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ORGANIC CHEMISTRY,

OR THE CHEMISTRY OF THE HYDROCARBONS AND THEIR
DERIVATIVES.

HISTORICAL INTRODUCTION.

1 MANY of the most important chemical facts known to the
ancients have their place in the Organic portion of our science,
Thus, for example, the only acid with which the ancients were
acquainted was an organic substance, viz., vinegar or dilute
acetic acid, and the name of this body and the idea of acidity
were expressed by closely related words, ofos, acetus, vinegar ;
and o&ds, acidus, acid.!

Again, the first reagent of any kind which we find described
is also an organic body, namely the extract of gall-nuts with
which, as Pliny states, the ancients were accustomed to ascer-
tain whether verdigris was adulterated with green vitriol.

The first rude attempts at distillation were also made with
an organic body, viz., turpentine; whilst the first salts which
were artificially prepared were organic ones, being those ob-
tained by the action of vinegar on the alkalis. The mode
of preparing soap by the action of fats upon the alkalis was
also known in early times. In addition to a knowledge of
the fats and oils, the ancients were acquainted with various
resins, and colouring matters, as well as with sugar and guu.
They likewise understood the preparation of wine from
grape-juice, and certain nations, especially the Ezyptians,
Gauls and Germans, were accustomed to prepare beer from
malted grain.

1 See Vol. ii, parti. p. 32.



& HISTORICAL INTRODUCTION.

As the direction in which the science first developed itself
was that of alchemy, the object of which was the conversion of
the baser metals into gold and silver, it is natural that attention
was in the first place paid rather to the properties of mineral
substances than to those of organic bodies, Nevertheless im-
provements in general chemical processes, especially that of
distillation, gradually led to the discovery of defiuite organic
compounds such as spirit of wine (agua vite) and certain of the
essential oils. The action of heat upon bodies when air is ex-
cluded was also studied in early times. . Thusthe products of the
dry distillation, as we now term this process, of bodies such as
cream of tartar were investigated, and the action of acids upon
spiritsof wine and other organic substances was likewise examined.

Later on, towards the sixteenth century, the cultivators of
this science, as we have seen,! exhibited activity mainly in two
directions, in the first place in the prosecution of the branch
science of metallurgy, and secondly, in the development of iatro-
chemistry. In these branches, and especially in the latter, it
was, however, the inorganic division of the science which made
the most rapid strides, because, in opposition to the practice of
the old school, the use of metallic preparations as medicines
was largely introduced. At the same time the study of organic
compounds, and especially of the active principles of organic
bodies, was not entirely neglected. Thus during this period
benzoic acid, succinic acid, wood-vinegar, milk-sugar, and various
ethers were discovered,

In the succeeding epoch, when the true function of chemistry
had become fully recognised, inorganic compounds still claimed

lie more immediate attention of chemists, not only because
they are more stable than organic bodies, but also because in
the latter case it had not as yet proved possible, as it had
in the case of inorganic bodies, to determine their composition
by synthesis as well as by analysis,

2 From this period it is that we may date a distinet separation
of mineral chémistry from that portion of the science which is
concerned with the study of substances formed in vegetable
and animal organisms. For a long time chemical compounds
were grouped together according to their physical properties,
and the common names at present in use for many substances
remind one of this bygone classification. Thus, for instance,
olive oil and other vegetable and animal oils were placed

1 Vol. i. p. 8, ““Historical Introduction,”




EARLY IDEAS ON ORGANIC CHEMISTRY. 5

together with oil of vitriol and with oleum tartari (deliquesced
carbonate of potash). Alcohol again (spirit of wine) was classed
with stannic chloride (fuming spirit of Libavius), with ammonia
(spirit of hartshorn), and with nitric acid (spirit of nitre), &c.
Common butter was placed in the same group as antimony
trichloride (butter of antimony) and other semi-solid metallic
chlorides, Colourless solid bodies which were soluble in water,
and possessed a peculiar taste were all classed together as salts,
even sugar being placed in this group.

3 In the year 1675 Nicolas Lémery published his Cours de
Chymie. In this work the aim of chemistry is defined to be
a knowledge of the various substances “qui se rencontrent
dans un mixte,” understanding by this term a!l growing
or increasing natural products. Lémery distinguished these
bodies as mineral, vegetable, and animal products. In the first
group he placed the metals, minerals, earths, and stones; in the
second, plants, resins, the different kinds of gums, fungi, fruits,
acids, juices, flowers, mosses, manna, and honey; and under
the third head he described the various parts of animal bodies.

Although Lémery’s system of classification was generally
aecepted, the founders of the phlogistic theory endeavoured to
show that the observed differences depended on a variation in
the composition of the bodies classed under each head. Thus
Becher in 1669 had argued that the same elements occur in
the three natural kingdoms, but that they are combined together
in a simpler manner in mineral substances than they are in
vegetable and animal bodies. Stahl, on the other hand, asserted
in 1702, that in vegetable as well as in animal substances the
watery and combustible principles predominate, and that these
make their appearance when such an organic substance is heated
out of contact with air, water and combustible charcoal being
formed.

At this time, as well as during the preceding period, the
investigation of organic compounds was carried on mainly with a
view either to the preparation of medicines, or to the improve-
ment of technical processes, such as that of dyeing. Only
towards the close of the phlogistic period did organic chemistry
begin to make real progress, and it is from this time forward
that the scientific investigation of organic bodies can be said
to have commenced.

4 The early ideas of van Helmholt and afterwards of Stahl,
that all organic substances can be resolved by the action of
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heat into their ultimate constituents, viz, aqueous and com-
bustible principles, were successfully combated by Boyle, who,
in the Seeptical Chemist (1661), proved that this is not the case,
inasmuch as the application of heat leads to different results
according as-air is permitted to have access or not, and that the
various residues thus obtained in no way merit a uniform de-
signation. The general reception of Boyle’s views was slow but
sure. Still it was not until Lavoisier’s discovery in 1775 of the
composition of carbon dioxide, and Cavendish’s determination
of that of water, that the fact of the existence of carbon and
hydrogen in alcohol was ascertained (1784).

5 Amongst the early organic researches of a truly scientific
character those of Scheele deserve the first mention, for lLe
either discovered mnearly all the most important vegetable
acids, or suggested methods for their discrimination. Thus,
he ‘showed that the acid from lemons differs from that from
grapes, whilst that contained in apples differs again from
both of these. He proved that a fourth distinet acid is
found in wood-sorrel, and pointed out that this can Lo
obtained artificially by heating sugar with nitric acid. Ile
likewise obtained gallic acid from gall-nuts, uric acid from
urine, and lactic acid from sour cow’s milk., By the oxidation
of milk-sugar he prepared mucic acid, a substance altogether
different from the acid obtained from cane-sugar. In the pre-
paration of these and other acids Scheele employed methods
many of which are in use at the present day. - Scheele. also
showed that fatty oils and the solid fats contain the common
principle glycerin, termed by him the sweet spirit of oils. This,
he says, is connected with sugar not only on account of its sweet
taste, but also because, like sugar, it is oxidized to oxalic acid
by nitric acid.

Scheele’s friend Bergman also assisted the progress of
organic chemistry, whilst Rouelle who distinguished himself
by researches on the hitherto neglected division of animal
chemistry, discovered urea and hippurie acid.

6 Investigations such as these drew general attention to
the subject of organic chemistry, and Lavoisier having estab-
lished the true principle upon which the process of com-
bustion depends, turned his mind to this interesting branch
of the science, and ascertained the ultimate composition of
certain organic compounds. He came to the conclusion that
vegetable bodies are chiefly composed of carbon, hydrogen, and
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oxygen, whilst the compounds of the animal kingdom contain
in addition to these elements, nitrogen and not unfrequently
phosphorus.!

The Lavoisierian system of chemistry was essentially the
chemistry of oxygen and its compounds, and hence attention
was naturally directed to the question whether a given com-
pound is capable of combining, like an element, with oxygen,
or whether it was already combined with this element. To
that portion of a substance which combines with oxygen,
Lavoisier, at the sugzestion of Guyton de Morveau, gave the
name of la base or le radical. This might either be an elemen-
tary substance, such as carbon, “le radical de I'acide carbonique,”
or a compound, such as, “le radical oxalique, tartarique,” &c.

Respecting the difference between organic and inorganic
compounds, he states that the oxidizable or acid-forming radicals
of the mineral kingdom are almost always simple ; those of the
vegetable and especially of the animal kingdom are however
generally composed of two substances, carbon and hydrogen,
and these frequently contain nitrogen as well, and some-
times phosphorus.?

The observation that the elements can form different oxides
led to the supposition that this might likewise be the case
with organic radicals. Thus for example sugar was considered
to be a neutral oxide, “d’un radical hydro-carboneux,” whilst
oxalic acid was supposed to be its higher oxide.

Amongst his more important investigations in the domain of
organic chemistry Lavoisier’s research on fermentation deserves
especially to be mentioned, not only because he was the first
to point out that sugar is decomposed into carbonic acid and
alcohol, but especially because, in connection with this particular
reaction, he for the first time enunciated the principle which
underlies the whole of our science, viz, that the weight of the
products of any chemical change are equal to the sum of the
weights of the materials taking part in that change, and hence
that all chemical decompositions may be expressed by equations,
the truth of which can be ascertained by the analysis of the
original compound, and controlled by that of the products of
decomposition.

On this point Lavoisier’s own words may be quoted: “ We
may consider the substances submitted to fermentation and the
! Lavoisier’s Elements of Chemistry (1787), Kerr's Translation, pp. 173, 174,

* Ibid, p. 261.

119
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products resulting from that operation as forming an a.lge'bra.ic
equation ; and, by successively supposing each of the elements in
this equation unknown, we can calculate their values in succes-
sion, and then verify our experiments by calculation and our
calculations by experiment, reciprocally. - I have often success-
fully employed this method for correcting the first results of my
experiments, and so to direct me in the proper road for repeating
them to advantage.”? ;

It must, however, be especially borne in mind that Lavoisier
did not distinguish organic chemistry as a special branch of the
science ; still less did he, as has been stated, define this portion
of chemistry as the chemistry of compound radicals.? = Thus for
example he arranged all the acids together, dividing them like
Lémery into mineral, vegetable, and animal. His more im-
mediate followers also adopted this course, and it was at that
time only oceasionally that we find .organic. bodies classed
together in a group.

7 By degrees, as substances common to: both the animal and
the vegetable world were discovered, the distinction between
animal and vegetable chemistry disappeared, and the consequent
fusion, widening the area covered by the general term organic,
gradually led to a distinct separation into Inorganic and Organic
chemistry, At the same time no: exact limit could be said
to exist between these two divisions of the science. -~ One
reason for this was that several compounds were found to exist
which from their origin must be considered as organic, but which
yielded on analysis results proving that they exactly obey the
laws of constant and multiple proportion, laws supposed at that
time to apply only to compounds belonging to the mineral king-
dom. In the majority of instances, on the other hand, organie
bodies appeared not to obey these laws, : :

'8 For the purpose of obtaining more satisfactory informa-
tion on this question, Berzelius, in 1814, proposed to investigate
the composition of such substances more accurately than had
hitherto been done. That this was much needed is clear when
we remember that Proust, so.late as 1803, stated that acetie
acid contained nitrogen, and that Dalton changed his formula
for alcohol from 2C + H 4 O in 1803, to 3 C + H in 1810.

With this view Berzelius improved the processes of organic
analysis, and then ascertained that all organic compounds,

1 Lavoisier, Elements, p. 187. :
2 Kopp, Entwickelung der Chemie in der neuerem Zeit, p. 521.
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although in most cases possessing a somewhat complicated
composition, obey the laws of constant and multiple pro-
portions applicable to inorganic compounds. Agreeing with
the 'views ' of Lavoisier, Berzelius explained the difference
existing between these two great divisions by stating that
whilst in inorganic nature every oxidized compound contains
a sumple radical, organic bodies consist of oxides of compound
radicals. In the case of vegetable substances the radical usually
consists-of carbon and hydrogen, whilst in the case of animal
gubstances it consists of carbon, hydrogen, and nitrogen.!

9 Berzelius, however, did not experimentally investigate these
compound radicals, although the discovery of cyanogen by
Gay-Lussac in 1815 served as an excellent example of the
existence of such a series of bodies. The cyanogen com-
pounds were, however, at that time almost invariably placed
amongst inorganic bodies, for, as has been stated, the limit
between inorganic and organic chemistry was not clearly defined.
Thus Gmelin in 1817, in the first edition of his great handbook,
states that a clear distinction ought to be made between the
two classes of compounds, but that this distinction can be more
readily felt than strictly defined. He laid down that Inorganic
compounds are characterised by their binary constitution, the
most simple consisting of compounds of two elements, a basic
oxide or an acid (that is what we now term an acid-forming
oxide), which can again unite to form a binary compound of a
higher order, namely, a salt. Organic bodies, on the other hand,
are at least ternary compounds, or are composed of three simple
substances, generally united together in less simple proportions
than is the case in inorganic bodies. Accordingly, Gmelin
describes marsh gas, olefiant gas, cyanogen, &c., in the inorganic
portion of his handbook. He likewise adds that organie com-
pounds cannot, like inorganic compounds, be artificially built up
from their elements.

About the same time Berzelius again enforced this distinction
between .inorganic and organic bodies, asserting, like Gmelin,
that the first could, whilst the latter could not, be artificially
produced.  He assumed that in living structures the elements
obey totally different laws from those which regulate the form-
ation of compounds belonging to the inanimate world. Thus
in the Introduction to his Z7aité? he says: “Dans la nature

1 Berzelius, Lehrbuch, 2te Aufl. 1817, vii, 544,
3 1bid, French edition, 1840, v.p. 1.
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vivante les éléments paraissent obéir & des lois tout autres
que dans la nature inorganique; les produits qui résultent
de P'action réciproque de ces éléments, différent donc de ceux
que nous présente la nature inorganique.” Organic bodies were
thus believed to be the special product of the so-called vital
force. He admits that the bodies occurring in nature may be
converted into other organic compounds by chemical decom-
positions, but none can be built up from their elements.

10 In the year 1828 came Wohler's memorable discovery of
the artificial formation of urea. Cyanate of ammonia, which was
considered to be a truly inorganic compound, is easily converted
without change of composition into urea, a product of animal
life. This first artificial production of a body hitherto only pro-
duced within the animal organism was however incomplete, for
up to that time the cyanogen compounds had not been prepared
from their elements. Again, thisformation remained for a long
time the only one of its kind, and the belief in the existence of
a peculiar vital force still retained a firm footing, Besides, it
was believed that urea, a substance so easily decomposed
into carbon dioxide and ammonia, and moreover only ex-
creted by the animal body, must be looked upon as standing
half way between organic and inorganic compounds, and it
was thought that it would still remain impossible to pre-
pare artificially any of the other more complicated organic
substances.

At the present day the belief in a special vital force has
ceased to encumber scientific progress. We now know that the
same laws of combination regulate the formation of chemical
compounds both in animate and in inanimate nature. So soon
as the constitution of any product of the organic world has
been satisfactorily ascertained we look forward with confidence
to its artificial preparation.

11 A modification of the early theory concerning the com-
position of organic compounds, by which they were supposed to
consist of the aqueous and the combustible principles, and to
which allusion has been made, took place in 1815, in consequence
of the experiments of Gay-Lussac, who found that the weight of
a volume of alcohol vapour is equal to the sum of the weights
of one volume of aqueous vapour and one of olefiant gas; one
volume of ether vapour being equal to one volume of the first
and two of the latter constituent. At the same time Robiquet
and Colin had shown that hydrochloric ether (ethyl chloride)
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may be considered to be a compound of hydrochloric acid
with olefiant gas.

Founded upon this observation Dumas and Boullay?! pro-
posed a theory according to which many derivatives of alcohol
may be considered to be compounds in which olefiant gas is
contained, in the same way as ammonia is present in the
ammoniacal salts. Berzelius2 who was originally opposed
to this view, adopted it at a later period, and proposed that
the name Atherin should be given to olefiant gas, C;H,. The
following table is taken from Dumas and Boullay’s memoir,
the formule being however altered in accordance with the
modern atomic weights:

Hydrochlorate of bicarburetted Ammonia hydrochloride, NH,, HCI,
hydrogen, C,H,, HCL

Nitrite of bicarburetted hydrogen, Ammonia nitrite, NH;, HNO,.
C.H,, HNO,.

Sulphate of bicarburetted hydrogen, Acid ammonia sulphate, NHy H,SO,.
C,H,, H,80,.

Aleohol, CH,, H,0. Aqueous Ammonia, NH;, H,0.

Ether, (C;H,),, H,0.

Not only did they apply this system of classification to other
derivatives of alcohol but they attempted to extend their theory
to all organic compounds. Although it was found possible to
arrange a certain number of organic bodies according to this
system, the wetherin theory did not command general recogni-
tion, partly because a large number of organic bodies could not
thus be classed, and partly because, in many instances, facts were
against the theory. Thus, for example, although alcohol could
be converted into ether or olefiant gas by the withdrawal of
the elements of water, it was not possible to obtain this or
any of the other ®therin compounds by the juxtaposition of
their supposed proximate constituents, such a synthesis being
possible in the case of the ammoniacal salts.

12 The classical research of Liebig and Wohler® on the
radical of benzoic acid published in 1832 was welcomed by
Berzelius as the dawn of a new era.

In this celebrated investigation the authors proved that bitter-
almond oil, benzoic acid, and a number of compounds obtained
from these, may all be supposed to contain a group of atoms
or, as they expressed it, ‘‘zusammengesetzter Grundstoff,” or

1 Ann, Chim. Phys. xxxvii. 15, ? Ann, Pharm, iii. 286,
3 Ann. Pharm, iii. 249, 282,
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compound radical, to which they gave the name benzoyl, the
termination “yl” being derived from the Greek @Ay, matter.’ ¢

It has been already stated that Berzelius, like Lavoisier, con-
sidered that organic compounds containing oxygen must be
looked upon as the oxides of hydrocarbon radicals. The radical
benzoyl, C,H.O, however, contains oxygen, and hence the pre-
dominating influence which this element had hitherto been
supposed to. exert from this time forward ceased, and oxygen
was placed on a footing of equality with the other elements.

‘The radical theory was now enlarged both by Berzelius and
Liebig, although neither of them agreed in the special views which
the other advocated. 'Whilst both opposed the setherin theory,
according to which alcohol and ether must be considered to
be compounds of olefiant gas and water, Berzelius considered
the above compounds as oxides of two different radicals, whereas
Liebig! in a memoir, properly deemed another pillar. of the
radical theory, showed that both compounds contain the same
radical for which he proposed the name of ethyl. Accord-
ing to his view ether is the oxide, and alcohol the hydrate of
this oxide. The compounds obtained by the action of acids
on alcohol he considered to be saline compounds of the base
ethyl oxide. - A similar constitution was ascribed to the ‘other
alcohols ‘and their- derivatives, so that each contains a.radical
which plays a part similar to that played by potassium or any
other metal in its salts. It is interesting to remember that so
long ago as the vear 1834 Liebig asserted that it would probably
be found posmble to isolate these radicals by the decompos1t1on
of .their chlorides or iodides.

Alcohols on oxidation yield monobasic acids; methyl alcohol,
or wood-spirit, yields formic acid, CH,0,, ethyl alcohol, or
spirit of wine, being similarly converted into acetic acid, C,H,0,.
The analogy between these acids and monobasic benzoic acid
was not far to seek, and thus the existence in these acids of
the oxygenated radicals CHO and C,H,0 was assumed.

Berzelius, however, took exception to this view and asserted
that benzoyl, although in many respects acting like a simple
body, must be regarded as the oxide of the body C,H,. 'Like
other oxides. benzoyl can unite with more oxygen to form an
acid. . Hence formic'acid contains the radical formyl, CH, and
acetic acid the radical acetyl, C;H,. *Liebig afterwards adopted
this view, finding that by this means it became possible to group

1 dnn. Pharm. ix 1.
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a large number of compounds round a common centre. Thus
he supposed that vinyl chloride (monochlorethene), C,H,CI,
discovered by Regnault, may be looked upon as acetyl chloride,
and that aldehyde, C,H,O, (which he prepared about this time),
as well as acetic acid may be regarded as the hydrates of two
distinct acetyl oxides! In a similar way he considered chloro-
form (which he had also just discovered) to be the chloride of
formyl, assuming that it stands to formic acid in the same
relation as phosphorus trichloride does to phosphorous acid.

In 1837 Dumas adopted these ideas and in his own name,
as well as in that of Liebig, explained the formation of so
large a number of naturally occurring organic compounds from
so small a number of elements, by the fact that these unite
together and give rise to various radicals which sometimes play
the part of chlorine and oxygen, and sometimes that of a
metal. Radicals such as cyanogen, ethyl, benzoyl, &c., may be
said to constitute the elementary bodies of organic chemistry,
their elementary components being only recognised when the
organic nature of the compound is entirely destroyed.

The discovery and isolation of these radicals was the task
which Dumas and  Liebig in conjunction with their younger
colleagues set themselves to perform.?

13 The essential idea of the chemical constitution of organic
compounds conceived by Berzelius was a dualistic electro-
chemical one, analogous to that which he upheld in inorganic
chemistry, the difference being that organic radicals play a
part similar to that played by the elements in the inorganic
portion of the science.. According tohim the radicals are
divided, like the elements, into electro-positive or base-
forming, and electro-negative or acid-forming radicals. In the
former division are classed metals, hydrogen, and the alcohol
radicals; in the latter the elements of the chlorine group,
oxygen, benzoyl, &e.

“By the comparison of the behaviour of inorganic with that
of organic compounds,” says Liebig,® ““we are led to recognise

1 In order to understand the above relations it must be borne in mind that the
equivalent weights, H=1, 0=8, 0=6, &c., were then employed in place of the
atomic weights which we now use. We thus have the formule : water, 20 ;
ether, C,H,0; alcohol, C,H;0, HO; aldehyde, C,H,0, HO; acetic acid,
C,H,0,, HO ; chloroform, C,HCI, ; formic acid, C,H;0, HO. In the sequel the
use of these old equivalent weights will be indicated by the symbols of the
elements being printed in italies,

3 Compt. Rend. v. 567, 3 Ann. Pharm. xxv. 3.
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the existence of certain component parts which do not undergo
alteration in a series of ¢ompounds, and can be replaced by
elementary bodies; of component parts which combine with
elements to form compounds in which the elements can be
replaced by others; of component parts, therefore, which take
the position of simple bodies and play the part of elements.
In this way the idea of compound radicals has arisen.

Hence, we term cyanogen a radical—(1) because it is an
unchanging constituent in a series of compounds; (2) because
it may be replaced in these compounds by simple bodies; and
(3) because in its compounds with elementary bodies these
latter can be set free and replaced by their equivalents of other
simple bodies. Of these three conditions, at least two must be
fulfilled if the radical is to be considered as a true one.

This definition of a compound radical is fully accepted at
the present day.

14 The new era welcomed by Berzelius thus appeared to
open brightly, but these hopes were apparently not destined
to be realized, for whilst Liebig and Berzelius continued to
uphold their new views, the latter, indeed, defining organic
chemistry as the chemistry of compound radicals, Dumas put
forth ideas which appeared to him to be inconsistent with the
radical theory. Much difficulty had been experienced in ex-
plaining, according to the radical theory, a large group of
bodies, examined especially by the French chemists, and ob-
tained by the action of chlorine on organic compounds. It
had been noticed that in this reaction hydrogen is expelled,
chlorine entering into combination, and this in equivalent
quantities, one atom of chlorine being taken up for every atom
of hydrogen which the body loses. These observations attracted
but little attention until the year 1834, when Dumas found that
hydrogen in oil of turpentine can be replaced atom for atom
by chlorine, thus: :

CyoHye + Cl, = Cp,H,,Cl + HCL

He considered that these facts are based upon a law of nature,
to express which he suggested the name of Metalepsy 2
(weTdAqyres, an exchange). By the study of these phenomena:
Dumas arrived at his empirical law of substitutions,® namely :
(1) If the hydrogen contained in a hydrogenized body be

1 Handbuch Org. Chem. 1843, 1, ? Mem. Acad. Scienc. xv. 548.
3 Journ. de. Pharm. mat, 1834,
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withdrawn by the action of chlorine, bromine, iodine or oxygen,
for every atom of the first, one atom of the elements of the
chlorine group or half an atom of oxygen is substituted.!

(2) If the compound contain oxygen the same law holds good.

(3) If, however, the body contain water, the hydrogen of
the water 1s first removed without substitution, and then the
remaining hydrogen is substituted as in case No. 1.

This last statement was necessary because alcohol, which
was considered to be a hydrate of ethylene, C,H H,0, is con-
verted by chlorine into chloral, C,HCI;0. These rules are
known as Dumas’ theory of substitutions,

15 Laurent,amongst the younger chemists, especially devoted
himself to the advancement of this subject. He found that the
replacement of hydrogen by its equivalent of chlorine does not
always take place, particularly in the case of oxygenated bodies,
and that for this reason Dumas’ third rule is incorrect. He
also showed that in those cases in which substitution atom for
atom takes place the physical and chemical properties of the
substitution-product resemble those of the original body.
Hence, he says, the chlorine takes up the position vacated by
the hydrogen atom, In the new compound chlorine plays the
part which hydrogen does in the original body.?

Dumas did not support this view. He states that his theory
is purely empirical, and when Berzelius urged, against him
instead of against Laurent, that he entirely ignored the electro-
chemical dlﬂLrence between hydrogen a,nd chlorine, Dumas
replies that Berzelius attributes to him a view, namely, that
the chlorine takes the actual place of the hydrogen, diamet-
rically opposed to that which he has always held. He adds,
moreover, that he will not hold himself responsible for
alterations which Laurent had made in his theory,

In subsequent years the researches of Laurent, Regnault,
and Malaguti, added a large number of substitution-products
to those which were already known, and Dumas himself dis-
covered trichloracetic acid, an instance in which, more than in
any other, the substitution-product exhibits analogy with the
original substance, so that at last Dumas not only adopted
Laurent’s views but expanded them considerably.

16 Before we proceed to the further consideration of the
proorress made in this direction it becomes necessary to mention

! Dumas at that time employed the now umversally adopted atomic weight for
oxygen, 2 Ann. Chum, Phys. [2], lvi. 140,
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a theory of chemical constitution brought forward by Laurent
in 1836. This theory, ‘termed the nucleus 'théory, has indeed

never been generally adopted, although Gmelin made use of

it in his handbook with ‘certain alterations, as a foundation

for a classification of organic ‘compounds.

According to this  theory each organic compound contains a
group of atoms termed a nucleus or germ. Primary nuclei
consist -of carbon and hydrogen, and in these the hydrogen
may be replaced by other elements or by groups of atoms. “In
this case derivative- or -secondary-nuclei are produced, and
these exhibit both in composition and in chemical properties a
striking analogy to the primary nuclei. * Other' atoms may
be attached to this nucleus, or they may quite surround it, and
when these are removed the primary nucleus makes its ap-
pearance. Laurent further assumed that organic compounds
always contain an ' even number of atoms, and hence the
formule which he adopts are frequently double of those wlnch
are now employed.

17 In the year 1839, Dumas ‘developed the substitution
theory to a theory of chemical types, the principles of whlch he
thus enunciated :—

(1) The elements- of 'a compound ‘body can, 'in many
instances, be replaced, either by other elements in equiva-
lents, or by compound bodies which are capable "of playmg
the part of simple ones.

(2) When such a substitution ‘takes piace ‘1n equwalent “pro-
portions, the body which is formed by ‘such a substitution re-
taing its chemical type, and the element which has entered into
the compound plays the 'same part as the element v.hlch has
been withdrawn.

In addition to the chemical types, in whick Dumas mcluded
the following,

{ Cal O,- .5 v 20T 36 Tt RGOS
LCH.CIO, . . . . . . . . Chloracetic acid
{ CeHLO o wai ilon bl imgeiveuAldehyde
CHLLO 5 anissd il G4 st oChloral i zasiuiiy
CHC, o e e - S N -
{ CHBr, .77 7 S T T B
CHLp. o L N O I

1 Comptes Rendus, viii, 609.



DUMAS' VIEWS, 17

he adopted Regnault's ‘suggestion respecting the -existence
of molecular or mechanical types, according to which, two
substances belong to the same type when substitution  has
taken place, provided that the number of elementary atoms
remains constant. - Under this he included compounds which con-
tain the same number of atoms but possess different properties,
such, for instance, as alcohol and acetic acid.

Dumas pointed out, moreover, that the properties of a com-
pound depend rather upon the arrangement of its parts than upon
their special nature. He compared chemical compounds to a
solar system of which the constituent parts are held together
by their mutual attractions. The system remains the same if
the atom of one element be replaced by that of another,

As the best proof of the truth of his ideas, Dumas laid
weight upon the fact that acetic acid, 0,H,0,, and trichloracetic
acid, C HCI,0,, possess the closest resemblance in chemical
properties.

Berzelius, who, as we have seen, opposed the theory of
substitutions, pointed out the dissimilarity between the two
bodies and insisted on the fact that their essential properties
are distinctly different. He considered acetic acid as a hydrated
oxide of a hydrocarbon-radical - termed acetyl, C,H,, whereas
trichloracetic acid is-a copulated compound of oxalic acid and
chloride of carbon: '

Acetic acid . p ; C.H,0,+ HO.
Trichloracetic acid . . C,Cl, + 0,0, + HO,

The constitution of other substitution-products was viewed by
Berzelius in a similar light, although for this purpose he was
obliged to double and sometimes to treble the simplest formula
of many compounds, and thus so to complicate the subject
that his theory was not generally accepted.

18 Liebig opposed the views of Berzelius, which he said
depended on a number of considerations which have no
foundation in fact. He pointed out that even in inorganic
chemistry the metal in permanganic acid can be replaced by
chlorine without altering the form of the substance, although no
two substances are more unlike than chlorine and manganese.
Facts like these, he says, must simply be accepted. If manganese
can be replaced by chlorine, why should a similar replacement
of hydrogen appear incredible 71

In another place? Liebig remarked that Berzelius was the first

! Ann. Pharm, xxxi. 119 (foot note).' 3 Ann. Pharm. xxxii, 72 (foot note).
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to adopt the view that organic acids, ethers, and so forth, are
the oxides of compound radicals, and he admits that this
view illumined many a dark chapter in organic chemistry.
The analogy which Berzelius first pointed out between
organic and inorganic compounds ought however, he con-
tinues, not to be carried on beyond a certain point, for if
the principles of inorganic chemistry be consequently followed
out in organic chemistry, the effect is rather that of com-
plication than of simplification.

At the same time Liebig did not hesitate to attack the French
chemists,! who went too far for him, and when Dumas assumed
that the carbon in organic substances could be replaced, he
turned upon him, and in a satirical vein, in a letter dated from
Paris, and signed (anglice) S. Windler,? relates how not only all
the hydrogen and all the metal in acetate of manganese has
been substituted atom by atom for chlorine, but how at last
even the carbon has been in like manner replaced, and that
the final product, although consisting of nothing but chlorine,
possessed the chief characteristic properties of the original salt !

19 Facts bearing out the truth of the law of substitutions,
so far at any rate as the replacement of hydrogen is con-
cerned, rapidly increased ; but a still more important discovery
was that of reverse substitutions, that is, the production of
the original body from the substitution-product.

In 1842 Melsens showed that by the action of potassmm
amalgam trichloracetic acid can be converted into acetic
acid. Such observations did not however convince Berzelius,
who now looked upon acetic acid as an oxalic acid copulated
with methyl, C,H, + C,0,+ HO ; explaining in the same way
the constitution of other compounds capable of undergoing sub-
stitution. He supposed that all these contained a group con-
sisting of carbon and hydrogen, and termed by him the copula,
in which the hydrogen is replaced by chlorine, ete.

In 1845 Hofmann discovered the chlorinated anilines,® and,
as Liebig in a note to this important investigation expressed
his conviction in the truth of the newer views more strongly
than before, Berzelius replied that all oxgamc bases must be
regarded as copulated ammonias. Aniline is the compound
C,.H,+ N,H, and chloraniline is C\,H,Cl+ NH, Both contain
ammonia as a basic constituent. The composition of the
copula is a matter of indifference.

1 Ann. Pharm. xxiv. 1. 2 Ann. Chem. Pharm. xxxiii. 308,
3 Ann. Chem. Pharm. liii. 8; Chem. Soc. Mem. ii. 266,
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In the assumption of the copula, the dispute with Laurent
as to whether chlorine could replace hydrogen and fulfil its
functions had been overlooked. That which was held to be
absurd was at once accepted as a simple and clear expression
of fact. Berzelius however continued in opposition. His
formule gradually became more and more complicated, and he
was compelled to adopt more and more doubtful hypotheses.
Thus, for example, he represented dichlorformic ether, a com-
pound obtained by Malaguti by acting with chlorine on ethyl
formate, as being copulated of anhydrous formic acid, formy!
chloride, anhydrous acetic acid, and acetyl chloride, giving it the
formula 2 C,HO, + C.HCI 42 C,H,0,+ C,H,Cl,; whilst now,
according to the new atomic weights, the formula is written
C,H,CL,0,, We need not, therefore, be surprised to find that
after Berzelius’s death the supporters of his views experienced
great difficulty in rebuilding the radicals from the copulz.

20 The radical theory had meanwhile received most valuable
support from Bunsen’s classical researches on the cacodyl com-
pounds. He showed that these contain a common group of atoms,
cacodyl (afterwards called arsendimethyl, (CH;),As,) a body
which exactly acts as a metal, and can exist in the free state.!

Soon afterwards Kolbe and Frankland succeeded in preparing
.from the compounds of the alcohol radicals the hydrocarbons
which, according to their empirical formul®, must be con-
sidered as the free radicals. The isolation of the alcohol
radicals as well as of cacodyl was naturally welcomed by the
followers of the radical theory, inasmuch as it placed that
which bad hitherto only been a hypothesis in the rank of
known facts. ‘

The question formerly much discussed respecting the pos-
sibility of the existence of a radical containing oxygen was
again taken up. Berzelius had denied the possibility of the
existence of such a body, and in 1843 he argued that this view
is as incorrect as that which assumes sulphurous acid (sulphur
dioxide) to be the radical of sulphuric acid, or manganese
peroxide to be that of manganic acid. He adds: “an oxide
cannot be a radical; the very definition of the word radical is
that it is a body which combined with oxygen forms an oxide.”

But as soon as the upholders of the radical theory adopted
the theory of substitutions they were obliged to admit that
the electro-negative element, chlorine, is capable of taking the
place of electro-positive hydrogen without any great alteration

L Ann, Chem. Pharm. xlii. 14 ; Phil. Mag. [3] xx. 343, 382, 395.
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occurring in the nature and properties of the compound ; and
when this had been once admitted, the possibility that oxygen
may also replace hydrogen could no longer be denied.

.21 The further development of the doctrine of substitutions
and of the theory of types led to a clearer understanding
of the terms equivalent, atom, and molecule,

In this direction the development of the theory of polybasic
acids had an especial value. It has been already remarked
(Vol. ii. p. 35) that according to the dualistic view the neutral
or normal salts of the oxyacids must be regarded as compounds
of a basic oxide with an acid, or rather with an acid-forming
oxide, whilst the acid- salts must be considered to be com-
pounds of a neutral salt with a hydrated acid. ~ Hence in
those days the following formule were in vogue : .

Hydrated sulphuric acid . HO0.80,
Neutral sulphate of potash K0.S0,
Acid sulphate of potash  X0.80, + H0.80,

According to these formule the acid salt contains twice as much
acid as the normal or neutral salt.

Phosphoric acid and citric acid formed, however, exceptions
to this rule, for these were considered as tribasic acids, and their
formulze as well as those of their salts are not divisible by
three:

Phosphoric Acid. Acid Salts, Neutral Salts,
Po,. 3HO. POy, 2HO. Nao. PO, HO. 2Na0. . PO,.3Na0.
Citric ' Acid.

CysH;0y,. 3HO. CpoH 0y, 2HO. NaO. Cy,Hy0y,. HO. 2Na0. Cy,H,0,,. 3NaO.

According to. Berzelius the only reason for considering an acid
to be polybasic is that its formula is not thus divisiblel!

After the publication of Graham’s classical investigations on
the various modifications of phosphoric acid and its salts, Liebig 2
in 1838 proposed his theory of polybasic acids founded upon a
complete investigation of the salts of a number of organic
acids, He showed that many organic acids resemble phos-
phoric and citric acids inasmuch as one equivalent of these
can take up from one to three equivalents of a-base. Such
acids he considered to be polybasic, even if their formule were
divisible. And he considered the capability of forming certain
double salts to be the special characteristic of this class of acids,

1 Kekulé, Lehrd, i. 80, . 2 Awn. Pharm. xxvi. 18,
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The theory of polybasic acids was further developed by
Laurent and Gerhardt, the latter pointing out that the property
of forming two or more ethers was peculiar to these bodies.
Whilst Laurent added that the same holds good for their
amides. Both of these investigators, whose names will always
be honourably associated in the history of the science, laboured
incessantly to combat the views concerning the constitution of
chemical compounds which they deemed incorrect, and to
replace them by others which are more in harmony with
ascertained facts.

22 The interesting speculations of Laurent and Gerhardt
concerning the relative magnitudes of the atom.and mole-
cule ‘went far to settle our views on these points, and the
arguments which they made use of for this purpose hold good
at the present day.

Laurent : founded his conclusions ' especially on chemical
analogies, and upon the similarity observed in corresponding
chemical reactions. Thus, for instance, he showed that a mole-
cule of chlorine must consist of two atoms, inasmuch as when
it acts upon organic compounds either two, four, or six atoms,
and never one, three, or five atoms take part in the reaction.
He came to the same conclusion by comparing the action of
chlorine with that of cyanogen chloride, benzoyl chloride, and -
similar compounds. - All these substances exhibit strictly
analogous metamorphoses, pointing to the conclusion that if
the molecule of these chlorides consists of two parts, the same
must also hold good in the case of chlorine itself.

Gerhardt, on the other hand, starting from Avogadro’s law,
was led to a clear comprehension of the idea of an atom as
being the smallest portion of an element which is contained
in the molecule of any one of its compounds.

The labours of these two great investigators met, however,
with but slight consideration during their lifetime. Laurent died
early, and even Gerhardt only lived long enough to enjoy the
partial recognition of their views which soon afterwards became
general. - When Gerhardt first proposed the doubling of the
atomic weights, or rather of the equivalent weights, then in
use, for oxygen, sulphur, and carbon, Berzelius did not think
the proposal worthy even of mention in his Jahresbericht.

For the purpose of obtaining a sound experimental basis for
their theoretical views Laurent and Gerhardt published many
valuable experimental investigations.  Little consideration
was, however, paid to these results'when they were correct,
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and when (as was sometimes the case) they were incorrect,
they were criticised with no sparmg hand. Whilst recog-
nising their great power of arranging facts from a general
point of view, we must admit that they frequently made
assertions which rested more on a theoretical than an experi-
mental basis, and hence their views were frequently criticised,
especially by Liebig! as unscientific. Uninfluenced, however,
by these attempts to discredit their work, and fully convinced
of the truth of their ideas, they returned Liebig’s sarcasm
with interest.

23 In looking back on these discussions we seem to enter a
bygone age. Berzelms endeavoured to throw ridicule on the exist-
ence of oxygenated radicals by saying that sulphur dioxide may
as truly be considered as the radical of sulphuric acid. At the
present day we actually adopt this view, considering this acid as
a compound of sulphur dioxide (sulphuryl) w1th the semi-
molecule of hydrogen peroxide (hydroxyl), for both of these groups
of atoms fulfil the conditions which Liebig defined as charac-
teristic of a compound radical.

The employment of empirical, or unitary formul®e as they
were called, in opposition to dualistic, was a step in the right
direction; for every compound consisting of more than two
elements is now considered as a chemical whole, and not as made
up of several constituents. The unitary system also clearly points
out the general analogies of similar substances, and enables
the facts to be brought into direct comparison, instead of viewing
the constitution by the deceitful mirror of inherited hypotheses.?

Certain groups of substances can thus be considered from
the same point of view, and their composition indicated by
general formule such as CnHyOe, the adoption of which led
to the taunt that Laurent and Gerhardt were creating a sort
of chemical algebra. The use of such formul®, however,
soon proved that the mutual relations of various compounds
could not be thus so clearly exhibited as by the formul®e of
the radical theory. Accordingly Laurent and Gerhardt made use
of the so-called synoptical formule, in which the group of atoms
remaining behind in a number of chemical metamorphoses was
written in a separate position from the other constituents, or
sometimes marked by a separate sign, the method of represen-
tation at one time falling into the radical and at another time
into the nucleus theory.

24 Important progress was next made by the amalgama-

1 Ann, Chem. Pharm. lvii. 93, 388, and lviii. 227. 2 Kekulé, Lehrd. i. 84.
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tion of the two theories of types and radicals. Dumas had
already pointed out that hydrogen can not only be replaced
by elements such as chlorine, but also by certain groups
of atoms, such as NO,; and that these may be desig-
nated as compound radicals. Gerhardt revived this view in
1839, but not exactly in the sense of the radical theory, ac-
cording to which theory the radicals are closed groups of atoms
and form the proximate constituents of compounds. Here,
however, it must be noticed that Liebig! had already pointed
out that a radical is not to be considered as an unalterable
quantity, and that it was not necessary that the existence of
the radical must precede the formation of an organic compound.

Gerhardt did not assume that a substitution must occur when
an element is replaced by a compound body, but rather that a
combination of the two residues takes place to form a chemical
unit, and not a copulated compound. The group of atoms which
can be assumed to be a radical was termed “le rest” or “le
restant.” Then came his “théorie des residus” according to
which such a residue possesses indeed the composition of a
compound radical, but is not contained as such in the com-
pound. Thus, for instance, the radical theory considers ethyl
nitrate as nitrate of ethyl oxide,and the formula is written, with
equivalent weights, C,H,0.NO,; this ether is obtained by the
action of nitric acid on alcohol :

C,H,0 + HNO, = C,H,NO, + H,0.

According to Gerhardt the reaction which here takes place is
that the one compound gives up an atom of hydrogen, and the
other the group or residue OH, and that these unite together
to form water, whilst the two other residues form the chemical
unit, ethyl nitrate.

Gerhardt’s theory of residues soon replaced the radicals of
the old theory, and their assumption in the new theory of
types brought about the union of the two theories. This was
more especially effected by the discovery of the compound
ammonias made by Wurtz2? in 1849. Liebig? bad foreseen
the possible existence of such compounds, inasmuch as he pre-
dicted that by uniting the alcohol radical with amidogen, NH,,
compounds would be obtained possessing the characteristic
properties of ammonias. Wurtz also assumed a corresponding

1 Ann. Pharm. xiv, 166 ; xviii, 323.

2 Comptes Rendus, Aout. 13, 1849 ; Phil. Mag. [3] xxxv. 34.
3 Handworterb, i. 698.
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constitution of these compounds, and he wrote the formula
ethylamine (ethyliaque) C,H,NH, Still, this may be also
considered, according to Berzelius’s views, as a copulated am-
monia, C,H, + NH,. Indeed Hofmann,! in his investigations
on aniline, originally adopted this view, although he soon dis-
covered facts which rendered it untenable. He showed that
ethylamine is a substituted ammonia, (C,H;)H,N, inasmuch as
the second and third atom of hydrogen can also be replaced by
the alcohol radical, and the compounds thus obtained still
retain their characters as ammonias.

25 The discovery of the compound ammonias may certainly
be regarded as the foundation of our present theory. From
this time forward organic compounds have been arranged on
the ¢ypes of certain simple inorganic bodies. Thus, for instance,
it was assumed that in ammonia the hydrogen could be not
only replaced atom for atom by metals (Laurent), but also by
compound radicals.

In 1850 Williamson? showed, in an analogous way, that
the alcohols and ethers may be considered to be built up on the
type of water. When in one molecule of the latter one atom of
hydrogen is replaced by an alcohol radical an alcohol is obtained.
By the replacement of the second an ether is formed. This view
he further expanded, inasmuch as he represented acetic acid as
water in which an atom of hydrogen was replaced by the group
C,H.O, for which he proposed the name of oxygen-ethyl, or
othyl, in order to distinguish it from the word acetyl, already
given by Berzelius to a radical containing no oxygen. At the
same time he pointed out that by the replacement of the second
atom of hydrogen by an oxygenated radical, compounds must be
obtained which stand in the same relation to the fatty acids as
ether does to alcohol. These bodies, the anhydrous acids, or
anhydrides, were soon afterwards discovered by Gerhardt.?

For many years after this, chemists were accustomed to class
organic compounds on the type of simple inorganic substances
and thus arose Gerhardt’s well-known theory of types, accord-
ing to which the organic compounds of ascertained constitution
may all be classed under four types: (1) that of hydrogen;
(2) that of hydrochloric acid; (3) that of water, and (4) that of
ammonia. Accordingly, we have the following :

1 Quart. Journ. Chem. Soc. i. 285, ii. 334.

2 British Association Reports, 1850, part ii. p. 65; Chem. Soc. Journ. (1852),
iv. 229,

3 Quart. Journ. Chem. Soc. v. 127 ; Ann, Chim, Phys. [3], xxxvii. 285.
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The organic bromides and iodides are of course classed in the
second division, whilst many sulphur compounds are found in
the third, and bodies containing phosphorus and arsenic are
arranged in the- fourth class. This system was further de-
veloped by the classification of many inorganic bodies, such as
the oxyacids which are ranged under the type of water.

26 A further advance in the theory of types was made by its
application to the classification of polybasic acids, such as sul-
phuric acid. In the memoir already referred to, Williamson had
placed this acid under the double water type, inasmuch, as he
assumed, that it might be considered as two molecules of water
joined together by the replacement of two atoms of hydrogen by
a group of atoms, whilst a monobasic acid belongs to the type
of one molecule of water. In a similar way the other dibasic
acids and their salts may be arranged:

Type. * Acetic Acid. Nitric Acid.
%}o Czﬂzﬁ}o N%}o
Type. Sulphurie Acid. Succunc Acid.
Lo 10

+ S0, C,H,0,

O 7 fO H}

Williamson ! then showed in 1854 that chloroform may be
considered as the trichloride of the radical CH. When it is
heated with sodium ethylate, C,H,.ONa, it yields tribasic formic
ether, CH(OC,H,),, and this belongs to the type of three mole-
cules of water exactly as chloroform is classed under the type of
three molecules of hydrochloric acid :

Type. Chloroform. Type. Tribasic formic ether.,
CH
SHCI  CH.CL  3H,0 }
JORR S

‘This view of the constitution of chemical compounds was
further developed by Odlmg, and apphed by him to a large
number of organic as well as inorganic compounds They were
then adopted by Gerhardt in 1856, and published in his Treatise
on Organic Chemistry.?

27 As the possibility of the replacement of several hydrogen
atoms by a radical was first. observed in the case of polybasic

1 Proc. Roy. Soc. vii. 185, 2 Quart. Jowrn. Chem. Soc. vii. 1.
3 Traité Chim. Org. iv. 581, &e.
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acids, the radicals themselves were termed in the first case
polybasic, and this expression was afterwards changed to poly-
atomic radicals.  This latter term is, however, not wholly free
from objection, and at present the proposal of Erlenmeyer to
employ the word polyvalent is generally adopted.!

The theory of polyvalent radicals soon received valuable sup-
port from Berthelot’s investigation of glycerin and its deriva-
tives, the constitution of these compounds being first clearly
pointed out by Wurtz. Indeed this chemist must be considered
to be one of the originators of the new theory of types, not
only on account of the above-mentioned views, but especially
by his valuable discoveries of the glycols or divalent alcohols.

According to this theory, as we have seen, the radicals are not
to be considered as closed groups of atoms, or even as bodies
capable of isolation, but rather as the residues of molecules
which remain unaltered throughout a certain number of reac-
tions. Gerhardt first pointed out that most checmical decom-
positions may be regarded as double substitutions, and he added
that if the substances which exchange their positions in such
a reaction are compound bodies instead of being elementary
ones, they are then termed radicals.

28 These typical formule were not intended to indicate the
arrangement of the atoms; they were in no sense constitutional
formule, but were formule of decomposition used by common
consent, and expressing a certain number of reactions. One
of these compounds may, therefore, be represented on various
types.

Thus, for instance, methyl ether, C HyO, was usually supposed
to belong to the water type, but it may also belong to the fourth
type of marsh gas, which Kekulé added to Gerhardt’s three
original types. Under this latter assumption it would consist
of two molecules of marsh gas held together by one atom of
dyad oxygen :

Type.

H
cJH 5
H) CH, } o H H
H}' CH, H 0
H H
C<H C { q
H H

1 Lothar Meyer, Mod. Theor. der Chemie, 3rd Ed. p. 140.



28 HISTORICAL INTRODUCTION.

By replacing the hydrogen in ammonia by methyl, methyl-
amine, CH,N, is produced; this may be regarded as a substi-
tuted ammonia, but it may also be looked upon as marsh gas in
which hydrogen has been replaced by the monad group, NH,;
and lastly, it may be represented as having been formed by the
union of two monad residues, and hence may be classed in the
type of hydrogen ; thus:

CH, 5 CH,
NJH R NH,
i NH,

Olefiant gas combines with bromine to form ethylene di-
bromide, C,H,Br,. In this the bromine can be replaced by
hydroxyl when ethylene alcohol (ethyl glycol) is formed. These
two compounds may be typically regarded as follows :

Ethylene dibromide CZB%;} C,H, { B
Ethylene alcohol ng; } Oy C.H, 8%

By the action of hydrochloric acid on the latter body the
hydroxyl is first replaced by chlorine when ethylene chlor-
hydrate is formed, and this, on oxidation, yields monochloracetic
acid.

29 Hence ethylene chlorhydrate may be considered as a
chlorinated ethyl alcohol. It may, therefore, be regarded on the
maxed types of water and hydrochloric acid, the two molecules
being united by the replacement of one atom of hydrogen in
each by the dyad radical C,H, (formula No.1). Or we may
consider it to be a compound of ethylene with chlorine and
hydroxyl ; or again it may be represented on the type of water
(formula No. 2), or on the mixed type of hydrochloric acid and
water (formula No. 3).

1.) (3.)
Cl
Cl, C,H,Cl
C,H {OH }o Gy
HJ
When chloracetic acid, also obtained by the action of chlorine
on acetic acid, is treated with ammonia, amidacetic acid,

R R R R TN IR RN RS TRERR——5h—.
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C,H,NH,0,, is formed. This, like the compounds from which
it is produced, is monobasic. It presents, however, certain
analogies with the compound ammonias just as chloracetic acid
exhibits properties analogous to those of ethyl chloride, and
hence the formul® of these compounds may be written in

different ways :

(1) (2) 3) 8) ()
Chloracetic g ¢ g 81}1 CaHRClg 2 o G0, % C,H,0

acid Cl
H
H
Amidacetic 1 ) § NH, C,Hy(NH,)O ; o C:H;0, ; H } N CgH:,(})f
acid OO | oH H NIL | GHO % G 3

The first of these formule point out that these compounds
contain the dyad radical C,H,0,, The second and third
formule show that we have to do with substitution-products
of acetic acid. These may be regarded as compounds of a
monad radical, inasmuch as amidacetic acid is formed from
chloracetic acid, one atom of chlorine being replaced by the
monad-amido group. The fourth series of formule constructed
on the mixed type of water and hydrochloric acid, indicate the
water-ammonia type; whilst in the fifth case amidacetic acid
is represented as a compound ammonia. Which of these for-
mule is to be preferred depends upon which of the relations of
the compounds it is especially desired to lay weight. It is usual
to choose those by which the more important reactions are most
clearly represented.

30 In 1838 Gerhardt pointed out that by the action of
sulphuric acid on various compounds bodies are formed in
which the characteristic properties of the constituents are not
reproduced. In order to distinguish combinations of this kind
from ordinary compounds, he termed them copulated compounds.
The original views thus propounded by him were afterwards
considerably enlarged and modified by Berzelius, who, although
he at first ridiculed Gerhardt’s idea of copulated compounds,
afterwards, as we have seen, adopted the name. With the
notion of these copulated compounds that of copulated radicals
is intimately connected.

According to this view many radicals are supposed to be
made up of several simpler radicals. Thus, for instance, many
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monobasic acids which belong to the type of water may be
written, first of all, according to the water type:

Type. Formic Acid. Acetic Acid. Propionic Acid.
1L CHO C,H,0 C,H,0
H}O H}O 2’h}0 : h}o

But these compounds are frequently found to decompose in
such a way that the group carbonyl, CO, is liberated as CO,,
together, in the case of formic acid, with hydrogen, and, in the
case of the others, with an alcohol radical. The radicals of these
acids may, therefore, be looked upon as containing carbonyl, and
either hydrogen or an alcohol radical. This is represented in
the following formule :

Formic Acid. Acetic Acid. Propionic Acid.
H.CO -CH,.CO C,H,.CO
H}O j H}O e 1 10

The employment of the intermediate types led to the re-
presentation of these acids together with other compounds, as
containing copulated radicals thus:

Type. Formic Acid. Acetic Acid. Propionic Acid,
H H CH, ) C,H, )
) co o co’
1O H}o B FO u}o0

The followers of Berzelius, especially Frankland and Kolbe,!
considered these acids as conjugate compounds, but as these
chemists did not recognise any oxygenated radicals, they looked
upon acetic acid as the hydrate of a compound of oxygen
with acetyl containing methyl and carbon, and they expressed
the constitution of acetic acid by the formula HO, (C,H,)C,,0,,
without admitting the new atomic weights.2

The development of the theory of types played an important
part in the history of the science. Instead of supporting the
view of the unalterability of the radicals, it led to the notion
that the residue consists of groups of atoms which, in a certain
series of metamorphoses, remain unaltered, whilst under other
circumstances they may undergo change. It also threw a new

1 Chem. Soc. Mem, iii, 390.

2 The reader will find a full account of the new theory of types as well as of
copulated radicals in. Kekulé's Lehrbuch der organischen Chemde, and in his
memoir ““on the so-called copulated compounds and the theory of polyatomic
radicals.”—Ann. Chem. Pharm. civ. 129.
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light upon facts in other directions, explaining certain analogies
and differences, and thus rendering possible a general view
respecting the behaviour of the atoms in compounds.!

31 Before however we can enter into this question we must
refer to another point and once more look back to the time
when Williamson applied the theory of types to inorganic com-
pounds, and showed that the existence of compound radicals
must be assumed in these just as much as in organic substances.

Even before this time many salts, such as those of ammonium
and those of uranyl, had been considered to contain compound
radicals, but the number had then so largely increased that
organic chemistry could not be correctly defined to be the.
chemistry of compound radicals.

All the organic compounds formed in nature contain carbon
and hydrogen. Most contain oxygen as well, and many nitrogen.
According to the older views it was, however, supposed that
the hydrogen was, in many compounds, as, for instance, in oxalic
acid, combined with oxygen to form water. Thus carbon was
in some cases found to be the only remaining constituent, and
this fact was pointed out by Gerhardt, in 1846.

Hence, organic chemistry was defined as the chemistry of
the carbon compounds, as well as that of the radicals con-
taining carbon. According to this definition, however, many
compounds of this element must be considered to belong to
organic chemistry although they are not formed from the bodies
of vegetables or animals and occur in the mineral kingdom.
Such bodies are carbon dioxide and marsh gas. This diffi-
culty of classification has been avoided in various ways. Thus,
Gmelin? in his Handbook says: “ Carbon is the only element
which is essential to organic compounds; every one of the
other elements may be absent from particular compounds, but
no compound which in all its relations deserves the name of
organic is destitute of carbon. .. . If we were to regard as
organic, those carbon compounds which have hitherto been
classed amongst inorganic substances, namely carbonic oxide,
carbonic acid, sulphide of carbon, phosgene, cast-ron, &c., we
might define organic compounds simply as the compounds of
carbon. But organic compounds are still further distinguished
by containing more than one atom of carbon. ... Hence
the term organic compounds tincludes all primary compounds

t Lothar Meyer, Mod. Theor. der Chemie, 3rd Ed. p. 150.
2 Handbook, vii. 4 aud 5.
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containing more than one atom of carbon. By primary com-
pounds we mean such as are not, like bi-carbonate of potash,
made up of other compounds.”

In order to understand this definition it must be remem-
bered that in those days, the atomic weight of carbon was
supposed to be only half as great as that which is at present
assigned to it, and this remark applies also to oxygen, sulphur,
and several other elements. Thus the following formule were
then employed: carbonic oxide, CO; carbonic acid, C0O,;
phosgene gas, COCl; and carbon disulphide, CS,; whilst to
the organic compounds of most simple constitution, the follow-

. ing formule were assigned : methyl aleohol, C,H,0,; formic
acid, C,H,0,; hydrocyanic acid, C,HN; chloroform, C,HCl,.

As soon, however, as it appeared that the atomic weights of
the above elements must be doubled, and that the molecule
of carbon dioxide or carbon disulphide contained exactly the
same number of atoms of carbon as one molecule of methyl
alcohol or of formic acid, either Gmelin’s definition could no
longer hold good, or the latter compounds must be considered
to belong to inorganic chemistry, or, in the third place, the oxides
and the sulphide of carbon must be considered to be organic
compounds.

On this question Kekulé remarks: “We must come to
the conclusion that the chemical compounds of the vegetable
and animal kingdom contain the same elements as those of
inanimate nature. We know that in both cases the same laws
of combination hold good, and hence that no differences exist
between organic and inorganic compounds either in their com-
ponent materials, in the forces which hold these materials
together, or in the number and the mode of grouping of their
atoms. We notice continuous series of chemical compounds
whose single members, especially when only those which lie
close together, are compared, exhibit strong analogy, and be-
tween which no natural division is perceptible. If, however,
for the sake of perspicuity a line of demarcation is to be
drawn, we must remember that this boundary is an empirical
rather than a natural one, and may be traced at any point
which seems most desirable. If we wish to express by
organic chemistry that which is usually considered under
the name, we shall do best to include all carbon com-
pounds. We, therefore, define organic chemistry as the che-
mistry of the carbon compounds, and we do not set up any
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opposition between inorganic and organic bodies. That to
which the old name of organic chemistry has been given, and
which we express by the more distinctive term of the chemistry
of the carbon compounds, is merely a special portion of pure
chemistry, considered apart from the other portion only because
the large number and the peculiar importance of the carbon
compounds renders their special consideration necessary.” !

Other chemists have expressed themselves in a similar way.
Thus Butlerow states that a division of the kind is needed both
in the interest of the student as well as in that of the scientific
investigator. The carbon compounds exhibit certain peculiari-
ties in consequence of which their investigation demands special
methods, which are not necessary in the case of the other ele-
ments? Another reason for treating the carbon compounds
separately is the enormous mass of material which presents
itself for investigation, so that although such a division is an
artificial one, it is one which is extremely useful 3

32 The distinction between these classes of carbon compounds
is, however, one which up to the present time has never been
carried out in every detail. Thus, no chemist has ever thought
it advisable to omit such substances as the oxides and the sul-
phide of carbon from the inorganic portion of his work, or
to class substances like carbonate of lime, or spathic iron-ore,
or even cast-iron, under the head of organic compounds. Hence
we find a description of the oxides of carbon, of carbon disul-
phide, and of their various derivatives, generally placed in
the divisions both of inorganic and of organic chemistry. In
the same way the cyanogen compounds are frequently de-
scribed both in inorganic and in organic treatises. The ex-
planation being, that these bodies contain only one atom of
carbon, and that they are in many respects analogous tu
the compounds of the elementary bodies. Wood-spirit and
formic acid, on the other hand, which also only contain one
atom of carbon in the molecule, are never considered as inor-
ganic compounds, for they are closely connected with alcohol,
acetic acid, and other bodies containing a larger number of
carbon atoms, whose peculiar properties orginally led to the
distinction between the two great branches of pure chemistry.

