry-grown coal impossible. 

I have tried to make the calculation as to peat—that is, 

to find by the amount of the resins in the peat and the 

plant the length of time required for the change; but it 

cannot be done until we know better the actual decom- 

position. This will be an interesting inquiry; but it must 

be understood for every class of plants forming peat; so 

far as I know, the proximate analysis of many mosses does 

not exist in chemical books. } 

Peat must henceforth be classified with much more 

minuteness than hitherto; and the best mode must be 

found. 

This must not be forgotten—namely, the examination of 

fhe plants for resins, fats, and allied bodies; and this, if I 

continue the subject, will be considered a prominent point. 

It will also be important to find in what part of the plant 

these substances exist; for although in some the larger 

portion be confined to the spores, it does not seem to be 

well to rest entirely on this belief. 

In other words, I should conclude that the plants of 

coal as of peat would to a great extent, and sometimes 

wholly, decay, leaving a fine material containing the un- 

oxidized and insoluble matter, all or nearly all of the fats, 
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resins, and bodies containing much hydrogen, no matter 

in what part of the tree they existed. 

Peat as a Water-reservoir. 

This point is proved: peat is a great reservoir; and its 

removal is a great loss of water to the lands below in 

rainless weather. It is not proved that the existence of 

wet peat causes an increase in the fall of rain; but it may 

possibly be the case; it is, however, known that it pre- 

vents the showers of the uplands from falling down the 

streams as sudden floods. 

We owe much in this county to our abundant rainfall, 

and still more to its very general distribution throughout 

the year ; but it may not be well known that in Lancashire 

the want of water is becoming yearly more felt, and the 

showers, however frequent, are quite insufficient. It is 

not that the amount which falls is not enough, it is 

that we have no means of preserving that which does 

fall. We have invented no way of keeping it but fearfully 

expensive reservoirs difficult to maintain; and we neglect 

the simple and mexpensive means which are put in our 

way. Peat-water may be readily obtained. It may not 

for all purposes be the best unfiltered ; but when filtered it 

is seldom that it can be objected to. We live as in the 

days of agricultural imnocence, and expect that the water- 

supply and the sewer shall be one for a district. The 

filtering of peat-water through the soil below it, or through 

the lands on a lower level is a common act of nature, and 

to a certain extent, can be imitated; and the objectionable 

character which even a slight amount of peat-water some- 

times has may in this way be obviated. By destroying 

peat-bogs on hills we destroy valuable reservoirs made 

cheaply and maintained cheaply—that is at the price of the 

rent of the land at most, but not always at this price. If 

we destroy them and make reservoirs below the level of 
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the surface, we know something of the danger as well as 

expense. A peat-bog 10 feet deep will hold as much 

water as a reservoir of the same dimensions 72 feet deep ; 

it requires no digging, and may be used for shooting over 

and for health. It retains the water better in summer 

than our reservoirs ; it is in fact a covered reservoir, and 

would make a valuable covering to those hills which have 

works below continually demanding fresh streams. 

One of my proposals therefore is to grow our water- 

reservoirs instead of digging them. 

Drying up Swamps. 

If peat can be so readily planted and grown so rapidly, 

we have before us an entirely new field of industry; we 

can make dry land out of swamps. ‘These places are 

numerous, and are in almost all cases absolutely useless, 

and in most injurious. We may be able to set in motion 

a peat-growth which will in a very moderate time make 

such an amount of dry material that the water-level will 

be far out of ready reach. Indeed we do see this done 

coustantly, as the extracts given here show; and we have 

only to carry out the idea further, and, instead of making 

dykes to keep out the water of large portions of, say, 

Holland or of our own fenny districts, set in motion a 

peat-growth which would in many places be useful. The 

cases in which this is possible are, to my mind, very nume- 

rous; and the expense would not be equal to the main- 

tenance of pumps. The plan would raise the level of 

already enclosed fields, and growth might be allowed to 

proceed till the exact amount of moisture required was 

obtained. The next question, of course, that will be asked 

is, What would be the value of such land? That would 

vary; there are cases where it would be a great benefit 

merely to have something as solid as peat to walk upon. 

Of course we must remember that this cannot be done over 
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a great district where the land is already in use, simply 

because its value would be destroyed for some time; but it 

could be done wherever there is fresh water and not too 

much heat. It is well known that vegetation is an admi- 

rable protection against the encroachments of water; but 

peat would not suit water in rapid motion. 

However contradictory it may appear, I believe that 

the growth of peat-bogs is a most valuable method of 

obtaining solid dry ground in many cases; and later I 

purpose showing how far it has succeeded unintentionally. 

Indeed I may say I have myself seen it done in Scot- 

land by force of nature and neglect. 

Heating-power. 

In calculating the heating-power, it is not easy to come 

to practical results when comparing different substances ; 

but we can compare substances of the same character 

well. The trials made by Mr. Alfred Fryer in my labo- 

ratory gave Wigan coal as 14000, peat 5100 and 4850, 

oak 9700, and deal 9300. If, then, we say that peat 

gives half the heat of coal, we must mean very inferior 

coal or very excellent peat. To say one third would be 

safe i a general way, unless we knew distinctly the cha- 

racter of the peat and coal to which we were specially 

alluding; but with Prof. Gysser I shall say o°4, as he 

certainly has examined inany specimens. 

Gysser’s Table of Heat produced by Wood and Peat. 

(From Professor Johnson’s ‘ Peat and its Uses,’ p. 97.) 

Beech -woodrsplit, ain-dried 5: iéccseics.scccdee xh cea ee) 
Peat condensed by Weber and Gysser’s method, air- 

dried, with 25 per cent. moisture ...............0 ie) 

Peat condensed by Weber and Gysser’s method, 
hot-dried, with 1o per cent. moisture............... 1°48 

Peat charcoal, from condensed peat ...............+8 1°73 

Same simply cut and air-dried ...............seeeeees. 0°80 
Beocli charcoaliys LINO ee eee ea 1°90 
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PHUMENOETOA WOOU . 0. cenceensruiscecetecsecceoseteesnee 118 

Spirent ted e ed. SCT A EAS BS. 0°95 

EES AE WOOD co! 9% ih wn wade ra arp aupaubinanalantdanvesces O'72 

sho oan chibi natant Amanat auras we apibini cla 0°65 

DME sarees sive acter ancecttenencasetetnns Caeaieney wie sels 0°61 

Red pine ............ SRE, ROD BRE, . LOR 0°61 

TS ee Oe Pen Cra ae One Tn Se eae 0°50 

Karmarsch’s Heating-power by bulk (p. 96). 

cub. ft. cub. ft. 
100 of turfy peat, on the average = 33 of pine-wood in stubs. 

» fibrous yy go 4 

» earthy ae 145 Fe 

»  pitchy a 184 - 

Waste space in peat and wood as usually piled not far 

from 40 per cent. 

Karmarsch’s Absolute Heating effect (p. 96). 

100 lbs. of turfy air-dried peat, on the average= 95 lbs. of pine wood. 
+9 fibrous fs 108 s 

” earthy ” : 104 ” 

a pitchy - III ¥ 

According to Brix the weight per cord and relative 

heating effect of several air-dried peats, the heating power 

of an equal bulk of oak wood being taken at 100 as a 

standard, are as follows, bulk for bulk :— 
Weight Heating 
per cord. effect. 

lbs. 

nls WOON. nT A. ch 4150 100 

Peat from Linum, first quality, dense and 

PR ae eicnorae hac nat once scabemige sowed nase 34.00 70 

Peat from Linum, second quality, fibrous... 2900 55 
3 third quality, turfy ...... 2270 53 

Peat from Biichsenfeld, first quality, pitchy, 

PARES RA NEAN D's 0a one go anes ennie sscmepiene 34.00 71 

Peat from Biichsenfeld, second quality ... 2730 64 

Sanitary Effect. 

One of the most important purposes for which the 

srowth of peat may be used is the conversion of the un- 
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wholesome class of swamps and marshes into sanitary 

agents. It is pretty well known that decomposing matter 

gives out gases and emanations which produce many forms 

of disease; but I do not knowif it can he proved that 

malaria, which produces its peculiar class of fever and of 

ague, can be said to arise entirely from a decomposing 

body or the products of decomposition; the evidence 

points also to living plants and to substances arising from 

them. I will not attend to this question at present, 

because in either case we find that the peat-bog has the 

advantage. If it be the living plant, we find no malaria, 

no fever, no ague caused by peat; if it is the peculiar 

class of plants, mosses, sphagnums, heaths, or whatever else 

grows there, which causes freedom from these evils, then 

let us cultivate that plant. On this pomt Macculloch 

says that malaria “is notoriously not produced by dead 

peaty bogs or by peat which carries no vegetation ”’ (p. 61, 

‘On Malaria,’ by John Macculloch, M.D., F.R.S., 1827). 

Immediately after, however, he says that it would be easy 

to show that peat lands are not exempt from malaria when 

there is vegetation enough; and he attributes the absence 

of malaria on growing peat-bogs to thecold. If, however, 

we look at the limits of malaria, we find it about St. Peters- 

burg with a mean temperature of 3°°38 R., or 39°6 F. 

(from Mihry’s ‘ Klimatologische Untersuchungen,’ 1858). 

In Oesterlen’s ‘Handbuch der Hygiene,’ we have the 

limit put as 5° C., or 41° F. (edition of 1857), which is 

considerably lower than the mean temperature of Edin- 

burgh and Dublin. 

Macculloch supports me so far in saying that gases do 

not come from formed peat; he is inclined to think that 

the plants may produce malaria in decomposing. The 

temperature may influence the character of the plant, also 

the character and speed of its decomposition ; but when the 

plant is transformed into peat, the great fact that the 
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main quantity of matter comes off in water and in a visible 

form, is one that must lead us to an explanation of the 

rare presence if not entire absence of intermittent or other 

fevers as a result of living near peat. The whole amount 

of matter removed by decay is much less than with other 

vegetation, since the bulk is continually accumulating 

instead of dispersing into the air to do mischief. 

