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NOTE.

The following work of Dr. Rochleder was originally published in Germany,
at Wurzburg, by Stahel, in 1858,

In 1859, Mr. JorN M. MarscH, now Professor of Materia Medica and Pharmacy*
in the New York College of Pharmacy, made a translation, and offéred it for
publication in this city, but it was declined by the Publisher, owing to the
limited number of persons by whom such a work is sought.

In May, 1860, the Editors of the Pharmaceutical Journal, of London, com-
menced the publication of a translation by Mr. William Bastick, Pharmaceu-
tical Chemist of that city, in parts of a few pages, which continued with oc-
casional interruption until March, 1861. Notwithstanding this translation
had several defects, it was determined to adopt it as the basis of a reprint, in
parts, in the American Journal of Pharmacy, Mr. Maisch having, very liber-
ally, agreed to carefully revise the pages, before they were submitted to the
printer, by a comparison with the original text. Its publication commenced
in that Journal in January, 1860, and was continued until September, 1862,
with but one interruption. The work as here presented will be found to vary
somewhat from the translation of Mr. Bastick, and it is believed has been ren-
dered clearer.

The subject is exceedingly difficult to convey in the abstract way in which
the Author has seen fit to present it, and involves a constant repetition of
terms that might perhaps have been partially avoided, and rendered more in-
teresting to the student, if he had adopted the plan of giving actual examples
of proximate analysis.

Believing that the printing of & small separate edition of the work would
prove a useful aid to American pharmaceutical students, especially in the,
preparation of their theses, it has been accomplished and is here presented.

WiLLiax PRoOTER, JB.

Philadelphia, August, 1862,
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PROXIMATE ANALYSIS

oy

PLANTS AND VEGETABLE SUBSTANCES.

INTRODUCTION.

The medicinal action which many plants, or parts of plants, possess,
may have been principally the earliest occasion of the examination of
plants. It is probable that the analysis of plants, and particularly of their
sap, was the first original labor in telation to analytical chemistry, when
the term analysis could be scarcely employed in the sense which we at-
tach to this word at the present time. Indeed, some derive the word
-« Chemistry’ from xvpss (the sap), hecause the sap of plants had been the
object of the earliest chemical research, The applicability of many plants
to technical purposes was the later and profitable occasion for the analy-
sis of plants and their parts. It is, therefore, evident why the earliest
labors were not directed to discover all the constituents of a plant or of its
parts, but had for their object the isolation of one or the other of its con--
stituents. Chemists endeavored to isolate the medicinally active sub-
stance, or the poison of medicinal or poisonous plants, and the substances,
a8 coloring matters, tannin, &c., of plants, used for industrial purposes, and
on these accounts employed. Nevertheless, we very seldom find analyses -
of all parts of a plant; mostly, analyses were preferred of those parts of
plants which were employed in medicine or in the arts. All analyses
were undertaken from views which must remain foreign to chemistry as
a science, which proceeds without regard to medical or technical objects.
Another period commenced first in more recent times in the investigation
of plants, in which the former predominating views were more and more -
thrown into the background : chemists hecame sensible that one constitu-
snt of a plant possessed for the plant the same degree of importance as-
any other, quite independently of its applicability to different ohjects. .
They perceived that all the constituents of a plant must stand in the closest.
relations to one another ; that one is formed from the other, that the exist-
ence of pne constituent could not be regarded independently of the exist-
ence of the others, and that all constituents are links of one chain. The
principal result -of these new views was an alteration in the method of
investigating plants; it could no longer be said to be a one-sided endea-
vor for the isolation of a substance with a disregard to all other simultane-
ously existing constituents. It became necessary to search for all the coy-
stituents of a vegetable substance by analysis, and to study them closely.
The inquiries concerning the process by which one constituent is formed
from others, and, according to the nature of the affinities, is converted

1



2 ROCHLEDER’S PROXIMATE ANALYSIS.

into other substances, have rendered requisite more correct analyses with
reference to all the constituents.

The first effortg of chemists in the analysis of plants and their parts were
limited to the separation of their constituents from one another, as far as
it was possible, by their different behaviour to solvents. The substances
thus separated, often still a mixture of several bodies, had a peculiar
name eonferred on them, but their composition, their relation to other
bodies, with the exception of some observations concerning their color, or
the precipitates produced by the addition of reagents, were not further in-
vestigated. From a resemblunce in the properties of individual constitu-
ents with bodies already known, their identity with the same was decided
upon. While some chemists rather predicted than were able to detect an
unlimited quantity of different bodies in various plants by a great number
of analyses in the highest degree imperfect, others proceeded to examine
more closely the detected constituents individually. It was quite in
the nature of things to be expected that for the investigation of the
composition and constitution of their individual constituents, those
bedies in particular should be selected which from their properties ap-
peared to give a guarantee of their purity by reason of the facility with
which they could be isolated and purified. For example; volatile oils, by
the facility with which they are volatilized undecomposed, and are sep-
arated at certain boiling points from other volatile substances with some
precision ; also crystallizable bodies of some permanence which may be
easily separated from other amorphous substances by their disposition to
assume the crystalline form.- These were the objects of attention to those
men of science who expected more benefit to chemistry from a fundamen-
tal study of some substances than by the discovery of many. Thus, then,
it happens that besides sdme few well-conducted analyses of vegetable sub-
stances, we possess a gréat mass of imperfect analyses, and sometimes an
exact chemical investigation of one or the other constituent of a vegetable
substance, in which the remaining constituents have received no considera-
tion. There exists, at.the present day, no investigation of the various
parts of a plant which has been completed so that, uniting the details of
each investigation of all the constituents to a whole, it could give us a rep
resentation of the constitution of the plant.

The investigation of an individual constituent of a vegetable often re-
quires a long time, and a great expenditure of patience and sagaci-
ty, not to speak of the pecuniary sacrifice combined with it. For

" these reasons few of the substances have been at present examined in com.
parison with the number whose existence is already known. Butanexact
and complete analysis is endlessly troublesome when the nature of the
constituents are not known. To this is to be ascribed the few analyses we
possess which correspond to the acquirements of science. For an analysis
which informs us what constituents a plant contains in its various parts,
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and in what quantity they are present therein, we seek in vain in chemi.
cal works. .

As we find only some analyses of plants which possess a value, when we
examine the long series of such analyses, so also we search vainly for a
definite method according to which they could be arranged. There is no
difficulty in explaining why no method is given for the analysis of plants
such as we possess in mineral chemistry. Inorganic analysis is, in gen-
eral, the analysis of defined compounde, the properties of whose elements
are, for the most part, correctly known, and likewise the properties of their
most important combinations with one another. When the analysis of
plants treats of the analysis of mixtures which cannot be separated me.
chanically, then terminates the precision and certainty of inorganic chem-
1stry, which we only can boast of in its relation to elementary analysis.
The investigations of the various minerals, as phonolithe, &c., show how
little we know of the means of separating the individual constituents,
Every part of a plant is a mixture of many constituénts not mechanically
separable, the number of contemporaneously existing constituents of such
4 mixture being infinitely greater than.in the most complex fossils. If it
be difficalt in this case to find out a method of separation, how much more
difficult will it be with plants, whose principal constituents are so readily
decomposable and changeable that they may be altered not only by the re-
agents employed for their separation, but act reciprocally on one another,
producing bodies which were not originally present,

When we have to deal, in the analysis of plants, with known compounds,
as is mostly the case in mineral chemistry, still the investigation is not
easy. In the analysis of a vegetable substance heretofore unéxamined, we
can reckon almost with certainty on meeting with one,or more quite un-
known bodies. The intimation which has been already often expressedl,
that a rational method for the analysis of plants-is quite impossible unti
at least we are correctly acquainted with the majority of vegetable bodies,
is, consequently, not withoutsome foundation, for only when we know the
properties of the constituents of plants and their combinations, can a
method be established which will be available for all time. Consequent-
ly, both for the presentand the nextcentury we mustrenounce the hope of a
permanent and rational methodof vegetable analysis, as it is soarcely
possible, in & shorter space of time for chemists to study correctly
and copiously enough the majority of the constituents of plants. The num-
ber of plants is great, and increases yearly by fresh discoveries, and with the
number of plants the number of peculiar vegetable substances also increases.
Therefore, if we would wait for the establishment of & method of vege-
table analysis until we are acquainted with the majority of all vegetable
hodies, we should never arrive at one, because we can only learn the proper-
tiesof these bodies by organicanalysis, and toinvestigate plants without some
such method of analysis tends to aimless researehes. However, this is clear,
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that every method of vegetable analysis which is arranged for the present,
must be only a provisional one, to be made more comprehensive as
soon as the knowledge of the constituents of plants has been extended by
its aid—in other words, the provisional method is the means to arrive at
better methods.

With the majority,of the older analyses of vegetables the foundation of
the process was the application of different solvents in succession. Ether,
alcohol and water were the solvents most commonly employed. In many
cases, the residues were brought into contact with dilute acids and alkalies,
generally with the assistance of heat, after having heen more or less ex-
hausted with the three fluids mentioned. 1In consequence of the facility with
which many substances are transformed into others by the action of
acids and alkalics in the heat, these latter methods of treatment often gave
rise to incorrect views of the composition of the plants, or those parts
under examination. The treatment of the substance to be examined in
succession with ethdr, alcohol, and water, would have afforded much bet-
ter results, as in fact was mostly the case when two conditions which did
not prevent a complete separation in this way, were not sufficiently aitend-
ed to and calculated upon. These conditions are the following: the ex-
haustion of the substance under examination with one fluid must always be
imperfectly effected before the second is allowed to act thereon. We
cannot so prepare the material that each individual cell and its contents
are exposed to the action of the solvent, because the material reduced to
an impalpably fine powder, and exhausted with a solvent, affords again to
the same solvent substances after it has been freshly triturated. Thus it
happens that there are always bodies retained in the substance under exam-
ination after its treatment with a solvent which are soluble therein. If
we now bring the substance in contact with the second solvent, the bodies
not only will dissolve that we intend therewith to extract, but often also
the remainder of the bodies which the first solvent left behind. The same
holds good with regard to the third solvent. A solution of certain bodies
by a solvent will afford thereby no means in many cases for the separation
of other bodies which are insoluble in this solvent, because frequently sub-
.stances which are per se insoluble in a liquid, are not insoluble in a sola-
tion of other substances in the same liquid. In this way we obtain, in a
watery or alcoholic extract of a vegetable substance, bodies which per se
are insoluble in water or alcohol, but which, by the agency of other bodies,
are dissolved therein. Independently of these detrimental circumstances,
which are produced by an incomplete exhaustion with one liquid before
the application of a second solvent, there is associated the condition that the
exhaustion with a liquid, at the same time, produces a solution of bodies
which should not dissolve, because they are held to be insoluble therein.
.But what is termed insoluble are, in the majority of cases, only very diffi-
.cultly soluble. substances, that is, such sybstances as require a large
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quantity of the liquid when a little shall be- dissolved therein. How-
ever, when it is desired to exhaust as much as possible a substance by
means of a liquid, it is necessary to emplyy a large quantity of the
liquid, as it is essential to effect the extraction with renewed portions
of the solvent. In so great a quantity of liquid, a quantity not inconsidera-
ble of the very difficultly soluble bodies dissolve, which, by the concentra-
tion of the liquid, are often prevented from being separated by other con-
stituents, thus rendering impure, in a serious degree, the substance which
we wish to extract free from the other constituents.

The method for the analysis of plants, given in the following pages, de-
pends on the treatment of materials with various solvents. Every result-
ing solution then undergoes a further appropriate treatment therein. Tt
must be here mentioned that the preparation of some of these solutions, and
their further investigation, promise no certainty, and that only by a com-
parison of the results which are obtained by the investigation of all the in-
dividual constituents, separately and collectively, can we deduce & correct
conclusion on the constitution of a vegetable product.

It would have been, as every competent judge will concede, a perfectly
unfruitful, useless labor, to publish, as far ae it is known, the behaviour of all
known constituents of plants with reagents ; and more so, because we would
but deceive ourselves or others if from the apparently identical behaviour
of two analogous bodies with some reagents a conclusion with regard to their
identity should bedrawn. Only by identical composition, surely established
by elementary analysis, the identity of reactions proves something ; through
the attempts at recognizing and detecting in a mixture of bodies the indi-
vidual constituents by their behaviour with reagents without further corrob-
oration, have arisen numberless false statements. Malic acid, gum, &e.,
are stated to have been found as constituents in numerous plants. Who-
ever has carefully tested these statements will find, by a repetition of the
analysis, no mulic acid, and convince himself that the supposed gum is a
salt of an organic acid with an inorganic base, which possesses no remark-
able taste, dries to a gum-like mass, dissolves in water, and is precipitated
by alcohol therefrom in white flocks, &. To prove that a body, which has

*been obtained by analysis, is identical with an already known substance,
the elementary analysis of this body, or one of its suitable combinations,
must be undertaken. Only the reactions of substances rendered pure, de-
serve in this respect consideration, not the reactions of mixtures. With-
out elementary analysis, in regard to identity, only a high degree of pro-
bability ean be arrived at, but no certainty. But an error, in a high de-
gree probable, is more dangerous than a palpable mistake. Elementary
analyses, which alone bestow a value on the identity of reactions, are,
besides, the least difficult and tedious part of the labor. They require no
great amount of ability. This is only necessary for the preparation of the
substance to be analyzed.



6 : ROCHLEDER’S PROXIMATE ANALYSIS.

Secrion 1.— Mechanical treatment of the material preliminary to its
investigation.

When we desire to be able to learn the composition of a vegetable sub-
stance, the first requisite is to simplify and facilitate the subsequent chemi-
cal operations by a suitable mechanical preparation of the substance to be
examined. '

If we were in a position so to dismember a plant that only its equally
similar cells were separated and subjected to a chemical investigation, not
only would the analysis be thereby greatly simplified, but a source of error
would be quite removed—the formation of bodies notoriginally present,by the
action of the constituents of dissimilar cells on one another. But such an
anatomical preparation of the material for the subsequent chemical investiga-
tion is an impossibility. Now, as the separation of the individual tissues of a
plant, at least of such a large quantity of the material as we require for a
chemical investigation, belongs to the limits of the impossible, we niust
accomplish at least the possible in this respect by the mechanical separation
of the parts as completely as practicable. How far this can be effected in
certain cases depends on the structure and anatomical relations of the sub-
stance to be examined. '

To render the substance intended for examination suitable for treatment
with liquids, it must be comminuted. The more points of contact pre-
sented by the material to the liquid, the better 1t is. The comminution
cannot easily be carried too far with materials which cannot be penetrated
with the liquid which is intended for their extraction. In this case merely
moistening of the surface of the smallest portions takes place. The smaller
these portions, the greater the surface, the more completely the extraetion
with the solvent is accomplished. With a material which is readily pene-
trated with the solvent employed, a careful comminution is superfluous. * In
go far as a substance swells up by means of the fluid used for its extraction,
its minute division is objectionable. Under such circumstances a gela-
tinous mass results, which absorbs and retains much fluid, the solvent can-
not be separated, and when pressure is employed for this purpose, the
pasty mass escapes through all the pores of the press-cloth.

Frequently a very fine powder of the substance cannot be prepared on
account of the peculiar tenacious property of the material. Nevertheless,
if it be desirable to divide such a substance as much as possible, it may be
often readily effected after the removal of the greatest part of several con-
stituents. , =

Often a certain degree of moisture, the presence of water, renders the
substance tenacious and elastic, so that it is difficult to pulverize it. A
careful drying suffices in such cases to deprive the material of its tenacity,
and to render it pulverizable. For example, it is extremely difficult to beat
to a fine powder coffee beans in the condition in which they exist in com-
merce. However, this is easily effected when they are exposed for several
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days to a temperature between 140° and 150° Fahr., and thereby rendered
frep from a portion of their hygroscopic water. The presence of a fatty
oil oftentimes makes the substance to be examined tenacious; after the
expression of the oil from the coarsely powdered material, the residue can
then be finely divided.

When resins or fats in smaller quantities are the cause of the tenacity
and elasticity, the comminution of substance may be effected by first re-
moving, by a suitable solvent, the objectionable portion of the constituents
from the coarsely powdered substance, then drying it, when it can be
finely divided. . .

The pulverization is always facilitated when it is accomplished by stamp-
ing or rubbing, by separating the coarser from the finer particles by means
of a sieve, and repeating the operation on the coarser portion.

Whether a substance is to be reduced to a fine state of division by
stamping, rubbing, rasping, cutting, or crushing between rollers, depends
on its properties, and no instructions can be previously given here in this
respect. The apparatus required for these operations are so well described
in various works, and rendered intelligible by the aid of engravings that it
appears superfluous to enter more closely into this matter.

Before the pulverized material is treated with appropriate solvents, it is
advisable in all cases to observe whether it is not possible by expression to
completely separate certain constituents. In theinvestigation of vegetable
substances which contain liquid fats, or fats fusible at a moderate tempera-
ture, a great portion of the fat may be separated by cold expression, or by
plates heated to 212° Fahr. In the investigation, the advantage is not
only thereby gained that a considerable quantity of fat is separated from
the other constituents, but many other advantages are thus attained in the
further treatment of the substance—for example, in its extraction with

" water as well as with alcohol, as the presence of a large quantity of fat oc-
casions many inconveniences. The watery decoction, as well as the
watery residue, which remains behind after the expulsion of the alcohol
from the extract prepared with spirit, is repdered, with materials rich in
fat, often turbid, and cannot be obtained clear by filtration. With such
liquids the filtration proceeds with extremc slowness. This disadvantage
is everywhere evident when saponin or analogous bodies are present in
solutions, which divide the fat so finely and suspend it in the liquid, that
it passes through a moist filter simultaneously with the liquid. Even
when the liquid can be obtained clear by filtration, its filtration is very

" much retarded thereby, and the opportunity to decompose is afforded to the
dissolved substances. When & turbid fluid, containing fat, is mixed with
a saline solution to produce a precipitate, the precipitate mechanically
throws down the fat, becomes 8o pasty in consequence, and difficultly divi-
sible in water, that its solution in acids, its decomposition by a current of
gas, and by other agents, are very difficult to be accomplished.. There often
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remains no other menns for the separation of the fat than to precipitate a
portion of the constituents, which are dissolved in the fatty liquid by a re-
agent, and then to filter the liquid. It is evident that by this method of
separating the fat a portion of the other constituents are sacrificed. It is
advisable to avoid such loss when it can be prevented.

SectioN 2.—On the nature of the substance to be examined, and on the
quantity required for ils investigation.

If we desire the investigation of one, several, or all the constituents of a
plant, by means of analysis, we should endeavor to obtain the material
for the investigation in the freshest condition possible. I have had oc-
casion to convince myself that some fresh vegetable substances, evex when
most carefully dried and preserved, did not, after some months, contain
even a trace of several bodies which were easily detected in their recent
state. It is often impossible to use the material in a fresh state for
investigation. When plants or their constituents bave to be examined,
which are brought from distant countries, we must be contented to obtain
them in the best possible state of preservation, as it is not possible to
draw with full certainty a correct conclusion from the composition of such
dried materials as to their composition when in a fresh condition. Indeed,

. such investigations are calculated to afford very useful results in
pbarmacological, dietetic, or industrial relations, because the materials are
employed in the same condition in which they are investigated ; but they
are not suitable for giving a representation of the true composition of the
living plant. Chemical changes often proceed on keeping the plants with-
out observable extemnal alterations, and the composition resulting from
these changes is then often regarded as the original one. Consequently,
when we are in a position to!select the material for the analysis of a
plant, and are not compelled to employ for the investigation vegetable sub-
stances which we cannot procure in a fresh state, it is always most con-
venient to select such plants or their parts as can be obtained in a
fresh condition, which enable us to undertake the investigation at places
not far distant from where they grow. Only in these cases are we sure to
obtain a correct result from a correct analysis; that is, to be able to learn
the true composition of the living plant. Results are only obtained in this
way, which, in vegetable physiology or botany, are truly trustworthy. It
would appear, from what has been stated, that the field of activity is a cir-
cumscribed one ; but this is not so. We know the composition of plants
which grow in our immediate neighborhood, less than that of many others
The tree under whose shadow we walk, as well as the vegetable we tread
upon in our path, are chemically unknown things. We know the salicin
of the willow and the populin of the poplar, we know the amygdalin of
the almond and the volatile oils of the chamomile and the sage, but a repre-
sentation of the composition of those plants we have not. He who knows
the composition of oil of valerian, knows nothing of the composition of the
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verygreat mass of material must be operated upon to obtain the constitaent
which is present in small quantity, becaase from a smaller quantity of the
material we cannot obtain enough to arrive at a conclusion upon its nature
by a suitable research. If we abatract from the weight of a substance under
examination the weight of water which it contains, also that of the inor-
gaunic constituents and the weight of cellulose which remains after the ma-
terial has been treated with ether, aleohol, water, diluted acids, and alkalies,
we obtain an inconsiderable residue, which represents all the other bodies
together present, except the cellulose, water, and inorganic constituents. As
a general rule, we seldom find more than 300 grains of these bodies in from
3 1bs. to 5 lbs. of the crude material, which must be subjected to a close in-
vestigation if we woald arrive at a correct view of their true nature. From
this geueral estimate, it will be seen that 5 Ibs. of crude material is a quan-
tity that scarcely is sufficient at any time for the completion of an analysis.
The least quantity of material is required in those cases where the known,
easily recognized constitaents are in the smaller quantity, and the unknown
ones, on the contrary, are in the greater quantity.