33 This peculiarity depends upon the fact that they are

1 Lehrbuch d. org. Chemdie, 1. 11.
2 Butlerow, Lehrd. d. org. Ckem. 5.
3 Erlenmeyer, Lehrd. d. org. Chem. p, 5,
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carbon compounds, for carbon possesses properties by which
it is distinguished from all other elements. In the first place
we have to remember that hydrogen is found in all organic
bodies in addition to carbon; in most others oxygen occurs;
and in many nitrogen is also contained. Others again consist
of carbon, hydrogen, and nitrogen only.

The number of these bodies is enormously large. Carbon yields
more compounds than all the other elements taken together.
Moreover, the number of atoms contained in the molecule may be
very considerable. = Thus, for instance, oil of turpentine consists
of carbon and hydrogen, and contains 26 atoms; cane-sugar,
which in addition contains oxygen, contains 45 ; and stearin,
also an oxygenated body, contains 173 atoms.

Kekulé ! who first pointed out that carbon 1s a tetrad element,
showed at the same time that the existence of solarge anumber
of carbon compounds may be explained by the fact that the
atoms of this element have the power of combining one with
another. A similar view was also put forward shortly afterwards
by A. S. Couper.?

The atoms of other polyvalent elements, such as oxygen, sul-
phur, &c., are indeed found to combine with one another, but
the number which can be thus conuected together is in their
case a very limited one. With carbon, however, such:a limit
to the power of combination has not yet been reached. A large
number of its atoms are capable of uniting to form a chain
which in many reactions behaves as if it were a chemical unit.

Still more clearly however is carbon distinguished from all
the other elements by the fact that in such a chain of atoms
all the free combining units can be saturated by hydrogen. Hence
the existence of a large number of hydrocarbons becomes pos-
sible. These are all volatile, whilst amongst the hydrogen
compounds of the other elements only those of the chlorine,
oxygen, nitrogen, boron, and silicon groups are volatile, and in
the case of each of these (with the exception of phosphorus)
only one hydride is known,

The hydroca,rbons are however not only the sxmplest but at
the same time, on theoretical grounds, the mest important,
compounds of this element, especially because all the other
compounds may be derived from these by the replacement
of hydrogen by other elements. In the organic compounds

1 gnn, Chem. Pharm. civ. 129 ; cvi. 129 ; Lehrbuch, i. 161.
2 Phil, Mag. [4), xvi. 104.
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occurring in nature we usually find a portion of the hydrogen
replaced by oxygen or by nitrogen, or by both of these elements.
Some few are found to contain sulphur. All the elements
may be made to combine with carbon compounds, but it is only
in a few instances that all the hydrogen in the hydrocarbon
can be replaced by another element. This explains the fact
which has already been mentioned, that by far the larger pro-
portion of carbon compounds contain hydrogen, or a residue of
the hydrocarbon from which they all are derived.

34 Hence we may define that portion of our science which
is usually denoted as organic chemistry as being the chemistry
of the hydrocarbons and their derivatives. 'The characteristic
nature of this definition is seen from the fact that, when the
general chemical constitution of a carbon compound has been
rightly ascertained, it can be converted into the corresponding
hydrocarbon, or, inversely, it may be prepared from this latter
compound.

In employing this definition, we do not draw any distinctive
line between organic and inorganic chemistry, for the simpler
carbon compounds which have already been described in the
inorganic portion of this work, such as carbon dioxide, carbon
oxychloride, sulphide of carbon, hydrocyanic acid, &ec., all of
which contain one atom of carbon, may be looked upon as direct
derivatives of a hydrocarbon, namely, marsh gas, CH,, From
this they can all be prepared, and into this they can all be
converted. When this gas is burnt in the air, water and
carbon dioxide are formed, the monad hydrogen being replaced
by dyad oxygen. Marsh gas can also be directly converted
into carbon disulphide, and when the vapour of the latter
body is passed together with sulphuretted hydrogen over red-
hot metallic copper, the sulphur is substituted by hydrogen,
and the hydrocarbon, marsh gas, is formed. If this latter
compound be treated with chlorine, the first product which is
obtained is methyl chloride, CH,CI, and when this is heated
with caustic potash, wood-spirit, or methyl alcohol, CH,O, is
obtained :

CH,CI + KOH = CH,.OH + KCL
When this alcohol is oxidised, formic acid is produced, two

atoms of hydrogen being replaced by one atom of oxygen. By
the further action of chlorine on methyl chloride the successive
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replacement of all the hydrogen by chlorine takes place, the
last product but one being chloroform, CHCl;; and if this sub-
stance be heated with ammonia, hydrocyanic acid is obtained,
three atoms of chlorine being replaced by one atom of triad
nitrogen :

CHCIl, + 4 NH, = CHN + 3 NH,CL

As all the cyanides can be derived from hydrocyanic acid,
they may be all considered as derivatives of marsh gas. The
carbonates may be similarly considered to be derived from
marsh gas, for we must assume in the aqueous solution of
carbon dioxide the existence of carbonic acid, CO(OH),, that is
to say, marsh gas, in which one-half of the hydrogen has been
replaced by oxygen, and the other two by hydroxyl. Indeed
the various varieties of cast-iron may even be regarded as deri-
vatives of hydrocarbons, inasmuch as when cast-iron is dissolved
in hydrochloric or sulphuric acid the carbon which is combined
with the iron gives rise to hydrocarbons in which the hydrogen
may be said to have replaced iron.

35 Only one single carbon compound is known for which the
corresponding hydrocarbon does not exist. This is the simplest
of all carbon compounds, viz. carbon monoxide. All endeavours
to isolate the hydrocarbon CH, have as yet proved abortive,
and there are good reasons for behezhng that the existence
of such a body in the free state is not«possible. No other
hydrocarbon except marsh gas is known which contains only
one atom of carbon. On the other hand, we are acquainted
with three which contain two atoms of carbon :

Ethane, C,H, Ethylene, C,H,. Ethine, C,H,.

In order to explain the constitution of these substances it
is assumed that in ethane the two carbon atoms are connected
together singly; in ethylene by double linking ; whilst in ethine
or acetylene the three combining units of the two carbon atoms
are supposed to be linked together. g

A large number of carbon atoms may be combined together
in a similar way, and thus the above hydrocarbons form the
first members of groups of which each is distinguished from
the preceding by an increment of CH,. The composition of
these may be expressed by the following general formule :

PRT S ——
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Series, Cn.Hgn + 2 CnHzn. Cann_g.
Methane CH, — —
Ethane  C,Hg Ethylene C,H, Ethine C,H,
Propane C,Hg Propylene C, H Propine C;H,
Butane CH,, Butylene C H Butine CH,
Pentane C,H,, Pentylene C, Hm Pentine C H,
Hexane CgH,, Hexylene C.H,, Hexine CH,,

&e. &e. &e.

Besides these, other groups, such as C,Hon_, and C Hy,
&e., are known. The first members of these naturally contain
more than two atoms of carbon.

36 Other carbon compounds can be derived from these various
series. Thus, for instance, just as by the action of chlorine on
marsh gas methyl chloride is obtained, so the other members of
the marsh gas series yield chlorides of monad radicals having
the general formula CHyy1Cl in which chlorine can be easily
replaced by hydroxyl, and thus a series of hydroxides are ob-
tained to which the names of alcohols have been given, and
to which the general formula C,Hz,450 is applicable.

‘When methyl chloride is heated with ammonia, a strong base
is obtained, which has received the name of methylamine :

CH,Cl + NH, = CH,NH, + HCL

‘And by a similar reaction with the other chlorides a series of
such bases or amines is obtained having the general formula
CnH2n+3N-

Moreover, as methyl alcohol gives rise to formic acid by
oxidation, so these other alcohols yield a series of acids
having the general formula C,H3,0,, obtained by the replace-
ment of two atoms of hydrogen in the alcohol by one of oxygen.
Many of these acids are found in fats and oils, and hence they
are termed the fatty acid series, or the adipic series of acids.
Thus we obtain the following series from the marsh gas hydro-
carbons :

Chloride. Alcohol. Amine. Fatty Acid.
Mot | cmar P 1 010 | Methylamine © H,N| Formic acid € H,0
Ejﬁ{jﬁdeg cael (B GHO (Ethylamine  CH,N| Aceticacid  CH,0,
< U0 ; C,H, 01 P;fc{’,ﬁol} C,H,0 |Propylamine C;H,N | Propionicacid C;H0,
:gglz’oylrlide; C,H,01 :{1,{’2},“’1 } C,H,,0 Butylamix.le C,H,N Butyrif: aci.d C,H,0,
- 4 ; C,H,,C1 alcobhol%c H,,0 |Pentylamine C;H,,N| Pentylic acid C;H;,0,
. ; CoHpCl | NSXT L G0 | Hexylamine CpH, N | Hexylic acid CoH,,0,
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In addition to these, a large number of other derivatives of the
above hydrocarbons is also known, and these again yield other
groups which can all be arranged in corresponding series. All
the hydrocarbons contain an even number of stoms of carbon ;
this being owing to the tetrad nature of carbon, For the
same reason it also follows that the sum of the atoms of monad

and triad elements which are contained in a molecule of a carbon

compound is always an even number,

37 In 1842 Schiel! remarked that the alcoho! radicals form
a very simple and regularly graduated series of bodies, of which
the properties as well as the composition exhibit corresponding
regular gradations. “He gave the following description, the old
equivalents being used :

C.H, = 'R
B o P ety e SiMethylt
RgH o o L aldiin 1403 b ottt S
Bl iov ' W N 23 phtpen) 'Glyeerit
B H . b ?

By 4t s onibid st bt ek
Bl v o on ypms | oriwt o dat bty
B A i SR -

He also predicted the existence of other series. Shortly
afterwards, Dumas? showed that the fatty acids form a similar
series, and that in these, as Schiel had pointed out in the case
of the alcohols, the boiling-point regularly rises with the
increment C,H,,.

In his Précis de Chimie organique, published in 1844, Ger-

hardt collected together a large number of such groups, and was -

the first to give to these the name of homologous series, whilst he
classed the bodies obtained from one another by definite
chemical metamorphoses, such, for instance, as ethyl chloride,
ethyl alcohol, acetic acid, &e., as heterologous series.

This classification into homologous and heterologous scries
Gerhardt compares to the arrangement of a pack of caxds.

The cards of each suit being placed in regular order!

in a vertical line, those of equal value in the different
suits will be found in a horizontal row. These latter corre-
spond to the homologous series, whilst the first represent

1 Ann. Chem. Pharm. xliii, 107, 3 Jbid. xlv. 330.
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the heterologous series. If one card be wanting, its place is
nevertheless indicated, and, although absent, we know its exact
character. In the same way with organic compounds. When
the series is not complete, the composition of the missing
substance can not only be predicted, but even its more im-
portant properties indicated. Of its possible existence there
can be no doubt, and if it is desired to complete the series, this
can be done by employing suitable reactions.

If we compare the various members of one such series of homo-
logous bodies together, thus, for example, those of the marsh gas
hydrocarbons, C,Hy, 4, We find, in the first place, that they differ
from one another in physical properties. The lowest members are
gases at the ordinary temperature ; the members next following
are liquids whose boiling-points inerease with their molecular
weights, whilst the highest members are solid bodies, which are
volatilised only at a high temperature. The same holds good
with the other scries.  Their lowest members are either gases
or volatile liquids; the highest, on the other hand, are solid
bodies either only volatilised with difficulty or undergoing
decomposition when heated.

We next observe that the chemical character of each group
depends essentially upon the mode in which the carbon
atoms are connected with one another, as well as with the
rest of the elements contained in the molecule, For this reason
the corresponding members of each homologous series closely
resemble one another in their chemical relationships. One
result of this is that whilst the comparatively limited number of
compounds which the other elements form renders it possible that
the nature and composition of the compound can be determincd
by a few reactions, this, on the other hand, is only exception-
ally possible in the case of the carbon compounds. In most
instances it is necessary for this purpose not only to prepare the
body in the pure state, but also to determine its physical and
chemical characters, and then to pass on to the determination cf
its quantitative composition. Not only do newly discovered bodies
require this complete treatment, but frequently this is the only
mode by which substances which have long been known can be
satisfactorily recognised. Hence we shall now pass on to describe
the methods which have been employed, and are still in use, for
the ultimate analysis of the carbon compounds.

121
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ULTIMATE ORGANIC ANALYSIS.

DETERMINATION OF CARBON AND HYDROGEN.

38 THE first successful analysis of an organic compound
was carried out by Lavoisier, and the principle upon which he
founded his method for the determination of carbon and hydro-
gen is the same as that which is employed for a like purpose at
the present day. The body to be analysed is completely burnt,

Fie. 1.

the quantity of carbon dioxide and water thus produced being
accurately determined.

Lavoisier’s Method. The apparatus used by Lavoisier * for thls
purpose is shown in Fig. 1. The glass bell-jar A, carefully

1 Mem. Acad. 1781 (published in 1784), and ¢bid. 1784 (published in 1787).
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calibrated and standing over mercury, contains common air.
Into this is brought a weighed lamp fed with the alcohol or oil
to be analysed; on the wick a small piece of phosphorus is
placed, and this can be inflamed by contact with a warm bent
wire. The bell-jar s contains a measured volume of oxygen
standing over water. By lowering this, the oxygen can be
passed over into the vessel A for the purpose of cpmpleting
the combustion. As soon as this is effected, the carbon dioxide
formed by the combustion is absorbed by caustic potash, and
from the volume of this gas, together with that of the air
which remains behind after the combustion, and from the volume
of unburnt oxygen, Lavoisier calculated the composition of the
alcohol or oil which had undergone combustion in the lamp.
In this way, however, he arrived at altogether erroneous
results, inasmuch as he was not acquainted with the exact com-
position of either carbon dioxide or water, and the numbers
which he used for the specific gravities of the various gases
employed were by no means accurate. Nevertheless, if his
results be recalculated with the adoption of correct constants, 1t
appears that his analyses were at least as accurate as those of
many chemists who in the following years occupied themselves
with the subject.

Lavoisier even then observed that the indirect determina-
tion of water by the subtraction of the weight of carbon dioxide
from the sum of the weights of the burnt substances and the
oxygen employed for the combustion might with advantage be
replaced by a direct determination of this substance. Later
on, indeed, he described an apparatus for the burning of large
quantities of oil, in which both the water and carbon dioxide
formed are weighed. This method has a special interest, as
the arrangement of the apparatus closely resembles that in use
at the present day.! The apparatus used is shown in Fig. 2.
The combustion takes place in A, and the oil for the lamp is
introduced at @. The gas-holder (P) is filled with oxygen, and
this gas passes through -5, and is dried in the tube p. The
products of combustion pass through ¢ into the absorption-
apparatus, The greater portion of the water collects in the
bottle ( /), and that which escapes is deposited in the spiral tube
(%), whilst the last traces are taken up in the tube %, which
contains a “deliquescent salt.” The gases then pass through a
system of bottles (FF), of which only two are represented in the

1 Lavoisier’s Elements (Kerr’s translation), 503.
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figure, although Lavoisier employed eight or nine. These, with
the exception of the last, contain caustic potash, lime-water
being placed in the last one in order that the complete ab-
sorption of the carbon dioxide may be recognised by the

Fie. 2.

non-turbidity of the lime-water. The first experiments made
with this apparatus did not- yield very satisfactory results, and
his endeavours to improve the method were cut short by his
untimely execution in May, 1794.
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Lavoisier also burnt difficultly combustible substances such as
sugar, whose composition he gives,! and although he does not
mention the method by which the process was carried out, some
hints concerning his mode of experimentation may be gathered
from the journal which was found after his death.? He there
states that he mixed 1,000 grains of sugar with 10,000 grains of
mercuric oxide, and heated these in a retort, absorbing the carbon
dioxide which was given off, in a flask filled with potash. From
the weight of this substance, as well as from the quantity of
oxygen contained in the mercuric oxide, he believed that he could
ascertain whether the oxygen needed for the combustion of the
hydrogen was derived from the sugar or from the mercuric
oxide. In the experiments herein detailed he had unfortunately
employed too small a quantity of the latter substance to ensure
complete combustion, and hence his results are incorrect. He
also analysed other bodies by this plan, and even experimented
on a method for heating a mixture of carbon and potassium
chlorate for the purpose of ascertaining and controlling the
composition of this salt and that of carbon dioxide.

39 Methods of Saussure, Thénard, and Berthollet. It wasnot till
the year 1806 that any further attempts were made to determine
the composition of organic compounds by ultimate analysis. The
principle of the methods employed by Th. v. Saussure, Thénard,
and Berthollet, consisted either in mixing the substance in the
form of vapour with oxygen, and detonating the gaseous mixture,
or in decomposing the body to be analysed at a red-lheat, thus
converting it into carbon and permanent gases, the composition
of the latter being ascertained by gasometric analysis. By this
method Berthollet in 1810 obtained fairly correct results in his
analysis of sugar and of oxalic acid.

40 Gay-Lussac and Thénard's Method. About the same time,
Gay-Lussac and Thénard 2 carried out Lavoisier’s idea of heating
the organic compound whose composition had to be ascertained
with a substance which readily gives off oxygen, oxidising the
carbon to carbon dioxide, and the hydrogen to water. For this
purpose they chose potassium chlorate, of which a weighed
quantity was mixed with an exactly known weight of the
organic substance. The mixture was then moistened with
water, and formed into pills which -were dried at 100°. The

1 Elements, 193.

2 Buvres de Lavoisier, iii. 773; Paris, 1865,

3 Rech, Chim. Phys. ii. 265; Ann. Chim. lxxiv. 47 ; Gilbert’s 4nn. xxxvii,
401.



44 ULTIMATE ORGANIC ANALYSIS.

combustion was effected in an apparatus the construction of
which is shown in Fig. 3. The closed lower end of the hard glass
tube A4, 2 dem. in length and 8 mm. in diameter, is placed
upon a charcoal fire, or strongly heated by an alcohol lamp
(H). The upper end of this combustion-tube is closed with a
stopcock, which, however, is not bored through, but has a cavity
bored into the stopper. A pill is placed in this cavity, and the
stopcock turned, when the pill falls into the red-hot tube, By
repeating this operation, all the air contained in the combustion-
tube is driven out by the side tube. A weighed quantity of
the pills is then gradually added, and the whole of the gas

T

generated collected in a graduated jar over mercury. The
excess of oxygen is determined by adding a certain volume of
hydrogen and exploding the mixture, and then the carbon
dioxide is absorbed by caustic potash, and thus the volumes of
the two gases are ascertained. These volumes, together with
the weight of. the substance burnt, give data for ascertaining
the quantity of water .formed. In this way Gay-Lussac and
Thénard analysed no less than fifteen organic substances free
from nitrogen, and four substances containing this element.
In the latter case they took the precaution of avoiding a large
excess of oxygen in order to prevent the formation of the oxides

e e et B e
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of nitrogen. Some of the analyses thus conducted are fairly
accurate, when the calculations are corrected, this being neces-
sary because at that time neither the true composition of carbon
dioxide nor that of water was known. Thus corrected, Gay-
Lussac and Thénard’s numbers for the percentage composition
of sugar are as follows. The results calculated from the formula
are added for the sake of comparison.

Found, Calculated.
Carbon, <301, oL el 41786 4210
Hydrogeng. S5 ¥ 58, 6:39 644
Oxyegent s« . . Ta 5114 5146
9889 100-00.

This method, however, did not yield satisfactory results in
the case of very volatile bodies, and the composition of these
substances had to be determined, as before, by eudiometric
methods. A

We are indebted to Saussure for improving this branch of
analysis, and for determining accurately the composition of
several compounds, such as that of alcohol.! He also analysed
non-volatile bodies, some of them with great exactitude, by com-
bustion in oxygen, determining the volume of this gas needed
for the combustion, as well as that of the carbon dioxide formed.?

41 Berzelius's Method. Saussure’s method would probably
have come into general use had not Berzelius® published in
1814 his much more exact method for the analysis of organic
bodies. It has already been stated in the introduction that
Berzelius began this investigation with the view of ascertain-
ing whether organic bodies obey the same laws of chemical
combination as those which regulate the formation of in-
organic substances. Adopting Lavoisier’s plan, he absorbed
the water and carbon dioxide formed by the ‘decomposition,
determining their amounts gravimetrically. Like “Gay-Lussac
and Thénard, he employed potassium chlorate as an oxidising
agent, reducing the violence of its action by mixing it with
ten times its weight of common salt. At the closed end of
his glass combustion-tube he placed some of this mixture of

L dnn, Chim. lxxviii. 57. "2 Bibl. Britan. lvi. 833.
% Thomson’s Ann. Phil. [4], 401.
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common salt  and
potassium  chlorate ;

_then came an intimate

mixture of the sub-
stance with the same
oxidising material,
whilst the front por-
tion of the tube was
filled with the oxidis-
ing substance alone,
The open end of the

- tube was drawn out

to a long point and
the whole placed in a
furnace (Fig. 4), in
which it was heated by
charcoal and placed in
the position indicated
in the figure. Forthe
sake of precaution the
tube was surrounded
by a coating of copper
foil fastened with iron
wire. The open end
was then connected
with a light glass re-
receiver (A), which in
its turn was joined to
the tube B, contain-
ing calcium chloride,
which served to absorb
the water not con-
densed in A. The
carbon dioxide formed,
together with the ex-
cess of oxygen, was
collected over mercury
in the bell-jar contain-
ing a small glass vessel
filled with caustic
potash. In carrying
out the experiment,
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the front end of the
tube was first heated,
and the fire gradually
extended to the fur-
ther end, the screen
F being gradually
pushed back. The oxy-
gen evolved at the
end of the operation
served for the pur-
pose of driving the
combustion - products
leftin the tube through
the absorption vessels.
The increase in the
weight of the vessels
A and B gave the
weight of the water
formed, and that of
the wvessel ¢ the
amount of carbon di-
oxide, This method
is not applicable to the
case of nitrogenous
bodies, inasmuch as
oxides of nitrogen
are then formed which
are absorbed by the
caustic potash, Be-
sides, the method is
liable to various other
errors which render
an exact determina-
tion of hydrogen and
carbon impossible. If
we desire to obtain an
idea of the accuracy
of this process, the [§
analytical ~ numbers [}
obtained by Berzelius
must be recalculated,
inasmuch a3 1nexact
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atomic weights were employed by him. If this be done, we
obtain the followmc numbers for the percentage composition
of sugar:

Carbon 3 SR et oy - s - 2T
Hiytdrozen SRS S R o
Oxy o A% ARt S 6 S0 (58,

100-0

42 Liebig’s Method. To Liebig belongs the singular honour
of having so completely perfected and simplified the process of
organic analysis that his method is used at the present day
almost unaltered, The labour which this investigation involved
was however so great that it was many years (1823-1830) before
it was completed, and the potash apparatus in the form in which
it is now used, was not described until 1831.1 # From this time
forward he was able, with the help of his pupils, to carry out

\ mmmmmmmmmmmmmmmmmm“ =
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Fia. 6.

the numerous important investigations which gave to the Giessen
laboratory a world-wide reputation.

As an oxidising agent, Liebig employed cupric oxide, CuO, a
substance which had been used by Gay-Lussac and Thénard in
their analyses of nitrogenous substances, This compound is
also employed for the qualitative detection of carbon and
hydrogen, inasmuch as, when, in the perfectly dry state, it is
ignited with an organic substance, the above elements unite
with its oxygen to form carbon dioxide and water, the presence
of which can be readily detected.

1 Pogg. Ann. xxi. 1
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Liebig’s original combustion apparatus is shown in Fig. 5,
whilst Fig. 6 exhibits the form in which at a later time it
became generally adopted. It consists of the combustion-tube
(¥ig. 7) made of difficultly fusible glass, drawn out at the closed
end to a fine point. This is filled in different ways according to
the nature of the body undergoing combustion. If it be a solid,
not too volatile or hygroscopic, the following method described

by Liebig! may be used :—A small quantity of finely-divided,
and previously ignited, black oxide of copper which has been
cooled in a closed vessel is first brought into the combus-
tion-tube to the point ¢; some more of this oxide is then
placed in a small porcelain mortar, and to this from 0-2 to 0-3
gram of the substance is added. This is then covered with
more oxide, and well mixed by means of the pestle. The

F1c. 8.

mixture is next filled into the combustion-tube up to the point
b, and the mortar rinsed out with more oxide, and this also
brought into the tube, which is then filled, though not com-
pletely, from the point @ with pure copper oxide. The length

of the last layer of pure oxide depends on the combustibility
and volatility of the substance. If an easily volatile substance

1 For further details of this method we must refer to Fresenius’s Quantitative
Analysis, p. 455, § 174, sixth ed.
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has to be burnt, or one which, on heating, gives off large
quantities of combustible vapours, the column of oxide must
be longer than in other cases.. The tube is then laid flat on
the table and gently tapped, so that a free passage for the pro-
ducts of combustion is left above the surface of the copper oxide.

Inasmuch as copper oxide is a very hygroscopic substance and
may, therefore, have absorbed moisture from the air during the
process of mixing, this moisture must be removed when an exact
determination of the hydrogen is required. ¥or this purpose
the tube, prepared in the way described, is placed in connection
with the exhausting syringe (P, Fig. 8), the second opening of
which is joined to a U-tube (T) containing chloride of calcium.
The combustion-tube (2b) is warmed in a water-bath or sand-
bath, then cxhausted, and dry air allowed to enter, and this
operation repeated several times,

43 In order to avoid this tedious dessicating process, the sub-
stance may, according to Bunsen’s proposal, be mixed with the

oxide of copper in the tube itself. This is effected by means of
a copper- or brass-wire bent at the end like a corkscrew (Fig. 9),
a vertical and, at the same time, a rotatory motion being given
to the wire. The tube is then placed in the combustion-furnace,
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closed by a soft bored cork, through which passes the end of the
chloride of caleium tube (Fig. 10), this being employed for tho
absorption of the water produced. Another form of such a
tube is shown in Fig. 11. The carbon dioxide is collected
in a Liebig’s potash-bulb filled
with a concentrated solution of
caustic potash (Fig. 12).. Ano-
ther form of this apparatus is
shown in Fig. 13, All these
forms of bulbs are so arranged
that the gas passes in single
bubbles through the various
bulbs, thus remaining for a
considerable time in contact
with the caustic potash. In order to be sure that the carbon
dioxide is completely absorbed (for this gas is, to begin with,
mixed with a large quantity of air), and also to prevent the
exit air from carrying away aqueous vapour from the caustic
potash solution, a few pieces of solid potash are placed in the
U-tube (c) (Figs. 6 and 14) connected to and weighed with the
potash-bulbs. The bulbs are then connected by means of the
U-tubes to an aspirator (v) (Fig. 6), the stopcock remaining
open. :

In carrying out the combustion, the first point to be ascer-
tained is that the apparatus is perfectly air-tight. This is
usually done by first placing the Liebig’s bulbs in a slanting
position with the larger bulb uppermost, warming this until a
sufficient quantity of air has escaped through the liquid. When
the air in the apparatus cools, the liquid rises in the bulb, and
there assumes a higher level thanin the other part of the ap-
paratus. If this level remains constant for a considerablc time,
we may conclude that all the parts of the apparatus are tight,
and the combustion itself can now be commenced.

The next operation is to surround the front part of the tube
with red-hot charcoal, care being taken that the end of the tube
carrying the cork is placed in such a position that in the first
place no water condenses on it, and in the second that the cork
does not become over-heated and charred. In order to keep the
hot charcoal in its right place, and to prevent the further por-
tions of the tube from becoming heated before the proper time,
the iron screen ¥ (Fig. 6) is used. This is gradually pushed back
as the front portions of the tube have become red-hot. More
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charcoal is now added, and the process is continued until the
whole of the layer of copper oxide is red-hot. The portion con-
taining the substance is now very carefully and gradually heated,
o0 that whilst the combustion is going on, not more than one or
two bubbles of gas pass every second through the potash-bulbs.
When the whole of the tube has been surrounded by red-hot
charcoal, and as soon as the evolution of gas ceases, the potash-
bulbs are placed in a vertical position, the charcoal removed
from the drawn-out end of the tube, and the screen placed in
front of the point. Owing to the gradual cooling, and to the
absorption of carbon dioxide, the potash solution will now be seen
to pass back into the large bulb. When this is filled with liquid,
and the pressure within the apparatus being, therefore, somewhat
less than the atmospheric pressure, the pointed end of the tube
is broken by means of pliers. The potash-apparatus is now
brought back into its original slanting position, and, by means
of the aspirator, air is drawn through the apparatus in order to
allow the whole of the carbon dioxide and aqueous vapour .to
pass through the absorption vessel. In order to be quite sure
that in this operation none of the carbon dioxide produced by
the combustion of the charcoal finds its way into the combustion-
tube, & long, closely-fitting glass tube is dropped over the open
point of the combustion-tube. Sometimes, instead of connecting
the tube with an aspirator, air is drawn through the potash-
bulbs by the mouth, by means of a bulb-tube and caoutchouc.
The arrangemernt, when this plan is’ adopted, ' is shown in
Fig:14.  As soon as the bubbles passing through the potash-
apparatus no longer diminish in size, the current of air is
stopped, and the absorption’ vessels are removed, placed in the
balance case, and, after they are completely cold, their weight
ascertained.

Difficultly volatile and non-volatile liquids are weighed out in
short glass tubes open at one end. These are dropped into the
combustion-tube containing some copper oxide, more oxide
added, and then the liquid allowed to run out of the tube into
the oxide of copper by carefully sloping the tube. Volatile
liquids must be weighed out into a small weighed glass bulb
having long ends. One end is then broken off, and the end,
together with the bulb, allowed to fall into the combustion-tube,
which is then filled with oxide of copper. The front of the tube
is first heated to redness, and afterwards the portion in which the
bulb is placed, so that the liquid is driven out into the oxide of
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copper. The combustion is then allowed to proceed in the
ordinary way.

In his analyses of sugar, Liebig obtained the following
results, which agree sufficiently well with the theoretical
numbers when they are re-calculated with the present atomic
weights :

GO S nhe e o L5 4171

IBivdiogenSE FE et 5L S 6145
O e el s, e 5184
100-00

Fic. 14.

.

44 Gas Combustionfurnaces. The use of charcoal has the
advantage that the temperature at the various parts of the tube
can be readily controlled, either by removing or by fanning the
burning charcoal. On the other hand, its employment is accom-
panied by several disadvantages, which led to the proposal to
replace charcoal by alcohol lamps. A furnace of this kind
constructed by Hess came into use, but was soon superseded
by gas combustion-furnaces when Bunsen introduced his non-
luminous gas-burner, An old form of gas-furnace introduced by
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v. Babo is shown in Fig. 15. Erlenmeyer’s furnace exhibited
in Fig. 16 is much used at the present day. Its arrangement
is readily understood by reference to the figure. In order to
protect the combustion-tube from the direct action of the flame,
it is generally placed in a trough made either of fireclay, or of
iron lined with some calcined magnesia, and, for the purpose of
throwing the hot gases of the flame on to the top of the tube,

F1e. 15,

Fic. 16.

tiles ‘are placed on the sides and top of the furnace. Erlenmeyer’s
furnace does not burn much gas, but great care must be taken in
heating the tube, as it easily cracks unless the temperature be
very gradually raised.

This risk is much lessened in Hofmann’s form of furnace!
{Figs. 17 and 18), in which a well-diffused radiaut heat, similar

1 Quart. Jowrn. Chem. Soc., xi. 30.
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to that obtained from red-hot charcoal, is produced by the igni-
tion of heated fireclay cylinders. The hollow cylinders are fixed
upon fish-tail gas-burners, and are closed at the top, the sides
being punctured with a large number of small openings, at

e e e o S

Fia. 17.

which the gas burns mixed with air. In order to concentrate
the heat, plates of fireclay are placed at the sides and top of
the furnace.

Another form of combustion-furnace now much in vogue is
that proposed by Glaser! and shown in
Fig. 19. It was first described by Donny,
and the combustion-tube is heated by
means of perforated pieces of iron shown
in the figure, forming a trough in which
the combustion-tube lies wound round with
iron gauze. The tube is heated partly by
conduction from the hot iron and partly by
the gas which burns through the perfora-
tions. Perforated clay covers are employed
for raising and equalising the temperature.

45 Combustion in a Current of Oxygen. When the combustion
is performed according to Liebig’s original method, it sometimes
happens, especially in the case of bodies rich in carbon, that
some of the carbon is deposited on the upper part of the tube
or even upon the reduced metallic copper, and this is only in-
completely burnt when air is passed over it. In order to avoid

1 4nn, Chem. Pharm, Suppl. vii. 213.
122
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this source of error, some pieces of fused potassium chlorate, or
better, perchlorate, may be placed at the end of the tube, from
which a current of oxygen is evolved at the end of the operation.
When every precaution is taken, the combustion carried out in
this way yields satisfactory results. Thus, for example, the per-
centage of carbon ought never to be more than 01 to 0:05 below
the theoretical amount, whilst the hydrogen should not be more
than about 02 per cent. in excess of theory. By this plan, how-
ever, a new tube must be employed for each combustion, and
hence it was long ago proposed to conduct the combustion in a
stream of air or oxygen, and this method is now generally adopted.
Fig. 19 shows the arrangement of an apparatus for carrying out
a combustion of this kind. A tube open at both ends is used;

one end is connected with the absorption-tubes, and the other

with a drying apparatus (A), through which either dry air or dry
oxygen can be passed. The part of the tube near the calcium
chloride tube is filled to two-thirds of its length with granulated
copper oxide, behind which the substance to be analysed is
placed in a platinum or porcelain boat. In front of, and in
connection with the absorption-tubes, is placed an aspirator (B),
in order to ensure the passage of the products of combustion
through the absorption-tubes, and ‘to prevent them by any
chance from passing into the drying apparatus. After the
copper oxide has been heated to redness, the substance is gra-
dually ignited, a slow current of air being at the same time
passed through the apparatus from the gas-holder, in order to
carry the products of the combustion into the absorption-tubes.
As soon as the whole tube is red-hot, the current of air is
changed for one of oxygen. By this means any carbon left in
the platinum boat is completely burnt, and all the reduced
copper is re-oxidised. This method is very convenient, as after
each combustion the apparatus is in exactly the same state as it
was before the experiment ; and as soon as it has cooled down a
new combustion may be commenced.

According to this plan the whole of the apparatus is well
dried before the combustion, and hence we might suppose that
the hydrogen determination would be’ more correct than by
the older process in which the hygroscopic copper oxide is
exposed to the air. Experience has, however, shown that this
is not the case, although no satisfactory explanation for the fact
has been given.?

1 Lieben, Liebigs Ann. clxxxvii. 142.
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Another similarly unexplained occurrence in such combustions
is that that the first analyses are almost always incorrect, and
hence this method is to be recommended chiefly when a large
number of analyses have to be made quickly one after the
other. It is then advisable to make several combustions of

some such substance as sugar, for the purpose of geﬂ:ing the

tube into order, and as soon as a correct analysis is obtained the.

apparatus is known to be in the right condition, In view of the
fact that the current of gas is constantly passing through the
tube, this method requires much more continued attention than
the combustion in closed tubes; and this is especially the case
when easily volatile bodies, or bodies which evolve a large
quantity of gaseous products, are burnt. On the other hand,
the passage of a current of oxygen at the end of the operation
is a guarantee of the complete combustion of the substance.
For the above reasons combustions are carried out in some
laboratories in a closed tube, and at the end of the operation
a current of oxygen is passed over it, the end of the tube being
drawn out in the form shown in Fig. 20. The tube is filled, as
in Liebig’s or Bunsen’s method, with the oxide of copper
substance, and the combustion carried on in the way already
described. As soon as no further bubbles are seen to pass
through the potash apparatus the burners at the end of the
tube are turned down, and this end when cold joined to an
oxygen gasometer by a caoutchouc tube. The closed end of
the combustion-tube is then broken by squeezing with pliers,
and the oxygen allowed to pass slowly through the tube until
the whole of the air has been displaced.. :

46 Combustion of nitrogenous substances. It has already been
mentioned that in the combustion of nitrogenous bodies, oxides of

nitrogen may be formed ; these will be partly absorbed by the

water and partly carried forward into the potash. It is to Gay-
Lussac that we owe the suggestion of a method by means of
which carbon and hydrogen contained in nitrogenous bodies can be
accurately determined. As has been stated, he employed copper

e e S
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oxide as an oxidising agent, and in order to prevent the forma-
tion of oxides of nitrogen finding their way into the measuring
apparatus he filled the front part of the tube with copper turn-
ings. Gay-Lussac carried on his combustion as we do now, and
in 1815 he succeeded in determining the composition of hydro-
cyanic acid, cyanogen gas, uric acid, &c. At a later date this
method was perfected in the classical investigation by Gay-
Lussac and Liebig on the fulminates.

If a nitrogenous substance has to be analysed, the tube is
filled in the usual way, a layer, of from 15 to 20 centimetres in
length, of metallic copper being placed in the front of the tube.
For this purpose either copper turnings may be employed, or the
metal obtained by reduction of the oxide in hydrogen. Some-
times a spiral of copper wire, or, more conveniently, a cylinder
of rolled-up copper gauze is used. The metal must be heated
to bright redness before the combustion of the substance is com-
menced, in order to insure the complete decomposition of any
oxides of nitrogen which may pass over.

47 Combustion of FBodies containing Sulphur. Carbon com-
pounds containing sulphur yield on combustion sulphur di-
oxide, and this would of course be absorbed by the caustic
potash. In order to prevent this, Liebig and Wighler® proposed
to place a small tube containing dried lead dioxide or manganese
dioxide between the chloride of calcium tube and the potash-
bulbs. In passing over these oxides, the sulphur dioxide is
oxidised, the sulphate of lead or of manganese being formed.
Carius 2 proved, however, that when a substance which contains
much sulphur is thus burnt, the oxides of sulphur are not
wholly absorbed, and Bunsen has observed that the above per-
oxides may absorb some carbon dioxide. Hence it is advisable
to burn bodies containing sulphur by means of lead chromate, a
substance which was first used in organic analysis by Berzelius®
in 1838 for the purpose of preventing the formation of carbon
monoxide in the combustion. If care be taken not to heat the
front part of the tube too strongly the whole of the sulphur
dioxide remains, in this case, in the combustion-tube in the
form of lead sulphate.

48 Use of Lead Chromate in Combustions. Lead chromate is
also employed in several other cases instead of copper oxide.

v dnn. Plarm. xxvi. 270. 2 Ann. Clkem. Plarm. cxvi. 28.
3 Pogy. Ann. xliv. 391
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For the purpose of preparing this compound a solution of lead
acetate is mixed with one of potassium dichromate, the pre-
cipitate well washed, and the dried substance fused at as low a
temperature as possible, and powdered after cooling. Lead
chromate possesses an advantage over copper oxide in not
being hygroscopic. It also fuses readily, and hence it is especi-
ally valuable for the analysis of bodies very rich in carbon,
or of those from which carbon readily separates, and in these
cases it is advisable to add to it a small quantity of potassium
dichromate. It is also used for the combustion of organic salts
of the alkalis and alkaline earths, as these when heated in an
atmosphere of carbon dioxide leave a residue of carbonates.

When the same lcad chromate has been frequently employed
for combustion, and a large quantity of chromic oxide and
metallic lead has been formed, it may readily be oxidised by
moistening with nitric acid, drying and fusing.

If an organic substance containing an element -of the
chlorine group be burnt with copper oxide it may happen thata
portion of the chlorine is set free and this may condense in the
absorption-tubes. In order to avoid this, lead chromate is used,
in which case the haloid salt of lead is formed. Such a com-
bustion may however be carried on with copper oxide if a spiral
of metallic copper be placed in the front of the tube, and if
this be heated not too strongly. As the above cuprous com-
pounds are however tolerably easily volatile, they are sometimes
carried forward into the chloride of calcium tube.! Moreover
these halogen elements may be given off from the cuprous salt
‘when oxygen is passed over the substance. Hence it is better
in such cases to employ a spiral of fine silver wire or silver foil
instead of copper.? ] :

When a compound containing mercury is to be burnt, a copper
spiral is also placed in front of the tube and this must be only
very gently heated, otherwise the deposited mercury may be
volatilised and pass into the weighed tube.

49 Organic Analysis by means of Platinum. This metal in its
finely-divided state is well known to possess the power of con-
densing oxygen in large quantity, and of giving it up again to
combustible bodies. Upon this fact F. Kopfer? has founded
a method of analysis capable of very general application, and

1 Stideler, Ann. Chem. Pharm. lxix. 835.

2 Kraut, Zeitschr. anal, Chem. ii. 242.
3 Jowrn. Chem. Soc. xxix, 660,
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characterised by its exactitude, especially in the determination
of hydrogen, as well as by its simplicity and convenience. The
combustion is carried on in a current of oxygen gas in a tube
open, at both ends about 1'5 ¢cm. in diameter, Fig. 21. At a,,
a,, and @, are placed plugs of asbestos wound round with fine
platinum wire, of which the end ones sit loosely in the tube,
whilst a, is fastened more firmly, and this, in order to prevent
the passage being stopped by volatile bodies, has a prismatic
form. The space between @, and a, is filled with an intimate
mixture of about 10 grams of platinum-black! and the re-
quisite quantity of freshly ignited and woolly asbestos. This
mixture, which is easily obtained by simply shaking up the
two materials in a bottle together, possesses a large amount of

F1a. 21,

surface for the mass of the body, and therefore acts very quickly.
Between @, and a; is placed the boat or tube containing the
substance. The combustion-tube between @, and b is sur-
rounded with a double cover of brass wire gauze, whilst that
between b and ¢ is placed in a trough of double wire gauze.
Either air or oxygen may be employed for the purpose of carry-
ing on the combustion. For purifying and drying the gas
Kopfer used a very convenient apparatus. The gases pass
first through a Liebig’s potash-bulb containing a fifty per cent.
solution of caustic potash, and from this so small a quantity of
water evaporates that for the purpose of drying only short
chloride of calcium tubes are employed, and these may be used
for a length of time. The combustion furnace is composed of

1 In order to prepare this substance, a quantity of platinum chloride contain-
ing about 10 grams of metal is heated to boiling with 25 grams of pure caustic
potash, dissolved in 400 cc. of water. This is then added to a boiling solution
of 10 grams of grape sugar in 400 ce. of water and the whole boiled for a few
minutes. :

—
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two moveable boxes of sheet iron of which the first carries four
burners, and the last only one (f), moveable in a slot (Fig. 22).
In order to carry out the combustion the tube is first filled with
oxygen, and then the current so regulated that two bubbles’
pass through per second. At this point the four front burners
are lighted, and the substance heated, beginning from ¢ (Fig. 22).
in the direction shown by the arrow, for the purpose of allowing
the greater part of the volatile products to condense between
a, and b, a small portion only, passing over the heated
platinum and being completely burnt. The position of the
burner fis then so placed that the combustion goes on regularly.
When a quantity of carbon has separated out, or when diffi-
cultly volatile substances have sublimed between the parts a
and b, a piece of wire gauze is placed over the tube, and this
portion is heated to redness. When the combustion is complete,
the oxygen is replaced by air, and a new analysis may then be
begun as soon as the tube has cooled. In the case of very easily
oxidisable substances a very vigorous combustion often takes
place about a, the platinum-black being thereby heated to
redness. In such a case the oxidation must be regulated by
pushing the burner in the opposite direction to that shown
by the arrow.

Should the substance contain the elements of the chlorine
group, fifteen grams of thin silver foil cut into small four-sided
pieces must be mixed with the platinum-asbestos. After the
combustion it is then ignited in a current of hydrogen in which
the tube is allowed to cool, and lastly it is heated in a rapid
current of air when the apparatus is ready to be employed for
a new analysis. _

Compounds. which contain nitrogen or sulphur are burnt by
bringing into the front part of the tube a layer of lead dioxide *
abont 10 c¢m. long, and surrounded by an air-bath, the bottom of
which consists of three pieces of brass wire gauze, and the top of
which contains two such layers whereby the temperature is
regulated. This is shown in Fig 23. It is then heated for an
hour to a temperature of 150° to 200°, pure carbon dioxide
passed through, and lastly this replaced by dry air. During
the combustion the lead dioxide is kept at the same tempera-
ture, when the sulphur is entirely held back in the form of

! This is best obtained by boiling pure red lead with nitric acid. The residue
is first washed with hot dilunte nitric acid, and then with hot water, and, after
drying on a water-bath, is broken into small pieces.
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sulphate, and nitrogen in the form of nitrate. If, in addition
to these, the substance contains the elements of the chlorine
group, asbestos containing silver foil must likewise be employed.

DETERMINATION OF NITROGEN.

50 Jetection of Nitrogen. Many organic bodies containing
nitrogen, when heated with an alkali, evolve either ammonia or
a compound ammonia. The presence of these substances may
be detected by their smell, by their alkaline reaction, and by
their property of yielding a thick cloud when brought into

- contact with hydrochloric acid. The presence of nitrogen can
thus be readily detected. If however the quantity of nitrogen
be but small it may thus escape detection. Moreover a large
number of carbon compounds exist of artificial origin, obtained
by the action of nitric acid or of the oxides of nitrogen, and
these do not, as a rule, yicld ammonia when ignited with an
alkali.

The smallest trace of nitrogen can however be detected in
cvery case by a method proposed by Lassaigne.! For this purpose
the body is heated in a small tube with metallic sodium. If
the substance be explosive it must be mixed beforehand with

\ 1 Compt. Rend. 1843, 387.
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dry carbonate of soda. In most cases a slight detonation takes
place with separation of carbon. The mixture is then heated
more strongly in order to volatilise the sodium, the mass allowed
to cool, the residue dissolved in water and filtered. The filtrate
which contains cyanide of sodium is then mixed with a solution
of ferrous sulphate which has undergone partial oxidation in the
air, and acidified with dilute sulphuric acid. If a large quantity
of nitrogen be contained in the organic body, an immediate
precipitate of Prussian blue is thrown down. If, however,
only small traces of nitrogen be present, the acidified liquid
becomes green, and after a time a blue flocculent precipitate
is observed.

51 Estvmation of Nitrogen. For the purpose of determining
nitrogen quantitatively, two methods are employed. It may
be obtained either in the form of ammonia or of a compound
ammonia, or it may be liberated and the volume of nitrogen
gas determined,

Will and Varrentrapp’s Method. The first method, for which
we are indebted to the above-named chemists,! is by far the
simplest, and it is, therefore, employed in all those cases in which
it is possible to do so. It depends ou the fact already mentioned,
first observed by Dumas, that nitrogenous bodies when heated
with an alkali form ammonia, the carbon being oxidised and
the nascent hydrogen uniting with the nitrogen.

C + 4KOH = CO, + 2K,0 + 41L.

If an excess of hydrogen be formed at the same time, it is
either evolved as such or in the form of hydrocarbons. Wghler
and Liebig proposed to employ this for the determination of
nitrogen, and the above-named pupils of Liebig worked out
vhe process in the exact form in which it is now so much used.
Soda-lime is employed as the alkali, as it does not attack the
glass. This is obtained by slaking two parts of quicklime with
a solution of one part of caustic soda and gently igniting the
mixture. In the process of analysis, soda-lime is brought into
a small combustion tube (¢, Fig. 24), and the substance well
mixed with it in the tube, which is. then filled up to the end
with pure soda-lime.. The tube is then tapped so as to open a

! Ann. Chem. Pharm. xxxix. 257.
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channel at the top, and attached to the bulb-apparatus (),
containing dilute hydrochloric acid, so arranged that the liquid

Fie. 24,

can neither be blown out by the rapid current of gas nor drawn
back into the tube, if an absorption should take place. Another
bulb-apparatus which perhaps secures this
end more certainly has been proposed by
Arendt and Knop, and shown in Fig. 25.

When the whole apparatus is arranged,
the front layer of soda-lime is ignited, and
the mixture of the substance with soda-lime
is then gradually heated. At the end of the
operation the point is broken, and air drawn
through the apparatus either by means of the mouth or by an
aspirator, in order to bring the whole of the ammonia into
the hydrochloric acid. The residue left in the tube should
be white, and to effect this, the tube requires to be pretty
strongly heated so that any carbon containing nitrogen, or any
cyanogen compounds, may be completely burnt.

Nitrogenous liquids are weighed out in bulb-tubes and treated
in the same way as in the carbon and hydrogen determination.
In place of soda-lime a mixture of equal parts of powdered
quicklime and soda may, in many cases, be employed.! In case
of bodies which contain large quantities of nitrogen, and which
therefore evolve a large quantity of ammonia, it may happen
that, in spite of all care, the acid passes back into the red-hot
tube. This may be prevented simply by mixing the substance
with some sugar in order that the ammonia may be diluted
with hydrogen or some hydrocarbon. The hydrochloric acid
is then evaporated on a water-bath with an excess of platinic
chloride, and the residue thrown on to a filter and washed with

1 Johnson, American Chemist, iii. 161.
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ether to which only a few drops of alcohol have been added,
because Hofmann has shown that the double platinum salts of
the compound ammonias are frequently rather soluble in alcohol.
The residue on the filter is then dried at 100° and weighed.
It is then ignited and the weight of the residual platinum
obtained. From this it is easy to calculate the quantity of
nitrogen, because all these platinum double salts contain two
atoms of nitrogen to one atom of the platinum. The comparison
of the weight of the double salt with that of platinum is in
many cases of importance, for by this means we ascertain
whether ammonia or a compound ammonia has been formed.

52 Liebiy’s Relative Method. 1t has already been stated that
Gay-Lussac was the first to employ copper oxide and metallic
copper in the analysis of nitrogenous compounds. He collected

Fre. 26.

the products of combustion over mercury, and determined the
volume of the carbon dioxide and that of the free nitrogen by
absorbing the first of these gases with alkali. Gay-Lussac
and Liebig, in their investigation on fulminic acid, perfected
this method, and the latter founded on this his method for
the relative determination of nitrogen. For this purpose an
unweighed quantity of the body, mixed with about fifty times
its weight of oxide of copper, is brought into the combustion-
tube, which is closed at the end and half filled with the mixture.
In the next fourth part of the tube, pure oxide of copper is
added, the last quarter being filled with metallic copper and the
open end of the tube being furnished with a gas-delivery tube.
The metallic copper is first heated to redness; next the further
portion of the combustion-tube is heated, in order to expel the
whole of the air contained in the tube by means of the gases
evolved during the combustion ; the ignition is slowly carried
forward, and the gases are collected in small graduated tubes
over mcrcury, as shown in Fiz. 26. In order to ascertain the
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relation between the carbon dioxide and nitrogen in this gaseous
mixture, the tubes are brought one after the other into a cyhnder
filled with mercury (Fig. 27),
and fixed in such a position
that the level of the mercury
inside and outside the tube is
the same. The volume of the
gaseous mixture is then read
off, a small quantity of caustic
potash solution blown into the
tube by means of
the pipette (Fig. 28),
and after this has
been moved slowly
up and.down in the
tube, the whole of
the carbon dioxide
is absorbed. Assoon
Fe. o7, Fie, 28, as this is effected,
the level of the
mercury inside and outside is again equalised, and the volume
of the nitrogen read off, and thus the relation between it and
the carbon dioxide ascertained. The first tube may contain
a small quantity of air; the later ones, on the other hand,
ought, if the experiment has been properly conducted, to yield
identical results.

If the amount of carbon contained in the substance has been
previously determined by combustion-analysis, it is easy to
ascertain the absolute amount of nitrogen from the relative
volumes of the carbon dioxide and nitrogen. This method of
Liebig’s for the relative determination of nitrogen is simply
and easily carried out, but only yields, as he himself remarks,
accurate results when the substance does not contain more than
four atoms of carbon to one of nitrogen. Moreover, it possesses
the disadvantage common to the other relative methods,! that
the determination of the nitrogen is entirely dependent on that
of the carbon., -

53 Bunsen’s Relative Method. Bunsen ? has proposed another
method of nitrogen determination especially valuable for the

1 Marchand, Journ. Pr. Chem. xli. 177; Gottlieb, Ann. Chem. Pharm.
Ixxviii. 241 ; Simpson, ¢bid. xcv. 63. 3
* Handwsérterbuck. Suppl. 200,
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analysis of such a substance as gun-cotton, in which the nitrogen
can in fact not be determined by any other method. For this

Fie. 31.

purpose about five grams of copper oxide and from 03 to 04
gram of the substance mixed with some metallic copper are
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placed in a combustion-tube closed at one end, about 50 centi-
metres in length, and having a diameter of about 3 centimetres.
The other end of the tube is then drawn out to a fine but strong
point, as shown in Fig. 32, which is carefully fused after the
whole apparatus has been filled with
dry hydrogen, and this gas has then
been removed for the most part by
means of an air-pump, the arrange-
ment for this purpose being represented
in Fig. 29. The tubes are then placed
in an iron trough (Figs. 30 and 31),
filled with a paste of plaster of Paris
and water, and when after the lapse
of about an hour this has set, the
whole is heated to dull redness. After
Fic. 32. cooling, the drawn out end is broken
under an eudiometer, and the gas

determined by eudiometric methods.

In order to carry out these operations successfully, a con-
siderable amount of practice and great manual dexterity are
needed; and hence, in those cases to which the easy method
of Varrentrapp and Will is inapplicable, the process which is
usually adopted is the method of the absolute determination
of nitrogen, known as Dumas’s method.

54 Dumas Absolute Method. Into a combustion-tube, closed
at one end, a compound is first brought which easily gives
off carbon dioxide on heating. For this purpose either copper
carbonate or white-lead may be employed. Then comes a short -
layer of copper oxide, then the mixture of the substance with
copper oxide, and next a long layer of pure copper oxide, and
lastly, in the front part of the tube, a spiral of metallic copper.
By heating the further end of the tube the whole of the air
is completely driven out, being replaced by carbon dioxide, and
this operation may be hastened by adopting Bunsen’s sugges-
tion of placing the tube in connection with an air-pump. The
combustion-tube is then fitted with a gas-delivery tube, in order
to enable the products of combustion to pass into the graduated
cylinder over mercury (Fig. 33). When the whole tube has been
ignited, the gaseous products of combustion contained in the
tube are driven forward by the evolution of carbon dioxide from
the material placed at the end, the whole of this latter gas
being absorbed by the caustic potash solution contained in the
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receiver, so that the residual gas consists of pure nitrogen. In
order to determine the volume of this latter, the measuring
tube is withdrawn from the mercury by means of a small dish
filled with mercury placed underneath, and brought into a high
eylinder filled with water. The dish is then removed, and the
cylinder allowed to remain in position until it has attained the
temperature of the surrounding air. As soon as the level of
the water bas become constant, the height of the meniscus is
read off, and from this the volume of gas determined.

A disadvantage attaches to this process, inasmuch as in the
analysis of bodies rich in carbon it may easily happen that a
separation of carbon takes place, which may still contain nitro-
gen, and if this be deposited on the upper portions of the com-
bustion-tube or on the metallic copper, it cannot be completely
burnt. In addition to this, some quantity of carbon monoxide
may possibly be formed.

55 Simpson’s Method.! This method is not open to the above
objections, and yields accurate results. It is, in fact, a
modification of Dumas’ method, and is now frequently employed.
For the purpose of evolving carbon dioxide, Maxwell Simpson
recommends the use of carbonate of manganese, but in place of
this it is more convenient to employ magnesite in lumps about
the size of a pea. A layer of about 10 centimetres of this is
placed at the end of the tube, then a mixture of mercuric oxide
and copper oxide, this mixture being separated from the mag-
nesite by a plug of asbestos. In other respects the tube is

1 Chem. Soc. Journ. vi. 289.
123
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filled as described under Dumas’ method. The copper spiral
should be about 20 centimetres in length, for the purpose not
only of decomposing the whole of the oxides of nitrogen which
are formed, but also to absorb any excess of oxygen which may
come off. The portion of the tube containing the carbonate is
first gently heated, and as soon as the evolution of gas becomes
rapid, the front part of the tube containing the copper spiral is
heated until all the air is driven out of the apparatus, which is
readily ascertained by collecting the gases from time to time in
a test-tube over mercury and adding a small quantity of caustic
potash. As soon as the absorption is complete, the combustion
may be proceeded with. The further end of the tube is allowed
to cool, and the tube slowly heated from the front towards the
back. The gases evolved are collected over mercury in a pear-
shaped vessel (Fig. 834) containing caustic potash. As soon as
the whole tube is red-hot, and no further evolution of gas is
noticed, the gases contained in the tube are swept forward by
re-heating the carbonate contained at the closed end. The
nitrogen is next transferred to an accurately calibrated eudio-
meter, by a process which is rendered sufficiently evident by
Fig. 35, and as soon as the caustic potash solution is seen to
ascend into the capillary gas-delivery tube, no more mercury is
poured in, and thus the exact volume of nitrogen evolved is
brought into the eudiometer.

Zulkowsky! has recently described another simpler collecting
apparatus, which avoids the use of mercury, and renders it
possible to work rapidly. It consists of two tubes of about 58
centimetres in length (A and B, Fig. 36), of which the former
is graduated, and serves for collecting and measuring the gas,
whilst the latter is open at the bottom, and serves for filling in
the caustic potash. Both tubes are held by means of supports
(g, and X) in a vertical position, and are connected with one
another by the caoutchouc tube. Two small tubes (¢ and ¢;)
are fusel on to these tubes. The first of these is connected by
means of a caoutchouc tube with the combustion-tube, and can
be closed by the pinchcock f. The second small tube serves
for letting out the caustic potash, and is also furnished with a
pinchcock (¢). The small bulbs g contain a few drops of mer-
cury, and serve as a safety valve, in order to prevent the caustic
potash solution from passing back into the combustion-tube in

1 Liebigs Annalen, clxxxii. 296.
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case of a slow evolution of gas. When a nitrogen determination
has to be made, the measuring tube is taken out of the clamp

Fic. 34.

K, and brought into the position shown in the right-haﬂd figure.
Caustic potash is then poured in, and if the caoutchouc tube A
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be wide enough, this readily flows down so as to fill the whole
of the tibe. The apparatus is now connected with the com-
bustion-tube, and the hinder portion of that tube heated so as
to drive out the air. This is collected in the measuring tube,

F1c. 36.

and is from time to time allowed to pass out by bringing it into
the position shown at the right hand of the figure. As soon as
the whole of the air has been driven out, the combustion is
carried on in the usual way. The nitrogen is collected in the
measuring tube, and the caustic potash is driven into the second
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tube, from which, in order to diminish the pressure, it is from
time to time drawn off. 'When the combustion has been com-
pleted, the apparatus is disconnected from the combustion-tube,
and brought into a situation where the temperature is tolerably
constant, allowed to stand, the temperature of the caustic
potash then determined, and the level of the liquids in the two
tubes equalised by allowing the solution to flow out through
the tube ¢, The volume of the gas, thus placed under the
atmospheric pressure, is then read off.

In some rare cases the formation of nitric oxide cannot be
altogether avoided in Dumas’ process. It is then necessary to
collect the gas over ferrous sulphate, and to allow for the volume
of this gas thus absorbed.?

Several suggestions have been made for the purpose of
determining nitrogen together with carbon and hydrogen in
a single combustion. The method proposed for this purpose
by Pfliiger? can here be only shortly mentioned. He carries
on the combustion in a vacuous space, and determines gravi-
metrically the quantity of water formed, whilst that of the
carbon dioxide and nitrogen is ascertained by volumetric
measurements.

DETERMINATION OF CHLORINE, BROMINE,
AND IODINE. "

56 These elements may be determined easily and rapidly by
igniting the substance with pure quicklime. For this purpose,
a narrow combustion-tube about 45 centimetres long is closed
at one end, and into this some quicklime is brought, and then
the substance either mixed beforehand with lime or weighed
out in a small bulb, and this is dropped on to the lime. A
channel is next made at the top by tapping the horizontal tube,
and then the mixture, commencing at the open end, is heated.
When the whole has been ignited and allowed to cool, the
contents of the tube are brought into a flask containing
water. Care must be taken that the material is not thrown
out by the violent slaking of the lime. The whole is then

! Frankland, 4nn. Chem. Pharm. xcix, 350.
2 Pfliiger's Arch. ges. Phys. 1878, 117.
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made slightly acid with dilute nitric acid, and the tube washed
out first with water and then with dilute nitric acid. After
filtering and washing the residue, the halogens are precipitated
by silver nitrate in the slightly acidified solution.