The subject may be dark; but we must take the facts in 

a broad way until we can narrow them; and if peat-bogs 

produced malaria at a temperature at which we know it 

to be producible, Ireland and Scotland would not be places 

of resort for health. If, therefore, peat-plants can be 

made to grow and push out the unhealthy, or to cover 

over wet surfaces which have been unhealthy, a great poimt 

is attained. 

The water from the bogs has powerful antiseptic qualities, 

as we know; and that these qualities should be associated 

with the usual emanations from putrefying vegetable sub- 

stances is a contradiction which is not to be thought of ; 

neither can we believe with some that common putrefac- 

tion goes on in peat-bogs as im marshes, so long as the 

water has such different properties. The assertion, how- 

ever, that decomposition giving out gases does take place 

demands attention ; I suppose that in warmer climates than 

ours it does not arrive at its conclusion so soon as with us. 

This is somewhat of arepetition ; but this point rises again 

here naturally ; besides, I am not attempting to decide, but 

am trying to reconcile facts, or such statements as I believe 

to be well grounded. » 

If, then, it is the colytic action of the peat, the action 

restraining decomposition, to which the peat-bogs owe 

their healthful atmosphere, the plant may be of little con- 

sequence. I have not beside me a list of all the plants 

found in marshes; but I believe they are always different 

from those in peat-bogs, and take it so for granted at 
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present. The plants, then, may be the cause of the pecu- 

liar mode of decomposing which produces the colytie liquid. 

There are some who tell us that it is the heat only; but 

again we are told that peat may be found in all countries 

in Europe. Dr. Anderson even says that he has obtained 

real peat from the island of Sumatra (see Steele on ‘ Peat 

Moss or Turf Bog,’ p. 342). He does not tell the height ; 

the highest point of the Indrapura chain is a little above 

12000 feet (12140). This at least shows that latitude has 

nothing to do with the question. 

I do not know the height at which the peat grows in 

the southern regions of Europe, and therefore cannot 

speak with that certainty which I desire; and I may not 

be able to find it; I therefore call attention to this 

point for sanitary purposes; and I trust the question will 

be settled by the attention of many, how far peat-growing 

can be introduced for the destruction and drying-up of 

swamps. Those who make the trials must take care that 

the peat-producing plants are not overwhelmed by an 

excess of other plants, or the water from other plants, as 

that may prove their destruction. 

The Hucalyptus is being introduced into Southern Europe 

aud into North Africa for the drying-up of swamps and 

the destruction of malaria; and it is apparently most 

efficacious; it cannot, however, be used for increasing 

the height of the solid matter, although when the marsh 

is not deep this tree is said to dry it up rapidly. This, 

however, is somewhat different from raising the level 

of the ground to be trodden; and it cannot entirely 

take the place of peat. I do not know how far north it 

may succeed. It seems to give out at all times an odour 

of its peculiar oil, and is therefore a medicinal tree. The 

peat acts by preventing emanations; and prevention is 

proverbially better than cure. 

If it should be found that warm climates, or climates 
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such as Italy, should be unfitted for the growth of peat on 

the swampy ground, it is otherwise on some of the hills ; 

and it may in some parts be convenient to grow peat-bogs 

above and lead -the disinfecting or colytic water down to 

the land which is malarious, thus operating as a sanitarv 

and agricultural measure on the lower ground, and as a 

source of water and fuel on the higher grounds. This is, 

of course, only an idea; but it is not one to be forgotten. 

Dr. Morgan, in the British and Foreign Chirurgical Re- 

view, vol. 26 (1860), p. 483, has an article on Phthisis in 

the Hebrides. He there shows, by evidence of a very ex- 

tensive character, that the absence of that disease in the 

islands and western coast seems to be owing to the use of 

peat and the custom of the inhabitants to live constantly 

in the smoke. He quotes Dr. Anderson, of Tyree, who says, 

“‘T have not met with one case where the smoke was allowed 

to find its way through the roof.” Dr. Mathieson, in Skye, 

had met with only two cases where there was no chimney, 

to eighteen where there was a chimney. The disease also, 

when it does come, appears to be more prolonged than 

usual. The whole article of Dr. Morgan’s is very interest- 

ing; and it shows how much may be done by thus dis- 

infecting the air, even in cases where cleanliness of persons » 

and houses is not specially attended to. 

Much of this communication consists simply of notes to 

be elaborated afterwards ; additions must also follow in a 

Second Part. 

SER. III. VOL. V. 2A 
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XXXIX. On a Colorimetric Method of Determining Iron 

in Waters. By THomas Carnetiey, B.Sc. Commu- 

nicated by Professor H. E. Roscoz, F.R.S. 

Read October 20th, 1874. 

Or late years the analysis of water has become of such 

importance that any improvement in the methods em- 

ployed in that analysis will, it is thought, be acceptable, 

however small such an improvement may be; and it is 

with this consideration that the followimg paper is sub- 

mitted to the Society. 

In the determination of heavy metals in water, with the 

exception of lead, great inconvenience arises from the want 

of rapid and accurate methods of estimating very small 

quantities ; and it is to remedy this inconvenience in the 

case of iron that the following method is proposed. Be- 

sides accuracy it fulfils both the other requisites, viz. 

rapidity and the power of determining exceedingly small 

quantities ; for without any evaporation 1 part of iron in 

13,000,000 parts of water can be detected, and a deter- 

mination made in less than fifteen minutes, the smallest 

amount of ammonia which can be detected by the well- 

known Nessler test, without concentration, being only 

1 part of ammonia in 20,000,000 parts of water; and 

moreover, as water will admit of evaporation without loss 

of any iron it may contain, the iron which can be estimated 

may be reduced to almost an infinitely small quantity. 

The method consists in the comparison of the blue 

colours produced by adding to a solution of potassium 

ferrocyanide, first, a solution of iron of known strength, 

and, secondly, the water in which the iron is to be deter- 

mined. 
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The standard solutions and materials required are as 

follows :— 

‘t) Standard Iron Solution. This is prepared by weigh- 

ing out o'7 grm. of ammonio-ferrous sulphate (=o'! 

grm. Fe), dissolving in water, and adding 1 cub. cent. of 

the sulphuric acid; the iron is next oxidized by adding 

an exact sufficiency of the potassium-permanganate solu- 

tion from a burette, and the whole diluted to 1 litre. Of 

this solution 1 cub. cent. =o'ooo1 grm. Fe. 

(2) Solution of Potassium Permanganate. This must 

be moderately dilute ; but it is not necessary that it should 

be of standard strength. 

(3) Standard Nitric Acid. Is prepared by diluting 50 

cub. cent. of pure strong nitric acid to 1 litre. 

(4) Potassium-Ferrocyanide Solution. Is obtamed by 

dissolving 1 part of the salt im 25 parts of water. 

(5) Strong Sulphuric Acid diluted with an equal volume 

of water. 

(6) Two similar glass cylinders and a glass rod. The 

former should hold rather more than 200 cub. cent. each, 

the point equivalent to that measure being marked on the 

glass. 

(7) A burette marked to o1 cub. cent. for the iron solu- 

tion, and an ordinary burette for the permanganate. 

(8) Three 1 cub.-centim. pipettes for the ferrocyanide, 

nitric acid, and sulphuric acid respectively, the one for the 

last being marked also to deliver 0°5 cub. cent. 

The following is the method of analysis employed :— 

A measured quantity of the water less than 1 litre in 

bulk is taken, the amount being regulated according to 

the quantity of iron contained in the water, which is 

judged by a previously made qualitative experiment of 

adding 1 cub. cent. of the ferrocyanide to a portion of the 

oxidized water. One cub. centim. of the sulphuric acid is 

added, and then the permanganate from a burette till a 

2A 2 
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permanent faint pink colour is obtained; the whole is 

made up to 1 litre, when it forms what may be called the 

“water-test solution.” In each of the cylinders 1 cub. 

cent. of the potassium ferrocyanide is added, and then a 

measured quantity of the water-test solution put into one 

of them (x); both are next filled with water up to the 

mark, and 1 cub. cent. of the standard nitric acid added 

to each. After x has been well stirred, the standard 

iron solution is gradually run into y, the liquid being 

stirred after each addition, and the colours in the two 

cylinders compared by placing them side by side over a 

sheet of white paper in front of a window; this is repeated 

till the colours in each of the cylinders appear to be equal, 

which point completes the operation. 

Every cubic centimetre of iron solution used corresponds 

to o'r milligrm. of iron, from which the amount of iron 

added to cylinder y can be calculated. Then, assuming 

that equal shades of colour are, ceteris paribus, produced 

by equal weights of iron, the amount of the latter in 

cylinder x is equal to that added to y; and since the 

volume of the original sample of water in the test solu- 

tion is known, and also the volume of the latter put imto 

v, the amount of iron in a measured quantity of water 

can therefore be calculated. The volume of the test solu- 

tion put into cylinder w should be such as not to require 

more than 5 cub. cent. of the iron solution to be added to 

y to produce an equal shade; for if more be added the 

colour obtained will be too dark to compare with ease 

and accuracy. 

If the sample of water contains such a small amount of 

iron as, after oxidation, not to give a coloration directly 

with the ferrocyanide and nitric acid, a sufficient quantity 

of it must be evaporated with half a cubic centimétre of 

the sulphuric acid till it occupies from 100 to 200 cub. 

centims. The liquid is then poured into a flask, together 
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with the rinsings, and oxidized with permanganate to a 

very slight excess, and then filtered, so as to separate any 

precipitate, and also to remove the excess of permanganate. 