SecrioN 3.— Treatment of materials with various solvents.

The material mechanically prepared for the investigation should be di-
vided into several parts, and eaeh part treated with a solvent to obtain a
number of extracts, which are to be submitted to a further examination.

The fluids most frequently used for a long time for this purpose are ether,
aleohol, and water ; the latter is often mixed with acids or alkalies. The
ether is generally used in a perfectly pure condition, the alcohol mixel
with- more or less water, according to the strength of the spirit required.

. Experience has shown that water, after it has extracted bodies from a mate-
rial which are quite soluble in water, also possesses the power of diesolv.
ing substances, as already mentioned, which are either insoluble, or diffi-
cultly soluble per se therein. This disadvantageous circumstance occurs
less with alcohol, and still less with ether. In consequence, it has become
a general rule to treat the material first with ether, then with alcobol, and
lastly with water, when it is intended to treat it with these three solvents.
I have found it the most convenient to extract a portion of the material
with hot water, another portion with cold water, a third portion with acid-
ulated water, a fourth portion with ammoniacal water, a fifth portion with
alcohol, and to treat a sixth portion with ether. In peculiar cases, a treat-
ment with aleohol containing ammonia or potash is suitable. The prepara-
tion of these solutions, as well as the precautions to be therein observed,
will here be more minutely discussed.

L.—Treatment of the substance under examination with boiling water.

The treatment with boiling water, as previously stated, should afford us
a decoction and a distillato, of which the former will contain the non-vol-
atile constituents and the non-volatile compounds of the volatile bodies in
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dissolves in the water, while the ferment is converted into an inactive con-
dition.

With materials which contain easily oxidizable constituents it may be
readily perceived that by the introduction of the substanoes into boiling
water their oxidation takes place in a much smaller degree than by being
immersed in cold water and subsequently heated. The decoctions which
are obtained according to the method here recommended are on that ac-
count generally much paler than those produced by gradual heating.

When the substance to be extracted has been sufficiently long in con-
tact with the boiling water, and no more volatile products can be detected
in the distillate, in case such have been formed therein at the commence-
ment of distillation, the operator, after the neck has been removed, with-
draws the cylinder and its contents, places it on a capacious dish or basin
to catch the droppings, and presses the material in a press between two
vertical plates. The decoction is filtered, whilst hot, through paper. To
prevent it cooling while being filtered, as large a number of funnels as are
necessary should be employed. If, in consequence of the liquid cooling,
anything should be separated by the filter which had been previously dis-
solved, the filtration must be performed by means of a hot water funnel.
From a watery decoctior: of the flower-buds of capparis spinosa, the quer-
citrine, or the so-called rutinic acid, is precipitated by cooling in volumin-
ous flocks. The distillate thus obtained is either pure water, in those cases
where the substance under examination did not contain bodies distillable
with the vapor of water, or such as are not in a free condition, but in the
form of non-volatile compounds, or there are volatile bodies dissolved
therein or suspended with others. The distillate is then either clear when
the volatile substances are readily soluble in the water distilled over with
them, or are present in very small quantity, or it is turbid from suspended
undissolved substances which exist in the fluid either in the form of oily
globuiles, or erystals, but seldom in the form of flocks. More frequently,
when the material contains ‘a considerable quantity of volatile substances
which are not readily selauble in water, an oily film swims on the surface
of the distillate, or collects at the bottom of the liquid. The volatile bodies
which may be dissolved or suspended in the distillate belong often tothe
most different classes of bodies. Volatile bases, volatile acids, hydro-
carbons, indifferent volatile oils containing oxygen, aldehydes, compound
ethers, may be contained in such a distillate. It is a rare case for only
one volatile substance to be found by a close examination of the distillate.
If the substance under examination contains only small quantities of vola-
tile substances, recourse must be had to cohobation. When a portion of
the material ‘has been treated in the manner directed, and u sufficient
quantity of the distillate has been obtained to point out by means of a
preliminary examination to what classes of bodies the volatile substances
found therein belong, it may be easily determined whether eohobation is
necessary or not. Assuming there were only vdlatile acids or volatile

.
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the substance, the liquid is filtered through paper. This fluid is suitable
for the deteotion therein of some bodies which are soluble in alkaline
" ligquids, but not in water or dilute acids. Oaly when the addition of dilute
hydrochloric acid produces a precipitate in this fluid is it prepared on a
larger scale for the further examination of the precipitate. When no
precipitate results, it is no longer employed for the investigation.

V.—Treatment of the material to be examined with alcohol.

Whether alcohol containing more or less water is employed for the ex-
traction of the material, whether the extraction should be conducted at an
ordinary temperature or at a boiling heat, depends on the properties of the
material to be extracted. The vperator must first convince himself whether
a considerable quantity of fat is present or not. It is easy to ascertain
this with certainty. The extraction of a small quantity of the material
with ether, and the evaporation of the ether, proves this. It may be
readily observed whether the residue, after the evaporation of the ether,
containg much fat or not. When the material contains only a very little
fat, the alcohol should be applied boiling hot for the extraction. In this
cagde a spirit of .825 sp. gr. should be employed. If a great quantity of the
fat is present in the material, which is the case when by expression be-
tween cold or heated plates the chief bulk of the fat is separated, weaker
spirit of specific gravity, between .850 and .855, must be employed, and
the extraction performed at an ordinary temperature.

Should the material be treated with hot alcohol, and a large quantity
be operated upon, a still is the best for this purpose which is provided with
an inner receptacle for the material and the alcohol. The heat employed
is that of a water-bath. When the head of the still is affixed, and proper
care taken for cooling the distillate, but little alcohol is lost, because its
vapor is condensed. If volatile substances exist in the material, they pass
over simultaneously with the spirit. Easy as it is to separate volatile
acids or bases from the spirit, it is equally difficult to remove volatile oils
therefrom. Such alcohol is constantly again and again used for the extrac-
tion of a fresh quantity of the same material; in the worst cases it can be
employed for combustion, &. When the spirit has acted sufficiently loug
on the material to be extracted, the head of the still is removed, and the
receptacle and its contents together withdrawn from the still, then the
liquid is strained through linen, and the material is expressed by slowly
increased pressure. The alcoholic decoction is filtered while hot through
paper, and placed aside to cool, whereby frequently bodies separate which
are more difficultly soluble in cold than in hot spirit. The extraction of
the material with cold alcohol is conveniently performed in a bottle with
a very wide mouth, which is furnished with a glass stopper well ground in.
It should be of such dimensions that materials to be introduced should
almost fill it when loosely inserted therein. It is better to employ several
small bottles instead of one large one. Into these bottles the quantity of
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placed aside, and a fresh quantity of alcohol employed for the further eox.
traction. The latter weak tincture is used instead of pure spirit for the
extraction of a fresh portion of the material, so as to render the extract as
strong as possible.

The further treitment of the aleoholic extract, whether prepared at
ordinary temperatures or by heat, will be described in the next section.

VI.—Treatment of the material to be examined with ether.

The treatment of the material with ether is effected at ordinary tempera.
tures in Robiquet’s glass apparatus for extraction, or with large quantities
in such an apparatus made of larger dimensions of tinned iron plate. In
many cnges it is necessary to treat the material to be extracted with ether
previously to macerating it in alcohol. This is the case when free fatty
acids are contained in the substance under examination. These acids are
even dissolved out with other bodies by the exhaustion of the material with
cold aleohol containing water. To surmount this disadvantage, these fatty
acids must be removed by treatment with ether. In fresh muterials, the
presence of free fatty acids can seldom be detected. On the contrary, in
substances which have heen kept a long time, they can be frequently
recognized. In these cases the fatty acids result from the decomposition
of the fats contained in the fresh material.

VII.—Treatment of the material to be examined with alcohol containing a
small quantity of ammonia or potash.

For this purpose a small quantity of the material is taken, and one por-
tion is macerated with alcohol containing putash, and another with alcohol
containing ammonia. The alcohol coutains sufficient alkali when to an
ounce of the spirit six or eight drops of a concentrated aqueous solution of
potash or ammonia have been added. This operation must be performed
in well stoppered bottles, which must be quite full of the material, but
lightly packed. The alkaline spirit is poured in until the bottle is full up
to the stopper, which is then closed. By the admission of the air an
oxidation of the dissolved bodies would easily result. After standing
several hours undisturbed, the contents of the bottle are placed on a linen
filter and gently pressed. The fluid is mixed at once with as much hydro-
chloric acid as will render it slightly acid, and it should be observed
whether a precipitate i3 produced in consequence or not. When no pre-
cipitate results, no further proceedings are taken; on the contrary, should
there be a precipitate, a larger quantity of the material must be treated in
the manner desoribed. The method of further examining these solations
will be given in the next section.
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FURTHER INVESTIGATION OF THE S8EVEN DIFFERENT SOLUTIONS, AND
THE DISTILLATE OBTAINED FROM THE AQUEOUS DECOCTION.

SecrioN L.—Ezamination of the aqueous decoction and the distillate there-
with obtained.

A.—Ezxamination of the distillate.

The watery distillate, which is obtained by the decoction of the material
with water according to the previous directions, is either a clear or a'turbid
fluid. It has either a film of oil floating on the surface, or precipitated at
the bottom, or not. If the distillate is a clear fluid, it contains either only
a very little quantity of substances sparingly soluble in water, or none of
these substances. If the water is turbid from the separated oil globules, or
solid particles, it contains little of substances difficultly soluble in water
or much of readily soluble ones. The water at first, when a layer of oil
has collected at the top or bottom, mechanically separates from the oil.
After the principal bulk of the water has been removed by a syphon, its
complete removal is effocted by means of a separatory funnel or a pipette.
The water is then treated precisely as when no layer has been separated
on the surface or at the bottom. This method of treatment is described at
length further on.

a.—Examination of the separated oil.

It is first ascertained whether the separated oil reacts on litmus paper or
not. If the blue litmus paper is reddened thereby, the oil is either a vola-
tile acid or a mixture of several volatile acids, or lastly a mixture of ore
or several volatile acids with other volatile bodies. It is scarcely neces-
sary to remark that, besides the peculiar volatile acids, some aldehydes
also may be present; for exumple, salicylous acid as well as the acid
ethers of bibasic acids—as, for instauce, the acid salicylate of methyloxide,
which is obtained by the distillation of Gaultheria procumbens, and which
behave-in this and other respects as volatile acids.

If the oil has an acid reaction, the oil is introduced into a flask, and ba-
ryta water added thereto with agitation. This addition is continued until
it has no longer an acid reaction ; afterwards it is allowed to precipitate
quietly. Either the oil has quite disappeared by this treatment with
baryta water—if so it was a volatile acid, or & mixture of several such
acids, or an acid aldehyde resembling the salicylous acid, or an acid
ether, possibly a mixture of several aldehydes or ethers, or a mixture of
several members of these two classes of bodies, or of all three.

The oil which remains, after the treatment with baryta water, is neutral
or alkaline. In the latter case it is treated with dilute sulpharic acid.

3
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When a volatile base is present therein, it dissolves in the dilute sulphuric
acid. If absent, as much oil is dissolved as would be dissolved in an
equal quantity of pure water. If the first separated oil has exhibited an
alkaline reaction instead of an acid one, it is at once treated with dilute
sulphuric acid. Either a complete solation of the oil takes place, in this
case an organic volatile base, or a mixture of several such bases is pre-
sent, or a partial solution is effected when it is & mixture of one or more
volatile bases with non-basic bodies.

As we learn by these experiments whether bases or acids are at the
same time present, or bodies which behave as acids towards bases, and in
case such bodies were found they have been removed by the treatment
with sulphuric acid and baryta water, we now proceed to detect the pre-
sence of the aldehydes. If neither an acid nor a base is present, the oil
can at once be used for testing for aldehydes. With this object, a portion
of the oil is mixed with a solution of the bisulphite of potash as concen-
trated as possible. When an aldehyde is present, it is generally taken up
by the solution of bisulphite of potash. Either a portion of the oil, or the
whole of it, is dissolved, depending on the presence of indifferent bodies,
besides one or more aldehydes. It should be observed, by the solution,
when it takes place, whether a more or less elevation of temperature re-
sults, caused by heat becoming free, in consequence of the combination of
the aldehyde or aldehydes with the bisulphite of potash. When no reac-
tion is produced at ordinary temperatures, this may be promoted by heat.
Sometimes after the solaution of the oil, or a portion of it, in the concen-
trated aqueous solution of the bisulphite of potash, by long standing and
cooling, & separation of crystals results. If no such separation is observ-
ed, the undissolved portion of the oil can be removed mechanically, and
alcohol carefully added to the solution, by which the separation of the
aldehydes, or aldehyde in combination with the bisulphite of potash, is fa-
cilitated. Sometimes the addition of bisulphite of potash quite or partly
congeals the oil, in consequence of the formation of a compound of the
aldehyde with bisulphite of potash. In this case the solid or semi-solid
mass should be washed with alcohol, and the washed product pressed be-
tween bibulous paper. If neither before nor after the addition of alcohol
a solid compound of one or more aldehydes with bisulphite of potash re-
sults, the action of the corresponding soda-salt is tried, and when this af-
fords no solid product, the corresponding ammoniacal bisulphite should
be employed. If an aldehyde, or several of them together, are present,
we obtain with the bisulphites of potash, soda, or ammonia, a com-
pound or a mixture of them, from which, by the addition of dilate sulphu-
ric or hydrochloric acid, or a solution of caustic potash or soda, the alde-
hyde or aldehydes can be again separated.

In the same way here described, the oil, freed from acids by baryta
water, and from bases by dilute sulphuric acid, is treated to remove the
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its presence may be easily detected, or when it is mnot distillable with
water, its concentrated solution remains behind in the retort. From
this fluid the acid, under proper conditions, may be crystallized out. The
existence of compound ethers in the oil, separated from the distillate, is
not very frequent, as the majority of ethers, being readily soluble in
water, are found dissolved in the aqueous distillate.

If no compound ether is present, it is still to be determined whether
an oxygenated indifferent volatile oil is admixed with hydrocarbons or not,
which was partly discoverable from the treatment of the oil with potassium
or sodium. To detect such body, the oil to be examined is introduced into
« Small retort, which is half filled with coarsely powdered soda-lime.*
The oil is absorbed by the soda-lime. After a flask, as a receiver, has
been adjusted, the retort is carefully heated. The hydrocarbons will be
distilled over, unchanged in their composition, while the oxygenated oils
will be decomposed by the action of the alkaline compound. Generally,
non-volatile compounds result therefrom, which only are decomposed by
higher temperatures, under the formation of volatile compounds. Ger-
hard¢ and Cahours, in this way, have separated the hydrocarbons from
the oxygenated oils, in many mixed oils. Frequently the oxygenated oils
afford, by this treatment, colored decomposition products. Thus the dis-
tillate of the oil of calamus over soda-lime is at first colorless, so long
as the lighter volatile oils distil over unaltered. Later, a blue distillate
appears, arising from the decomposition of the less volatile oxygenated
portion of the oil of calamus, by the alkali at a higher temperature.

We turn back to the aqueous solution of the baryta salt or salts, which
was obtained by agitating the oil with baryta water, which oil had colleot-
ed on the surface, or at the bottom of the watery distillate. The solution
is divided into two parts. The first is introduced into a retort, into which
a little hydrate of baryta is placed. The retort is connected with a re-
frigerator, and the greater part of the water is distilled off. If an acid
ether waa present, this is decomposed.. The corresponding alcohol is sep-
arated, and is found in the distillate, and the acid in combination with the
baryta is in the residue of the distillation. The second part of the solution
is mixed with dilute sulphuric acid, as long as a precipitate of sulphate of
baryta is formed. The sulphate of baryta is separated by filtration, and
the filtrate distilled off until a small residue remains. As the fluid must
contain a tolerably large quantity of volatile acid compounds, it may be
ascertained whether an aldehyde of an acid character is present or not,
by the addition of a highly concentrated solution of alkaline bisulphites,

* Soda-lime is made by mixing lime with a solution of caustic soda, in such
proportion that, upon evaporation, the mixture, when heated to redness, shall .
be equivalent to one part of the hydrate of soda, with two parts of anhydrour
lime.—Epiror PEARM. JOUR.
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and a sufficiently large quantity of anhydrous alecohol. If this is not the
case, then only a volatile acid, or a mixture of several such acids, is pre-
sent.

1t was previously mentioned that the oil separated from the distillate,
when before or after treatment with baryta it reacted alkaline, should be
shaken with dilute sulphuric acid, that the base or bases present may be
obtained dissolved as sulphates. The solution of sulphates is then mixed
with baryta water as long as a precipitate of sulphate of baryta ensues ;
for certainty, one or two drops of baryta water is added in excess, and the
liquid distilled from a retort which is connected with a refrigeratory ap-
paratus, as long as the distillate has an alkaline reaction. The distillate
is now exactly neutralized with dilute sulphuric acid and evaporated to
dryness. The residue is treated with alcohol, which dissolves the sul-
phates of the bases. If a residuc remains, either ammonia or methylamine
is present, or a mixture of both, in the form of sulphates. After the ex-
pulsion of the alcohol from the alcholic extract in the water-bath, the salts
of the other bases perchance present remain behind. They may be easily
obtained therefrom, by distillation with a solution of caustic potash, in an
isolated form, or by mixing the salts with a solution of caustic potash and
agitating with ether, by which an ethereal solution of the bases is obtained,
from which the ether can be distilled off. If by the examination of the
separated oil no bases, acids, or aldehydes have been found ; if no com-
pound ethers are present, or if these bodies have been removed ; further,
if the oxygenated indifferent volatile oils sometimes present have been sep-
arated from the hydrocarbons by distillation over soda-lime, in so far as
it is possible, by this method, we have still to ascertain whether only a hydro-
carbon, or a mixture of several hydrocarbons, is present. To arrive at a
conclusion on this point, the oil in question is distilled in a small re-
tort in which a thermometer is inserted. A rapid continued rising of
the boiling point proves that the oil is a mixtare of several volatile sub-
stances.

It should be always observed whether a portion of the original oil, as it
floats on the watery distillate, or falls to the bottom of the same asa layer,
cannot be congealed by exposure to very low temperatures, independently
of its reactions and other properties. Frequentlya partial separation, sim.
ply by exposure to cold, may be effected in substances of that kind, more
readily in this than in any other way.

In winter, the most convenient method is to stick a test tube containing
the oil in a beaker glass filled with snow, and to stand the whole in a wood-
en vessel. The space between the glass and the wood vessel is filled with saw-
dust; the glass should stand on a layer of sawdust several inches high; into
the glass, aleohol is poured carefully, when the snow melts, and the mixture
cools down to 13° Fahr. below zero. The whole is covered with a quire of
filtering paper. As paper and sawdust are bad conductors of heat, the de.
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pressed temperature continues sufficiently long to congeal the oil or to
cause the separation of solid substances from it when this can be accom-
plished by cold.

Besides the volatile bodies just under consideration, which in the form
of oils can be separated on the surface or at the bottom of the distillate,
there exists still a class of bodies which in their composition are readily
distinguished from those spoken of. These are the essential oils coniain.
ing sulphur, as they are generally termed ; for example, oil of mustard,
oil of onion, oil of assafetida, oil of garlic, &c. The presence of these oils
is generally rendered evident by their odor. Bat to be certain as regards
their absence or presence, a portion of the oil is oxidized with nitric acid,
and then tested for sulphuric acid. If sulphur is contained in the oil, it
is converted into sulphuric acid by treatment with nitric acid, which ¢an
be deteoted by nitrate of baryta. The majority of these oils afford preci-
pitates when dissolved in alcohol and mixed with a solution of bichloride of
platina or bichloride of mercury. By the application of bichloride of platina
the precipitates are either pure red, reddish-yellow, brownish yellow or
reddish brown ; and by the use of bichloride of mercury, on the contrary,
white, sometimes with a shade of yellow.

It still remains to be stated how the alcokolic solutions of ethereal oils
must be treated, as obtained when an oil is treated with alkaline bisul-
phites, and thereby partly congealed, and the fluid portion remaining re-
moved from the solid compound by washing with alcohol.