It sometimes happens in the analysis of compounds containing
iodine that this element separates out on the addition of nitrie
acid. In this case it is, therefore, better to dissolve out with
water, to wash, and to add silver nitrate to the filtrate, and”
then to dissolve out the residue in acid, and add the filtrate
to the first liquid. : :

The decomposition of very volatile bodies which contain
chlorine or bromine may be readily effected according to Piria’s
plan, which has been somewhat improved by Hugo Schiff.!
The substance is placed in a small platinum crucible with a
mixture of 1 part of anhydrous sodium carbonate and from
4 to 5 parts of lime. It is then covered with a large crucible,
and the two brought into such a position that the small erucible
lies in the large one with its mouth downwards. The space
between the two crucibles is then filled up with the alkaline
mixture, the cover placed on the larger crucible, and the whole
heated to redness. Substances containing iodine cannot however
be analysed according to this method, as calcium icdate is
formed, but the determination of iodine may be carried out
if sodium carbonate alone be employed.

57 Carius’s Method. In this method,? which is applicable to
all cases in which the haloid element is easily removed, the
substance is weighed out in thin glass bulbs. The form of bulb
for solid bodies is seen in Fig. 87, whilst Fig. 38 exhibits that in
which liquids are contained. These bulbs are then brought
into a glass tube half filled with a solution of silver nitrate in
nitric acid ‘having a specific gravity of 12, The open end of
the tube is then drawn out to a capillary point and the liquid
boiled until-all -air has been expelled. After this the point is
fused and allowed to cool (Fig. 39). The bulbis then broken by
shaking the tube, and the whole heated gradually in an air-bath
(Fig. 40), to a temperature varying, according to the nature of
the substance, from 150° to 200°. In the case of bodies rich
in carbon which undergo oxidation with difficulty, nitric acid
of specific gravity 1'4 must be used, and a small quantity of

1 Leibigs Ann. excv. 293.
2 Ann. Chem. Pharm. exvi, 1; exxxvi, 129,
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DETERMINATION OF SULPHUR.

58 For the purpose of determining sulphur in compounds
which are not volatile, these are fused, according to Liebig’s pro-
posal,! with caustic potash and nitre in a silver basin, and the
mass allowed to cool as soon as it has become white. It is then
dissolved in water, acidified with nitric acid, precipitated with
barium chloride, and the precipitate treated in the usual way.

Volatile sulphur compounds are oxidised by a method
analogous to that described for chlorine compounds. They are
placed in a combustion-tube with a mixture of sodium carbonate
and nitre, or, according to Kolbe’s ? process, with potassium
chlorate.

Debus’s 3 method may also be employed, in which a mixture
of carbonate of soda and potassium dichromate is used, or that
proposed by Otto, in which pure cupric chromate is employed.
In all these cases sulphates are obtained, and their amount
determined in the usual way.

Another good method is that proposed by Russell* In a
combustion-tube closed at one end, from two to three grams
of mercuric oxide are brought ; then a mixture of the sub-
stance with mercuric oxide and sodium carbonate, and lastly
only the latter substance. The combustion-tube is then
furnished with a gas-delivery tube, in order to condense the
vapours of mercury and of water, and the combustion is carried
on as usual from back to front. After the ignition the contents
of the tube are thrown into water, and the solution acidified
with hydrochloric acid. In order to ascertain that no sodium
sulphide has been formed, a drop or two of mercuric chloride
is- added. If no dark precipitate is formed, the solution is
precipitated with sodium carbonate. '

Lastly a method has been suggested by Carius depending on
the fact that the substance can be oxidised in a closed tube
with nitric acid, sulphuric acid being formed. Sometimes it is
necessary to add a small quantity of potassium dichromate.

1 Handworterbuch, i. 887.

2 Handwirterbuch, Suppl. 205, .. .

3 Ann. Chem, Pharm. Ixxvi. 90, 3
4 Quart, Journ. Chem. Soe, vii. 212,



DETERMINATION OF PHOSPHORUS. 79

DETERMINATION OF PHOSPHORUS.

59 Organic substances containing phosphorus are ignited with
sodium carbonate and nitre or potassium chlorate, in order to
form a phosphate. They may also be oxidised with fuming
nitric acid, when phosphoric acid is obtained. According to
Carius a useful oxidising mixture is sulphuric acid and iodate
of silver, the two being heated with the substance to 180°
After the liquid has cooled and is diluted with water, it is
filtered, and some sulphurous acid added to the filtrate, in order
to precipitate any dissolved silver iodate, and thus a solution
of phosphoric acid is obtained, which (as in the other cases) is
determined in the usual way.

DETERMINATION OF OTHER ELEMENTS.

60 In order to determine any of the other elements (with
the exception of oxygen), it is usually necessary to ignite the
organic substance either by itself or mixed with nitre, or else to
destroy the substance completely by heating it with nitric acid.
The element which it is then desired to determine is brought
into solution in the usual way and determined by suitable
methods.

In the case of salts of organic acids, the metal may generally
be determined as in its organic compounds. In some instances,
indeed, the method employed may be simpler. This is the case
in the organic compounds of gold, platinum, and silver, which
only require to be ignited in order to leave the metal in the
pure state in a condition in which it may be weighed.

The salts of other metals leave on ignition a residue of oxide
or carbonate, or sometimes of the metal mixed with carbon.

These are then brought into solution and determined in the
usual way.
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DETERMINATION OF OXYGEN.

6x This element is very seldom determined directly, its
amount being usually obtained after the percentage of all the
other elements has been determined, for if these numbers do not
add up to 100, the difference is usually taken to be the percent-
age of oxygen. It is however in this case absolutely necessary
that we should know positively what other elements are present,
and that the amount of each of these should be determined as
accurately as possible, for if one be overlooked, the results of
the analysis will, of course, lead to totally incorrect formule.

A classical example of this kind of . error is that of the
analysis of taurine, a crystalline compound occurring in the
animal kingdom. The formula C,H,NO, was long adopted as
expressing the composition of this substance, until Redtenbacher
found that the body contained sulphur. The reason of the non-
detection of the sulphur was, that both in constitution and in
properties taurine differed from all the sulphur compounds then
known. Moreover, the apparent truth of this formula could be
upheld with some show of reason, inasmuch as the atomic weight
of sulphur is double that of oxygen, and when the amount of
the sulphur was ascertained, the formula of the substance was
shown to be C;H;NO,S. A method for the direct determina-
tion of oxygen is, therefore, much to be desired, not only for
the purpose of avoiding errors of this kind, but also because
such a determination would serve as a valuable control of the
correctness of the analysis.

Unfortunately, none of the various methods which have been
as yet proposed for this purpose have come into general use,
and the reader is referred to the original papers in which these
proposals are described.l :

CALCULATION OF ANALYSES.

62 Percentage Composition. When a substance has been com-
pletely analysed, its percentage composition is calculated. The
following examples illustrate the nature of this simple operation.

! Wanklyn and Frank, Phil. Mag. [4] xxvi. 554 ; Baumhauer, Zeitsch. anal.
Chem. 1866, 114; Ladenburg, Ann. Chem. Pharm. cxxxv. 1; Mitscherlich,
Pogg. Ann. cxxx. 536 ; Cretier, Zeitsch. anal. Chem. 1874, 1.
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Erample No. 1. 0146 of a volatile liquid burnt with copper
oxide yielded 0-449 of carbon dioxide and 02135 of water.

Now as 43-89 parts by weight of carbon dioxide contain
1197 parts by weight of carbon, and as these numbers stand
almost exactly in the proportion of 11 to 3, the quantity of
carbon may be obtained by the fraction—

0449 x 3 x 100
BT S Wkl

For the purpose of obtaining the percentage of hydrogen we
have the following expression :

02135 x 100

01469 1%

Hence the compound is a hydrocarbon having the compo-
sition—

St L . ) 8887
Hydrogen . . . . 1625
100-12.

Example No. 2. 02607 of aurin, a red colouring matter,
yielded 07515 carbon dioxide: and 0-1152 water.
Hence 100 parts contain

(CATDONNN, S Fa A0 O 736
Hlydrogens="2 T %% o T 4691,

But, as these numbers do not add up to 100, and as the
qualitative analysis has shown that it contains nothing but
carbon, hydrogen, and oxygen, inasmuch as the substance,
when heated, yields water on decomposition, it follows that the
percentage composition is:

ERBHON RIS A0 W ASE 8461

Hydrogen . . . . 491

Oxfoend Sr SO WV 11T6 48
100-00.

Erample No. 3. (1) 03827 of caffeine yielded 06948 of
carbon dioxide and 0'1800 water. (2) By Will and Varrentrapp’s
method, 0°1350 of caffeine yielded 0-2750 of platinum.

It has already been stated that one atom of platinum
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corresponds to two atoms of nitrogen, and hence the percentage
of nitrogen is:
0-2750 x 28 x 100
01350 x 1967
If now the amount of carbon and hydrogen be calculated
from the above analytical results, numbers are obtained which
do not add up to 100, and as no other element can be detected,
the difference between the amount thus found and 100 must be
the quantity of oxygen caffeine contains. Hence the percentage
composition of the substance is: :

= 2899.

Carbon . . . . . 4951
Hydrogen . . . . 522
Nitrogen . . . . . 2899
Oxygen . . . . . 1628
100°00.

In a determination of the nitrogen contained in caffeine ac-
cording to Liebig’s relative method, it was found that the
gaseous mixture consisted of one volume of nitrogen to four
volumes of carbon dioxide. Hence caffeine must contain one
atom of nitrogen to every two atoms of carbon, and the
percentage of nitrogen is found by the equation :

49°51 x 14

51 = 28-88.

If the amount of nitrogen be determined as gas, the volume
of the dry gas is ascertained at 0° and 760° from the well-known

formula :
V(=)
760 (1 +0°003665 x &)’

when f signifies the tension of -the vapour of water. As
we know. that 1 cbe. of nitrogen under the above conditions
weighs 000125 gram, it is easy to determine the weight of
nitrogen contained in 100 parts of the compound.

CALCULATION OF FORMULZ.

63 Having ascertained the percentage composition, the next
point to determine is the formula of the compound. In the
case of inorganic compounds the numerical ‘relation in which

e o e e e e o s JHRE et o s i s D o e "N
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the various constituent atoms stand to one another can be
readily ascertained. In the case, however, of the much more
complicated compounds of the organic branch of the science,
this cannot be so readily done. Thus, for instance, in the case
of caffeine we have:

o dis
-?—1%2 =522
B 207
1028 _ 102

These numbers stand in the relation of 4, 5, 2, 1. As, how-
ever, the sum of the monad atoms must be an even number,
we are obliged to take as the simplest formula C;H, )N,O,.

If, according to the same plan, we calculate the formula of
the volatile hydrocarbon whose analysis has been given in
Example No. 1, we find that this is a paraffin, but which of the
paraffing it is remains doubtful, for, as the following calcu-
lated results show, this compound may be one of at least three ;
inasmuch as the composition of each of these bodies does not
differ from that of the other, more widely than the results of
several analyses of one and the same substance are often found
to do.

Hexane. Heptane. Octane.
Carbon . . 8372 840 84-21
Hydrogen . 1628 160 1579

10000 100-00 100-00.

Again, in other cases, analysis gives no assistance whatever in
the determination of the formula. Thus, for instance, a very
large number of different formule may be found which will agree
sufficiently well with the experimental results in the case of
aurin (Example No. 2). Of these, we will here give only three:

013H1002‘ 019H14O3‘ 0‘25H1804'

Carbon . . 7879 78:62 7853
Hydrogen . 503 4-83 471
Oxygen . . 1616 1655 1676

10000 10000 100-00.
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. Molecular Formule. Tt is, however, not necessary merely to
determine the simplest formula of a compound, but, if possible,
its molecular formula, and this can readily be accomplished if
we can determine its molecular weight.

The only perfectly reliable method for this purpose, in cases
in which the body can be volatilised without decomposition, is
to ascertain its vapour density. Hence we now proceed to
describe the various methods which have been employed for
this purpose.

'DETERMINATION OF VAPOUR DENSITY.

64 By the density or specific gravity of a gas or vapour is
meant the weight of a given volume compared with the same
volume of air taken as the unit.

Two methods for determining vapour deunsity were, until
recently, in common use, and although they are neither of them
now employed in organic chemistry, their description is still of
interest from an historical point of view,

The principle of the first method, which we owe to Gay-
Lussac,! consists in determining the volume of a given weight of
vapour; whilst that of the second method, proposed by Dumas,?
consists in the determination of the weight of a given volume of
vapour, and this process is still employed for determining the
vapour density of difficultly volatile liquids. Although the first
is the older of the two methods, the second or Dumas’ method
is the simpler, and it, therefore, will be first described.

Dumas’ Method. A thin glass bulb or globe of from 200 to
300 cbe. capacity, having its neck drawn out and bent as shown
in Fig. 41, and filled with dry air, is carefully weighed, the

< temperature of the balance-case being ascer-
tained. A quantity of the liquid under ex-
amination, varying according to the capacity
of the globe, ‘is then introduced, such a
quantity being however always taken that the
‘vapour evolved is sufficient in quantity to
expel the whole of the air. The bulb con-
taining the liquid is then heated in an iron
Fie. 1: vessel which is filled, according to the vola-
tility. of the substance, either with water, oil,

or paraffin (Fig. 42), the temperature being raised to a point

1 Biot, Traité de Phys. 1. 291. 2 Ann, Chim. Phys. (1827) xxxiv. 326.
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at least from 30° to 50° above the boiling-point of the liquid,
the reason for this precaution being that vapours obey the
laws of gaseous expanston and pressure more exactly at tem-
peratures considerably removed from their boiling-points than
at Jower temperatures.

When no further vapour issues from the drawn-out point, as
may be seen by holding a flame in front of the opening, the
capillary tube is sealed as close as possible to the surface of the
liquid. At the same time the temperature of the bath is read
off by means of a thermometer placed in the heated liquid at a

Fic. 42.

Leight corresponding to the centre of the globe. The globe is
next removed, carefully cleaned, and again weighed when cold,
together with the drawn-off point. It is then only necessary to
determine the volume of the globe. For this purpose the sealed
end is broken under mercury, and, if the experiment has been
successfully carried out, the whole of the bulb will be filled by
the mercury with the exception of the small volume occupied by
the condensed liquid, and this volume is usually so small that
it may be disregarded. If, however, it is desired to determine
this amount, the condensed liquid is allowed to pass into the
narrow neck of the bulb, and this then replaced by mercury. In
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case the whole of the air has not been completely removed by
the vapour, a bubble of air remains, and its volume may be
ascertained by passing it into a graduated tube over mercury.
To determine the volume of the mercury contained in the globe,
it is poured into a carefully graduated cylinder or else weighed.
This weight in grams divided by 1359 gives the volume of the
mercury in cubic centimeters, The calculation is simple, especi-

ally if no residual air occurs, and this may be readily avoided by

taking enough substance. The following are the experimental
data:

Weight of the globe with air at #° =g.
x » vapour at 7°=@.
Capacity of globe . . ; . =0

The weight of the vacuous globe is found from the following
formula, inasmuch as 1 cbe. of air at 0° and 760° weighs
0001293 grm. The height of the barometer may, in this case,
be neglected, as the variation is very slight during the progress
of the experiment. The weight of the air contained in the
globe is :

Ox0001293
1+0003665x¢ "

The vacuous globe will, therefore, weigh ¢ —z, and that of the
vapour G — (g —x)=y. We have now to find what an equal
volume. of air at the same temperature weighs. We have thus
the equation :

Ox 0001293 %
1+0003665%x 7~ >

The vapour density (D) is therefore :

p=Y
.

The calculation is considerably simplified if we make use of a
table showing the weight of 1cbe. of air at different tempera-
tures. The following table is sufficiently accurate for ordinary
use. *This table may be also employed in the calculation of
vapour density according to other methods. It gives the value
for every 10°; the intermediate values can easily be obtained
by interpolation.

Py ey
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8 N, 3 34

f n.

0 . . 0001293 170 . . 0000796
10 . . 0001248 180 <., 0:000779
20 . . 0001205 190 . . 0000762
30 . . 0001165 200 . . 0000746
40 . . 0001128 210 . . 0000730
50 . . 0001093 220 . . 0000715
60 . . 0001060 230 . . 0000701
70 . . 0001029 240 . . 0:000688
80 . . 0001000 250 . . 0000674
90 . . 0000972 260 , . 0000662

100 . . 0°000946 270 . . 0000650
110 . . 0000921 280 . . 0000638
120 . . 0000898 290 . . 0000626
130 . . 0000876 300 . . 0°000616
140 . . 0000854 310 . . 0000605
150 . . 0000834 320 . . 0000595
160 . . 0000815
The following formula may be used with this table:
G—g+ Cnt
e Cnl

The following example serves to show the limits of error
accompanying the determination of vapour density by this
method.

Example of Dumas’ Method. A volatile hydrocarbon (hexane,
C;H,,) of the paraffin series, of which the analysis has been
given, yielded the following results:

g =23449
£ =155
G = 23720
T° =SIEK0S
=178 cbe.

The density calculated from these numbers is 2:986, whxlst
that required by the formula is 2:979.

65 Gay-Lussac’s Method. In this process the graduated and
calibrated glass tube @ (Fig. 43) is employed, filled with mercury,
and placed in an iron vessel containing this metal. The sub-
stance is contained in a very thin bulb or small stoppered tube
of known weight (Fig. 44); this is then filled with the liquid,
again weighed, and then passed up to the top of the divided
tube. Surrounding this is a wide glass cylinder open at both

124
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* ends and filled with water. The iron vessel is now heated by gas
or charcoal. The expansion due to the heat either causes the
bulb to burst or drives the stopper out of the tube, and the
liquid is soon thus completely converted into vapour, To effect
an equal distribution of temperature the water is continually
stirred. As soon as the temperature at which the determina-
tion has to be made is reached, the volume of the vapour, the
temperature of the water, and the height of the barometer are
read off ; whilst, at the same time, the temperature of the air
and the difference between the height of the mercury inside and
outside the tube are ascertained.

F1a. 44,

Ezample of Gay-Lussac's Method. A determination of the
vapour dénsity of pentane, C;H,,, made by this method, gave the
following results

Weight of pentane . . ., . 0101
Temperature of air . . . , 16°
Temperature of vapour . . , 91°
Volume of vapour . . . . 595 cbe.
Height of barometer . . . . 752 mm,
Difference of level. . . . . 220 mm.
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The pressure inside the tube was consequently equal to that
of a column of mercury of 752° mm. at 16° minus that of
a column of 220° mm. at 91°. In order to be able to substract
one from the other, these values must first be reduced to the
same temperature. As the co-efficient of expansion of mercury
for 1° is 0°00018, the heights at 0° will be:

A58 — 7499
1+ (000018 x 16) ~
220 216+4.

1+ (000018 x 91)
The pressure inside the graduated tube was therefore :
7499 — 2164 = 533°5.

595 cbe. of pentane weigh, at 91° and under a pressure of
5335 mm. of mercury, 0°101 gram. Under the same conditions
an equal volume of air weighs :

0001293 x 59°5 x 5335
760 x 1+ (0:003665 x 91)

Hence the vapour density of pentane is:

0101
0-0405

and this agrees well with the theoretical value 2:494.

Gay-Lussac’s method possesses the great advantages of requir-
ing very small quantities of the substance, and of enabling several
determinations to be made at any temperature under 100°, On
the other hand, it is not well adapted to the case of substances
possessing high boiling-points, inasmuch as the cylinder must
then be filled with oil or paraffin, and a constant temperature
of the column cannot in this case be easily attained. Poisonous
mercurial vapours are also given off during the process, and
this renders the method dangerous in the case of bodies re-
quiring high temperatures. In order to overcome this objection,
Natanson has constructed an air-bath in which only the upper
part of the tube is heated, but this modification has not come
into general use.

66 Hofmann's Method. Hofmann?! conceived the happy idea
of employing a wide barometer-tube in place of the short tube
used by Gay-Lussac, and of heating this by the vapour of a

1 Ber. Deutsch. Chem. Qes. i. 198.

=0°0405.

= 2493,
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liquid boiling at a constant temperature. The apparatus is
shown in Fig. 45. The graduated barometer-tube (a), more
than 1 meter in length, is filled with dry mercury and placed in
a mercurial trough. Outside this a wide glass tube (?) is placed,
closed at its upper end by a well-fitting cork, through which

Fia. 45,

the tube d passes for the entrance of the heated vapour. The
condensed liquid and the excess of vapour pass away through
the tube ¢ into the condenser (g). A very small stoppered
bottle whose weight is known, having a capacity of from 005
to 0-1 cbe. (Fig. 46), is filled with a known weight of the sub-
stance. The bottle thus filled is passed up to the top of the
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mercury in the barometer, and in the case of the more volatile
liquids this usually displaces the stopper at once, and in other
cases it 1s easily driven out when the substance becomes heated.
The copper vessel (f) serves to contain the liquid of constant
boiling-point, and by this means the barometer-tube is easily
brought up to a constant temperature, As soon as the
meniscus of the mercury is seen to remain unchanged,
the volume of the vapour and the height of the mer-
curial volume are rcad off by means of a pendulum
cathetometer (7). In many cases water may be em-
ployed as the heating liquid, inasmuch as the vaporisa-
tion of the substance takes place under diminished
pressure, and bodies which boil up to 180° can be completely
volatilised at 100°.!

For the purpose of determining the vapour density at higher
temperatures, Hofmann makes use of the following substances :

Boiling-point.

Anilit gt b ApdiTe wod oo £ 18125
Boluidines .uitn Aot prah 25202
Ethyl benzoate ., . . . 212

Amyl benzoate . . . . 261.

Of course other bodies may be employed provided their boiling-
points do not lie too near that of mercury.

The calculation is carried out in a similar way as in Gay-
Lussac’s method, but inasmuch as the lower portion of the
mercurial column is not surrounded by vapour, two calculations
are necessary in order to reduce the height of this column to 0°.
In addition to this, the tension of the vapour of mercury must also
be taken into account when high temperatures are necessary.
For this purpose the well-known table of Regnault 2 is employed,
the following extract from which is sufficient for most purposes :

Temperature. T%;;sgggrf’f Temperature, T%?:;zﬁ:f
160° 59 mm. 220° 34-70 mm.
170 8-09 230 4535
180 11-00 240 58:82
190 1484 250 7575
200 1990 260 9673
210 2635 270 12301

1 Schrider, Ber. Deutsch. Chem. Ges. iv. 472. 2 Plil. Mag. [4] xx., 227,
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67 Another great improvement suggested by Hofmann* is that
of using a plain tube instead of a graduated and calibrated one.
Not only are these plain tubes cheaper than the calibrated ones,
but they are also much less liable to fracture, inasmuch as all
glass tubes in which divisions have been etched are liable to
crack when exposed to rapid changes of temperature. For
this purpose, a tube as cylindrical as possible is chosen, and
when the mercurial column has become stationary, the pendu-
lum cathetometer is placed in position. The apparatus is then
allowed to cool, and, after removing the outer glass tube, a
slip of paper is placed at the point where the meniscus stood.
After the volume of the vapour has been thus-determined, the
tube is dismounted and filled with mercury up to the mark, and
then the mercury weighed on a pair of common scales capable of
turning with half a grain. From the weight of the mercury
the volume of gas in cubic centimeters is obtained.

In the apparatus above described, two calculations, as we have
seen, are necessary in order to obtain the height of the mercury
at 0°. This, however, does not give a strictly correct result,
inasmuch as the column of mercury which is not surrounded by
vapour does not possess the same temperature throughout its
length. The temperature of that portion near the cork is
necessarily higher than that of the air. In cases where the
temperature is not high this difference is of little moment, but
at a high temperature it may become of consequence. In order
to avoid this error, Wichelhaus? has proposed to substitute
Hofmann’s barometer-tube by a syphon barometer. The ap-
paratus, however, thus becomes much more complicated and
liable to fracture; moreover, the height of the outside tube
requires to be greater, and this necessitates the employment of a
larger quantity of vapour in order to obtain a constant tempera-
ture. Another disadvantage involved in the employment of a
syphon barometer is that only one experiment can be made
with the same material, for when the tube cools, air enters into
the vacuous space. By the use of a straighttube, on the other
hand, the volume of the vapour may not only be redetermined
at the same temperature, but its volume at different temperatures
may be ascertained.

Hofmann has, therefore, improved his apparatus by allowing

the outer tube to dip into the reservoir of mercury at the bottom,
a small tube being sealed on at a distance of from 2 to 3 mm.

1 Ber. Deutsch. Chem. Ges..ix. 1304. 2 Ber. Deutsch, Chem, Ges. iii. 166,
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from the surface of the mercury, by means of which the excess
of vapour and products of condensation can be withdrawn.

Lastly he obtained the same result in a still simpler manner.
The barometer-tube stands upon a thick plate of caoutchouc lying
at the bottom of the mercurial trough, and this plate is fastened
to an iron disc furnished with a handle which is bent so as to
come out of the mercury. In one side of this plate a groove is cut
by means of which the mercury in the tube is brought in contact
with that in the trough. When the vapour passes through the
outer tube, which only needs to be 40cm. longer than the
barometrical column, the mercury which it contains flows out
into the trough, and as soon as the volume of the vapour has
become constant, the caoutchouc plate is pushed back so that
the mouth of the tube is closed, and thus the mercury in the
tube is separated completely from that in the trough. This is
done by means of the handle, so that the level of the mercury
remains unaltered. As soon as the cathetometer has been placed
. in position, the whole is allowed to cool, and the height of
the mercury is determined at the temperature of the air, the
calculation being then carried out as already described.

. Further modifications of the apparatus have been made by
J. W. Briihl! and C. Engler.?

As the substances employed for the preparation of vapour at
higher temperatures than the boiling-point of aniline are costly,
it became advisable to use as small a quantity of these as
possible. This is arranged for by Hofmann,? inasmuch as the con-
densed liquid is allowed to run back again into the boiler. By
means of such an arrangement a constant temperature can be
attained in from twenty to twenty-five minutes and maintained
for several hours, with a volume of from 100 to 150 cbe. of liquid.

As an example of the calculation in Hofmann’s method we
may take the vapour density determination of ethyl-propinyl
ether, C;H,O :

Weight of substance, 0:0518 = S.

Volume of the vapour, 525 cbe. = .
Temperature of the vapour, 100°=T.
Temperature of the air, 15° =1.

Height of barometer, 752°'5 mm. = H.
Height of mercurial column, 484 mm. = A.
Reduced pressure, 275 mm. = 4",

1 Ber. Deutsch. Chem. Ges. ix. 1368 ; xii. 197. 2 Jbid. ix. 1419,
3 Ber. Deutsch, Chem. Ges. 1876, ii. 1304, Chem, Soc. Journ. 1877, i. 33.
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Hence the vapour density is obtained by the following
formula :

Sx 760 x (273 + 1)

0001203 x 278 x o x d— 2 :
Found. Calculated.
2-881 2:909.

Hofmann’s method soon almost entirely superseded the two
older methods, Dumas’ being employed only for the determination
of the vapour density of substances which have a high boiling-
point, and for this purpose improvements were made in the
method by Troost and Deville,! as well as by Bunsen.2 Dumas’
method is also subject to the serious disadvantage, that the
greater portion of the material employed, frequently more than
3 grams, is lost during the operation, and this, in the case
of expensive preparations, is a matter of serious inconveni-
ence. In order to overcome this difficulty, various suggestions
have been made, by means of which the escaping vapours could
be caught and condensed, but this leads to complications which
destroy the simplicity of the method.

Habermann 2 has lately made another suggestion. He con-
nects the fine neck of the globe with a Bunsen filter-pump in
order to produce a vacuum, whereby the substance, as in
Hofmann’s method, boils at a lower temperature. By this
method not less than 1 gram of the substance must be em-
ployed, and this can readily be condensed in a bulb-tube placed
between the globe and the pump. By this means, however,
Habermann has only been able to determine the vapour density
of such substances as boil below 250°.

68 Victor Meyer's Methods. Method No.1. Vietor Meyer* has
recently worked out a plan by means of which, without em-
ploying a greater quantity of the substance than that used
in Gay-Lussac’s or Hofmann’s process, the vapour density of
high boiling bodies may be determined at a temperature of
448°, the boiling-point of sulphur. He employs Wood’s fusible
metal as the liquid over which to collect the gas, and makes use
of the bulb-tube shown in Fig. 47. In carrying out the ex-
periment, about 50 mgrm. of the substance are allowed to

1 Ann, Chim. Phys. [8] lviii. 257.
2 Ann. Chem. Pharm. cxli. 273.

3 Liebigs Annalen, clxxxvii. 341.
4 Ber. Deutsch. Chem, Ges, 1876, ii. 1216.
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vaporise in a vessel completely filled with the liquid alloy, the
volume of vapour being ascertained from the weight of the
metal which flows out.! A substance which is solid at the
ordinary temperature is weighed out in a short glass tube
sealed up at one end, Fig. 48 (a), whilst liquids are enclosed in
small stoppered bottles, which differ from those used by Hofmann

Fie. 47, \ Fic. 48 ().

by being slightly curved in order that they may more readily
pass up into the bulb-tube, Fig. 48 (). The whole apparatus is
then heated to 100°, and afterwards placed on a large balance’
and weighed to within a decigram.

The apparatus must then be heated in the vapour of sulphur.
This is accomplished in a cast-iron crucible of 400 cbe. capacity,
which is loosely covered (Fig. 49). The crucible contains from 120
to 130 grams of sulphur, and is heated by means of a powerful
burner. After about twenty minutes, when the sulphur is
boiling rapidly and the current of vapour passes out between the
cover and the crucible, the boiling is allowed to go on for about
four minutes, the burner then turned out and the bulb-tube
lifted out of the crucible. The vapour contained in the bulb
at the moment the bulb is withdrawn from the crucible is
under the pressure of the atmosphere plus that of the short
column of fusible metal in the bent tube. The height of the
column has therefore to be ascertained. For this purpose a
finely drawn-out glass tube, having a drop of sealing wax at the

! Similar methods for lower temperatures, by making use of mercury, had been
formerly suggested : Hofmann, Ann. Chem. Pharm. Suppl. i. 10 ; \Vel:thelm,
abid. exxiii. 178 ; exxvii, 81 ; exxx, 269 ; W. Marshall Watts, Laboratory, i. 225.
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end, is brought on to the glass at the height of the meniscus in
the inner tube. This leaves a mark by means of which the
height can be ascertained. For the special precautions which
the author recommends, the original paper must be referred to.

F1c. 49.

The following formula serves for the calculation :1

_ 8% 760(1 +0-003665 x 448)
0001293 [7 + £ p] [(9.(‘5‘08 e b) (1+ 848 x0°0000303)— -

58]
By collecting the constants, we obtain the equation :

SXx 1543500

ipres
[P+%M[j9m8+gxooﬁ101

9158]

1 Ber. Deutsch. Chem. Ges. x. 2070.
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In these formule :

S = Weight of the substance.
P = Height of barometer reduced to 0°.
p = Pressure of column of metal, which is two-
thirds that of mercury.
a = Weight of alloy employed.
9608 = Specific gravity of alloy at 100°.
9°158 = Ditto at 448°
q = Weight of mercury contained in small bottle.
r = Weight of the remaining alloy.

As the tube containing the substance is very small, ¢ mayj
be neglected. g
The vapour density of methyl-anthracene, a
body boiling at a higher point than mercury, was =

thus ascertained :

S=_00360.
a = 283°33.

r =1689
P=722'5 mm.
p= 340 mm.

Found. Calculated.
Vapour density . . 6357 6-63.

69 Method No. 2. In order to determine the} ‘
vapour density of bodies boiling below a tempera- |
ture of 350°, V. Meyer! has proposed a method j§ {
by means of which the molecular weight may be }§i @ ’ Wl
determined with great simplicity and ease. The {}
vessel in which the substance is placed is filled :
with mercury, as shown in Fig. 50. It is made  Frc. 50.
of thin glass, and has a capacity of 35 cbc. This
is filled according to the method already described, but at
the ordinary temperature, at which it is weighed. It is
then hung by a thin wire in the boiling flask (Fig. 51), the
neck of which being long does not require any condensing
arrangement, and it is then heated to the boiling-point of
water, aniline, or any other higher boiling liquid. When no
more mercury is seen to flow out, the apparatus is removed and

il

1 Ber. Deutsch. Chem. Ges. 1877, ii. 2068,
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after cooling weighed again. In order to determine the excess
of pressure in the side-tube, the capillary tube is opened, and

Fia, 51,

the whole is filled with mercury, and the point marked on the
wider tube.
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In the calculation the following data are required :

S =Weight of substance.

T =Temperature of vapour.

o= 5 Fr air.

P = Barometric pressure reduced to 0°

p = Excess of pressure in the side-tube.

s =Tension of mercury vapour.

a = Weight of mercury employed.

r = Weight of remaining mercury.

g = Weight of mercury contained in the small bottle.
The last number is required only in very exact determinations.
The calculation is effected by the following formula :

S X 760 (1 + 000366 T)13-59
(P+p =) 0001268 [(a+q) (1 + 00000303 [T — #]) — v (L + 0°00018 [T — 4] [(1xC-000181)

13-59 is the specific gravity of mercury at 0°.
0:0000303 is the coefficient of expansion of glass.
0:00018 ditto of mercury, which above 240° rises to

{ ~ 0°00019.

The constants in the above formula are :
7601359
0001293 = 7988000.

The temperature of the vapour does not need to be deter-
mined, as the boiling-point of the liquid employed is known.
In the case, however, of bodies whose boiling-points approach
that of mercury, it is necessary to determine the temperature, as,
according to the recent experiments of Naumann, it appears
that the boiling-points of liquids which are not miscible undergo
considerable depression. Thus he finds that diphenylamine,
which boils at a temperature of 310° by itself, boils at 290°
when mixed with mercury.

The vapour density of benzoic acid was in this way deter-
mined in the vapour of diphenylamine with the following
results:

S =00603. p =21 mm.
a = 4717 grams. Zi="290%
r = 664 grams. ¢ =153,
g= 1 gram. s = 1657 mm.
P=726 mm.
Found. Calculated.

Vapour density . . . . . 420 422,
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which the vapour is heated does not require to be determined, nor
is it necessary to know the volume of vapour at that tempera-
ture, as both of these values are eliminated in the expression
for the density. The only observation which is required is the
volume of the vapour in the form of its equal volume of air
measured at the atmospheric temperature. The apparatus is
shown in Fig. 52. It consists of the boiling flask ¢, in which is
placed the glass b, having a capacity of about 100 cbe.; and on
to this is fused a tube 600 mm. in length, closed with a caoutchoue
stopper (d), and furnished with a short capillary gas-delivery
tube (a). The substance employed for heating purposes may
be any of those already mentioned.

If it be necessary to work at a temperature above 310°, a bath
of molten lead (Fig. 53) is employed, which can be heated to a
temperature sufficiently high for the complete volatilisation of
the substance. This point is easily ascertained by dipping a
thin tube containing a small quantity of the body into the lead
and seeing whether it boils quickly. The experiment is com-
menced by heating the empty vessel & (at the bottom of which
a small plug is contained) in the long tube or in the lead bath.
The tube is closed by the stopper d, and the gas-delivery tube
dips in the water of the trough. As soon as the temperature
becomes constant, and when, therefore, no further evolution of
air is observed, the stopper is quickly removed, and a weighed
quantity of the substance (such in amount that its vapour does
not occupy more than half the volume of the vessel ) thrown
in and the cork quickly replaced, the graduated cylinder filled
with water having been placed over the end of the gas-delivery
tube. The substance at once evaporates, and in fifteen seconds
displaces its own volume of air which collects in the cylinder.
As soon as no further bubbles are emitted, the tube is removed
into a larger cylinder filled with water, the levels of the liquids
brought to the same point, and after a time the volume of the
air read off, the temperature of the water and the height of the
barometer being at the same time observed. These observations
yield sufficient data for the calculation:

8= Weight of substance.

¢t = Temperature of the water.

B =Barometric pressure reduced to 0°
w = Tension of vapour of water.

V= Volume of air,
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The vapour density is calculated by the formula :

X760 (1 + 0°003665t)
| (B=w) V'x0:001293"

or, by collecting the constants:

S (1 +0003665¢) X 587780
(B=w)V ¢

As examples we may quote the following :
(1) Chloroform, CHCI,, in water vapour.
8=01008 ¢=16>6 B=7075mm. ¥V =22cbe.

Calculated. Found.
Vapour density . . 413 413.

(2) Benzoic acid, C,H0,, in diphenylamine vapour.'
S8=00855 t=16" DB=7178mm. ¥V =178che.

Calculated. Found.
Vapour density . . 422 424

(3) Diphenylamine, C,,H,;N, in lead bath.
S§=00905 ¢=17" B=7148mm. V=136 cbe.

Calculated. Found.
Vapour density . . . 583 5:92.

The same experimenters have employed this method for the
determination of the vapour density of inorganic compounds
which volatilise at a red-heat or even at a higher temperature.
For this purpose the glass vessel is replaced by one of porcelam

or platinum heated in a suitable gas-furnace:!

The literature of the subject must be referred to for
further information respecting the subject of vapour densmy

determination.?

Y Ber. Deutsch. Chem. Ges. 1879, 1112.

? Grabowski, 4Ann. Chem. Phar’m, cxxxviil. 174 ; Landolt, Ber. Deutsch. Chem.
Qes. v. 497 ; Goldschmidt and Ciamician, ibid. x. 641 Hofmann, <bid. ix, 962 ;

xi, 1684 ; Pfauudler, 1bid. xii. 165.
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DETERMINATION OF MOLECULAR FORMULZE,

71 (A) Molecular Formill® of Volatile Bodies—When the per-
centage composition and the vapour density of a compound are
known, the molecular formula can be readily ascertained.
Hydrogen is 14435 times lighter than air, and hence the
molecular weight of a substance is obtained by multiplying
its vapour density by twice 14-435.

Example No. 1. Thus, for instance, the molecular weight of
the above-mentioned paraffin is 2°986 x 28'87 = 862, or in round
numbers 86. Now, as the percentage composition of. this body
is known, the amount of carbon and hydrogen contained in
86 parts can be readily found.

83-87 x 86 ;
T i 7213 carbon.
16_’_21_"’03_86 =13-97 hydrogen.

If we divide the numbers thus obtained by the atomic
weights, we find that the hydrocarbon is hexane, CgH,,. The
want of exact agreement between the numbers thus obtained
and those calculated from the formula is explained by the fact
that the above numbers contain the experimental errors due
both to the analysis and to the vapour density determination.
This error may be partially’ eliminated if we compare the
theoretical composition and vapour density, directly with the
numbers found by experiment :

Found. Calculated.

Carbon. . . . . 8387 8372
Hydrogen. . . . 1625 1628

10012 100-00
Vapour density . . 2986 2979.

The numbers thus found are seen to agree well with the
calculated values.

Example No, 2. Methyl-anthracene gave on analysis the
following percentage composition :

CarbongdBe 3% i ~9392
Hydrogen . . . . . . 623
100°15.

125
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72 (B) Molecular Formule of Acids. Many carbon compounds
are acids whose molecular weight, whether.they be volatile
or not, may be readily ascertained by determining in the first
place whether the acid is monobasic or polybasic, and then
analysing one of its salts. As a rule the silver salts are
employed for this purpose because they are easily obtained
anhydrous and in the pure state, and because they leave a
residue of pure silver on ignition.

Example No. 4. The composition of monobasic melissic acid,
according to analysis, is as follows :

Carbon . VT R ]
Hydrogen . v o o vii. 1348
Oxygencn ndd 51,00kl w691

100-00.

Ignition of the silver salt showed that it contained 19-3 per
cent. of silver. Hence the molecular weight of this salt is:

100 x 1077

o5 — - 358

This salt differs from the acid by containing one atom of
silver in place of one atom of hydrogen. Hence the molecular
weight of the acid is:

(358 —10777) + 1 =451,

or the even number 452 may be taken as representing the
molecular weight of the acid. The weight of carbon, hydrogen,
and oxygen contained in the molecule will then be respectively :
79 1;503 452 ooe
1348 x 452
100
691 x 452
100

=R00:0;
= 312,

Hence the formula is C;,Hg,0,, and this gives:

R 360 7964
H,, 60 13:28
0, 32 708

452 10000,
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The calculated percentage of silver, namely, 19-28, in the
above salt, agrees with that which has already been described.

Ezxample No. 5. Analysis of silver benzoate gave the following
results :

Carbon 3668
Hydrogen . . . . . . 219
Silver 47-16
Oxygen . 1397
100-00.

Benzoic acid is likewise monobasic, and the molecular weight
of its silver salt as calculated, as in the last example, is 2284,
that of the acid being 1207. If the quantities of the various
elements contained in 228-4 parts of the salt be next calculated,
the formula C,H,AgO, isobtained. Hence the acid is C,H,0,,
as is shown by the following comparison of the theoretical with
the analytical results:

Calculated, Found.
C, 84 3673 3668
H5 5 2:19 19
Ag 1077 4709 4716
0, 32 13-99 1397

100-00 100-00.

Example No. 6. Meconic acid, a compound found in opium,
is a polybasic acid. On adding silver nitrate to its aqueous
solution, a white silver salt is precipitated, but when the same
reagent is added to a solution of the acid previously neutralised
by ammonia, a yellow silver salt is obtained. The composition
of the acid and of the two silver salts is found by experiment
to be:

Meconic White Silver Yellow Silver
Acid. Salt. Salt,
Carbon . . . 420 20-2 159
Hydrogen . . 290 05 02
Oxygen . . . 5690 27-0 219
Silver . . . — 52:3 620
1000 100-0 100-0.

If in the first analysis the numbers be divided respectively
by the atomic weights of the elements, we obtain the following
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relation between the number of atoms of the constituents of
the acid :

42 _

12'—35,

2_2.0

| e i
56

1—6=35.

The most simple formula of meconic acid deduced .from these
numbers is C,H,O,, but whether this, or a multiple of it, ex-
presses the molecular weight cannot be decided by the results
of analysis. In the two salts different quantities of hydrogen
are replaced by silver. The white salt contains for every seven
atoms of carbon :

0.25284 = 2'1 parts, or 2 atoms of hydrogen,
5—““22(;(284 = 217-0 parts, or 2 atoms of silver,

In the yellow salt we find:

L?;(gsé =105 part, or 1 atom of hydrogen,

20 x 84 4
-9——;)—5%—— = 3275 parts, or 3 atoms of silver.

From this we conclude that the acid is tribasic, and that the
formula C,H,O, represents a molecule. A further confirmation -
of this conclusion is found in the fact that acid salts containing
only one atom of a monad metal are known.

The molecular formule of the above compounds are
therefore :

Meconicacid . . C,H,O,
White salt . . . C,H,Ag0,,
Yellow salt . . . C,HAgO,.

In certain instances, an acid, whose molecular formula has
to be determined, may be known to belong to a given
homologous series. In this case, in order to determine its
molecular formula, we only need to determine the quantity
of silver, or of any other metal, contained in one of its salts.
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Example No. 7. An acid, which from its derivation: and.
chemical relations undoubtedly belongs to the group .of fatty
acids, gives a silver-salt which yields, on ignition, 45-51 per
cent. of metal. Hence the molecular weight of the acid is
130. The general formula, however, of the fatty acid series
is CuHoO, and the value of n is ascertained by the equation :

147 +32=130
D 55

Hence the molecular formula of the acid is C,H,,0,.

73 (¢) Molecular Formule of Bases. Many carbon compounds
exist which contain nitrogen, and which act as bases, combining
like ammonia with acids. Some of these bases are monacid,
others are polyacid. In order to find the molecular weight
of such a compound, it is only necessary to ascertain the
quantity of acid contained in an anhydrous normal salt, or,
better still, to find the quantity of platinum present in the
double salt formed by the combination of the hydrochloride
with platinic chloride, and which, like ammonium platinic
chloride, contains two molecules of hydrochloric acid to each
molecule of platinic chloride.

Ezample No. 8. Caffeine is a monacid base; its platinum
double salt contains two molecules of caffeine and two molecules
of hydrochloric acid combined with one molecule of platinic
chloride, and 100 parts of* this compound leave, on ignition,
24r6 per cent. of platinum. Consequently the amount of the
platinum salt which contains one atom, or 1967 parts of
platinum, is:

196-7 x 100
24-6

= G,

The molecular weight of caffeine is found from this by the
equation :
274 (2 x 36'5) + 3383 = 7996
n=194.

As the percentage composition of: this base 'is known, its
molecular formula can easily be found :
194 x 49-51

100 = 961 of carbon,
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194 x 522

—oo —101 of hydrogen,
194 x 28-99
_;66_— =562 of nitrogen,
2 kg Lo

100 = 3158 of oxygen.

One molecule of caffeine, therefore, consists of :

961

oy = 8'0 atoms of carbon,
101

—%- =101 atoms of hydrogen.
562

4 = %0 atomsof nitrogen,
3158

e (i 1:97 atom of oxygen.

Its molecular formula is therefore C;H, )N,0,, corresponding
to a molecular weight of 194, or more exactly of 193-78.

In the determination of the molecular weight of an organic
base we also often know beforehand to which homologous series
it belongs. In such a case, the determination of the platinum
in the double salt is sufficient to determine the formula.

Example No. 9. A compound ammonia, having the general
formula C,Hgz, +sN forms a double salt, 100 parts of which,
on ignition, leave a residue of 3362 of platinum.

As the platinum double salt possesses. the . formula
(CuHon 4+ 3N,CIH), + PtCl,, the molecular weight of the base is
easily found to be 86, and hence we have the equation :

12724+2n+4+3+14=86
oon =493,

Hence the base possesses the formula C;H;N, and has a
molecular weight of 86:86.

74 (D) Molecular Formule of Non-volatile and Newtral Bodies.
Most. carbon compounds, however, neither act as acids nor as
bases, and if they are not volatile without decomposition, and
do not enter into combination to form distinct compounds with
other elements by means of which the molecular weight can
be ascertained, the molecular formulz can be ascertained, in
many cases at least, by a careful examination of their chemical
metamorphoses.
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Ezample No. 10. Numerous analyses of cane-sugar have
shown it to possess the following percentage composition :

Carbon . . . . . 4210
Hydrogen . . . . 644
Oxygen . . . . . 5146

100-00.

As in the case of aurin, this result may be expressed by a
number of different formule. In order to obtain a clue as to
which of these is the correct one, we must consider certain
general properties of the body. In the first place, cane-sugar
when boiled with sulphuric acid is converted into equal quan-
tities of two other kinds of sugar possessing an identical com-
position, but distinguished by certain chemical as well as by
certain physical properties. These two varieties of sugar are
known as grape-sugar and fruit-sugar. That they are formed
from cane-sugar by addition of the elements of water, is proved
by analysis, which gives for the new sugars the following
composition : 3

Carbon . . . . . 4000
Hydrogen . . . . 667
Oxygen . . . . . 5333

100-00.

On dividing these numbers by the respective atomic weights
of the elements, the following numbers are obtained :

40

2 = 3:33 carbon.

6°67 ‘

—y =667 hydrogen.
5333

16, = 3'33 oxygen.

Hence these two kinds of sugar contain two atoms of hydrogen
for every one atom of carbon and one atom of oxygen, and the
simplest formule for them is CH,0. This, however, cannot
possibly represent the molecular formula of the compound, in-
asmuch as such a simple body must either be a gas or, at any
rate, a very volatile substance. Neither of these kinds of sugar
belong to either of the above categories, for on heating they
decompose, leaving a residue of carbon. The molecular formula
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-

must therefore be a multiple of the simplest formula. Both
these sugars yield, on fermentation, equal molecules of alcohol,
C,H,O, and carbon dioxide, CO,; hence we may conclude that
the molecular formula cannot be less than C,H O, Both,
moreover, combine with nascent hydrogen to form manna-sugar
or mannitol, which possesses the following composition :

Cehon . 5 L) - . 89756
Hydrogen . . ., . 769
Oxyged t ., "7, L 5275

100-00.

As mannitol stands in such a close relationship to grape-sugar,
fruit-sugar, and cane-sugar, it may be well to calculate how
many atoms of hydrogen and oxygen these compounds contain
for every 3 atoms of carbon. Thus we find for cane-sugar,
C;H;. 055, and for mannitol, C;H,0; Hence, the simplest
formule of these two bodies, consistent with the foregoing re-
actions, are, cane-sugar, C;,H,,0,;, mannitol, C;H,,O,; and those
of the two other descriptions of sugar, C;H;,0,, That this
formula for mannitol is its molecular formula, may be seen from
the following considerations. An exact investigation of this
body has shown that it contains six hydroxyls, or that it is an
alcohol of an hexad radical. Hence it possesses the formula
CHg(OH);. This may be further proved by a few simple
reactions. The six hydroxyls may be replaced by six of hydro-
gen, hexane, C;H,,, being thus formed, and this is the original
hydrocarbon of mannitol. It might, notwithstanding, be supposed
that as mannitol is not volatile without decomposition its mole-
cular weight might be a multiple of the above numbers. This
supposition, however, is impossible, as no hydrocarbon can
contain a larger proportion of hydrogen than is contained in a
hydrocarbon of the series CpHonie. As the three other
sugars are so clearly connected with mannitol, we may assume
that the above simple formule likewise represent the molecular
formula of these compounds.

Example No. 11.  As a last example of the method by which
the molecular formula of a non-volatile compound may be
determined, we will take that of aurin, the analysis of which has
already been given. This compound is formed when a mixture
of oxalic acid, C,H,0,, and phenol, CgHO, is warmed with
sulphuric acid; water and formic acid, CH,0,, being at the same
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time produced. As oxalic acid easily splits up on heating into
formic acid and carbon dioxide, we must assume that the latter
compound, in the nascent state, acts upon phenol yielding aurin
and water. If wé represent this reaction by an equation, we
find that of the three formule which we have. already given for
aurin, the second one explains the decomposition most readily :

3 C,H,0 + CO, = C,;H,,0, + 2H,0.

That this, the simplest formula, is at the same time the
molecular formula, has been proved, or at any rate rendered
extremely probable, not only by the fact that aurin can be
converted into the hydrocarbon triphenylmethane, C,yH,4 whose
derivative it is, but also that aurin can be prepared from this
hydrocarbon by the replacement of two atoms of hydrogen by
one atom of oxygen and two atoms of hydrogen by two of
hydroxyl.

In the numerous cases to which none of these means for
ascertaining the molecular weight of a substance apply, we must
be content to make use of the simplest formula, although it
must be remembered that in certain cases even the simplest
formula cannot be obtained.

EMPIRICAL AND RATIONAL FORMULZE.

75 . Law of the Linking of Atoms., By an empirical formula is
understood one which simply expresses the composition of the
body If at the same time it represents the molecular weight,
it is termed an empirical-molecular formula, Besides these,
rational formule are employed, especially in organic chemistry,
this. name having been first made use of by Berzelius. Such
formulz are intended to indicate the chemical nature of the
compound, and to-express the relations in which it stands to
other bodies, or, in other words, to point out either the com-
pounds from which it has been derived or those into. which it
can be resolved. For the true aim of chemistry; as Kekulé justly
remarks, is not so much the study of the existing substance as
that of its past. history and its future development. In the
historical introduction reference has been made, not only to the
growth of rational formule, but likewise to the influence which
the theory of types has exerted on our knowledge of the peculiar
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relations of the atoms in combination and in decomposition. It
was formerly supposed that the several constituent atoms of the
‘molecule were held together by the attraction which one of
them exerted upon all or upon a large number, and that these,
in their turn, exerted a corresponding attraction and thus held
each constituent in its place. Chemistshave, however, now come
to the conclusion that this attraction is only exerted between the
atoms severally. The atoms may thus be represented as forming
a chain, one atom being linked on to the other, so that when one
of them is removed without altering the position of the others,
the chain is broken. :

It nextremains to notice how this law of the linking of atoms*
may be explained from the known constitution of the carbon
compounds.

76 Carbon is a tetrad element, and, therefore, one atom of car-
bon unites with four atoms of hydrogen, giving rise to methane or
marsh-gas, CH,, the simplest of the hydrocarbons. This hydro-
gen may be replaced by other monad elements or residues. Thus
by the action of chlorine we obtain methyl chloride, CH,Cl,
which, on uniting with ammonia, yields methylamine, CH;NH,,
and on treatment. with- caustic potash is converted into methyl
alcohol, CH,OH. If two atoms of hydrogen in this latter body
be replaced by oxygen we obtain formic acid, COH.OH. These
formule may be graphically represented according to A. S.
Couper’s suggestion,? as follows, each atom being connected with
another by means of a line indicating the mode in which the
attraction acts :

Mothane.  qogd,  Methylmine T R
H H H H III
| l l :
H G H.H-GH H-GCH HCH (=0
I J I |
H 1 N o
~ R | :
H H H H.

The simplest mode in which two carbon atoms can com-
bine together is when one combining unit of the one atom is
linked by one combining unit to the other atom. Six free

1 L. Meyer, Modern. Theor. 3te Aufl, 151.
3 Phil. Mag. [4], xvi. 104.



114 CONSTITUTIONAL FORMULZ,

combining units then remain, or a hexad group is formed
capable of combining with hydrogen to form ethane, possessing
the following graphical formula :

H H

HoGm

|
H

More than two carbon atoms can combine together in a similar
way, and the valency of such a group will be increased by two
units for every atom of carbon which thus becomes attached.
If n atoms of carbon unite together, the number of free
combining units will be represented by

2+ n(4—2) =2 + 20,

If the whole of these units be saturated by hydrogen, members
of the homologous series, CyHenys, known as the paraffin
series, are formed. In these, just as in marsh-gas, one atom of
hydrogen may be replaced by monad elements or residues, and
thus the homologous series of chlorides, alcohols, and amines,
which have been already described, may be obtained. ‘

77 Derivatives of Ethane. Ethane, C,H, forms the following
derivatives: ethyl chloride, C,H,Cl; ethyl alcohol, C,H,OH;
ethylamine, C,H,. NH,. The graphical formule of these are
readily obtained, and may shortly be written in three different
ways, as follows:

(1) CH, CH, CH, -
CH, (I3H2 (|3H2
& (')1—1 |NH2
(2) CH, - CH, CH,
CH,CI (IJHTOH (Ile.NHz

(3) CH,CH,Cl CH,CH,OH CH,CH,NH,

Ethyl alcohol, on oxidation, yields acetic acid, one atom of
oxygen replacing two atoms of hydrogen,

The question now occurs, which two of the six atoms are thus
replaced ? This point is determined on ascertaining that acetic
acid like alcohol contains the radical hydroxyl, a fact with which
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the originators of the theory of types were acquainted, for they
assumed that both these compounds were obtained from water
by the replacement of one atom of hydrogen by a radical :

Ethyl Alcohol. { Acetic Acid.
C,H, C,H,0
i } 0 g lo.

These formula indicate that both compounds contain an atom
of hydrogen capable of acting differently from the other atoms
of the same element, inasmuch as this particular one can be
readily replaced by monad elements or groups. Besides, we know
that the hydroxyl can be replaced by chlorine when these and
similar compounds are acted on by phosphorus pentachloride,
ethyl chloride, C,H.Cl, and acetyl chloride, C,H;OCl, being
formed, whilst by the process of reverse substitution the chlorine
in these bodies may be readily replaced by hydroxyl. Hence it
follows that the true constitution of acetic acid can only be
represented by one of the following constitutional formulz :

(1) (2) (3)

CH, HC=0 /CH,
bo  lm [eu
e dm on

In order to ascertain which of these is to be accepted, two
general methods are employed. The molecule may either be
decomposed by simple reactions into smaller molecules of well-
known constitution, or it may be built up from such molecules.

78 The First or Analytical Method. Examplel. When acetic
acid is heated with an alkali, marsh-gas and a carbonate are
obtained :

C,H,0,Na + NaOH = CH, + Na,CO,.
Example 2. 'When a galvanic current is passed through a con-

centrated solution of potassium acetate, acid potassium carbonate,
free hydrogen, and ethane are produced :

2 0,H,0,K + 2H,0 = 2 KHCO, + H, + C;H,,

The change which takes place in this reaction is easily
explained. When the salt undergoes electrolytic decomposition,
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it first yields the metal potassium and a residue, C,H,0,. But the
metal at once decomposes water, and the residue yields carbon
dioxide and methyl, C,H,0, = CO, +CH, = The latter body
cannot, however, exist in the free state, and hence two molecules
combine to form ethane, C,H.

The most probable conclusion to be drawn from these decom-
positions is that one atom of carbon of the acetic acid is linked
directly with carbon, and hence its constitution is represented
by the first of the above three constitutional formule. The
decomposition by electrolysis being represented in the following
way :

=i i3
Co, H...Hl o,

79 The Second or Synthetic Method. - That acetic acid possesses
the above constitution and contains the group methyl, is more-
over ascertained by the fact that it can be synthetically obtained
from the methyl compounds. Thus, when methyl iodide is heated
with potassium cyanide, methyl cyanide, CH,.CN, is obtained,
and this, when boiled with a solution of caustic potash, yields
potassium acetate and ammonia

CH, CH,
| | HN
=N + H-O-K + H-O-H = C =0 +H-N=_C.
| H
OK

By the action of chlorine upon acetic acid, monochloracetic
acid, C,H,ClO,, is formed. This is a monobasic acid, like
acetic acid itself, and it is converted by means of phosphorus
pentachloride into monochloracetyl chloride, C,H,C1.OCI, and
from this we conclude that it also contains the group hydroxyl,
and that the substitution has taken place in the methyl group.
Its constitution, as well as that of acetic acid, may, therefore, be
represented by the following formule :

Acetic Acid. Chlor-acetic Acid.
(1) CH,CO.0H CH,C1.CO.0H.

@) CH..CO CH,CLCO
s } 0 gy } 0.
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Such or similar formule were formerly used, but whilst
Berzelius’s school intended by the use of these formulae to indi-
cate that methyl is a copulated oxalic acid, the upholders of
the theory of types distinctly stated that such rational formule
are to be considered not as constitutional formuls, but as for-
mulz of decomposition, simply indicating the chemical meta-
morphoses of the substance in question and its relationships to
other substances, but in no way indicating the constitution or
position of the atoms.

All the formule for acetic acid which have been mentioned
indicate (1) that it contains two atoms of carbon connected
together by the simplest method of linking; (2) that one of
these atoms is combined with three atoms of hydrogen ; and (3)
that the other is so connected with two atoms of oxygen that
one of the atoms of this latter element is linked to carbon with
both its combining units, the other being connected with only
one combining unit, its second combining unit being saturated
with hydrogen.

80 Non-Saturated Compounds. If we remove two atoms of
hydrogen from ethane, ethylene or olefiant gas, C,H,, is pro-
duced, and this substance is sharply distinguished from ethane.
The latter, like all paraffins, is attacked by chlorine and bromine
only in daylight, and with the formation of substitution-products,
whilst ethylene and its homologues unite directly in the dark with
two atoms of the above halogens. Hence we may assume that
the latter hydrocarbon belongs to the class of unsaturated com-
pounds or contains free combining units. In this case the
constitution of ethylene may be represented by the following
formulz :

CH, —CH,

| |
=CH —CH,

It is, however, as we shall see later, much more probable
that the two carbon atoms are connected together by two com-
bining units of each, and that the constitution is expressed
more correctly by the formula :

CH,

I
CH,

The easy combination of ethylene with the elements of the
chlorine group can in this case be readily.explained by the
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tendency which the carbon atoms exhibit to combine in the
simplest possible way. However this may be, it can be easily
shown that the first of the above formule does not indicate the
constitution of ethylene.

The bromine in ethylene dibromide, C,H,Br,, can readily be
replaced by hydroxyl, and by the action of hydrochloric acid on
the glycol, C,H,(OH),, thus produced, ethylene chlorhydrin,
C,H,CIOH, is formed. This substance on oxidation yields mono-
chloracetic acid, C,H,C10.0H. Hence it follows that the above
compounds possess the following constitutional formulze :

Ethylene Ethylene Alcohol or Ethylene Mono-chlor-
Dibromide. Glycol. Chlorhydrin. acetic acid.
CH,Br CH,.OH CH,CI CH,CI
| I !
CH,Br CH,.OH CH,0H  CO.OH.