The fluid thus obtained is next tested as before by adding 

the whole or a known part of it to one of the cylinders 

containing the ferrocyanide. When the water, after being 

filtered, has still a cloudy appearance, as is the case with 

sewage and polluted rivers &c., a known quantity of the 

filtered water must be evaporated to dryness and ignited, 

the residue dissolved in a small quantity of hydrochloric 

acid and filtered, washed with water, and the free acid in 

the filtrate as nearly as possible neutralized with ammonia, 

and then 1 cub. cent. of sulphuric acid added, after which 

it must be oxidized with permanganate, then filtered, if 

requisite, to remove excess of permanganate, and the iron 

estimated as before. A green colour may be sometimes 

obtained, instead of the pure blue ; this is owing to aslight 

quantity of unreduced permanganate being present, which, 

however, is of no consequence, as, with a little practice, 

the green tint may be compared with the blue, and correct 

results obtained; still the comparison may be rendered 

easier by adding 1 to 2 drops of permanganate to the 

cylinder into which the standard iron is run, and which 

by this means will also assume a green tint. Experiments 

were made with reference to this pomt; and it was found 

that the presence of not more than a few drops of unre- 

duced permanganate has little or no effect on the results 

obtained, the only consequence being the change of tint, 

but not of depth of colour. 

Potassium permanganate is employed as the oxidizer, 

instead of nitric acid, because (1) the oxidation is per- 

formed much quicker than it would be if nitric acid were 

used, as in the latter case the liquid would have to be 

heated; (2) it can be added to exactly the right point, 

which could not easily be done with nitric acid; (3) an 
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excess of the latter is very detrimental to the accuracy of 

the method ; for from experiments made in relation to this 

point it was found that when the amount of free acid pre- 

sent in 200 cub. cent. is more than 0'0025 cub. cent. of 

the strong acid, it renders the colour deeper than it other- 

wise would be. 

One cubic centimétre of the standard nitric acid is added 

to each of the cylinders, (1) because it renders the reaction 

much more delicate; (2) because the colours produced 

in the presence of this amount of free acid are almost al- 

ways of the same tint, being of a pure blue, whilst, when 

no free acid is present the colour varies, even when ap- 

parently of the same depth, from a blue to a bluish green, 

which renders them less easy to compare; (3) because it 

destroys the effect which the presence of a small quantity 

of any free acid previously existing in the liquid might 

have in altering the shade of colour produced; for, with 

reference to this point also, from a series of experiments 

made it was found that when the amount of the free acid 

present, in addition to the 1 cub. cent. of standard nitric 

acid added, is only small, z. e. less than 0°05 cub. cent. of 

the strong acid in 200 cub. cent. of water, it has no effect 

on the depth of colour produced. When any free acid 

exists in the water to be examined, it must, before being 

oxidized, be made as nearly neutral as possible with am- 

monia, and the iron then determined. 

In order to test the method as a whole, the experiments 

given below were made, and were carried out as follows :— 

A known weight of ammonio-ferrous sulphate was taken, 

dissolved in water, 1 cub. cent. of the sulphuric acid added, 

and then oxidized with permanganate, and the whole made 

up to I litre. The iron in the solution thus obtained, was 

determined as described above. One of a number of series 

of experiments thus made is given below. 
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mer. 

Weight of ammonio-ferrous sulphate taken = 58-00 

= 8:28 ofiron. 
After oxidation made up to 1 litre; 

.. 1 cub. cent.=0'00828 milligy. Fe. 

G., 6. mer. 

(a) (1) 50 of this solution taken, == 2 

4‘I of iron solution required, =0°410 ; Fe. 

(2) 4°2 ” ” ” = 0°420 

As amean of these two experiments, it is found that 
mer. 

the solution contained 8°30 Fe. 

Calculated: vse. a pes, oR eak ss 

Difference = +0'02 

(6) 500 cub. cent. (=4'142 milligr. Fe) of the original 

solution taken, and diluted to one litre. 

1 eno. Cent.—0 00414 muller, Ve. 
C. 6. mer. 

(1) 100 of this solution taken, =0°414 ) 

4°2 required, =0°420 \ Fe 

(2) 50 0f this solution taken, =0°207 : 

2° required, =o 8 
‘ p mer, 

As a mean, the solution contained 4°20 Fe. 

CaleulateihtS 2° S1SU0 sree 

Difference = + 0°06 

(c) 225 cub. cent. (=1°863 milligr. Fe) of the original 

solution taken and diluted to 1 litre. 

“. I cub. cent.=0°'001863 milligr. Fe. 
Cc. C. mer. 
100 of this solution taken, =0'1863 1 

1°8 required, * ==9°1900 

.. the solution contained 1°800 Fe. 

Calemlatede".) s 25x. rE B09). 

Difference = — 0'063 
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(d) 120 cub. cent. (=o’99 milligr. Fe) of the original 

solution taken and diluted to 1 litre. 

*. 1 cub. cent.=0'00099 milligr. Fe. 

e. ¢. mer. 

200 of this solution taken, =0'198 

1°8 required,. be, 

.". the solution contained . o'goo Fe. 

Calculated 57 Wo Maine OGGOes, 

Difference = —0'0g90 

A large number of experiments were made in this way, 

the results of which are given on p. 353. 

In order also to test the effect which the presence of 

different salts has on this method, four series of experi- 

ments were made by adding known weights of the following 

salts to 1 litre of the ammonio-ferrous sulphate solution. 

(A) Calcium sulphate, magnesium sulphate, ammonium 

chloride, sodium chloride, and potassium carbonate, in all 

16 grm. ' 

(B) Ditto, in all o-9 grm. 

(C) Magnesium sulphate, ammonium chloride, potas- 

sium carbonate, sodium chloride, and calcium chloride, in 

all o°8 grm. 

(D) Potassium nitrate 0-4 grm. 

The solutions thus obtained were oxidized with per- 

manganate and sulphuric acid, diluted to one litre, and the 

iron estimated as previously described. The results ob- 

tained are given below, the letters attached denoting to 

which of the preceding series they severally belong ; and 

from them it will be seen that the presence of these salts 

has little or no effect. 

It was also found that neutral organic matter is not 

detrimental to the method. 
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Tron found. Tron calculated. 
milligr. milligr. 

RaercOne f< .  iaraan, een §17°00 

400°00 With Salts (A). 393°40 
BGeree. ET ee emiaaes 389°7° 

BSAlOG! bo en eldcdaiaate 178°10 

GOON: y+ > Siena: 90°83 

Core OS Banh ihaaes 67°80 

29°40 With Salts (C). 28°70 

ZPGOM Pi shastackest 31°07 

BRUISE. Vel ew atvewee’ 25°35 

ek pla eel Sa See Ree 19°48 

PEO Sion epee ee 12°92 

11°70 With Salts (B). 10°86 

TOLO: 6 eae 10°21 

SGOT) MI. Oe ate 3°29 

GOOF, pin (oe bangectbens 1 6°00 

Ti ae aA MEET 4°14 

MAGI giles” qithaanes catia te 3°06 

POSEN) Bir TA 1°86 

ON RR See Sea ‘99 

MPO AS) | > isasMaeaetian's 68 

naa adam eeeab OP 62 

G2; Dis Pees 62 

“61 With Salts (C). *5y 

SAME Uk. dh Tocsarpelesentes “a 

pet oe teres oeeee "52 

See corde Sry ih ae cei Ste a gk 

piel of ba” Sapiens eatis ing 

SGA ie Bieamece sean "55 

“48 With Salts (B). 43 

PiGee Tie] saci Se "45 

"40 speuie. ca da "41 

"40 With KNO, (D). "4.0 

ok oi ESE, ASS °39 

NADA th Aube tocbits vases "39 

SAME el ieinielemivisinisei\~ "34 

Ae nV ienatn siseatays "30 

200 OS TOMS | MER ie APES 6 AS oe "31 

Beale wis Lamerccuseecinn "25 

2g ‘With Salts (C). 29 

EGO PE ere clan eekeews 26 

Bia a ys | Po deseseeinn Se "23 

23 With Salts (B). "22 
Be = Mis Baan roused "25 

Ee OO eee dae "21 
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Tron found. Tron calculated. 

milligr. milligr. 

ABO so PS Veet beats ‘20 

PEO ©.) teers stan *19 

"14 cauensieonane ‘16 

SHS iu: (a ah eee "14 

BHO (| ho: biog catenee trices Oris) 

5OFO\ «Ma Sint aaa lth: 078 

F053) PLYS teieeoes ‘062 

ROO SA) ) anc Seaendes 031 

With reference to the delicacy of the method, it was 

found, as a mean of seven experiments, that 0°0055 

milligr. of iron gave a very distinct colour on the sur- 

face, and that o:015 milligr. give a blue colour on being 

stirred with 200 cub. cent. of water, and therefore that 1 

part of iron produces a blue coloration in 13,000,000 parts 

of water containing ferrocyanide of potassium and nitric 

acid. According to Hartig*, however, 1 part of iron (in 

the form of sulphate) only produces a colour in 600,000 

parts of water containing ferrocyanide; the difference of 

these results is due to the effect which the presence of the 

small quantity of free nitric acid, added in the new method, 

has in increasing the delicacy of the reaction. 

As to the smallest differences of reading which can be 

detected, it was found that when any quantity of iron 

solution below 1 cub. cent. had been added, a difference 

of 0:05 cub. cent. can be discriminated; above 1 and below 

2 cub. cent. a difference of 0°1 cub. cent.; above 2 and 

below 4 cub. cent. a difference of 0:2 cub. cent.; and above 

4 and below 5 cub. cent. a difference of 0°3 cub. cent. 