Such a spirituous solution is shaken with milk of lime, and in a closed
vessel allowed to remain undisturbed until the insoluble portion is depo-
sited at the bottom. The olear fluid is taken off and distilled, to the distil-
late i3 added a piece of anhydrous, but not fused, chloride of calcium, after
it has been placed in a stopped bottle surrounded with cold water. The
chloride of calcium dissolves in the aloohol and water present, and the
volatile oil which was dissolved separates on the saline solution as a slight
film, which can be removed by a pipette, washed with a little water, and
obtained pure by rectification with water. As a strong bumping is una-
voidable by boiling with a little water in the retort, I employ for this pur-
pose a flask, and introduce with the water and the ethereal oil some large
pieces of clean linen. This plan also prevents the spirting over in rapid
distillation.

b.— Ezamination of the watery distillate.

If the watery distillate has a layer of oil on the surface or at the bottom
which has been examined in tho manner described, this distillata is a
concentrated watery solution of the bodies contained in the layer of oil.
The method of investigation, wheu the bodies are known, can be previously
determined with exactness. As the bulk of these volatile substances which
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are proposed ; either the fluid is saturated with common ealt and agitated
with ether, which, when it separates, is removed, and may be evaporated,
or the distillate is treated with chloride of calcium. When ethereal oils
with high boiling points are present, the treatment with ether is to be pre-
ferred. The ether evaporates quickly when exposed in a dish to the air;
and to prevent the evaporation of the volatile oil with it, care must be
taken that the dish which contains the ethereal solution of the volatile'
oil is set in a place where a good current of air rapidly vonducts
away the ethereal vapor. On the contrary, when volatile oils with -
rather low boiling points are present, the treatment with chloride of
calcinm has the advantage. Into the fluid concentrated by distillation
with common salt, chloride of calcium in fragments is thrown in until the
fluid appears as thick as syrup; it is then subjected to distillation. The
distillate is again treated with chloride of calcium, and re-distilled. By
three or four repetitions of these operations either a separation of the dis-
solved substances ensues (sometimes only a partial one,) or the concentra-
tion has so far progressed that the substance can be freed from water by
the addition of a large quantity of fused chloride of calcium, and distilla-
tion, and may be obtained as a distillate, which certainly will be the
case when the body possesses a boiling point not much above 212° Fahr.
It is clear that a concentration of this kind is quite as little necessary
as cohobation, when only acid or basic bodies are contained in the distil-
late.

Before I conclude the examination of the distillate, or rather the volatile
bodies present in it, I must here make some observations on the so-called
fractional distillation.

Fractional distillation is recommended for the separation of mixed vola-
tile substances. As this operation is generally performed, it is certainly
suitable for the preparation in a pure state of the least volatile bodies in a
mixture of that kind, but is not adapted for obtaining the more volatile
constituents, because at the temperature by which the mixture boils, many
of the constituents are evaporated which do not boil at that temperature.
The vapors of the boiling constituents do not pass over alone, but also
the vapors of the less volatile substances are carried over with them.
Instead of heating the mixture to the boiling point, it is more advantageous
to heat it near to the boiling point. A slow evaporation then takes place,
which proceeds, indeed, rather slowly, but by adopting suitable precau-
tions, the lighter volatile constituents of a mixtare are to be obtained
approximately pure, if not absolutely free from all admixture of the other
bodies. To guard against the oxidation of substances which so long ex-
posed to the air at elevated temperatures, have opportunities enough to
combine with the oxygen, the distillatory apparatus as well as the receiver
should be filled with carbonic acid gas during the evaporation.
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While fractional distillation, or an evaporation undertaken at somewhat
lower temperatures in a similar manner, is often the only means of scpa-
rating volatile bodies which are neutral or indifferent, the method of par-
tial combination is a method of separating volatile bases or volatile acids from
one another when several bases or acids are present at the same time.
How the volatile acids are to be separated from other volatile bodies, and
likewise the bases from other volatile compounds, has been above set forth.

The method of partial combination was firet used by Liebig in separa-
ting volatile acids. When we have prepared a fluid which contains the
volatile acids separated from the other volatile constituents, and after it
has been measured off in a graduated glass, it is divided into ten equal
parts, one part of which is accurately saturated with a solution of soda or
potash, and after the nine remaining parts have been added, the fluid is
distilled. The distillate is thereon divided into nine equal parts, one part
saturated with alkali, and the other eight parts added, and the whole
again subjected to distillation. The distillate is now divided into eight parts,.
one part neutralized with alkali, the remaining seven parts mized with this,
.and the fluid again distilled. In asimilar way this proceeding is continued
until only a tenth part of the original solution of acids remains in a free
condition ; consequently in this we have the weakest acid in o condition
approximately pure; in the rest of the liquids the potash or seda salte of
the other acids, in the first residue of the distillation the strongest acid
either pure or contaminated with a little of the next weakest acid, and so
forth. It is clear that,in a similar way, many volatile bases could be
separated from one another, The only alteravion required in the method
given for acids would be that the neutralization of the parts of the fluid
must be effected with dilute sulphuric acid or phosphoric acid instead of
soda or potash. If in this way we have obtained ten parts of the soda or
potash compounds of the acids, or even as many portions of the sulphuric
acid or phosphoric acid compounds with the bases, we can procure, by
the decomposition of the alkaline compounds with acids, or the salts of
the bases with alkalies and distillation, the corresponding acids and bases
in a free ocondition, and then be convinced whether we have had to do
with two or more bases or acids. Of course there still remains the deter-
mination of the atomic weight and elementary analysis to afford a guide
whether the individual acid portions or base portions require or not a fur-
ther separation by the same method. On this subject I shall speak later
in the treatise.

B.—Examination of the aqueous decoction.

We turn back to a closer examination of the watery deccction which
was obtained by the treatment of the material under investigation with
boiling waterin the still at the same time with the watery distillate, It has
been already mentioned that by cooling of the kot fluid a separation ofien
takos place of one or other substance. If such a separation is observed,

the separated body is removed by filtration for a closer examination, and
4
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it is noticed whether a small portion of the fluid which has been filtered,
by further evaporation and cooling throws out more of the bodies which
were separated by the cooling of the original decoction. When this is
the ease, the filtered decoction is concentrated by evaporation, to obtain
the principal bulk of such substances difficultly soluble in water. After
collecting the substances on a filter, the filtrate is treated as the decoction
would have been treated if nothing had separated by cooling.

Frequently the watery decoction contains a proportionately large quan-
tity of slimy substances, which belong either to the group of indifferent
carbo-hydrates or to the class of pectine compounds. By the presence of a
great quantity of these bodies, the watery decoction is often so dense that,
when cold, it is quite stringy. These substances, without exception, are
insoluble in alcohol. But even when the decoetion is not so dense, the
precipitates obtained therefrom are mostly so voluminous and gelatinous
that the fluid cannot be completely filtered from them, but is retained in
the voluminous gelatinous flocks. In such cases these substances must be
removed. For this purpose the decoction is concentrated by evaporation, and
anhydrous alcohol is added to the still hot fluid as long as a bulky flocculent
precipitate is thrown down. By filtration the fluid is separated from the
precipitate. In many instances alcobol does mnot produce a flocculent
precipitate, but it eauses-a considerable turbidity, and the precipitate de-
posits itself as a temacious mass at the bottom, which is particularly the
case when gum or an analogous body is precipitated by alcohol simulta-
neously with various salts of organic acids.

The spirituous fluid separated from the precipitate is subjected to dis-
tillation, which is stopped as soon as all the alcohol has passed over, and
the liquid is free from it. This watery residue of the distillation is treat-
ed precisely as the original watery decoction, when no such gelatinous
substances, or those rendering the fluid dense and tenacious, were preci-
pitated by alcohol therefrom.

This treatment is as follows:—The watery decoction is divided into
several parts. To one part of the watery decoction is added a concentrated
cold aqueous solution of acetate of lead, as long as a precipitate is thereby
produced. The precipitate is brought on a filter and washed well with
water.” The liquid filtered from the precipitate is mixed with subacetate of
lead as long as anything is thrown down. This precipitate is likewise
collected on a filter and washed with water. The filtrate is freed from
the lead contained therein by a stream of sulphuretted hydrogen, sepa-
rated from the sulphuret of lead by a filter, and the sulphuretted hydrogen
expelled by heating the filirate. The sulphuret of lead is exhausted with
hot water, and when this takes nothing up it is treated with hot alchhol,
and the hot filtered solution is concentrated in a water-bath. Frequently
bodies which are retained by the sulphuret of lead crystallize out after
Iong standing from the concentrated aqueous or alcoholic extract. The
Suid precipitated with acetate of lead and subacetate of lead, freed from lead
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by sulphuretted hydrogen, and filtered from sulphuret of lead, is, after the
expulsion of the sulphuretted hydrogen, concentrated by evaporation until
the residue has a thin syrupy consistence. A small portion of this resi-
due is examined, to learn whether the addition of alcohol precipitates sub-
stances or not. If by tke addition of alcohol at ordinary temperatures, or
after heating in a water-bath, a precipitate is developed, the whole residue is
treated with alcohol, and the alcoholic liquid filtered from the precipitate. It
is then ascertained whether the alcokolic fluid from the precipitate when
such was obtained gives or not a precipitate on the addition of ether. In
this case frequently a precipitate results of a semi-fluid character. Sugar,
which often exists in parts of plants, is separated by treatment with ether.
The precipitate sometimes formed by alcohol is dissolved in the smallest
possible quantity of water, and it is observed whether by long standing
crystals separate or not. Exactly in the same manner, the precipitate
caused by ether is treated. From the fluid containing ether and alcobol
by a gentle heat the ether as well as the aleohol is expelled, and the
watery residue reserved to observe if crystals form therein or not.

These are the examinations which are performed with a portion of the
fluid which bas been obtained by the trestment of the watery decoction
with sugar of lead, subacetate of lead, and sulphuretted hydrogen.

Another portion of this fluid, after a suitable concentration, is allowed to
stand for a long time, to ascertain whether crystals will form ornot therein.
Frequently a separation of crystals takes place in greater or less quantity.
If such crystals form, they are separated from the dense mother ligquor by
a moist linen filter on a glass funnel. The upper part of the filter is af-
terwards closed by means of a thread, and laid between bibulous paper,
and pressed upon by a small board with weights, which are gradually in-
creased to increase the pressure. The mother liquid separated from the crys-
tals contains, besides other bodies, always a greater or less quantity of the
crystalline substance, according to its degree of solubility, which, upon
8 closer examination of the mother liquid, must be taken into account.
This closer examination will be spoken of further on.

A second portion of the walery decoction is treated with animal charcoal.
A glass tube, about half an inch wide and eight or ten inches long, is
taken, which should be drawn to a point at one end. The mouth of the
point must be about the size of a hempseed. Into the wide end of the
tube a piece of loose cotton wool is introduced and pushed imto the pointed
end of the tube, which is fastened vertically in a clamp, with the narrow
mouth downwards. The tube is filled six or seven inches high with pure
animal charconl, and the watery decoction is poured in by the aid of &
small funnel inserted in the upper mouth of the tube. The fluid, as it
passes through the tube into a glass flask, is replaced in the same manner
by a fresh portion. Coloring and bitter principles are taken up frequently
by the animal charcoal from the watery decoction, so that the color and
the tasts of the escaping fluid are often very different from the color and



28 ROCHLEDER'S PROXIMATE ANALYSIS.

the taste of the original liquid. ‘'When the quantity of fluid set apart for
the experiment has run through the charcoal, and this fluid has been re-
moved, the charcoal is washed with cold water, to completely separate
the bodies which are not retained by the charcoal. The charcoal is trans-
ferred to a vessel suitable for boiling, and boiled with strong alcokol. The
spirit is filtered hot frum the charcoal by means of a hot-water funnel,
and the decoction with alcohol repeated as long as this takes up anything.
The spirituous solutions are concentrated by distilling off the greatest part of
the nlcohol, and the concentrated extract (the residue of the distillation)
is allowed to stend, to ascertain whether crystals form or not therein.
Should crystals not separate by long standing, the residue is dissolved in
water and further examined. On the contrary, should crystals form, they
are first separated from the mother liquor, and these, as well as the mother
liquor, subjected to a closer examination. The liqutd treated with animal
charcoal is treated precisely as the first portion of watery decoction.

A third portion of the watery decoction is mixed with a solution of alum,
and then ammonia is added to the fluid. If a precipitate results thereby,
the alumina exists therein, partly as a hydrate, partly combined with one
or more organic substances. The precipitate is removed by filtration, and
washed on the filter with water. To the filtrate so much dilute sulphuric
acid is added as will almost neutralize the whole quantity of free ammo-
nia which has been added in excess. The residue of ammonia is satu-
urated with a few drops of acetic acid, the neutralized fluid is evaporated
to & sma]l velume, and the residue mixed with anhydrous alcohol. This
precipitates a corsiderable quantity of sulphates of potash and ammonia,
which should be removed from the alcoholic solution by filtration. From
this solution the aleohol ie distilled off, and the syrupy residue again
treated with hot anhydrous alcohol, which separates the rest of the sulphates,
sometimes mixed with more or less organic matter insoluble in alcohol.
This alcoholic solution is likewise freed from the greatest part of its alco-
hol by distillation, and the residue set aside, by which crystals are fre-
-quently separated ; the crystals and the mother liquor are separated, and
submitted to a closer investigation. When no orystals are formed, the
whole residue is subjected to investigation.

We return now to both the precipitates which were produced by sugar of’
lead and subacelate of lead inithe first part of the agueous decoction. As before
remarked, the second part of the watery decoction, after treatment with
animal chareoal, is precipitated with sugar of lead and subacetate of lead ex-
actly in the same way as the first part of the watery decoction not treated
with animal charcoal. - If the animal charcoul has not taken up and re-
tained any substances from the watery solution, it is self evident that the
precipitates obtained by sugar of lead and subacetate of lead in the portion
of the watery decoction treated with animal charcoal, have quite the same
eomposition as the corresponding precipitates from the first part of the
decoction which was not treated with animal charcoal. In this case, the
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corresponding precipitates can be united with one another, and, as a whole,
be employed for examination, which must not be done when the animal
charcoal has separated any substances. In the latter instance the preci-
pitates are sepurately examined with regard to their composition, and in
the same way.

The precipitate produced by sugar of lead is extracted with alcohol when
a small portion has shown that it is partially soluble in alcohol. If the
alcohol dissolves nothing, a small portion is tried with spirit of specific gravi-
ty -825, to ascertain whether that effects a partial solution. If the alco-
hol or spirit has partially dissolved the precipitate, the insoluble is sepa-
rated from the dissolved part by a filter. The lead compounds of sulphurie
and phosphoric acids, as well as those of oxalic acid and many other or-
ganic acids frequently present, do not dissolve in alcohol or spirit. On the
contrary, there is 8 great number of substanses which form compounds with
lead insoluble in water, but soluble in alcohol and weaker spirit. The alco-
holic solution is decomposed by a siream of sulphuretted hydrogen, and then
filtered ; the sulphuret of lead is washed on the filter with anhydrous al-
cohol as long as anything is taken up, afterwards the sulphuret of lead is
treated with water on the filter, as it ofien happens that a substance quite
or almost insoluble in anhydrous spirit is contained in the sulphuret of
lead which dissolves in water, and can be thus extracted. By evapora-
tion the filtrate spirituous as well as aqueous is reduced to a small volume,
and this residue set aside to afford an opportunity for orystals to form;
which sometimes happens when crystallizable substances are prosent.

The part of the precipitate thrown down by sugar of lead from the walery
decoction, and insoluble in alcohol or spirit, is, after having been washed with
alcohol or weaker spirit, formed with waterinto a thick smooth paste, and a
small portion of this paste is mixed with a great excess of aceticacid. It is
observed whether the whole or a part of the precipitate disappears. Some.
times very little or nothing dissolves in the acetic acid. When a partial
or complete solution is noticed, the whole quantity of the precipitate,
mixed with water, is treated with acetic acid as long as a decrease of the
precipitate results. Now, either a complete solution is obtained, or in tha
resulting solution an insoluble portion is suspended. In the latter case
the solution is filtered from the undissolved portion. Either this filtered
solution, or the entire liquid when all the precipitate dissolves in the ace-
tic acid, is mixed with subacetate of lead in a very concentrated condition.
With continued agitation small quantities of the subacetate of lead are add-
ed. It often happens that a precipitate forms after a very small quantity of
the subacetate of lead has been added, although the fluid is still strongly
acid. After this precipitate has been removed by a filter, much subacetate of
lead can be added befure a fresh precipitate forms, which first appears
when the free acetic acid has been neutralized by the subacetate of lead. If
asecond precipitate ensues by the addition of much subacetate of lead, this
is collected on a filter by itself. Both precipitates which are thrown down
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from the acetic acid solution, or the precipitate when only one results, must
be purified by washing with water on the filter, then distributed in water
to be decomposed with sulphuretted hydrogen. The fluid is separated
from the sulphuret of lead by filtration, and the excess of sulphuretted
hydrogen expelled. This expulsion is most conveniently effected in a glass
flask, or in a tubulated retort, in a water or chloride of calcium bath. Car-
bouic acid gas should be driven through the fluid to displace the air in
the retort or flask, and prevent the decomposition of the sulphuretted hy-
drogen accompanied by the separation of sulphur. Heat must not be
applied to the apparatus until all the air is displaced by carbonic acid gas.
The precipitate which is produced by subacetate of lead in the fluid which
was filtered from the precipitate which sugar of lead occasioned in the
walery decoction, is likewise examined with reference to its solubility in al-
cohol and in weaker spirit, wherein it may be partially or quite soluble,
or quite insoluble. The precipitates soluble in alcokol or spirit, and those
insoluble therein, are treated in precisely the same manner as directed for
the precipitates derived by sugar of lead from the watery decoction. The
precipitate resulting from sugar of lead is manifestly always completely
soluble in acetic acid. In many cases, indeed, a number of substances
are entirely thrown down from the watery decoction by sugar of lead, so
that the precipitate formed by subacetate of lead contains none of the sub-
stances which are contained in the precipitate produced by sugar of lead.
But these favorable instances of complete separation are only exceptions
to the rule. Mostly the precipitate obtained by subacetate of lead contains
substances which were contained in the first precipitate—namely, in that
part of the first precipitate by sugar of lead which dissolved in acetic acid,
and. was again thrown down by subacetate of lead from this acid solution.

It is here particularly necessary to draw attention to a circumstance,
namely, to the presence of bodies in the precipitates produced by subacetate of
lead, which are not contained in these precipitates in the form of lead com-
pounds, but are in a free condition. Let it be assumed that the watery
decoction contains an organic base very difficultly soluble in water in the
form of a salt soluble in water, whose acid produces with oxide of lead a
compound insoluble in water, it will be evident that the acid of this salt
will be contained in the precipitate resulting from sugar of lead, and the
base of this salt will be found as an acetate in the filtered watery solution.
If this fluid is neutralized with subacetate of lead, a weak base can be there-
by separated from the acetic acid, and is precipitated in water on account
of its insolubility in conjunction with the different lead compounds formed.
Bodies admixed with precipitates of that kind which are produced by sub-
acetate of lead, generally dissolve in alcohol, especially when heated. They
are in this way often easily obtained pure when the lead compounds in
these precipitates are insoluble in alcohol, or possess a very slight solu-
bility in that menstraum. What has been stated explains the peculiarity
sometimes existing of a precipitate resulting from subacetate of lead dis-
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solving partially in alcohol or spirit, without more than a trace of lead
being detectable in the solution.

If acetate and subacetate of lead have produced two precipitates, if
these have been divided into two parts by strong or weaker alcohol, if that
portion of the sugar of lead precipitate, which is insoluble in alcohol, has
again been divided into a portion soluble and another one insoluble in
water containing acetic acid, and if all these portions have been freed
from lead by sulphuretted hydrogen; then these substances thus
freed from lead, as well as the different portions of sulphuret of lead, must
be further examined.

For this purpose, the various portions of the sulphuret of lead are treated
immediately, after being washed, first with doiling water and then with
boiling spirit, to ascertain whether these fluids extraet anything from the
sulphuret of lead.  After the sulphuret of lend has been exhausted with
water and spirit, it is exhausted with dilute agueous ammonia, and the fil-
tered ammoniacal solution is completely neutralized with acetic acid.
The oxidation products of tannin and analogous colored substances are
often in this way extracted by the water containing ammonia from the
sulphuret of lead, and precipitated from their solutions by acetic acid.

It is self-evident that the various (portions of) substances free from lead,
which are obtained from those portions of the precipitates by acetate and
subacetate of lead insoluble and soluble in strong or weaker alcohol, and
from these portions of the sugar of lead precipitate insoluble in alcohol,
which are soluble and insoluble in acetic acid, may still be a mixture of sev-
eral bodies. To ascertain this, the individual parts, separated according to
the directions above given, are further investigated by fractional precipi-
tation with regard to their homogeneousness. It is scarcely necessary to
mention that bodies which have been separated in a crystalline form by
the standing of the fluids, properly evaporated in the air or in exsiccator,
must be previously removed from the mother liquors, and that in an such
cases the diluted mother liquors must be submitted to examination by
fractional precipitation.