By a moderate oxidation ethylene alcohol can be converted
into glycollic acid, C,H,0,, by replacement of two atoms of
hydrogen by one atom of oxygen. This reaction is exactly
parallel to the formation of acetic acid from ethyl alcohol,
and hence the following formula must be given to glycollic
acid :

CH, OH
|
CO.0H.

The truth of this is easily proved by the fact that glycollic
acid is also formed when a salt of chloracetic acid is boiled with
water :

CH,CI CH,.0H
| + HOH = | + KOCL
C0.0K C0.0H

Glycollic acid contains two hydroxyls in different positions;
one of these may be termed the alcoholic hydroxyl, because it
occupies the same position as the hydroxyl in alcohol, whilst the
other playing the part of the hydroxyl in acetic acid, and capable
of having its hydrogen replaced by metals, is, on this account,
called the basic hydroxyl.

As we may assume that analogous constitution gives rise to
analogous properties, we may predict that glycollic acid will act
partly as an alcohol and partly as an acid. This is found to be
the case. Exactly as we obtain ethyl chloride by acting on
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ethyl alcohol with hydrochloric acid, so we find that glycollic
or oxyacetic acid yields chloracetic acid under similar conditions:

CH,.OH CH,C!
| +HCl = | +H,0.
CO.0H C0.0H

By the action of phosphorus pentachloride on ethyl alcohol,
ethyl chloride, a very stable compound, is formed; whilst
acetyl chloride, a substance obtained in a similar way from
acetic acid, is quickly decomposed in presence of water into
hydrochloric acid and acetic acid. In like manner glycollic
acid yields on treatment with phosphorus pentachloride, glycolyl
chloride, C,H,0Cl,. This acts partly as an alcoholic chloride
and partly as an acid chloride, and hence when it is brought
in contact with water it yields chloracetic acid :

CH,CI CH,Cl
e 4 POy om0 1 L HOE
0.0l C0.0H

On oxidizing ethyl alcohol, monobasic acetic acid is obtained,
and in like manner monobasic glycollic acid yields on oxidation,
dibasic oxalic acid :

CH,0H C0.0H
| o 02 o= l it Hzo'
CO.0H CO.0H

The constitution of many other carbon compounds has been
ascertained by similar processes. The particulars in each case
will be found under the description of the substances in
question.

ISOMERISM.

81 In the year 1820 Dalton investigated the properties of the
gases evolved in the dry distillation of oils." Amongst these he
found a hydrocarbon which differed from olefiant gas, although, :
like it, this new substance readily combined with chlorine. He
came to the conclusion that the atom (molecule) of this gas
contained twice as much carbon and hydrogen as olefiant gas,

1 Mem. Lit. Phil. Soc. Manchester [2], iv. 81.
126
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and this was confirmed by the discovery in the following year
by William Henry of the existence of a similar hydrocarbon in
coal-gas. Dalton states “that the hydrocarbon contained in
oil-gas is a compound sut generis consisting of the elements of
‘olefiant gas united in the same proportion, but differing in the
‘number of atoms, most probably the atom of the new gas
consisting of two of olefiant gas.”

This hypothesis was soon proved by Faraday to be correct.
In the year 1825 he published a communication “On certain
new compounds of carbon and hydrogen obtained by the decom-
position of oil by heat.”! At that time a Portable Gas Company
was established in London for supplying the public with the
gas obtained from the distillation.of oil, and pumped under a
pressure of 30 atmospheres into portable vessels. A considerable
quantity of a liquid was in this way condensed, and this liquid
was examined by Faraday. It readily evaporates under the
atmospheric pressure, and, like olefiant gas, has the power of
uniting with its own volume of chlorine to form an oily liquid.
Its specific gravity proved to be double that of olefiant gas, and
its chloride contains twice as much carbon and hydrogen as
Duteh-liquid, this being the name which was at that time given
to the oil of olefiant gas from its discoverers.

Shortly before this, Liebig ? had shown that the salts of ful-
minic acid possess exactly the same composition as the corre-
sponding salts of cyanic acid. In a note to his memoir * Faraday
refers to this discovery, and adds the following remark :—*In
reference to the existence of bodies composed of the same
elements, and in the same proportion, but differing in their
qualities, it may be observed that, now we are taught to look
for them, they may probably multiply upon us.”

Notwithstanding these .early observations, many chemists
believed that some error had been made in the analyses of
these substances. Thus, Berzelius was unable to conceive that
bodies could exist having the same. composition but possessing
totally different properties. When, however, Wahler proved in the
year 1828, that ammonium cyanate can be converted into urea,
and when Berzelius himself ten years later showed that racemic
acid and tartaric acid have the same composition, the fallacy
of the old axiom became evident, and it was generally acknow-
ledged that chemical compounds possessing the same qualitative

1 Phil. Trans. 1825, 440. 2 Ann. Chim. Phys. xxiv. 298.
: 3 Loc. cit. p. 480,

-
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and quantitative composition need not necessarily exhibit the
same physical and chemical properties.

Berzelius himself admitted that the doctrine of isomerism
had now been completely confirmed, inasmuch as the same
number of the same elementary atoms arranged in different
ways not only may give rise to compounds having a dissimilar
cerystalline form, but exhibiting distinct chemical properties.
To compounds of the latter kind Berzelius gave the name of
somers (from loopuepijs; loos equal; wepos, a share or portion),
and soon afterwards he divided these, on the one hand, into
those to which we now give the name of polymeric compounds,
because they possess a different molecular weight, and, on the
other, into those termed metameric bodies, which, with an
equal molecular weight, exhibit different properties.

Since Berzelius’s time a large number of such bodies have
been discovered. The radical theory and the theory of types
are capable of explaining many cases of isomerism, but it was
not until the doctrine of the linking of atoms was established
that a clear light was thrown on this subject.

The causes which can produce isomerism are numerous,
and hence we must divide isomeric bodies into different groups.

82 Isomerism in the Restricted Sense. The compounds classed
under this head all contain carbon atoms in direct combination,
and their isomerides have the same molecular weight.

. Let us in the first place investigate the cause of those cases
of isomerism which can be predicted by theory, and notice how
far these predictions have been found to agree with the facts.

The simplest hydrocarbons are those of the series C,Hgn s
It is clear that in this series, cases of igemerism can only occur
when the carbon atoms are combined in different ways with one
another. Hence the three first terms of the series cannot give
rise to isomeric forms, and the followmc' substances are the only
ones known :

Methane. Ethane. Propane.
CH,
CH,» "o
; CH, | CH,
: : CH, |
CH,,

The fourth term, CH,, of the series is derived from propane

1 Pogg. xix. 326.
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by the substitution of one atom of hydrogen by methyl
This replacement may, however, take place either at the end
of the chain of carbon atoms or in the central carbon group.
Hence two isomerides exist and both of these are known :

Butane. Isobutane.

CH,
| ?He,
CH 3 ~
' : CHa_"C_QKB n
CH,
& -

Hs

Three isomerides of the next member of the group, C;H,,, are
possible, and these are all of them known :

Pentane. Isupentane. Tetramethylmethane,
CH
| CH, CH,
CH, N CH,
| CH |
CH, | CH,—C—CH,
| CH, |
CH, 1 CH,
| H,
CH,

The number of possible isomerides increases rapidly as we
ascend the series. This is seen by the following table : !

No. of carbon atoms . . . . |12 6(7 1112|138

8‘9 10

No. of possible isomeric paraffins |1 1‘1 2'3l5 9|18!35 75l159 357 799'

Of these, however, only a relatively small number has as yet
been prepared.

When an atom of hydrogen in a. paraffin is replaced by
a monad element or radical, the compounds of the alcohol
radicals are obtained. In this case isomerism commences in
the third series, and two propyl alcohols, C;H;O, are known,
viz. :

1 Cayley, ““On the analytical forms called trees, with applications to the
theory of chemical combinations,” Brit. Assoc. Rep. 1875, 257. Recalculated by
Dr. Hermann of Wiirtzburg, the two last are 355 and 802.
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Primary Secondary
Propyl aleohol. Propyl alcohol.
CH, CH,
éH2 (lJH.OH

I
éHz.OH CH,

Four butyl alcohols, C.H, O, can in like manner exist accord-
ing to theory. These are all of them known, viz. :

1 2 3 4
Pl('ilZmry Seco(m)ia.ry s 5

Normal. Normal, Iso-alcohol. Tertiary.
CH, CH,
| | CH, CH, CH, CH,
CH, CH, atia e
| | CH C.OH
CH, CH.OH (1} |
| | H,0H CH,

CH,0H CH,

Nine pentyl alcohols, C;H,,0, can exist according to theory,
of which only seven are as yet known.

If two atoms of hydrogen in a paraffin be replaced, isomeric
compounds are obtained in the second term of the series.
Thus we have :

Ethylene Chloride. Ethidene Chloride.
CH,CI (|JH3
éHz(}l CHO,

The chloride C,H,Cl, can exist according to theory in four
modifications :

(1) (2) (3) (4)

Trimethene Propylene Propidene Propionene
Chloride. Chloride. Chloride, Chloride.
CH,CI CH, CH (I>H3
(gH2 J}HCI (11012 c|3H2

| I
(BH2CI CH,CI CH, CHCl,

In the case of the hydrocarbons, CaHgp, a larger number of
isomerides can exist than is possible in the case of the marsh-
gas series. Thus, for example, we know omnly two butanes but
three butylenes:
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a-Butylene, B-Butylene. Isobutylene.
CH, CH, CH, CH,
| | N/
CH, CH !
| Il Il
CH CH CH,
Il (J:
CH, H,

It has already been stated that the hydrocarbons of the series
C,Hq, have been assumed to contain free combining units, If this
were the case, four propylenes and eight butylenes must exist.
If, however, these hydrocarbons be supposed to contain two
carbon atoms having a double linking, only one propylene and
three butylenes can exist, and this has been proved to be the
fact.

In the case of the hydrocarbons of the series CyHay_ o, a still
larger number of cases of isomerism are possible. Thus, for
instance, we have two substances having the formula C,H,

Allylene, Iso-allylene.
H, CH,
é I
C
Il I
CH CH,

A large group of carbon compounds are derived from benzene,
CeH, In these the carbon atoms are linked together in a
peculiar way, the nature of which will be hereafter explained.
The homologues of this series are formed by the replacement
of one or more atoms of hydrogen by alcohol radicals, and
hence a variety of isomerides is formed, such as the following :

1 (2)
Ethyl-benzene, Dimethyl-benzene.
CH
C,H,.C,H O, { Gir*
650 Vo lp . 64\ CH,

1) (2) (3) (4)
Propyl- TIsopropyl- Methyl-ethyl- Trimethyl.
benzene. benzene. benzene, benzene.

‘ CH L
CH,C,H, C,H,CH(CH,), CJL{CJi Gyl B,
8

The foregoing cases do not, however, exhaust the number of
existing isomeric bodies, inasmuch as two or more atoms of
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hydrogen in the benzene may be replaced, and this replacement
may take place in different positions in the molecule. Thus, as
will be seen hereafter, there may be three isomerides having the
composition of dimethyl-benzene, of methyl-ethyl-benzene, and of
trimethyl-benzene ; thus four hydrocarbons having the formula
C,H,, exist, and eight having the formula C H,,.

In these compounds, moreover, not only the hydrogen in the
alcohol radical, but that in the benzene residue may be replaced
in different positions, and thus the existence of a still larger
number of isomerides in the benzene derivatives becomes
possible.

83 (2.) Metamerism. The compounds classed under this head
possess the same molecular weight, but contain two or more
carbon groups connected together with a divalent or polyvalent
radical. The number of bodies which may thus be grouped
together is very large. A few simple examples will here suffice.
If an atom of hydrogen in an alcohol be replaced by an alcohol-
radical, an oxide or ether is obtained. Thus the following
substances can be obtained, all having the composition CgH,,0.

(1) (2) (2
Methyl-pentyl . Ethyl-butyl Dipropyl
ether, ether, ether.
CH, lo C,H, } i C,H, } g
C 5Hl 1 C4H9 03H7 :

Inasmuch, however, as the radical propyl can exist in two
isomeric forms, butyl in four, and pentyl in nine, it is possible,
according to theory, that sixteen ethers having the above general
formula may exist.

The so-called compound ethers or ethereal salts form a very
important class of isomeric bodies. Thus, for example, the

following compounds of the general formula C,H,,0, are
known :

(1) (2) (3)

Methyl Ethyl Propyl
pexftyl}z;te. but;glrgte. propiggite.
CH C,H, C,H
C,H,0 }o C,H,0 jo c,H,0 }o

and in this case the variety of constitution exhibited by the
radicals leads to the formation of eight distinct isomerides.

As a last example the amines having the general formula
C;HyN may be cited :
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due to a different arrangement of their molecules, analogous
to the dimorphous and trimorphous inorganic compounds.
Many carbon compounds possess the property of rotating the
plane of polarization, and such compounds generally exist in
two or three modifications, assuming distinct optical properties,
as for instance that of turning the plane of polarization more or
less either to the right or to the left. In the case of crystalliz-
able compounds this difference’ is rendered evident in the
existence of hemihedral faces, which in one modification lie
to the right in reference to the other faces, and in another
modification lie to the left, so that the one crystal is the
reflected image of the other. In the case of liquids a similar
difference in molecular structure is exhibited in the phenomenon
known as circular polarization, a property which is possessed by
a large number of organic liquids. Tt has been pointed out by
van’'t Hoff ! and Le Bel? that all optically active bodies contain
one or more assymetric carbon atoms. By this is meant a
carbon atom connected with four dissimilar groups of atoms,
as shown by the following examples

i A Malle acid.
0 H, CO.0H
H—©—CH H OH
CH .OH CH,
| (L0.0H.

Hence we may conclude that optical isomerism is probably
caused by different relative arrangement of the atoms which
form the molecule. Further information on this point will be
given under special heads.

86 (5.) Unexplained Isomerism. Lastly, cases of isomerism
occur for which, up to the present, we have no sufficient expla-
nation. Many cases of this kind have been long observed, but
some of these have disappeared on finding that the differences
were merely due to impurities contained in the substances.

On the other hand, cases are known of distinctly pure sub-
stances differing in their chemical properties and yet possessing
the same constitutional formule. This, however, is not any

1 La Climie dans I Espace. 2 Bull. Soc. Chim. [2], xxii, 337.
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contradiction to the law of the linking of atoms, as might be
supposed, but simply points to the conclusion that graphical
formule cannot represent the arrangement of the atoms in
space, about which, in fact, nothing is known. These rational
formulz possess a somewhat similar meaning to the parallelogram
of forces in mechanics. They simply serve to give us a notion
of the attraction which the single atoms in the molecule exert
upon one another.

Compounds in which the isomeric relations cannot yet be
explained, can as a rule be readily transformed one into the
other.

CLASSIFICATION OF THE CARBON
COMPOUNDS.

87 The carbon compounds may be classed in different groups
according to the mode of linking of the carbon atoms.

1. The Faity Group. To this belong all compounds in which
the carbon atoms are connected together by a single linking as
in the paraffins and their derivatives. The group receives its
name from the fact that several of its compounds, such as the
acids of the series CoHy,02 and others, occur in the fats of
animals and plants. A characteristic property of these sub-
stances is that their chemical metamorphoses are principally
brought about by substitution, that is, by one atom or group of
atoms being removed andfother groups occupying their places.
For this reason the members of the fatty group have also been
termed saturated compounds

IL Compounds containing relatwely less hydrogen than the fore-
going. These contain carbon atoms united by double or triple
linkage. The hydrocarbons which belong to this group form the
following series :

Cann

CnHZn-2
C,Hy,_ 4
CnH%\— 6.

These compounds, as well as their substitution-products, are
termed unsaturated compounds, as they possess the characteristic
property of combining directly with hydrogen or with the
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elements of the chlorine group or their hydracids, and thus
become saturated compounds by addition. This is caused by the
rupture of one of the links of a doubly-linked carbon atom.
The inverse operation can also be carried out, and the various
hydrocarbons of this group can readily be obtained by the
removal of hydrogen or chlorine from the saturated fatty
compounds.

II1. The Aromatic Group. The compounds belonging to this
group are relatively much richer in carbon than those of the
fatty group. In many chemical metamorphoses, however, they
resemble the members of the latter group, as for example in
their power of readily forming substitution derivatives. Only
in rare instances do they yield additive products, and these,
it is important to note, are not fatty bodies. Thus, for instance,
the simpler hydrocarbons belonging to this series and having the
general formula C,Hay_¢ are isomeric with the compounds of
the second group of bodies, containing relatively less hydrogen.
But whilst these latter by the addition, for example, of bromine,
yield octobromides, C;H Br,, only six bromine atoms can be
added to the simplest aromatic hydrocarbon yielding the hex-
bromide, CgHBr,, Hence we conclude that these compounds,
rich in carbon, consist of groups of closed chains, each containing
six atoms of carbon. The name aromatic group has been given
to these because many of the bodies belonging to the group
are contained in ethereal oils, balsams, gum-resins, and other
bodies possessing an aromatic smell. ‘

IV. Compounds of Unknown Constitution. A number of the
compounds occurring in the vegetable and animal organism,
possess constitutions so complicated that their determination has
hitherto not proved possible. . Indeed, not many years have
elapsed since this remark applied to by far the larger number
of organic compounds. By degrees, however, this group is be-
coming smaller, and in process of time it will doubtless entirely
disappear.

88 Different Methods of Classification. Each of these chief
groups contains several subdivisions, and these may be arranged
in different ways. Perhaps the most systematic method of
arrangement would be to commence each group with a discussion
of the hydrocarbons, and then to follow on with a description of
the series of substances obtained by the replacement of one,
two, three, or more of the constituent atoms of hydrogen.
Such a method of classification, however, labours under the
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disadvantage that compounds which stand as a rule closely
together, as, for example, the alcohols C Hgy,20 and the acids
CoH:,0,, are thus found widely separated, whilst other groups
possessing but little analogy, except in their empirical formulae,
are brought into proximity.

Hence it is desirable, alike for the sake of perspicuity as for
the purpose of showing the genetic relationships existing be-
tween different bodies, to depart, in many cases, from such a
systematic treatment and to arrange the compounds according
as they are derived one from the other.!

FATTY BODIES AND COMPOUNDS CONTAINING
RELATIVELY LESS HYDROGEN THAN THESE,

89 Hydrocarbons of the Series CuHyn, s or the Parafin Sertes.
Before the year 1848 none of the hydrocarbons belonging to
this class were distinctly known, with the single exception of
marsh-gas, the first term of the series, Chemistshad, however,
met with other members of the series, and had examined their
properties, bat their true nature was not fully understood.
In the above year the investigations of Kolbe 2 on the electro-
lysis of the fatty acids, and those of Frankland ® on the action
of zinc on the iodides of the alcohol radicals, opened a new
field of investigation which soon yielded a rich harvest. The
hydrocarbons thus obtained were considered, from their mode of
production, as the free radicals of the alcohols.* Gerhardt,
however, proposed to double their formule in order to bring
them into co-ordination with Avogadro’s law, and he con-
sidered the so-called radicals to be homologues of marsh-gas.
Hofmann® also gave his adhesion to this duplication of the
formule, pointing out that the adoption of Kolbe and
Frankland’s formule led to an increment in the boiling
point for each increment of CH,, double that known to exist
in other homologous series.

Together with the radicals Frankland discovered what he
believed to be a distinct series of hydrocarbons. These were
obtained by the replacement of the iodine in the iodide of the

1 Kekulé, Lehrbuch, i. 225,

2 Ann. Chem. Pharm. 1xix. 279 ; Chem, Soc. Journ. ii, 157,

3 «On the Isolation of the Organic Radicals,” Ckem. Soc. Journ. il. 263 ;
iii, 80 ; iii, 322

4 Gerhardt and Laurent, Compt. Rend, 1849, 19 ; 1850, 11,

5 Chem. Soc. Journ, ii, 121 (1850).
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alcohol radical by hydrogen. He assumed these hydrides to be
the true homologues of marsh-gas, and according to the views
first expressed by Brodie,! these were believed to stand in the
same relation to the radicals as the alcohols to their ethers:

Ethyl hydride. Ethyl.
C,H, } C,H,
H C H
Ethyl alcohol. Ethyl ether.
CH C,H,
2H5}'O e O

Brodie likewise predicted the existence of mixed radicals,
bodies standing in the same relation to the simple radicals
as Williamson’s mixed ethers do to common ether :

Ethyl ether, Ethyl.
C,H, C,H
G O i}
Ethyl-amyl ether, Ethyl-amyl.
C,H;
O (o)
O Hl] } CBHH

Such mixed radicals were soon afterwards isolated by Wurtz,
who obtained them by the action of sodium on a mixture of the
two iodides, as well as by the electrolysis of a mixture of two of
the fatty acids. It was at this time generally believed that a
real difference existed between the hydrides and radicals,the mole-
cule of the latter being supposed to consist of two atoms. Still
it seemed remarkable that the isomeric members of two such
differently constituted groups not only do not differ in physical
properties, but even exhibit a close analogy in their chemical
characters. Indeed this similarity led Greville Williams,? who
discovered many of the hydrocarbons of this group in the
products of distillation of Boghead cannel, to consider them as
radicals, chiefly because the several members differed from one
another by the increment C,H,.

The chemical reactions of the radicals were at that time but
incompletely known. One point, however, was ascertained,
namely, that when acted upon by chlorine the radicals did not
yield, as might have been expected, two molecules of the corre-
sponding chloride, but two or more of the atoms of hydrogen
of the hydrocarbon were found to be replaced by chlorine.

1 Chem. Soc. Jowrn, iii. 405 (1851). 2 Phil, Trams. 1857, 447,
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The next point requiring examination was the action of
chlorine upon the hydrides. Dumas had already found that
the first substitution-product of marsh-gas is the compound
CH,CI, and Berthelot had shown that this substance is identical
with methyl chloride. On the other hand, Frankland and
Kolbe had obtained from ethyl hydride the chloride C,H,Cl, a
substance which they believed differed from ethyl chloride.!

go It was not until the year 1862 that our knowledge of
this point became precise. In that year Pelouze and Cahours ?
showed that American petroleum consists almost entirely of a
mixture of homologous hydrocarbons of the series C Hgy,,s, and
Schorlemmer?® found the same in the distillation-products of
cannel coal. The examination of these latter products showed
that their monochlorinated substitution-products are really the
chlorides of the alcohol radicals from which the alcohols and
their other derivatives can be prepared, and heuce that the
hydrocarbons themselves are hydrides.

The next question was to ascertain precisely the nature of
the action of chlorine upon the radicals themselves, and
»ehorlemmer* found that the two following :—

Ethyl-amyl and Di-amyl
CH, | CH,
Cs Hu f C Hn

yielded, respectively, chloride of heptyl, C,H,,Cl, and chleride
of decatyl, C1oHCl; and from these the corresponding alcohols
were prepared.®

He further proved that the radical methyl, or di-methyl, as
it was afterwards called, is identical with hydride of ethyl,
inasmuch as not only did the existence of the differences which
bad been previously observed between their physical properties
prove to be a fallacy, but both bodies were converted on treat-
ment with chlorine into ethyl chloride. About the same time
Ochoyen ¢ showed that Frankland’s di-ethyl was converted by
chlorine into butyl chloride,

From this time forward the supposed distinction between
1adicals and hydrides may be said to have completely broken

L Chem. Soc. Journ. i. 60.

2 Ann, Chim. Phys. [4], i. 1; Ann, Chem. Pharm. cxxiv. 289 ; cxxvii. 190;
cxxix, 87. 3 Chem. Soc. Journ. xv. 419 (1862).

t Clem. Soe. Journ. ¥9i. 425, 5 Proc. Roy. Soc. xiv. 164,

¢ Ann, Chem, Lharm. cxxx. 233 ; cxxxi. 76 ; cxxxii. 284,
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down, and it was acknowledged that in the formation of
the radicals two carbon atoms are combined exactly in the
same way as they are connected together in the other com-
pounds. That, for instance, in the radical di-metbyl, the
two carbon atoms are connected together exactly in the same
way as the two carbon atoms are linked together in the ethyl
compounds.

The lower members of this series are very volatile liquids.
The boiling point rises with each increment of CH,, and the
highest members are crystalline solids. A mixture of these latter
substances was discovered in the year 1830 by Reichenbach?
in wood-tar.  This was believed by him to be a definite chemical
compound, to which he gave the name of parafin, from parum
affinis, its most important characteristic being its inactive
properties. For a long time it was believed that paraffin
belonged to the series of hydrocarbons, CyHg,, for in those
days, as has been stated, the only member of the series C Hay,,»
known was marsh-gas. Moreover the percentage compositions
of the higher members of these two groups exhibit differences so
slight that they fall within the errors of analysis, and it becomes
impossible thus to determine to which of the two groups a
substance belongs. This can, however, be readily ascertained
when the substances are treated either with chlorine or bromine.
These elements combine directly with the group CuHay,, but act
with difficulty on the group CnHgy o, giving rise to substitution-
products. In addition to this, the members of the first of these
groups are easily attacked by oxidizing agents, whilst those of
the latter group are only oxidized with difficulty even by the
most energetic reagents. In this respect paraffin distinctly
belongs to the latter class.? On these grounds Henry Watts?
has suggested that the name of paraffin should be made
generic, and applied to _all the members of this series of these
hydrocarbons.

The paraffins are not attacked in the cold either by chromic
acid, concentrated nitric acid, or sulphuric acid, or even by a
mixture of the two latter acids, but if they are heated with
dilute nitric acid, with chromic acid, or with a mixture of
manganese dioxide and dilute sulphuric acid, they are slowly
oxidized, the greater portion being completely converted into

1 Jakrb. Chem. Phys. (Schweigg-Seidel) xxix. 436.
2 Chem. Soc. Journ. xv. 419.
3 Fownes, Manual of Chemistry, Tenth Edition, 548.
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carbon dioxide and water. By the action of nitric acid, small
quantities of the fatty acids as well as succinic acid and nitrates
are produced, whilst by oxidation with chromic acid a small
quantity of acetic acid is formed! Chlorine, in the daylight,
attacks these hydrocarbons but slowly. The liquid becomes
warm, hydrochloric acid is evolved, and monochlorides are first
produced. These, however, arereadily converted, in the presence
of nascent chlorine, into higher substitution-products. But the
formation of this latter class of bodies may be prevented to a
great extent by passing chlorine into the vapour of the slowly
boiling hydrocarbon instead of into the liquid itself? The ex-
planation of this being that the monochlorides are less volatile
than the hydrocarbons from which they are produced, so that they
condense as soon as they are formed, and thus the chlorine comes
almost exclusively in contact with the vapour of the hydro-
carbon. The apparatus must, however, be protected from the
direct sunlight, as otherwise complete decomposition takes place
with evolution of light and heat and deposition of carbon.
When the monochlorides are treated with chlorine, further
substitution takes place, but it is only in the case of the two
lowest terms of the series that the whole of the hydrogen can be
replaced by chlorine. Propane, C,;H,, can be converted into
hexchlorpropane, C,H,Cl;; and hexane yields hexchlorhexane,
CeHgClg as an end product, and even these are formed with
difficalty. For in order to obtain these bodies, the decomposition
must not only be carried on in the sunlight, but as soon as the
action of the chlorine becomes feeble, iodine must be added.?
The action of this latter element depends upon the formation
of iodine chloride, which readily decomposes into its elements
the liberatea chlorine in the nascent or atomic condition acting
more energetically than the same element in the molecular
state. Then the nascent iodine combines anew with chlorine,
and thus it plays a similar part to that of the oxides of nitrogen
in the sulphuric acid manufacture. The chlorination of the
paraffins can, however, be carried out further by heating the
chlorinated products in closed tubes, together with chloride of
iodine, under increased pressure. Propane thus treated yields
in the first place octochlorpropane, C,Cl;, and this, by further
action of chloride of iodine, is converted into hexchlorethane,

1 Schorlemmer, Ann. Chem. Pharm, cxlvii, 214.
2 Schorlemmer, Phil. 1'rans. 1871,
3 Schorlemmer, Proc. Roy. Soc. xviii. 29.
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C,Cl;, and tetrachlormethane, CCI, Under the same cou-
ditions hexane yields, together with the two latter compounds,
hexchlormesol, C,Cl;, and hexchlorbenzol, C,Cl,!

Bromine likewise yields substitution-products, but not so
readily as chlorine,® but by the action of excess of bromine
under the influence of heat and pressure, substitution-products
are formed similar to those which are obtained by the action of
chloride of iodine.

CONSTITUTION OF THE PARAFFINS.

g1 The paraffins whose constitution is known may be classed
under four groups.

(1) The Normal Par aﬁ’ ns. In these the carbon atoms are
connected together by simple linkage, no one atom being con-
nected with more than two others.  Of these the following have
been examined :

Boiling Builing

point. point,
Methane CH, gas Heptane, CH,, 98%4
Ethane CH, gas Octane, CH,; 125°
Propane C,H; gas Nonane, C,H,, 148°
Butane CH,, 1° Dodecane, C,Hye 202°
Pentane G g 38 Hecdecane, CH,, 278"
Hexane CH, 70°

&) Isoparafins. These contain an atom of carbon connected
with three other carbon atoms, the other carbon atoms being
joined by single linkage. The following members of this series
are known :

Boiling point.

CH,
Trimethylmethane, CH{ CH -17°

CH

CH,
Dimethylethylmethane, CH{ OH + 30°

C H

! Krafft and Merz, Ber. Deutsch, Chem. Ges. viii. 1296 Krafft, 5. ix. 1085 ;
x. 801, 2 Schorlemmer, Phil. Trans. for 1877, p. 49.
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)’ CH,
Methyldiethylmethane, CH- C, H 60°
l 2H5
CH
Dimethylprop) Imethane, CH 62°
C H
CH,
Dimethylbutylmethane, CH , 01°
o H,
C.H,
. Triethylmethane, CH< CH, ©6°
' 21ls
CH,
Dimethylheptylmethane, CH { C‘H 155°
C7H15

(3) Mesoparafiins. In these two or more carbon atoms occur,
each connected with three other atoms of carbon. The name of
this class is derived from the fact that they stand between the
foregoing class and the group next following (uéoos, middle).!
The following terms of this saries are known =—

Boiling point.

Tetramethylethane (CH,;),CH.CH(CHy)y, . . . « . . . . 5>
Tetramethylbutane (CH,),CH.CH,.CH,.CH(CHg), . . . . . 109°
Pentamethylbutane (CH,),CH.CH(CH,).CH,.CH(CH,), . . . 130°
Tetramethylhexane (CH,),CH.CH,.CH,.CH,.CH,.CH(CHy), . . 1&2°

(4) Neoparafins. In these compounds one atom of carbon is
connected with four other carbon atoms. From having been
lately discovered they have received the above name. The
following have been prepared :

Boiling point.
. Tetramethylmethane, C(CH,), 9°5

Trimethylethylmethane, C‘{ (CH3)3 45°

Dlmethyldlethylmethane, C { %g%k 86°.

92 Modes of Preparation. Various methods may e employed
for the preparation of the paraffins. Some of them consist in
bringing together two alcohol radicals, and thus effecting direct

1 Odling, Phil. Mayg. [5], 1. 2(5.
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synthesis, as in reactions 1 and 2. Another method, as in re-
actions 4, 5, and 6, is that of liberating the aleohol radical from
a compound and bringing it into combination with hydrogen.
Paraffins are, therefore, obtained by the following reactions :
(1) An alcoholic iodide is heated with zinc to 150° (Frank-
land). In this reaction a compound of the radical with zinc is
first formed, and this is decomposed by an excess of the iodide.

(@ 22Zn+2C,H,I=2Zn(C,H,), + Znl,
(d) Zn(C,H,),+2CH,I=2CH, + ZnL,

(2) Sodium acts in a similar way to zinc, but much more
readily and at a lower temperature (Wurtz). If a mixture of
two iodides, such as those of ethyl and amyl, be employed, the
following reaction takes place :

C,H,I+CH,I+ 2Na=C,H,, +2NaL

At the same time the hydrocarbons butane (diethyl) and tetra-
methylhexane (diamyl), C, H,,, are formed by reactions which
are readily understood. .

These, however, are not the sole products either of this or of
Frankland’s reaction, inasmuch as a small portion of the paraffins
decompose into lower members of the paraffin group and into
the hydrocarbons of the series CyHan. Thus by the action of
zinc upon ethyl iodide, not only do we obtain butane, but also
ethane and ethylene :

C,H,,=C,H,+ C,H,

The higher members of the series are especially apt to
undergo such decompositions. Thorpe and Young?® found that
when solid “ paraffin” is repeatedly distilled it yields liquid
paraffins which, according to their boiling points, appear to be
normal ones, the whole series, beginning with pentane and
reaching up to C;Hy;, being present ; and at the same time the
corresponding hydrocarbons of the series C,Hay, are produced.

(3) The paraffins may be obtained synthetically by the
electrolysis of the fatty acids (Kolbe). The decomposition
which here occurs will be fully described under the particular
acids. The first paraffin obtained in this way was tetramethyl-
butane or dibutyl, formed from valerianic acid :

2 C,H, COOH = C,H,, +200,+H,.

1 Chem. Soc, Jowrn. xxvi, 260,
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(4) When an alcoholic iodide is heated with zinc and water
to 150° a paraffin is produced, whose molecule contains the
same number of carbon atoms as the iodide:

2 C,H,I + 2 Zn + 2H,0 = 2C,H; + Znl, + Zn(OH),.

In this case also, the zinc compound of the alcohol radical is
first formed, and this is at once decomposed in contact with
water. Hence pure paraffins can be readily obtained by bringing
such a zinc compound into contact with water, which acts upon
it with great energy :

Zn(C,H,), + 2H,0 = Zn(OH), + 2 C,H,

Certain of the other metallic compounds of the alcohol
radicals are decomposed by water in the same way, others,
again, such as the mercury compounds, do not act on water, but
are easily attacked by acids :

Hg(C,H,), + HCl = C,H, + Hg(C,H,)CL

(5) Nascent hydrogen effects an inverse substitution in the
iodides. Thus if hexyl iodide be brought in contact with zine
and hydrochloric acid, hexane is formed :

C,H, I+ H,=CH, + HL

The following reactions, however, take place at the same
time
() 2CHI+Zn=C ,H,+ Znl,
(b) 012H26 = C6H14 + 06H12’

thus giving rise to small quantities of hexylene and dodecane.

(6) When an alcoholic iodide is heated with an excess of
hydriodic acid a paraffin is formed together with free iodine.
As hydriodic acid converts all the alcohols, even those of the
polyvalent radicals, into iodides, the alcohols can be readily
converted into paraffins. Thus when mannitol is heated with
hydriodic acid the following reactions occur :

(@) CeHy(OH);+11 HI = CH,I+6H,0+51,
(b) CGHBI +HI= CeHu = Iz-

Berthelot ! has indeed shown that when a large excess of con-
centrated hydriodic acid is employed, and the mixture exposed

v Ann. Chim. Phys. [4] xx. 392.
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to a high temperature, almost every carbon compound can be
converted into a paraffin or a mixture of these substances.
Thus, for example, butyric acid and succinic acid treated in
this way yield butane :

(@) CH,0,+6HI=0H, +2H,0+31,
®) CHO,+12HI=CH, +4H,0+ 61,

and aniline by this treatment yiclds hexane :
CeH;N +11HI= CH,, 4+ NH,I + 5L,

Wood, coal, and even charcoal thus treated yield mixtures of
paraffins. Graphite, on the other hand, remains unchanged.

As free iodine may, in these cases, give rise to complications, it
is advisable to add amorphous phosphorus in order to prevent’
the liberation of iodine.

(7) Paraffins are hikewise formed when the fatty acids or acids
of the series C,Hg,_20, are heated with alkalis. Acetic- acid
thus treated yields methane :

CH,C0.0Na + HONa = CH, + CO(ONa),,
whilst by heating suberic acid with baryta hexane is obtained :
CgH,,(CO,H), + 2 Ba(OH), = CH,, + 2BaCO, + 2H,0.

These reactions are, however, usually not simple ones, a larger
or smaller quantity of bye-products being at the same time
formed.

93 The hydrocarbons obtained by dissolving cast-iron in acids
also contain paraffins. By dissolving a manganiferous spiegel-
iron in dilute sulphuric acid, Cloéz obtained a liquid in which
the series of paraffins from decane, C, H,, to hecdecane, C,;H,,,
were contained.’

Paraffing are also formed by the direct distillation of wood,
coal, bituminous shale, fatty oils, resins, animal matter, and other
organic substances. It has already been stated that Reichen-
bach was the first to obtain the solid members of the series.
In this way he also obtained a mixture of the lower members,
which are usually liquids. To this mixture he gave the name
of eupion (ed, good, and wiov, fat). He observed that these
liquids are not attacked by sulphuric or nitric acid, or even by
potassium or the alkalis.? I'rankland® then noticed that the

1 Compt. Rend. Ixxxv, 1003, 3 b, 1xxiv. 57.
2 Ann, Chem. Pharm. xiii, 217,
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lower boiling portion of this probably consisted of pentane
(amyl hydride). . i

Liquid paraffins occur together with solid products in very
large quantities in the products of the distillation of coal or
of bituminous shales containi'%g large quantities of hydrogen,
such as Boghead cannel (Greville Williams), and cannel coal
(Schorlemmer). From their boiling-points, these all appear
to belong to the normal series of paraffins, and in this
respect resemble those. obtained by the distillation of the
lime-soap obtained from Menhaden oil (the oil of the fish Alosa
Menhaden).! '

Paraffins also occur in nature.  Several are contained in the
different kinds of petroleum. That which is now obtained in
such enormous quantity from Pennsylvania consists almost ex-
clusively of normal paraffins, containing, however, together with
these, small quantities of isomerides, whose constitution has not -
yet been ascertained, as well as other series of hydrocarbons,
such as the groups CpHu, ChoHan_s, and probably also groups

¥ lying between these.?

Petroleum almost always contains Solid paraffin. Canadian
petroleum 1is especially rich in these solid products, as is also
that obtained by the distillation of Boghead cannel. Indeed,
this latter substance contains a portion of the solid paraffins
already formed, as may be shown by extracting it from the
mineral with ether.? ;

Similar compounds occur as minerals in the coal measures as
well as in the deposits of brown-coal and bituminous shale.
These are known under the names of ozokerite, hatchettite,
mineral tallow, mineral wax, &c.. A solid paraffin, which pro-
bably. possesses the formula C,;H,,, is contained in the oil of
roses, and separates out in the crystalline form on cooling
the oil.

A very remarkable occurrence of normal heptane has lately
been observed by Thorpe* in the resin from a Californian pine
(Pinus sabiniana). This will be described more specially
hereafter.

94 Applicotion of Parafins. Paraffin as obtained on the

1 Warren and Storer, Mem. Amer. Acad. ix. 208.

# Schorlemmer, Phal, Trams. 1871, vol. clxii. part i. p. 111 ; Chem. Soc.
Journ, [2], viil. 216 ; Warren, Silliman’s Amer. Jovrn. x1, 89,216 ; Pelouze and
Cahours, Compt, Rend. liv, 1241 ; Ann, Clim, Phys. [4], i.-5.

3 Bolley, Ann. Chem. Pharm. cxv. 61.

4 Chem. Soc. Jowrn. 1879. s
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manufacturing scale is not chemically pure. The commercial
products always consist of mixtures of paraftins, and frequently
contain hydrocarbons belonging to other series.

The tar obtained by the distillation of bituminous shale,
Boghead cannel, brown-coal or peat, is worked up for a variety
of products, of which the most important are: (1) naphtha,
chiefly used as a solvent ; (2) illuminating oils, known in com-
merce as kerosene, photogene, paraffin-oil, solar oil, mineral
sperm-oil, &c. ; (3) lubricating oils; and (4) solid paraffins, used
for candle-making, &e.

In order to obtain these several products, the crude oil,
after it has been separated from the watery products of distil-
lation, is distilled a second time, when coke remains behind.
The distillate is then treated with caustic soda in order to
remove phenol (carbolic acid) and similar bodies which im-
part a disagreeable smell to the oil. Then it is brought
in contact with sulphuric acid, which takes up certain basic
compounds which also have a disagreeable odour, and at the
same time decomposes other bodies which impart a dark
colour to the oil. It is then washed with water and dilute
soda-lye and rectified. The first product which comes over
is the naphtha, the second distillate is the illuminating
oil, and after this comes the portion which is employed
either alone or mixed with other suitable oils for lubricating
purposes. As soon as the distillate begins partially to solidify,
the receiver is changed, the solid portions being allowed to
separate out in a cool situation as long as they will crystallise.
The liquid is then drawn off and used as a lubricant, and the
solid mass freed from the adherent liquid, dried in a centrifugal
sieve, and then pressed in hair mats placed between iron plates
heated to between 35° and 40°, The solid mass is then melted
and heated to 150°, when it is mixed with 2 per cent. of sul-
phuric acid in order to decomypose all adherent impurities. It
is next washed with hot water, and lastly crystallised from.
solution in the higher boiling portions of the naphtha.- The.
mother-liquor is poured off from the crystals, and any adherent
mother-liquor removed from the fused mass by treatment with
superheated steam. The solid paraftin thus obtained is white
and odourless. As it is a mixture of different compounds, the
melting-point of the different kinds varies between 40° and 60"
When warmed in the air at a temperature above 120°, it begins
to evaporate, and at the same time absorbs oxygen, and tecomes
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yellow. When the mass is extracted with alcohol, the unaltered
paraffin dissolves, a soft brown elastic mass remaining behind.*

Solid paraffin is also obtained in large quantities from the
impure naturally occurring ozokerite or mineral wax. This is
found at Borislav, in Gallicia, and elsewhere, in the form of a
yellow solid of the hardness of common beeswax, which is
purified by a process similar to that just described.

Solid paraffin is chiefly used for the manufacture of candles.
It is also used in chemical works and laboratories in place of
oil for obtaining constant high temperatures, and for the purpose
of rendering caoutchoue joints tight.

o5 Petrolewm (olewm petree), also konown as rcck-oil or
naphtha. Herodotus states that a substance known as pis-
sasphaltum was obtained from the island of Zante, and was used
for the purpose of embalming. Plutarch mentions the occurrence
of the burning oil at Ecbatana, and Dioscorides, as well as Pliny,
state that the rock-oil from Agrigentum in Sicily was used for
illuminating purposes.

Other localities in which springs of rock-oil occur have been
known for many centuries. These natural oils remained, how-
ever, for a long time almost unused, only small quantities of
the product coming into the market, and being chiefly employed
either for medicinal purposes or as lubricants. These sub-
stances were not introduced on the large scale until the year
1859, when the remarkable petroleum industry of the United
.States arose, and the demand thus aroused soon stimulated the
production in other countries.

Petroleum is an unpleasant-smelling substance which, accord-
ing to its place of occurrence, is either a colourless or yellowish
liquid, usually possessing a bluish lustre, or a brown or black
semi-solid buttery mass, gradually approaching in appearance
the various minerals know~ as mineral-pitch, asphalt, or mineral
resin, which have been formed e¢ither by the volatilization of
the liquid hydrocarbons or by their gradual oxidation. The
different kinds of petroleum are all mixtures of a number of
hydrocarbons occurring in varying proportions.

Petroleum is found in almost all the geological formations from
the oldest up to the most recent of the stratified rocks. The
oil-region of Pennsylvania is a narrow band about 60 miles
in length, lying between Pittsburz and Lake Erie. It occurs,

1 Bolley, Schweiz. Polyt. Zeitsch. xiii, 65.
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like the Canadian deposits, in the Devonian formation.! These
latter extend over a large area, lying between Lake Erie and
the River Hudson. The deposits in Ohio, Virginia, Tennessee,
Kentucky, and California are of less magnitude.

A variety of theories have been broached to explain the
origin of the petroleum springs? That which is generally
received is that petroleum is a product of decomposition
of organised material. On the other hand, Byasson® and
Mendelejeff* are of opinion that it is produced by the infil-
tration of water into the interior of the earth, where, coming in
contact with molten iron or other metals containing combined
carbon, it forms petroleum exactly as a similar mixture of hydro-
carbons is obtained by the solution of cast-iron in dilute acids.
This hypothesis is rendered somewhat more probable by the
observation made by Silvestri of the occurrence of petroleum
in certain lavas of Etna. This amounts to 1 per cent. of the
solid lava, and consists partly of liquid products boiling from
79° to 400°, and partly of solid paraffins.

In addition to the above-mentioned sources of petroleum, the
following rock-oil springs are of importance. Those already
mentioned, situated in the island of Zante; those in the Crimea
and the Caucasus, where at Baku, on the west shore of the
Caspian, the sacred fire has burnt for an unknown period, and
where, especially in summer, the springs are so powerful that
a jet of oil issues to a height of 30 feet, Other well-known
sources of petroleum occur in Persia, Burmah, India, China, in
Trinidad, Barbadoes, &c. In Europe petroleum is also found
in Italy, Gallicia, Bavaria, Hanover, Holstein, ard Alsace.

96 The Petroleum and Parafin Oil Manufacture took its rise in
England about the year 1847, when a spring of dense petroleum,
baving a specific gravity of 09, was discovered in a coal mine at
Alfreton, in Derbyshire, by Dr. Lyon Playfair, who communicated
the fact to Mr. James Young and Mr. Meldrum. In conjunction
with Mr. Meldrum, Mr. Young succeeded in rendering this
available for a period of two or three years. After this period
the spring was exhausted, and it became necessary to seek for a
source from which a material similar to petroleum could be ob-
tained. Common coal, such as that from which Reichenbach

1 Die Petroleumindustrie Nordamerikas, Wien, 1877.

2 Neues Handwirterbuch, iii 89,

3 Monit. Scientif. 1876, 1077. 4 Révue Secientif. 1877, 409.
5 Qaz. Chim. [tal. 1877, 1; Ziitsch. Kryst. i. 402.
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first obtained paraffin oil and paraffin, yields, however, so small
an amount of tar products on distillation that it was impossible
to employ this as a source of petroleum 'Mr. Binney found
another natural source of petroleum in a peat bog at Down-
holland, and he endeavoured, unsuccessfully, to obtain this
substance artificially by the destructive distillation of the peat.
Another material was, however, discovered, somewhat approxi-
mating to coal, or intermediate between bituminous shale and
what is commonly known as coal, at, Bathgate, in Scotland, and
this was being introduced for gas-making under the name of
Boghead gas-coal just about the time when the exhaustion of the
petroleum spring in Derbyshire caused Messrs. Binney and Young
to search for another source of paraffin for the preparation of
lubricating and burning oils. After many trials with other
materials Mr. Young, in 1850, became acquainted with" the
Boghead or Torbane Hill mineral, and found that it yielded on
distillation an unusually large amount of paraffin. He at once
obtained a patent (No. 13,292) for the manufacture of oils from
it, and thus founded the well-known works at Bathgate, which
exist to the present day, for the preparation of paraffin oils and
solid paraffin.

97 American Oi-wells. The occurrence of petroleum in Penn-
sylvania had long been known, and the Indians were in the
habit of employiug it as a medicine for outward application.
At the beginning of this century a gallon of this rock-oil cost
upwards of £4, but in the year 1843 its price had sunk to five
shillings. The first proposition to employ bore-holes for obtain-
ing a supply of the petroleum was made by G. H. Bissel, and
onthe 27th August, 1859, Mr. Drake opened the first bore-bole
at Titusville. ThlS gave a daily yield of 880 gallons of oil
Shortly afterwards the oil mania broke out, and this reached its
maximum in the year 1861, when Funk bored the first flowing-
well, which yielded daily about 10,000 gallons, and shortly after-
wards another spring which yielded over 100,000 gallons per diem.
Since this time a large number of equally fruitful wells have
been bored. :

Crude petroleum was first worked up for illuminating oil,
which, as soon as improved lamps for burning petroleum were
introduced, became widely used throughout Europe, thus giving
rise to the petroleum industry in Canada, Gallicia, and other
places. The oil wells of Pennsylvania yield annually over twenty

_million of gallons of oil.
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The oil is accompanied by a considerable quantity of gaseous
products. These chiefly consist of hydrogen, marsh-gas, and
ethane.! The amount of the gas thus evolved is in some
localities so large that it is used not only at the spot where
it issues for heating and illuminating purposes, but is carried
in pipes for very considerable distances serving to heat boilers,
blast-furnaces and puddling-furnaces, &c.

The following description from the pen of Professor Lawrence
Smith 2 gives some idea of the size of these gas-springs :— The
principal oil-wells are found in Butler county, Pennsylvania, lat.
40° 80, long. 80°. Wells of minor importance are also found
in the neighbouring counties. The two most productive wells
are those of Burns and Delameter, about 30 miles from Pitts-
burg. Their depth is about 1,600 feet, for they are bored down
to the fourth layer of sand. The Burns well has never given
oil, but the one at Delameter was a petroleum well of 1,600
liters ; it now gives gas at such a pressure that plummet-lines
weighing 800 kilos can be drawn out of it with the hand. The
Delameter well is situated in a valley surrounded by mountains,
and furnishes heat and light to the whole neighbourhood. A
large number of pipes diverge from this well ; one conducts the
gas direct to the cylinder of an engine which, with this pressure
alone, acquires an enormous speed. Another pipe feeds a flame
capable of reducing as much iron-ore as half the blast-furnaces
of Pittsburg can putout in a day. Twenty yards further on is the
mainpipe of the wells; from a pipe 3 inches in diameter issues
a flame 40 feet high, the noise of which shakes the hills. For
a distance of 50 feet round the earth is burnt up; but further
off the vegetation is tropical, and enjoys a perpetual summer.
On a calm night the noise can be heard at a distance of 15
miles; at 4 miles the noise is like that of a train passing near,
whilst close by it resembles that of a thousand locomotives
blowing off steam. At the distance of a furlong the noise is
like the continued roar of artillery, the human voice can scarcely
be heard, and the flame reaches a height of 70 feet. In winter
the surrounding mountains are covered with snow, but ou
two acres around the well the grass is green, except in the
immediate neighbourhood, where the soil resembles lava.”

The oil, which either flows from the wells or is pumped up,
also contains gaseous paraffins in solution, especially ethane,

1 Sadtler, American Chemist, 1876, p. 98 ; Fouqué, Compt. Rend. lxvii. 1045,
t Journ. Chem. Sec. 1879, i. p. 287.
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propane, and butane.! These gases, which are given off in the
distillation of the: crude oil, are again condensed by pressure,
and the liquor obtained, consisting mainly of butane, is termed
eymogene, and is employed for the production of artificial cold.
The products boiling at about 18° are known as rhigolene, and it
has been suggested to employ this as an ansthetic agent.

The products boiling up to about 170° are distinguished
as gazoline, naphtha, and benzine, ligroin, or petroleum-spirit.
These are partly used for illuminating purposes, specially con-
structed lamps being employed for burning them ; or they are
used for saturating air or hydrogen, the mixture of vapour
and gas being burnt in an ordinary gas-burner. Another use of
petroleum-spirit is as a substitute for turpentine, as a solvent
for india-rubber, and for oil in the woollen manufacture, &c.

The oil boiling above 170° is termed “standard kerosene,”
or ‘“‘mineral sperm” oil, having a ““flashing-point ” of 100 s
and is used for burning in the ordmary paraffin lamps.

According to the Act passed in 1871 “for the safe keeping of
petroleum,” % no oil can be sold which evolves combustible
vapour at a temperature of 100° F. (37°:8 C.).

At the request of the Government, Professor Abel has lately
investigated the various methods in use for determining the
“flashing-point ” of petroleum. He finds these to yield unsatis-
factory results, and he proposed a new system of testing which
has now been adopted by Government, and embodied in an Act of
Parliament. A standard apparatus for this purpose is placed in
charge of the Weights and Measures Office, and every apparatus
has to be stamped and tested so as to be identified as a legal
apparatus. The flashing-point of 73° as furnished by the new
test is equivalent to the minimum flashing-point of 100° as
obtained by the older methods.

Preparation of the Normal Parafins from Petroleum. It has
already been mentioned that Pennsylvanian petroleum, as well
as the lighter oils obtained from Boghead coal and cannel,
contain the normal paraffins. In order to obtain these in the
pure state, Greville Williams decomposes the mixtures which
are contained in the petroleum by carefully treating the oil
with concentrated nitric acid, when the other hydrocarbons, &c.,
are partly oxidised and partly converted into heavy volatile
nitro-compounds. As, however, concentrated nitric acid acts
very violently on the mixture, and sometimes may even cause

! Ronalds, Journ. Chem. Soc. xviii. 54. N 2 34 & 35 Viet. ¢ 105.
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the ignition of the oil, it is better first to shake the oil re-
peatedly with concentrated sulphuric acid until the substance
is no longer coloured, and then to act on the residue with con-
centrated nitric acid, or with a mixture of the commercial acid
and sulphuric acid. When no further action takes place, the
oil is separated from the acid, washed with water and caustic
soda solution, and dried over solid caustic potash. It is then
distilled in order to separate it from any adherent nitro-com-
pounds, and repeatedly rectified over sodium, when it may be
separated into its constituents by repeated fractional distillation.
As this process is very often employed for the separation and
purification of volatile bodies, we shall here shortly describe it.

FRACTIONAL DISTILLATION.

98 When a mixture of two liquids whose boiling-points do
not lie close together is subjected to distillation, a large portion
of the more volatile body comes over at the beginning;
but the boiling-point gradually rises, and more and more of
the vapour of the less volatile mixes with that of the more
volatile compound. It is only when the difference between
the boiling-points of the two bodies is very. considerable
that it is possible to effect an almost complete separation
by one distillation. In such a case, when the operation is
carried on very slowly, the more volatile body distils at a nearly
constant temperature; and as soon as all has passed over, the
thermometer rises rapidly to the boiling-point of the less volatile
compound. But in most instances it is impossible to obtain
even an approximate separation by one distillation only. By
collecting separately the portions distilling between certain
intervals of temperature, say between each 5° or 10° the first
will consist chiefly of the lower boiling body, and the last of
the less volatile substance, whilst the composition of the greater
portion, boiling between these two points, remains very similar
to that of the original mixture.

The following example shows how imperfectly even bodies
whose boiling-points do not lie close together can be separated
by one distillation. A mixture of 100 grams of ethyl alcohol
(boiling-point 78°4) and 100 grams of amyl alcohol (boiling-
point 132°) was distilled from a long-necked flask, and the
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distillate collected in seven fractions, the composition of W]chh
was found by optical analysis to be as follows :

[

Boiling-point . . . 80°-90° | 90°-100° |100°-110°/110°-120°|120°-130°|130°-131°131°-182°
Weight of fraction . o 47 45 25 Lp1d 18 11 36

) ;
Per cent. of ethylaleohol . 881 82 615 52-1 184 45 02
Per cent, of amyl aleohol . 119 18 335 479 816 95°5 998

‘ 1000 100 100.0 | 1000 1000 1000 | 1000

Four grams of pure amyl alcohol remained in the flask.

It is not difficult to explain why, in such a distillation,
the less volatile body distils so much below its boiling-point.
As is well-known, all volatile bodies evaporate below their
boiling-points, and this takes place with the greater facility the
higher the tension of the vapour and the quicker the surround-
ing atmosphere is changed. Now these conditions are fulfilled
on boiling a mixture of two liquids; the vapour of the lower
boiling body carries that of the less volatile substance with it
on passing through the mixture, and being quickly condensed,
a new atmosphere is constantly formed.

In ordinary cases such mixtures contain more than two com-
pounds. Thus the so-called fusel-oil is a mixture of several
homologous alcohols. In order to isolate from such mixtures -
tolerably pure compounds, the different fractions obtained in
the first distillation must again be submitted to the same
operation, and those portions which distil between the same
intervals of temperature collected separately, and this process
repeated until bodies with a nearly constant boiling-point have
been obtained. A complete separation, however, cannot be
effected in this way; since the substances obtained by this
method, although they may have a constant boiling-point, are
" never perfectly pure, and require to be afterwards treated by
some different process to ensure their perfect purity. :

99 The apparatus used for the purpose of fractional distilla-
tion in the laboratory is that suggested by Wiirtz and shown
in Fig. 54. The flask A contains the boiling mixture; the
vapours of the hydrocarbons pass into the bulb-tube ¢, in which
a thermometer is placed, and the less volatile portions are here
partly condensed as the vapour comes in contact with a large
surface cooled by the atmosphere. The vapour which is not
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condensed passes next into the Liebig’s condenser, ¢, surrounded
by cold water, and from this the liquid can be collected in various
fractions in the receiver B.

Linnemann ! has improved on this method, inasmuch as he
places cups of platinum gauze in the upright tube through
which the vapour passes (Figs. 55 and 56). The liquid con-
denses on these, and falls back through the meshes. The vapours
are thus washed by the liquid, and come in contact with a column
of liquid whose temperature is always lower than that of the
mass of the liquid in the flask. When this apparatus is in

use, the tube and bulbs gradually become filled with liquid and
all the vapour is condensed. It is therefore necessary to remove -
the flame from time to time in order that the liquid may flow
back again. In this way the process of distillation is rendered
slower, and an improvement has been introduced by the attach-
ment of side-tubes to the bulbs (Figs. 57 and 58), down which
the condensed liquid flows regularly back into the flask.

100 An apparatus somewhat different from this has been em-
ployed by Warren ? in the fractional distillation of tar-oils and

1 Ann. Chem. Pharm. clx. 195, 2 Ann. Chem. Pharm. Suppl. iv. 51,
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petroleums. This permits a complete control over the temperature
of the vapour, accomplished by an air-bath (a «, Fig. 59), round

Fig. 55.

which a spiral tube is placed, connected with the boiling-flask.
The temperature of this air-bath is regulated by a lamp. The



WARREN’S APPARATUS. 151

liquid used for heating the air-bath may be either water, oil, or
fusible metal, and into this the thermometer (¢) is placed. The
boiling of the liquid and the temperature of the bath are so
regulated that the liquid boils somewhat rapidly. In distil-
ling petroleum the difference in temperature between the boil-
ing liquid and the air-bath was, to begin with, about 35°
or even more. This difference became gradually smaller as
the various fractions were redistilled, until at last it almost

Fia. 59.

disappeared. An apparatus of a similar kind, but on a larger
scale, as used by Warren, is shown in Fig. 60.

101 Even the approximate separation of volatile substances
cannot, however, always be carried out by fractional distillation,
even when the boiling-points are considerably removed from
one another. Thus, for example, if a mixture of aniline boiling
at 182° and water be distilled, the aniline distils over first. In
such a case the boiling-point of the mixture is frequently lower
than that of the more volatile body. Pierre and Puchot ! found

1 Compt. Rend. 1xxiii. 599, 788.
128
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that a mixture of water and of amyl alcohol, which boils at
132°, begins to boil at 96°, and the distillate contains 2 volumes
of water to 3 of amyl alcohol. Similar observations have been
made with other mixtures.

Wanklyn ' has shown that, when a mixture of equal parts by
weight of two liquids of different boiling-points is distilled, the
quantity of each constituent in the distillate is proportional to
the product of its vapour density and vapour tension at the
temperature of ebullition of the fraction. Hence, if the vapour
tensions and vapour densities of the two liquids are proportional,
the mixture will distil unchanged. Berthelot has confirmed this
conclusion. He found that a mixture of 909 parts of carbon
disulphide, which boils at 46°, and 91 parts of ethyl alcohol,
boiling at 78”4, possesses a constant boiling-point of 784,
and distils without undergoing any alteration in composition.
Thorpe 2 has added another example in corroboration of this
conclusion, as he observed that, when a mixture of equal volumes
of carbon tetrachloride, boiling at 76°6, and methyl alcohol,
boiling at 65>2, is distilled, 46'5 per cent. of the whole boils
between 5576 and 59° that is to say, nearly 10° lower than the
boiling-point of the most volatile constituent. The distillate
contains, to 1 part of methyl alcohol, 3:61 parts of tetrachloride
of carbon, and by multiplying the vapour tensions of the two
liquids at 55™7 by their vapour densities almost exactly the
same relation is obtained : '

3724 % 7669
4874 x 1597 = 307

When the residue is distilled further, almost pure tetra-
chloride of carbon comes over first, and afterwards pure methyl
alcohol. '

A striking lecture ecxperiment, illustrating the effect of
the admixture of the two liquids, is to fill three barometer
tubes with mercury and to pass up into the first a few drops of
methyl alcohol, into the second a few drops of carbon tetra-
chlorile, and into the third a small quantity of a mixture of
methyl alcohol and carbon tetrachloride in the proportion of
3 cbe. of the former to 5cbe. of the latter. In the first tube
the mercury will be depressed about 80 mm., in the second
70 mm., whilst in the third it will sink through 130 mm.
(Thorpe).