The following are a few samples of different waters in 

which the iron has been determined as described above. 

* Journ. Pr. Chem. xxii. §1. 



Date. 

1874 
Feb. 14. Manchester Water- 

Mar. 20. 
20. 

July 15. 

Aug. 4%. 
Sept. 

key Que i= i | 

Jan. 

CUNP POW PP x 

.| River Mersey, Nor- 

.| River Dane, above 

.| River Dane, below 

.| Liverpool Water- 

.| Barnsley Water- 
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Name of Water. 

supply. 

29 ey 

- ~ “ - 

Medicinal spring, 
Trefriw, North 
Wales. 

Chloride - of - iron | 
Spa, Harrogate. 

River Irwell, near 
Pomona Gardens. 

thenden. 

Congleton. 

Congleton. 

works, Compensa- 
tion water, White) 
Coppice, Heapy. 

supply. 
River Thames, Lon- 
don Bridge. 

.| Cockerham Well, 
Barnsley. 

New-River Com- 
pany. 

Lambeth Company. 

East-London Com- 
pany. 

3.| Friar’s Well, Barns- 
ley. 

Parts per million. 

Amount 
used in 
analysis. 

5 

oo NO 

J 

30 cc. 

litres. 

litre. 

, 

§o.¢.1€: 

3 
es 

lee 

N ni~ 

_ 

-_ 

La 

litre. 

By new 
method. 

290°00 

"86 

“48 

By 
Mn0O,,. 

Peres 

As found 
by other 
obser- 
vers. 

-287| R. A. Smith, 
1864. 

289'40 | Hayton Da- 
vies, Feb. 
1872. 

Trace 

12°! 
(Al1,O, & 
Fe,O,) | | Graham, 

6°8 Miller, and 
(Al,O, &| | Hofmann. 

* The author hopes shortly to bring an analysis of this water before the Society. 
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XL. Analysis of one of the Trefriw Mineral Waters. By 

Tuomas Carnetuey, B.Sc. Communicated by Pro- 

fessor H. E. Roscosz, F.R.S. &e. 

Read December rst, 1874. 

An analysis of this strongly ferruginous mineral water has 

not, so far as the author has been able to learn, been pub- 

lished before any scientific society ; and though two gene- 

ral analyses of it have previously been made, the first by 

D. Waldie, Esq.,in 1844, and the second by Dr. Hassall in 

1871, and published in the form of pamphlets for public 

reading by Dr. Roberts and Dr. Hayward respectively, yet, 

as it is peculiar for the extremely large quantity of iron 

and alumina that it contains, and as its composition has 

varied considerably since it was analyzed by the last-named 

chemist (whose results also varied from those of the first), 

it is thought that another and more complete analysis will 

not be out of place. 

The village of Trefriw is situated on the left bank of the 

Conway, about 22 miles from Llanrwst and between the 

latter place and Conway. The springs, which now belong 

to a company and are often visited by invalids, as they are 

said to be good for the cure of diseases of the digestive 

organs and of the skin, are close to the highroad which 

runs between Conway and Llanrwst, and are rather over a 

mile from the village. The entrance to them is a short 

way up the side of the mountain called the Alt cae Coch, and 

consists of an underground passage cut in the rock. There 

are at present two springs (formerly there were three)—one 

opposite and close to the entrance, the other at the end of 

a gallery 10 or 12 yards long to the right. The former 

water is used to supply the baths, and the latter exclusively 
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- for drinking. They differ considerably in the relative pro- 

portions of their mineral constituents; but it is only the 

last named which is the subject of this paper. 

The water, which flows into a basin cut in the rock, is 

said to be uniform in quantity, and issues at the rate of 

about 40 gallons per hour. It is quite cold, its tempera- 

ture varying only within very narrow limits. As it occurs 

in the spring it is perfectly clear, bright, and colourless ; 

but after a short exposure to the air it turns yellow, and 

deposits flakes of ferric oxide. It has no smell, but pos- 

sesses a strong aud very disagreeable inky taste. On 

being shaken up in a closed bottle no disengagement of gas 

takes place. It has a strongly acid reaction, and contains 

neither free carbonic acid, carbonates, nor sulphides; and 

when first taken from the spring it is perfectly free from ° 

ferric salts. 

Temperature of the external air ............... 15°5 C. 
n » air at thespring .......... 12°5 
4 Jat) f MEANT cas ose dae t nase oF case we ) @ axe) 

iis Lf. 
Peecure gravity at 17° CO... i. civevenccuasscas 1°00716 1°00570 

parts per parts per 
1,000,000, 1,000,000. 

TMNT oie ane 2 sis wtigela oe won bakeatnndsacens F217 
Precipitate formed on boiling 1 hour ......... 32°8 

MMRIMER Eater reece yah see scise cate fu cws scatters veusees tal 1507°0 2009°4. 
RPMI NANANN a aia ni2 ais nb icin emote ba od wave weiansindings 233°3 112°4 
MIR oc eee ee soba sls ees an cian oo oe eaepsieneee a 2713 116°5 
MMSE Se, Ce aed 8 sate lCe hv gateducateeh ad 134°1 45°4 
RR ITINE oy, Ae ccmces 6 52 duvis savqe cis enichs aoseseaenee 31°5 
PME! Wr twenyced Jace se Stake od tean cat cet baeadenetec 25°1 WG-3 
oS eee eee ee ere trace trace 
Pinar gaaeens cadres turevssusencesee seve eases 0°86 
manmmoneann: (NEL) wis calSeseceesesas teases Sdeitewietes 1°63 
AIDUIMCNOIG, ANIMODIA «900.0 -.cc0csece.sssseceaes 0°34. 
ec or, Ue) ROB aee gees bake Pee aa ae ADO 157°0 I49°'0 
RPRUUPIC: ACHE (SO) on cada gs onnnsaaocruean'assome 4985°3 4512°0 
PMMUNO? Frage ate casters e et eeveendaveteserccredel 11°38 10°9 
Parieacid (NO:) 2. . ain «vssesesecene esovane es ee g'I 
Eneepnoric acid (BO, Jui iles. .cbkciivedeeeetosless 2°45 

PERE BONG. COMGGNES 6. o.o:i00 2 sats vindssnndeicnscebncace 7370°78 6970°9 
Whe residue dried at 710° C..........c.cca.cen250 0s 7370°00 
laren eee eee eee eee 



358 MR. T. CARNELLEY ON AN ANALYSIS OF 

The preceding is (I.) the analysis made of the water col- 

lected by the author on September 8th, 1874, together with 

that (II.) made by Dr. Hassall in the early part of Septem- 

ber 1871%, or just three years previously. 

The following table represents the above in combination : 

iT. II. 
Hertous sulphates ci c. ocace ge ten tere eames 4090°4 5454°3 
Aluminium sulphate  V.c..282.5.c2tees each aeaees 1358'9 700°7 
Calcium: sul phates. cat 29.05 a woes aseeenanale 922°3 376°0 
Macnestameulphate 2.2.0 7....csssecnanenocsons pas 670°3 225°7 
Potassigm: sulphate: jcc asic). 3.4 2<0tybeeegewae tet TORT 
Sodium (sul phate j5..- gaceacs's -.sgelscan-nastaen sen ssa AGIG .) «| 47°0 
Head: sullpliate: ¥2'42 §.. Ae ee... ees P25 
Calcium-chloride*.. >. .22.0ten. teccseatee ee ee Dea es | 16°8 
OMIT NlON IME ~ St s..c2 ig. denen cee eeeee 194 
Sodtumenitrate. 2:64: S.A eee ee 4'8 
ATMA ONIN MELPAUE foga'hs «na ewes dave guhiat eer cones? 772, 
Atomumiumrphosphiates!...603 3 testi oie. ane gy | 

PAGE oychechite (2 OUR Arties Ree Pe ncenmenerers Jere tren cere trace | trace 
LSTREGE Be ott ected a toprato fon dete a totes Sette abe Maas 157°0 1490 
| Albumenord ‘ammionitard «6 sic)..c.tobesct agen: 0°34 
| Bases for which there is not sufficient acid ...! Ws 1‘4 loss.| 

737°°79 6970°9 

With reference to this analysis the following observa- 

tions are to be made :— 

(1) The determination of the total residue was first 

made at 180°C. as recommended by Freseniust+; and the 

result obtained corresponded to 800 parts per million; 

it was found, however, that this was much too high, the 

reason being that ferrous sulphate, though it loses six 

molecules of water at 114° C., yet retains the seventh even 

at 280f. In order to drive off this remaining molecule, 

the residue from 100 cub. cent. of water was heated in an 

air bath to 300°-310° and weighed ; after repeated heating, 

two successive weighings did not differ by more than a 

milligramme. In heating to so high a temperature, how- 

* See ‘Guide to Trefriw and Vale of Conway Spa,’ by Dr. J. W. 
Hayward, M.D., M.R.C.8. Second edition. 

t Fresenius, ‘Quantitative Analysis,’ 4th edition, p. 560. 

t Watts, ‘ Dictionary of Chemistry,’ vol. v. p. 597. 
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ever, there is a danger of a little sulphuric acid volatilizing 

by decomposition of the sulphate of iron; but by careful 

heating this may be avoided. A loss of ammonia will never- 

theless have been incurred; but as this, together with the 

trace of organic matter, did not amount to more than 8 to 

Io parts per million, it was not of very much consequence. 

(2) It will be seen from the Table showing the sup- 

posed combination of the salts, that the total bases formed 

were rather more than sufficient to combine with the 

acids; and the base which is given above as uncombined 

is alumina, as it is thought that the quantity of this body 

obtained wasrathertoohigh; for,in addition tothe total bases 

being too large for the total acids, the sum of the oxides 

(Fe,O,+Al,0,+P.,0,) calculated from the Fe, Al, and 

P,O,., each estimated directly, is rather greater than the 

result obtained by weighing the three oxides together, the 

numbers being 2592 and 2570 respectively—difference 22. 