For fractional precipitation, the two lead salts, sugar of lead and sub-
acetate of lead are employed, which served for separating up to a certain
point, as previously described. The fluids which afford no precipitate
with sugar of lead are treated with subaeetate of lead. Fractional precipi-
tation is conducted in the following way :—The whole quantity of the fluid
to be examined is measured in a graduated glass to estimate its volume,
and then it is ascertained how much of a certain solution of sugar of lead
or subacetate of lead is required by volume to completely precipitate the
fluid. With this object, a small portion of the fluid to be examined istaken
before it is measured off, and exactly neutralized with ammonia. If the
quantity of solution of sugar of lead or of subacetate of lead is known which
is required to precipitate the whole quantity of the fluid, the whole quantity,
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after exact neutralization with ammonia, is mixed with a tenth part of the
quaatity of solation of sugar of lead or subacetate of lead which would be re-
quired for its entire precipitation. The precipitato is filtered off, and the se-
oond tenth of the solution of sugar of lead or subacetate of lead is added to
the filtrute, whereon the precipitate is again collected on a filter. This pro-
cess is continued until ten precipitates are obtained frem the fluid, all of
which are washed with water, diffused in the same medium, and decom-
posed with sulphuretted hydrogen, whereby ten parts result from the fluid,
which are subjected to a more minute examination when the sulphuretted.
hydrogen has been driven off.

I have convinced myself that this fractional precipitation is not so suita-
ble to effect the separation of various substances as another method, which
I will call fractional solution. This is exccuted thus :—It is determined how
mueh acetic acid is required to dissolve the whole quantity of a precipi-
tate which has been diffused through water to a smooth paste. Now, if a
tenth part of the acetic is added, a tenth part of the precipitate is dissolved.
This solution is filtered off, the precipitate found on the filter is transferred
to a beaker glass by means of a stream from a washing hottle, and then
treated with the second tenth of the acetic acid, &e. The ten solutions are
precipitated with subacetate of lead, the ten precipitates collected, each
washed on & filter with water, diffused in water, and decomposed with sul-
phuretted hydrogen. The sulphuret of lead is separated by a filter, the
excess of sulphuretted hydrogen expelled, and each of the ten fluids tested
with reagents. It is evident that only lead compounds soluble in acetic
acid can be in this manner treated, and not the parts of precipitates
ingoluble in that menstruum which are produced by sugar of lead in the
watery decoctions, and remain undissolved by treatment with alcohol.

Before I pass to the examination of the precipitates which are produced
in a portion of the watery decoction by alum and ammonia, I have still to
mention the means by which a separation of the substances in some cases
is effected, which are obtained from the precipitates developed by acetate and
subacetate of lead, in a condition free from lead, according to the method
previously given. '

There are substances which, per se, or by the agency of other bodies with
which they are mixed, are soluble in water in rather considerable quanti-
ty. Many of the bodies lose their solubility in considerable degree when
they are completely dried, or then dissolve only veryslowly in water ; while
drying, on many other bodies, exercises no influence of that kind on their
solubility. Consequently it is often a good method, to obtain the greatest
part of a substance in a state of separation from the other bodies accom-
panying it, to allow the mixture to thoroughly dry in vacuo; and best over
sulphuric acid, to treat the dried mass with a little cold water, and then
by stirring and trituration to bring the dried mass into close contact with
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the water. One of the constituents often then remains in the form of mi-
croscopic crystals or as an amorphous powder, at least for a short time,
undissolved, and can be separated from the other bodies easily and quickly
solublein water by a rapid filtration.

We will now apply our attention to the precipitates which are thrown
down by a solution of alum and ammonia from a portion of the watery de-
coction. .

The precipitate washed on the filter with water is treated with dilute sul-
phuric acid, and allowed to remain some time in contact with the same, a c-
companied with frequent stirring. For this purpose, the precipitate on the
filter is introduced into a capacious glass vessel. The solation is filtered
from the portion remaining undissolved, and this is washed on a filter with
water. The residue washed with water is treated with %ot alcokol, wherein
such substances dissolve. These can be precipitated from the alcoholic
solution by water, and after being washed with water, may be preserved
for a closer examination by being dried in vacuo over sulphuric acid.

The solution oblained by the application of dilute sulphuric acid is mixed
with a saturated solution of sulpkate of potassa, whereby the alum is re-
formed, and at the same time is partially precipitated. The fluid is mixed
with ankydrous alcokol as long as an addition of the same produces a pre-
cipitate of alum and sulphate of potash, and the spirituous liquid is-filtered
from the precipitate. The quantity of sulphuric acid which is still present
in the fluid in a free condition is separated by the introduction of moist
white lead, prepared by passing carbonic acid into subacetate of lead.
The sulphate of lead is separated by a filter, and the small quantity of lead
dissolved removed from the liquid by sulphuretted hydrogen. After filter--
ing off the sulphuret of lead and expelling the sulphuretted hydrogen, the
alcohol is distilled off and the watery residue employed for further investi-
gation. It is self evident that the greatest portion of the substances con-
tained in this fluid are those which were precipitated by sugar of Jead and
subacetate lead from a portion of the watery -decoction, with the exception
of those which are not precipitated with alum, or remain undiesolved by the-
treatment of the aluminous precipitate with dilute sulphuric acid. This
fluid is therefore treated exactly as is above described with the first portion
of the watery decoction—namely, with sugar of lead and subacetate of lead,
and the resulting precipitates are examined in pracisely the same man-
ner.

It was mentioned before that a part of the watery decoction was to be
treated with animal charcoal, and the charcoal washed with water and ex-
tracted with boiling alcohol. This alcobolic extract may contain coloring
matters, indifferent bitter principles, organic bases, &c. After its evapora-
tion, either crystals ure separated which can be removed from the mother
liquor, or no crystals are formed. The whole residue, where no crystals
have separated, or the mother liquors from which tke crystals have been

5
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removed, must now be subjected to a more minute investigation. The ex-
amination of the mixtures of substances which are contained in the fluids
which are filtered from the precipitates produced by acetate and subacetate
of lead in one portion of the watery decoction, and from the precipitates
caused by alum in a second portion of the same, is facilitated when the
former are freed from lead by saulphuretted hydrogen, and the latter from
sulphate of potassa and ammonia by alcohol, and then distilling off the al-
cohol. Organic bases, many bitter bodies, and other substances, will like-
wise be contained in those fluids, as well as in the aleoholic extract of the
animal charcoal. The concentrated residue of this alcoholic extract is dilu-
ted with water, Should a body difficultly soluble in water be thereby
throwr down, it should be collected on a filter, A small portion of the
watery fluid is now mixed with a solution of sugar of lead by which a
precipitate often results, because coloring matters and other bodies pos-
sessing the character of weak acids, afford, with lead, insoluble compounds.
The fluid filtered from the precipitate resulting from sugar of lead is
mixed with subacetate of lead, to observe whether a precipitate thereby
ansues or not. If a precipitate results, it is separated by a filter from the
fluid, and this is freed from lead by sulphuretted hydrogen, the sulphuret-
ted hydrogen expelled, and the fluid evaporated to ascertain whether a
residue remains, which is generally not the case, as sulphuret of lead fre-
quently retains the bodies which were taken up by the charcoal from the
watery solution. On this account the sulphuret of lead must be extracted
with hot alcohol, and the hot liquid filtered from the sulphuret of
lead in a hot-water funnel. Both precipitates resulting from sugar
of lead and subacetate of lead are boiled with alcohol to ascertain
whether they dissolve partially or entirely in alcobol. The solu-
tions, if resulting, are treated with sulphuretted hydrogen, the sul-
phuret of lead heated to the boiling point with the epirit, and filtered hot.
In the spirit with which the precipitate which resulted from sub-
acetate of lead was heated, an organic base, or a mixture of several such
bodies, may possibly be detected. The portion of the lead precipitate re-
maining undissolved in boiling alcokol is diffused through alcohol, decom-
posed by sulphuretted hydrogen, the fluid heated with the sulphuret of
lead, and filtered hot. These different fluids are evaporated in a water-
bath, and the residues preserved for further examination with reagents.

Having spoken of the treatment of the precipitates which are produced
by sugar of lead and subacetate of lead in one portion of the watery de-
coction, and by alum and ammonia in arother portion, and described the
treatment of a part of the watery decoction with animal charcoal, we will
now direct our attention to the liquid residues which have been obtained
by the methods already related from the watery decoction afier treatment by
the two salts of lead or alum and ammonia, and afier the substances precipi-
tated by these means have been separated from the lead by sulphuretted hy-
drogen, and the sulphate of potash and ammonia by alcohol.
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The second part of the solution is mixed with a solution of bickloride of .
mercury. By this means there are several bases precipitated—for example,
emetia, &o.

The third part of the solution is mixed with a concentrated solution of
caustic soda in very small quantity. If the crystals were the acetate of a
base difficultly soluble in water, or if they contained a little of one or several
such salts, the base would be precipitated from its concentrated solution
by the alkali, after the neutralization of the acetic acid. In an excess of
the alkali, the precipitated base is frequently more soluble than in pure
water, therefore the alkali must only be added by drops. Instead of caus-
tic soda, carbonate of soda can be employed.

The fourth part of the solution is heated afler the addition of an alkali,
and it is ascertained whether the vapor thereby evolved is alkaline. Such
a'vapor may result when a volatile base is present whose acetate is crys-
tallizable, or when the crystals were, or contained & body analogous to,
asparagine ; in the latter case, ammonia is evolved under the given condi-
tions.

Accordicg to researches of Sonnenschein, phosphor-molybdic acid is a
good test to prove the presence of bases. It gives with all bases, almost
without exception, precipitates as well with the oxygenated as the non-
oxygenated ones ; these are generally yellow, but sometimes colored brown-
ish yellow. This cempound is prepared by precipitating molybdate of
ammonia with ¢ phosphate of soda, suspending the well-washed precipi-
tate in water, and heating it with carbonate of soda, until it is completely
dissolved. This solution is evaporated to dryness, and then heated to
redness, for the complete expulsion of the ammonia. If the molybdic acid

.is thereby partially reduced, the heated residue is moistened with nitric,
acid, and again heated to redness. The resulting dry saline mass is heated
with water, nitric acid is added to produce a strong acid reaction, and
-then with so much water mixed, that ten parts of the solation contain one
part of the dry saline mass. This golden yellow fluid, after filtration,
must be preserved, excluded as much as possible from the influence of am-
.moniacal vapors.

If we have found by this examination whether basic bodies are present
or not, it is necessary, in the case of hases being present, to ascertain
whether one or more bases are at the same time present.

Many vegetable substances contain only a single base. The berries and
leaves of coffee contain only caffeina, the berries of cocoa only theobromina,
&c. Butin cinchona bark, quinia and cinchonia are present ; in the strych-
nes, brucia and strychnia, besides another base. The papaveraces con-
tain at the same time three or more bases. .

By the investigation of the degree of solubility, the opportunity bas in
many cases been given to learn whether we have to do with one or several
bodies. To arrive at certainty on the point, the following method of ex-
amination is preferable to all others, which is founded on a diseovery made
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by Persoz, and first recommended by C. Oppermann as a method for sep-
arating several bases from one another :—

The concentrated aqueous solution of bases is mixed with fartaric acid,
and then bicarbonate of soda is added. Oppermann has found that by this
method of treatment quinine, morphine, and brucine are not ; on the con-
trary, oinchonine, narcotine, and strychnine are, precipitated. Thus, in
many cases when two bases are present, a separation of one from the other
may be effected by this method. By mixing the fluid filtered from the pre-
cipitate which may have been produced by bicarbonate of soda with a
little hydrochloric acid, and then adding bichloride of platina and aleohol,
it can be readily determined whether a base still remains in the solution
or not.

If we learn by this treatment that several bases are present, we must
still ascertain whether the precipitated part and the non-precipitated part con-
sists of one or more bases. The examination depends on the principle of
fractional precipitation, and the estimation of atomic weights which are un-
dertaken with the individual portions of the precipitated bases. For the per-
formance of the examination thirty or forty grains of the substance to be
tested is necessary. The part of the solution precipitable after mixtare
with tartaric acid by bicarbonate of soda is first separated from the unpre-
cipitable part and collected on a filter, then dissolved in dilute hydrochloric
acid, and half the quantity of the solution of bicarbonate of soda is andded
which was required to throw down the entire quantity of bases. This
quantity should be previously ascertained with small measured quantities
of the solution of the bases and bicarbonate of soda. Itis evident that the
hydrochloric acid solution of the bases must be quite neutral—that is, must
contain no excess of acid.

The substance separated by the first half of the precipitant, and the pre-
cipitate produced by the second half of the same, are collected on filters
and washed, then dissolved in dilute hydrochloric acid, and mixed with
bichloride of platinum and alcohol. Both the platina precipitates are
washed with alcohol mixed with ether, dried, and heated to redness.

From the quantity of platina remaining behind, it will be seen whether
one or more bases are present. A closer examination with reagents
whose behaviour to bases is known, may first be performed with good re-
sults when the separation of the different bases has been thus approximate .
ly attained.

If we have by these means learnt that the separated crystals are not an
organic base, or a mixtare of such bases, or rather their salts, with acetio
acid, they must be therefore an indifferent organic body, or rarely a mix-
ture of several substances of thatkind. The presence or absence of nitrogen
—that is, the presence or absence of a body perhaps analogous to aspar-
agine —has been already decided by the experiment with the concentrated
solution of caustio soda in the heat.

The preponderating majority of these indifferent vegetable substances
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has been proved by ocareful investigation to belong to the class of copulated
carbohydrates—as, for example, salicine, phloridzine, populine, arbutine,
ononine, sesculine, &. It is, therefore, our problem to ascertain whether
the crystals in question belong or not to this class of bodies—that is,
whether by acids (when these do not act in a too conceatrated form at
high temperatures) they are split into two products, one of which—a car-
bohydrate—is in the majority of cases sugar, or a similarly composed body.
By the action of alkalies on these bodies, two products likewise result—one
which is in exceptional instances sugar, but in the majority of cases a car-
bohydrate, with properties different to those of sugar. Frequently the salt
of an acid results, and a product which is decomposed by acids into two
products, one of which is sugar.

To ascertain whether a copulated carbohydrate of thal kind is present, the
crystals under examination are treated in the following manner : —

They are dissolved in the smallest possible quantity of water, and the
solution is mixed with a small quantity of strong hydrochloric acid, the acid
solution is introduced into a flask, and the air drawn oat by a stream of
carbonic acid gas. The flask is heated on a sand-bath until its contents
boil. To intercept the volatile products of decomposition perhaps evolved,
the flask is connected with a refrigeratory apparatus and a receiver. In
many cases while heating, and in others after cooling, the fluid boiled for
some time deposits & product of the decomposition sometimes in the form
of distinct crystals, sometimes in the form of amorphous flocks, or in a state
of powder. Occasionally a dense oily or resinous mass is deposited, which
sometimes, after long standing, becomes crystalline. When an insoludle or
difficultly soluble decomposition product is separated after the fluid has
cooled, this ia collected on a filter. Itis advisable to cool the fluid down to
32% Fabhr., to effect thereby a more complete separation. The filtered acid
fluid is then mixed with freshly precipitated moist carbonate of lead, until,
upon the addition of this salt, no more effervescence takes place. The
solution containing the chloride of lead in solution, together with the
undissolved chloride of lead is poured into a basin, heated on a water.bath,
and in small portions freshly prepared or still moist white lead is added. A
basic lead salt of very slight solubility results. As soon asby the addition
of a fresh quantity of white lead no more change is remarked, the contents
of the basin are placed on a filter. The filtered fluid is mixed with phos-
hate of silver, which is prepared by precipitating a solution of phosphate
of soda of the Pharmacopeeias with a solution of nitrate of silver, and which
is preserved ina moist state, excluded from the light. As soon as the phos-
phate of silver and the dissolved chloride of lead come into contact with
one another, thsy are decomposed into insoluble chloride of silver, and
into insoluble phosphate of lead. The phosphate of silver is consequently
added until the yellow color of the silver salt no longer disappears ; the
precipitate in the fluid thus assumes a yellowish color. The fluid is filtered
from the precipitate, which is washed. The filtered fluid, together with the
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phuric acid. As chloride of barium is almost insoluble in quite anhydrous
alcohol, and the majority of the baryta compounds of organic substances,
on the contrary, dissolve with great difficulty in weak spirit, we can, when
baryta water produces no precipitate in the hydrochloric acid fluid, add
absolute alcohol, whereby a baryta compound of the decomposition product
is often thrown down before the chloride of barium separates.

It is self-evident that the flaid containing hydrochlorie acid, which is
obtained by heating the aqueous solution of the crystals under examina-
tion with a little hydrochloric acid, may be mixed with baryta water, to
observe whether a precipitate, that is, & compound of the decomposition
product, insoluble in water, is thereby formed or not; in the latter case,
the addition of a little anhydrous alcohol assists the precipitation. If a
precipitate is not produced either by baryta water alone, or by baryta
water and alcohol, a second portion of the fluid, containing hydro-
chloric acid, is taken and mixed with freshly precipitated carbo-
nate of silver, which is converted into insoluble chloride of silver
by the hydrochloric acid, under the evolution of carbonic acid. The
chloride of silver is separated by filtration from the fluid, which is now
free from hydrochloric acid. Two cases can hereby happen. Either there
results, besides the chioride of silver, the silver compound of a decomposi-
tion product insoluble in water or not. Ifno insoluble compound ofa decom-
position product with silver, has scparated with the chloride of silver, the
filtered fluid contains silver or not. Ifit contains silver, the silver must be
separated by sulphuretted hydrogen ; then we have a watery solution of both
decomposition products. If it does not contain silver, the filtrate is a pure
solution of decomposition products. Of their further treatment we shall di-
rectly speak. When a descomposition product is precipitated, together with
chloride of silver, as an insoluble silver compound, and filtered off, the filtered
fluid is a solution of sugar, or a solution of a czrbohydrate with the same
composition as sugar. When the solution of both decomposition products is
obtained in a condition free from hydrochloric acid, we must endeavor to
effect & separation with bickloride of tin, or with basic acetate of lead. Many
of the decomposition products appearing with sugar are precipitated by
bichloride of tin, and most of these bodies are thrown down by basic acetate
oflead. The tin and lead compounds obtained may be decomposed by sul-
phuretted hydrogen, after they have been diffused in water. The fluid
filtered from these tin and lead compounds, after treatment with sul-
phuretted hydrogen, can be employed for obtaining the sugar.

If the research which has been made with both portions of the fluid
under examination has lead to no result, a third portion of the fluid, con-
taining hydrochloric acid, is taken and mixed with a solution of sulphate of
silver as long as a turbidness arises from precipitated chloride of silver. The
chloride of silver is removed by filtration, the fluid containing sulphuric
acid is mixed with baryta water as long as sulphate of baryta separates,
and by filtration a solution of both decomposition products is obtained free
from acid. :
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hydrochloric acid gives orystallized grape sugar ; on the contrary, by treat-
ment with baryta water, a carbohydrate with the decided character of an
acid. The thujine from the green parts of Thuja occidentalis treated with
hydrochloric acid affords a non-crystallizable carbohydrate; on the con.
trary, by treatment with baryta water, crystallized grape sugar. Inde-
pendently of this difference, & number of substances still exists which, by
treatment with baryta, do not set free a carbohydrate, as is the case by the
action of hydrochloric acid, but an acid results which combines with the
baryta, while a substance is formed which, by the action of acids, affords
sugar and a second decomposition product. Thus populine, by trcatment
with baryta, gives, besidcs benzoate of baryta, salicine, and onorine, besides
formiate of baryta affords formonetine. Salicine as well as formonetine
are copulated sugar compounds,

It will be seen from the examples cited that the behaviour of a substance
of that kind to hydrochloric acid renders in no way superfluous the study
of its relations to an alkali,

In consequence of the facility with which organic sabstances oxydize in
contaoct with an alkali in the oxygen of the air, it is necessary to under-
take the treatment with baryta in an atmosphere of hydrogen. To accom-
plish this, an aqueous solution of the substance under examination, as
concentrated as possible, is introduced into a flask which is closed with a
eork having three perforations. Through one perforation a glass tube
passes which 1s bent at an angle, and serves to connect the flask a with re-
frigeratory epparatus, and a receiver for the collection of the volatile de-
¢omposition products evolved. Through the second perforation, a glass
tube bent at a right angle passes almost to the bottom of the flask, through
which the hydrogen enters into the flask to drive out the air. The
hydrogen is generated from granulated zinc and water by sulphuric acid,
and first conducted through a washing bottle containing a solution of bi-
chloride of mercury for the separation of the sulphuretted and arseniuretted
hydrogen before it passes into the fluid. Through the third perforation the
long beak of a funnel is stuck, which can be rendered air tight by a glass
rod ground in above where the beak of the funnel begins. This funnelis
filled, when all the air is displaced by hydrogen, with a concentrated hot so-
lution of the hydrate of baryta in water. By raising the glassrod the baryta
is allowed to flow into the flask, which is closed before the last drops have run
in* The baryta water may be thus introduced into the flask without a trace
of air coming in contact with the contents of the flask. Often an insoluble
compound of baryta with the organic substance results, so that a dense pre-
cipitate is formed. In this case the flask, which is heated on & sand-bath,
must be frequently shaken, to prevent a deposition of the precipitate. Gener-

* When the hydrogen gas is evolved from a flask, the necessary mixture of
sulphuric acid and water for the continued development of the gas must be
in through a funnel constructed inthe same manner to prevent the in-

greas of the air into the bottle.
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When sufficient fluid has been forced in this way into the funnel, this is
closed with the glass rod, and the glass tube opened. The portion of the
fluid in the funnel required for examination may be removed by -means of
a pipette,

I must also mention a small arrangement which renders easy the dis-
placement of the hydrogen gas by the carbonic acid gas, without permit-
ting the entrance of air into the apparatas, This arrangement consists of a

spur made of vulcanized caoutchouc. This forked

b tabe at a is to be connected with the glass tube, bent

a @ at aright angle, which conducts the hydrogen gas into

' ¢ the flask. The forked tube is attached at b to the

apparatus for evolving hydrogen, and is at ¢, con-

nected with a gasometer containing carbonic acid. While the tube at b is

closed with a clamp, carbonic acid is allowed to stream out of the gasometer

until all the air is driven out of the conducting tube. The carbonic acid

passes at a freely, as the tube at b is closed by a cock. The tube at c is

now shut with a clamp, and the cock of the gasometer is also closed. Then

a is attached to the tube in the flask, and b with the hydrogen gas ap-

paratus, and the air expelled from the flask by the hydrogen gas. After

the baryta has acted sufficiently long, and it is wished to condact carbonic

acid into the flask, the tube is closed at b, which in the mean while was

open, and the tube is opened at ¢, and carbonic acid allowed to pass in
from the gasometer. .