Y Phil. Mag. [4] x1v. 129. 2 Journ. Chem. Soc. 1879, 544.



154 COMPOUNDS OF MONAD ALCOHOL RADICALS,

THE COMPOUNDS OF‘ THE MONAD ALCOHOL
RADICALS.

X
(/nHﬁn +1.

102 In the following chapter will be found a short description
of the chief families of the above compounds, arranged in the order
in which their chemical history will be considered in the sequel.

These compounds are derived from the paraffins by the
substitution of one atom of hydrogen by other atoms or groups
of atoms. They may, therefore, be regarded as compounds of
monad radicals, to which the name of the alcohol radicals has
been given, because the alcohols were the first compounds of
these bodies which were studied, and even to the present day
these bodies are employed as the point of departure for the
preparation of the other compounds.

The Alcohols are hydroxides, and in many cases exhibit
analogous properties to the hydroxides of the metals. Hence
Liebig, when he established the radical theory, compared ethyl
alcohol to caustic potash. The latter substance was then sup-
posed to be a compound of potassium oxide with water, or
hydrated potash, and alecohol was accordingly considered as the
hydrate of ethyl oxide. According to the theory of types, it was
considered as water, in which 1 atom of hydrogen is replaced by
ethyl, but it may just as truly be considered to be ethane, in
which 1 atom of hydrogen has been replaced by hydroxyl, or,
in other words, it is formed by the union of two monad residues,
ethyl, C,H;, and hydroxyl, OH.

Ethereal Salts or Compound Ethers. The alcohols are con-
verted by the action of acids into compound ethers, the alcohol
radical replacing, either partially or wholly, the hydrogen of the
acid :

Ethyl chloride.
(a) C,H,OH + HCL = C,H.CI +H,0.

Kthyl nitrate.
(#) C,H,OH + HO.NO, = C,H,0.NO, +H,0.

Hyd mo'en ethyl sulphate,

(©) C,H,OH + 710 } S0, = c o O}s02+ H,0.

Other modes of formation of compound ethers may be
mentioned :
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(@) A silver salt is heated with an alcoholic iodide :
Az,C0, + 2C,H,I = (C,H,),CO, + 2 AgL.
(2) Absolute alcohol is acted on by an acid chloride :
POCl; +3HO.C,H; = PO(OC,H,), + 3HCL
SiCl, +4HO.C,H; =Si(OC,H,), +4HCL

(¢) A salt of the corresponding acid is distilled with a salt of
ethyl—sulphuric acid, or other corresponding alcoholic sulphate :

KCIO, + K(C,H,)S0, = C,H,.CI0, + K,SO,

The alcohols can again be obtained from the ethereal salts or
compound ethers by heating them with an alkali, thus:

4
C,H,0.X0, + KOH = C,H,0H + KO.NO,,

Haloid Ethers. The compounds of the alcohol radicals with
the elements of the chlorine group are termed haloid ethers.
These are formed in a variety of ways. Thus, for example, the
chlorides and bromides are obtained by the action of the corre-
sponding haloid elements on the paraffins, and also by the action
of the corresponding phosphorus compounds on the alcohols :

(a) C,H,.OH + PCl;, =C,H,Cl+ POCI, + HCL
(b) C,H,OH + PBr;=C,HBr + POBr, + HBr.

When an excess of alcohol is present, the hydracid formed as
well as the phosphoryl compound react upon it, the amount of
the haloid ether being increased :

3C,H,0H + POCI, = 3C,H,C1 + PO(OH),.

In this case, however, the free phosphoric acid acts upon.
another portion of the alcohol, and a phosphate is produced.

In order to prepare the iodides, the alcohols are heated with,
concentrated hydriodic acid, or, better, they are treated directly
with iodine and amorphous phosphorus :

5C,H,0H + 51 + P = 5C,H,I + H,PO, + H,0.

The alkalis usually act on the haloid ethers in a different
way, and instead of obtaining the alcohol, the hydracid is
separated and an olefine formed. Hence, in this case, freshly
precipitated moist silver oxide is usually employed, and this acts.
as if it were the hydroxide AgOH.
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The alcohols may also be readily obtained from the haloid
ethers by converting the latter into the ethereal salts of organic
acids and then decomposing these by alkalis. The same end
may likewise be attained by heating the haloid ethers with
water under pressure:'

C,H,0l + H,0 = C,H,0H + HOI.

This reaction serves as a striking example of the influence of
mass, for whilst fuming hydrochloric acid easily converts butyl
alcohol into the chloride and water, exactly the opposite reaction
takes place in presence of a large quantity of water, inasmuch
as a weak acid does not attack the alcohol. Hence it follows
that, when an alcohol is lieated with an acid, not in excess, a
condition of equilibrium is attained when the acid becomes so
dilute that its action ceases,

103 Stmple and Mized Ethers are formed when the hydrogen
of an alcoholic hydroxyl is replaced by an alcohol radical. Hence
these bodies are oxides of the radical, standing in the same
relation to the alcohols as potassium oxide does to caustic potash.

These bodies can be obtained by a variety of reactions:

(1.) The alkali-metals dissolve in alcohols with evolution of
hydrogen. Sodium and ethyl alcohol thus form sodium ethylate,
C,H,.ONa, and if this be warmed with ethyl iodide, ethyl oxide
or diethyl ether is obtained:

O} o 4 Oy} Gl Lo 4y

Ethers which contain the same radical twice are termed
stmple ethers, whilst those which contain two different alcohol
radicals are termed mived ethers. If in the above reaction ethyl

iwwmmwmwmmmmmwmmmmmwmm%8%}0,
255

is obtained.

(2.) Ethers are also formed when the alcohols are heated
with concentrated sulphurlc acid. In this case the alcoholic
hydrogen sulphate is first formed, and this is decomposed by
the excess of alcohol, as follows:

OC,H, , C,H, OH
So{ } —CH}O+SO{OH

The mixed ethers may also be obtained in this way. Thus

! Niederist, Licbigs Ann. clxxxvi. 388; excvi. 349.
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methyl-ethyl ether is obtained by heating hydrogen ethyl
sulphate with methyl alcohol.

(3.) When analcohol is heated with an iodide, an ether is also
formed, and this occurs when concentrated hydriodic acid is
heated with an cxcess of alcohol, the following reactions taking
place:

(1) C;H,,,0H + HI = C;H,,I+H,0.
(2) C;H,1+ C;H,,0H= (C;H,)),0 + HIL.

A small quantity of hydriodic acid suffices to convert a large
quantity of alcohol into ether. The reaction continues until
a certain quantity of water is formed, when a condition of
equilibrium is attained.

Iydrosulphides and Sulphides. The hydrosulphides are also
termed the ¢hio-alcohols, as they are obtained (1) from the
alcohols by the substitution of sulphur for oxygen, thus by
acting on the alcohols with phosphorus pentasulphide :

5C,H,0H + P,S, = 5C,H,SH + P,0,

Free phosphorus pentoxide is, of course, not formed, but the
thio-phosphates, such as (C,H,),HPO,S, and (C,H,), PO,S,.

(2.) The hydrosulphides are also formed by the action of an
aleoholic chloride 6n potassium hydrosulphide :

C,H,Cl + KSH = C,H,.SH + KCL,

(3.) Also by heating a solution of the latter compound with
potassium ethyl sulphate :

KSH + K(C,H,)SO, = C,H,SH + K,S0,

The thio-alcohols are, like many volatile sulphur compounds,
distinguished by their disagreeable smell. They stand in the
same relation to common alcohol as sulphuretted hydrogen does
to water, and resemble this compound inasmuch as they act as
weak acids; and as one atom of hydrogen can easily be replaced
by metals. Amongst these metallic compounds those with
mercury are the most characteristic. They are formed when a
hydrosulphide is brought in contact with mercuric oxide :

2 C,H,SH + HgO = (C,H,8),Hg + H,0.

In consequence of this relation the thio-alcohols have been
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termed mercaptans (mercurium captans), and their metallic
compounds mercaptides.'

The Sulphides or Thio-Ethers are always formed in the pre-
paration- of the mercaptans from the chlorides, the following
reactions taking place:

(1) C,H,SH +KSH = C,H,SK + SH,.
@) C,H,SK + C,H,Cl = (GH,),S + KCL

Sulphine Compounds.* The sulphides unite with the iodides
and bromides of the alcohol radicals to form crystallisable salts
such as triethylsulphine iodide, S(C,H;),l. These substances
are not attacked by alkalis, but when freshly precipitated
silver oxide is added to their aqueous solutions, the corre-
sponding hydroxides are formed, such as triethylsulphine
hydroxide, S(C,H;),OH. These latter are difficultly crystallis-
able, they are deliquescent, and possess alkaline and caustic
properties like caustic soda. They also resemble the alkaline
hydroxides, inasmuch as they precipitate metallic salts, expel
ammonia from its compounds, and form, with acids, neutral salts,
amongst which the chlorides unite with platinum chloride
to form soluble double salts, such as [S(C,H),Cl], + PtCl,.

104 Sulphonic Acids. These acids are easily formed by oxi-
dation of the mercaptans and other sulpho-compounds of the
alcohol-radicals :

Mercaptan. Ethylsulphonic acid,
C,H,SH + 30 = C,H, SO, OH.

They possess the same composition as the corresponding acid
sulphites of the alcohol radicals, which, héwever, are not known
in the free state, as they decompose with extreme ease, whilst
the sulphonic acids are very stable and powerful acids. They
may be heated pretty strongly without decomposition, are not
altered by boiling caustic alkalis, and only oxidised by nitric
acid with difficulty, forming the acid sulphates.

The sulphonates are also formed when an iodide is brought
in contact with a solution of a normal sulphite :3

C,H,T + SO, {% u sog{ Ouls L KI.

1 Zeise assumed the existence in these bedies of the radical C,H,S, to which
he gave the name of mercaptum (mercurio aptum). See Berzelius, Jakresber.
xiv. 334.

2 v, Oefele, Ann. Chem. Pharm. cxxvil. 870 ; exxxii. 82.

3 Strecker, Ann. Chem. Pharm. cxlviii. 90 ; Hemilian, ¢b. clxviii. 185.
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I'hosphorus pentachloride converts them into sulphonic chlorides :

SO { O3c®+ BCl = SO, { Citls . K1+ POCI,

And if this latter compound be treated with sodium‘ethylate
the ethyl-ether of ethylsulphonic acid is produced :

0, {81H5 + NaOG,H, = S0, { 8511{ + NaClL
This ether is isomeric with ethyl sulphite, which is formed by
the action of thionyl chloride on ethyl alcohol :

{ OC,H
1 OC,H,

Cold caustic potash converts the latter compound into alcohol

and potassium ethyl sulphite, SO { 8% sHs which is isomeric

80 { G + 2HOC,H, =50 5 1+ 2HCL

with potassium ethyl sulphonate, from which it differs, inasmuch
as its aqueous solution is easily decomposed with formation of
hydrogen-potassium sulphite and alcohol. The rational con-
stitution of this compound is not known. The easy conversion
of mercaptan into sulphonic acid renders it very probable that
in the latter the alcohol radical is in direct linking with sulphur.

The alcohol radicals also form compounds with selenium and

telluriumn, the more important of which will be hereafter
described.

105 The Compound Ammonias or Amines are formed by heat-
ing the haloid ethers, or the nitrates of the alcohol radicals,
with ammonia, under pressure, when the following consecutive
reactions take place :

Primary Monamines.

H C,H,
) 02H501+N{H = N H * + HOL
H

Secondary Monamines,

C,H, C,H,
@ CHCI+NJH ~ = N CH,+HOL
H

Tertiary Monamines.

C,H, C,H,
3 CZH5CI+N{CH = N 82 -+ HCL
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The amines containing the lower members of the series of
alcohol radicals are gaseous at the ordinary temperature; the
higher ones are mostly liquids. They possess a peculiar
ammoniacal smell, but generally -this is accompanied by a fish-
like odour. They precipitate many metallic salts, and combine
directly with acids to form crystallisable compounds. Their
chlorides. unite with platinum chloride, like sal-ammoniac,
whilst their sulphates yield alums with aluminium sulphate.

The three groups into which they may be divided are
distinguished by the following reactions.

(1.) The primary amines are converted into alcohols by means
of nitrous acid. If a solution of hydrochloride of ethylamine
be warmed with silver nitrite, the following reaction takes place :

Cz}II_f 0211115 )

‘ O0+H,04+N
H}NHO.NO S -

(2.) The secondary amines under similar circumstances give
rise to nitroso-products:
C,H, ? - C,H;
CH; - N+ HO.NO C,H; N +H,0.
Hf X6

The nitroso-diethylamine thus obtained is again converted into
diethylamine on heating with aqueous hydrochloric acid.

(3.) The tertiary amines are not affected by nitrous acid.
They combine readily with the iodides of the alcohol radicals,
giving rise to an iodide of a compound ammonium, such as
tetramethylammonium iodide, N(CH,),I.. These decompose,
on heating, into the compounds from which they have been
formed, just as sal-ammoniac dissociates into hydrochloric acid
and ammonia. In both cases re-combination takes place on
cooling ; and hence the compound ammonium iodides appear
to distil without decomposition. They are not decomposed by
alkalis. Moist silver oxide converts them into hydroxides,
which are non-volatile, crystalline, very soluble bodies analogous
in properties to the caustic alkalis. Thus they destroy animal
matter such as the skin, saponify fats, precipitate many metallic
compounds, &c., and form crystallisable salts with acids. Their
chlorides yield, with platinum chloride, compounds analogous
to ammonium-platinum chloride, and their sulphates give rise
to alums, :

&
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It has already been stated that frequent cases of isomerism
occur amongst the amines. Thus, for instance, the hydrogen
atoms in ammonia may be replaced by one, two, or three
radicals, and thus a variety of isomeric compounds result, and,
by the above reactions, it is easy to distinguish whether we
have to do with a primary, secondary, or tertiary compound.
The simplest case in which isomerism can occur is that of
(1) propylamine, (2) methylethylamine, and (3) trimethylamine,
If these bodies be treated with ethyl iodide as long as this
substance produces any action, the following compounds are
formed :

(1) Propyltriethylammonium iodide, N(C,H,)(C,H,),L
(2) Methyltriethylammonium iodide, N(CH,)(C,H),I.
(8) Trimethylethylammonium iodide, N(CH,),(C,H;)L

It is only necessary to determine the quantity of iodine con-
tained in the body formed to ascertain which of these compounds
is under examination.

106 Hydrazine Compounds. Just as the amines are derived
from ammonia, NH,, so the hydrazines are derived from the as
yet unknown body hydrazine or diamide, H,N — NH,. Com-
pounds analogous to this are to be found in the liquid hydro-
gen phosphide H,P — PH,, and in dimethylarsine (cacodyl),
(CH,),As — As(CH,),.

The hydrazine compounds as yet known are obtained by
replacement of one or two atoms of hydrogen in hydrazine,
H,N — NH,, by alcohol radicals. So far, only derivatives with
one or with two alcohol radicals are known. In order to prepare
mono-ethyl hydrazing, H,N — NH(C,H,), it is necessary to
start from diethyl-urea, a secondary amine. This is treated
with mnitrous acid, giving rise to the nitroso-compound No. (1),
and then this product is acted upon by nascent hydrogen,
yielding the hydrazine-compound No. (2):

Diethylurea. (1). (2).
E
CH, NHN, o CZHﬁ.NH>CO 0235.NH>CO
C,H, NH/ C,H,N“NO C,H, N ~NH,

If the compound No. (2) be heated with alkalis or acids, it
is decomposed like all ureas, yielding carbon dioxide, ethylamine,
and ethyl hydrazire, as follows :
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C,H,NH . H C,H, NH,
L NJC0 < 4 Onile Gy
He N Zxy H (C,H, H.N — NH,,

Nitroso-amines containing acid radicals, e.g. like

(:110}"‘I NO

give on reduction no corresponding hydrazines, but the amides
are regenerated :

CH |
CHO §

. L

N-NO + 4H, CH

s} N-NH, + 2H0.

Hydrazines containing two radicals, or Dihydrazines, are
obtained by the reduction, with zinc dust and acetic acid, of
the nitroso-derivatives of secondary amines:

gg IN-Xo + oH, - 823511\’ NH, + H,0.
The hydrazines are volatile liquids possessing an ammomacal
odour, and uniting with acids to form salts.

Dihydrazines unite with the iodides of the alcohol radicals,
giving rise to azoniwm todides, such, for instance, as triethyl-
azonium iodide H,N,(C,H;j,I. These are converted into
powerfully alkaline hydroxides by means of moist silver oxide.
Weak oxidising agents resolve the dihydrazines into secondary
amines with evolution of nitrogen, whilst stronger reagents
give rise to Tetrazones, such as tetraethylazone, N,(C,H), :

H N— N(C H ) 1\II"‘N(02H5)2
HgN—N(O HE)Z + 02 = ﬁ_N(C H) + 2H20.
275/2

The tetrazones are non-volatile, oily, alkaline liquids possessing
a garlic-like smell.2

107 Cyanides of the Alcohol Radicals. These bodies are formed
when an alcoholic iodide is heated with silver cyanide, or
when a mixture of chloroform and an amine is treated with
alcoholic potash :

CH,;NH, + CHCl, = CH,.NC + 3HCL
The compounds obtained in this way are usually termed

1 E, Fischer, Licbigs Annalen, cxe. 67. [Ibid. cxcix. 281,
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tsocyanides or carbamines, in order to distinguish them from the
isomeric compourids which had previously been prepared. They
are poisonous liquids possessing a penetrating and highly
unpleasant odour. Aqueous acids decompose them easily into
formic acid and an amine :

CH,NC + 2H,0 = CH,NH, + COH.OH.

When heated in closed glass tubes, they are converted into
the isomeric nitrils, which bodies are also formed, together
with small quantities of the carbamines, by heating an iodide
with potassium cyanide, or by heating the latter compound
with a hydrogen sulphate of an alcohol radical :

NOK + o 11 } S0, = NC.G,H, + K,S0,.
275

In this reaction a carbamine is doubtless first formed, and this
is decomposed at the high temperature into a nitril.

The pure nitrils possess a strong but not unpleasant smell.
They are not changed by the action of dilute aqueous acids,
but are converted into the fatty acids and ammonia in the
presence either of strong aqueous mineral acids or of caustic
potash. Thus methyl cyanide or acetonitril, when treated in
this way, yields acetic acid :

CH,.CN + HCl + 2H,0 = CH,.C0.0H + NH,CL
On treatment with nascent hydrogen, the nitrils form amines :
CH,.ON + 2H, = CH,; CH,.NH,,.

And this reaction proves that in the nitrils the cyanogen is
linked with the alcohol radical by the carbon atom, whilst in
the carbamines it is nitrogen which connects these two, act-
ing in this case, as in sal-ammoniac and similar bodies, as a
pentad. All these compounds decompose on heating, with
formation of bodies in which nitrogen is triad. The pentad
nitrogen in carbamine is also converted on heating into the
triad form, and hence we may assume that the compound first
decomposes into cyanogen and the alcohol radical, and that these
then unite again:

C=N—-CH,; = N=C-> «CH,

Cyanates and Isocyanates. The cyanates of the alcohol radicals
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are very unstable liquids, formed by the action of cyanogen
chloride on a solution of sodium in an alcohol :

NCCl + NaOC,H; = NC.OC,H, + NaCl.

These bodies are decomposed in contact with the alkalis into
an alcohol and a cyanate. They undergo polymerisation with
extreme ease, and give rise to crystalline cyanurates.

Isocyanates, Carbimides, or Carbonylamines, are bodies isomeric
with the eyanates. They were formerly believed to be the
true cyanates. They are, however, distinguished from these
by the fact that alkalis decompose them into carbon dioxide
and an amine:

C,H C,H
N{CO 5+H20=N-{H22 54 CO,

This is the reaction by means of which the amines were dis-
covered by Wiirtz. Aqueous acids also decompose them in the
same way.

Ethyl carbimide is formed when potassium cya,nate is dis-
tilled with potassium ethyl sulphate. Probably ethyl cyanate is
first produced, but this is converted by molecular rearrangement
into ethyl carbimide. = The other carbimides are formed in a
similar way. They are obtained from the carbamines by oxida-
tion with mercuric oxide, and are volatile liquids possessing a
penetrating smell which causes a flow of tears, and they are
easily converted into crystalline dsocyanurates.

108 Compound-Ureas or Carbamides. These bodies are de-
rived from urea by the replacement of the whole or a portion

of its hydrogen by alcohol radicals. They may be formed in
{ NH.C,H

several ways. Thus ethyl carbamide, CO 5, is ob-

tained by the action of cyanic acid on ethy]amvne, as also by
treating ethyl carbimide with ammonia. If ethylamine be
employed instead of ammonia, a symmetrical diethyl-carbamide
is formed, which is also obtained by the decomposition of the
carbimide with water :

+N—C,H; ,C.H,
CcO /Ny
+H0 =00 § + CO,.
CO \N/

\N—GC,H, e -
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A compound isomeric with this may be prepared by acting
with cyanic acid on diethylamine, whilst triethylcarbamide,

CO «{ g%z%g:, is formed from diethylamine and ethyl car-

bimide. The triamines do not undergo alteration when treated
either with cyanic acid or with the carbimides, but the simple
substituted carbamides are obtained by the action of diamines
on carbonyl chloride. The compound ureas all unite with

acids to form erystallisable salts.

NH,

, 1s
OH

not known in the free state (Vol. I. p. 646), and only a few of
its inorganic salts have been prepared, but many of its com-
pound ethers, or the urethanes, are well-defined substances.
They may be prepared in several ways. Thus, if ethyl car-
bonate be treated with aqueous ammonia, ethyl carbamate is

formed :

Urethanes or Carbamic Ethers. Carbamic acid, CO <

NH,

! 27,5

OC.H, + HO.C,H,

By the prolonged action of ammonia, ethyl-urethane is con-
verted into alcohol and urea, whilst, on the other hand, if pure
alcohol be heated with urea to 100°, urethane is formed. These
compounds are also formed by the action of cyanogen chloride
upon an alcohol :

/NH,
Cl-C=N+2HO.C,H, = CO + C,H;CL
\OC,H,

The urethanes are solid crystallisable compounds, which are
decomposed by alkalis, with formation of ammonia, alcohol, and
a carbonate. y

Allophanates. 'The ethers of allophanic acid stand to biuret
(Vol. I p. 652) in the same relation as the urethanes (carbamic
ethers) to urea, thus:

(Allophanic Amide).  Allophanie

Urea. Urethane. Biuret. Ethylether.
/NH, /NH,
cO CcO
L e
/NH, _NH, SNH SNH
CO CO CO CcO

\NH,  \O.G,H. \NH, \0.C,H,,
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These allophanic ethers are formed by the action of the vapour
of cyanic acid upon the anhydrous alcohols, thus:

{ CO.NH,

= J
2CO0NH 4+ O, QN = Sar ot

They may also be prepared by heating a chloro-carbonate with
urea:

OC,H, CO.NH,
NH + HCL

./
NH — CO - NH, + €0 =
H \Gl C0.0C,H,

Free allophanic acid is not known, but in addition to the
ethereal salts a few unstable compounds have been prepared,

such as the following : NH { 888(11 %5-

Compound GQuanidines. These bodies are formed by the
action of cyanamide upon a hydrochloride of a monamine, as
guanidine 1tself is obtained by the action of cyanamide upon an-
ammonium salt (Vol. L. p. 680) :

N(CH,)H.HCI
C=N :
| + N(CHpHLCl = C=NH
NH, | :
NH,

Guanidines containing two alcohol radicals have, as yet, not
been prepared, although some containing three such radicals have
been obtained. These are formed with separation of carbon
dioxide, when an isocyanuride is heated with an alcoholic solu-
tion of sodium ethylate, as also if a disubstituted thio-carbamine
be heated with a monamine and mercuric oxide :

CS(NH.C,H,), + H,N.C,H, + HgO = C(N.C,H)(NH.C,H;), + HgS + H,0.

The compound guanidines resemkle guanidine itself in acting
as powerful bases.

109 The Thiocyanates and Isothiocyanates. The first of these
classes of bodies is formed in a similar way to the other ethereal
salts. Thus, for example, ethyl thiocyanate is obtained on heat-
ing potassium thiocyanate with ethyl iodide or potassium ethyl
sulphate. They are mcst unpleasant-smelling liquids, which
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are decomposed by alkalis with formation of aleohols and a
thiocyante.

The isothiocyanates or thiocarbimides are also known as
mustard-oils, because the oil of mustard belongs to this group,
and the various members possess a similar strong pungent
smell. They are formed by a general reaction. Thus ethyl
mustard-oil, SCNC,H,, is obtained by mixing an alcoholic
solution of ethylamine with carbon disulphide, when an ethyl-
thiocarbimic acid is formed, and this, on heating with a salt of
mercury or silver is converted into the thiocarbimide :

NH.C,H, 161.02115
CS + HgCl, = CS 4+ HgS + HCI +
| _ Ethyl
S(NH,. C,H,) Tt NH,(C,H,)CL

Iodine acts in a similar way with formation of iodic acid and
free sulphur. Dilute sulphuric acid decomposes these mustard-
oils with formation of an amine and carbonyl sulphide :

N{ g+ H0= N{ %2:{5 +COS.

Compound Thio-Ureas. These are formed by the action of
ammonia or an amine on the mustard-oils. - They are crystalline
bodies forming salts with acids.

110 The Nitro-Paraffins. These compounds are isomeric with
the nitrites of the alcohol radicals, and are formed together with
the latter, when an alcoholic iodide is acted upon by silver
nitrite. They act as weak acids, and contain one atom of
hydrogen capable of replacement by a metal, whilst the
nitrites are neutral bodies, and easily converted by alkalis
into an alcohol and a nitrite. Nascent hydrogen converts the
nitro-paraffins into compound ammonias, whilst the nitrites
in the same way yield alcohols. This last reaction indicates
the constitution of these two classes of compounds:

Nitro-ethane.
/0 /H
() CH,N | + 8H, = CGH.N _ 2HO.
\O \H

Ethyl nitrite.
(2) 0,H,0—NO + SH, = C,H,OH + NH; + HQ.
129
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Phosphorus Bases or Phosphines. These compounds are
produced by the replacement of hydrogen in phosphuretted
hydrogen (phosphine) by alcohol radicals. In their chemical
properties these compounds exhibit great analogy with phos-
phine itself, and are classed as primary, sccondary, and tertiary
phosphines (the name having become generic). The last-named
combine with the iodides of the alcohol radicals to form phos-
phonium iodides, which compounds, as well as the bodies derived
from them, closely resemble the corresponding ammonium
compounds. J

The alcohol radicals also form corresponding compounds with
arsenic and antimony, as well as with boron.

1xx Compounds of the Alcohol Radicals with Stlicon. Silicon,
like carbon, is a tetrad. The analogy of the compounds of
these elements has already been pointed out in the first
volume. Hence, it is not surprising that the compounds
of silicon with the alcohol radicals exhibit a close similarity
to the paraffins. For this reason silicon ethyl, Si(C,H,),, has
been termed silicononane, SiCgH,, that is, it may be con-
sidered to be nonane in which one atom of carbon has been
replaced by silicon.! Silicononane is not attacked by nitric
acid. Chlorine gives rise to substitution-products, especially to
silico-nonyl chloride, SiC;H,,Cl, which compound can be con-
verted into the alcohol, ethereal salts, and other derivatives, all
containing silicon.

Compounds of the Alcohol Radicals with Metals. Only a few
of the metals combine directly with the alcohol radicals. Of
these, the more important are the metals of the magnesium
group, aluminium, mercury, lead, and tin. The compounds
thus formed are all liquids, and most of them volatile. Those
of the magnesium group and aluminium inflame spontane-
ously when brought in contact with air, and are decomposed
by water with the formation of the hydroxides of the metals,
and the paraffins. The other compounds do not undergo
alteration in the air, and are not decomposed by water; they
are, however, attacked by acids. When the alkali metals act
upon the zinc compounds, a portion of the zinc is replaced,
and a body having a composition such as NaC,H;+ Zn(C,H,),
is formed. It has hitherto not proved possible to isolate the

The view held by Dumas that even carbon may underga substitution, a view

so powerfully ridiculed by Liebig, has thus proved to be true, although not
exactly in the form anticipated by its author,
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compound of the alcohol radical with the alkali metal from this
zinc compound.

In general the metallic compounds of the alcohol radicals
correspond to the chlorides of the metals, though this is not
always the case, as is shown in the following table:

NaCl NaC,H,.

ZnCl, Zn(C,Hj),.

HgCl, Hg(C,H,),.

PbCl, —

=i Pb(C,Hy),.
Pb,(C.Hy)g

Sn,Cl, Sny(CHy),.
Sny(CyHy).

SnCl, Sn(C,H,),.

THE ALCOHOLS AND THEIR DERIVATIVES.

112 These compounds may be divided into three distinct
classes or groups, primary, secondary, and tertiary alcohols and
their derivatives.

Primary Alcohols and Fotty Acids. The primary alcohols,
when slowly oxidised, first lose two atoms of hydrogen, and
are converted into aldehydes (alcohol dehydrogenatum ?), and
these again readily pass into the fatty acids by the addition of
one atom of oxygen, the acids being derived directly from
the alcohols by the replacement of two atoms of hydrogen by
one atom of oxygen:

o, O,HO
o + 0, = %Qlo + Ho

The reactions by which the constitution of the acetic acid
thus formed has been elucidated, have already been referred to,
namely, by the electrolysis of the acid and by its synthetical
preparation from the methyl compounds. Thus we saw that,
when an electric current is passed through a concentrated
solution of potassium acetate, the salt which is best suited to
the purpose, it- first decomposes, like an inorganic salt, into

! Liebig, Ann. Chem. Pharm. xiv. 133.
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C,H,;0, + K. The liberated metal, however, at once acts upon
the water, and hydrogen is evolved at the negative pole, whilst
at the same time the group of atoms liberated at the other pole
decomposes into carbon dioxide and methyl, CHg, two of the
latter groups uniting to form ethane, C;Hg  All the other fatty
acids decompose in a similar way according to the equation :

2 OnH2uO2 = H2 -+ 2 002 + (Cn_ 1 Hgn o 1)2.

If ,_; be written p, we obtain for the hydrocarbon the ex-
pression (ConHon 41)2 = CoHon 45, Which is the general formula
for the paraffins,

The fatty acids can be obtained synthetically from the alcohols
containing one atom less carbon by replacing the hydroxyl by
cyanogen and thus obtaining the nitril, which, when boiled
with caustic potash, yields the potassium salt of a fatty acid.
This reaction is expressed by the following general equation :

CnH2n+ 1
CnHm +1 '
| +KOH+HOH = (=0 + NH,

OK

The following scheme represents the electrolysis of the fatty
acids:

It is then clear that the fatty acids are compounds of the
1
organic radicals with carboxyl, HO — C = O, this latter being

formed from methoxyl, HO —-&Hz, this latter group being
characteristic of the primary alcohols.

Hence a primary alcohol may be defined as a body derived
from a paraffin by the replacement of an atom of hydrogen in
the methyl group by hydroxyl. Or the alcohols may be con-
sidered as methyl alcohol in which one atom of hydrogen is
replaced by an alcohol radical. Hence the following bodies
are primary alcohols:
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Ethyl alcohol. Butyl alcohol. Isobutyl aleohol.

CH, CH, H,C CH,
| | N/
CH,.OH. CH, CH
|
CH, &Hz.OH.
H,OH.
Inactive amy] alcohol. Active amyl alcohol.
H,C CH, H,C CH,OH
AW Y
CH CH
|
CH, EH,,
I
CH,.OH. (gH,,.

Kolbe ! has proposed a general nomenclature for the alcohols,
under which not only the primary but also the other groups
may be classed, as derivatives of methyl alcohol. To this
latter compound he gives the name of carbinol, and classes the
primary alcohols as follows:

Ethyl alcohol Methyl carbinol.
Butyl alcohol Propyl carbinol.
Isobutyl alcohol. Isopropyl carbinol.
Amyl alcohol (inactive) Isobutyl carbinol.
Amyl alcohol (active) Pseudobutyl carbinol.

This nomenclature has not been generally adopted, although the
suggestion is not without merit.

The primary alcohols may not only be distinguished by their
products of oxidation, but they likewise may be detected by
the following very delicate reaction? The alcohol is first con-
verted into the iodide, and a few drops of this are brought into
a distillation flask, having a capacity of a few cubic centimeters,
in which a mixture of silver nitrite and white sand has pre-
viously been placed. As soon as the violence of the reaction
has subsided, the liquid is distilled off, and the nitro-paraffin
which has been formed is dissolved by shaking with caustic
potash, and then dilute sulphuric acid added drop by drop,
when a dark-red colouration takes place. This colour dis-
appears as soon as the liquid becomes acid, but again makes its

1 Zeitsch. Chem. 1866, 118.
2 V. Meyer, Liebigs Annalen, clxxx, 139,
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appearance when the liquid is remdered alkaline by caustic
potash. So far this reaction has only been applied, in the series
of primary alcohols, as high as octyl-alcohol, and thus far with
success.! This reaction depends on the formation of a nitrolic
acid in the following way

CH, ({}Hs
éHZ +ON.OH = (|3 = N.OH + H,0.
I

NO, NO,

A nitrolic acid is also formed when a nitro-paraffin is con-
verted into the dibromo-compound, and this is acted upon by
hydroxylamine :

C]H3 CH,
CBr,+ H,N.OH = cllz =N.OH + 2HBr.
NO, NO,

The nitrolic acids are colourless, and crystallise- well, forming
with alkalis dark-red salts, which explains the production of
the above reaction. They are extremely unstable compounds,
decomposing easily with formation of a fatty acid. When
heated with sulpburic acid, this simple decomposition takes
place, pure nitrogen monoxide being evolved :

CH, _ (I}H3
lé=N.0H = C=0 + N\
NO, b

113, Aldehydes. It has already been stated that these bodies
occur as intermediate products in the oxidation of the alcohols
to fatty acids. They are oxides of dyad radicals, and in their
formation the first step is, in the cases of acetaldehydes, the
production of ethidene alcohol :

CH, CH,
(l; + 0 = |
H,.OH CH(OH),.

This, however, like all other compounds containing two hydroxyl
1 Gutknecht, Ber. Deutsch. Chem. Qes. xii. 622.
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groups, combined with one carbon atom, splits up with separation
of water, and we have the anhydride or oxide left ; in the above
case ethidene oxide or acetaldehyde being formed :

Ethidene alcohol. Acetaldehyde.
?HgoH ?H3
/ = H.,0.
H on HO=0 :

That the above formula expresses the constitution of this
compound is seen from the fact that by the action of phos-
phorus pentachloride it is converted into ethidene chloride or
dichlorethane :

CH, CH,
| 4 PO, e + POCL.
CHO CHO,

We may, however, acording to the theory of radicals and. of
types, consider aldehyde, C,H;0.H, as the hydride of an acid
radical having the general formula C,Ho,_1O. All the alde-
hydes, are characterised by possessing a peculiar suffocating
smell, whilst another peculiar characteristic of these bodies is
that they unite with the hydrogen sulphites of the alkali-metals
to form crystalline compounds, which are generally difficultly
soluble, and are decomposed by acids with separation of the
aldehyde, and hence this property is frequently made use of
for the purification of these bodies.

On oxidation the aldehydes yield the fatty acids, and if
freshly precipitated oxide of silver be employed as the oxidising
agent, the following reaction takes place:

2 CH,.COH + 3Ag,0 = 2 CH,.CO.0Ag + H,0 +2 Ag,

When heated with ammoniacal silver solution a similar reaction
occurs, and if the aldehydes are soluble in water, metallic silver
is deposited on the sides of the containing vessel in the form of
a bright mirror.

114 Haloid Compounds of the Acid Radicals. The chlorides
and bromides of the acid radicals are easily formed by the
action of the chloride or bromide of phosphorus on the acid :

$ CH, CO.0H + PCl, =3 CH,.COCl + P(OH),.



174 THE ALCOHOLS AND THEIR DERIVATIVES,

These ‘bodies are, as a rule, liquids which fume strongly in
contact with the air, and possess a powerful acid smell, depending
on the fact that they are rapidly decomposed by water into the
corresponding fatty acid and the hydracids:

CH,.COCI + H,0 = CH,.CO.0H + HOL

The iodides, which as yet have been but slightly investigated
are not formed by the action of iodide of phosphorus on the
acids, inasmuch as a further decomposition takes place witl
separation of iodine. They may, however, be prepared from
the anhydrides, and are decomposed by water in a similar way
to the chlorides and bromides. The haloid compounds of the
acid radicals can thus be distinguished from those of the alcohol
radicals, and this explains the fact that the former cannot be
obtained by the action of the hydracids on the acids as the
alcoholic chlorides are prepared by the action of the hydracids
on the alcohols. They may, however, be obtained in this way
in presence of phosphorus pentoxide : *

CH,.CO.0H + HCl + P,0, = CH,C0Cl + 2HPO,

115 KHthereal Salts or Compound Ethers. The fatty acids are
monobasic, and the one atom of hydrogen can be replaced not
only by metals, but also by acid radicals, and thus the bodies
formerly known as compound ethers are obtained. These are
now generally termed the ethereal salts, and they may be
prepared in a variety of ways:

(1) An alcohol is brought in contact with an acid chloride:

Ethyl;zcetate
C,H; C,H,0 C,H;
TR0+ Vgt - CHO}O + HOL

(2) An acid is allowed to act upon an alcohol :
021%15}0 g CHO}o_ ot }o 3 B,

In this case the formation of the ethereal salt takes place
slowly in the cold, but more quickly when heated. When a
certain quantity of water is formed, the reaction becomes feeble,
and at last stops. On the other hand, the ethereal salts are
decomposed by water into the alcohol and the acid.

1 Friedel, Compt, Rend. lxviii. 1557,
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(3.) When hydrochloric acid is passed into a mixture of the
acid with alcohol, the formation of the ethereal salt takes place
more perfectly and more quickly. This depends partly on the
fact that hydrochloric acid acts as a hygroscopic agent, but
partly, no doubt, because hydrochloric acid increases the
yield by the formation of the acid chloride, which then acts
according to equation No. 1, as these chlorides will attack the
alcohol more readily than water. It is, moreover, possible
that the alcohol is first converted into the chloride, which then
acts again upon the acid:

%)+ SRl - Epjo +

Indeed, perhaps the whole of these reactions come into play.

(4.) Concentrated sulphuric acid acts in a similar way to
hydrochloric acid.. Hence the ethereal salts are frequently
prepared by mixing the acid or an alkaline salt of the same
with the alcohol and concentrated sulphuric acid and heating,
or, again, a mixture of equal molecules of the acid and alcohol
is allowed to run into a warm mixture of the alcohol with an
excess of sulphuric acid, when the ethereal salt is formed to-
gether with water, and both distil over. The following equation
represents the reactions which take place :2

@CFelo + f1so, = %lso, + mo.
® CHiso,+ G010 - (G0 + mo,

(5.) Ethereal salts are lastly formed by heating the salt of a
fatty acid with (a), a haloid ethereal salt, or (3), with a hydrogen
sulphate of an alcohol radical :

C,H,0 C,H, -C,H
2 sK}o + G f} = C:HZO}O + KL
(@)
B0 . paH H
G0 + %yl = Sinlo + asa
®) Cz%}so4 + C4H7g}0= gigzo}o + K80,

1 Demole, Ber. Deutsch. Chem. Ges. 1877, 1790 ; Henry, 5. 2041,
2 Markownikoff, Ber, Deutsch. Chem. Ges. vi. 1176,
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116 Anhydrides or Oxides of the Acid Radicals. These com-
pounds stand in the same relation to the acids as the ethers
of the alcohol radicals do to the alcohols.

They are formed by the action of the haloid salts of the acid
radicals on the salts of the acids:

GHIL + Czﬂﬁg} 0 8%8}0 + NaCL

The anhydrides are insoluble in water, but when placed in
contact with it, they decompose slowly in the cold, and more
quickly when heated, yielding two molecules of the acid. This
decomposition takes place more rapidly in presence of alkalis or
in presence of alcohol, when an ethereal salt is formed :

C,H,0 CGH\ o _ 5 GH
GHBlo + 2o - 2@kolo  mo

Hydrochloric acid decomposes the anhydrides in the following
way :

C,H,0 C,H.0 C,H.O
C:HzO}O + HOl = ™2 301} + 2 SH}O,

and the phosphorus compounds of the chlorine group act
similarly :

C,H,0 |

3 CZH?;O IO + 2PI;, = + P,0,.

C,H,0
6 2 31}
117 Thio-Compounds of the Acid Radicals. Thio-Acids are

formed by the action of phosphorus pentasulphide on the fatty
acids :

CHO}O + P8, = 5CHO}S + P,0,

The phosphorus pentoxide which is thus formed acts on a
portion of the thio-acid with formation of other products of
uncertain composition.

The thio-acids which have hitherto been investigated are
liquids possessing an unpleasant smell, and forming salts of
which some, such as the lead and silver salts, are easily decom-
posed with formation of the sulphide of the metal.

The Thio-Anhydrides or Sulphides of the Acid Radicals are
obtained by the action of sulphide of phosphorus on the oxides.
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— =

These are also unpleasant smelling liquids, which are decomposed
by water in the following way :

C,H,0 _ QH0 C,H,0
OZHio}S e .0 = Ca SH}S oA SH}o.

The thio-acids also give rise to compound thio-ethereal salts
obtained by heating the ordinary acid ether with sulphide of
phosphorus, as also by decomposing the salts of the thio-acids

with haloid ethers, and lastly by the action of the acid chlorides
upon the mercaptides :

C,H C,H,0 ) . C,H
2h';}s + }H = C:H:O}S + NaCl

118 Amides. The acid radicals are capable of replacing
hydrogen in ammonia, thus giving rise to compound ammonias
which, in order to distinguish them from the amines, are termed
amides. In order to prepare these bodies the following
reactions are employed :

(1.) The acid chloride or the anhydride is treated with dry
ammonia :

(@) C,H,OCl + 2NH; = C,H,0.NH, + NH,(CL
® (C,H;0),0 + 2NH, = C,H,0.NH, + C,H,O,NH,.
(2.) An ethereal salt is treated with alcoholic ammonia :

CZCH:ISQ\(O + NH; = C,H;0.NH, + C,H,OH.
2ty

(3.) The ammonium salt of the acid is heated :
"~ C,H,00NH, = CH0.NH, + H0.

When the amides are heated with phosphorus pentoxide
they yield nitrils with liberation of water. Phosphorus penta-
sulphide also produces the same reaction :

5C,H,0.NH, + PS, = 5CH.N + 5HS+P,0;

If the salt of a monamine be employed in reaction No. 3,
instead of an ammonium compound, an amide is obtained in
which one atom of hydrogen is replaced by an alcohol radical.
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Such compounds are also formed by acting with a carbimide
on a fatty acid :
C,H,0
H C,H,0 28

. N{gﬁo s+ GHplo = w Ucfﬂs + Co,

The amides containing two or three acid radicals have as yet
been but slightly investigated. The first is formed when a
nitril is heated with a fatty acid :

' C,H,0

C,H,00H + CHN = N<CH,0
H

And if instead of the acid, the anhydride be employed, a triamide
is produced :
(C,H;0),0 + CHN = N(CH;0),.

The anhydride and a carbimide yield the following reaction :

C,H,0

N{Gh° + G0 o - {8%0 + €O,

245

When ureas, thio-ureas, and similar compounds are treated
with an acid chloride, one atom of hydrogen is also replaced by
an acid radical.

119 Substitution Products of the Fatty Acids. Chlorine and
bromine attack the fatty acids, especially when heated, or in
presence of iodine, the hydrogen in the alcohol radical being
replaced. Thus acetic acid yields :

Monochloracetic acid. Dichloracetic acid. Trichloracetic acid.

CH,CLCO,H CHCL,.CO,H CCL.CO,H.

In the higher members, this substitution mvanab]y takes place
in connection with the carbon atom which is combined with

the carboxyl. Thus propionic and butyric acids yield as first
substitution products :

a Chlorpropionic acid. a Brombutyric acid.
(]3H3 CH,
CHCI (I)H2

. |
é0.0H CHBr

|
C0.0H



SYNTHESIS OF THE PRIMARY ALCOHOLS. 179

Todine does not form direct substitution products. In order to
obtain these bodies the ether of the chlorinated or brominated
acid must be heated with potassium iodide, and the acid set
free from the product. When such an jodo-acid is heated with
hydriodic acid, a fatty acid is again formed, from which it is seen
why free iodine cannot act upon these bodies :

CH,LCO.0H + HI = CH, CO.0H + I,

SYNTHESIS OF THE PRIMARY ALCOHOLS AND
THE FATTY ACIDS.

120 Whilst almost all the members of the homologous series
of fatty acids have been long known, our knowledge respecting
the corresponding alcohols has only recently been rendered
complete.

As the alcohols may be so easily converted by oxidation into
the fatty acids, a method of realising the inverse reaction, and
of converting the acids into the alcohols, did not appear difficu’t
of attainment. This problem attracted the attention of many
chemists, but the first attempts proved abortive, and it was not
until after Mendius® had discovered that the nitrils can unite
with hydrogen to form the amines, that this question was solved.
This method promised, moreover, likely to yield results of more
general interest, inasmuch as it seemed that by this means the
whole series of acids and alcohols could be synthetically built
up. For Frankland and Kolbe,? as well as Dumas, Malaguii,
and Leblanc,® had shown in 1847 that the nitrils or cyanides of
the alcohol radicals can be converted into the fatty acids by
boiling with potash, and Hofmann * had converted the amines
into the corresponding alcohols by the action of nitrous acid.

Now the lowest member of the nitril series is hydrocyanic
acid or formionitril, and this combines directly with hydrogen
to form methylamine. But methyl alcohol can be obtained
from this latter compound, and this again can be converted into
methyl cyanide or acetonitril, which, in its turn, can be made
to yield acetic acid and ethyl alcohol. Here, however, the
simplicity of the reaction ends, for when the same operation is
conducted in the next group, a mixture of isomeric alcohols is

1 Ann. Chem. Pharm. cxxi. 129. 2 Chem. Soc. Journ.i 60,
3 Compt. Rend. xxv. 442, 656. 4 Chem. Soc. Journ. iii. 231.
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obtained, and these cannot readily be separated. ~The cause of
this will be explained later on.

Other general methods may, however, be employed for the
synthetical formation of the alcohols and acids corresponding to
the normal paraffins.

In 1851 Williamson ' showed that when a mixture of a for-
mate and a salt of a fatty acid is heated, the aldehyde of the
latter is produced :

CHO} = }0 I CszSI} + .CO, + HO

0o +

Five years later this was confirmed by the experiments of
Limpricht? and Piria,® and when Wurtz4 in 1862 had dis-
covered that the aldehydes combine directly with nascent
hydrogen to form the alcohols, no further obstacles were seen
to present themselves to a systematic construction of the homo-
logous series of the acids and alcohols. Many unperceived
difficulties were, however, met with in the practical carrying out
of the process, and it was not until the year 1869 that Lieben
and Rossi? sufficiently perfected the methods, by means of
which, beginning with ordinary alcohol, the whole series of
normal primary alcohols and the corresponding acids could be
synthetically obtained.

Licben and Rossi's Method. The first step of this process is
the preparation of propionic acid from ethyl alcohol by means
of acetonitril, and then heating its calcium salt with calcium
formate. In this way propioaldehyde is obtained, and this com-
bines directly with hydrogen to form propyl alcohol. From
this latter propyl cyanide (butyromitril) can be prepared, and
this again, in a similar way, yields butyr-aldehyde and butyl
alcohol, &c.

Fatty acids are also formed by the action of carbon dioxide
on the compounds of the alcohol radicals with the alkali
metals (Wanklyn):¢

CHNa + CO, = C,H,CO,Na.

Frankland and Duppa’s Method. Another method discovered
by Frankland and Duppa and improved by other chemists, not

1 Chem. Soc. Journ. iv. 138. 2 Ann. Chem. Pharm. ci. 291.

3 Ann. Chim. xlviii. 118 ; Ann. Chem. Pharm. c. 104,

4 Compt. Rend. liv. 914.

¥ Ann, Chem. Pharm. elviii. 137 ; clix. 58, 79 ; clxv. 109 ; clxvii. 293 ; Lieben
and Janecek, 7b. clxxxvii, 126, L W'a.nkl)n, C'hem Soc. Jom-n xi. 103



FRANKLAND AND DUPPA’S METHOD OF SYNTHESIS. 181

only enables us to prepare the fatty acids synthetically, but also
the other series, and a variety of other compounds.! This
depends upon the fact that the hydrogen of the methyl in
acetic acid can be replaced by a carbon-containing radical. For
this purpose, sodium is dissolved in acetic ether, when sodium
aceto-acetic ether and sodium ethylate are formed :

CH, CH
I |
C0.0C,H, Co
o0 Map el ) + NaOGH, + H,
CH, CHNa
|
C0.0C,H, éo.oczﬂs.

In this reaction, however, little or scarcely any hydrogen is
evolved in the free state, as this, in the nascent condition,
reduces a portion of the acetyl in the acetic ether to ethyl,
forming sodium ethylate. If acetic acid be added to the solid
product, aceto-acetic ether is formed. This possesses slightly
acid properties due to the presence of two carbonyl groups, and
when acted upon by sodium, yields the original compound in
the pure state. The sodium in this body may readily be sub-
stituted by an alcohol radical on treatment with an alcoholic
iodide, and in this compound the second atom of hydrogen can
be substituted by sodium, and this in its turn again replaced by
an alcohol radical.?

All these compounds, like acetic ether itself, are decomposed
by concentrated caustic potash, in the following way :

CIH,, CH,
I
co C0.0K
| + 2HOK = + HO.C,H,
CXY CHXY
| l
C0.0C,H, CO.0K.

In these formulee X and Y represent either hydrogen or an
aleohol radical. It is clear that by this reaction not only homo-
logous acids but many isomeric acids may be built up, as, for
example, in the following instances :

1 Concerning the history of this subject, see Wislicenus’ ** Synthesis of Aceto-
acetic Ethers,” Lieb. Ann. clxxxvi. 161.
2 On this subject see Conrad and Limpach, Lieb. 4nn, excii. 153,
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Pentylic acid. Valerianic acid. Methyl-ethyl acetic acid.

CH

l CH, CH, CH,

CH, N l

| CH CH,

CH, é (‘j

H, H—CH,,

CH, | I

| C0.0H C0.0H
CO.0H

Pentylic acid is obtained by replacing one atom of hydrogen
in acetic acid by the primary radical propyl, whereas secondary
propyl yields valerianic acid. In order to obtain the third acid,
sodium aceto-acetic ether is, in the first place, treated with
iodide of ethyl, the ethyl compound is then acted upon by
sodium, and the body thus obtained converted, by means of
methyl iodide, into methyl-ethyl aceto-acetic ether, and this
finally decomposed by caustic potash.

SECONDARY ALCOHOLS AND KETONES.

121 The secondary alcohols, the existence of which was pre-
dicted by Kolbe * in 1866, may be regarded as.methyl alcohol, in
which two atoms of hydrogen are replaced by alcohol radicals.
The first of these secondary alcohols, C,H,O, was prepared by
Friedel? by . the action of hydrogen (2) on acetone, C;HGO,
obtained on the dry distillation (1) of calcium acetate :

(1) CH,C0.0 _¢H

. CHZC)O.O}C‘" = u)C0 + CacO"

2 CH _ CH ,
CH;}OO + H, = CH:}CH.OH.

Other fatty acids yield kefones when treated in a similar way,
and these are also formed, as Freund 3 has shown, when an
acid chloride acts upon the zinc compound of an alcohol radical.
Thus acetyl chloride and zinc ethyl give methyl-ethyl-ketone :

Zn(C,H,), + 2CICO.CH, = 2C,H,CO.CH, + ZnCl,

1 Zeitsch. Chem, 1866, 118, : 2 Compt. Rend. lv. 53.
3 Ann. Chem. Pharm. cxviii. 1.



SECONDARY ALCOHOLS, 183

The same compound, together with dimethyl ketone and diethyl
ketone, is obtained when a mixture of calcium acetate and
calcium propionate is heated. The formation of the ketone
from the fatty acid is, therefore, exactly analogous to that
of the aldehyde from a mixture of the salt of a fatty acid and
a formate. Whilst just as the aldehydes were formerly con-
sidered to be hydrides of the acid radicals, so the ketones were
looked upon as compounds of the latter with alcohol radicals.
Another general method for the preparation of the ketones
is the decomposition of the acet-acetic ethers by baryta water:

CH,
é CH,

0 l

leg  * Be©H, = CO 4 HOCH, + BaCO,
| HXY

C0.0C;H,

The ketones combine directly with nascent hydrogen with
formation of secondary alcohols.

The secondary alcohols can also be obtained by various other
reactions. Thus all the olefines which contain the groups
—CH=CH, and —CH=CH-— dissolve in sulphuric acid
with formation of an acid ethereal salt, which when heated with
water yields the alcohol:

8%2>CH.O.SO2.OH +HO = 8§I§>0H.0H +HO.S0,0H.

These olefines also combine with the hydracids to form the
haloid ethereal salts :

CH, CH,
l
in CI}Hz
H I CHI
i ¥ &} |
CH, CH,.
(l}H3 (lJ‘Ha
CH CHI
- e I
CH IH2
(gHs CH,..

130
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By the action of chlorine upon the paraffins, secondary as
well as primary chlorides are formed, whilst with bromine only
secondary bromides are produced.!

Secondary iodides are formed when the alcohols of polyvalent
radicals are heated with concentrated hydriodic acid and
amorphous phosphorus. Thus, glycerin, C;H,(OH),, yields
secondary propyl iodide :

CH,.OH CH,

| |

CHOH + 5HI = CHI + SHO + 2I,
| l

CH,.OH | CH,

Phosphorus is added for the purpose of preventing the liberation
of iodine:

2 C,H,0, + 2 H,0 + P, + I, = 2 C;H,I + 2H,PO,.

From these iodides, the alcohols may be obtained by the action
of freshly precipitated oxide of silver.

The alcohols may likewise be obtained by heating the iodides
with concentrated acetic acid and anhydrous acetate of lead in
closed tubes, the ethereal acetates thus formed being decomposed
by caustic potash. This latter reaction is also employed in
order to convert the chlorides and bromides into alcohols.

By the action of silver nitrite on the secondary iodides, nitro-
paraffins are obtained. These dissolve in caustic potash, and
when sulphuric acid is added to this solution a deep-blue
colour is produced. When shaken with chloroform this coloured
compound dissolves, and on evaporation of the dark-blue solu-
tion, colourless crystals of a pseudo-nitrol are obtained :

: Propyl-pseudonitrol
Iso-nitro propane, or Nitro-nitroso-propane.
CH, | CH,
u ) | o,
CH—(NO,) + NO.OH = ¢ + H,0.
| \NO
H, CH,

Small traces of a secondary compound can be recognised by
this reaction, but it is only applicable to the lower terms of
the series.? The pseudo-nitrols are colourless in the solid state,

1 Schorlemmer, Phil. Trans. clxii. (1872) 111 ; Ib. clxix. (1878) 40.
? Meyer and Locher, Lieb. Ann, clxxx 139.
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but when fused or in solution they possess a deep-blue colour,
On oxidation they first form ketones :

Propyl-pseudonitrol, Dimethyl-ketone.
3
0= N—J:—No2 £HO +30. - éo
| é +2HNO,,
CH, H

The secondary alcohols also easily form ketones on oxidation,
and these on further oxidation decompose in such a way that
the carbonyl remains in combination with one alcohol radical,
whilst the other yields oxidation products like its corresponding
alecohol.! Hence dimethyl ketone yields acetic acid and formic
acid, the latter however, readily undergoes decomposition into

carbon dioxide and water. Diethyl ketone, CO{ 8 gﬁ, and

methyl propyl ketone, CO OH3,both ield acetic and propionic
y1propy. C,H, Y prop

acids, whilst from methyl iso-propyl ketone, CO{ CH(CH)

first acetic acid and then dimethyl ketone is obtained, which
latter is further oxidized as before described.

From this it would appear that the simplest alcohol radical
always remains in combination with the carbonyl. This is, how-
ever, not always the case. Thus for example, from trimethyl-

carbylmethyl ketone, CO { C(CH3)3, we obtain trimethylacetic
acid { ngﬁ)?' and formic acid.

Hence, in many cases, the constitution of the secondary
alcohols can readily be recognised by their products of oxida-
tion. Thus, for example, a secondary alcohol is obtained from
mannite, CgHg(OH),, which, when completely oxidized, yields
acetic and butyric acids, and, therefore, must be considered as

methyl butyl carbinol, éigi }C0.0H.

The ketones act in many respects, like aldehydes, as oxides

of dyad radicals. Phosphorus pentachloride converts them into
the dichlorides:

CH, CH,
o’ }oo + PO, = g }col + POCL.

1 Popoff, Ann. Chem. Pharm, clxi, 285,
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Many ketones also combine with the hydrogen sulphites of
the alkali metals to form difficultly soluble ecrystalline com-
pounds which are decomposed again by an excess of acid or
alkali. Hence this reaction is often employed for the purification
of the ketones.

TERTIARY ALCOHOLS.

122 A general method for the preparation of these alcohols,
the existence of which was also predicted by Kolbe, has been
discovered by Butlerow.! This consists in placing an excess of
the zinc compound of an alcohol radical in contact with the
acid chloride for several days, when a crystalline mass is
formed :

CH,
CH, |
Lo+ XCHMZ = CH3——-IC—O—Zn~—OH3
ocl a1
cH, Zn{CHa.

We may assume that as in the case already mentioned,
(p. 182) a ketone is here first formed, and that this unites with
one molecule of the zinc compound, in a similar way as it does
with hydrogen to form a secondary alcohol.  If the above com-
pound be next treated with water, tertiary butyl alcohol, or
trimethyl carbinol, is obtained, and this is the first member of
this series:

(CH,),C.0.ZnCH, 4+ 2H,0 = (CH,),C.OH + Zn(OH), + CH,,

The tertiary alcohols are also formed by the direct union with
water of the olefines containing the groups

—CNc=CH, ad —9S0=0cH—

—C/ c/
CH, CH, CH, CH,
Thus : \C/ + HO = \C6H
gﬂz AH?,.

L Zeitsch., Chem. 1864, 885, 702.
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This combination takes place with especial ease in presence of
sulphuric acid or nitric acid.}

The same olefines readily unite with the hydracids to form
tertiary haloid ethereal salts.

The tertiary alcohols are at once broken up on oxidation in
such a manner that the carbon atom which holds the group
together remains in connection with one alcohol radical forming
a fatty acid, whilst the two other alcohol radicals yield the
same oxidation products as their corresponding alcohols do. In
this way ketones frequently occur as intermediate products.
Thus trimethyl carbinol first yields formic acid and dimethyl
ketone, and the latter readily splits up into water, carbon dioxide
and acetic acid. This last product is also obtained from methyl
diethyl carbinol, whilst propionic acid is also formed from the
isomeric dimethyl propyl carbinol. It is a singular fact that in
these oxidations a small quantity of a fatty acid is obtained
which contains as much carbon in the molecule as the tertiary
alcohol. This is, however, not difficult to explain. The tertiary
alcohol easily decomposes into water and an olefine, and these
latter, as we have seen, readily combine with water to form a
tertiary alcohol. It is also possible that, under certain circum-
stances, a primary alcohol may be produced, and the formation
of isobutyric acid from trimethyl carbinol may be explained by
the following equations:

(CH,),C(OH)CH, = (CH,),C: CH, + H,0.
(CH,),C :CH, + H,0 = (CH,),CH.CH,0H.