(3) In the determination of the alumina it was sepa- 

rated from the iron by means of tartaric acid and sulphide 

of ammonium, and weighed as Al,O,+P,0,; the dif- 

ference between this and the determined amount of P,O, 

gave the quantity of alumina. : 

(4) The phosphoric acid was estimated by precipitating 

with ammonium molybdate; and as the amount was only 

small, by weighing the precipitate obtained on a constant 

filter, the calculation was then made from the composition 

of the precipitate, which contains, according to various 

authorities, 3°142 per cent. P,O,. 

(5) The iron was determined directly at the spring with 

potassium permanganate, and afterwards gravimetrically in 

the laboratory. The results obtained agreed very nearly. 

(6) Several determinations were made of the alkalies ; 

but only rather varying results, comparatively, could be 

obtained for the sodium. The above is the mean of four, 

of which the highest was 32 and the lowest 22 parts per 
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1,000,000, the reason being that the quantity of sodium 

present was only very small, so that the traces of it also 

contained in the reagents had an appreciable effect, though 

they were as pure as could be obtained. The results got 

for the potassium, however, agreed very nearly. 

(7) The lead was determined by the method given in 

Wanklyn & Chapman’s ‘Water Analysis,’ as were also the 

ammonium, albumenoid ammonia, and nitric acid. 

From a comparison of the above two analyses it is evi- 

dent that, between September 1871 and September 1874, 

the composition of the water has varied considerably ; and 

though the author has not had an opportunity of seeing 

the analysis made in 1844 by Waldie, yet from Dr. 

Hassall’s report, given in the above-mentioned pamphlet, 

it would seem that the results there given also vary much 

from those obtained by Waldie. The quantity of iron 

appears to have greatly diminished, while, with the excep- 

tion of SiO, and chlorine, that of the other constituents 

occurring in larger quantities has considerably increased. 

A determination of the iron, made last February, gave 

1575°4 parts per 1,000,000, though in this case the deter- 

mination was not made till after the water had been col- 

lected some days. From this it would seem that the iron 

is gradually diminishing in quantity. The result, how- 

ever, obtained by Waldie is very nearly the same as that 

got by Hassall. 

From the analysis it will be seen that the Trefriw water 

is peculiar, as already mentioned, on account of the large 

quantity of sulphate of iron which it holds im solution ; 

there being, so far as the author has been able to learn, 

no spring in the United Kingdom, and perhaps not even 

on the Continent, which contains it in any thing approach- 

ing to the same amount ; while there are only a few springs 

known which contain it even in a notable quantity, the 

analyses of which have been described. The water is also 



ONE OF THE TREFRIW MINERAL WATERS. 361 

remarkable for the large quantity of sulphate of alumina 

and silicic acid which are dissolved in it, while the amounts 

of phosphoric and nitric acids, though only small, are 

rather large compared with what is found in most other 

mineral waters; on the other hand the proportion of 

chlorine is only small. 

The other Trefriw mineral spring was not analyzed ; but, 

from Dr. Hassall’s analysis of the two waters, it appears to 

contain less iron and alumina, but a larger quantity of 

alkalies and alkaline earths than the one which is the sub- 

ject of this memoir. 

With regard to the geological position of Trefriw, and 

the source of the mineral impregnation of the springs, it 

may be observed that the mountains at the base of which 

the wells are situated consist chiefly of beds of limestone, 

ironstone, alum-slate, and iron-pyrites, together with vary- 

ing proportions of silicates, very much fractured and dis- 

located, forming the northern extremity of the Bala or 

Caradoc beds. Up in the mountains, and on these beds, 

lie some small lakes, from which the springs are supposed 

to derive their principal supply of water, which, after 

percolating through the above beds and dissolving large 

quantities of their constituents, finds its exit near the base 

of the mountain Alt cae Coch, where it issues from the 

slate bed (Black band), and between it and the ironstone. 

From the above data the composition of the water is easily 

accounted for. There are several pyrites-mines in the 

vicinity, one of which is situated just over the springs, 

but much further up the mountain-side. 

The author has been indebted, for Dr. Hassall’s analysis 

and some of his remarks relative to the geological position 

of the springs, to the pamphlet of Dr. Hayward previously 

mentioned. 

SER. III. VOL. V. 2B 
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XLI. On the Colour of Nankin Cotton. 

By Epwarp Scuunck, Ph.D., F.R.S. 

Read November 18th, 1873. 

Amone the numerous varieties of cotton existing in com- 

merce there is one which cannot fail to strike the most 

unpractised eye, in consequence of the peculiar colour 

(varying from a pale yellow, or, rather, fawn, to brown or 

reddish brown) which it exhibits. This kind of cotton is 

generally cailed “ Nankin” cotton, from its having been 

used by the Chinese for the manufacture of the well- 

known fabric called nankin or nankeen. Specimens of 

raw cotton of the colour referred to from other countries, 

however, such as India, America, the west coast of Africa, 

and the shores of the Mediterranean, are found in all 

extensive collections of the fibre; so that it cannot be 

considered a product peculiar to China. In Malta, I am 

informed, it is especially abundant, more so even than 

the ordinary white kind. Whether it is produced by a 

peculiar species or variety of the cotton-plant or whether 

the colour is owing to peculiarities of climate, soil, or 

method of culture influencing the plant is, on the other 

hand, a question not easily determined. Considerable 

doubt, indeed, prevails as to the number of species em- 

braced by the genus Gossypiwm, and the characters by 

which they are distinguished from one another—some 

authorities admitting only four species, whilst others 

describe more than twenty. Among the former is Dr. 

Forbes Royle, who says* :— The result of our investiga- 

tion of the species of the genus Gossypium is, that there 

are at least four distinct species, which may be easily 

distinguished, and that the great mass, probably the whole, 

* On the Culture and Commerce of Cotton &e., p. 151. 
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of the cotton of commerce is yielded by three of these 

species and their varieties.” As a botanical characteristic, 

the colour of the fibre yielded by the plant seems to be of 

little importance. Any one, indeed, examining a collec- 

tion of specimens of cotton must see that there are few 

marked distinctions between them as regards colour, none 

being absolutely white, while most of them exhibit various 

shades of cream-colour, verging to fawn. Nankin cotton 

may be considered to be situated, as far as colour is 

concerned, at one end of the scale, at the other end of 

which we find Sea-Island and other almost pure white 

kinds. Several authorities assert, it is true, that Nankin 

cotton is produced by one species of the genus only, viz. 

Gossypium religiosum; but others say it is found on more 

than one species. Dr. Forbes Royle, who upholds the 

latter opinion, says:—‘G. religiosum of Linnzus seems 

to be distinguished from other species only by having 

tawny-coloured cotton; but we have seen that both the 

common Indian cotton, the Chinese cotton, the arboreous 

species, and G. barbadense all occasionally produce nan- 

keen-coloured cotton, and that therefore it cannot be con- 

sidered as characteristic.””’ Referring to “ China cotton,” 

the same author says* :—“ The specimen in ‘ Herb. Hook., 

from Mr. Fortune, is less hairy than most Indian speci- 

mens, though clothed with a number of short hairs. Mr. 

Fortune states, in a note with some specimens that he 

sent to Dr. Lindley from China, that the white-coloured 

and the nankeen-coloured cotton are yielded by the same 

plant, and that the two kinds are separated by the Chinese. 

Besides India and China, this species is cultivated in 

Persia, Syria, Asia Minor, and the islands of the Medi- 

terranean, as well as in the north of Africa and the south 

of Europe. The kind yielding the nankeen-coloured cot- 

ton in Malta is probably a variety.” Fortune, in his 

* On the Culture and Commerce of Cotton &c., p. 143. 
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Travels*, makes the following statement regarding the 

cotton-plant of China :—“ The Chinese or Nanking cotton- 

plant is the Gossypium herbaceum of botanists, and the 

‘Mie wha’ of the northern Chinese. It is a branching 

annual, growmg from 1-3 or 4 feet m height, according 

to the richness of the soil, and flowermg from August to 

October 2723 The yellow cotton, from which the beau- 

tiful Nanking cloth is manufactured, is called ‘Tze mie 

wha’ by the Chinese, and differs but slightly im its strue- 

ture and general appearance from the kind just noticed. 

I have often compared them in the cotton-fields where 

they were growing ; and although the yellow variety has a 

more stunted habit than the other, it has no characters 

which constitute a distinct species. It is merely an acct- 

dental variety ; and although its seeds may generally pro- 

duce the same kind, they doubtless frequently yield the 

white variety, and vice versd. Hence specimens of the 

yellow cotton are frequently found growing amongst the 

white in the immediate vicinity of Shanghai; and, again, a 

few miles northward, in the fields near the city of Poushan, 

on the banks of the Yang-tze-Kiang, where the yellow 

cotton abounds, I have often gathered specimens of the 

white variety.” The opinion here expressed is also that of 

Parlatore+, who affirms without hesitation that the plant 

bearing red or reddish cotton is merely a variety either of 

G. arboreum or G. hirsutum. 

Mr. Thomas Clegg, of Manchester, whose knowledge of 

the properties, commercial value, and places of growth of 

the various kinds of cotton is probably unrivalled, has 

kindly communicated to me his views on this subject. 

Mr. Clegg says :—“I found Nankin cotton abundantly at 

Malta, many parts of Tunis, and in great quantities on 

the west coast of Africa. Dr. Livingstone has sent me 

* Two Visits to the Tea-countries of China, vol. i. p. 199. 