When a clear fluid is obtained by the treatment with baryta, it is ascer-
tained whether, by the addition of alcohol, a baryta compound is precipi-
tated, while the carbohydrate remains dissolved in the spirituous fluid.

. Often in this way & separation can be accomplished.

If a separation ig not effected in this way, carbonic acid is conducted
into the fluid until all excess of baryta is saturated with carbonic acid. In
many cases the baryta compound of the decomposition product is thereby
decomposed. The contents of the flask are heated now to the ‘boiling point,
while hydrogen gas instead of carbonic acid is passed through the fluid.
By boiling, the dissolved bi.carbonate of baryta is converted into the car-
bonate. The contents of the flask are then filtered. On the filter, car-
bonate of baryta and a decomposition product remain when the latter is in-
soluble in water, and was dissolved only as a baryta salt in the water. The
carbohydrateis contained in the fluid frequently as a baryta compound (con-

- sequently not precipitated from the baryta by carbonic acid), either alone or
together with the second decomposition product, which may be dissolved
either free from baryta or as a buryta salt. When the substance, as ononine
or populine, &c., is decomposed bybaryta into a baryta saltand a copulated
carbohydrate, a copulated carbohydrate and not a separated carbohydrate
is obtained in the filtrate. On this account, we have always to ascertain
whether a carbohydrate, or such a copulated compound, is obtained by the
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When the methods of examination here described have shown that the
separated crystals contain no member of the family of organic bases, and
no copulated compound which is decomposable by acids into a carbohydrate
and a second decomposition product, or by alkalies, can be broken up into
an acid and a copulated carbohydrate, we have to do with an indifferent
vegetable substance, upon whose nature only an extended investigation can
afford a conclusion.

There are substances in the vegetable kingdom which must be reckoned
among the copulated compounds,but which donot afford a carbohydrate by split-
ting up by either acids or alkalies, for example, athamantine. But as such
bodies break up into two products by the action of acids ard alkalies, we
aro already aoquainted with their behaviour and nature by the attempts
made to decompose them into a carbohydrate and a second body.

When we are thus far acquainted with the crystals, we proceed to the
examination of the mother liquor from which they have separated, which
must always contain still a little of the substance which has crystallized
out, as it is impossible for the separation to be total when it has been
accomplished merely by crystallization. But iforiginally no crystals have
separated, the entire amorphous residue must be examined whick was obtained
afler the treatment of the watery decoction with sugar of lead and subacetate
of lead, and sulphuretted hydrogen, and evaporation.

It has been previously mentioned that we must endeavor to separate this
residue, when it has been suitably concentrated and treated with alcohol,
into a soluable and an insoluable portion, and also to treat the alcoholic solu-
tion with ether, to ascertain whether one or more constituents are thereby
precipitated.

By the treatment of the aqueous decoction with animal charcoal it
has been ascertained whether bodies are contained therein which
are fixed by animal charcoal or not. When such bodies have been de-
tected in the decoction by means of animal charcoal, we must simplify the
method of examining the residue in question of the watery decoction which
hasbeen precipitated with acetate and subacetate of lead by the application
of animal charcoal. If this residue has been treated with aleohol, and
thereby a separation has been effected into a part soluble and a part in-
soluble in alcohol after the evaporation of the alcohol from the part therein
insoluble, and the distillation of the aleohol from the part therein soluble,
both the resulting residues are separately dissolved in water and treated
with animal charcoal. When a precipitate has formed by the addition of
ether to the alcoholic solution of a part of the residue, this precipitate,
after it has been collected on a filter, as well as the residue of the filtered
liquid freed from alcoho]l and ether, are dissolved in water, and the solu-
tions treated with animal charcoal. The animal charcoal, as before
described, is quite exhausted with alcohol to obtain a solution of the body
which it has retained, which, after glistilling off the alcohol, is examined
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due in question of the watery decoction which is not precipitated by ether
because it is soluble in & mixture of ether and alcohol. Its presence may
he easily recognized when the residue which remains after the expulsion of
‘the ether and the alcohol is treated with moderately diluted hydrochlorie
acid. The fluid becomes turbid when a little of thig body is present, and
a separation of oily globules on the surface of the acid fluid ensues, and a
separation of resinous flocks when it exists in larger quantity, takes place,
diffusing a peculiar odor of an ethereal oil.- I have met with this sub-
stance in plants of the most varied families, so that it may be recognized
a8 one of the most widely-spread constituents of the vegetable kingdom,
although it does not exist in all plants. This substance was found by
Kawalier in the Pinus sylvestris, and analyzed by him, and termed pinipi-
crine. It is a copulated carbohydrate, which is broken up by hydrochloric
acid into sugar and an ethereal oil, of which the great part becomes a resin
when separated.

As the precipitates which sugar of lead and subacetate of lead produce
in the watery decoction of the material under examination are not abso-
lately insoluble in water, it is intelligible that always after the separation
of the lead by sulphuretted hydrogen a fluid is obtained, and by the con-
centration of the fluid a residue results which contains small quantities of
those substances, the bulk of which were precipitated by she salts of lead
above named ; so that indeed by the addition of a little subacetate of
lead always a little precipitate forms in this residue, though not much.
When these small quantities of dissolved substances are impeding the sep-
aration of other bodies, they must be removed by subacetate of lead,
and the lead then separated by sulphuretted hydrogen.

We often find it stated in accounts of analysis that the sugar of the
watery decoction, which frequently acts very injuriously in the investigation
of the other constituents, must be destroyed by fermentation with the aid
of yeast.

But a removal of the sugar in this way can only give occasion too easily
to delusions. When no constituents are present which undergo in contact
with yeast a splitting up, the constituents still may be decomposed by the
yeast and the fermenting sugar. It has been long known that urea, which
is not decomposed by yeast, breaks up into carbonic acid and ammonia
when it is in a solution of sugar which is set with yeast into fermentation.
Other substances also may be decomposed in a similar way when they are
contained in a fermenting solution of sugar. On that account this destruc-
tion of the sugar by fermentation must only be undertaken as an aid for
the isolation of one or more constituents when it has been already dis-
covered that none of the constituents undergo by thxs method a splitting
up.or an alteration.

The precipitate which was obtained by sugar of lead in the watery de-
coction never probably contains an organic base; on the contrary, one or

.
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the other constituent which forms with oxide of lead an insoluble com.
pound may be a copulated compound. In the examination of the frac-
tional parts which were prepared from this precipitate according to the
method described at page 29, attention: should be directed to this point,
and the method should be employed with hydrochloric acid and Laryta -
(or soda, or potash) as described at pages 37, 41.

In the same manner as directed for the residue which is obtained from
the watery decoction treated with sugar of lead, subacetate of lead, and
sulphuretted hydrogen, is the residue dealt with which remains when the
walery decoction was filtered through animal charcoal previous lo ils treat-
ment with the lead salls, and also the residue which remains behind after the
precipitation of the walery decoction with alum and ammonia, evaporat-
ing and extracting with alcohol, and distilling off the alcokol. Thus we have
in these three examinations a mutual control of the correctness of the re-
sults obtained by each individual examination, and consequently a eon-
stituent can scarcely be overlooked, and also conclusions may be drawn
on the nature of the individual constituents.

I1.—Examination of the cold watery infusion.

This fluid, prepared in the manner given at page 12, is divided into
several parts.

The first part is introduced into a test tube, placed in a beaker glass
filled with water,and the water slowly heated. By means of a thermometer
inserted in the test tube, the temperature is observed. At a certain heat
a coagulation of one or the other constituenis is produced. When the coagu-
lation of the substance is noticed, the lamp is removed from under the
beaker glass, or the latter is taken from the sand-bath on which it has
been placed to heat it. The object of this removal is to prevent the tem-
perature of the fluid in the test tube rising .any farther, and to retain it
some time at the same heat, or rather to cool very slowly. The coagulum
is separated after the fluid has cooled by the filtration of the fluid. To pro-
mote the filtration, it is better to take a number of small filters instead of
a larger one, because the pores cf the filter are quickly stopped by coa-
gulated material of that kind, and the filtration then proceeds extremely
slowly. '

The filtrate is again treated as the oxiginal fluid, only the temperature
is allowed in this second treatment to rise more quickly to the point where
the separation takes place, and then slowly elevated. The fluid heated
some degrees higher often throws off a fresh coagulum, which is likewise
collected on a filter. The filtrate is again heated, to see whether by a still
higher temperature a third coagulum makes its appearance. As all coa-
gulable substances do not lose their solubility in water at the same tem-
perature, several of these bodies may be separated from one another when
they are simultanevusly present in an aqueous extract.
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The second part of the fluid is mixed with acetic acid, to ascertain whe-
ther a precipitate results. If a precipitate ensues, it is collected on a
filter, of which several small ones are used, instead of a large one. The
filtered fluid is now heated, whereby generally a coagulum is formed. The
substance precipitated by a little acetic acid is examined, to learn whether
it is quite or partially soluble or not in acetic acid when an excess is
added. By these means a separation of several of these bodies may be
sometimes effected.

The third part is, lastly, mixed with alcokol, and it is observed whether &
precipitate results, whick nearly in all cases makes its appearance thereby
in at least a small quantity. The precipitate collected on a filter and washed
with spirit, is treated with water, whereby only in few cases a complete
solution results. The filtered aqueous solution resulting is heated, by
which frequently a considerable coagulum is thrown out.

II1.—Ezamination of the extract obtained by acidulated water.

As already stated (page 13), this extract is employed for the detection
of some organic acids, which per se are soluble in water, but are contained
in the material under examination in the form of compounds, mostly as
lime salts, which are neither soluble in pure water nor in spirit. Itis also
employed for the detection of organic bases. For example, when a part
of a plant contains, as is frequently the case, oxalate of lime, the oxalic
acid is neither found in the watery decoction nor in the spirituous extract,
because oxalate of lime is equally insoluble in water and in spirit. By its

* decomposition, by means of sulphuric acid, which is added to the water, we
obtained from the salt insoluble in water so much oxalic acid in a free
state, that we can detect it in the fluid.

For its further investigation the acid extract is freed from its sulphuric
acid by carbonate of baryta, which is added in small quantity. A precipi-
tate of sulphate of baryta thereby ensues, mixed with more or less com-
pounds of organic substances, or perhaps with precipitated organic bases,
when they were present in the acid solution, and one or more of them were
difficultly soluble or insoluble in water. The precipitate is collected on a
filter and washed with water. The washed precipitate is boiled with strong
spirit, and the spirituous solution is separated from the insoluble matter
by a filter. It is ascertained whether the spirit has dissolved or not any
organic bases. . The baryta precipitate, boiled with spirit, is digested with
dilute sulphuric acid, to produce sulphate of baryta, which is separated by
a filter, and to obtain a solution of the substance which was combined with
the baryta. The lime and baryta salts generally exhibit a very analogous
degree of solubility, so that by this method mostly those compounds are
obtained in solution whose lime salts being insoluble in water and spirit,
could not be extracted by these fluids from the material under examina-
tion. The fluid which is filtered from the sulphate of baryta, excess of
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spirit. Generally the greater part remains behind, which consists of albu-
minous bodies which are present in a coagulated condition, or, like legumine,
are ingoluble in a free condition in alcohol and water, but with ammonia
afford compounds soluble in water. They are precipitated from their so-
lutions by hydrochloric acid, and remain undissolved by the treatment
with epirit. Among the bodies extracted by ammonia and precipitated by
hydrochloric acid, and also in the part soluble in alcohol, of the mixture
thus obtained, substances often exist which are extracted by alcohol from
the material under examination, because they are not soluble in pure water,
but are as soluble in ammoniacal water as in spirit ; for example, chinovic
acid, &. We often obtain bodies of that kind purer from this ammoniacal
extract than from a spirituous extract of the material, in which they are
accompanied with many other substances, while in this case many of these
substances are separated for the most partby the previous hoiling with pure
water, and thus do not interfere with their preparation in a pure state.
It often happens that substances combined with lime or magnesia are quite
as insoluble in water and spirit as in ammoniacal water. When the sub-
stance combined with lime or magnesia is insoluble in acidulated water, it
can only he obtained in the following way from the material :—A. portion
of the material, boiled with water, is extracted with water containing hy-
drochloric acid, whereby the lime and magnesia compounds in question are
decomposed, and the lime and magnesia dissolved as chlorides and removed.
All that is soluble is separated by washing with pure water, and then the
material is extracted with ammoniacal water, which now dissolves the or-
ganic body rendered free, which was ingoluble as a lime or magnesia com-
pound, and may be precipitated insoluble in water upon the addition of
hydrochloric acid. By the decoction of the material with spirit containing
sulphuric acid, after it has been already exhausted with spirit, these bodies
may be obtained likewise ; but we are in danger, by the action of the
acid in the heat, of producing changes in the bodies we desire to iso-
late.

V.—ExaumiNarioNn or THE SpiriTuvous ExTract or DECoCTION.

a.— Deposits from the spirituous extract or decoction.

From the spirituous extract of the substance under examination, when
the extract is prepared with hot alcohol, bodies are deposited sometimes
by its cooling, or after a portion of the spirit has been distilled off, which
must be subjected to & closer examination. With a cold prepared infusion,
deposits of that kind make their appearance generally after the distillation
of the aleohol, but mostly in smaller quantities. Resins, kinds of wax, fats,
with other peculiar bodies which belong to none of these classes—as, for
example, saponine—are contained in these deposits, which frequently ap-
pear of & dark green color like the spirituous extract itself, when vege-
table substances containing chlorophyll have been extracted with spirit.
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Probably these might be partially separated by the employment of sul-
phuret of carbon, and thus the analysis facilitated. Unfortunately, at
present such a few data lie before us upon the applicability of this fluid,
which was first employed by Lampadius for separations of that kind, that
I am not in a position to give more information with regard to the employ-
ment of this body in the treatment of the mixtures in question. So
much is certain, that the analysis of these mixtures belongs often to
the most difficult problems. As all fats, as well as kinds of wax,
dissolve at least in hot ether, but only some of the resins, it is convenient
to effect a separation by ether into a soluble part, and a part insoluble
therein, and to examine both after distilling off the ether more closely,
supposing that the whole mass is not soluble in ether, which often happens.
Some bodies in such mixtures are soluble in hot or boiling alcohol, and
sparingly soluble in cold alcohol, as, for example, some kinds of wax. A
partial, though not an exact separation, can be effected by dissolving the
mixture in the smallest possible quantity of boiling alcokol, and then ceol-
ing the solution. I shall come directly to another method for the separa-
tion of this mixture into its constituents. But I must here remark that
fats, when present in great quantity, as, for example, in the seeds poor in
starch or in some roots, are seldom accomparmied by resins in considerable
quantity, and vice versd, leaves, woods, flowers, &c., rich in resin, contain
seldom more than a trace of fat, so that we have to do either with a pre-
ponderance of fats, or a preponderance of resins, at least in the majority of
cases. On the contrary, with resins, waxy substances frequently exist to-
gether. It has been already stated that vegetable bodies rich in fat aro
freed generally by pressure from the bulk of the fat, and the quantity of fat
necessary for its investigation can be obtained almost in a pure condition.
And it has likewise been mentioned before that the expressed residues, as
well a8 such material which cannot be freed from its fat by pressure, are to
be exhausted with a weaker alcohol in order to obtain alcoholic tincture
as free from fixed oil as possible.

I have therefore to give the method by which a mixture of resins con-
taining waxy bodies and & mixture of fats are to be treated, to ascertain
the individaal constituents of these mixtares. The mixture of resins, which
contains admixed waxy bodies, must, before it is submitted to investiga-
tion, be subjected to some perliminary experiments, which are performed
with small quantities of it. .4 small portion of the resinous mixture is
treated in a mortar with water to which a little ammonia has been added,
and the resinous maus is kneaded with the pestle into the closest possible
contact with the alkaline fluid. Many resins possess the character of weak
acids. These resins dissolve sn the ammoniacal water, while the indifferent
resins remain undissolved by this treatment. By filtration the undissolved
substances are separated from the solution, and from this the dissolved
resins are thrown down by dilute hydrochloric acid. By these means the
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resinous mass is divided into two parts. A4 second portion of the resinous
mixture is dissolved in spirit, when the method named effects no separation.
But when a separation has been thereby effected, the part soluble in am-
monia is dissolved in spirit. The spirituous solutions are mixed with a
solution of acetate of copper, whereby some rerins, but not all, are preci-
pitated. A third portion of the resinous mixture is treated with ether, to
effect, if possible, a separation. Both portions of resin which have been
separated from one another by ammoniacal water are treated with ether,
to produce a further separation. A fourth greater quantity of the resinous
mixture is treated in the following manner :—The mixture is dissolved in
spirit, and the solution precipituted with a spirituous solution of acetate of
lead as long as a precipitate results. The fluid is separated from the pre-
cipitate by a filter, and this is washed on the filter with spirit. The washed
precipitate is diffused in spirit, and a current of sulphuretted hydrogen is
passed into the fluid, which is made hot by surrounding the vessel in which
it is:placed with hot water.  After its complete decomposition, the solu-
tion is filtered hot from the sulphuret of lead in a water bath funnel. By
the cooling of the filtrate the bulk of the substance separates which was
previously combined with the lead. A portion often remains dissolved,
which may be procured by evaporation. Frequently in this way crystal-
line waxy compounds are obtained by cooling separated from the resins,
while sometimes one resin or the other remains dissolved in the fluid. The
fluid which is filtered from the precipitate which has been produced by the
spiritaous solution of acetate of lead, in the spirituous solution of the
reiinous mixture, is treated with sulphuretted hydrogen. The lead, as
well"as the chlorophyll when present, are thereby precipitated from the
fluid. The sulphuret of lead is separated by filtration, and the spirit of
the solution by distillation, whereby the resins are precipitated. For the
prevention of any alteration by heat, the distillation is undertaken in a
water bath, The resins thereby obtained are treated with a weak solution
of caustic potash, which separates the soluble from the insoluble part. The
resulting solution is mixed with a watery solution of chloride of calcium,
the resulting precipitate washed on a filter, and then dried by a gentle
heat or in vacuo. The filtered fluid is mixed with Aydrockloric acid, where-
by a precipitate frequently makes its appearancs, which is collected on a
filter, washed with water, and then dissolved in lime wafer. A current of
carbonic acid gas is conducted into the solution, by which a preeipitation
of organic substances often appears, which are separated from the combina-
tions with lime by the carbonic acid. As this precipitate is contaminated
with carbonate of lime, the salt is extracted with dilute Aydrockloric acid,
or the organic substances are separated from the lime salt by alcokol. The
fluid filtered from the carbonate of lime and the organic substences is heated
for the decomposition of the bicarbonate of lime present. The fluid is again
filtered, and, when cold, treated with dilute Aydrochloric acid, by which a
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precipitate of organic substances results, which, as stronger acids, were not
thrown down by the carbonic acid from the lime. The lime salf, prepared
by precipitating with chloride of calcium, the solution which was obtained
by means of potash, is after it is dried, treated with ether, which generally
dissolves a portion of it, which is, left behird by distilling offthe etherin a
water bath. The portion remaining undissolved in ether is treated with
alcokol, which sometimes likewise dissolves a small portion. Lastly, that
which is insoluble in ether and alcohol, is treated with dilute hydrochloric
acid without the application of heat, for the separation of the lime. With
these individual portions we shall have the opportunity of ascertaining
which method of separation possesses the advantage over the others, and to
treat correspondingly the whole mass of the resinous mixture.