Isobutyl aleohol is thus obtained, which, on oxidation, yields
isobutyric acid.2

123 Tertiary nitro-paraffins are formed with difficulty. They
do not possess any acid properties, and hence they do not
dissolve in alkalis and do mnot give any reaction with nitrous
acid.

The reason that these tertiary compounds do not act as acids
is not far to seek. In order that a replacement by a metal can
occur, the carbon compound must contain acid-forming or
negative elements or radicals united to a carbon atom, which
latter must also be united to an atom of hydrogen or hydroxyl.

} Butlerow, Lich. Ann. clxxx. 245. .
2 Butlerow, Zeitsch. Chem., 1871, 484 ; Lich, Ann. clxxxix, 173.
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Hence acetic acid is an acid. Its anhydride (acetyl oxide) is,
however, not an acid. The same reasoning applies to the
nitro-paraffins.

. S d.: Terti
Nitro-ethane. Nitfﬁ;fos.ge_ Nitrgf)l;:::ge.
CH, CH, CH, CH,
é | NV
H, CH.NO, C.NO,
| | &
NO,. CH,. H,
Bromnitro-ethane. Dibromnitroethane. an?:ﬁ‘;ggfggane_
CH, CH, CH,
l
éHBr CBr, Bré—NO2
| | |
NO,. . NO,. CH,,.

The two first of these bodies only act as weak acids, whilst
bromnitro-ethane, obtained by the replacement of hydrogen by
negative bromine, is a strong acid. All the other compounds
are, however, perfectly neutral.’

It has already been stated that a mixture of isomeric alcohols
i3 obtained by the action of nitrous acid upon primary amines
which contain more than two atoms of carbon. The fact that
in this case the alcohols produced are not homogeneous had
been overlooked, and it was thought that propylamine, for
example, was converted by the above reaction into secondary
propyl alcohol, and isobutylamine, in like manner, into tertiary
butyl alcobol.? As soon, however, as the fact of the production
of a mixture of alcohols became apparent, a somewhat far-fetched
hypothesis was made use of, until at last a very simple explana-
tion was found,® namely, that the reaction goes on quite normally
up to a certain point, and that a primary alcohol is pro-
duced from propylamine, but another portion of the propyl-
amine is converted into propylene, which is partly evolved as
a gas and partly combines with water to form a secondary
alcohol :

1 V.Meyer, Lieb. Ann, clxxx, iii.

? Linnemann, 4dnn, Chem. Pharm. clxi. 45 ; clxii. 8.

® Meyer and Forster, Deutsch. Chem. Ges. Ber. ix. 535 ; Meyer, Barbieri, and
Forster, x.. 130.
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THE METHYL GROUP.

METHANE OR METHYL HYDRIDE, CH,.

124 The existence of this substance was observed by the an-
cients, as Pliny noticed the occurrence, in several localities, of jets
of combustible gases. In later time we find that Basil Valentine,
in describing the outbreaks of fire which occur in mines, men-
tions a suffocating damp which is noticed before such an outbreak.
He does not, however, appear to consider that the gases issuing
in such emanations are combustible, but rather that the fire
comes out of the rock and drives out the poisonousair. Libavius,
likewise, gives an account of an explosive fire-damp ; and during
the seventeenth and eighteenth centuries a large number of
descriptions are found of explosions which occur in mines, and
especially in coal-pits. At the same time no distinct statement
is made of the nature of this inflammable fire-damp, which, like
other combustible gases, was not at that time distinguished from
hydrogen.

Fire-damp as well as the gas of marshes was then con-
sidered to be poisonous, nor was it until the year 1776 that
Volta® pointed out the inflammable nature of the latter gas.
He showed that marsh gas differs from hydrogen, in requiring
twice its volume of oxygen for combustion, as well as in giving
rise to carbondioxide, whilst ordinary inflammable air needs only
half its volume of oxygen for combustion and yields no carbon-
dioxide. In 1785 Berthollet investigated the properties of marsh
gas more accurately, and found that it contains both carbon and
hydrogen, and that it usually occurs mixed with nitrogen. All
the naturally occurring inflammable gases were, however, con-
sidered to be identical with the gases obtained artificially by the -
dry distillation of organic matter, as, well as with the substance

1 Sull’ aria inflammabile nativa delle paludi. Milano, 1777.



METHANE OR METHYL HYDRIDE. 191

4

known as olefiant gas, until William Henry,! in 1805, proved
that the gases obtained by the destructive distillation of coal,
oil, and wax, contain two distinct gaseous hydrocarbons, viz.,

olefiant gas and carburetted hydrogen (marsh gas) mixed with

carbonic oxide gas. Shortly afterwards Dalton,2 Davy, and
Berzelius confirmed the existence of two distinct gaseous com-
pounds of carbon and hydrogen, which, from their difference in
specific gravity, were termed light, and heavy, carburetted hy-
drogen, the former being marsh gas and the latter olefiant gas.
The first of these was afterwards looked upon as methyl hydride,
and the name methane given to it by Hofmann.

125 Properties. Methane is a colourless inodorous gas which,

according to Cailletet, can be liquefied under a pressure of 180
atmospheres at a temperature of —11° Its specific gravity
was determined by Thomas Thomson ® to be 0-555.

Marsh gas is not poisonous, and colliers who frequently
breathe air containing 9 per cent. of this gas do not appear to
suffer. When the percentage increases above this point, pressure
on the forehead and eyes is noticed, which, however, disappears
again on gaining the open air.

Methane is readily inflammable, burning with a slightly lumin-
ous flame, which in the upper part has a yellow, and in the
lower a blue, colour. When mixed with double its volume of
oxygen, and fired by an electric spark or by a flame, it explodes
more violently than the same volunie of electrolytic gas, and a
mixture of marsh gas with from seven to eight volumes of air
also explodes with great violence. Mixtures of air and marsh
gas varying from this proportion burn with a weaker explosion,
and if one constituent be present in large excess the electric
spark does not explode the mixture (Davy).

Methane is but slightly soluble in water; its coefficient of
absorption, according to Bunsen, for temperatures between 0°
and 26° is obtained from the following interpolation formula :

¢ = 0:05449 — 0-0011807t + 0-000010278¢>

It is more soluble in alcohol, the following formula giving its
solubility in that liquid between 2° and 24°:

¢ = 0522586 — 0:0028655t + 0:0000142t%

1 Nicholson's Jeurnal, xi. p. 65. 2 Vol. I. p. 612.
3 Nicholson’s Journal, 1807.
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» -

It has a,hfeady been mentioned that methane occurs in nature.
. Thus it forces its way out together with petroleum at various
pomts on the earth’s surface. The sacred fire at Baku consists
IOY burning marsh gas containing admixtures of nitrogen, carbon
‘dioxide, as well as of the vapour of petroleum (Hess). The gas
issuing from the mud volcanoes at Bulganak, in the Crimea, on
the other hand, consists, according to the analyses of Bunsen, of
perfectly pure methane. It has already been stated in the first
volume (p. 608) that the gases which escape in large quantities
from the oil wells of Pennsylvania contain marsh gas and its
homologues, together with hydrogen.

Marsh gas not only occurs in these sources and in very large
quantities in the coal measures, but it is" also found in many
sulphur springs in the neighbourhgod of active volcanoes, and it
is likewise evolved in the boric acid fumeroles in Tuscany.
Moreover, methane is a never-failing constituent in the pro-
ducts of the dry distillation of organic matter, and hence it is
found in large quantities in coal gas.?

126 Pwpmation Methane is obtained when either acetic acid
or acetone is heated with an excess of caustic'alkali. In order
to prepare it, an infimate mixture ,of one part of sodium
acetate and four parts of soda-lime is made and then heated
in a flask or tube of hatd glass, or, still better, in one 9‘ copper
or iron, until ‘the o5 is evolved. In this way, however, the
formatlon of a certain amébunt of free hydrocren ‘(according to
Kolbe ® about eight per cent.), as well as of ethylene, cannot be .
avoided. This latter may be removed by passing the gas through
U tubes contammg pumlce stone moistened with strong sul-
phuric acid.

Accordmg to C. A. Brindley the ’best mode of preparation is
to mix 750 grams of caustic soda dissolved #r*800-cbe. of water
with 750 grams of acetate of soda, and, when this is dissolved,
to add 1,250 grams ef coarsely-powdered quick-lime. The
mixture is then evaporated to dryness,.and afterwards gradually
heated to redness in an iron bottle. In this way 125 litres of
marsh gas are obtained. -

Methane is formed from acetic acid according to the following
equation :

CH,.CO.0Na + NaOH = CH, + CO(ONaJ,

1 Vol. 1. pages 608-10,

2 Persoz, Rorue Seientif. i, 51 ; Dumas, Ann. Chim. Phys. lxxiii. 92.
S Adusf. Lehrb, Org. Ckem. i. 275.
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tgrin order to prepare it in the perfectly pure state, zinc methyl
is deeomposed with water.!

Zn(CH,), + 2HOH = Zn(OH), + 2CH,.

~ “The synthetic formation of methane is of great theoretical
interest. Berthelot? obtained it thus by passing a current of
-sulphuretted hydrogen, saturated with the vapour of carbon
_disulphide, over ignited metallic copper, when the following
sreaction takes place :

CS, + 2H,S + 8 Cu = CH, + 4 C,S.

By this means about one-fifth to one-third of the total
hydrogen in the sulphuretted hydrogen is converted into marsh
= gas. In order to separate the methane, he agitated the
gas with alcohol, in which, as has been statea,ﬂmars_b\ gas'is
tolerably soluble. By warming the alcoholic solution the pure
gas is driven'off.
Methane is also formied by submitting a mixture of hydro-
gen and carbonic oxide gas to the action of electricity in an
induction tube, round which the electricity passes :

CO + 3H, = CH, + H,0.

After the induction current has acted for five hours, about
6 per cent. of fnarsh gas is produced.® Although methane can
-be produced in this way, it is decomposed nto.its constituents
at once, when subjected to the direct-action of the electric
spark. This decomposition, however, is not a complete one.
The action of the induction spark ceases after half 4n hour, the
_ original volume does not become quite doubled,* ‘whilst a certain
proportion of Aogfylene is formed. This latter gas, together
with naphthalene, C, Hy, is also formed, according to Berthelot,
when methane 1s exposed to a very high temperature, a portion
of the gas being at the same time converted into its elementary
constituents. vt N
Like all the paraffins, methane is a very stable body, unacted
upon by cold concentrated nitric acid, and even by fuming sul-
phuric acid at a temperature of 150°. On the other hand,
chlorine attacks it so easily that when the mixed gases are

1 Frankland, Phil. Trans. 1853, cxlii. 417.

2 Compt. Rend. xliii. 236.

3 Brodie, Proc. Roy. Soc. xxi. 245.

4 Buff and Hofmann, Ann, Chem. Pharm. cxiii, 129,
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exposed to the sunlight an explosion may occur with separation
of carbon, whilst in diffused daylight a series of substitution
products is formed.

METHYL ALCOHOL,
CH,OH.

127 Boyle, in his Sceptical Chemist (1661), constantly insists
upon the fact that bodies cannot be resolved into their ulti-
mate constituents' by means of fire, a view which was generally
held at that time, and one which was supported by a mass
of strange experimental evidence, respecting the truth of which
the cautious Boyle gives it as his opinion “that he that hath
seen it hath more reason to believe it than he that hath not.”1
In particular he states that the volatile product obtained by
the dry distillation of wood is not a simple body, but that
it consists of an acid-, or acetous-, and an indifferent or an
adiaphorous (from ddiagpopos, indifferent) spirit, which latter
he showed to be inflammable.? These two products he sepa-
rated as follows : ““I took eight ounces of the rectified spirit of
box (wood), wherein the acetous and neutral spirit remained
confounded, as they had been in the first distillation; and
having poured this upon a quantity of calcined cgral, sufficient
to satiate the acid corpuscles (which quickly fell to corrode it
with noise and bubbles), we gently distilled it to dryness in a
glass head and body, by which means we obtained of adiaphorous
spirit but eight grains less than seven ounces and a half.”

It was not until the year 1819 that this spirituous liquid again
attracted the attention of chemists. Colin believed it to be
acetone, whilst Ddbereiner in 1821 stated that he found it to
contain common alcohol. Upon this Taylor 2 remarked that so
carly as 1812 he had examined this body, t6 which he had
given the name of pyroligneous ether, because it was a sub-
stance which, although it possesses great similarity with ordi-
nary alcohol, still differs from this body, inasmuch as it does
not yield sulphuric ether on treatment with sulphurie acid.
This property was confirmed by Macaire and Marcet (1824), by
Gmelin {1829), and by Liebig (1832). A complete investigation

1 Boyle, Opera, i. 486, footnote.

? «“New Observations about the Adiaphorous Spirits of Woods and divers

other bodies,” Opera, i. 616.
3 Tillochs, Pkil. Mag. 1x. 315,
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of wood-spirit was made, in the year 1834, by Dumas and
Péligot,! who were the first to point out the striking analog
existing between this body and common alcohol, an analogy
which has exerted a marked influence on the progress of or-
ganic chemistry.? They gave to this compound the name of
methyl alcohol (from wéfv, wine ; UAn, wood). = Their analytical
results, however, did not agree with those obtained by Liebig, and
hence Berzelius suggested in 1839 that wood-spirit must contain
different bodies, and this supposition was soon confirmed.

Methyl alcohol is also formed when wood is heated to the
boiling-point of mercury, with an equal weight of caustic
potash and a small quantity of water,® as well as when wood
is heated with water to a temperature of 200°* It is also
produced in the dry distillation of other organic materials, and
is likewise contained in the products of the action of heat on
calcium formate (CHO,),Ca.®

Methyl alcohol does not occur in the free state in nature,
although the methyl ethereal salts are contained in a variety of
plants. Thus, for instance, the wintergreen oil obtained from
Gaultheria procumbens, a plant indigenous to New Jersey and
various other parts of the United States, consists entirely of
methyl salicylate, CH,C,H,0,° This compound is also the chief
constituent of the ethereal oils of other species of Gaultheria, as,
for instance, the G. punctate and leucocarpa, which grow on the
top of the extinct volcanoes of Java,” and also of the Andromedn
leschenaultis, indigenous to the Neelgherry Hills.! The ethereal
oils from the seeds of Anthriscus cercfolium, Pastinaca sativa
and Heraclewm gigantewm, contain the ethereal salts of various
alcoholic radicals, amongst which small quantities of a methyl
compound, probably methyl butyrate, occur.?

128 Commercial Preparation. Methyl alcohol is prepared on
the large scale from the aqueous liquid obtained in the dry dis-
tillation of wood. This contains a variety of other compounds,
together with methyl alcohol and acetic acid. The most volatile

1 Ann. Ckim. Phys. lviil. 5 ; Ixi. 193.

3. Kopp, Geschichte der Chemae. iv. 330.

3 Péligot, Ann. Chim. Phys. 1xxiii. 218,

4 QGreville Williams, Chem. News, xxvi, 231, 293,

5 Lieben and Paterno, 4nn. Chem, Pharm. clxvii. 293 ; Friedel and Silva,
Compt. Rend. 1xxvi, 1545, X

6 Cahours, Compt. Rend. xvi. 853 ; xxxix, 255.

Y De Vrij, Pharm. Journ. Trans. [8), ii. 503 ; Ber. Deutsch. Chem. Ges. xil. 246.

8 Broughton, Pharm. Journ. Trans, [3), ii. 281 ; Kohler, Ber. Deutsch. Chem.

Ges. xii. 246.
¥ Gutzeit, Lichig’s Ann. clxxvii. 344.
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portions are first distilled over, and these repeatedly recti-
fied over quicklime in order to remove as much as possible
acetic acid, water, and tarry substances. The wood-spirit thus
obtained contains together with methyl alcohol, acetone, allyl
alcohol, methyl acetate, homologues, and condensation products
of acetone, together with oily bodies and other compounds. The
pure alcohol is obtained by first heating with caustic soda in
order to convert the methyl acetate into alcohol. The disagree-
able smelling impurities are then destroyed by a weak oxidising
agent, and the product subjected to a systematic fractional dis-
tillation, for which purpose an arrangement is used similar to
that employed in the rectification of common alcohol.! The pro-
duct obtained in this way, freed as much as possible from acetons
and allyl alcohol, constitutes the wood-spirit of commerce.
Methyl alcohol is now largely obtained as a by-product in the
beetroot sugar industry. In this industry, as in the manu-
facture of cane-sugar, large quantities of molasses or treacle
remain behind after the whole of the crystallisable sugar has
been withdrawn. These molasses are invariably employed to
yield ordinary alcohol by fermentation. Now the juice of the
beet as well as that of cane-sugar contains, in addition to the
sugar, large quantities of extractive and nitrogenous matter,
together with considerable quantities of potash salts. In some
sugar-producing localities the waste liquor or spent-wash from
the stills, termed “vinasse” in French, is thrown away; but
in France it has long been the custom of the distiller to eva-
porate these liquids to dryness and to calcine the mass in a
reverberatory furnace, thus destroying the whole of the organic
matter, but recovering the alkaline salts of the beetroot. In
this- way 2,000 tons of carbonate of potash are annually pro-
daced in the French distilleries. For more than thirty years
the idea has been entertained of collecting the ammonia water,
tar, gas, and oils, given off when this organic matter is calcined;
but the practical realisation of the project has only quite re-
cently been accomplished, and a most unexpected new field of
chemical industry thus opened out through the persevering and
sagacious labours of M. Camille Vincent? of Paris. In this
process the spent-wash, after evaporation, is submitted to dry
distillation. The distillate consists of a complex mixture of
! Ber. Entw. Chem. Ind. ii. 277,

? Compt. Rend. 1xxxiv. 214 ; Bull. Soc. Chim. [2], xxvii. 148 ; Expos. Univ.
1878, Prod. Chim. groupe 5, classe 47.
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chemical products, resembling in this respect the corresponding
product in the manufacture of coal-gas. It is, however, dis-
tinguished from this, and approximates in composition to the
products of the dry distillation of wood, by containing not only
ammoniacal salts, but especially trimethylamine, acetonitril, and
methyl alcohol. The distillate having been neutralised by sul-
phuric acid, is evaporated in retorts, when the two latter com-
pounds distil over. The nitril is decomposed by rectification
over lime into acetic acid and ammonia, and the distillate
contains dilute methyl alcohol, which may be dehydrated by
a second treatment with caustic lime.

The best commercial wood-spirit contains about 95 per cent.,
the more common varieties 75 to 90 per cent. of the pure alcohol,
whilst some samples may contain only from 35 to 40 per cent. of
pure substance.! Besides water, it contains acetone and other
bodies. '

129 Preparation of pure Methyl Alcohol. In order to prepare
pure methyl alcohol the method suggested by Wohler? is best
employed. This consists in preparing from the commercial
article crystalline methyl oxalate, (CH,),C,0,, a body which
boils at 162°, is easy to purify,and is readily converted into oxalic
acid and pure methyl alcohol by heating with water. According
to Erlenmeyer ® this ethereal salt is best obtained by dissolving
anhydrous oxalic acid in boiling wood-spirit. The crystals which
separate out on cooling are then washed with water by means
of a filter-pump, until the liquid which runs off does not
give the iodoform reaction. It is then boiled with water in
a flask connected with a reversed Liebig’s condenser, in order
to decompose the ethereal salt completely, for which purpose the
ebullition must continue for at least three hours; an addition of
caustic soda facilitates the decomposition. According to Carius,*
methyl benzoate, CH,.C,H,0,, may be employed instead of the
oxalate. This is obtained easily by saturating a solution of
benzoic acid in methyl alcohol with hydrochloric acid, and then
removing the more volatile ethereal product by distillation.
The residue is washed with water and then decomposed by
heating with caustic soda.

It has already been mentioned that the ethereal oil of the
Gaultheria procumbens chiefly consists of methyl salicylate,

1 Bardy and Bordet, Bull, Soc. Chim. xxxii. 4.
2 Ann. Chem. Pharm. 1xxxi. 376.
3 N. Rep. Pharm. cx. 209, 4 Ana. Chem. Pharm. ex. 209,
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CH,.C,H,O,, boiling at 224°. This was formerly employed for
the preparation of pure methyl alcohol. As salicylic acid is
now prepared on a large commercial scale, the artificial salt may
be made use of instead of benzoic acid for the purification of
wood-spirit.

Purified wood-spirit, as we have seen, frequently contains
acetone, a body boiling at 56°, or 9° lower than methyl alcohol.
This compound may, however, be almost completely separated
by fractional distillation, and the product thus obtained, termed
in French methylénes de queue, easily yields pure methyl alcohol
by converting it into methyl formate, CH,.CHO,, a body which
boils at 32°, and which is readily decomposed by caustic soda.?

Pure methyl alcohol obtained according to one or other of
these methods may be distilled from a water-bath in order to
remove the water with which it is mixed, and then allowed to
stand over ignited carbonate of potash for a long time, and
afterwards rectified over either freshly burnt lime or anhydrous
potassium ferrocyanide. The product thus obtained still con-
tains small quantities of water which can only be got rid of by
rectification over metallic sodium or phosphorus pentoxide.

130 Properties. Pure methyl alcohol is a colourless mobile
liquid possessing a pure vinous smell similar to that of common
alcohol and having a specific gravity of 08142 at 0° (Kopp).
The boiling point as given by various observers varies from 58°6
to 66™5. This is partly to be explained by the fact that the early
experimenters operated upon an impure compound, and partly
also because the substance retains water with the greatest
avidity. The perfectly anhydrous compound boils, according
to Dittmar and Stewart® at 55°1, whilst Kopp 3 formerly found
the boiling point to be 54™6 to 55°2. The vapour density of
methyl alcohol was first determined by Dumas and Péligot, and
found to be 1-12.

Methyl alcohol is miscible with water in all proportions, a
contraction and consequent evolution of heat occurring, this
being greatest when the relation of one molecule of methyl
alcohol to three of water is preserved. On ignition it burns
with a pale blue flame, like common alcohol, which it also
resembles, inasmuch as it acts as a solvent for many substances
which are insoluble in water, such as fats and volatile oils,

1 Kridmer and Grodzki, Ber. Deutsch. Chem. Ges. ix. 1928; Bardy and Bordet,
Bull. Soc. Chim. xxxi. 531.
2 Chem. News, xxxiii, 85. 8 Ann. Chem. Pharm, xciv. 257.
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camphor, resins, &c. The alkalis and various salts are also
soluble in this menstruum, whilst bodies which do notdissolve
in common alcohol, such as potassium carbonate, potassium
sulphate, &c., are likewise insoluble in methyl alcohol. = Potas-
sium and sodium dissolve in methyl alcohol with evolution of
heat and liberation of hydrogen. Crystalsseparate out from such
solutions which consist of compounds of the corresponding
methylate with methylic alcohol. The potassium salt possesses
the composition CH,OK + CH,OH." These bodies are instantly
decomposed by water, with formation of caustic potash and
methyl alcohol. Anhydrous baryta dissolves in pure methyl
alcohol with evolution of heat, and on evaporating the solution
in a vacuum, crystals of BaO + 2CH,O are deposited (Dumas
and Péligot). When thallium ethylate C,H,OTI, a liquid obtained
by the action of ethyl alcohol on thallium is poured into excess
of methyl alcohol, thallium methylate, CH,OTl, separates out
in the form of a white granular precipitate, which when ignited
burns with a beautiful green flame. This compound is soluble
in ether and alcohol, and is decomposed by water with formation
of thallium hydroxide (Lamy). Anhydrous calcium chloride
dissolves in methyl alcohol with evolution of heat. Six-sided
tables of the compound CaCl, + 4CH,O separate out on cooling
the concentrated solution. These are very deliquescent and
quickly decomposed by water, but may be heated in dry air to
100° without losing methyl alcohol (Dumas and Péligot). Hexuce
this compound was formerly used for the purification of wood-
spirit.? The raw product was saturated with calcium chloride,
and this then distilled on a water-bath until the excess of wood-
spirit, acetone, and other easily volatile constituents had passed
over.  The residue was then heated with water and distilled,
when the purified wood-spirit first came over, and this was
afterwards dried as above described. Similar compounds with
lithium and magnesium chlorides, containing respectively three
and six molecules of methyl alcohol to one molecule of metallic
chloride, have been prepared by Simon.?

Purified wood-spirit was formerly employed. instead of spirit
of wine as a source of heat, and as a solvent for various gums
and resins. At the present day it is very largely used in the
manufacture of aniline colours, and it is important for this

! Wiedmann and Schweizer, Journ, Pr. Chem. xxiii, 6.
2 Kane, Phil, Mag. [3], x. 45, 116.
3 Ber, Deutsch. Chem. Ges. xii. 1281,

131
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manufacture to be able to determine the quality of the com-
mercial product by a simple method: If the substance should
only contain water the matter is easy enough, for mixtures of
methyl alcohol and of ethyl alcohol with water exhibit, as Deville X
has proved, almost the same specific gravity for equal percentage
mixtures, and hence tables made for the purpose of obtaining
the strength of dilute spirit of wine may be employed for wood-
spirit. Dupré 2 has also determined the specific gravity of dilute
aqueous solutions of wood-spirit of various strengths. More
commonly, however, acetone and other ketones are present, as
well as water, in common wood-spirit, and this lowers the value
of the commercial article, not only by dilution, but also because
their presence acts prejudicially on the colour. For the purpose
of analysing commercial wood-spirit it is usual to prepare methyl
iodide from it, and determine from the quantity of this com-
pound obtained, the value of the methyl alcohol. This method,
first proposed by Krell,® has been worked out by Kriimer and
Grodzki,* as well as by Bardy and Bordet.?

METHYL OXIDE OR DI-METHYL ETHER,
(CH,),0.

131 This compound was first prepared in 1835 by Dumas and
Péligot ¢ by heating the alcohol with sulphuric acid, and termed
by them hydrate of methylene. Ebelmen? afterwards showed
that boron trioxide may be employed instead of sulphuric acid.
It was then supposed that methyl oxide was formed by the
withdrawal of the elements of water from the alcohol. This,
however, is not the case, as will be afterwards explained (see
Etherification, under “ Ethyl Ether ”).

In order to prepare this compound, a mixture of thirteen
parts of methyl alcohol and twenty of sulphuric acid is gently
heated to a temperature of 140° in a flask provided with a
reversed condenser. The gas which comes off is washed
through caustic soda in order to remove sulphur dioxide and
carbonic acid, and then passed into sulphuric acid, which
absorbs 600 times its own volume. It appears that in this
case the compound H,SO, + (CH,),0 or SO(OH),(OCH,), is

1 Ann, Chim. Phys, [3], v. 139. 2 Proc. Roy. Soc., xx. 336.
3 Ber. Deutsch. Chem, Ges. 1873, 1310. 4 Ibid. 1874, 1493.
5 Bull. Soc. Chim, xxxii. 4.° § Ann. Chim, Phys. [2], lviil. 19.

7 Ihid. [3], xvi. 138.
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formed. This may be preserved without alteration, and when
it is allowed to drop into an equal volume of water methyl
oxide is evolved.!

Methyl ether is now prepared on a large scale for the pro-
duction of artificial cold. For this purpose one part of sulphuric
acid is mixed with rather more than one part of anhydrous
wood-spirit, and the mixture, which must be of specific gravity
1°29, heated to a temperature of 125° to 128°, care being taken
that the temperature does not rise above 130°. As soon as no
more ether is evolved, the liquid is allowed to cool, and a suffi-
cient quantity of wood-spirit added to the residue to bring up
the specific gravity to 1:29. By repeating this operation, a large
quantity of methyl ether can be obtained by the employment of
a small quantity of sulphuric acid. The gas during its evolu-
tion is washed by passing through caustic soda solution and
over chloride of calcium, and being thus freed from carbonic
acid, sulphur dioxide, and water, is then condensed to a liquid
by pressure.?

Methyl ether is an agreeably smelling gas which, when
ignited, burns with a bluish flame, and which may be condensed
by pressure or cold to a mobile liquid boiling at —21° (Ber-
thelot). Methyl ether is readily soluble in wood-spirit, spirit
of wine, and common ether; it is less soluble in water, which,
however, absorbs at 18° about thirty-seven times its volume,
acquiring a burning taste. If methyl oxide be brought in con-
tact with dry hydrochloric acid in a freezing mixture, a colour-
less mobile fuming liquid is formed which begins to boil with
decomposition from —3° to —1°, and which contains thirty-seven
to thirty-nine per cent. of chlorine, nearly corresponding to the
formula (CH,),0,HCL® Water decomposes it instantly into its
constituents. By the action of chlorine on this ether, substitu-
tion-products are obtained, of which the first is monochlor-
methyl ether, CH;OCH,CI, boiling at 59°7, and the last
perchlormethyl ether, (CCL),0, a liquid which on heating
yields tetrachlor-methane, CCl,, and carbonyl chloride, COCL,

1 Erlenmeyer and Kriechbaumer, Deutsch. Chem. Ges. Ber, vii., 699,
2 Tellier, Arch. Pharm. x. 57.
3 Friedel, Compt. Rend, 1xxxi. 152.
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ETHEREAL SALTS OF METHYL.

132 Methyl Chloride, CH;Cl, was discovered by Dumas and
Péligot, who prepared it byjheating a mixture of one part of
wood-spirit, two parts of common salt, and three parts of
sulphuric acid. The compound thus obtained is, however, not
pure, but contains methyl oxide and sulphur dioxide.

In order to prepare pure methyl chloride, zinc methyl is
dissolved in double its weight of wood-spirit, and hydrochloric
acid led into the boiling liquid contained in a flask furnished
with a reversed condenser.! Methyl chloride is also obtained
when the so-called basic cacodyl sesquichloride (Bunsen) and
cacodyl dichloride (Baeyer) are heated. It is likewise formed as
the first substitution-product when chlorine is allowed to act
upon methane in diffused daylight (Dumas).

It was formerly believed that the body obtained by this last
process was an isomeride of methyl chloride, as it was said to
exhibit a peculiar reaction with water. Berthelot,2however, has
shown that the substances obtained by these various processes
are identical, and that the last preparation, like the chloride
obtained in other ways, yields methyl alcohol when heated to
100° with caustic potash, whilst when treated with sulphuric
acid and sulphate of silver or mercury, methyl sulphuric acid is
formed, and this on heating with sodium acetate and acetic
acid to 200° yields methyl acetate.

Methyl chloride has recently been obtained, as has been
stated, on a large scale in the dry distillation of the beetroot
“ vinasses,” which contains a large quantity of trimethylamine.
'This base is neutralised with hydrochloric acid and the con-
-centrated solution heated to 260°, when a regular evolution
rof methyl chloride and trimethylamine commences:

3 N(CH,), CIH = 2CH,Cl + 2N(CH,), + CH,NH, + HC.

The residue, which also contains hydrochloride of methylamine
as well as sal-ammoniac, is either worked up for the methyl base,
or by heating it to 300°, more methyl chloride can be obtained
together with methylamine and ammonia, The methyl chloride
thus obtained is separated from the alkaline compounds by

1 Groves, Journ. Chem. Soc. 1874, 641.
2 Ann. Chem. Pharm. cv. 241; Compt. Rend, xlv. 916,
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treatment with hydrochloric acid ; and after drying over calcium
chloride it is condensed by pressure and preserved in cylinders
made of strong wrought iron or copper. A mobile ethereal-
smelling liquid is thus obtained which boils at —23°! and when
ignited burns like other organic chlorine compounds, with a
green bordered flame.  Its specific gravity is as follows:

At —30° = 09990
-25° = 09915
- 0°=09523
+15° = 09247

The tension of the vapour being :

At 0° =248 Atmospheres,

15° = 411 7
20° = 481 ¢
25° = 562 L,
30° = 650 3
85° = 7-50 z

The vapour density of methyl chloride was first determined by

" Dumas and Péligot and found to be 1736. Methyl chloride

is only slightly soluble in water, but dissolves readily in alcohol.
The neutral solution is not precipitated by silver nitrate. It
forms with water at 6° a solid hydrate which separates out in
amorphous flakes when the gas is led into cold water, but may
be obtained in large crystals by the cooling of the aqueous
solution.

It has already been mentioned that methyl chloride obtained
from marsh gas was formerly supposed to be an isomeric
modification; this was not only because it was believed to
be less soluble in water that the chloride obtained by other
means, but also that it did not, like the latter, yield a hydrate.
The observations upon which this conclusion was based no
doubt depend on the fact that by the action of chlorine upon
methane a mixture is obtained which contains not only unaltered
marsh gas, but also higher substitution-products.

Methyl chloride is largely used for the preparation of various
aniline colours, as well also as a means of producing artificial
cold. For this latter purpose it will doubtless prove of great
service both in the laboratory and on the larger industrial

1 Vincent and Delachanal, Bull. Soc. Chim. xxxi. 11.
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scale. When the liquid is allowed to escape from the receiver
into an open vessel, it begins to boil, and in a few moments
the temperature of the liquid is lowered by the ebullition to
below —23°, the boiling point of the chloride. The liquid
then remains for a length of time in a quiescent state, and
may be used as a freezing agent. By increasing the rapidity
of the evaporation by means of a current of air blown through
the liquid, or better, by placing the liquid in connection with

Fre. 61.

a good air-pump, the temperature of the liquid can in a
few moments be reduced to —55°, and large masses of mercury
easily solidified. The construction of a small freezing machine
employed by M. Camille Vincent is shown in Fig. 61. It consists
of a double-cased copper vessel, between the two casings of
which the methyl chloride (A) is introduced. The central space
(M) is filled with some liquid such as alcohol, incapable of soli-
dification. The chloride of methyl is allowed to enter from the
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cylindrical reservoir (P) by the screw tap (B), the screw (S) being
left open to permit of the escape of the gas. As soon as the whole
mass of liquid has been reduced to a temperature of —23°
ebullition ceases, the screw (S) may be replaced, and if a tem-
perature lower than —23°be required, the tube (B) placed in
connection with a good air-pump. By this simple means a litre
of alcohol can be kept for several hours at temperatures either
of —23° or—55° and thus a large number of experiments can be
performed for which hitherto the expensive liquid nitrous oxide
or solid carbonic acid was required.

M. Vincent has recently constructed a much larger and more
perfect and continuous form of freezing machine, in which, by
means of an air-pump and a forcing pump, the chloride of methyl
is evaporated in the freezing machine and again condensed in the
cylinders. This enlarged form of apparatus will probably com-
pete favourably with the ether and the sulphurous acid freez-
ing machines now in use, as it can be simply constructed, and as
the vapour and liquid do not attack metal and are non-poisonous,
and the frigorific effects which it is capable of producing are
most energetic.

133 Methyl Bromide, CH,Br. This substance was first pre-
pared by Bunsen,! by gently heating basic cacodyl super-
bromide, as (CH,), (OH),Br. It is a colourless gas which at "
—17° condenses to a colourless liquid. Pierre2 obtained it by
acting with ordinary phosphorus on a well-cooled mixture of
wood-spirit and bromine. According to him it is a sweetly
smelling ethereal liquid which boils at 4+ 13° and has a specific
gravity at 0° of 1:664.

Amorphous phosphorus is now generally employed in this,
as in the preparation of other bromides and iodides® In
this instance 133 grams of amorphous phosphorus and
800 grams of methyl alcohol are mixed in a large retort sur-
rounded by ice-cold water and furnished with a reversed con-
denser. To this 800 grams of bromine is gradually added by
means of a stoppered funnel. After leaving the amorphous
phosphorus in contact for several hours, the liquid is distilled, and
the vapour condensed in a receiver surrounded by a freezing
mixture. The product is washed with alkaline water and dried
over calcium chloride. The bromide thus obtained has a specific
gravity of 173 at 0° and boils at 4.°5, Merrill explains the

1 Ann. Chem. Pharm. xlvi. 44. 2 gnn. Chim. Phys. [8], xv. 825,
3 Merrill, Journ. Pr. Chem. [2], xviii. 293.
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difference between his results and those before described, by the
supposition that Pierre’s compound contained water.

Pure methyl bromide has a pleasant ethereal smell, resembling
that of chloroform, and a burning taste. Its vapour density
is 3-253 (Bunsen). 'When a flame is brought near the gaseous
compound it burns with a greenish-brown, slightly luminous
flame, giving off vapours of bromine and hydrobromic acid.
When the source of heat is removed the flame is at once
extinguished. * It forms with water a white crystalline hydrate
which does not exist above 4° and. probably consists of
CH,Br + 20 H,0 (Merrill).

134 Methyl Iodide, CH,I, was first prepared by Dumas and
Péligot by the action of iodine on common phosphorus and wood-
spirit. .~ This compound, like many iodides, easily undergoes
double decomposition with other bodies, and therefore is largely
used for the preparation of other methyl compounds. It has
consequently been a matter of some importance to discover the
most economical method of preparation.!

At the present day methyl iodide is prepared on a large scale
by the use of commercial amorphous phosphorus. To a mixture
of 35 parts of purified wood-spirit, 100 parts of iodine and 10
parts of amorphous phosphorus are gradually added :

10 CH,.OH +5 I, + P, =10 CH,T + 2 PO(OH), + 2 H,0.

- It 'is here seen that the phosphorus is in excess. A somewhat
smaller quantity may be employed, but the excessappears to in- .
crease the rapidity of the reaction, and that which is not used
can easily be regained. The mixture is allowed to stand over
night, and then the methyl iodide distilled off, the distillate
being washed with dilute caustic soda and dried over calcium
chloride. * Like the chloride and other methyl compounds, the
todide is largely employed in the manufacture of the various
aniline colours.

Methyl iodide is a colourless, powerfully refracting liquid, hav-
ing a specific gravity of 2:269 at 25° and boiling at 42°5 (Linne-
mann).. Its vapour density was found by Marchand to be
5-417.2 Tt possesses a peculiar ethereal smell, and on exposure
to light turns brown from liberation of iodine. When heated
with sixteen times its volume of water for eight hours to 100° it

1 Landolt, Ann. Chem. Pharm. lxxxiv. 44; Hofmann, Quart. Journ. Chem.

Soc. xiii. 69,
2 Journ. Prack. Chem. xxxiii. 186.
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is decomposed with formation of methyl alcohol and hydriodic
acid.!

Methyl iodide can be inflamed only with difficulty, and burns
when a flame is brought into its neighbourhood with a steel-grey
coloured flame and with evolution of dense violet fumes of
iodine.

Methyl Fluoride, CH,F, was first prepared by Dumas and
Péligot 2 in 1836, by heating potassium fluoride with potassinm
methyl sulphate. It is a colourless gas with an ethereal odour,
which takes fire and burns with a blue flame with formation
df hydrofluoric acid.

135 Normal Methyl Sulphite, (CH,), SO,, is formed by the
action of thionyl chloride, SOCl,, on wood-spirit. Itisa pleasant
smelling liquid boiling at 121°5 and having a specific gravity
at 16° of 1:04562 Ebelmen and Bouquet found the vapour
density to be 4°78. If a small quantity of caustic potash be
added to its alcoholic solution, needles of potassium methyl
sulphite, K(CH;)SO, are deposited.

Hydrogen. Methyl ~ Sulphate, ¢r Methyl Sulphuric Acid,
H(CH,)SO,, was obtained by Dumas and Péligot by mixing one
part of methyl alcohol with two parts of sulphuric acid, when
the mixture becomes hot and the following reaction takes place :

CH,.OH + H,S0, = H(CH,)SO, + H,0.

A limit is placed on the reaction by the formation of water,
and for this reason the liquid always contains free sulphuric acid
and methyl alcohol. In order to remove these, the mixture is
diluted with water, neutralised with barium carbonate, filtered,
and sulphuric acid added to the solution until all the barium is
thrown down. The filtrate, on evaporation in a vacuum, is said
to yield methyl sulphuric acid in deliquescent crystals, although
this statement is denied by Claesson.* He obtained the anhy-
drous acid by allowing methyl alcohol to drop into chlorsulphonic
acid cooled by ice :

OH o) OH
s,o2}0l + HO.CH, = 302{00H3 + HCL
The product, which contains some free sulphuric acid
together with hydrochloric acid and methyl chlorosulphonate,

1 Niederist, Licbigs Annalen, cxcvi. 349.

2 Ann. Cham. Phys. [2], 1xi. 193.

8 Carius, Ann. Chem. Pharm. cx. 219 ; cxi, 97.
4 Journ. Pr. Chem. N. F. xix. 231,
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S0,CI(OCH,), is an oily liquid which does not adhere to glass
and does not solidify at —30°. If its aqueous solution be
allowed to evaporate in a vacuum no crystals are obtained.
On heating methyl sulphuric acid with methyl alcohol, methyl
oxide is formed, this substance being also produced, as has
been stated, by the action of sulphuric acid upon the alcohol :

CH, OH oH
}O + 80 {OCH _CH }0 + 80 {OH.

Methyl sulphuric acid is monobasic, forming salts, most of which
crystallise well.

Potassium Methyl Sulphate, 2K(CH,)SO, + H,0, forms deli-
quescent monoclinic tables.

Calcium  Methyl Sulphate, Ca(CH,),(80,), ecrystallises in
deliquescent octohedrons.

Barium  Methyl Sulphate, Ba(CH,)y(SO,), + 2H,0, forms
monoclinic tables and possesses a sweet taste.

Lead Methyl Sulphate, Pb(CH,)(SO,), + H,0, crystallises in
long prisms ; it decomposes on heating into lead sulphate and
normal methyl sulphate.

Normal Methyl Sulphate, (CH,),80,. This compound, which
has also been called sulphuric methyl ether, was prepared by
Dumas and Péligot! by distilling 1 part of methyl alcohol with
8 to 10 parts of sulphuric acid. According to Claessen,? how-
ever, this method yields only a small product, as a large pro-
portion of the alcohol is decomposed by the sulphuric acid
with formation of sulphurous acid even when carefully heated.
A better method is to heat anhydrous methyl sulphuric acid
under diminished pressure to a temperature of 130° to 140°,.
when the sulphate distils over :

2 H(CH,)S0, = H, 80, + (CH,),S0,.

It is a colourless liquid possessing a smell resembling pepper-
mint and boiling at 187° to 188°, undergoing slight decomposi-
tion, but distilling unaltered in a vacuum. Its specific gravity
is 1'327 at 18°. 'When heated with water it decomposes into
methyl alcohol and methyl sulphuric acid, which on further
boiling yields alcohol and free sulphuric acid.

Methyl Nitrite, CHNO,, was first obtained by Strecker® by

1 dnn. Chim. Phys. lvxn 54. 2 Journ. Pr. Chem. N. F. xix. 243.
8 Ann. Chem. Pharm. xci. 76.
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heating wood-spirit and nitric acid together with copper or
arsenic trioxide. The nitrogen trioxide which is formed acts
upon the alcohol as follows :

2 CH,.0H + N,0, = 2 CH,.NO, + H,0.

It is also produced when nitric acid acts upon brucine. It is
an ethereal-smelling gas, which condenses at a low temperature
to a colourless liquid boiling at — 12°,

136 Methyl Nitrate, CH, . NO,  According to Dumas and
Péligot ! this ether is formed in small quantity by heating nitric
acid and methyl alcohol, A larger yield was obtained by adding
a freshly-prepared mixture of sulphuric acid and wood-spirit to
saltpetre, the heat evolved in the reaction being sufficient to
vaporize the compound. The product obtained was, however, not
pure. It began to boil at 60°, whilst the portion coming over
at 66° possessed approximately the composition of the nitrate.
That it chiefly consisted of this substance is seen by the fact
that on the addition of alcoholic potash, crystals of nitre were
rapidly formed. Carey Lea,? however, could not obtain methyl
nitrate in this way. He succeeded in preparing it by employing
the method suggested by Millon for the preparation of ethyl
nitrate. Nitric acid alone acts chiefly as an oxidizing agent
with formation of nitrous fumes, and converts the alcohol into
nitrite. This action is, however, avoided by the addition of
urea, which at once destroys the nitrous acid formed. In order
to prepare methyl nitrate, 150 cc. of pure nitric acid, having a
specific gravity of 1-31, are brought into a retort together with
40 grams of nitrate of urea, and to this 200cec. of methyl
alcohol are added and the mixture carefully distilled to one-third,
130 cc. of nitric acid and 170 cc. of wood-spirit are then added,
aud the mixture again distilled to one-third, and at last
10 grams of nitrate of urea, 110 cc. of nitric acid, and 150 cc.
of methyl alcohol, and this is again distilled to one-third. The
distillates are then mixed and shaken up with a solution of
common salt, the ether which separates out being washed with
a dilute solution of potassium carbonate. Methyl nitrate is
also easily obtained by adding 2 parts of a cold solution of
methyl alcobol and sulphuric acid to a cold mixture of 1 part
of nitric acid and 2 parts of sulphuric acid.

1 Ann. Chim. Phys. lviii, 37.
3 Silliman’s Am. Jowrn. [2], xxxiii, 227.
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Methyl nitrate is a liquid of an ethereal odour, which at 20°
has a specific gravity of 1:182,  When ignited it burns with a
bright yellow flame, and its vapour explodes when heated above
150° with such force that a cast-iron boiler, in which a glass
balloon containing 200 cc. of vapour was placed, was fractured
by the explosion ; whilst Dumas and Péligot found that when a
flame was brought to the mouth of a glass bulb containing the
vapour -placed in a platinum crucible, not only was the bulb
broken but the platinum ecrucible was torn to pieces. The
liquid also detonates on percussion. If a piece of filter paper
be impregnated with the liquid and then struck with a hammer
on an anvil, an explosion takes place as violent as that caused
by nitro-glycerin (Girard).

Carey Lea, in 1862, showed that this compound may be used
instead of the much more expensive iodide of methyl in the
preparation of iodine-violet and iodine-green, and for a long
time it was employed for this purpose. It is, however, no
longer used, owing to the series of fatal explosions which have
resulted from its employment.

137 Phosphite of Methyl. As yet only the methyl phosphorous
acid P(OH),(OCH,) is known. This is obtained by acting on
methyl alcohol with phosphorous trichloride and forms a syrupy
very acid liquid which cannot be prepared in the anhydrous state
as on heating it decomposes into alcohol and phosphorous acid.
It is monobasic and forms a series of salts which have been
only slightly investigated.?

Phosphates of Methyl. The orthophospbate, PO(OCH,),, has
not been prepared. = When phosphorous oxychloride acts on
methyl alcohol, bibasic methyl phosphoric acid, PO(OCH,)(OH),,
and monobasic dimethyl phosphoric acid, PO(OCH,),(OH), are
formed. Each of these yields a series of salts investigated by
Schiff.2 The free acids are only known in solution as thick
acid liquids,

Methyl Arsenite, As(OCH,),, is obtained by the action of
sodium ethylate on arsenic tribromide, in the form of a liquid
which boils at 128° to 129° and is instantly decomposed by
water into arsenic trioxide and methyl alcohol.

Methyl Arsenate, AsSO(OCH,),, is obtained by the action of
methyl iodide on silver arsenate. It is a liquid which under-
goes partial decomposition on distillation between 213° and

1 Schiff, 4nn. Chem. Pharm. ciii. 164.
2 4nn. Chem. Pharm. cii. 834.
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215°, but may be distilled in a vacuum without decomposition.
It dissolves in water with formation of arsenic acid and methyl
alcohol.

138 Borates of Methyl. The normal ether, or methyl ortho-
borate, B(OCH,);, was prepared by Ebelmen and Bouquet 2 by
passing gaseous boron trifluoride into wood-spirit. The same com-
pound is also formed when pure anhydrous methyl alcohol is
heated with boron trioxide.® It is a powerfully-smelling liquid,
boiling at 65° and having a specific gravity of 094 at 0°. When
ignited it burns with a very brilliant green-coloured flame,
more intense than that of the corresponding ethyl compound.
It is therefore preferable to use wood-spirit instead of common
alcohol in testing for boric acid.

Mono-Methyl Borate, BO,CH,, is also formed by the action
of boron trioxide on methyl alcohol, together with the normal
ether. This is a syrupy liquid which also burns with a bright
green flame and decomposes on heating into the ortho-ether
and a glassy residue consisting of the compound B,O,CH,. All
these ethers decompose water with formation of methyl alcohol
and boric acid, and for this reason methyl orthoborate becomes
turbid on exposure to moist air.

139 Methyl Orthosilicate, Si(OCH,),, is formed by the action
of silicon tetrafluoride on anhydrous methyl alcohol. It is a
liquid of ethereal odour, boiling at 120° to 122° and having a
specific gravity at 0° of 1:0589. It is tolerably readily soluble
in water, gelatinous silicic acid separating out from the solution
after some weeks. If aqueous methyl alcohol be employed in
the above reactions ethyl disilicate, Si,0(OCH,),, is formed.
This is also a pleasantly-smelling liquid, boiling between 201°
and 2025, and having a specific gravity at 0° of 1'1441.4 The
vapour density is 9-19.

140 Carbonates of Methyl. The normal ether (CH,),CO, has
not yet been prepared. If a solution of anhydrous baryta in
methyl alcohol be treated with carbon dioxide a precipitate of
pearly plates separates out. This consists of barium methyl
carbonate, Ba(CH,),(CO,),, easily soluble in cold water. This
solution gradually decomposes in the cold and more quickly on
heating, with formation of barium carbonate, methyl alcohol,
and carbon dioxide (Dumas and Péligot). :

1 Crafts, Bull. Soc, Chem. xiv. 99.

2 Ann. Chim. Phys. [3], xvii. 59.

8 H. Schiff, 4nn. Chem. Pharm. Suppl. Bd. v. 154.
4 Bull. Soc. Chim. [2], iii. 856.



212 METHYL COMPOUNDS.

By acting on methyl aleohol  with. carbonyl chloride, methyl
chlorocarbonate is formed :

a1 AP £l
o { o1 + HOCH, = €O { o, + HOL

This is an irritating-smelling liquid which is insoluble in water,
but gradually decomposes in contact with this into carbon
dioxide, hydrochloric acid, and methyl alecohol.

Methyl Carbamate, or Methyl Urethane, CO { ggﬁ . This was
3

first obtained by Dumas and Péligot by dissolving the fore-
going compound in aqueous ammonia. It is likewise formed
by passing the vapour of cyanic acid into methyl alcohol.! In
order to explain this reaction we must assume that the unstable
cyanic acid decomposes into an isomeric carbimide and this acts
as follows on the alcobol : '

6]0) _ CO0.0CH
N{ g + HO.CH, = N{H? 3
Methyl carbamate is also obtained by acting on methyl alcohol
with cyanogen chloride.? It easily crystallizes in large deli-
quescent tables which melt at 55°, and the liquid boils at 177°

Methyl Allophanate, NH 881§gH , i8 also formed together
o 3

with urethane by the action of cyanic acid on wood-spirit. This
compound stands in the same relation to biuret as urethane does
to urea. It is difficultly soluble in water and crystallizes in
needles.

Methyl Thiocarbonate, (CH,),CS,, is a yellowish disagreeably-
- smelling liquid boiling at about 250° and is obtained by distilling
concentrated solutions of calcium methyl sulphite and potassium
thiocarbonate (Cahours).

SULPHUR COMPOUNDS OF METHYL.

141 Methyl Hydrosulphide or Methyl Mercaptan, CHg.SH, was
discovered by Dumas and Péligot, who obtained it by heating
potassium hydrosulphide with methyl sulphate. It was after-
wards more thoroughly examined by Gregory? who prepared it

L Liebig'aml ‘Wohler, Ann. Chem. Pharm. liv. 870 ; Gerhardt and Laurent,

Compt. Rend. xxiii. 457 ; Liebig, Ann. Chem. Pharm. lviii. 260.
2 Echevarria, Ibid. Ixxix. 110, 3 Ann. Pharm. xv. 239.
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by distilling concentrated solutions of potassium hydrosulphide
and potassium methyl sulphate. Tt is a colourless unpleasantly-
smelling liquid, boiling at 21° and quickly uniting with mer-
curic oxide to form mercury methyl mercaptide, (CH,S),Hg,
a compound which crystallizes from hot alcohol in glistening
white plates.

Methyl Sulphide, (CHg),S. In order to prepare this substance,
Regnault ' recommends a solution of caustic potash in methyl
alcohol to be divided into two nearly equal parts. The smaller
of these is saturated with sulphuretted hydrogen and then
mixed with the other part, so that potassium monosulphide
is formed together with a little free potash but no potassium
hydrosulphide. This solution is then saturated with gaseous
methyl chloride, the solution gently warmed whilst the gas is
being passed in, and the volatile product collected in a reservoir
surrounded with ice. The distillate, which consists of a mixture
of methyl sulphide and methyl alcohol, is next washed with
water which dissolves the alcohol, the sulphide remaining in-
soluble. This latter is again repeatedly washed with water,
and at last dried over calcium chloride.

Methyl sulphide is a colourless mobile liquid possessing an
extremely unpleasant odour. It boils at 41°, and has a specific
gravity of 0-845 at 21°. 'When allowed to drop into dry chlorine
gas it takes fire and burns with a red flame with separation of
carbon. Substitution-products are however formed by a more
gradual action of chlorine, the last of which, perchlormethyl
sulphide, (CCl,),S, is a red liquid which decomposes on heating.?
Methyl sulphide combines with mercuric chloride, mercuric
iodide, platinic chloride, and other haloid salts, and these
compounds can be obtained beautifully crystallized from hot
alcohol ®

142 Dimethyl-Sulphine Compounds. Methyl sulphide combines
directly with bromine to form the dibromide, (CH,),SBr,, a
compound which crystallizes from water in amber-yellow octo-
hedrons. If methyl sulphide be dropped into well-cooled fuming
nitric acid, and the solution allowed to evaporate, colourless
deliquescent needles of the nitrate, (CH,),S(OH)NO,, are
obtained. If these are decomposed by barium carbonate, or if
the bromide be decomposed by freshly precipitated oxide of

1 Ann. Chim. Phys. [2], 1xxi. 391,
2 Riche, Ann. Chim. Phys. [3]. xliii, 292.
3 Loir, Ibid. xxxix, 448 ; liv. 42.
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silver, dimethyl-sulphine oxide, (CH,),SO, is formed. This is
soluble in water and alcohol, and on evaporation and cooling
solidifies to a colourless and inodorous mass. If the nitrate be
heated to 100°, dimethyl-sulphone (CH,),SO,, is formed.. This is
soluble in water and nitric acid, and crystallizes from the latter
solution in prisms which melt at 109° although at 100° they
begin to volatilize, The liquid boils at 238°.!

143 Trimethylsulphine Compounds.? Methyl sulphide combines
readily with methyl iodide to form (CH,),SI, a compound ecrys-
tallizing from aqueous solution in large colourless prisms, and
from alcohol in rhombic tables which soon become brown on
exposure to air. It is also formed when the sulphide: or
the mercaptan is heated to 100° with hydriodic acid :

(1) 2(CH,),S + HI = (CH,),SI + CH,SH.
(2) 3CH,SH + HI = (CH,),SIT + 2H,8.

It is likewise obtained by the action of methyl iodide-on
methyl thiocyanate.

The iodide is decomposed by moist silver oxide with forma-
tion of trimethylsulphine hydroxide, (CH,),SOH. The solution
of this compound is strongly alkaline, and on evaporation yields
the base as an oil having the smell of an isonitril® ; On neu-
tralization with acids a series of trimethylsulphine salts are
obtained, some of which may be prepared by the action of silver
salts on the iodide (Letts). The chloride erystallizes in de-
liquescent prisms, and combines with platinic chloride to form
the double salt, 2(CH,),SCl + PtCl,, crystallizing from boiling
water in yellowish-red combinations of the cube and octohedron.
The free base rapidly absorbs carbon dioxide, giving rise to a
crystalline carbonate. Its solution readily absorbs sulphuretted
hydrogen with formation of the hydrosulphide, S(CH,),;SH,
which exhibits all the reactions of the hydrosulphides of the
metals. If the hydroxide be added to this solution, trimethyl-
sulphine sulphide, [(CH,),S],S, is - produced. This solution
decomposes on concentration with formation of three molecules
of ‘methyl sulphide. The aqueous solution of the sulphide
yields the characteristic reactions of the sulphides of the.alkali
metals. Thus it dissolves antimony trisulphide, is coloured

1 Saytzeff, dnn. Chem. Pharm. cxliv. 148,

2 Cahours, Bull. Soc. Chim. [2], iv. 40 ; Ann. Chim.. Phys. [5], x. 13 ; Dehn,
Ber, Deutsch., Chem. Ges. ii. 479.

3 Klinger, Ber. Deutsch, Chem. Ges. x. 1880,
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deep violet by sodium nitroprusside, and is decomposed by acids
with evolution of sulphuretted hydrogen.!

Methyl Disulphide, (CH,.),S,, is obtained by acting on methyl
chloride with alcoholic solution of potassium disulphide. It is
a yellowish unpleasantly-smelling liquid boiling at 112°. Tt is
likewise obtained by employing a higher sulphide of potassium,
when the trisulphide of methyl is formed at the same time.
This body closely resembles the disulphide, but boils at 200°.

144 Methyl Sulphonie Acid, CH,SO,H. This acid was dis-
covered by Kolbe 2 in 1845, and originally termed methyl hypo-
sulphuric acid. Berzelius and Marcet had found in 1813 that
carbon disulphide on treatment with moist chlorine yielded the
compound CCLSO,, to which substance they gave the name of
sulphite of chloride of carbon. This is also readily obtained
by treating carbon dioxide with hydrochloric acid and manganese
dioxide, and is, as Kolbe showed, trichlormethyl sulphonic
chloride, CCl,.80,CL. If this is heated with baryta water, barium
trichlormethyl sulphonate, (CCl,.SO,),Ba,is produced and the free
acid can easily be obtained from this asa white deliquescent mass.
It is easily reduced by nascent hydrogen, one atom of chlorine
after the other being replaced by hydrogen, and thus methyl
sulphonic acid is formed. The same substance is produced
when methyl mercaptan, methyl disulphide, or methyl thiocya-
nate is heated with nitric acid. On evaporation on the water-
bath the acid remains as a thick syrup which still may contain
some free sulphuric acid. In order to obtain the pure acid, the
barium salt is decomposed with sulphuric acid, or the lead salt
with sulphuretted hydrogen. This substance has not been
obtained in the crystalline state, but only as a strongly acid
thick colourless inodorous liquid, which when heated above 130°
becomes brown and begins to decompose. It may be boiled with
ordinary nitric acid without undergoing change, and chlorine
even in the sunlight does not act upon it. Its salts are all
soluble in water and almost all crystalline.

Potassium Methyl Sulphonate, CH,.SO,K, is not only formed
by neutralizing the acid with potash, but also by heating methyl
iodide with an aqueous solution of normal potassium sulphite.
1t is easily soluble in water, and crystallizes from hot alcohol in
finely interlaced threads. The double compound, CHgSOK +
CH,.SO,H, scparates in deliquescent prisms when a mixed

1 Cruin-Brown and Blackie, Chem. News, xxxvil. 130 ; xxxix. 51.
2 Aun. Chem. Pharm. liv, 174,
132
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solution of the sulphonate and of the free acid is placed in a
vacuum over sulphuric acid.

Barium Methyl Sulphonate, (CH,.80,),Ba + H,0, forms
fine transparent rhombic tables which are unalterable in
the air.

Lead Methyl Sulphonate, (CH,.S0,),Pb+H,0, crystallizes in
large prisms, also unalterable in the air.

Silver Methyl Sulphonate, CH,SO,Ag, forms fine transparent
tablets which have a sweet metallic taste, and remain unaltered
on long exposure to the air.