+ Le Specie dei Cotoni. Firenze: 1866. 
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many samples of it; and I have frequently had specimens 

of it from other, but always arid, dry, and hot parts of 

the world. The Maltese, however, has always been the 

best. It is very short in staple, coarse, and of little value 

in itself, especially as so little of it is produced. Being 

high-coloured, of course, if used alone, it would give a high 

peculiar colour to the cloth; and as mixing it with whiter 

cotton generally stripes and spoils the cloth, it is in very 

bad repute. In China and Japan it gets more dusky and 

dark, and even lower in staple. On the west coast of 

Africa it seems to be hybridized and modified in colour ; 

the seed, when cleaned from the cotton, is generally only 

half clothed with the fibre, the other half being black. 

But whether Nankin-coloured or a little whiter, it is 

always on that coast much longer in staple, and, though 

rather coarse, still a good useful cotton. Nankin cotton 

is always, so far as I have seen, from fibrous-coated seed. 

According to my experience, it is only in very hot countries, 

and on a rather arid soil, that the really dark Nankin is 

produced. I think, if experiments were tried for three 

or four years together, Maltese on the west coast of Africa 

would resemble African, and West-African seed sown at 

Malta would become Maltese cotton; and I almost think 

that West-African seed, which at home produces yellow- 

tinged cotton, would, in one or two years, in the New- 

Orleans district produce white cotton. I further think 

that pure New-Orleans seed, sown at Malta, in three or 

four years would give cotton of the red tinge of ordinary 

Maltese.” Mr. Clegg seems therefore to agree with those 

who think that the variations in colour observed in cotton 

are entirely owing to differences of climate and soil, and are 

not peculiarities attaching to different species of the plant. 

I may further quote a few observations on this kind of 

cotton from a communication on the subject by Lieut.-Col. 

R. Trevor Clarke, who writes as follows :—“ The nankeen 
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colour in cotton staple may be considered, I think, a 

normal variational state, rarely met with in the present 

day, but very probably natural to the wild forms now 

nearly extinct and very imperfectly known. The two 

plants which have the best claim to be considered wild 

species that I have met with, namely the Polynesian plant 

of Nuttall and the Sao-Paulo one of Mr. Aubertin have 

both of them yellow cotton. The coloured state, how- 

ever, 1s common to several cottons, probably to all. We 

find it in the hill-cotton of Assam, and in samples from 

China (Ningpo)—both Gossypium herdaceum proper; and 

I am told it is not unfrequently found-in the fields of this 

species in India and elsewhere. In India, however, the 

sort actually in cultivation is the yellow form of G. hir- 

sutum (Orleans); and my samples from Malta are of the 

same kind. The only use that I know of for this staple 

is to make the cotton-blanket clothing of the Afghans ; 

and I think also the Kabyles use it for the same purpose. 

It seems to be an object of regard and veneration amongst 

the aborigines of various countries. In Peru the country 

people weave a striped cloth, white and yellow, from it; 

and the bodies of their ancient princes (the Incas) were 

found to have been buried enveloped in the rich brown 

wool of a coloured form of the large native plant. The 

paler brown staple coming from Africa is the produce of 

a coarse kind of Egyptian, and is of stronger quality than 

most. The curious kidney-cotton also assumes this ap- 

pearance, as I have samples of it from Parahyba del Norte, 

and have raised plants from its seeds. In all cases the 

staple suffers an unfavourable change when assuming this 

state, and is invariably more or less weak and short.” 

The experiments, of which I now propose to give a short 

account, were made in order to ascertain the cause of the 

peculiar colour by which Nankin cotton is characterized. 
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The colour of Nankin cloth having been successfully 

imitated by depositing oxide of iron on and within the 

cotton fibres in the manner well known to dyers, it might 

be supposed that the colour of the cotton was due to iron 

in some form. A few simple experiments, however, suffice 

to prove that this is not the case. The cotton, on being 

incinerated, leaves an ash which does not contain a larger 

proportion of oxide of iron than that of ordinary cotton. 

Moreover the colour is not removed by treating the cotton 

with dilute mineral acids capable of dissolving oxide of 

iron, while it disappears, though slowly, on treatment with 

boiling alkaline lye. 

Another method of imitating the colour consists in 

mordanting the fabric with alum and then dyeing with 

oak bark, the process resembling that by which calico is 

ordinarily dyed of a yellow or fawn colour. It is evident, 

however, from its resisting the action of acids, that the 

colour of Nankin cotton cannot be due to the presence of 

a lake of alumina or any other base. 

In order to arrive at some conclusion regarding the 

nature of the colouring-matter, it was necessary to employ 

large quantities of material; for though the colour looks 

intense when the cotton is viewed in mass, it is in reality 

produced by a small quantity of substance spread over a 

large extent of surface. I therefore had recourse to the 

plan adopted on a previous occasion, and described in a 

paper read before the Society several years ago*. A quan- 

tity of yarn made entirely of Nankin cotton from the 

coast of Coromandel (generally called in Lancashire “Coco- 

nado cotton,” from the port of shipment) was treated with 

boiling alkaline lye for several hours; and the resulting 

dark brown liquid was drawn off and mixed with an excess 

of acid, which produced a dark brown flocculent precipi- 

tate. This was filtered off, washed with water, and then 

* Memoirs, 3rd Series, vol. iy. p. 95. 
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treated in the manner described in the paper just referred 

to. It was found to consist of the same substances as the 

precipitate obtained from the alkaline lye with which ordi- 

nary Indian or American cotton has been treated, viz. :— 

cotton wax, fusing at the same temperature and having the 

same properties as that from ordinary cotton ; a crystalline 

fatty acid, apparently identical with that previously ob- 

tained ; pectic acid, parapectic acid, and colouring-matters. 

It is to the latter that the cotton owes its colour; for this 

colour is removed to a great extent by treatment with 

alkali, and is again found tinging the precipitate produced 

on the addition of acid; and I therefore examined them 

with more care than the other constituents of the precipi- 

tate. Of these colouring-matters two may be distinguished. 

One of them is easily soluble in alcohol and is obtained on 

evaporating the solution as a dark brown, shining, trans- 

parent resin. The other is almost insoluble in cold alcohol, 

but dissolves in boiling alcohol, and is deposited, on the 

solution cooling, in the form of a light-brown powder. 

Their general properties are the same as those of the ana- 

logous colouring-matters from ordinary cotton. They con- 

sist, like these, of carbon, hydrogen, nitrogen, and oxygen ; 

but the relative amounts of the constituents are slightly dif- 

ferent. The analysis of the colouring-matter easily soluble 

in alcohol led to the following results :— 

0°4378 grm. of the substance, dried at 100° C., gave 

0'9346 grm. carbonic acid and 0°2138 grm. water. 

0'9958 grm., burnt with soda-lime, gave 0°5920 grm. 

double chloride of platinum and ammonium. 

In 100 parts it contained, therefore, 

Cy Te eaeaeencceeat arse 58:22 

Bye dee Bs cesates! 5°42 
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The other colouring-matter, on being analyzed, gave the 

following results :— 

0°4450 grm., dried at 100° C., gave 0°9374 grm. car- 

bonic acid, and 02237 grm. water. 

0'7936 grm. gave 0°6288 grm. double chloride of plati- 

num and ammonium. 

1°1854 grm. left, on being incinerated, 0°0054 grm. of 

ash* 0°45 per cent. 

After correction for the ash, these numbers correspond 

im 100 parts, to 
os ew Ae Reece ere 57°70 

1 = ee a Re an eae 5°60 

Nip stastes alder =< ous 4°99 

Ny eccives van sacetedsten ve 31°71 

As regards their composition, these colouring-matters do 

not, I think, differ more widely from the substances pre- 

pared by the same process from ordinary cotton than is 

frequently the case with bodies of the purity of which, in 

consequence of their not assuming a crystalline form, one 

can never be perfectly sure. The conclusion at which I 

arrive, therefore, is that the colour of Nankin cotton is 

due to the presence of bodies which are, if not identical 

with, at least very similar to those which cause the much 

fainter colour of the ordinary kinds. These experiments 

show, too, that the substances accompanying the cellulose 

(whether clothing the fibres or contained in their inte- 

rior) are the same in this variety as in those previously 

examined. 

* The ash was neutral to test-paper and of a reddish “colour ; it consisted 
of alumina with traces of lime and oxide of iron. 
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Prague, Imp. Acadd. Sc. and Lit. Chambéry, Tou- 

louse, Rouen, Caen, Lille, &c., Acad. Soce. Cher- 

bourg and Angers, Hortic. Soc. Cherbourg, Roy. 
Acad. Archeol. Brussels, Soce. Nat. Sc. Catania, 

Athens, Boston, Dorpat, Riga, &e. Cherbourg. 
1857, Jan. 27. Lowe, Edward Joseph, F.R.S., F.R.A.S., F.GS., 

1862, Jan. 7. 

1851, Apr. 29. 

1869, Jan. 12. 

1867, Feb. 5. 

1834, Jan, 24. 

Mem. Brit. Met. Soc., Hon. Mem. Dublin Nat.Hist. 

Soc., Mem. Geol. Soc. Edinburgh, &c. Nottingham. 

Nasmyth, James, C.E., F.R.A.S., &c. Penshurst, Tun- 

bridge. 

Pincoffs, Peter, M.D., Knt. of the Turkish Order of 

the “ Medjidié” 4th Cl., Mem. Coll. Phys. London, 
Brussels, and Dresden, Hon. and Corr. Mem. Med. 

and Phil. Soce. Antwerp, Athens, Brussels, Con- 
stantinople, Dresden, Rotterdam, Vienna, Kc. 
‘Naples. 

Saint Venant, Barré de, Ingénieur en chef des Ponts 

et Chaussées, Corr. Soc. Sci. de Lille et de l’Acad. 
Romaine des Nwovr Lincet, Mem. Soc. Philo- 

matique. 