When we have to operate on a mixture of fats which has been procared
either by pressure between cold or heated plates, or by the extraction of
the material with hot spirit, and distilling off the spirit and filtering the
watery residue through a moist filter, whereby the fat remains on the filter,
we proceed in the following way :—

A small portion of the fat is saponified with a solution of potash in a dish,
the solution of soap decomposed by a sufficient quantily of dilute sulphuric

" acid, and the floating fatty mass separated from the watery fluid by a
pipette or a small syphon ; this fluid is subjected to distillation in a flask
or a retort, after a refrigeratory apparatus and receiver have been con-
nected with the distilling vessel. The distillate is tested after about two-
thirds of the fluid have passed over, and the distillation is interrupted to
ascertain whether it has or not an acid reactien, whether turbid or clear,
whether oily globules have separated thereout, and whether it possesses an
odor or not. When the distillate exhibits only a slight acid reaction, is
almost odorless, quite clear, and no oily globules float on its surface, no
glyceryle compounds of the volatile fatty acids are present in quantity. On
the other side, they are preseant when the distillate has a strong acid re-
action, has thrown out oily globules, or at least when these render the
distillate turbid or opalescent, and has a remarkable odor. If no volatile
Jatty acids are present, the bulk of the fatly mixture 1s saponified with a
solution of potash, the solution of soap mixed with common salf, and the soap
formed is separated. The soap is removed after some time from the
aqueous fluid, and dissolved in water with the aid of heat. The solution is
again treated with common salt, and the solution and the salting repeated
frequently, until the watery saline fluid takes up no more foreign sub-
stances. In the first ley, from which the soap has been separated by com-
mon salt, is contained the chief bulk of the glycerine; the soap which has
been purified by repeated solution and salting, is now dissolved in water,
and precipitated with a solution of sugar of lead; the precipitate which
results is a mixture of lead compounds, consisting of the lead salts of the
fatty acids. This mixture of lead salts, after it has been washed and dried,
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is treated with ether, whereby the lead compourds of the liquid fatty acids
are dissolved, but not those of the solid fatty acids, and which, after being
washed with ether, are decomposed, which can be accomplished either by
spirit containing sulphuric or hydrochloric acid, or by treatment with spirit
and sulphuretted hydrogen. The fatty acids, freed from lead, and dissolved
in spirit, are, after the greatest portion of the spirit has been distilled off,
mixed with a solution of carbonate of potash as long as an effervescence
thereby ensues, and then the spirit is entirely expelled by evaporation. A
little solution of caustic potash is now added, and the whole boiled to de-
compose a small quantity of the ethers of the fatty acids, which have formed !
by the decomposition of the lead salts with the spirit containing sulphuric
or hydrochloric acid, and by the distillation of the spirit, have not quite
volatilized, and to combine the fatty acids contained therein with potash.
The excess of alkali is separated by salting the soap, which is then dis-
solved in water. This solution of the potash salts of several fatty acids is
now fractionally precipitated with acetate of magnesia, acetate of baryta, or
ucelate of lead, according to the method of Heintz, by adding half of a solu-
tion of these salts, which would have sufficed to throw down the whole of
the fattyacids. The precipitate is filtered off, and washed. To the filtrate,
the second half of the solution of the acetate employed is added, and the
precipitation is thus completed. Both precipitates are now decomposed,
and both resulting portions of the fatty acids are converted into ammonia-
cal salts in solution, and these solutions each again divided into two parts,
and precipitated by the acetate selected. This method of separation is
continued until only one fatty acid is in combination with magnesia, lead,
or baryta, in the individual parts. We learn whether the separation has
been brought thereby to this point by decomposing a portion cf a lead,
magnesia, or baryta salt, converting the fatty acid or acids into a silver
salt, and determining the atomic weight of the acid by heat. The bulk of
the lead, magnesia, or baryta salt is then decomposed, of which a small
portion has been taken for the preparation of the silver salt used for the
determination of the atomic weight ; the resulting free acids converted into
ammoniacal salts, and these fractionally precipitated. After a silver salt
has been prepared from the first and second half, the atomie weights of both
silver salts are determined. When the atomic weight or the organic sub-
stance of both silver salts is the same, and equal to the atomic weight of the
silver salt first estimated, the separation in this examined portion has
beer a complete one.

If not only glyceryle compounds of the non-volatile fatty acids, but those
of the volatile acids, are contained in the fats, the method is modified in
the following way :—The saponification is performed in a still, the solution
of soap therein mixed with a solution of tarfaric acid, and the whole sub-
jected to distillation. After the head has been fixed, and a careful ar-
rangement made for cooling, the volatile fatty acids are then foundin the
distillate, the non-volatile ones among the contents of the still. The distil-
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late is so fractioned by partial combination with a base, and distillation
as described in the examination of the watery distillate (page 24), which
is obtained by the decoction of the material under examination with water.
The non-volatile fatty acids, partly solid and partly fluid, are treated pre-
cisely as though they had been obtained by saponification from the fatty
mixture alone, which was above spoken of.

The liquid fatty acids, which are obtained as ethereal solutions of their
lead salts, by the treatment as above given of the salts of the fatty acids
with ether, may be likewise mixtures of several liquid fatty acids. After
the expulsion of the ether they must be separated from the lead and thrown
down by fractional precipitation from one another, precisely as stated for
the solid fatty acids.

Since it has been discovered that not only fatty acids, but also benzoic
acid, may be contained in fatty mixtures as a glyceryle compound, it is no
longer improbable that the glyceryle compounds of other acids besides
those of the proper fatty acids, may be found in many fats when attention
is directed thereto.

To ascertain whether other acids besides the fatty are contained or not as
9lyceryle compounds in the mixture of fats, the fluid which is obtained when the
JSat is saponified, and the soap separated by common sall, is filtered and evapor-
ated in a water bath until it is reduced to a very smail volume. Glycerine
and common salt are always found in this residue, besides free potash, car-
bonate of potash, and small quantities of dissolved soap. Ifglyceryle com-
pounds of benzoic acid or of other acids were contained besides in the fat, the
potash salts of the acids are dissolved likewise in this fluid. The’ residue,
which is obtained by evaporation, is divided into two parts. The first part is
mixed with a solution of chloride of calcium, which precipitates a little
carbonate of lime as well as the compounds of smaller quantities of fatty
acids with lime, which are insoluble in water. The lime salt of the acid,
which is present in addition to the fatty acid, either precipitates or remains
dissolved. Ifit remains dissolved, a solution of the salt of the acid sought
for is obtained by filtering the fluid from the carbonate of lime, as well
as from the lime salts of the fatty acids ; but the solution is contaminated
with glycerine and common salt. This fluid is evaporated to concentrate
it. The residue is mixed with hydrockloric acid. If benzoic acid, or any
acid difficultly soluble in cold water, is present, it is precipitated by the
addition of hydrochloric acid. When nothing is thrown down, either no
acid or one very soluble in water was present. To arrive at certainty on
this point, a second portion of the residue of evaporation above mentioned
is precipitated with chloride of calcium, the resulting precipitate collected
and washed with water, diffused in a little water and mixed with dilute
sulphuric acid. The decomposition is promoted by heat until it is com-
pleted. The fluid, still hot, is then filtered through a moist filter. If with
the fatty ncids, another acid is precipitated by chloride of calcium, as a
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lime salt insoluble in water, it must be contained in this filtrate with a
little free sulphurio acid. To discover tke presence of an acid, which is
neither difficultly soluble in water, nor gives with lime an insoluble salt,
wo proceed in the following way :—

A portion of the fat under examination is saponified by boiling with thin
milk of lime, and the hot fluid containing glycerine is filtered from the
lime soap. Carbonic acid is conducted into the filtrate, hented for the de-
composition of the bicarbonate of lime, and filtered. The filtrate contains
the lime salt of the acid sought for and glycerine. The fluid is mixed
with basic acetate of lead, and the precipitate perchance resulting is sepa-
rated by filtration from the fluid. The lead salt is washed with water, dif-
fused in water, and decomposed by sulphuretted hydrogen. In the fluid
filtered from the sulphuret of lead, the acid sought for is contained. There
are only a few acids which produce no precipitate with basic acetate of
lead. Should such an acid be present instead of basic acetate of lead, a
solution of nitrate of silver mixed with a little ammonia is added, which
precipitates a silver salt of the acid. If in this way no precipitation results,
the concentrated fluid, wherein the acid and glycerine exist in solution, is
digested with freshly precipitated carbonate of zinc or copper, and abso-
lute alcohol is added to the filtered fluid, by which a zine or copper salt of
the acid is thrown down, but not the glycerine. When an acid which is
volatile is mixed with the glyceryle compound in the fat, it will have been
already found in the examination of the volatile fatty acids.

When fats and resins are mixed with one another, the mixture is treat-
ed with a solution of caustic potash to effect the saponification of the fats.
The electro-negative resins dissolve likewise as potash compounds therein,
while the indifferent resins remain undissolved. After the insoluble part
of the resin has been separated, the solution of soap and resin soap is treat-
ed with common salt, and the soap of the fatty acids is separated, but not
the resin soap. The soap which has separated is treated as previously des-
cribed (page 7). The solution of resin soap, which at the same time con-
tains the glycerine of the fat, is mixed with dilute hydrochloric or sulphuric
acids, whereby the resinous acids are separated. They often agglomerate,
particularly when heated, and may be easily taken from thefluid and fur-
ther purified. Sometimes it is necessary to evaporate the liquid, because a
milky fluid results with acids which will not filter clear. T'heresinous acids
separated are again dissolved in a solution of potash, and mixed with an
excess of a strong solution of potash. By these means frequently a sepa-
ration of several resinous acids is effected. Many potash salts of the resins
are soluble, while others are insoluble in a concentrated solution of pot-
ash.

Before I conclude, the consideration of the mixtures of resins and fats
separated from the spirituous extract, by cooling or distilling off the alco-
hol, I must direct attention to & point in the treatment of resins. Some
resing are copulated compounds. Two resins are already known which break
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up into two products one of which is grape sugar. It is therefore proba-
ble that not only are other resins such copulated carbo-hydrates, but that
some resins are compounds, which, by the action of an acid or an alkali.
may be splic up into two products, one of which is not grape sugar. The
resins must in this respect be more minutely examined.

This examination is conducted in the manner described (pages 40, 55)
for the investigation of copulated compounds with acids and alkalies.

It is self-evident thatin the presence of sereral resinous acids, their sepa-
ration can be accomplished in the same manner as this is effected with
non-resinous acids, namely, by fractional precipitation.

When the spirit is distilled off from the alcohol extract, and the separated
resins, fats, and wax-like bodies are separated from the watery residue, and
the watery fluid is freed from every trace of suspended substances by a
moist filter, this walery solutionis now a subject for examination.

b.— Walery residue afler the remoral of the alcokol from the spirituous extract
or decoction.

This fluid is diluted with a little water, and precipitated with a solution
of sugar of lead, the precipitate collected on a filter, the filtered liquid
mixed with basic acetale of lead as long as a precipitate results ; and this
second precipitate is also separated from the fluid by a filter. The filtered
liquid is freed from lead by sulphuretted hydrogen, from sulphuret of lead,
by filtration, and from sulphuretted hydrogen by heating it. This fluid,
as well as both the precipitates obtained by sugar of lead and subacetate
of lead, are treated precisely as the precipitates and flaid were treated
which were obtained by the corresponding treatment of the watery decoc-
tion of the material to be examined.

It is here to be remarked, that by the examination of this precipitate,
as well as those obtained by sugar of lead and subacetate of lead, sub-
stances will be found which have been also found by the examination of
the precipitates obtained from the watery decoction. Thus far, this exami-
nation is a control of the previous one. However, these precipitates gene-
rally exhibit a less complicated composition than those obtained from the
watery decoction. The spirit does not dissolve many salts—particularly
of the inorganic acide, sulphuric acid, phosphoric acid, &. The pectine
bodies are quite as little dissolved by spirit. In the precipitate obtained
by sugar of lead, certain hodies are therefore absent which are precipitated
by sugar of lead from the watery decoction. On the other hand, no gum
is dissolved by spirit, as well as some allied substances, which would be
contained in the watery decoction, and then would pass over into the pre-
cipitate which subacetate of lead produces in the watery decoction. For
the preparation of many bodies it is, therefore, much better to use the pre-
cipitates which are precipitated from the watery residue of the spirituous
extract than the corresponding precipitates from the watery decoction.

Although we often obtain useful results by following the prescribed
method of examination, on the contrary it will happen in many cases that
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this prescribed method is not the best, and must be replaced by another
which renders possible the separation of bodies, which cannot be accom-
plished with the same precision in the method given. Particularly when
coloring matters are containel in the spirituous extract, their isolation by
the methods already prescribed cunnot be performed quickly or perfectly.
In such cases, the kydrate of a’umina is often employed with remarkable
results for a preliminary separation of the constituents. This is prepared
by precipitating a solution of alum with sulphide of ammonium, the pre-
cipitate is washed at the commencement by decantation, and then washed
on a filter with water, and removed from the filter in a moist, gelatinous
conditivn. It can e preserved in closed vessels for use in a moist condi-
tion, or at cnce employed ; the gelatinous hydrate is rubbed with water,
which is added by degrees in small quantities, to a smooth thin paste.
This is added to the watery fluid which has been obtained after the distil-
lution of the spirit from spirituous extract of the material under examina-
tion, and after the removal of the fatty and resinous deposits by filtration,
the hydrate of alumina is diffused equally through the fluid by stirring,
and allowed to remain in contact twenty-four hours, with frequent stirring.
At the expiration of this time the fluid is filtered from the alumina, which
is washed on a filter with water; the filtered liquid, as well as the alumina
on the filter are subjected to further examiration. There are bodies which
combine with alumina, and others which form no combination with it.
The bodics which can combine with alumina are on the filter with the
alumina, which has been added in excess, in the form of salts of alumina,
or are retained by the alumina in the same way that many bodies are fixed
by charcoul or sulphide of lead. T%e mixture of alumina and alumina com-
pounds is treated precisely as the alumina precipitate which has been ob-
tained by the alum and ammonia from the watery decoction. The liquid
which i3 filtered from the alumina and ils compounds is precipitated with
subacetate of lead ; this precipitate is separated from the fluid by filtration,
the fluid from the lead by sulphuretied hydrogen, and freed from the sul-
phuretted hydrogen by heat after the sulphuret of lead has been filtered off.
This lead precipitate, and the fluid filtered therefrom, are treated like the
corresponding fluid and precipitate were treated when no alumina had
been previously added to the aqueous residue of the spirituous extract.
Frequently, in the spirituous extract there are two coloring matters present,
one of which has the nature of a resin. Such coloring matters separate
cotemporaneously with the fats and resins, when the spirit is distilled from
the extract, and they are isolated in the examination of the resins. Many
coloring matters remain dissolved in the water after the spirit is distilled
off. This case often occurs that one of the coloring matters is completely
combined and retained by the freshly-precipitated alumina, with other bo-
dies, when n sufficient quantity of alumina has been added to the fluid,
while the other coloring matter remains behind in the fluid. The latter is
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then precipitated with other bodies by the addition of subacetate of lead.
In the majority of cases, the coloring matter is retained by the sulphuret of
lead after the decomposition of the precipitate by sulphuretted hydrogen,
80 that it can be extracted by hot alcokol from the sulphuret of lead, after the
removal of the other constituents by water.

Before concluding this chapter, I have to return to the deposits from the
alcoholic tincture, which in many instances occur after the cooling, or after
the distillation of the alcohol. Occasionally, a body or a mixture of bodies,
is separated in the form of powders, which may be readily collected upon
a filter for further examination. Sometimes, however, no deposit takes
place after cooling, and after most or all of the alcohol has been distilled off,’
a gelatinous mass or a jelly is obtained after cooling, which, after having
been mixed with water, cannot be filtered, or at least clogs the pores of the
filter in a short time, thus stopping filtration completely. There remains
no-alternative in such cases, but to add again the distilled spirit to the
residuary liquid, and to warm the whole, in order to effect a solution ; this
solution is then precipitated by a solution of acetate of lead in hydrated
alcohol, the filtrate precipitated by subacetate of lead; and the liquid filter-
ing from this precipitate, freed from lead by sulphuretted hydrogen. Both
precipitutes are treated in precisely the same manner as the precipitates ob-
tained by acetate and subacetate of lead, from the aqueous decoction of the
material under examination. The liquid which has been freed from lead
by sulphuretted hydrogen, may contain substances which yield with lead
compounds soluble in alcohol. The alcohol is therefore distilled off, and
the aqueous residue is treated with basic acetate of lead, which will pro-
duce a precipitate, if the alcoholic solution had contained lead compounds
which are insoluble in water. The liquid filtered from this precipitate is
freed from lead by sulphuretted hydrogen, and can now be regarded as
completely liberated from substances which are precipitated by lead ; it is
then further examined.

VI.—Examination of the ethereal extract.

The extract of the material under examination, after the ether has been
separated hy distillation in a water bath, will leave mostly fats or resins,
or & mixture of both. It frequently contains small, seldom large quantities
of other bodies, which are dissolved equally by water or spirit, and are
found in the watery decoction or spirituous extract. Free acids, organic
bases, and various indifferent bodies may be taken up by the ether. The
residue which remains after distilling off the ether is consequently first boiled
with waler. Tannin and analogous bodies, some vegetable bases and other
substances, are taken up by the water, while the fats and resins remain
undissolved. The watery solution of the ethereal extract is treated pre-
cisely as the watery decoction of the material under examination. T%e
residue insoluble in waler, after the separation of all the water, is submitted
to a farther examination. A portion thereof is treated with sulphuret of
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carbon, to ascertain whether a separation can be thereby effected into two
parts. If no separation is possible, tke whole residue left, afier treating the
remaining portion of the ethereal extract with water, is treated ; or when a
separation has been accomplished, by sulphuret of carbon ; then the por-
tion insoluble in sulphuret of carbon by itself, and the portion which re-
mains after distilling off the sulphuret of carbon by itself, are treated as
described for the mixture of fats and resins, which is obtained from the
material under examination by extraction with spirit, and cooling the
tincture, or by distilling off the alcohol. (See page 11.)

VIIL.— Examination of the matter extracted by spirit containing potash

or ammonia.

The solution which is obtained by spirit containing potassa or ammonia
is sometimes very suitable for the isolation of substances which could ouly
be procured with difficulty in a pure condition from the material under ex-
amination in another way. The substances whose isolation may be at-
tempted from this solution are those which are sparingly soluble in very
diluted alcohol, but are dissolved in considerable quantity by potassa or
ammonia, so that the greatest portion of them is separated by an acid,
while others extracted at the same time are not precipitated after the addi-
tion of an acid, because they are soluble likewise in their free state, in very
dilute alcohol. Frequently, carbonic acid suffices to decompose the com-
pounds of these substances with potash or ammonis, so that carbonate of
potash and the substance which was combined with the alkali are together
separated. Sometimes stronger acids, as acetic, sulphurie, or hydrochloric
acid, are necessary for the decomposition. At first, therefore, carbonic acid
is always conducted into the alkaline spirituous extract, to see whether a
precipitation of organic substance takes place. When this is the case, the
precipitate is filtered from the fluid and examined more closely. The fil-
tered fluid is mixed then with hydrochloric acid, to ascertain whether a
precipitate is thereby produced. In this way it is possible to separate one
or more weaker acids from stronger ones. The precipitates produced by
hydrochloric acid must be separated by filtration from the fluid, which is
not further examined, Various peculiar bodies are readily obtained in
this way pure; for example, chrysophanic acid from rhubarb and parmelia
parietina, also usnic acid and analogous bodies from many lichens. The
preparation of these bodies ie in no other way so easily and rapidly per-
formed as in this manner. Naturally the precipitates produced by hydro-
chloric acid, as well as by carbonic acid, may be not only one substance,
but a mixture of several bodies, and it is therefore necessary to learn
whether by treatment with alcokol, ether and water, a separation is possible
or not into several constituents. When it is not possible to effect a separa-
tion of the mixed bodies, by their unequal solubility in these solvents,
then a solution of the mixture is made in that menstruum which most readily
effects its solution, such as ammoniacal water or ammoniacal spirit, and
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the separation is accomplished by fractional precipitation with a suitable
metallic salt. In this case it is necessary to take care that no excess of
ammonia is present. Solutions of acetate of copper, acetate of lead, or chlo-
ride of calcium are generally the must suitable salts for fractional precipi-
tation. By a preliminary experiment it may be learnt which is the best
to employ.