Methyl Sulphonic Chloride, CH,S0,Cl, was obtained by
Carius ! by acting on the acid with phosphorus pentachloride:

80,{ ori* + POl = 80,{ i + POCl, + HCL

It is a powerfuily-smelling liquid boiling at 150° to 153°. It is
slowly decomposed by water into hydrochloric acid and methyl
sulphonic acid. On heating with phosphorus pentachloride to
150°-160°, the following reaction occurs : ]

S0, { 8{{3 + FCl; = SO,Cl + CH,C1 + POéla'

SELENIUM COMPOUNDS OF METHYL.

145 Methyl Selenide, (CH,),Se. By distiliing a solution of
potassium methyl sulphate with potassium selenide, Wéhler and
Dean obtained a reddish-yellow highly offensive liquid which,
until recently, was held to be the above compound. Tt is,
however, most probably the diselenide. Methyl monoselenide
is obtained by heating potassium methyl sulphate with caustic
potash and phosphorus pentaselenide :

P,Se, + 10 K(CH.)SO, + 16 NaOH =
5 (CH,),Se + 5 K, SO, + 5 Na,S0, + 2 Na,PO, + 8 H,0.

It is a colourless strongly refracting liquid, heavier than water,
possessing a most unpleasant smell, and boiling at 582. It
decomposes in contact with water in the cold, and more quickly
on boiling, wi h separation of selenium.

1 Ann. Chem. Pharm. cxiv, 140,
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Methylseleni-nitrate, (CH,),Se(NO,)OH, is formed by dissolv-
ing the selenide in strong cold nitric acid. It crystallizes out
from water in long prisms, melting at 90°5, and volatilizing
below 100°

Methylseleni-dichloride, (CH,;),SeCl,, is precipitated by hydro-
chloric acid from a concentrated solution of the nitrate. It
crystallizes from alcoholic solution in mother-of-pearl scales,
which have an unpleasant smell, and melt at 59°5.

The corresponding bromide and iodide are known, and also
methylseleni-platinic chloride, 2(CH,),Se+PtCl,, obtained by the
direct combination of its constituents, and crystallizing in yellow
feathery needles from alcohol.!

Methyl Selenonic Acid, CH,SeO,H, is obtained by oxidizing
the diselenide with nitric acid. It crystallizes in prisms which
melt at 122°, having an unpleasant smell and a metallic taste.
It forms a series of crystalline salts.?

TELLURIUM COMPOUNDS OF METHYL.

146 Methyl Telluride, (CH,),Te, was obtained by Wohler and
Dean?® on distilling potassium telluride with a concentrated
solution of potassium methyl sulphate. Itisa light-yellow mobile
liquid which boils between 80°and 82°, yielding a yellow vapour,
and has a very unpleasant garlic-like odour, which is so per-
sistent, that when working with the substance the breath
becomes persistently tainted with the smell.

Methyl Telluriwm Oxide, (CH,),TeO. Methyl telluride dis-
solves in strong cold nitric acid with the formation of the
nitrate, (CH,),Te(NO,)OH, which crystallizes in large colourless
prisms. Hydrochloric acid throws down the chloride, (CH,),TeCl,,
from this solution, in the form of a thick white precipitate,
which crystallizes from solution in hot water in long thin
prisms. When heated with water and freshly precipitated
silver oxide, a solution of the oxide, or more probably of
the hydroxide, (CH,),Te(OH),, is obtained. A distinctly crys-
talline mass is produced on evaporation which deliquesces on
exposure to air, and absorbs carbon dioxide. It possesses a

1 O, Loring Jackson, Liebig's Annalen, clxxix, 1.
2 Wihler and Dean, Ann. Chem, Pharm. xcvii. 6.
3 Jbid. xciii. 233.
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most unpleasant taste, but is odourless. = Its solution turns red
litmus-paper blue, and it liberates ammonia from sal-ammoniac
at the ordinary temperature, and gives a blue precipitate with a
solution of copper sulphate. %

Sulphur. - dioxide - prempltates me’chyl telluride from its
solutions:

(CH,),TeO + S0, +H L0=(CH,),To+H, S0,

The oxide forms, with acids, salts which have been examined by
Wahler and Dean, and also by Heeren.! They are, as a rule
soluble in water, and crystallize well. '

NITROGEN BASES OF METHYL.

MEeTHYLAMINE, N(CH,)H,,.

147 Methylamine was discovered by Wurtz? in 1849, who
obtained it by the action of caustic potash on methyl isocyanate,
or isocyanurate (see p. 225). Hofmann® then prepared it by
heating methyl iodide with ammonia, and Carey Lea,* as well
as Juncadella® showed that it is also easily obtained when
methyl nitrate is used instead of the iodide. This base is also
formed by various other reactions, of which the following are
the most important.

Mendius® found that methylamine is produced when hydro-
cyanic acid is acted upon with dilute sulphuric acid and zinc ; and
Debus? showed that it is likewise produced when a mixture of
hydrogen with the vapour of hydrocyanic acid is passed over
platinum black heated to 110°; again Berthelot® obtained it
by heating methyl alcohol with ammonium iodide to 100°, or
with sal-ammoniac to 300°. According to Dusart and Bardy,®
only a small quantity of the base is formed when sal-ammoniac
alone is used, but if hydrochloric acid be added, and the mix-
ture heated for thirty hours to a temperature of 205°-208°, a
better yield is obtained. On the other hand, Weith'* found
that when an excess of methyl alcohol is employed, the sal-
ammoniac can be completely methylated. On heating two
grams of this salt with 12 cbe. of pure‘ methyl alcohol

1 Chem. Centralb. 1861, 916. 2 Ann. Chim. Phys. [8], xxx. 443,

8 Phil. Trans, 1851, p. 381. 4 Chem. News, vi. 46.

5 Compt. Rend. xlviii. 342. 6 Ann. Chem. Pharm. cxxi. 189.

7 Chem. Soc. Journ. xvi. 249, 8 Adnn. Chim. Phys. [37, xxxviii. 69,

9 Compt. Rend. lxxiv. 189. 10 Ber. Deutsch. Chem. Ges. viii. 458.
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to 280°-285° for ten hours, methyl ether, hydrochloride : of
trimethylamine, and  tetramethylammonium  chloride = were
formed.. On heating three grams of sal-ammoniac with 12
cbe. of methyl alcohol for six hours to the same tem-
perature, hydrochloride of methylamine was obtained iu
addition to the above compounds.

Methylamine occurs in nature in Mercurialis annua and
M. perennis! being formerly known in the impure state as
mercurialine, It is also found in herring brine, and occurs
frequently as a product of the decomposition of the alkaloids,
and similar compounds. It has likewise been observed by
Anderson in the products of distillation of animal matter, and
also of that of wood (Camille Vincent), and it is now obtained
on the large scale in Vincent’s process. It has already been
stated (p. 202) that hydrochloride of trimethylamine decom-
poses, at a temperature of about 285°, into methyl chloride
and trimethylamine which volatilize, and hydrochloride of
methylamine, which remains behind. This is always mixed
with some sal-ammoniac, from which it may, however, be
separated by solution in absolute alcohol ; the spirit is then
distilled off, and the residual salt deccomposed with caustic
soda.

Methylamine is a colourless gas condensing at a few degrees
above 0°, to a mobile liquid which does not solidify on exposure
to the temperature obtained by a mixture of ether and solid
carbon dioxide. It has a strong ammoniacal, but also a slight
fish-like smell, and is more soluble in water than is ammonia,
which it resembles very closely. At 12°*5 one volume of water
dissolves 1,150, and at 25° 959 volumes of the gas, It is easily
combustible, and may in this way readily be distinguished from
ammonia. It burns with a bright yellow flame, forming water,
carbon dioxide, and nitrogen. If an insufficient supply of air be
present, small quantities of cyanogen and hydrocyanic acid are
also formed. This latter compound is produced, together with
ammonium cyanide, when the gas is led through a red-hot tube
filled with pieces of porcelain. When it is heated with potas-
sium, potassium cyanide is formed, with evolution of free
hydrogen.

Like ammonia, the aqueous solution - precipitates - many
metallic salts, and these precipitates partially dissolve in an
excess of the reagent. Silver chloride also dissolves in excess

1 Schmidt, Licbig’s Ann. cxciil. 73.
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of methylamine. On the other hand, the hydroxides of cadmium,
nickel, and cobalt do not do so, and these reactions serve as
another means of distinguishing it from ammonia, and in addi-
tion we have the fact that aluminium hydroxide dissolves in
methylamine but is insoluble in ammonia.

Hydrochloride of Methylamine or Methyl-ammoniwm Chloride,
N(CH,)H,Cl, crystallizes from alcohol in large iridescent tablets
which deliquesce on exposure to moist air. It forms with gold
chloride the double salt N(CH,)H,Cl+AuCl,+H,0, which
crystallizes in splendid large golden yellow needles, whilst the
platinum salt, [N(CH,) H,Cl],PtCl,, forms golden yellow scales or
large hexagonal tables, soluble in water but insoluble in alcohol.

Sulphate of Methylamine or Methyl-ammonium Sulphate,
[N(CH,)H,1,80,, is easily soluble in water but insoluble in
alcohol. It ecrystallizes in deliquescent stellar needles. It
forms an alum with aluminium sulphate, [N(CH,)H,],SO,+
AlL(S0,);+24H,0, which crystallizes in large regular octo-
hedrons,

Nitrate of Methylamine or Methyl-ammonium Nitrate, N(CH,)
H,NO,, forms orthorhombic prisins which are deliquescent and
easily soluble in alcohol. '

Carbonate of Methylamine or Methyl-ammonvum Carbonate,
[N(CH,)H,],CO,, is produced on distillation of a mixture of
calcium carbonate and hydrochloride of methylamine. It has,
however, not yet been obtained in the pure state. It forms
hard prisms which are very deliquescent, has a strongly alkaline
reaction, and wundergoes volatilization at the ordinary tem-
perature of the air. At the same time, methylammonium-
methylcarbamate is formed. This also is produced by the
direct union of methylamine and carbon dioxide.

With platinous chloride, methylamine forms several com-

pounds corresponding to certain of the platinammonias
(Wiirtz).

DiMETHYLAMINE, N(CH,),H

148 This was discovered by Hofmann, who obtained it by
heating methyl iodide with an alcoholic solution of am-
monia, when the hydriodides of ammonia, methylamine,
dimethylamine, and trimethylamine,  as well as tetra-
methylammonium iodide are formed. The last salt is,
however, soluble in alcohol, and it, therefore, can be readily
separated from the other four. These are then distilled
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with caustic potash, and the vapours led into a well-cooled tube,
when trimethylamine, dimethylamine, and a portion of the
methylamine are condensed, the remainder of the last-named
substance passing forward with the ammonia,and being afterwards
absorbed in hydrochloric acid. The mixture of the three bases
is then treated with ethyl oxalate, C,0,(C,H;), which does
not act upon the trimethylamine, whilst the methylamine is
converted into dimethyloxamide, C,0,(NH.CH,);, and the
dimethylamine into the ethyl ether of methyl oxamic acid.
This latter can be separated by cold water from the difficultly
soluble diethyl oxamide ; on distillation with caustic potash
it is converted into potassium oxalate, alcohol, and dimethyl-
amine :

0.02{1‘31&%) +2KOH=(,0 {8II§+H0(,H + x5 { (e

The alcoholic solution is neutralized with hydrochloric acid,
evaporated down, and the residue, on distillation with potash,
yields dimethylamine.

This base is also formed on distillation of the so-called
sulphite of aldehyde-ammonia with lime. This product, how-
ever, was at one time supposed by Hofmann to be its isomeride,
ethylamine.!

Dimethylamine also occurs in Peruvian guano? as well as in
the products of distillation of wood (Camille Vincent). It
is an ammoniacal-smelling, readily inflammable hqu1d boiling
at between 8° and 9°.

Hydrochloride of Dimethylamine or Dimethyl-ammonium Chlo-
ride, N(CH,),H,Cl, is a white deliquescent mass crystallizing
in scales, and forming with gold chloride, and platinum chloride,
crystallizable compounds. ~

TRIMETHYLAMINE, N(CH,),.

149 This occurs somewhat widely distributed in nature. Thus,
for instance, it is found in various plants, as the Chenopodium:
vulvaria, Arnica montana, Mercurialis annua, the bloom of the
hawthorn, that of the wild cherry, and of the pear, as well as
in ergot, and other fungi parasitic on cereals. It also occurs.
in various animal liquids, and especially in herring-brine. 1t
is likewise found as a product of decomposition of various.

1 Ggssmann and Petersen, Ann. Chem, Pharm. cii. 317.
2 Lucius, /bid. eiii. 105,



222 METHYL COMPOUNDS.

alkaloids, and amongst the products of the dry distillation of
nitrogenous organic matter and of wood.

Before Hofmann’s investigation on the amines it was believed
that the base occurring in nature was the isomeride, propylamine.
He prepared it first according to the method described, and
afterwards he and Winkles! obtained it in larger quantity by
distilling herring-brine, in which. Wertheim 2 had first found it,
together with lime.

It has lately been prepared in large quanties by Vincent in
the distillation of the “vinasses” of the French beet-root
sngar refineries. A solution of the sulphates of ammonia and
trimethylamine is thus obtained from which the first salt can
be partially separated by crystallization. The darkly-coloured
mother-liquor is then distilled with lime, and the product passed
into hydrochloric acid. Thissolution is then boiled down until the
temperature reaches 140°. The sal-ammoniac present crystallizes
out on cooling, and the mother-liquor is drawn off from this, and
further evaporated until the boiling-point rises to 200°; the
residue thus obtained consists of commercial hydrochloride

“of trimethylamine, from which the free base can be readily
prepared by treatment with an alkali.

Trimethylamine is a mobile liquid boiling at from 9° to 10°
and having a specific gravity of 0673 at 0° (Blennard). It
has a powerful and penetrating characteristic fish-like smell.
It is very soluble in water and the concentrated aqueous solu-
tion, as well as the pure base, is easily combustible. Devillier
and Buisine 2 found from 5 to 10 per cent. of this base in the
commercial trimethylamine, together with 50 per cent. of
dimethylamine, whilst the remaining, and about equal part,
consisted of ethylamine, propylamine and iso-butylamine.
According to Vincent* this depends upon the fact that the
“vinasses ” of different preparations do not always yield the
same products,and that their relative amount depends upon the
circumstances under which the distillation is conducted.

Trimethylamine is now used for the purpose of preparing
pure, potassium carbonate from potassium chloride, the process
adopted being exactly similar to that described in Vol. II
Part I. p. 152 as the ammonia-soda process. The reason that
ammonia cannot be employed in the preparation of potassium
carbonate is that sal-ammoniac - and hydrogen potassium

1 Chem. Soc. Journ. v. 288, 2 Wien. Akad. Ber. vi. 113,
3 Compt. Rend. 1xxxix. 48. 4 Ibid. Ixxxix. 238.
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earbonate ‘are about equally soluble in water, whilst the hydro-
chloride of trimethylamine is a much more soluble salt. In
addition to this, it has been employed in medicine, and is said
to have been of value in cases of acute rheumatism and gout.

Hydrochloride of . Trimethylamine or . Trimethylammonium
Hydrochloride, N(CH,),HClI, . forms: deliquescent crystals, and
serves, as has been mentioned, for the preparation of methyl
chloride. It unites with platinum chloride to form the com-
pound 2N(CH,),HCI + PtCl,, crystallizing in orange-coloured
octohedrons. The sulphate forms, with aluminium sulphate,
the alum [N(CH,),H],SO, + Al,(SO,), + 24H,0, crystallizing
in transparent octohedrons, possessing an astringent taste, and
smelling of herring-brine.  Trimethylamine combines with
carbon disulphide, yielding, with, considerable evolution of
heat, the compound CS, N(CH,),, which crystallizes in rhom-
bic needles from alcoholic solution, and is decomposed by both
alkalis and strong acids into its constituents. = Dilute acids, on
the other hand, unite with it to form salts. When it is brought
in contact with an equal number of molecules of hydrochloric
acid, the neutral compound, CS,N(CH,), HCI, is formed,
which, when in contact with more acid, yields the compound
2CS,,N(CH,),, 3HCL

Nitric acid and sulphuric acid form eorresponding compounds.*

TETRAMETHYLAMMONIUM COMPOUNDS,

150 The iodide, N(CH,),I, as has been mentioned, is the
chief product of the action of ammonia on methyl iodide, and
is readily formed by the union of the latter compound with tri-
methylamine. It crystallizes from hot water in shining white
needles, which possess an intensely bitter taste. ~ On heating, it
decomposes iuto trimethylamine and methyl chloride, which,
however, reunite on cooling. - The iodide possesses the property
of yielding, with chlorine and iodine, several crystalline poly-
chlorides and polyiodides, which easily undergo decomposition.
When freshly precipitated silver oxide is added to a solution of
the iodide, the hydroxide, N(CH,;),OH, is formed. : This yields
on evaporation in a vacuum, a crystalline mass, which rapidly
absorbs water and carbon dioxide from the air. It acts as a
powerful caustic, is strongly alkaline, and generally resembles
the fixed caustic alkalis in its behaviour. On neutralization

1 Blennard, Compt. Rend. Ixxxvii..1040.
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with acids, salts are again obtained, which, like the iodide, are
not decomposed by caustic potash. When the hydroxide is
heated it decomposes into trimethylamine and methyl alcohol.

Methyl - Guanidine, CHN,(CH,). When hydrochloride of
methylamine is heated with cyanamide, methyl- guanidine
hydrochloride. is obtained, just as, under similar circumstances,
sal-ammoniac yields hydrochloride of guanidine (Vol. I.
p. 680)1:

N(CH,)H,0l
NH, |
| + N(CH)HClI = C=NH
C=N |

NH,

This, when treated with silver oxide, yields the free base,
C(NH)N(CH,)H(NIL,), a deliquescent, crystalline, strongly al-
kaline and caustic mass, which. like the alkalis, precipitates
the hydroxides of many metals from their salts, those of
aluminium and iron being insoluble in excess.

Methyl-guanidine was first prepared from creatine, or methyl-
guanidine acetic acid, by the action of mercuric oxide, and
was first called methyl-uranine? It is formed when methyl-
cyanamide, obtained:-by the action of cyanogen chloride on
methylamine, and which acts as a weak base® is heated with
sal-ammondac. It is a monacid base, which yields a series of
easily-crystallizable salts.

CYANOGEN COMPOUNDS OF METHYL.

151 Methyl Carbamine, CN.CH;. In order to prepare this
compound, which has also been termed methyl isocyanide, one
molecule of methyl iodide is heated with two molecules of
silver cyanide and some ether in a closed glass tube to 130°-
140°, until the crystalline double compound, CNAg + CN.CH,,
is formed. This is then dried at 100°, and distilled with potas-
sium cyanide and some water, when the carbamine is set free.
It is a colourless liquid, which has a specific gravity at 14°
of 07557, and boils between 58° and 59° It possesses an

1 Erlenmeyer, Ber. Deutsch. Chem. Ges. iii. 896.

2 Dessaignes, Comptes Rendus, xxxviii. 839,

3 Cahours and Cloéz, Comptcs Rendus, xxxviii. 354.
4 Tawildarow, Ber. Dewtsch. Chem. Ges. v. 477.

5 Gautier, Compt. Rend. 1xv. 468, 862; lxvi. 1214.
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extremely penetrating unpleasant smell, and its vapour when
breathed produces giddiness, sickness, and headache. It ex-
hibits a slightly alkaline reaction, and combines with anhydrous
acids, especially with the hydracids, to form crystallizable salts,
which on contact with water are at once decomposed into
methylamine and formic acid :

CN.CH, + 2H,0 = H,N.CH, + CH,0,

The same decomposition takes place slowly when the free
carbamine is brought in contact with water, but more quickly
on heating or on addition of an acid. At the same time some
acetic acid and ammonia are also formed, these substances being
products of the decomposition of the isomeric acetonitril, which
will be described later on under Acetic Acid.

Methyl carbamine also combines with the iodides of the
alcohol radicals,

Methyl Cyanate, NCO(CH,). In order to prepare this com-
pound one part of sodium is dissolved in twenty parts of an-
hydrous methyl alcohol, and the liquid saturated with gaseous
cyanogen chloride.! After pouring off the liquid from the
sodium chloride, which separates out, the excess of methyl
alcohol is distilled off, impure methyl cyanate remaining behind
as a brown oil, which sometimes remains liquid, but sometimes
soon solidifies. Frequently, however, the residual substance
remains as a crystalline mass, consisting of a mixture of tri-
methyl cyanurate, N,C,(OCH,),, and dimethyl-amido-cyan-
urate, N,C,(NH,)(OCH,), These bodies can easily be separated
by ether, in which the latter compound is almost insoluble.

Trimethyl cyanurate crystallizes from hot water in fine
needles, melting at 132°. It distils without decomposition
between 160° and 170°, being thus converted into the isomeric
methyl isocyanurate. If the original compound be heated
with caustic potash, methyl alcohol and potassium cyanurate
are obtained, whilst methylamine and potassium carbonate are
produced on distillation.

Dimethyl amidocyanurate is also formed by the action of
ammonia on the ether of cyanuric acid. It crystallizes from
hot water in fine rhombic tables, which melt at 212°.

Methyl Isocyanate or Methyl Carbimide, CO.NCH;, was dis-
covered by Wiirtz,? and formerly considered to be the true

1 Hofmann and Olshausen, Ber. Deutsch. Chem. Ges, iii. 269,
2 Ann. Clim. Phys. {3], xlii. 43.
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ether of cyanic-acid. + It is obtained by distilling a mixture of
freshly - prepared potassium‘ cyanide with® potassium methyl
sulphate, and it is a mobile: liquid which has an. excessively
suffocating odour,” its vapour vigorously attacking the mucous
membranes. - Aqueous acids and alkalis decomposes it with
formation of carbon dioxide and methylamine:
N{gg3 PR = N{%Hs £ 00,

When dry, ammonia acts upon methyl -carbimide; methyl urea
is formed, and this is likewise produced when the vapour of
cyanic acid is passed over methylamine, or when a solution of
potassium cyanate is evaporated with sulphate of methylamine,
The formation from the carbimide occurs as follows

CO.N(CH,) + NH, = oo{ NirRakk
. 90 r
Methyl urea forms long transparent prisms easily soluble in
water, and combining with acids to form erystallizable salts
(Wiirtz.)
‘When methyl carbimide is brought in contact with water,
dimethyl-urea is formed ;
N(CH JH

2 CO.N(CH,) + H,0 = CO { N(CHJE + C0:

The same compound is produced by acting on cyanic acid
with methylamine. Dimethyl-urea forms crystals which melt
at 100°, and it boils without decomposition at 270°. It is
easily soluble in water, and combines with acids (Wiirtz).

Trimethyl Tricarbimide, C;O0,(NCH,),, is a polymeric modi-
fication of carbimide formed .in the preparation of the latter
compound, and also produced when this substance is allowed
to stand. It ic likewise obtained, as above described, from
the cyanurate, as well as when potassium cyanurate is distilled
with potassium methyl sulphate. It crystallizes in short prisms,
which do not disgolve in cold water, are slightly soluble in hot
water, and easily soluble in alcohol. They melt at 175° and
boil at 271°.

Methyl Thiocyanate, NC.SCH;, was first obtained by Cahours*
on distilling a concentrated solution of equal parts of potas-
sium thiocysnate and calcium methyl sulphate. It is a colour-

1 Ann. Chim. Phys. [3], xviii, 281.
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less alliaceous-smelling liquid. At 0° its specific gravity is
1088, and it boils at 133°,

Methyl Thiocarbimide or Methyl Mustard 0il, CS.NCH, When
methylamine is brought in contact. with carbon disulphide,
methyl-thiocarbamic acid, CS(NH.CH,)SH, is produced, the
silver salt of which, when heated with water, decomposes as
follows :

N(CHH _ o fCH
2CS{SAg 2N {C8° + AgS + HS

Methyl thiocarbimide is a white crystalline solid, which melts
at 34° and boils at 119°, and smells strongly of horse-radish.
It combines with ammonia to form crystalline methyl thio-
carbamide, CS(NCH, H)NH,. The ecrystalline hydriodide is
isomeric with methyl thiocarbamide iodide, CS(NH,),CH,I,
obtained by the union of carbamide with methyl iodide. It
possesses the characters of a sulphine compound, yielding
with silver oxide and water a strongly alkaline hydroxide,
CS(NH,),CH,.OH, which yields well crystallizable salts with

acids.!

NITRO-COMPOUNDS OF METHYL.

152 Nitro-Methane, CH,NO,, is formed when concentrated
solutions of potassium nitrate and potassium chloracetate are
boiled together :

CH,CLCO,K + KNO, + H,0 = CH,NO, + KC1 + HKCO,,

The compound thus formed was termed by Kolbe ? nitro-car-
binol.  About the same time V. Meyer and Stiiber3 obtained
the same compound by acting on methyl jodide with silver
nitrite, when a violent action occurs,

Nitro-methane is a heavy liquid, possessing a peculiar smell,
and boiling at 101° = It acts as a weak acid, solidifying with an
alcoholic soda solution to a mass of fine needles, having the
composition CH,NaNO, 4+ C,H,0. These, when dried over "
sulphuric acid, fall to a light powder, which detonates .on
heating, and undergoes spontaneous decomposition when kept.
Its concentrated aqueous solution is still more unstable, for

1 Bernthsen and Klinger, Ber. Deutsch. Chem. Ges. xi. 492.

2 Journ. Prac. Chem. [2] v. 427.
3 Ber. Deutsch. Chemn. Ges. v. 514 ; Liebig's Ann. clxxi. 32.
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after a few moments it suddenly suffers decomposition with
evolution of heat.

The freshly prepared solution gives characteristic precipitates
with many metallic salts. Of these, the yellow mercury com-
pound is the most singular, as it is extremely explosive, deto-
nating strongly if merely touched, when in the dry state, with a
glass rod. Two milligrams of the compound when heated on a
platinum cover explode with a noise equal to tbat of the
discharge of a pistol.

On heating nitro-methane with fuming sulphuric acid, carbon
dioxide and hydroxylamine are formed.!

CH, NO, = CO + NOH,,

When nitro-methane is dissolved in caustic potash, and some
potassium nitrate added-and then dilute sulphuric acid, a deep
red solution is obtained, the colour of which disappears on addi-
tion of more sulphuric acid, and is reproduced on the addition
of alkalis, This reaction depends on the formation of methyl
witrolic acid, CH(NO,)NOH, of which the alkaline salts have a
deep red colour (see p. 171). The free acid forms large glisten-
ing crystals, soluble in water, alcohol and ether. It isan ex-
tremely unstable body decomposing on standing. When heated
to 64° it melts with evolution of red fumes, whilst formic acid
remains behind. This latter compound is also formed on boiling
with dilute sulphuric acid, when nitrogen monoxide is evolved.?

CH,N,0, = CH,0, + N,0.

If nitro-methane be heated with alcoholic solution of caustic
soda, a crystalline mass of sodium methazonate is formed, which
is permanent in the air and highly explosive.

Methazonic acid, C,H,N,0,, obtained from this, can be ob-
tained from solution in ether or benzol in large crystals, which,
on heating, decompose with explosive violence, and at the ordi-
nary temperature undergo rapid change with formation of a red
colour.?

1 Preibiseh, Journ. Prac. Chem. [2], viii. 316.
2 Meyer, Liebig’s Ann. clxxv. 97 ; Tscherniak, 7bid. clxxx. 166.
3 Friese, Ber, Deutsch, Chem. Ges, ix. 394 ; Lecco, ibid, 705.
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PHOSPHORUS COMPOUNDS OF METHYL.

153 Paul Thénard ! in 1846 examined the properties of several
volatile compounds containing phosphorus which he had ob-
tained by acting on calcium phosphide with methyl chloride.
Amongst these occurred trimethylphosphine, P(CH,),, and tetra-
methyldiphosphine, P,(CH,),. In 1855 Cahours and Hofmann 2
investigated the substances obtained by the action of methyl
iodide on sodium phosphide, and discovered, in addition to the
two bodies just mentioned, tetramethylphosphonium iodide,
P(CH,),I. They likewise found that by this process explosive
bodjes are produced, and, for this reason, the investigation is
not without danger. On this account they sought for and suc-
ceeded in finding a better method of preparation, which will
afterwards be described.

Monomethylphosphine and dimethylphosphine were discovered
by Hofmann in 1871.3

Methyl Phosphine, P(CHy)H,, is formed by the action of
phosphonium iodide on methyl iodide in the presence of zine
oxide :

2 CH,1 + 2 PH,I + ZnO = 2 P(CH)H,I + ZnI, + H,0.

The secondary base is formed at the same time, according to
the equation :

2 CH,I + PH,I + Zn0O = P(CH,), H,I + ZnI, + H,0.

In order to prepare these compounds, the materials are mixed
in the proportions indicated by the first equation, placed in
carefully closed tubes, and then heated from six to eight hours
to 100°. After this operation, the contents of the tubes form a
crystalline mass consisting of the two double zinc salts. The
primary base is obtained from these by decomposition with
water, whilst the dimethylphosphine salt remains unaltered, but
may be decomposed by alkalis.* 4

In order to prepare the free bases, the product of the reaction
is brought into the vessel A, Fig. 62, filled with hydrogen, and
water is allowed to drop upon the mass. Methyl phosphine gas

1 Compt. Rend. xxv. 289, Y

2 Phil. Trans. 1857, 575 ; sce also Chem. Soc. Journ. xiii. 289 ; xiv. 73, 316.

3 Proc. Roy. Soc. xx. 221.
4 Hofmann, Ber. Deutsch. Chem. Ges. iv. 605.
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is then evolved with hissing and effervescence ; this is allowed
to pass through a spiral tube surrounded by a freezing mixture
into the vessel H, also well cooled, in which it is condensed.
When no evolution of gas takes place on further addition of
water, the crystalline mass is heated until the whole is dissolved,
when a sudden torrent of gas is frequently given off, and hence
the receiver is connected with a condensing flask, K, containing
concentrated hydriodic acid, in which any uncondensed gas
which might otherwise escape is absorbed.

Fic. 62,

Methyl phosphine is a colourless gas, possessing an excessively
powerful odour. It condenses on cooling or under pressure to a
liquid boiling at —14°, and its vapour density is 1:687. On
exposure to air, it evolves white fumes, and takes fire even when
but slightly warmed. In contact with chlorine, bromine, or
nitric acid, it burns with a bright flame. Tt forms with acids
a well-defined series of salts which, like those of phosphuretted
hydrogen, are decomposed by water,and possess moreover the
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singular property' of bleaching vegetable colours like chlorine,
a reaction which is not exhibited by the free base.- This may
be well shown by bringing a piece of litmus-paper, half moist-
ened with water and half with acid, into the gas, when the latter
half only will be bleached.

Methyl Phosphonivm Chloride, P(CH,)H,Cl, is formed by the
union of its two anhydrous constituents. It crystallizes in four-
sided tables, which are so volatile that their ethereal solution
evaporates as a whole..

Methyl Phosphoniwm JTodide, P(CH,)H,I, separates from con-
centrated hydriodic acid .in large compact crystals, and can
easily be obtained pure by sublimation.

Methyl Phosphinic Acid, P(CH,)O(OH),, is obtained when the
base is passed into concentrated nitric acid. It forms a hygro-
scopie, spermaceti-like, crystalline mass, which melts at 105°, is
easily soluble in water, and possesses a purely acid taste. Being
a dibasic acid, it yields two series of salts.! .

Phosphorus pentachloride decomposes it into the chloride,
P(CH,)OCl,, a white crystalline body which melts at 32° and
boils at 163°, and is decomposed with explosive violence by
water.?

This compound is isomeric with methylphosphorous-acid,
from which, however, it is sharply distinguished by its
properties.

154 Dimethylphosphine, P(CH,),H. If caustic soda solution be
added to the liquid from which methyl phosphine has been ob-
tained, the secondary base is liberated, and separates out in a
layer on the top of the liquid. It is a colourless liquid, boiling
at 25° and taking fire instantly on exposure to the air, burning
with a very luminous, phosphorus-like flame.. If the. atmo-
sphere of hydrogen in which it is prepared contains even a trace
of air, this is instantly observed by the formation of a white
cloud, and dangerous explosions may ensue in the preparation of
this body, unless great care be taken. It forms with acids easily
soluble salts. The hydrochloride yields with platinic chloride a
well crystallizable double salt.?

Nitric acid oxidizes the base to dimethylphosphinic. acid,
P(CH,),0.0H, a white paraffin-like mass, melting at 76°, and
volatilizing without decomposition. It is a monobasic acid, and
yields a well-defined series of salts.* Phosphorus pentachloride

1 Hofmann, Ber. Deutsch. Chem, Ges. v. 104, . 2 7bid. vi. 303.
3 Ibid. iv. 610, 4 18id. v. 108,

133
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converts it into the chloride, P(CH,),0Cl, a crystalline body
melting at 66°, and boiling at 204°, and being slowly decomposed
by water.!

155 I'rimethyl Phosphine, P(CH,),, is obtained by acting on
phosphorus trichloride with zinc methyl :

3 Zn(CH,), + 2PCl, = 3ZnCl, + 2 P(CH,),

Tue apparatus employed for preparing this substance is
shown in Fig. 63. A pipette furnished with a stopcock contains
phosphorus trichloride, and the retort a mixture of ether and
zinc methide, This is connected with a bent tube, in which a
few drops of phosphorus trichloride are placed, whilst to this is

Fia, 63,

attached a cylinder (c) containing dry carbon dioxide, the whole of
the apparatus being filled with the same gas before the beginning
of the experiment from the evolution flask (A). The trichloride
is then allowed to pass drop by drop into the retort, when
a reaction takes place as violent as that observed when sul-
phur trioxide acts on caustic baryta, so that the zinc methyl
is partly volatilized, and carried forward not only into the re-
ceiver but into the bent tube, where it meets with the phosphorus
trichloride, and is absorbed. The drop of trichloride serves also
as an indicator of the progress of the reaction. After atime the
action becomes less violent, and when no further evolution of

1 Hofmann, Ber. Deutsch. Chem. Ges. vi. 307.
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heat takes place, it is complete. In the receiver and bent tuke,
and sometimes even in the cylinder (c), two layers of liquid are
found, of which the upper one consists of a mixture of ether and
phosphorus trichloride, which may again be employed in a
second preparation of the base; the second and heavy layer is a
compound of trimethylphosphine with zinc chloride. For the
purpose of obtaining the free base, solid caustic potash is added
to this liquid, and water gradually allowed to drop in, when so
much heat is evolved that the base distils over; this then is dried
over caustic potash and rectified. These operations must be
carried ou in an atmosphere of carbon dioxide.

Trimethylphosphine is also easily formed by heating methyl
alcohol with phosphonium iodide in sealed tubes.!

3CH,.OH + PH,I = P(CH,),HI + 3H,0.

If it is desired to prepare it according to this process, two
molecules of the iodide are added to only five molecules of
alcohol in order to avoid the formation of tetramethyl phospho-
nium iodide. In this case, however, large quantities of phos-
phine are formed by a secondary reaction, and hence it is
necessary to employ strong and well fused tubes, which must
be heated for many hours to 180°. The product thus obtained
yields the free base on treatment with caustic soda solution.
The formation of this compound by heating phosphonium-
iodide with carbon dlsulphlde to 150° is of great theoretical
interest : 2 ’

3CS, + 4PH,JI = P(CH,)HI + 3H,S + 3PSL

Trimethylphosphine is a light, mobile, powerfully refracting
liquid, which boils at from 40° to 42°, and has a most indescrib-
able and penetrating odour. It fumes in the air, and on ex-
posure becomes surrounded by a crystalline crust of trimethyl-
phosphine oxide, P(CH,),0, and frequently takes fire. It also
combines directly with sulphur, selenium, and the elements of
the chlorine group, as well as with carbon bisulpbide. The
compounds thus obtained closely resemble the corresponding
triethylphosphines.

156 Tetramethylphosphonium Iodide, P(CH,),], is formed bythe
union of methyl iodide with trimethylphosphine, and, together

1 Hofmann, Ber. Deutsch. Chem. Ges. iv. 205, 372.
2 Drechsel, Journ, Prac, Chem. [2]. x. 180.
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with the tertiary base,” by heating 'methyl alcoliol’ with
phosphonium iodide : *-

4 CH, OH+PH,I=P(CH,),I+2H,0.

It crystallizes from hot alcohol in beautiful glistening 'white
crystals, which assume a reddish colour on exposure to air. - A
strongly alkaline hydroxide is obtained by acting with ‘moist
silver oxide on its aqueous solution, and this decomposes on
distillation into methane and trimethylphosphine oxide : :

P(CH,),0H=CH, + P(CH,),0.

Tetramethyl Diphosphide, Ps(CHy),. This compound, eor-
responding to liquid phosphuretted hydrogen, was, as has been
stated, discovered by Paul Thénard, and then observed by Cahours
and Hofmann. It is a thick, colourless liquid, possessing a most
unpleasant smell, boiling at 250°, and taking fire on exposure
to air

ARSENIC COMPOUNDS OF METHYL.

157 In the year 1760, the French chemist Cadet observed that
a mixture of equal parts of acetate of potash and white arsenic,
when heated, yields, together with white arsenic and- acetic acid
containing arsenic, a heavy brownish-red liquid which has a
most frightful smell, and fumes strongly in the air.” This fact
was confirmed by Durande,® whilst Thénard * investigated this
compound, which was termed Cadet’s fuming arsenical liquid,
and gave to it the name of “acetite oleo-arsenical.” Ttis, however,
to the classical research of Bunsen carried on for many years
under circumstances of no slight danger, that we owe an exact
knowledge of the arsenical methyl compounds.

Bunsen showed that Cadet’s liquid, as well as-its numerous
derivatives, contains a radical having the formula C,HgAs,
and that this substance, in its chemical relations, 'exhibits
striking analogies with a metal. He succeeded in isolating this
‘body, and as we have already seen, this discovery contributed
largely to the development of the theory of compound radicals.

1 Hofmann, Ber. Deutsch. Chem. Ges. iv. 205.

2 Mém. de Math. et Phys. Pres. des Savants Etrang. iii. 633.

3 Nowwveaw Chim. Prac. Theor. iii: 39."

4 Ann. de Chim. lii. 54.

5 Ann. Chem. Pharm. xxiv. 2713 xxvii. 148 xxxi, 175 xxxvil. 1 ; xlii. 14;
xlvi. 1; and Chem Soc. Mem. 1841, i. 49 ; Bhil. Mag. [3], xx. 180,:895 ; xxii. 180.
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This body, like most of its compounds, possesses a frightfully
offensive odour, so much so that the air of a room contain-
ing even a trace of the vapour is rendered so unbearable as
frequently to cause vomiting. For this reason the name
cacodyl (kakwdns, stinking) was given to this compound by
Berzelius.

Various hypotheses have been put forward respecting the
constitution of this radical. Kolbe® first suggested the view
that it was arsen-dimethyl, As(CH,),. This was rendered very
probable by the experiments of Frankland,? and this view was
afterwards corroborated by Cahours and Riche.? The latter also
discovered trimethylarsine and the tetramethylarsonium com-
pounds. But it is to Baeyer,® who at a later period, in a
masterly investigation, first prepared the arsen-monomethyl com-
pounds, that we are indebted for the full explanation of the
relations which these various bodies bear to one another.

The arsenic compounds of methyl and of the other alcoholic
radicals played an important part in the development of theo-
retical views, not only because they furnished us with the first
example of an isolable organic radical, but also because they
served Frankland ® and Kekulé ¢ as a means of more exactly
illustrating the meaning of the term “chemical valency.”

The arsenic compounds of methyl may be considered as being
derived from arsenic trichloride by the partial or complete
replacement of the chlorine by the alcohol radical :

Arsenic trichloride., Arsen-methyl dichloride.

Cl CH,

As{ Cl { Cl
CL ClL

Arsen-dimethyl chloride. Trimethylarsine.

CH, CH,

As{ CH, As { CH,
Cl. CH,,

The chlorine of these compounds may be replaced by other
elements or radicals, and for this reason arsen-monomethyl is

1 Handwirterb. iii. 442 ; iv. 222, 3 Journ. Chem. Soc. ii. 297.

3. Compt. Rend. xxxvi. 1001 ; xxxix. 541 ; Ann. Chem. Pharm. Ixxxviii. 316 ;
xcii. 361.

4 Ann, Chem, Pharm. cvii. 257.

5 Phil. Trans. 1852, p. 440 ; or Ex_pemnwntal Researches, 188,

5 Ann. Chem. Pharm. cvi 129.
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considered as a dyad, and arsen-dimethyl as a monad radical.
These arsenic compounds are, as Baeyer has shown, mutually
convertible. They combine like phosphorus trichloride, with
one molecule of chlorine, and the bodies thus obtained easily
decompose with evolution of methyl chloride. The compound
of arsen-monomethyl is, however, so unstable that it can only
be preserved in a freezing mixture :

As(CH,),Cl, = CH,CI + As(CH,),CL
As(CH,),Cl, = CH,Cl + As(CH,)CL,
As(CH,) Cl, = CH,Cl + AsCl,,

Trimethylarsine, As(CH,),, is obtained, together with cacodyl
and tetramethylarsonium iodide, by the action of sodium
arsenide on methyl iodide (Cahours and Riche). It is produced
on treating arsenic trichloride with zinc methyl :

2AsCl, + 3Zn(CH,), = 2As(CH,), + 3ZnCl,

In place of arsenic trichloride, cacodyl iodide may be
employed. It is, however, best prepared by distilling potash
with tetramethylarsonium iodide or one of its double salts?
which will be described hereafter. It is a strongly refracting
liquid, boiling at about 70°, and possessing a highly penetrating
and disagreeable odour. It does not form salts with acids, but
on exposure to air becomes heated, without taking fire, owing
to its absorption of oxygen to form a crystalline oxide. It also
unites directly with sulphur and the clements of the chlorine
group, yielding crystalline compounds.

Tetramethylarsonium Compounds. The iodide, As(CH,),I, is
the chief product of the action of methyl iodide on sodium
arsenide, and remains behind as a white crystalline mass when
the trimethylarsine and cacodyl, which are formed at the same
time, are removed by distillation in an atmosphere of carbon
dioxide. It is also formed by the action of methyl iodide on
cadodyl :

(CH,),As, + 2CH,T = (CH,),AsI + (CH,),AsL

When treated with silver oxide, the aqueous solution yields
the corresponding hydroxide, As(CH,),OH. This substance
has a strongly alkaline reaction, and, on evaporation, is de-
posited in the form of deliquescent tabular ecrystals. When

1 Cahours and Riche, Comptes Rendus, xxxix. 541.
2 Cahours, Comptes Rendus, 1. 1022.
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arsenic is heated with methyl iodide to 200° the compound
As(CH,),I + Asl; is obtained, crystallizing from hot alcohol in
red glittering needles. On heating arsenide of zinc with methyl
iodide to 180°, the double salt As(CH,),I + Znl, is obtained,
and this separates from hot alcohol in white needles. A
corresponding cadmium compound is also known,

When zine methyl acts upon tetramethylarsonium iodide, and
the product thus obtained is distilled, a considerable quantity of
trimethylarsine passes over first, and then a liquid which,
according to Cahours,! is pentamethylarsine, As(CH,),. It is de-
composed by iodine into methyl iodide and tetramethylarsonium
iodide whilst hydrochloric acid yields the corresponding chloride,
together with marsh gas. This singular body deserves further
examination.

THE CACODYL OR DIMETHYLARSINE COMPOUND.

158 The point of departure of these bodies is Cadet’s liquid,
or alcarsin, as Buusen termed it, giving it this name because he
at first believed it might be considered as a polymeric alcohol,
oxygen being replaced by arsenic.

According to Baeyer, the best mode of preparing this sub-
stance is to heat equal parts of white arsenic and anhydrous
sodium acetate in a retort in quantities of about 3 kg. at a
_ time, allowing thé vapours to pass through a Liebig’s condenser
into a receiver containing water. Highly poisonous gases are
thus given off, which must be allowed to pass up a flue into
the open air. The heavy oily liquid consists chiefly of cacodyl
oxide, which is formed according to the following equation :

4CH,CO,K + As,0, = [(CH,),As],0 + 2K,00, + 2CO0,.

. In addition to this, some free cacodyl is formed by reduction,
and this it is which gives to the crude product the property of
spontaneous ignition. Acetic acid, acetone, marsh gas, ethylene,
water, and arsenic occur as by-products. For the purpose of
purification, the crude oil is distilled with several times its
weight of hydrochloric acid and corrosive sublimate. In this
way pure cacodyl chloride can be obtained, which may be
converted into the pure oxide by distillation with caustic
potash.

1 Aan. Chem. Pharm. cxxii. 338.
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Cacodyl Oxide or Dimethylarsine Ogide, (811}”) AS}-O ‘This

is.a colourless, heavy liquid, which is not soluble in water, but
dissolves in'alcohol and ether. It boils at about 150°, and solidifies
a few degrees below —23°, forming a crystalline mass ; it does
not fume in the air, but.its vapour, when mixed with air, explodes
if heated above 50°. . It possesses a frightfully irritating smell,
destroying the mucous membrane and producing insensibility,
and acts as a.very powerful poison.. Although it does. not
possess: an alkaline reaction, it is a. very.strong:base readily
uniting. with acids to form salts.

Cacodyl Chloride, (CH,),AsCl... When the oxide is heated
with hydrochlorlc acid alone, not only is the chloride formed
but also the oxychloride in considerable quantity; the pro-
duction of this latter being avoided by the employment of
corrosive sublimate. Cacodyl chloride is a heavy, colourless,
transparent liquid which boils at a temperature not far from
100°, yielding a vapour whose density is 4°56. The vapour
ignites spontaneously on exposure to air, burning with a
pale arsenic-like flame. Heated in oxygen it explodes most
violently. It does not fume on exposure to air but absorbs
oxygen, forming crystals the composition of which hasnot been
ascertained. Its smell is very penetrating and stupefying, far
surpassing in this respect the smell of the oxide. Inhaled in
even moderate quantity it produces such inflammation of the
mucous membrane of the nose that the vessels swell up, and
the eyes are congested with blood. Cacodyl chloride forms double
salts with various metallic chlorides such as sal-ammoniac. The
platinum compound, 2 (CH,),AsCl + PtCl,, is obtained as a
red precipitate by mixing alcoholic solutions of the chloride and
platinum chloride. 'When this is dissolved in hot water yellow
needles of cacoplatylchloride, (CH,),A<,0.PtCl, + H,0, and
from this other cacoplatyl compounds can be obtained.

Cacodyl Trichloride, (CH,),AsCl,. Cacodyl monochloride takes
fire- in chlorine gas. 1If, however, it be dissolved in carbon
disulphide and chlorine led on to the surface of the liquid the
trichloride erystallizes out in transparent prisms which decompose
at 40° into methyl chloride and methyl-arsen-dichloride.

~The compounds of cacodyl with the other members of the
chlorine group closely resemble the chlorides.

Cacodyl Cyanide, (CH,),As(CN), is formed by distilling the
oxide with concentrated hydrocyanic acid, as well as by acting
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on the same substance with mercuric chloride. It crystallizes in
large glistening four-sided prisms which can be sublimed. They
melt at 33° and boil at about 140°. = This compound is scarcely
soluble in water though easily so in alcohol and ether. When
heated in the air it takes fire and burns with a reddish-blue
flame. This substance is extraordinarily poisonous, and for this
reason its preparation and purification can only be carried on in
the open air; indeed even under these circumstarices it is neces-
sary for the operator to breathe through a long glass tube
open at both ends, and thus to ensure the inspiration of air
free from impregnation with every trace of the vapour of this very
volatile compound. If only a few grains of this substance be
allowed to evaporate in a room at the ordinary temperature, the
effect upon any one inspiring the air is that of sudden giddiness
and insensibility amounting to complete unconsciousness. These
symptoms, however, last only for a short time, and are without
subsequent evil effects, provided the operator withdraws himself
in good time from the action of the poison (Bunsen).

Cacodyl Sulphide, 2853;52: } S, was obtained by Bunsen by
3

distilling the chloride with a solution of barium hydrosulphide.
It is a colourless liquid which does not fume in the air, and
possesses a highly disagreeable and unpleasant smell, reminding
one at the same time of mercaptan and alcarsin, and one which
remains attached to articles with which it has been in contact
for a great length of time, It boils far above 100° but volati-
lizes together with aqueous vapour, and is very easily inflam-
mable. It is decomposed by acids with evolution of sulphuretted
hydrogen, and it yields, with solutions of various metallic salts,
precipitates like those produced by sulphide of ammonium. It
combines with sulphur to form the disulphide (CH,),As,S,,
crystallizing from alcohol in large clear rhombic tables
possessing an unpleasant smell, and fusing at 50°.

Cacodyl Selenide, ggg:;:ﬁ: } Se; is obtained by distilling the
chloride with sodium selenide. It is a yellow liquid which in
smell - resembles the sulphide, but, at the same time, has an
aromatic odour. It behaves towards solutions of the metallic
salts like the selenides of the alkali metals.

159 Dicacodyl, (CH,),As,. This is the free radical of the
dimethylarsine compounds. It is easily formed by heating the
chloride with zinc from 90° to 100°:
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2 (CH,),AsCl + Zn = Eggg:ﬁ;} + ZaCly
It is, however, very difficult to obtain it in the pure state, as
we have to distil and crystallize a body which, in its power of
spontancous inflammation, is not inferior to the vapour of
phosphorus itself.

In order to dry the cacodyl chloride in an atmosphere free
from air Bunsen used the drying-tube (Fig. 64). The bulb
(¢) contains a mixture of calcium chloride and caustic potash,
and the air is displaced by a current of carbon dioxide. The
cacodyl chloride is then sucked up by an air-pump into the

Fic. 64, . Fie. 65.

bulb, and the ends () and (b) sealed. The reduction by means
of zinc and the distillation of the product is carried out in the
double-bulbed tube (Fig. 65). The bulb («) contains the zin,
and into this the dried cacodyl chloride is sucked, and the
whole heated to 100° for three hours. A compound of zinc
chloride and cacodyl is then formed, and this is decomposed by
allowing water to enter the bulb, and the heavy oil trans-
ferred to the drying appargtus. This, when dried, is sucked
back again into the distilling bulbs (Fig. 65), digested again
with clean zinc, and re-distilled from bulb () into bulb (3).
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Dicacodyl is a heavy, clear, mobile, strongly refracting liquid
which smells like the oxide, and undergoes such a violent oxida-
tion on exposure to air that when it is attempted to drop the
liquid from a bottle the liquid takes fire before it leaves the glass.
When air is allowed to come into contact with it slowly, it forms
a thick white cloud, and is converted into cacodyl oxide and
cacodylic acid. It boils at 170° and solidifies at — 6°, forming
large quadratic prisms. The vapour density of cacodyl chloride
is 7°101. Tt burns in oxygen with a pale blue flame, and
when thrown ‘into chlorine burns with a bright light with
deposition of carbon. Shaken up with chlorine water it forms
cacodyl chloride. It also combines directly with sulphur and
other elements yielding the compounds which have been already
described, and for this reason Bunsen correctly observes that this
radical in every respect plays the part of a simple electro-
positive element, and that it is indeed a true organic element.

With the haloid salts of the organic radicals it forms the
arsenium compounds :

(CH,),As, + 2 C,H,Cl = (CH,),(C,H,),AsCl + (CH,),AsCL

Cacodylic. Acid or Dimethylarsenic Acid, AsO(CH,),0OH, is
formed by the further oxidation of the oxide in the air. It may
be obtained more rapidly by pouring water on the last-named
compound mixed with mercuric oxide :

(CH,),As,0 + 2 HgO + H,0 = 2 (CH,),AsO.0H + 2 Hg.

It is easily soluble in water, has an acid reaction, is odourless,
and crystallizes from alcoholic solution in deliquescent oblique
rhombic prisms. It is not attacked by fuming nitric acid or
even by aqua regia, and according to Bunsen it is not poisonous,
although the experiments of Lebahn and Schultz! have not alto-
gether corroborated this statement, as they found that doses of
four decigrams act fatally upon a rabbit. Phosphorus penta-
chloride decomposes cacodylic acid into arsendimethy! trichloride :

(CH,),AsO.0H + 2PC, = (CH,),AsCl, + 2 POC), + HOL

Concentrated hydrochloric acid converts cacodylic acid into the
compound (CH,)As(OH),Cl, to which Bunsen has given the
name of cacodyl perchloride, as it isalso obtained by the action

1 Ber. Deutsch. Chem. Ges. xii. 22.
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of moist air on the trichloride. ~Water decomposes it with for-
mation of cacodylic acid. The salts of cacodylic acid are soluble
in water and ecrystallize with difficulty. Silver cacodylate,
(CH,),0As.0Ag, separates out from hot alcohol in concentric
groups of needles.

MoNOMETHYL ARSINE COMPOUNDS.

160 Cacodyl trichloride decomposes, as has already been stated,
when heated to 40°-50° into methyl chloxide and methylarsen
dichloride, As(CH,)Cl,, which compound is likewise obtained by
heating cacodylic acid in a current of hydrochloric acid gas:

As(CH,),0.0H + 3HCl = As(CH,)Cl, + CHC! + 2 H,0.

1t is a heavy, mobile, strongly refracting liquid boiling at 133°.
It does not fume in the air and is not decomposed by water, in
which it dissolves with tolerable readiness. The vapours of this
body attack the mucous membrane in a most extraordinary
manner. If even smelt, the eyes, the nose, and the whole face
swell considerably, and a peculiar piercing pain is felt as far as
the throat (Baeyer). The crystalline tetrachloride, As(CH,)Cl,,
is formed when this body is treated with chlorine. This latter
compound 1is stable only at a low temperature, and below 0°
decomposes into methyl chloride and arsenic trichloride. If the
dichloride be saturated under water with potassium carbonate,
methylarsenoride, As(CH,)O, is formed whilst carbon dioxide is
evolved. Methylarsenoxide is soluble in water, alcohol, ether,
and carbon disulphide, and may be obtained from the latter
solvent in large crystals, apparently cubic, but not belonging to
the regular system. .These melt at 95° and smell strongly of
asafeetida. In a short time they undergo change yielding a
porcelain-like mass, and in this respect they resemble glassy
arsenic trioxide ; indeed in its general properties this compound
appears to hold a middle place between arsenic trioxide and
cacodyl oxide. It forms with hydriodic acid methyl-arsendi-iodide,
As(CH,)I,, crystallizing in long glittering yellow needles, pos-
sessing no smell, which melt at 25°, and can be volatilized
without decomposition above 200°.

Methylarsensulphide, As(CH,)S, is formed by the action of
sulphuretted hydrogen on the chloride, and crystallizes from hot
alcohol or carbon disulphide in glittering tablets or small prisms,
which have a faint smell of asafeetida and melt at 110°. Its
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alcoholic solution precipitates the sulphides from 'solution of
copper, silver, lead, &c.

Monomethylarsenic Aeid, (CH;)AsO(OH),, is formed by the
action of freshly precipitated silver oxide on the chloride in the
presence of water or by the action of mercuric oxide on ' the
oxide. It crystallizes from hot alcobol in large hair-like erystals
which have a purely acid taste.  The barium salt, CH,AsO,Ba
+5H,0, is precipitated from alcoholic solution in colourless
needles. If its solution be mixed with one of silver nitrate a
precipitate of the silver salt, CH;AsO,Ag,, is obtained. This
consists of fine crvstals which possess a beautiful mother-of-pearl
lustre.

COMPOUNDS OF METHYL WITH ANTIMONY.

161 Trimethylstibine, Sb(CH,),, was discovered by Landolt !
in 1851, and termed by him stibmethyl. It is obtained by the
action of methyl iodide on a mixture of potassium antimonite
and quartz sand, the product being distilled in an atmosphere of
carbon dioxide. It is an easily mobile liquid, possessing a highly
unpleasant garlic-like smell, which at 15° has a specific gravity
of 1523 and boils at 80°5. It absorbs oxygen from the air,
thereby being heated to a point which may give rise to ignition.

Trimethylstibine Oxide, Sb(CH,),0, is formed by the slow
oxidation of the foregoing compound, but is best prepared by
decomposing the corresponding iodide with silver oxide. Itisa
crystalline mass easily soluble in water, forming crystallized
salts with acids.

The chloride, Sb(CH),C!,, is obtained by the direct union of
trimethylstibine with chlorine, and crystallizes in somewhat
difficultly soluble hexagonal tables. The iodide, obtained by the
action of hydriodic acid on the iodide or by the direct combina-
tion of trimethyistibine with iodine, is likewise formed when
methyl-iodide is heated with antimony to 140°% and crystallizes
from hot water in six-sided prisms. The nitrate, Sb(CH,),(NO,),,
crystallizes in thin tablets, and the sulphate, Sb(CH,),SO,,
forms indistinct crystals.

Trimethylstibonium Todide, Sb(CH,) I, is easily formed by the
direct combination of methyl iodide with trimethylstibine. It

1 Ann. Chem. Pharm. 1xxviii. 91,
2 Buckton, Quart. Journ. Chem. Soc. xiii.-115.
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crystallizes in step-like tables belonging to the hexagonal system.
Its aqueous solution yields with freshly precipitated silver oxide
a strongly alkaline liquid containing in solution the correspond-
ing hydroxide, Sb(CH,),OH. This on evaporation in a vacuum
leaves a crystalline very deliquescent mass, which in all its
reactions exhibits the strongest analogy to caustic potash, and
when gently heated it may be partially sublimed. On neutraliza-
tion with acids a series of salts are obtained from this, easﬂy
soluble in water, less soluble in alcohol, and readily soluble in
ether. The chloride crystallizes in hexagonal tables. Its
aqueous solution yields with platinic chloride, ayellow crystalline
precipitate, having the composition 2 Sb(CH,),C1+PtCl,. The
normal sulphate, [Sb(CH,),],S0O,+5H,0, forms small rhombic
crystals which effloresce on exposure, and the acid salt, Sb(CHj),
SO,H, crystallizes in hard transparent four-sided tables which
possess an acid and bitter taste. The nitrate, Sb{CH,), NO,,
closely resembles saltpetre. All these salts decompose when
heated with evolution of combustible vapours.

Auntimony Pentomethyl, Sb(CH,), Trimethylstibine di-iodide
is violently attacked by zinc methyl. The product of the reaction
appears to contain pentamethyl stibine as well as trimethyl-
stibine. It is an oily, sharp-smelling liquid, boiling between
96° and 100°. Like the corresponding arsenic compound this
substance merits further investigation.

COMPOUNDS OF METHYL WITH BORON.

162 Bormethyl or Trimethylborine, B(CH,),, is formed by the
action of zinc methyl on ethyl borate : !

OC,H, CH,
B{OCsz i 6zn{8g {gH i 6Zn«{8gH5.
2775 3
Bormethyl is a colourless gas, having a specific gravity of
1'9108, and liquefying under a pressure of three atmospheres
at 10°, and then forming a very mobile liquid. It possesses
a most disagreeable penetrating smell, attacks the mucous
membrane frightfully, and produces a violent flow of tears.
When ignited in the air, and sometimes even spontaneously, it

1 Frankland and D.uppa, Phil. Trans. clii. 167 (1862).
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burns with a beautiful green flame which deposits so much car-
bon that about 40 cbe. of the gas are sufficient in order to fill a
large room with particles of carbon. This peculiar phenomenon
probably depends upon the fact that the particles of separated
carbon are surrounded by a film of fused boron trioxide and are
thus prevented from burning. If the gas be suddenly mixed
with air or oxygen a violent explosion takes place. If, on the
other hand, air be allowed slow access through a glass tube, a
faint blue flame is observed in the dark, and in this the finger
may be held for some time without inconvenience. In this case
oxidation products are formed, which impart to the issuing
air the peculiar smell above alluded to. Bormethyl inflames
also when thrown into chlorine. On the other hand iodine,
hydriodic acid, and concentrated sulphuric acid are without
action upon it, whereas alkalis absorb it. It forms with
ammonia the compound B(CH,), NH,, crystallizing from ether
in large crystals, the smell of which serves as a reminder of its
composition. This body is volatile and may be sublimed, the
vapour having a density of 1'253 (Frankland and Duppa).