Schonfeld, Edward, Ph.D., Director of the Mannheim 
Observatory. 

Watson, Henry Hough. Bolton, Lancashire. 



DATE OF ELECTION. 

1861, Jan. 22. 

1873, Jan. 7. 
1870, Dec. 13. 
1861, Jan. 22. 

1837, Aug. 11. 

1871, Oct. 31. 
1874, Noy. 3. 

1865, Nov. 15. 

1824, Jan. 23. 
1867, Nov. 12. 

1858, Jan. 26. 

1847, Jan. 26. 

1847, Jan. 26, 
1870, Nov. 15. 
1858, Jan. 26. 

1868, Dee. 15. 
1842, Jan, 55. 

1870, Nov. 15. 

1821, Jan. 26. 

1861, Jan. 22. 

1839, Oct. 

1875, Nov. 16. 

1873, Nov. 4. 

1855, April 17. 

1861, April 2. 
1844, Jan. 23. 

29. 

8 

ORDINARY MEMBERS. 

I R.C.P..., -Londs, 
Oakfield, -Ashton-on- 

Alcock, Thomas, M.D., Extr. 
M.R.C.S. Engl. L.S8.A. 
Mersey. 

Allmann, Julius. 27 Corporation-street. 
Angell, John. Manchester Grammar School. 
Anson, Ven. Archd. George Henry Greville, M.A. 

Birch Rectory, Rusholme. 

Ashton, Thomas. 36 Charlotte-street. 

Ashworth, John. arleswood, Seedley, Pendleton. 

Axon, William E. A., M.R.S.L., F.S.I. 4 Victoria 

Terrace, Rusholme. 

Bailey, Charles. 85 Withington-road, Whalley Range. 
Barbour, Robert. 18 Aytoun-street. 
Barrow, John. 3 Lgerton-terrace, Birch-lane, Long- 

sight. 

Baxendell, Joseph, F.R.A.S., Corr. Mem. Roy. Phys. 
Econ. Soc. Konigsberg, and Acad. Se. & Lit. 
Palermo. 382 Crescent-road, Cheetham Hill. 

Bazley, Sir Thomas, Bart., M.P. Lynsham Hall, 
Oxford. 

Bell, William. 51 King-street. 
Bennion, John A., F.R.A.S. 88 Pollard-street. 
Benson, Davis. 4 Chester-street, 

Bickham, Spencer H.,jun. Endsleigh, Alderley Edge. 

Binney, Edward Wiiliam, F.R.S., F.G.S., Hon. Mem. 

Geol. Socs. Edinburgh and Liverpool, and Geol. 
and Polytech. Soc. West Riding of Yorkshire. 55 
Peter-street. 

Bird, John Durham, M.D. Heaton Chapel. 

Blackwall, John, F.L.S. Hendre, Llanrwst. 
Bottomley, James, D.Sc., B.A., F.C.S. 7 Irwell- 

terrace, Lower Broughton. 

Bowman, Henry. Brooklands, Brockham Green, 

Reigate, London. 

Boyd, John. Princes-road, Fallowfield. 
Bridson, Joseph Ridgway, F.R.A.S. Bolton. 
Brockbank, William, F.G.S. St. Andrew's Chambers, 

Albert-square. 
Brogden, Henry. Hale Lodge, Altrincham. 

Brooks, William Cunliffe, M.A., M.P. Bank, 92 

King-street. 



9 
DATE OF ELECTION. 

1860, Jan. 24. 
1867, Dec. 10. 

1846, Jan. 27. 

1872, Nov. 12. 

1874, Dec. 15. 

1858, Jan. 26. 
1852, April 20. 

1842, Jan. 25. 
1854, April 18. 

1841, April 30. 

1853, Jan. 25, 

1859, Jan. 25. 

1861, Nov. 12. 

1861, April 29. 

1848, Jan. 25. 
1861, April 2. 

1854, Feb. 7. 

1871, Nov. 8. 

1842, April 19. 

1863, Feb. 10. 
1853, April 19. 

1869, Nov. 2. 

1870, Nov. 15. 
1861, Dec. 10. 
1855, Jan. 23. 

1872, April 16. 

1873, Noy. 18. 

1840, Jan. 21. 

Brothers, Alfred, F.R.A.S. | 14 St.-Ann’s-square. 
Broughton, Samuel. Heaton-on-Mersey. 
Browne, Henry, M.D., M.A., M.R.C.S. Engl. 244 

Oxford-str eet. . 

Burghardt, Charles Anthony, Ph.D.. 110 King- 
street. 

Carrick, Joseph. 
square. 

Casartelli, Joseph. 43 Market-street. 
Chadwick, David, F.S.S., Asso. Inst. C.E., M.P. 64 

Cross-street Chambers. 

Charlewood, Henry. 65 Clarence-street. 
Christie, Richard Copley, M.A., Prof. Hist. Owens 

College. 2 St.-James’s-square. 

Clay, Charles, M.D., Extr. L.R.C.P. London, L.R.C.S. 
Edin. 101 Precadiliy. 

Cottam, Samuel, F.R.A.S. 6 Essex-street. 

Coward, Edward. Heaton Mersey, near Manchester. 
Coward, Thomas. 

Crompton, Samuel, M.R.C.S. Eng. L.S.A., F.R. 
Med, Chir. Soc. 24 St.-Ann’s-square. 

Crowther, Joseph Stretch. 20 S¢.-John’s-street. 
Cunningham, William Alexander. Stanley Grove, 

Oxford-street. 

St. Andrew's Chambers, Albert- 

Bowdon. 

Dale, John, F.C.S. 

Chester-road. 

Dale, Richard Samuel, B.A. 

Works, Chester-road. 

Dancer, John Benjamin, F.R.A.S. 438 Cross-street. 
Darbishire, George Stanley. 14 John-Dalton-street. 

Cornbrook Chemical Works, 

Cornbrook Chemical 

Darbishire, Robert Dukinfield, B.A., F.G.S. 
George-street. 

Dawkins, William Boyd, M.A., F.R.S. Museum, 
Owen’s College. 

Deacon, Henry, F.C.S. Alkali Works, Widnes. 
Deane, William King. 25 George-street. 

Dickinson, William Leeson. 1. St.-James’s-street. 

Freeston, Rev. Joseph. Chapel-lane, Blackley. 

Gamgee, Arthur, M.D., F.R.S., Professor of Practical 

Physiology and Histology. Owens College. 
Gaskell, Rev. William, M.A. 46 Plymouth-grove. 

26 - 



10 
DATE OF ELECTION. 

1874, Nov. 3. 

1875, Feb. 9. 

1871, Oct. : 3. 

1862, Nov. 4. 

1339, Jan. 22. 

1873, Dec. 16. 

1828, Oct. 31. 

1868, Nov. 17. 

1861, April 80. 

1833, April 26. 

1864, Mar. 22. 

1851, April 29. 
1845, April29. 
1839, Jan. 22. 
1861, April 2. 
1854, Jan. 24. 
1855, Jan. 23. 
1846, Jan. 27. 

1873, Dec. 2. 
1857, Jan. 27. 

1855, Jan. 25. 

1866, Novy. 15. 

1872, Feb. 6. 
1850, April 30. 
1870, Nov. 1. 
1848, April 18. 

1842, Jan. 25. 

1852, Jan. 27. 
1867, Nov. 26. 

Grimshaw, Harry, F.C.S. 110 King-street. 
Gwyther, R. F., B.A., Lecturer on Mathematics, 

Owens College. Owens College. 

Harrison, Thomas. 18 St.-Ann’s-square. 
Hart, Peter. 150 London-road. 

Hawkshaw, Sir John, F.R.S., F.G.S., Mem. Inst. 
C.E. 33 Great George-street, Westminster, London, 

S.W. 
Heelis, James. 75 Princess-street. 

Henry, William Charles, M.D., F-R.S. 

street, Lower Mosley-street. 

Herford, Rev. Brooke. 13 Upper Camp-street, Higher 

Broughton. 

Heys, William Henry. 

Stockport. : 

Heywood, James, F.R.S., F.G.S., F.S.A. 26 Ken- 

sington-Palace Gardens, London, W. 

Heywood, Oliver. Bank, St.-Ann’s-street. 
Higgin, James. Little Peter-street, Gaythorn. 

Higgins, James. Kvng-street, Salford. 
Hobson, John. Rockville, Ballyshannon, Donegal. 

Hobson, John Thomas, Ph.D. Monton Lodge, Eccles. 

Holcroft, George, St.-Mary’s-gate. 
Holden, Isaac. 64 Cross-street. . 

Holden, James Platt. St.-James’s Chambers, 3 South 
King-street. 

Howorth, Henry H., F.'S.A. Derby House, Eccles. 

Hunt, Edward, B.A., F.C.S. 42 Quay-street, Salford. 
Hurst, Henry Alexander. 10 Peel-street. 

ll Last- 

Wycliffe Villa, Cheadle-road, 

Jevons, William Stanley, M.A., Professor of Logic, 
&c. Owens College. Owens College. 

Jewsbury, Sidney. Ellesmere Chambers, King-street. 
Johnson, Richard, F.C.S. Oak Bank, Fallowfield. 
Johnson, William H., B.Sc. 27 Dale-street. 
Joule, Benjamin St. John Baptist. Ch Pornt, 

Higher Broughton. 

Joule, James Prescott, D.C.L., LL.D., F.R.S., F.CS., 
Hon. Mem. C.P.S. and Inst. Eng. Scot., Corr. 
Mem. Inst. Fr. (Acad. Sc.) Paris, and Roy. Acad. 
Se. Turin. Cliff Point, Higher Broughton. 