By the prescribed treatment of the extract whose preparation was ex-
plained in page 13, a number of substances have been prepared, not all of
which can be regarded as isolated constituents, although such may be
the case with many of them. Substances which have been separated
from others, by the methods described in the 2nd section, will frequently
be obtained in a state of contamination with small quantities of other con-
stituents. But as we have prepared these bodies from different extracts of
the same material, according to different methods, generally twice or oftener,
their peculiarities may still be recognized, even when the substance has in
no case been obtained quite pure, because the impurities from the different
methods of preparation must be alike. After following the directions given,
and from the evidence thus obtained, it is often impossible to know whether
we had to do with one individual body or several bodies. Thus, by the frac-
tional procipitation or solution of precipitates, it must often be felt undecided
whether the individual solutions or precipitations contain the same or differ-
ent bodies ; and when the presence of several bodies has been detected in
the different solutions or precipitates, whether these individual portions are
to be fractionized still further or not by a repetition of this kind of treat-
ment, in accordance with our failure or success in isolating a body from
one of these portions. The following section will treat of the manner in
which we can obtain information on these points, by the aid of reagents, and
of the kind of reagents which in the majority of cases will answer this
purpose.

Secrrox I

Reagents and their application.

It has often been stated in the second section, that the further examina-
tion of a body, by the observation of its behaviour to reagents, is required,
" not merely to decide by its reactions the identity of a body with one already
known, but chiefly to prevent constituents being overlovked by the aid of
their reactions.

If we have obtained a substance by fractional solution of a precipitate,
or by fractional precipitation, of which we could not previously know
whether it is only one body or a mixture of two, three, or several bodies,
and bave divided it into several portions, and allowed a number of reagents
to act on each portion, we shall be able to ascertain whether we have to do
with one or several bodies differing from one another.

I am certainly far from believing that only the reagents described in the
following pages are useful means for the attainment of this object, but I
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have there described a number of reagents which are serviceable in the
majority of cases, whose behaviour is known to organic bodies, and which
every body is in a position to prepare or to procure more readily than
others. I have only appended these remarks to each test which did not ap-
pear superfluous in reference to the objects of the present instructions for
the analysis of vegetable substances.

1. Perchloride of iron, prepared by dissolving dry crystallized perchloride
of iron in water. A great number of organic bodies afford with a sola.
tion of perchloride of iron, when it is added to their aqueous solutions,
neither a precipitate nor a coloration. Many of the most widely-spread
constituents of plants behave in their aqueous solution exactly as though
this reagent was added to pure water. On the contrary, not a few com-
pounds exist which give this reagent a remarkable coloration, or are entirely
precipitated, whereby the color of the precipitate is generally a conspicuous
one. There cannot be any conclusion drawn on the nature of a body
which is contained in this solution, from the coloration which a solution
of perchlorid2 of iron assumes, or from the color of the precipitate produced
by this reagent. Morphine, gallic acid, and the aldehyde of salicylic acid,
hodies which belong to three different classes, behave very analogous to a
solution of perchloride of iron. Nevertheless, this reagent is very service.
able, inasmuch as bodies which produce with other reagents very few cha-
racteristic reactions, show by this reagent when they are mixed in very small
quantities with other bodies. A great number of vegetable substances
afford, when their aqueous solutions are mixed with a solution of perchlo-
ride of iron, a dark green or blue coloration, as is well known. Tannin,
gallic acid, and many other similar bodies, exhibit this behaviour. Other
substances acquire an intense red color when their solutions are mixed with
perchloride of iron. Itis always advisable to add the perchloride of iron
in very small quantities to the fluid under examination, as frequently the
color which makes its appearance by a smaller quantity of this salt is de-
stroyed by a larger quantity. There are substances which, by the addition
of this reagent, acquire an intense color, but the color soon disappears
again, and cannot be reproduced, while with other bodies a coloration
results which long remains unchanged. The coloration effected by perchlo-
ride of iron is often made to disappear more quickly by the application of
heat. The coloration which is developed by perchloride of iron in the solu-
tion of a substance is often quite different, according as the substance is
present in a free condition, or combined to an acid, or to a base. Frequently
it depends on the nature of this acid or base whether a coloration is de-
veloped or not. It is a known fact, that not all morphine salts exhibit
an equally intense blue coloration when mixed with perchloride of iron,
which is shown with some morphia salts every time this reagent is added.
Kinic acid in a free state, in an aqueous solution, is colored intensely green
by perchloride of iron, while after its neutralization with ammonia it as-
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sumes & violet color. Reference must be made to these circumstances in
the employment of perchloride of iron. The perchloride of iron itself is
distinctly colored yellow in considernbly diluted aqueous solutiozs. On
this account, it is necessary to prevent any excess of this solution, as other-
wiso misconceptions will arise; for example, a blue coloration shuuld be
observed, but instead of it a green makes its appearance, because the
blue coloration which the substance and the perchloride of iron produce is
converted into green by the yellow of the solution of perchloride of iron
which hus been added in excess. Further, it is always convenient to add
a little ammonia to the fluid which has assumed a distinct color with per.
chloride of iron, to observe the appearances which are thereby developed.
The green or blue coloration is changed by perchloride of iron sometimes
into a dark violet, sometimes into a black, and sometimes into a red.
Thus the presence of two substances can be rendered evident, which be-
have in a freo state quite the same as perchloride of iron.

2. Perchloride of tin.—The aqueous solution of perchloride of tin pro-
duces no coloration in the watery solutions of many substances, and also
no precipitates ; on the contrary, in the solutions of other bodies, a char.
acteristically colored precipitate frequently results thereby, sometimes
only after the addition of a little ammonia. Frequently, by heating a so-
lution after the addition of perchloride of tin, a precipitation results which
contains no longer the original substance, buta decomposition product of
the substance combined with oxide of tin.

3. Protochloride of tin—The protochloride of tin, as a powerful agent
of reduction, produces, particularly at elevated temperatures, changes of
color, which indicate the presence of a body which otherwise might have
been overlooked. By this reducing action a colored fluid often results.
In many cases the addition of a little free alkali assists considerably the
action of the protochloride of tin.

4. Nitrate of silver.—By the watery solution of this salt a precipitate
of a silver compound, insoluble in water, often results in solutions, par-
ticularly after the addition of a little ammonia. Many of these silver salts
are almost immediately decomposed under the separation of metallic silver,
others only under the influence of a higher temperature. The silver sepa-
rates thereby sometimes as & shining mirror, sometimes as a pulverulent
black mass. This varied behavior of the different constituents of vege-
table substances to the solution of nitrate of silver, by the presence and
absence of an alkali, permits the employment of this salt likewise for the
detection of individual constituents in a mixture.

5. Acetate of lead.—The ncutral acetate of lead is employed as a watery
as well as a spirituous solution; for the latter spirit of specific gravity
-825 is used. The majority of organic substances are precipitated by
sugar of lead from a watery or spirituous solution. One part of the lead
compound, insoluble in spirit or water, dissolves in acetic acid: another

9



66 ROCHLEDER’S PROXIMATE AXALYSIS.

part does not. A part of the lead compound insoluble in water, dissolves
in alcohol; on the contrary, a part of the- lead compound, insoluble in
spirit, dissolves in water. By the decomposition of lead compounds which
are precipitated from their watery solutions by alcohol, and by the de.
compositions of lead ecompounds which are precipitated from their alco-
holic solutions by water, the separation of substances is effected which
were contained in the lead precipitates together at the same time. When
the decomposition is performed with sulphuretted hydrogen, the sulphuret
of lead, like charcoal, retains often one or more of the constituents, while
other constituenis pass over into the fluid in which the lead compound
wasg diffused before treatment with sulphuretted hydrogen.

6. Basic acetals of lead.—In gemeral, what has been stated of the neu.
tral acetate of lead is applicable to this reagent, A number of substances
which are not precipitated by the neutral salt, give insoluble compounds
by the addition of subacetate of lead to their watery or spirituous solution.
As many organic substances which have u great tendency to reduce the
oxides of the noble metals, and in combination with alkalies and alkaline
earths absorb oxygen from the air, form with lead compounds which are
less subject to such changes. both the lead salts are more suitable, in many
cases, than other metallic salts to effect the decomposition and separation
of substances. Concerning the basic acetate of lead, it is particularly to
be mentioned that it precipitates substances from acid solutions because
it saturates the free acid, and is converted into the neutral salt.
These substances are per se insoluble in the fluid, and are only dissolved
therein by the agency of an acid, so that the precipitate may contain sub-
stances which do not form compounds with oxide of lead.

7. Acetate of copper can be used in many cases as the neutral acetate of
lead, but seldom offers any advantage over it.

8. Sulphate of copper is employed in the same cases in which acetate of
copper or acetate of lead is used, when the presence of acetic acid should
be prevented in the fluid, because the sulphuric acid which is here intro-
duced into the fluid by the reagent can be more easily and quickly re-
moved than acetic acid. The application of sulphate of copper for dis-
tinguishing grape sugar and milk sugar from gum-cane sugar, and anal-
ogous bodies, is, of course, well.known; but I may mention that the alka-
line solution of copper as a reagent demands great care, because many sub-
stances effect a reduction and separation of the suboxide of copper, like
grape sugar or milk sugar; on the: contrary, other substances have not
this reaction.

9. Chloride of platinum, and

10. Bichloride of mercury.—These salts serve for the detection and sep-
aration of organic bases. (For the same object, under certain conditions,
infusion of galls, nitro.picric acid, and sometimes sulpho-cyanuret of pot-
assium are employed.)
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11. Carbonic acid, metallic oxides insoluble in waler, carbonate of lead,
carbonate of silver, carbonate of copper, and basic carbonale of lead. are
often employed for the separation of bodies. Carbonate of 2inc and car.
bonate of cadmium are seldom serviceable. Many sabstances expel the
carbonic acid from the carbonates, and form compounds partly soluble
and partly insoluble ; other substances drive off the carbonic acid quite as
little at the boiling heat of water as at ordinary temperatures, whilst some
other bodies are able to expel the carbonic acid in the heat, but certainly
not in the cold. When, therefore, one or the other of the metallic car-
bonates named are brought into a solution of different bodies, compounds
result partly soluble and partly insoluble, while a part of the organic sub-
stance remains dissolved in a free state. Many of the dissolved compounds
are precipitated by alcohol from their watery solutions, and others are
not, whereby a farther separation is rendered possible.

12. Bisulphites of potash, soda, arnd ammonia.—These salts are prepared
in solution, as concentrated as possible, by conducting sulphurous acid
into concentrated solutinus of the corresponding carbonates. They are
partly employed to produce, with certain substances, compounds which are
easily separated from the other constituents, which are not capable of com-
bining with alkaline bisulphites. Thie is the case in the separation of
the aldehydes from indifferent bodies which possess equal solubility in va-.
rious fluids with the aldehydes. They are partly used with the co-opera-
tion of heat to change individual substances, whilst others remain thereby
unaltered. Many substances which possess the same solubility as others,
by this change lose their solubility in a fluid, so that the bodies remaining
unchanged may now be readily separated from the unaltered ones.

It is necessary, when changes are produced by the action of the ma-
terials which afford a solid body by separation from a fluid, to always ob-
serve whether the separated substance contains or not sulphurous acid and
an alkali, By this it may be concluded whether an insoluble compound,
with alkaline bisulphites, results or not. As Knop has shown, many
bodies break up by the action of alkaline bisulphites in the heat in & man-
ner analogous to the action of free alkalies and acids in the heat. By this
capacity to produce decomposition products, the alkaline bisulphites are
quite as useful in investigations as by their capacity to form with many
bodies alkaline salts under the expulsion of sulphurous acid, whose oxida-
tion by the oxygen of the air is prevented by the presence of sulphurous
acid, as Knop has observed with gallic acid and analogous bodies.

13. Hypochlorite of lime.—The chlorinated lime is employed as watery
solution which has been separated from the undissolved hydrate of lime
by filtration through clean asbestos. With many organic substances it
produces characteristic colorations, which are often so very intense that a
small quantity of a body e¢an be recognized thereby in the presence of other
substances. Lichens contain peculiar crystalline materials, some of whieh
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are remarkably colored by chlorinated lime. With many bodies chlori-
nated lime prodaces no coloration. The chloride of calcium admixed has
no influence in these reactions.

14. Bickromate of potash.—Bichromate of potash acts on many organic
substances at ordinary temperatures, on others only at a boiling heat.
Many bodies undergo no change at higher temperatures with this salt-
By this unequal behaviour of bodies to this oxidizing salt, it is suitable for
the detection of many substances. Either changes of color only, or also
the separation of precipitates, are thereby observed, which latter consist
frequently of a combination of oxide of chromium with a newly.formed
product of oxidation. Frequently, peculiar odorous volatile oxidation pro-
ducts are formed, which are readily-detected by reagents. When the salt
does not acton a solution of one or more bodies even at the boiling heat
of water, a little sulphuric acid is then added, by which an oxidation is
effected, except in a few cases. Only a few bodies withstand the action of
chromic acid, which is rendered free by the addition of sulphuric acid.
The experiment with bichromate of potash, as well as with chromic acid,
is best undertaken in a retort, or a flask connected with a refrigeratory
apparatus and a receiver, to intercept the bodies which are volatile. Sal-
icylic acid, kinone, &ec., can be thus easily detected in the distillate. Sub-
stances which—as, for examyple, limonine—withstand theaction of chromic
acid even at high temperatures, are easily isolated from all other accom-
panying constituents, which thereby undergo decompassitions.

15. Caustic alkalies, the hydrates of potash and soda, as well as baryta,
are often very serviceable as reagents, partly in the form of an aqueous,
and partly in the solid condition. Substances are dissolved by a solution
of an alkaline bydrate which are insoluble in a free state in water or spirit ;
while other substances, insoluble, per se, but dissolved in the form of a
compound, are separated and precipitated by the alkaline solution. Potash,
soda, and baryta, effect changes by bodies being heated in their solutions,
which often afford conclusions on the nature of the bodies, and quite as
often draw attention to the existence of a body which otherwise had re.
mained unolserved. Ammonia, methylamine, and similar bases, are often
thereby set free from nitrogenous bodies, sometimes affording a decompo-
sition product which, with the alkali, forms an insoluble compound which
separates. This takes place more frequently with baryta, than with soda,
or potash. Indeed, often no such insoluble compounds result, but a sol-
uble salt of a decomposition product is formed, which is, per se, insoluble
in water, so that only after saturation with an acid a decomposition pro-
duct is separated. As organic substances in contact with the air more
readily take up its oxygen in the presence of strong bases than happens
without the ngency of these bases, it is necessary to exclude the air when
the action of alkalies on organic substances is to be observed. Conse-
quently, the bodies are heated with alkalies in vessels which are filled with
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hydrogen gas, in the manner explained in the treatment of certain bodies
with baryta (page 42.)

The disposition of many organic substances to oxydize with oxygen in
contact with alkalies, can likewise be used for the detection of bodies. In
these processes of oxidation changes of color generally appear which are
not easily overlooked,

16. Ammonia.—In its method of action, ammonia is closely allied to
the bases above mentioned. In many cases it possesses a preference over
them, in so far as an excess of it can be easily removed. Its action is gen-
erally less energetic than that of the fixed alkalies and baryta. Ammonia
frequently acts in a peculiar way on organic substances, for many organic
substances combine therewith under the absorption of oxygen and the
separation of water, and produce sometimes brilliantly colored compounds.
In contact with many compounds, ammonia produces immediately char-
acteristic colorations. The treatment of dry substances with dry ammo-
niacal gas, sometimes at ordinary and sometimes at higher temperatures,
serves frequently for the detection of bodies which would otherwise re.
main unobserved, and for the recognition of bodies in other respects
similar. ’ .

17. Nitric acid.—The acid acts in a concentrated condition very vehe-
mently on almost all organic bodies. Their oxidation products, or sub-
stitution products, which contain NO, in the place of hydrogen, are thus
produced. The body often splits up, and the products of this decomponi-
tion then undergo further changes. By the action of nitric acid many
bodies assume very intense characteristic colorations, others do not; so
that this acid can be used by this property for the recognition of bodiesin
mixtures with others. Nitric acid mixed with sulphuric is particularly
suitable for the development of nitro-compounds.

18. Sulphuric acid is employed in a diluted as well as a concentrated
condition. The heated dilute acid splits up many bodies into decomposi-
.tion products, although in this respect hydrochloric acid is much to be pre-
ferred, But it may be more readily and quickly separated from a liquid
than hydrochloric acid, which in many cases demands care. In amode-
rately concentrated state it precipitates many forms of tannin from con.
centrated aqueous solutions, particularly when no acetic acid is present.
It gives crystallizable salts with many organic bases, which, with the ex-
ception of the salts of methylamine, are soluble in alcohol. The dilute
acids often effect in the heat, with some organic substances, an absorbtion
of water, or rather of its elements ; with others, an expulsion of hydrogen -
and oxygen in equal equivalents. In this respectits action has much re.
semblance to the action of alkalies.

Tho concentrated acid dissolves many organic substances without exer-
cising any influence on their composition. When the substance is in-
* soluble ir. water, it is often precipitated unchanged from such solutions by
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water. Sometimes the solutions even of colorless bodies are strongly
colored. Generally, the color of the solution appears red; more seldom,
violet ur blue. The yellow or brownish-yellow color is quite as frequent
as the red. By the addition of water a more or less complete decoloriza-
tion then generally ensues, with or without the formation of a precipitate.
Sometimes, by the solution of a substance, a so-called copulated sulphuric
acid is produced, which is found when the solution, diluted with water, is
mixed with carbonate of baryta, lime, or lead, and the sulphuric acid salt,
insoluble in water, separated by filtration from the fluid, which is then
evaporated, whereby the salt of the copulated acid is left behind.

19. Hydrochloric acid.—The concentrated acid precipitates many organic
substances from their aquevus solutions, but the precipitation is not gene-
rally so complete as that with sulphuric acid. More of the substance to be
precipitated remains dissolved in the hydrochlorie acid solution than is the
case with the use of sulphuric acid. Acetic acid prevents generally the
precipitation more or less, and sometimes entirely. The tannic acid of
golls, and other analogous bodies, may be precipitated by hydrochloric
acid. The dilute hydrochloric acid, at the boiling heat of water, splits up
bodies, and in this respect it is not surpassed by any other reageut. De-
compositions of this kind are most suitably undertaken in an atmosphere
of carbonic acid. A more thorough decomporition, as happens so readily
with sulphuric acid at the margin of the liquid, is not to be feared with
hydrochloric acid. Hydrochloric acid affords with these decomposition
products very little occasion for the formation of bye-products. Through
the separation of a difficultly soluble or insoluble decomposition product,
and by the peculiar color of many such products, the means are given fre-
quently to recognize and to direct attention to a body. Concentrated
hydrochloric acid, as well as hydrochloric acid gas, like concentrated sul-
phuric acid, produce often a conspicuous coloration of bodies, which some-
times disappears on the addition of water, but sometimes is only slightly
changed thereby, and in a few cases undergoes no alteration at all. Hydro-
chloric acid gas may be employed for the determination of the atomic
weights of substances with which it combines ; as, for example, organic
bases and many hydrocarbons, of which some give therewith a crystalline,
and others a volatile compound. In the latter case, hydrochloric acid may
be employed for the separation of several such indifferent bodies. Hydro-
chloric acid is consequently the most generally applicable means for the
recognition and separation of organic materials.

Before I pass to another reagent, I will only just remark, that different
organic substances which are split up by hydrochloric acid require an un-
equally long time for their decomposition, so that, by a gentle heat and a
sufficiently diluted acid, one of the compounds is often entirely decom-
posed before the decomposition of the second has begun. In this way, con-
sequently, it is frequently possible to recognize twosubstances mixed with
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one another whose solution could easily have been regarded as the solution
of a single substance.

20. Peroxideof lead, and perozide of manganese.—Both these superoxides,
in a finely divided condition, frequently produce an oxidation of cne or the
other constituent in the heated watery solutions of substances, while some
bodies are not thereby attacked. A few organioc compounds withstand this
oxidizing agent after the addition of dilute sulphuric acid. Volatile bodies
are often thereby formed, as formic acid, kinone, &c., and frequently
characteristically-colored oxidation products ; as, for example, with strych-
nine. The formation of colured oxidation products from many orgamic
bases, which are produced by the action. of peroxide of lead and sulphuric
acid, depends, with the majority of these substances, upon an illusion.
Quinetine, cinchonetine, morphetine, &c., result,.by the action of sulphuric
acid and peroxide of lead, from the bases concerned, only when the sul-
phuric acid or the peroxide of lead is contaminated with nitrie acid. By
the employment of pure reagents other decompositions are produced.

21. Chlorine, bromine, and todine.—These three elements prodaces, partly
by the indirect oxidation of the substance in the watery solution in which
they are introduced, and partly by the substitution of hydrogen which
they call forth, characteristio appearances of color, or precipitations of in-
soluble oxidation or substitution products; consequently, they serve often
for the detection of substances in mixtures,

22. Gelatin.—Solution of gelatin is employed for the preeipitation of the
different forms of tahnin. A. pure solution of gelatin is prepared by pre-
cipitating a solution of gelatin, to which a little hydrochloric acid has
been added, with alcehol, washing the precipitute with spirit; an ddissolv-
ing the washed gelatin in water.

23. Infusion of galls serves for the precipitation of organio bases, as
well as for throwing down some albuminous substances from their solu.
tions.

The employment of reagents will never lend to a aomplote knowledge of
the composition of a vegetable substance, hesnuwe, from the wimitur he.
haviour towards some reagents of a body dissuversd with wne alrendy
known, no conclusion can be drawn on their identity. Hesgents nro wep.
viceable for directing attention to the presence of substunves, und reagents
should show us the way of separating bodies which exist in a mixed stats,
In the second section it has been explained how we are to proceed with
different decoctions and infusioms:-of a material under examination, to
separate up to a certain point the constituents from one another. Therehy
it was necessary to speak of the application of some reagents. The des-
cription of the method of scparating mixtures was often interrupted, and
it was there stated that the further examination must be continued with
the aid of reagents. If we had described in nvery cane the method to its
termination, o numberlees quantity of repetitions would have been vn.
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avoidable. Besides, that which has been indicated above concerning the
individual reagents, clearly shows in what manner and to what purpose
each reagent shall be used, where in previous paragraphs it has been only
briefly pointed out that reagents should be used for the further investiga-
tion. Assuming that by treatment of the precipitate with acetic acid,
which sugar of lead produced in the watery decoction of the material under
examination, we have the precipitate separated into a part soluble and a
part insoluble in acetic acid, the part soluble in acetic acid precipitated by
subacetate of lead into two portions, because by subacetate of lead a pre.
cipitate results when the fluid still reacts acid, while a second precipitate
makes its appearance when the acid fluid is neutralized by the addition of
subacetate of lead: assuming that by treatment of both lead salts with
alcohol, we have separated them into & part soluble and a part insoluble
in alcohol, and thus obtained four portions of lead salts of the precipitate
from the part soluble in acetic acid produced by sugar of lead in the watery
decoction of the material under examination ; assuming that we have de-
composed the part of this precipitate insoluble in acetic acid under water by
sulphuretted hydrogen, the fluid filtered from the sulphuret of lead, freed
from the excess of sulphuretted bydrogen, and thrown down ten lead salts
by fractional precipitation with sugar of lead; we have prepared in this
way fourteen lead salts from the single precipitate thrown down by sugar
of lead in the watery decoction of the material under examination. By
the decomposition of these lead salts with sulphuretted hydrogen, we have
fourteen aqueous solutions, which are now to be tested with reagents. It
is self-cvident that certain reagents are not here required to be employed,
because no representative can be contained in these fluids of the class bodies
for which they could be used with results. We have found in the precipitate
produced by sugar of lead partly inorganic and partly organic acids combined
with lead, no indifferent carbohydrates and no bases, because their precipita-
tion is prevented by the acetic acid rendered free. The vegetable acids ex-
isting generally as malic acid, citric acid, tartaric acid, fumaric or accnitic
acid, the tannic acids, the. acids corresponding to gallic acid, substances
which are so widely spread in the vegetable kingdom, are contained in this
precipitate, by the investigation of the bark, the leaves, the stems, and the
flowers of plants. Coloring matters, often formed by the oxidation of the
various forms of tannin or their splitting up, are produced from colorless
bodies. Gelatinous bodies of the class of pectine compounds are frequently
present in this precipitate. Coloring matters and pectine bodies, by the
decomposition of the lead compound with sulphuretted hydrogen, are often
entirely retained in the sulphuret of lead, partly because sulphuret of lead
ncts analogous to animal charcoal, and partly because they were present
in the watery decoction in the form of soluble salts. By precipitation with
sugar of lead the base of the so'ulle salt is separated as an acetate, the
acid precipitated with the oxide of lead, and retained by the sulphuret of
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lead, because in a free state it is insoluble in water. We return now to
the fourteen fluids.

It is self-evident that we have not to deal with the solutions of fourteen
peculiar bodies. Several bodies may be contained only in one, or at the
most two of these solutions, but another constituent may exist in six or
eight of the fluids, and each contaminated with one or more constituents,
and perhaps in one of these fluids quite pure. Itis only by a number of
reagents that the truth can be learnt. It is clear that the same reagent
maust be always applied to all portions of the fluids. For example, we
add a few drops of a solution of perchloride of iron to a little of each of
the fourteen fluids which have been taken for this purpose. In several of
the portions there results an intense, in some portions a less intense, in
other portions no coloration, or there results in some of these fourteen
fluids a different coloration by this reagent to that of the remainder. In
the same manner we add a second reagent to portions of these fourteen
fluids, and so forth. By these means it may be ascertained how many dif-
ferent constituents are contained in the fourteen fluids. It may further be
discovered by what means each of the constituents present can be separa-
ted from the remainder. The examination can only be conducted further
by the aid of elementary analysis. By elementary analysis alone can the
identity of a discovered body, separated from its accompanying constitu-
ents, be proved and established with a known bedy. The similarity of
many reactions is so great with many bodies, that we should regard those
as identical which elementary analysis showsus are very different bodies :
for example, two members of a series of homologous substances which
stand next to one another in the series, &c. On the contrary, bodies often
appear different in many of their properties from a known body, while we
by elementary analysis are taught that a complete identity exists, and the
difference in many properties is due to impurities which are present in such
small quantities, that they have exercised no noticeable influence on the
result of the analysis.

§ 6.—Quantitative estimation of the constituents.

For the completion of a work on the analysis of vegetable substances, it
is appropriate to describe the methods which are employed to determine
the quantities of individual constituents which have been found in a plant
or in a part of a plant. Itis often of importance in pharmaceutical or
technical relations to know correctly the quantity of one or more constitu-
ents of a vegetablesubstance, or more rarely those of a whole plant. Instruc-
tion for the complete quantifative analysis of a vegetable substance cannot
be given at the present time, as scarcely a complete qualitative analysis of
any one plant, or part of a plant, exists, It is self-evident that it is im-
possible to describe methods for the separation of bodies which are un-
known, whose proportions of solubility are quite as unknown as their com-

10
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binations, and of whose existence we know nothing. With vegetable sub-
stances also which contain only known bodies, a method for their quanti-
tative determination cannot be supplied, because the bodies most known
are still too little investigated with exactness to afford grounds for the
construction of a method of separation from a knowledge of their proper-
ties, and the properties of their compounds. Another circumstance ren-
ders a quantitative estimation almost impossible, even when we know the
means of separating the constituents from one another: namely, a com-
plete exhaustion of a vegetable substance under examination is almost im-
practicable, because it is not possible to comminute a substance in such a
way that each cell is broken and its contents exposed to the action of a
fluid. There also always remains behind a quantity—sometimes greater,
sometimes smaller—of the constituent to be estimated in the material
under examination. It may be easily determined by an experiment how
much quinine can be exfracted from a eaimple of cinchona bark, while the
difficulties of the experiment would be considerably increased to determine -
how much quinine i3 confained in such sample of bark, as a little quinine
always remains in the bark. I believe that it is quite useless to give the
methods here which have begn devised to determine quantitatively one or
the other constituent in a certain vegetable substance; for example, the
starch in seeds or bulbs, the sugar of beetroot, the quinine in cinchona
bark, &c. To conduct a quantitative analysis, a complete qualitative analy-
sis must first be undertaken, and the individual constituents must be ac-
curately studied, and not only must their relations to solubility and their
combinations be known, but their decomposition products, the properties
of the same, and the quantity in which they appear, &c., must have been
correctly studied. In a particular case, a method for the quantitative
analysis of an individual part of a certain plant may be devised when the
troublesome and tedious labor above mentioned has been performed in that
particular case. But it is not impossible to supply a general method for
this purpose, because a single body previously unknown, when present
with other well-known constituents, must always cause an alteration in
the entire order of the analysis. The majority of quantitative analyses,
of which we have no deficiency, are regarded as useless. They can only
claim to be considered as qualitative analyses. Independently of pharma.
ceutical or technical bearings, which in particular instances may render
desirable an approximately correct quantitative determination of one or
the other constituent of a certain material, an exact quantitative analysis
can only have for its object the construction of a true representation of the
normal constitution of the parts of a plant. But this object has never
been accomplished by an analysis, however correct. We are far from
being in a position, from a dismembered analysis of an ash, to draw a
valid conclusion on the normal soil constituents of a plant, and quite as
far from being able, from the individual analyses which have been per-
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formed with especial reference to its organic constituents, to form a con-
clusion on the normal composition of a plant or one of its parts. In such
analyses, whether we find ten or thirty per cent. of sugar, is of no import-
ance. We only learn by this estimation that ten or thirty per cent. of
sugar are contained in a certain part of a certain plant under certain cir-
cumstances, but we do not learn whether this quantity of sugar remains
constantunder all conditions, or whether the quantity found is the maximum
or minimum quantity of sugar, or whetherit lies between both extremes.
That which has been stated with fegard to sugar is applicable to every
other constituent. Whether with the increase of one constituent the quan-
tities of a second and a third increase or diminish, this and the like are
questions which remain unanswered. Quantitative analyses will only then
afford us information—that is to say, will be able to teach us the normal
constitution of a vegetable substance—when they have been performed, in
greater number, with materials which have been collected from plants at
certain epochs of their developinent, and from plants which, under various
climatic relations, have been developed in various positions, and from plants
whose age we know correctly, &ec.

These investigations, which are necessary to afford information on the
normal constitution of a single vegetable structure, would claim the in-
dustry of a chemist for years. Consequently, there is little prospect existing
that we shall be in possession of the ‘esults of such investigations in our
time.

On the grounds just explained, we have also no rule for judging of the
correctness or incorrectness of the results of quantitative analyses, when
several of them have been performed on one and the same material by
several chemists, and when the quantities of the different constituents in
the various analyses differ considerably. Individual exact quantitative
analyses, consequently, in proportion to the time and labor bestowed upon
them, are of such little service, that it is advisable to neglect them. Under
some ocircumstances the quantitative estimation of a constituent in a ma-
terial may appear constantly necessary, to determine accordingly its value
as a medicine or an article of commerce. Estimations of that kind of con-
stituent, with the neglect of all others, possess proportionately little diffi-
culty, and the corresponding method may be easily devised when a good qual-
itative analysis lies before us.

With regard to these quantitative estimations of individual constituents,
attention may here be directed to circumstances of particular importance.
The knowledge of the constituents of a material to be examined teaches us
frequently that it is quite impossible to separate two constituents from
one another in such a manner that one of them can be obtained pure with-
out any loss. In such cases, or also when the separation can only be ac-
complished by tedious operations, the possibility of the indirect estimation
of a constituent deserves our attention. This method for the estimation
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of a constituent is by no means new. For along time we have known
how to estimate the contents of sugar from the quantity of alcohol which
is obtained by the fermentation of the sugar. 'We have had processes for
the estimation of starch from the quantity of sugar which can be produced
from starch by various agents. Indirect estimations of this kind are often
very easily performed in cases where a direct determination is endlessly
difficult, or quite impossible. To estimate the quantity of caincic acid in
the roots of Chiococca racemosa belongs to the impossible ; the caffeo-tan-
nic acid cannot be so exactly separated from the caincic acid, that the
latter is obtained pure without loss. The caffeo-tannic acid mixed in
its watery solution with hydrochloric acid and heated, does not give
an insoluble or difficultly soluble decomposition product, but simply
caincic acid. When a mixture of both substances is treated in the heat
with dilute hydrochloric acid, the deeongposition product of caincic acid is
easily obtained, and its quantity can be estimated. This product is very
difficultly soluble, but not insoluble, in the fluid from which it has sepa-
rated. We know, by the examination which has been made, how much
per cent. of the difficultly-soluble decomposition product is afforded by the
pure caincic acid, and we know the solubility of this decomposition pro-
duct as well as the quantity of fluid, consequently know the quantity of
the deeomposmon product which remains dissolved therein; and thus we
can estimate, in a short time, the quantity of caincic acid with the greatest
facility and exactness. Indirect deferminations of that kind may be per-
formed, in a number of cases, without any difficulty and in a very short
time. The correction first employed by Fresenius in mineral analysis for
the solubility of difficultly soluble precipitates must not be passed over bere
without attention being drawn to it.

MICROSCOPIC EXAMINATION WITH THE AID OF REAGENTS.

Repeatedly the assertion has been made, that & chemical analysis can
only be considered as completed when it not only enables us to learn the con-
stituents of a vegetable substance, but, with the assistance of the micro-
scope, renders us so experienced that we know in which form, and at what
place, to find the individual constituents in the material under examina-
tion, and make out whether they are in the form of crystals or in the form
of amorphous masses, or exist in a dissolved form in the contents of the
cells, or as a constituent of the walls of the cell ; also the ‘density of its
layers, and so forth. It is certain that we can only then say we know a
plant or its parts when our investigations in chemical and anatomical di-
rections are equally complete and at the same time consolidated to a whole.
But the assertion quoted is decidedly untrue from a chemical point of
view, if correct from a botanical or a vegeto-physiological one. The chem-
ical investigation has only to teach us the problem what constituents a
plant contains, and in what quantities which naturally fluctuate between
two certain extremes.
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Whatever relates to the place in which a constituent exists is certainly
not a chemical question, even when it lies in the nature of things that
with chemical assistance, or perhaps alone, or at least more easily
and certainly than without such assistance, this question can be an-
swered.

In physiology, in geology, and other sciences, there is an abundance of
problems which only-those are in a position to solve who possess a cer-
tain sum of chemical knowledge. On this account, these problems are
merely physiological or geological ones, and the physiology or geology is,
on this account, no chemistry, although when not studied with chemical
knowledge, they are less essentially advanged. When the chemist takes
the arithmetical mean of the results of three' elementary analyses, he is
not necessarily an arithmetician, although he must have learnt to calcu-
late to perform this operation ; and when a chemist arrives at the remarka-
ble idea of calculating the mean of his analysis according to the method of
the smallest quadrate, nevertheless be ie not a mathematician. The mineral-
ogist is not a chemist when he tests a mineral with the blowpipe.

To return to the microscopic examination with the aid of reagents. It
will be self-evident that it can only be undertaken when a correct qualita-
tive analysis has already been performed with the material under exami-
nation, and the behaviour of the individual constituents with reagents has
to be inquired into with exactness. It is also self-evident that we cannot
conduct an examination of fhat kind with five or six reagents, as some
persons still appear to consider at the present day. We must have confi-
dence in the idea that we must test under the microscope in the same man-
ner as without it. No one believes that simpler methods are employed in
such chemical analysis, and that several reagents can be used when spec-
tacles are worn. But a microscope is nothing else than spectacles which
permit us to observe things which we are not able to see with our naked
eyes on account of their smallness; it saves us chemical operations and
chemical reagents quite as little as the spectacles of a short-sighted or
long-sighted chemist are in a position to spare him such things, What we
sce under the microscope with the aid of reagents is only understood when
we have been able, by a previous analysis, to know with precision tho con-
stituents.  Whoever endeavors to learn anything under the microscope
with the aid of reagents without a previous analysis and without a prelim-
inary study of the constituents, is like a man who strives to read a book
which is written in a language unknown to him, and therefore unintelli-
gible to him with the assistance of lens. The result is precisely the
same. He will know as little after the labor has been done as he did be-
fore the commencement. The vegetable anatomist is quite right when he
endeavors to accomplish his object by the application of some few reagents,
and facilitates and renders possible his observations, because by a few
chemical agents he makes certain outlines appear more defined, or compels
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some bodies to disappear, which prevent such observations. In chemical
relations merely, nothing results from these observations, as bodies are
present which behave towards certain reagents precisely as many hundred
other bodies, some of which we know accurately, others very little or not
at all. Of bodies which are colored brown by iodine, and such as are col-
ored red by sulphuric acid with the addition of sugar, there is an innu-
merable quantity. From such reactions on certain bodies, to establish
certain classes of bodies, is folly. :

To give a method for the microsopic examination of vegetablé substances
whose composition has been previously ascertained with exactness, and
whose constituents have been. accurately investigated with regard to their
behaviour to the various reagents, is at the present time an impossibility.
‘We have a mass of difficulties therein to overcome, and the result of an
investigation is frequently a doubtful when even a probable one, as we may
have often and cautiously made observations, at least with regard to ome
or more constituents, when there was also frequently no difficulty in pro-
curing certainty concerning other constituents.

§ 8.—Conelusion.

So far as was practicable in the present position of our knowledge, I be-
lieve that I have supplied & method for the examination of plants or their
parts which does not easily permit a body to be overlooked which exists
therein as a constituent. I believe, also, $hat by following the method
given with some attention, suitable methods of separation can be easily de-
vised to procure as many of the individual constituents as are necessary
for the performance of a more minute examination of them, which will af-
ford us again useful hints for devising improved methods of separation.
When a minute examination of & constituent is intended, and consequent-
ly a sufficient quantity is to be prepared for this purpose, it is an unneces-
sary labor and a useless loss of time, when the order of analysis here de-
scribed is pursued, to separate and preparq all the bodies which are contem-
poraneously present. 'We often attain this object very quickly whena cer-
tain quantity of the material is employed for the preparation of a constit-
uent, and in this undertaking we have only a regard to this one constitu-
ent, and are disposed to sacrifice the remaining ones. This shorter and
simpler method for the preparation of individual conmstituents can only be
devised from the experiences which we have made by a systematic analy-
sis, which has enabled us to learn all the constituents present, and given
us the means to prepare smaller quantities of the individual constituent
for the examination of its behaviour with other bodies, as far as it is ne-
cessary, to discover methods of preparation based on these experiences,
which will enable us to procure larger quantities of the constituent for
further investigation in the shortest possible time and with the least ex-
pense. When we have prepared sufficient quantities of all the constituents
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in an approximately pure condition, the next problem isto completely pu-
rify these bodies. This completely pure preparation of bodies is attended
often with no difficulty, as, for example, is the case with easily orystalliza-
ble bodies or with volatile bodies when they exist with non-volatile bodies,
or even with volatile ones if in reference to their chemical characteristics
they are widely different. Generally, bodies of the opposite character of
an acid and a base are easily obtained pure when they are at the same
time present with indifferent substances; likewise all bodies which are
not per se crystallizable when they are capable of forming compounds,
which can be readily obtained in a crystalline state. On the contrary, it
is extremely difficult to completely [separate indifferent amorphous sub-
stances when they exist mixed with one another, and to prepare in a state
of purity the individual constituents of such mixtures. But the pure pre-
paration is often not the greatest difficulty, but the establishment of the
proof that the substance has been prepared in a state of purity. It is of-
ten possible to effect the pure preparation of a substance, but we have no
index of the purity of the prepared substance. This is often the case with
the amorphous and indifferent constituents of vegetables. There is fre-
quently no other means for obtaining certajnty with regard to the purity
of a substance than by elementary analysis, conducted with portions of
the substances which have been prepared in different ways from the same
part of the plant, or where possibly taken from different parts of the plant.
The complete agreement in the results of the analysis of the different por-
tions of the same substance affords a proof of its purity. The icdividual
constituents which we have prepared in a pure isolated condition are sub-
mitted to a further chemical examination. The elementary analysis of
these substances combined with their reactions, will supply us with an ev-
idence whether the constituent found is or not identical with a body al-
ready known. A close examination, to the execution of which the pre-
vious analysis will afford assistance, will now teach us the constitution of
the individual constituents. From this knowledge an insight is obtained
into the connection between the individual constituents, that is to say, our
investigation will afford results quite as useful for vegetable physiology as
for chemistry itself. 'We secure an important advantage by these investi.
gations, when we make the objects of our studies not only the various in-
dividual parts of a plant, but also the various individual parts in different
epochs of their development. Observations on the formation of a body
from one or several others will bring, most easily, light into the darkness
in which the transformation of vegetable bodies is wrapped up. Correct
analyses of plants, or rather of their parts, in their various relations, and
their gradual development consequently, are a means to enlarge in a very
productive manner, not only our chemical, but also our physiological know-
ledge. In the hope of having, by the present work on the analysis of
plants and their parts, contributed something towards the accomplishment
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of these aims, I submit these pages to the considerate judgment of the ex-
perienced chemist, and to the zealous student in this field of inquiry, who
has had no opportunity from his own experience to devise a method for
the analysis of vegetable substances.
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