Kennedy, John Lawson. 
Kipping, James Stanley. 

47 Mosley-street. 

Branch Bank of England. 



11 
DATE OF ELECTION. 

1862. April29. 

1860, Jan. 24.- 
1863, Dec. 15. 

1850, April 30. 
1871, Oct. 3. 
1857, Jan. 27. 
1870, April 19. 
1850, April 30. 

1859, Jan. 25. 

1829, Oct. 30. 

1838, April 17. 
1866, Nov. 13. 

1875, Oct. 5. 

1859, Jan. 25. 

1875, Jan. 26. 

1873, Nov. 4. 

1858, April 20. 

1864, Nov. 1. 

1868, Nov. 17. 

1887, Jan. 27. 
1873, Mar. 18. 

1864, Mar. 8. 

1861, Oct. 29. 

1870, Nov. 1. 

1875, Feb. 9. 

1854. Feb. 7. 

1850, Jan. 24. 
1873, Mar. 4. 
1875, Noy. 16. 

1862, Dec. 30. 

Knowles, Andrew. Migh Bank, Pendlebury. 

Latham, Arthur George. Lower Keng-street. 
Leake, Robert. 3 Bond-street. 

Leese, Joseph. Altrincham. 

Livesey, Thomas. 12 Tvb-lane. 
Longridge, Robert Bentink. 67 King-street. 

Lowe, Charles. 61 Piccadilly. 
Lund, Edward, F.R.C.S. Eng., L.S.A. . 22 St.-John’s- 

street. 

Lynde, James Gascoigne, M. Inst. C.E., F.G.S. 
Town Hall. 

McConnel, James. Esher, Surrey. 
McConnel, William. 90 Henry-street, Oldham-road. 

McDougall, Arthur. 68 Port-street. 
Mackereth, Thomas, F.R.A.S., F.M.S. celes. 

Maclure, John William, F.R.G.S.  Cross-street. 
Mann, John Dixon, Licentiateof the King and Queen’s 

College of Physicians, Ireland; and M.R.C.S. Eng. 
16 St.-John’s-street. 

Marshall, Rev. William, B.A. 6 Swinton Avenue, 
Plymouth-grove. 

Mather, Colin. 

street, Salford. 
Mather, William. Jron Works, Deal-street, Brown- 

street, Salford. 
Mawson, John Isaac, C.E. 4 Essex-street. 

Mellor, William. 38 Hyde-road, Ardwick. 

Melvill, James Cosmo, M.A., F.L.S. 6 North Cor- 

ridor, Royal Exchange. 

Micholls, Horatio. 6 Kensington-Garden Terrace, 
Hyde Park, London, W. 

Morgan, John Edward, M.B., M.A., M.R.C.P., Lond., 
F.R. Med. and Chir. 8. 1 St.-Peter’s-square. 

Morris, Walter. 68 Fountain-street. 

Muir, M. M. Pattison, F.R.S.E. Owens College. 

Iron Works, Deal-street, Brown- 

Nevill, Thomas Henry. 19 George-street. 

Newall, Henry. Hare-hill, Inttleborough. 

Nicholson, Francis, F.Z.S. 62 Fountain-street. 
Nix, E. W., M.A. Branch Bank of England, King- 

street. 

Ogden, Samuel. 10 Back Mosley-street. 



12 
DATE OF ELECTION. 

1861, Jan. 22. 

1844, April 30. 

1861, April 30. 

1874, Jan. 13. 

1870, Nov. 29. 

1854, Jan. 24. 

1860, April 17. 

1861, Jan. 22. 

1854, Feb. 7. 
1859, April 19. 

1869, Noy. 16. 

1860, Jan. 24. 

1864, Dec. 27. 

1822, Jan. 26. 
1864, Jan. 12. 

1858, Jan. 26. 

1851, April 29. 
1870, Dec. 13. 

1842, Jan. 25. 

1873, Nov. 18. 

1852, April 20. 

1869, Feb. 23. 

1838, Jan. 26. 

1845, April 29. 

1871, Nov. 14. 

1859, Jan. 25. 
1851, April 29. 

O’Neill, Charles, F.C.S., Corr. Mem. Ind. Soc. Mul- 

house. 254 O.wford-street. 

Ormerod, Henry Mere. 5 Clarence-street. 

33 Dickinson-street. 

Mawdsley-street, Bolton. 

St. George's 

Parlane, James. 

Pennington, Rooke. 

Piers, Sir Eustace Fitzmaurice, Bart. 

Iron Works, Hulme. 

Pochin, Henry Davis. 44 Quay-street, Salford. 

Pocklington, Rev. Joseph Nelsey, B.A. Rectory, St. 
Michael's, Hulme. 

Radford, William. 41 John-Dalton-street. 

Ramsbottom, John. Harewood Lodge, Mottram. 

Ransome, Arthur, M.A., M.D. Cantab., M.R.C.S. 
1 St.-Peter’s-square. 

Reynolds, Osborne, M.A., Professor of Engineering, 

Owens College. Owens College. 
Roberts, William, M.D., B.A., M.R.C.P. Lond. 89 

Mosley-street. 

Robinson, John. 

street. 

Robinson, Samuel. Blackbrook Cottage, Wilmslow. 

Rogerson, John. Gaythorn. 
Roscoe, Henry Enfield, B.A., Ph.D., F.R.S., F.C.S., 

Professor of Chemistry, Owens College. Owens 

College. 

Atlas Works, Great Bridgewater- 

Sandeman, Archibald, M.A. Tulloch, near Perth. 

Schorlemmer, Carl, F.R.S., F.C.S. Owens College. 

Schunck, Edward, Ph.D., F.R.S., F.C.S. Oaklands, 

Kersal., 

Schuster, Arthur, B.D. Owens College. 

Sidebotham, Joseph, F.R.A.S. 19 George-street. 
Smart, Robert Bath, M.R.C.S. 176 Oxford-street. 
Smith, George Samuel Fereday, M.A., F.G.S. Grove 

House, Tunbridge Wells. 

Smith, Robert Angus, Ph.D., F.R.S., F.C.S., Corr. 
Mem. I.R. Geol. Inst. Jienna. 22 Devonshire-street, 

All Saints. h 

Smith, Watson, jun., “.C.5. 

Wilmslow. 
Sowler, Thomas. Red Liés-street, St.--Ann’s-square. 
Spence, Peter, F.C.S., M.S.aa. Alum Works, Newton 

Heath. 

Hawthorn House, 
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DATE OF ELECTION. 

1864, Dec. 27. 
1870, Nov. 1. 

1863, Oct. 6. 

1814, Jan. 21. 

1870, Mar. 22. 
1873, April 15. 
1860, April 17. 

1861, April 30. 

1873, Noy. 18. 

1873, Nov. 4. 

1874, Dec. 15. 

1874, Jan. 27. 
1857, Jan. 27. 

1858, Jan. 26. 

1839, Jan. 22. 

1859, Jan. 25. 

1859, April 19. 

1874, Nov. 3. 

1851, April 29. 

1871, Oct. 31. 

1836, Jan. 22, 

1860, April17. 
1863, Nov. 17. 

Spencer, Joseph. 105 Portland-street. 
Stewart, Balfour, LL.D., F.R.S., Professor of Natural 
Philosophy. Owens College. 

Stretton, Bartholomew.  Bridgewater-place, High- 
street. 

Stuart, Robert. Avrkennan, Dalbeattie, N.B. 

Teale, James. Springfield, Sale. 

Thomson, William. Royal Institution. 
Trapp, Samuel Clement. 88 Mosley-street. 

Vernon, George Venables, F.RAS.,. PMS, ES 
Anthrop. Soc., Mem. Met. Soc. Scot., and Met. Soc. 

France. Auburn-street, Piccadilly. 

Waters, Arthur William, F.G.S. Woodbrook, Alderley 
Edge. 

Watkins, James. Hurst Bank, Heaton, Bolton. 
Watson, Morrison, M.D., Professor of Descriptive 
Anatomy, Owens College. Owens College. 

Watts, John, Ph.D. 21 Brown-street. 
Webb, Thomas George. Glass Works, Kirby-street, 

Ancoats. 

Whitehead, James, M.D.. M.R.C.P. Lond., F.R.C.S. 

Engl., L.S.A., M.R.LA., Corr., Mem. Soc. Nat. 
Phil. Dresden, Med. Chir. Soc. Zurich, and Obst. 
Soc. Edin., Mem. Obst. Soc. Lond. 87 Mosley- 

street. 

Whitworth, Sir Joseph, Bart., F.R.S. Chorlton-street, 
Portland-street. 

Wilde Henry. Mill-street, Ancoats. 
Wilkinson, Thomas Read. Manchester and Salford 

Bank, Mos’ y-street. 

Williams, William Carleton, F.C.S. Owens College. 

Williamson, William Crawford, F.R.S., Professor of 
Nat. Hist., Anat., and Physiol., Owens College, 
M.R.C.S. Engl., L.S.A. Egerton-road, Fallowfield. 

Winstanley, David. Doctor's Cottage, South Shore, 

Blackpéoi. 
Wood, William Rayner. 
Mane’ ster. 

Woolley, George Stephen. 69 Market-street. 

Wort ington, Samuel Barton, C.E.  Crescent-road, 
Cheetham Hull. 

Singleton Lodge, near 



f4 
DATE OF ELECTION. 

1865, Feb. 21. Worthington, Thomas. Bridgewater-Club Chambers, 
King-street. 

1864, Novy. 1. Wright, William Cort, F.C.S. The Springs, Bowdon. 

N.B.—Of the above list the following have compounded for their 
subscriptions, and are therefore Life Members :— 

Brogden, Henry. 
Sandeman, Archibald, M.A. 

Smith, Robert Angus, Ph.D., F.R.S. 
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