COMPOUNDS OF METHYL WITH SILICON.

163 Silicon-Methyl, Si(CH,),, is formed by the action of zinc
methyl on silicon tetrachloride. In order to complete the reaction
the mixture must be heated for twelve hours to 120° and then for
a further ten hours to 200°. This compound is a blue liquid
which swims on water ; it boils at 30° to 31° and burns with a
bright flame when brought into the air, evolving a thick white
cloud of silica.! The vapour density of this compound is 3:058
(Friedel and Crafts). :

METALLIC COMPOUNDS OF METHYL.

164 Magnesium-Methyl, Mg(CH,),, was obtained by Cahours 2
by heating magnesium filings with methyliodide. TItisa strongly
smelling mobile liquid, which takes fire on exposure to the air,
and is decomposed by water with formation of marsh gas and
magnesium hydroxide.

1 Friedel and Crafts, Bull. Soc. Chim, [2], iii. 856 ; Ann. Chim. Phys. [4],

xix. 359.
3 Ann. Chim. Phys. (3], lviii. 19
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Zine-Methyl or Zinc Methide, Zn(CHy),." - This important body
was discovered, together with its homologue, zinc-ethyl, in 1849,
by Frankland! By this discovery our science was enriched
with a new class of bodies, not only of the highest importance
for the development’ of “our theoretical knowledge; but: also
serving as the means of preparing a number of highly interesting
carbon compounds, such as those of the alcohol radicals, with
boron, phosphorus, and silicon, the tertiary.alcohols, and many
other bodies, some of which have already been described, and
many others which will be mentioned in the sequel.

Frankland obtained these zinc compounds by heating the
corresponding iodides with zinc to a-temperature of 130°, and
subjecting the crystalline product of the reaction to dry dis-
tillation. In the case of methyl iodide the compound obtained
is Zn(CH,)T, and this when heated decomposes as follows ;-

2Zn{gH3 = Zn{gg: - Zn{}:.

He also found that this reaction easily ta...s place at 100° in
the presence of anhydrous ether, but then the ether cannot
readily be separated from the zinc-methyl. If, however, the.
compound thus obtained be repeatedly heated with zinc and
methyl iodide, nearly pure zinc-methyl can be obtained.?

Butlerow, who has employed large quantities of zinc-methyl
in his researches, found it advisable to employ granulated zine
which had previously been treated with acid. This was then
quickly dried and placed with the iodide in sealed tubes,; which
were afterwards heated to 100° until the whole of the liquid
had disappeared.?

Another method for the preparation of zinc-methyl in
quantity consists in heating mercury-methyl, (CH,),Hg, which
can be readily prepared, with a large excess of zinc for twenty-
four hours to 1204

It is, however, most readily obtained according to the process
described by Gladstone and Tribe.>. These observers found that
when copper is present uuder certain conditions, the reaction
takes place very readily. For this purpose they make use of a

¥ Journ, Chem. Soc. ii. 297.

2 Wanklyn, Journ. Chem Soc. xiii. 124.

3 Zeitsch. f. Chem. 1868, 497.

4 Frankland and Duppa, Journ. Chem. Soe. xvii. 29.
5 Journ. Chem. Soc. 1879, 1. 107.
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“copper-zinc couple,” prepared in the following way: Thin
zine foil, of which about 9 square dm. weigh about 2 grams, is cut
into small pieces. These are then brought into the flask which
serves for the preparation of the zinc-methyl, Kighty-four cbe.
of a solution of sulphate of copper containing 2 per cent. of the
anhydrous salt is then poured in, and in this way a spongy coating
of copper is deposited upon the zinec. The zinc sulphate formed
is then poured off, the metal washed with water, alcohol, and after-
wards with ether, and dried in a current of coal gas or hydrogen.
To this, methyl chloride is then added, and the crystalline zinc
methyl iodide is formed slowly at the ordinary temperature, but
quickly when warmed. This is then distilled in an atmosphere
of carbon dioxide, and thus pure zinc-methyl obtained. The
same chemists have lately given a simpler method for preparing
the “ copper-zinc couple.” Copper oxide is reduced in a current
of hydrogen at as low a temperature as possible. One part of
the metal thus obtained is brought into a flask with 9 parts of
coarsely divided zine filings, and the mixture, constantly shaken
and turned round, is warmed over a gas-flame until the zine
filings begin to alter their form and become yellow. Then the
powder is once more strongly shaken, and if the experiment
succeeds the product must be a dark powder having a metallic
lustre.

In order to prepare zinc-methyl the apparatus shown in
Fig. 66 is best employed. The flask (4) in which the mixture
is contained is always connected to a reversed condenser, the
upper end of which is placed in connection with a small bulb
apparatus containing mercury, in order to prevent the access of
air, Before the vessel is heated, the whole apparatus is filled
with carbon dioxide. The end of the reaction is easily ascer-
tained by no more methyl iodide running back. The flask is
then connected with the upper end of the condenser and the
zine-methyl distilled off and collected in a receiver filled with
carbon dioxide and shut off from the air by means of mercury.

165 Propertics.—Zinc-methyl is a colourless, mobile, strongly
refracting liquid, boiling at 46° and having a specific gravity
at 10°5 of 1'386. Its vapour density is 3:29 (Wanklyn). It has
a strong disagreeable odour, and instantly takes fire when
brought in contact with the air, burning with a bright greenish-
blue flame with formation of thick clouds of zinc oxide. It burns

1 Journ. Chem. Soc. 1879. i. 567.
134
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explosively in oxygen, and is decomposed with great violence
by water with evolution of marsh gas:

Zn(CH,), + 2 H,0 = 2 CH, + Zn(OH),

Hence it is necessary in the preparation to avoid the presence
of all moisture.

According to Frankland, the accidental inhalation of its vapour
produces symptoms of poisoning indicated by its powerful action

FIc. 66.

on the nervous system. Friedel and Crafts! also considered it
highly poisonous. On the other hand, Wanklyn and Butlerow *
state that it is not poisonous. The latter chemist who, as has
been said, has worked for a long time with this material, men-
tions that although it possesses an unpleasant smell, and for
some time exerts a disagreeable sensation in the throat, and
gives rise to difficulty of breathmcr and violent coughing when
inhaled, these symptoms disappear after a few hours w1th0ut any

L Bull. Soc. Chim. 1865, ii. 357. 2 Ann. Chem. Pharm. cxliv. 89.
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visible effects remaining. By the action of methyl iodide or of
zinc-methyl iodide at a high temperature, ethane is formed :

1) Zn } CIP + 2CH,T = 2C,H, + 7,
3
@) Zn { T ®+ CH, = GH, + Zul,

It is therefore necessary in the preparation of zinc-methyl
that an excess of metal should be present, but in spite of this
almost always some quantity of ethane, as well as of marsh gas,
is formed, inasmuch as it is impossible to obtain either the
apparatus or the material absolutely dry.

When dry air is slowly brought in contact with zinc-methyl a
crystalline mass smelling like camphor is obtained, having the
composition Zn(OCH,)CH,. This is decomposed by water into
methyl alcohol, marsh gas, and zinc hydroxide. The same com-
pound is also formed when zinc-methyl is acted upon by a small
quantity of methyl alcohol, whilst when an excess is employed
a second solid compound, Zn(OCH,),, is formed (Butlerow).

Todine converts zinc-methyl first into zinc-methyl iodide,
CH,ZnI, a body already mentioned, and this on further treat-
ment with iodine yields methyl iodide and zinc iodide, It has
already been stated that the formation of zinc-methyl is assisted
by the presence of ether, but that it is not possible to separate
these two bodies by fractional distillation. This is not. in con-
sequence of the two substances boiling at nearly the same
temperature, but because a distinct compound of the two is
formed, having the composition 2 Zn(CH,), + (C,H,),0. Frank-
land has proved this by employing, instead of common ether,
methyl ether, which boils at 21°, and he thus obtained the homo-
logous compound 2 Zn(CH,), + (CH,),0, which boils at the
same temperature as zinc-methyl itself. Zinc-methyl readily
absorbs sulphur dioxide with formation of methyl-zinc-sulpho-
nate, (CH,.80,),Zn, a compound examined by Hobson,® who
described it first as zinc-methyl-dithionate. He also prepared
a series of other salts by double decomposition. =~ Zinc-methyl
combines slowly with nitric oxide, giving rise to a colourless
crystalline body having the composition Zn(CH,),(NO,),, which
oxidizes so quickly on exposure to air that it readily takes fire.
It is at once decomposed by water with formation of marsh gas,

1 Journ. Chem. Soc. x 243.
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zine hydroxide, and zinc dinitromethylate, Zn(CH,),(N,0,), +
H,0, which yields, with sodium carbonate, the. corresponding
sodium salt Na(CH,)N,0, + H,0.. This separates from its alco-
holic solution in crystals which on heating deflagrate powerfully.
The constitution of these singular bodies is not known. The
following formulz and equation may, however, probably express
their composition :

Zn(CH,), + 2NO = CH,ZnO.N:N.0.CH,,

,O.N :N.0.CH,
\O.N : N.0.CH,

+2CH, + Zn(OH),

2 CH,Zn.0.N : N.O.CH, + 2 H,0 = Zn

When sodium is allowed to act on an ethereal solution of
zinc-methyl, sodium methyl, NaCH,, is formed. This body
has probably not yet been obtained in the pure state. Its
existence is, however, proved by the products obtained by the
action of carbon dioxide on this substance, when heat is
evolved and sodium acetate is produced :!

NaCH, + CO, = NaCO, CH,.

166 Mercury-Methyl, Hg(CH,),, was discovered by Frankland,
who obtained it by the action of light on methyl iodide in
presence of mercury, when the crystalline compound, mercury
methyl iodide, Hg(CH,)I, is formed, and this, when heated
with zinc-methyl, is converted into mercury-methyl. The same
compound is obtained by the action of zinc-methyl on mercuric
chloride, and Frankland and Duppa ? discovered another very
simple method by which this body can be obtained in any
desired quantity. Sodium amalgam does not act upon methyl-
iodide in the cold, but if methyl acetate be added, heat is
evolved and mercury-methyl is formed :

2 CH,I + HgNa, = Hg(CH,), + 2 Nal.

In order to prepare it according to this method sodium amal-
gam containing one per cent. of the alkali metal is gradually
added to a mixture of ten volumes of methyl iodide and one
volume of methyl acetate, and the mixture shaken. In the
first instance it i3 necessary that this should be well-cooled, and
as soon as a sufficient quantity of sodium methyl is formed to
render the mass syrupy the volatile portion is distilled off on a

1 Wanklyn, Proc. Roy. Soc. (1859), x. 4. 2 Journ. Chem, Soc. xvi. 415.



METALLIC COMPOUNDS OF METHYL. 251

water-bath, and the amalgam again heated until no further
action takes place. The products of the reaction are then
distilled with water, and the mercury-methyl which passes over
is shaken with caustic potash in order to decompose any ethyl
acetate which may be present ; then washed with water, and
lastly dried over calcium chloride. The part which the ethyl
acetate plays in the reaction is not understood, it appearing to
undergo no alteration.

Mercury-methyl is a transparent liquid having a specific
gravity of 3:069, boiling at 95°, and possessing a peculiar,
rather sweetish odour, which becomes exceedingly unpleasant
on long acquaintance. It is unalterable in the air, but can
however be readily inflamed, and burns with a luminous flame,
with evolution of mercury vapours. On heating with other
metals the mercury can readily be replaced, and compounds
are thus obtained which can only with difficulty be otherwise
prepared.  Unfortunately mercury-methyl is a very poison-
ous substance, and a prolonged inspiration of its vapour
produces phenomena of chronic poisoning wkich are afterwards
fatal.

According to unpublished experiments performed in the
Physiological Laboratory of Owens College, Dr. Gamgee has
found that, when an atmosphere saturated with mercuric
methide is inhaled, the respiratory movements of both frogs
and mammals cease. The action is apparently one exerted on
the respiratory centre in the medulla oblongata. There is no
paralysis of muscles or nerves. The heart is unaffected.

Mereury-Methyl Chloride, Hg(CH,)Cl, is formed when methyl
iodide is heated with an excess of corrosive sublimate. It is
also obtained by the action of concentrated hydrochloric acid
on mercury-methyl :

(cH,
L CH,

CH.

Hg Cl

+ HCl = Hg : + CH,

It forms colourless crysta.s, and yields, by double decomposition
with silver nitrate, the corresponding nitrate, which crystallizes
in tablets and is very soluble in water.

Mercury-Methyl Iodide, Hg(CH,)I, is easily obtained by the
action of methyl-iodide on mercury in the sunlight, as well ‘as
by treating mercury-methyl in alcoholic solution with iodine:

Hg(CH,), + T, = Hg(CHYI + CH,L
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It is soluble in water, and crystallizes in colourless tablets,
having an unpleasant smell and taste. It melts at 143°, and
volatilizes at a higher temperature. It sublimes, however, at
the ordinary temperature of the air, and when it or the chloride
is treated with moist silver oxide a solution of the hydroxide,
having a strongly alkaline reaction, is obtained.

Mercury-Mcthyl Sulphate, (HgCH,),SO,, is obtained in the
form of crystals, together with marsh gas, by the action of
concentrated sulphuric acid on mercury-methyl.

The solutions of all these salts yield a yellow precipitate, with
sulphide of ammonium, of mercury-methyl sulphide (Frankland.)

167 Aluminiwm-Methyl, AI(CH,),. By heating methyl iodide
with aluminium foil Cahours obtained a colourless liquid,
which contains iodine, and is spontaneously inflammable, and
this, when treated with zinc-methyl yielded aluminium-methyl.
The same body is obtained more simply by heating aluminium
with mercury-methyl. It is a colourless mobile liquid, crystal-
lizing a few degrees above 0° to a mass of white tablets. It
takes fire instantly on exposure to air, and is decomposed with
great violence by water. Its vapour density at 160° corresponds
nearly to the formula AL (CH,),; it diminishes, however, when
the temperature is raised, and at 220° closely corresponds to the
formula A1(CH,),.!

Lead-Methyl, Pb(CH,),, was obtained by Cahours 2 by a.ctmo'
with methyl iodide on an alloy of lead and sodium, as well as
by the action of zine-methyl on chloride of lead:

2PbCl, + 2 Zn(CH,), = Pb(CH,), + 2 ZnCl, + Pb.

According to Butlerow,? who has carefully examined this sub-
stance, it is a mobile liquid, unalterable in the air, and having
a slight smell resembling raspberries. It boils at 110°, and has
a specific gravity at 0° of 2:034, its vapour density being 9°6.
Methyl is withdrawn from this substance by the action of the
haloid elements or their hydroxides, and crystalline salts of
lead-trimethyl are formed. The iodide, Pb(CH,),I, forms long
colourless needles difficultly soluble in water. When this body
is distilled with solid caustic potash the hydroxide, Pb(CH,),0H,
is obtained as a mustard-like smelling liquid, solidifying to acute
prisms; and acting as a strong alkah (Cahours).
1 Buckton and Odling, Proc. Roy. Soc. xiv. 19,

2 Ann, Chim. Plys. [3], 1xii. 285.
3 Zcitsch. Chem. Pharm, 1863, 497.
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168 T'in Tetramethyl, Sn(CHy),, is produced when methyl iodide
is heated together with an amalgam of tin and sodium. It i3
an ethereal-smelling liquid, boiling at 78° and having a specific
gravity at 13° of 1'187.* Its vapour density is 6:00. By the ac-
tion of iodine fin trimethyl iodide, Sn(CH,),], is obtained, a liquid
smelling like mustard-oil, boiling at 170°, and having at 0° a
specific gravity of 2:1432. Caustic soda converts it into the
corresponding hydroxide, Sn(CH;);OH, which crystallizes in
colourless prisms, slightly soluble in water, yielding a strongly
alkaline solution,and gives rise to crystalline salts when brought
into contact with acids. It is volatile without decomposition ;
but if it is heated for some time near its boiling-point it loses
water and is converted into the oxide, O { Snégg‘*) g

Tin Dimethyl or Stanno-tetramethy Jl Sn,(CH,),. According to
Cahours this substance is formed. in the reaction already de-
scribed together with tin tetramethyl. Ladenburg, however,
could only obtain a few drops of a liquid which was probably
this compound.

Tin Dimetlyl Iodide, Sn(CH,),I,, is formed together with
zinc trimethyl iodide when tin foil is heated with methyl iodide
to 160°. It crystallizes in yellow oblique rhombic prisms which
melt at 22°, and dissolve in water and still more readily in
alcohol.. It boils at 228° and is decomposed by ammonia with
formation of the amorphous oxide Sn(CH,),0, which does not
dissolve in water but is soluble in caustic votash and yields with
acids a series of crystalline salts.

OTHER DERIVATIVES OF METHYL.

1(9 The methyl compounds are mono-substitution-products of
methane. If, however, two or more atoms of hydrogen in this
body be replaced, substances are obtained which may be regarded
as compounds of dyad or polyvalent radicals, Though these
belong to other groups of carbon compounds, yet they exhibit
but slight analogy with other groups and are best considered in
this place.

Dichlormethane or Methylene Dichloride, CH,Cl,, was first
obtained by Regnault® by acting on methyl chloride with

1 Ladenburg, 4nn. Chem. Pharm. Suppl. Bd. viii. 60.
* Ann. Chim. Phys. 1xxi. 379.
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chlorine in the sunlight. It was afterwards more thoroughly
examined by Perkin! and Butlerow.? It is not only formed ac-
cording to Regnault’s process, but also by treating an alcoholic
solution of chloroform with zinc and sulphuric acid (Geuther) or
with zinc and ammonia (Richardson, Williams, Perkin) as also
by the action of chlorine on di-iodomethane.

Dichlormethane is a colourless liquid boiling at 40° possess-
ing a smell similar to that of chloroform and having a specific
gravity at 0° of 1:360 and a vapour density of 3:012. The
inhalation of its vapour produces the same effects as that of
chloroform.

TRICHLORMETHANE OR CHLOROFORM, CHCI,.

170 Chloroform was discovered in 1831 by Liebig,® who ob-
tained it by the action of alkalis on chloral (trichloracetaldehyde)
and by treating acetone and alcohol with bleaching powder.
Almost at the same time Soubeiran # obtained it by the latter of
these reactions and termed it éther bichlorique. This chemist was
considered to be the discoverer of the substance until Liebig® put
forward his claim as having first prepared the compound, although
he originally believed it to be a new chloride of carbon. It is to
Dumas® (1834) that we owe the recognition of the fact that the
compound contains hydrogen, and the determination of its true
formula.” Regnault then proved that it is the second substitution-
product of methyl chloride.

Chloroform is likewise produced by the action of bleaching-
powder on a larze number of organic substances, but not on
pure methyl alcohol, sodium acetate, or methyl oxalate, as was
formerly believed to be the case® (See Iodoform).

Preparation.—Chloroform is manufactured on the large scale
by warming an aqueous solution of bleaching powder with
alcohol.  Many processes are given for its manufacture, all of
which recommend that bleaching powder should be well stirred
up to a thin paste with water, and this then heated with strong
alcohol. A good yield is obtained when 10 parts of bleaching

1 Journ. Chem. Soc. xxii. 2£0. 2 Zeitsch. Chem. 1869, 276.
3 Pogg. Ann. xxiii. 444; Ann. Pharm. i. 31, 193.

4 Ann, Chim. Phys. (2], xlviil. 181 ; 4dnn. Pharm. i. 272.

5 Ann. Chem. Pharm. clxii. 161,

6 Ann. Chim. Phys. Ivi, 115 ; Ann. Pharm. xvi. 164.

7 Ibid. [2). Ixxi. 353.

8 Belohonbek,. Wien. Akad. Ber. 1xvi. 188,
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powder are rubbed up with 40 parts of hot water and 1 part of
aleohol of specific gravity 0-834 added, the temperature of the
mixture being 65°. A violent reaction then takes place, and
the larger portion of the chloroform distils over without further
heating, the rest being driven over by passing steam into the
vessel. The chloroform is then washed with water and dried
over calcium chloride, or rectified over concentrated sulphuric
acid.

Of late years a large quantity of chloroform has been ob-
tained by the action of caustic soda on chloral hydrate, which
is now prepared on a commercial scale,)formic acid being
produced at the same time :

CCl, CH(OH), + NaOH = CCLH + CHNaO, + H,0.

The formation of chloroform from spirit of wine cannot be
represented by means of a simple equation. Bleaching powder
acts upon this substance both as a chlorinating and as an
oxidizing agent. The mass froths strongly from evolution of
carbon dioxide, and for this reason large vessels have to be used
in its preparation. The following equation serves fairly to
represent the principal reaction that takes place in the conver-
sion of the alcohol into chloroform :

3 C,H,0 + 8 Ca(OCl), = 2 CHCL, + 30aCO, + CO,
+8 H,0 +5 CaCl,

171 Properties.— Chloroform is a colourless mobile liquid,
possessing a peculiar ethereal smell and a burning taste. It
boils at 61° (Liebig, Regnault), and has a specific gravity at 0° of
1:5252. Tts vapour density was determined by Dumas to be
4:20. Chloroform is almost insoluble in water, but is miscible
in all proportions with ether, alcohol, and other organic liquids.
It readily dissolves phosphorus, bromine, iodine, and many
organic substances. For this reason it is employed in analytical
processes, as well as in the preparation and purification of a large
number of compounds. It is not inflammable, but colours the
non-luminous flame green, and an alcoholic solution burns with
a smoky flame, evolving fumes of hydrochloric acid.

This discovery of the ansthetic properties of chloroform was
made by Sir James Simpson of Edinburgh in 1848, and since

L ¢ Apgmsthetic and other Therapeutical Effects of the Inhalation of Chloro.
form,” Edin. Monthly Journ. of Mecd. Szicnce, viil, 415.
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that time the inhalation of the vapour of chloroform has been
largely practised for the purpose of procuring insensibility to
pain in the case of surgical operations. Chloroform is likewise
used as a medicine. '

Chloroform used for medicinal purposes must, of course, be
pure, and this is often not the case with the commercial article.
It sometimes contains hydrochloric acid, and even free chlorine ;
the presence of both of these can be detected by the action of
such impure chloroform upon litmus, as well as by the fact that it
renders silver nitrate solution turbid, whilst the pure substance
does not do so. If a cold solution of potassium dichromate
in dilute sulphuric acid be coloured green by chloroform, the
presence of alcohol or other easily oxidizable bodies is indicated.
Pure chloroform is not coloured brown either by caustic potash
or by sulphuric acid. It does not attack bright metallic sodium
even at the boiling point, and if this metal should, under these
circumstances, become covered with a white coating of chloride,
the presence of other chlorine compounds, such as dichlorethane
or ethylene dichloride, may be presumed. These same im-
purities may also be recognised, inasmuch as when heated with
alcoholic potash the impure chloroform evolves a combustible
gas, viz. ethylene. When chloroform is evaporated on a watch-
glass without warming it or blowing air upon it, it ought not
to leave a residue either of water or of bodies possessing a strong
smell. Should the latter be found to be the case, the chloroform
has been prepared from alcohol containing fusel oil.

It has already been stated that monamines can easily be
detected by the help of chloroform (p. 162). So inversely the
latter compounds may be employed for the detection of small
quantities of chloroform. As the most easily obtainable amine,
aniline is used for this purpose ; a few drops of this liquid being
heated. with the substance under investigation together. with
alcoholic caustic soda solution. The characteristic smell of
carbamine is observed, according to Hofmann, in solution con-
taining one part of chloroform to 6,000 parts of water.

Chloroform undergoes a series of decompositions which will
be described under the corresponding bodies, only a few of the
more important being mentioned :

(1) When heated with concentrated sulphuric acid and
potassium bichromate, carbonyl chloride,. COCIl, (see Vol I,
p- 621) is formed. .

(2) When heated with alkalis chloroform is converted into
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formic acid, and for this reason it was formerly termed formyl
chloride :

CHCL; + 4 KOH = CHO.OK + 3 KCl + 2H,0.

(3) When heated with alcoholic ammonia, ammonium cyanide
15 formed :

CHOI, + 5NH, = CN(NH,) + 3 NH,0l;

(4) On treatment with bromine, brom-chloroform, CBrCl,,
is produced as a colourless liquid boiling at 104°, which has a
specific gravity at 0° of 2:060 (Paterno, Friedel, Sllva)

172 Tetrachlormethane or Carbon Tctmchloride, CCl,. This
compound, the final product of the chlorination of marsh gas, was
discovered by Regnault! in 1839, and obtained by the action of
chlorine on chloroform in the sunlight. It is also formed when

a mixture of carbon disulphide and chloroform is passed through
a porcelain tube filled with pieces of porcelain heated to redness.?
It is best prepared by acting with chlorine gas on a boiling
mixture of sulphide of carbon containing some antimony penta-
chloride, the latter compound serving as a carrier of chlorine.
The liguid is then distilled, and the portion boiling under 100°
separated and treated with boiling caustic potash in order to
remove chloride of silver, trichloride of antimony, and undecom-
posed carbon bisulphide.®  Tetrachlormethane is also formed
when chloroform is heated with chloride of iodine to 160°—170°
(Hofmann).

It is a colourless liquid boiling at 78°, having a specific gravity
at 0° of 16298, and possessing a smell similar to that of chloro-
form. Its vapour has a density of 5-24 (Kolbe).

Dibrommethane or Methene Dibromide, CH,Br,, is formed
by the action of bromine on the corresponding iodide, and
together with tribrommethane by acting with bromine on
methyl bromide for some hours at a temperature of 150°. It
is a liquid which boils at 80°-82° and at 11°5 has a specific
gravity of 2:0844,* its vapour density being 5:95 (Steiner).

173 Tribrommethanc or Bromoform, CHBr,. This compound
was discovered by Lowig,® in 1832, who prepared it by de- .
composing. bramal (tribrom-acetaldehyde) with aqueous alkalis.

1 Ann. Chim. Phys. 1xxi. 877. 2 Kolbe, dnn. Chem. Pharm.xlv. 41 .
3 Hofmann, Chem. Soc. Journ. xiii, 62.

4 Steiner, Ber. Deutsch. Chem. Ges. vii, 507.

5 Ann. Pharm. iii. 295.
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Lowig considered it to be a bromide of carbon, but Dumas?
ascertained its true composition, and obtained it by the action
of bromide lime upon spirit of wine, or on acetone. It is also
produced when bromine is added to alcohol, or better, when
bromine is poured into an alcoholic solution of caustic potash.
It is likewise found in crude bromine? Bromoform smells
and tastes like chloroform; it boils at 149°-150°, and has a
specific gravity at 14°-5 of 27753 and a vapour density of
8:63 (Cahours).

Tetrabrommethane or Carbon Tetrabromide, CBr,, was discovered
by Bolus and Groves * and is formed by heating carbon disulphide,
bromoform, iodoform or bromopierin with bromine in presence
of bromide of iodine or certain metallic bromides.

In order to prepare it, 2 parts of carbon bisulphide, 14 parts
of bromine and 3 parts of iodine, are placed in a sealed tube and
heated for 48 hours to a temperature of 250°, and then the
contents of the tube distilled with caustic soda. When water
is added to a mixture of bromoform and bromine, tetrabrom-
methane is also formed on exposing the mixture to daylight;
but the reaction only takes place slowly, whereas if some
caustic soda be added, it proceeds much more rapidly, inasmuch
as the hydrobromic acid formed is at once neutralized.®

It crystallizes from hot alcohol in white glistening tablets,
which have a sweetish taste, and an ethereal smell. It has a
specific gravity at 14° of 342, fuses at 91°, and boils with
partial decomposition at 189°5. It may, however, be sublimed
without change by careful heating.

174 Di-iodomethane or Methylene Di-iodide, CH,lL,, was first
prepared by Butlerow ® by acting on sodium ethylate with
iodoform. This chemist showed that the body formerly ob-
tained by Briining by the action of iodoform on caustic potash
is identical with this compound. It is also formed when
chloroform is brought in contact with concentrated hydriodic
actdn?

CHOCL, + 4HI = CH,I, + 3HCI + L,
This body, which is used for the preparation of several other

1 Ann. Chim. Phys. [2], 1vi. 120.

2 Hermann, Ann. Chem. Pharm. xcv. 211.

3 Schmidt, Ber. Deutsch. Chem. Ges. x. 193.

4 Chem. Soc. Journ. xxiii. 154, 161 ; xxiv. 773.

5 Habermann, Ber. Deutsch. Chem, Qes. vi. 549.

6 4nn. Chem. Pharm. cvii. 110 ; cxi, 242,

7 Lieben, Zeitsch. Chem. 1868, 712 ; Bljuducho, Ibid. 1871, 258.
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compounds, is, however, best obtained by the following method
proposed by Baeyer.! An upright condenser is fixed to a liter
flask 'by means of a wide tube, the upper end of which is
connected with a T-tube, so that the materials can be brought
in by the one limb whilst the hydriodic acid formed can escape
by the other. 200 grams of hydriodic acid, having a boiling
point of 127°, are brought into the flask, and to this 50 grams
of iodoform are added, and the mixture is then heated to the
boiling point, and phosphorus added little by little until no
further evolution of iodine takes place. Then 100 grams of
iodoform and the necessary quantity of phosphorus are
added alternately. The formation of the di-iodomethane is ex-
plained by the following reaction :

CHI, + HI = CH,IL, + T,

Di-iodomethane is a yellowish strongly refracting liquid, boiling
with partial decomposition, at 181° solidifying to glistening
tablets at 2°, and possessing a specific gravity at 5° of 3:342,

175 Tri-iodomethane or Iodoform, CHI,.  This compound
was discovered by Serullas? in 1822 and termed by him
“ carbide d’iode.” It is to Dumas® that we are indebted for first
pointing out that this compound contains hydrogen. There is
no substance in which the hydrogen can be so readily overlooked
as in this, for iodoform of all known compounds contains the
relatively smallest quantity of this element, namely 026 per
cent.

lodoform is formed by the action of iodine upon alcohol in
presence of the caustic alkalis or their carbonates. Instead of
alcohol a number of other substances may be used ; these will
be mentioned hereafter. A number of processes are given for its
preparation ; the following, recommended by Filhol,* is usually
employed. Two parts of crystallized carbonate of soda are
dissolved in ten parts of water, one part of alcohol poured into
the solution, and then one part of iodine gradually added to
the liquid heated to 60°-80°, when iodoform gradually begins to
separate out.  The liquid is filtered, and the above mentioned
quantity of carbonate of soda again added to the filtrate heated
to 80°. Chlorine is then passed into the liquid, which is shaken
from time to time, the object being to decompose the iodide of

L Ber. Deutsch. Chem. Ges. v. 1094,

2 Ann. Chim. Phys. (2], xx. 165 ; xxii, 172 ; xxv. 311 ; xxxix. 230.
3 Jbid, lvi. 122, 4 Journ. Pharm. vii. 267.
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sodium which is formed, and to obtain - the iodine in a finely
divided state.~ When no more iodoform separates .out, the
current of chlorine is stopped, the liquid allowed to stand until
it becomes colourless, and then, on cooling, the iodoform collected
on a filter and washed with cold water.

A good yield is also obtained by warming together the
following constituents wuntil the liquid becomes colourless:,
iodine, 32 parts; potassium carbonate, 32 parts; 95 ‘per cent.
alcohol, 16 parts; water 80 parts. The liquid is then poured
off from the iodoform which is deposited, and the following is
added to the liquid: potassium dichromate 2 to 3 parts, hydro-
chloric acid 16 to 24 parts. This serves to decompose the
iodate and iodide and to liberate iodine. The whole is then
neutralized by the addition of 32 parts of carbonate of soda, 6
parts of iodine, and 16 parts of alcohol, the liquid again poured
off from the iodoform, and these operations repeated until the
liquid contains too large a quantity of salt in solution.! The
formation of iodoform is represented by the following equation :

CH, CH,OH + 4I, + 6KOH = CHI, + CHKO, + 5KI -+ 5H,0.

In addition to this, other products are formed, such as potas-
sium iodate, acetic ether, &c.

Todoform is insoluble in water, but dissolves readily in alcohol,
crystallizing from this menstruum in large lemon-yellow: bright
six-sided tables which melt at 119° and sublime when strongly
Leated, undergoing partial decomposition with formation of iodine
vapours. . It may, however, be volatilized without decomposition
in a current-of steam. It possesses a saffron-like smell, and a
sweet taste. In the pure state it does not undergo alteration on
exposure to light, but its solution in bisulphide of carbon is ex-
cessively sensitive to light, quickly becoming coloured violet
owing to separation of free iodine.?

It has already been mentioned that many other bodles in
addition to aleohol, yield iodoform. Amongst the simpler of
these, ethyl ether and acetic acid have frequently been classed.
Lieben? in a very complete series of experiments, has, how-
ever, shown that these substances, if perfectly pure, do not
yield the slightest trace of iodoform. On the other hand, the

normal primary and secondary alcoholsas well as their aldehydes
1 Pharm. Journ. Trans. [3], iv. 593.

2 Humbert, Journ. Pharm. Chim. [3], xxix. 352.
3 Ann. Chem. Pharm. Suppl. vii. 218 and 377. .
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and ketones all yield iodoform, but their isomerides do not.
Hence the formation of iodoform serves as an excellent means
in many cases for ascertaining the purity of these bodies, and
also as a test - for their presence even in very small traces.
Thus, for example, if water containing only zsgth part of alcohol
be gently warmed with crystals of iodine, and then caustic soda
added, and the liquid allowed to stand for some time, a distinct
precipitate is observed, and this when examined under a micro-
scope exhibits the six-sided tablets or stellar crystals characteristic
of iodoform.

Todoform possesses an®sthetic properties, acting especially on
the muscles. It is used as a medicine and has been employed for
outward application, especially in cases of cancer.

Chloriodoform, CHICL, is a yellow oily liquid, boiling at 131°
obtained by heating iodoform with the chlorides of lead, mercury
or tin. ; -

Tetra-iodomethane or Carbon Tetra-iodide, CI,, was obtained
by Gustavson® by acting on aluminium iodide with tetrachlor-
methane in presence of carbon disulphide. It crystallizes in
large regular octohedrons, which decompose slowly in the air
at the ordinary temperature, but quickly at 100° into iodine
and carbon.

176 Chlornitromethane, CH,C(NO,). To prepare this com-
pound, sodium nitromethane is brought in small quantities into
saturated chlorine water, and when no further action takes place
the mixture is distilled. It is a colourless oily liquid, having
a penetrating smell, boiling at 122°-123°, and possessing a
specific gravity at 16° of 1'466. It easily dissolves in alkalis,
and gives the nitrolic acid reaction like other primary nitro-
compounds (see p. 171).2

177 Trichlornitromethane, Nitrochloreform, or Chloropicrin,
CCI;(NO,), was discovered by Stenhouse,® who obtained it by
distilling an aqueous solution of picric acid (trinitrophenol),
CH,(NO,),.OH, with bleaching powder. Itscorrect composition
was first recognised by Gerhardt.* Chloropicrin is also formed
by a similar reaction from many other aromatic nitro-compounds,
and may also be prepared as Geisse ® has shown, by the following
reactions :

L Compt. Rend. Ixxviii. 882.
2 Tscherniak, Ber, Deutsch. Chem. Ges. viii, 608,
% Phil. Mag. [3). xxxiii. 53.

¢ Compt. Rend. Trav. Chim. 1859, 34.
5 Ann. Chem. Pharm. cix. 252. ¥



262: : THE METHYL GROUP.

(1) Chloral (tricldoracetaldehyde) is distilled with fuming

nitric acid :
CCL.COH + 3HO.NO, = CCL(NO,) + 2H,0 + CO,+N,0..

(2) Methy! alcohol is heated with nitre, common salt, and
sulphuric acid :

CH,0H + NO,OH + 2Cl, = CCl,(NO,) + 2H,0 + HOL

(3) Alcohol and common salt are distilled with nitric acid.
It is likewise obtained, though with greater difficulty, by
heating chloroform with concentrated nitric acid :*

CHCL, + NO,.0OH = C(NO,)CL, + H,0.

According to Hofmann? the following is a useful method of
preparation : 50 kilos of freshly-prepared bleaching-powder are
mixed to a thick paste with cold water and placed in a still
surrounded by cold water. To this, a saturated solution of
45 kilos of picric acid heated to 30° is added. After a few
minutes a violent reaction takes place, and the greater part of
the chloropicrin distils over. The remainder is driven off by
heating the still.

Chloropicrin is a mobile liquid, boiling at 113°, having a
specific gravity of 16657, and possessing a very penetrating
smell resembling that of chloride of cyanogzen. Its vapour
acts powerfully on the eyes and mucous membranes, but the
irritation does not last long. Heated in the form of vapour it
decomposes with explosion. It is insoluble in alkalis, and is
not attacked by sulphuric or nitric acid even when boiled.
When treated with iron filings and acetic acid it is converted
into methylamine : '

COI,(NO,) + 6H, = CH,(NH,) + 3 HOl + 2H,0.

Heated with ammonia under pressure it yields guanidine?®
(Vol. 1. p. 680) :

Q(NO,)Cl, + 7 NH, = C(NH)(NH,), + 3NH,Cl + 2H,0 + N,
Dichlordinitromethane, CCL(NO,),, was discovered by Mari-

gnac,* who obtained it by distilling naphthalene tetrachloride,

1 Mills, Journ. Chem. Soc. xxiv. 641 ; Cossa, Gaz. Chim. Ital. 1872, 181.
2 Chem. Soc. Jowrn. xix. 249.

3 Hofmann, Ber. Deutsch. Chem. Ges. 1. 145.

4 Ann. Chem. Pharm. xxxviil. 14.



TRINITROMETHANE OR NITROFORM. 263

O HCl,, with concentrated nitric acid, and hence it was
formerly known as “ Marignac’s oil.” It is a colourless liquid,
smelling like chloropicrin, and having a specific gravity at 16°
of 1:685. It is easily volatilized in a current of steam.

Monobromnitromethane, CH,Br(NO,), is formed by the action
of bromine on sodium-nitromethane. It is a colourless, very
strongly-smelling liquid, boiling at 146°-147°, and is soluble in
alkalis.

Dibromnitromethane, CHBr,(NO,), is obtained by the action of
bromine upon a freshly-prepared solution of the foregoing com-
pound. It is an oily, strongly-smelling liquid, which decomposes
on distillation, and possesses acid properties.

Tribromnitromethane or Bromopicrin, CBry(NO,), was obtained
by Stenhouse 2 by distilling a solution of picric acid with bromide
of lime. Tt is also formed when nitro-methane is treated alter-
nately with bromine and caustic potash.® It is a liquid closely
resembling chloropicrin, and when strongly cooled forms prismatic
crystals, melting at 10°25. Its specific gravity at 12*5 is 2:811.
It may be distilled in a vacvum without decomposition, but
decomposes even when carefully warmed under the ordinary
circumstances with formation of tetrabrommethane, carbon
dioxide, the oxides of nitrogen, and other bodies.*

Chlordibromnitromethane, CCIBry(NO,), is obtained when
chlornitromethane is dissolved in caustic potash and bromine
added. It is a liquid possessing a similar smell to chloropicrin,
having at 15° a specific gravity of 2:421, and being volatile in
a current of steam.®

178 Trinitromethane or Nitroform, CH(NOQ% was discovered
by Schischkoff ¢ in 1857, who prepared it by heating trinitro-
acetonitril with water. This substance dissolves with violent
evolution of carbon dioxide, and the yellow solution contains
the ammonium salt of trinitromethane:

{ g(NN'02)3 +2 H2O Fe C(Noz)aNH4 it COZ‘

Under certain conditions, which are not well understood, this
action of water on trinitroacetonitril may be accompanied by

1 Tscherniak, Ber. Deutsch. Chem. Ges. vii. 916.

2 Phil. Mag. [4], viii. 36.

3 V. Meyer, Ber. Deutsch. Chem. Ges. viii. 816.

4 Bolas and Groves, Journ. Chem. Soc. xxiii, 153 ; xxiv. 773.
5 Tscherniak, Ber. Deutsch., Chem. Ges. viii. 608.

8 Ann. Chem. Pharm. ci, 213 ; ciil. 364 ; cxix, 247.
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serious explosions.! On evaporation the salt separates out in
yellow monoclinic prisms. If dilute caustic potash-be used
instead of water, the yellow crystalline potassium salt.is ob-
tained ; and if sulphuric acid be added to any of 'these salts,
nitroform separates out in'a liquid layer, which on.cooling
solidifies to a mass of large oblique crystals. - It has a bitter
taste and disagreeable smell,- is very inflammable, and -when
warmed begins to decompose under 100° with rapid evolution
of gas, exploding violently when quickly heated. Its yellow
salts are also explosive, and frequently decompose spontaneously
with evolution of gas.

When a mixture of nitroform and bromine is exposed to sun-
light, bromnitroform, C(NO,),Br, is formed as a colourless liquid,
which erystallizes at 12° and is decomposed at 140°, but may be
volatilized in a current of steam.

Tetranitromethane, C(NO,),, is formed when a continuous
current of air is passed through a mixture of nitroform, con-
centrated sulphuric acid, and nitric acid heated to 100% On
addition of water to the distillate, this compound separates out
as a colourless mobile liquid, which crystallizes at 13° boils at
126°, and is neither explosive nor inflammable. If, however, it
be dropped on to glowing charcoal it burns with a bright flash.

179 Methene Disulphonic Acid, CHy(SO;H),. This compound,

which was formerly called methionic acid, was first prepared by
Liebig,? together with other products, by the action of sulphur
trioxide on ether. Buckton and Hofmann 3 obtained it by
treating acetonitril (methyl cyanide) with concentrated sulphuric
acid, acetic acid, carbon dioxide and ammonia being formed
at the same time. It may also be obtained from sulphoacetic
-acid, acetamide, and lactic acid, and also by heating chloroform
with a solution of potassium sulphite In this case, methene
«dichloride is first formed, which is then converted into potassium
.methene disulphonate :

(@) 2CHOL, + 3K,80, + H,0 = 2 CH,Cl, + 2K,S0, + 2KCl + S0,
(b) CH,CI, + 2 K,SO, = CH,(SO;K), + 2 KCL.

The free acid is best prepared by the action of sulphuretted hy-
drogen on an aqueous solution of the lead salt. On evaporation

1V, Meyer, Ber. Deutsch. Chem. Ges. vii, 1744,
3 4nn. Pharm. xiii, 35.

8 Chem. Soc. Journ. ix. 241, .

4 Strecker, Ann. Chem. Pharm, cxlviii. 90.
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in a vacuum it may be obtained in the form of a deliquescent
, striated crystalline mass. It is.a very strong acid, and forms a
series of well crystallizable salts:

Methine Trisulphonie Acid, CH(SO,H),, is formed when dry
calcium methyl sulphate is heated to 100° with a large excess of
fuming sulphuric acid. = The free acid is obtained by decompos-
ing the lead salt with sulphuretted hydrogen ; it forms long
deliquescent colourless needles, and is a tribasicacid. It decom-
poses chlorides and nitrates, and forms well crystallizable salts.

Potassium Methine Trisulphonate, CH(SO,K),, crystallizes in
small hard glistening prisms, and is formed when chloropicrin is
heated with a concentrated solution of potassium sulphite. As
an intermediate product potassium mitro-methene disulphonate,
CH(NO,)(SO,K), is formed as a crystalline slightly soluble
powder which deflagrates on heating.?

Barium Methine Trisulphonate, [CH(SO,),],Ba,, crystallizes
from boiling water in glistening tablets. Its solution throws
down the insoluble lead salt from a solution of acetate of lead.?

Methyl-mercaptan  Trisulphonie Acid, C(SO,H),SH. If bi-
sulphide of carbon be treated with manganese dioxide and
hydrochloric acid, a reaction takes place which becomes more
rapid on the addition of a small quantity of iodine; and besides
thiocarbonyl chloride, CSCl,, and trichlor-methyl 'sulphonic
chloride, CClL;.SO,Cl, the compound, perchlor-methyl mercap-
tan, CCL,.SCl, is formed. This latter compound is a golden
yellow, very powerfully-smelling liquid, boiling at from 146° to
147°2 It acts on an aqueous solution of potassium sulphite
giving rise to the salt C(SO;K),SH, which forms large, hard,
colourless triclinic crystals. The same salt is formed by the
action of potassium sulphite on thiocarbonyl chloride :

CSCl, + 3K,80, + H,0 = C(SO,K),SH + 2KCI + KOH.

It gives a white precipitate with basic lead acetate, from
which the free acid can be obtained by treatment with sul-
phuretted hydrogen. In a concentrated state this forms a
thick very deliquescent syrup. Its dilute solution gives a deep
blue coloration with ferric chloride. The free acid and its
salts are readily decomposed in presence of water, with forma-
tion of sulphuric acid and methyl-mercaptan-disulphonic acid,

1 Rathke, 4dnn. Chem. Pharm. clxi. 149 ; clxvii. 219.
2 Theilkuhl, 4nn. Chem. Pharm. cxlvii. 134,
3 Rathke, Ber, Deutsch. Chem. Ges. iii. 858. ., .
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CH(SO,H),SH. This forms crystallizable salts, and is a dibasic
acid. The hydrogen which is combined with the sulphur can,
however, be replaced by metals possessing a strong affinity for
sulphur, such as lead. This is not the case with the trisul-
phonic acid. By the action of nitric acid on the potassium
salt of the latter compound potassium methyl oxytrisulphonate,
C(SO,K),0H, is formed, crystallizing in strongly refracting
monoclinic prisms. The free acid is a deliquescent mass, and
the salts crystallize well.!

THE FORMYL GROUP.

Formic ALpEHYDE, COH,.

180 This interesting body may be regarded as the aldehyde
and ketone of formic acid, or as the oxide of the dyad radical
methene. Many attempts to prepare this substance have been
unsuccessfully made, inasmuch as the oxidizing agents usually
employed for the preparation of aldehydes yield at once formic
acid. Hofmann was the first, in 1867, to succeed in pre-
paring the substance by passing the vapour of methyl alcohol
together with air over ignited platinum. For this purpose he
employed the following apparatus. A three-necked flask of
about two liters capacity is filled about five c.m. high with
warm methyl alcohol. One of the necks of the flask is
furnished with a cork, and a tube which passes to the surface
of the liquid. The other necks are furnished with open glass
tubes ; the middle one carries a spiral of platinum wire fastened
to a loosely-fitting cork, the spiral being brought nearly to the
surface of the methyl alcohol. The third opening is connected -
with the upper end of the condenser, the lower end of which is
fastened into a two-necked receiver; this receiver is in its turn
connected with a series of wash-bottles, and the last of these
communicates with a water-jet aspirator, by which a rapid current
of air can be drawn through the whole system. The platinum
spiral is next heated and lowered into the bottle, when the
flameless combustion of the methyl alcohol begins to manifest
itself by the evolution of vapour powerfully affecting the nose
and eyes. Gradually the temperature of the apparatus rises
and drops of a colourless liquid are soon condensed in the

1 Albrecht, Ann, Chem. Pharm. clxi. 129, 2 Proc. Roy. Soc. xvi. 156.
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receiver, and if the apparatus be properly constructed a solution
of aldehyde in dilute methyl alcohol is obtained
whilst the portion which is not collected here
passesinto the wash-bottles. At the begninnig
of the experiment a sharp explosion sometimes
takes place, which drives the cork with the
spiral out of the bottle. In order to prevent
this, an improved apparatus has been suggested
by Volhard.! This consists of a Davy’s glow-
lamp shown in Fig. 67, filled with methyl
alcohol, over which a funnel is placed connected
with a condenser as before. A stream of air
can now be regulated so that the ignition of the platinum
spiral is not visible in the daylight.

The solution of aldehyde, prepared by one or other of these
means, only contains about 1 per cent. of formic aldehyde. In
order to prepare a more concentrated solution, a regulated
mixture of air and methyl alcohol vapour is passed through a
tolerably wide platinum tube containing a bundle of fine
platinum wires. By gently heating this, a current of formic
aldehyde is obtained. This can be condensed to a liquid, which
however does not contain more than 5 per cent. of aldehyde;
but this apparatus when in proper action may be kept going
for several months without intermission. If the methyl alcohol
be driven out of the solution by distillation a certain amount of
aldehyde passes over with it. A better plan is to expose the
residual liquid repeatedly to a freezing mixture, the ice formed
being each time removed; the residual liquid contains 10 per
cent of formic aldehyde.?

A solution of formic aldehyde possesses a very penetrating
smell, and when warmed with ammoniacal silver solution, a
mirror-like deposit of metallic silver is formed. Ammonium
formate is in this case produced. Up to the present time the
separation of the aldehyde from its solution has not proved
possible. If it be evaporated in a vacuum over sulphuric acid,
part of the aldehyde passes into the state of vapour with the
water, whilst another portion assumes a polymeric modification.

181 Puaraformaldehyde, C;H O, has been known for some
time, and was first obtained by Butlerow,* by acting on silver

Fia. 67.

1 Ann. Chem. Pharm. clxxvi, 128.
2 Hofmann, Ber, Deutsch. Chem. Ges. xi. 1685, 3 Ibid, ii. 152,
4 Ann. Chem. Pharm. cxi. 242.
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oxalate ‘with methene ‘di-iodide, and was described as diozy-
methylene :

3 CH,I, + 8 Ag,C,0, = C;H,0, + 6 Agl + 3 CO, + 3CO.

This substance is, however, best prepared by heating glycollic
acid with sulphurlc acid to 150°, when it sublimes:

3 CH,(OH)CO.0H = 3C,H,0O, + 3 CO + 3 H,0.

Paraformaldehyde is a-white indistinctly crystalline body,
which is insoluble in water, aleohol, and ether. It possesses no
smell and sublimes at 100°, melting, however, at 152°. Heated
more strongly it dissociates into three molecules of formic alde-
hyde, the irritating smell of the gas being at once’ perceived.
If this gas be collected over mercury and allowed to cool, it
gradually disappears with formation of the trimolecular form.

When paraformaldehyde is heated with much: water in a
closed tube to 130°-150° it- enters into solution again, splitting
up into the simpler molecule. This solution does not under-
go change in absence of air, probably because the aldehyde
is combined with water, methylene alcohol, CH,(OH),, being
formed. |

Parathioformaldehyde, CH,S,, was first' described by Girard,?
who obtained it by the action of nascent hydrogen on carbon
disulphide. It has likewise been prepared by heating methene
di-iodide with sodium sulphide,® as well as by treating the
solution of formaldehyde  or ' the': para-compound with sul-
phuretted hydrogen, and-then heating -with hydrochleric acid.
It is also formed by treating thiocyanic. acid with nascent
hydrogen : 3

gSCNH46H, = | | ¥ 3NH,

This compound crystallizes in a shining white erystalline mass
which melts at 216°. ' It combines with silver nitrate to form
the erystalline ‘compounds C,Hg S, + AgNO, and C,HSS, +
3AgNO;,, whilst with platinic chloride it forms yellow needles
of 2 C,HgS, + PtCl,.

1 Comptes Rendus, xliii. 306. ' 2 Husemann, 4nn. Chem. Pharmn. cxxvi, 204
3 Hofmann, Zeitsch. Chem. [2], iv. 689.
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FORMIC ACID,
CH,0,.

182 In the sixteenth century Brunfels, and at the beginning
of the seventeenth Baukin, noticed that red ants have the
power of emitting an acid liquid which turns vegetable blue
colours red. Formic acid was first obtained by John Ray
in 1670, by distilling red ants, and he observed that this
substance has the power of forming with white lead a kind
of sugar of lead, which, like ordinary sugar of lead, pos-
sesses an astringent taste. Hence he concluded that the acid
in question is similar to acetic acid! About the same time
a German chemist, Samuel Fischer, is said to have pre-
pared formic acid. These observations were confirmed by
Hiéirne, Homberg, and Marggraf, the latter of whom found that
this acid does not precipitate the salts of silver, . lead and
mercury, or nitrate of lime, and he adds that this shows that it
is neither hydrochloric acid nor vitriolic acid. Calx of silver
however dissolves in it, and calx of mercury on being warmed
with it yields metallic mercury.? From this time forward, the
acid . compound  obtained . from ants was looked upon as a
peculiar acid.  Arvedson and Oehrn described the acid and its
salts more exactly in a Dissertatio de acido formicarum in 1777,
but even in 1802 it was stated by Fourcroy and Vauquelin ‘that
it was simply a mixture of acetic acid and malic acid. This
statement was however contradicted by Suersen in 1805 and by
Gehlen in 1810.

In addition to its oceurrence in ants, this acid is also found in
bodies of a caterpillar (Bombyz processionea), in common stinging
nettles, in the fruit of the soapnut-tree (Sepindus saponaria), in
tamarinds, and in shoots of various pines. It also occurs in small
quantity in various animal liquids, as sweat, urine, the juice of
muscle, &e. It is remarkable that this substance occurs together
with other fatty acids in the putrefaction of diabetic urine, and
that it occurs together with acetic acid and other homologues in
small quantities in various natural mineral waters. - It is likewise
produced  in the dry distillation of various organic substances,
as well as by the oxidation of a large number of such bodies.

In his investigation on manganese in 1774 Scheele remarks

1 Phil. Traas. 1670, Jan. 13. 2 Berlin Akad. 1749.
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that when a mixture of this substance and sulphuric acid is
heated with sugar or gum an acid vapour is evolved which when
collected in a receiver turns out to be vinegar. Westrumb then
mentions in 1785 that acetic acid is produced by the dephlo-
gistication of tartaric acid by means of oxide of .manganese,
upon which Débereiner in 1822 showed that the acid produced
.in this reaction is really formic acid. This observation gave rise
to the process for its artificial production.

Starch was found to be the best material for the preparation
of this acid, and, according to Liebig’s receipt, 100 parts of
starch, 370 parts of finely-divided oxide of manganese, and 300
parts of water are mixed together, and 300 parts of concen-
trated sulphuric acid added to the mixture whilst it is being
stirred. By careful distillation the strongly frothing mixture
yields about 335 parts of dilute formic acid, of which 100 parts
saturate 15 parts of dry carbonate of sodium. This method, how-
ever, as well as other similar processes are now no longer used,
formic acid being always prepared from oxalic acid, which, when
heated, splits up directly into carbon dioxide and formic acid :

C,H,0, = CO, + CH,0,.

Gerhardt found that, when oxalic acid is mixed with fine
quartz sand, a better yield of formic acid is obtained, but even
in this case, and especially when the oxalic acid is heated
alone, a large quantity of oxalic acid passes over undecom-
posed, whilst a part of the formic acid decomposes with
formation of carbon monoxide and water. On the other hand,
the above reaction takes place much more completely if the
oxalic acid be carefully heated with glycerin. On this observa-
tion Berthelot has founded a method which now has come into
general use for the preparation of formic acid, the details of the
process having been carefully worked out by Lorin. According
to this method, anhydrous glycerin is gradually heated with
crystallized oxalic acid to a temperature of 75°-90° until the
whole of the carbon dioxide has been evolved. Oxalic acid is
again added and the mixture heated as before, this process
being capable of repetition for any number of times. At the
beginning of the reaction very dilute formic acid passes over,
and this becomes stronger on each addition of oxalic acid until
at last a liquid containing 56 per cent. of the acid distils over,
Crystallized oxalic acid, C,H,0,+ 2H,0, first decomposes into
water, carbon dioxide, and formic acid, which in the nascent
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state acts upon the glycerin, C,H (OH),, with formation of
monoformyl ether or monoformin :

0.COH

If oxalic acid be again added, the water of crystallization
decomposes a part of this ether with formation of formic acid
and glycerin, but, at the same time, a fresh quantity of the
ether is produced, and this continues until the liquid is
saturated with monoformin, at which point both reactions
take place simultaneously, and the acid of the above strength
distils over. If anhydrous oxalic acid be employed, the
reaction begins at 50°,and is accompanied by violent frothing; a
dilute acid first distils over, triformin, C;H,(CHO,),, is formed
which soon saturates the liquid, and an aqueous formic acid,
containing from 87 to 88 per cent. of the pure acid, distils
OvVer. When however, a certain quantity of oxalic acid has
been employed, the normal reaction does not hold good.

In place of glycerin many other polyatomic alcohols may be
employed for the preparation of formic acid from oxalic acid.?

183 Synthesis of Formic Acid. The various methods for the
synthetical formation of formic acid are of great theoretical
interest.

(1) Berthelot has shown that it is formed when carbon mon-
oxide is treated with caustic potash or other alkalis :

OH OH
Cyff{ O + COHOH = C,H,{O0H + H,O.

co + g}o i oog}o_

This reaction requires about seventy hours to complete it at a
temperature of 100° whilst it is completed in ten hours at a
temperature of 220°.2 According to Merz and Tibiricd,3 the
action proceeds more quickly when moist carbon dioxide is
passed over porous soda-lime loosely arranged in large U-tubes,
and heated to about 200° in an oil-bath. Above 220° decom-
position commences, with evolution of hydrogen and formation
of carbonate.

(2) When moist carbon dioxide (which may be regarded as
carbonic acid) acts upon potassium at the ordinary temperature,

1 Lorin, Bull. Soc. Chim. [2], v. 7, 12; xx. 241 ; xxiv. 22 and 436.

2 Ann. Chem. Pharm. xevil. 125 ; Compt. Rend. xli. 955.
3 Ber. Deutsch. Chem. Ges. x. 2117, Ibid. xiii. 23,
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a ‘mixture of potassium carbonate and potassium formate is
produced :1

200{‘)% + K, = C0{ g5 + 00 { gy + HO.

(3) In a similar way, sodium formate is produced when a
solution of carbonate .of . ammonia is treated with sodium
amalgam.?

(4) If earbon disulphide be heated .with water and iron borings -
at 100° ferrous formate is produced, together with sulphide of
iron, carbon dioxide, and other bodies.?

(5) A small quantity of the acid is likewise formed by the
direct union of carbon dioxide and hydrogen under the influence.
of the silent electric discharge. Thus, if the electric discharge
be passed through the mixed gases by a Siemens induction-
tube, small drops of an acid liquid are formed, together with
carbon monoxide and a small quantity of marsh gas, this liquid
exhibiting the characteristic reactions of formic acid.*

(6) Hydrocyanic acid, HCN (VoL 1. p. 659), is the nitril of
formic acid, and therefore, in the presence of alkalis or acids, it
easily passes into the latter compound by absorption of water :

HCN 4 2 H,0 + HCl = HCO.0H + NH,CL

(7) Formic acid is likewise produced when chloroform is
heated with caustic potash :

CHCI, + 4KOH =3 KCl + CHKO, + 2 H,0.

184 Preparation of Anhydrous Formic Acid. In order to
obtain pure anhydrous formic acid, the lead salt is prepared from
the dilute acid, and this, when completely dried, is brought into.
a wide glass tube or retort and dry sulphuretted hydrogen
passed - over it. . The lead salt is then gently heated. just
to the point at which the acid distils over, inasmuch as at
higher temperatures disagreeably smelling sulphur products are
formed® Amongstthese a body crystallizing in colourless needles.
is obtained, the exact nature of which has not yet been properly
ascertained.® The distillate thus prepared usually contains some

1 Rolbe and Schmidt, Ann. Chem. Pharm, cxix, 251.

2 Maly, Phil. Mag. [4], xxx. 360.

3 Loew., Ber. Deutsch Chem. Ges. xiii, 324,

o BI‘OdlB, Proc. Roy. Soc. xxi. 245.

5 Liebig, Ann. Pharm. xvii. 69.

c Wohler, Ann. Chem. Pharm. xci. 125 ; Limprecht, J%id, xcvii. 361 ; Hurst,
Journ. Chem. Soc. xv. 278,
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sulphuretted hydrogen, and this can be best got rid of by recti-
fication ' over powdered lead formate (Landolt). Concentrated
formic acid may also be obtained by distilling the anhydrous
sodium salt with anhyvdrous oxalic acid.!

A strong acid, containing 775 per cent., may be obtained by
simply distilling the dilute acid obtained from crystallized oxalic
acid, a weaker acid passing over first. If anhydrous oxalic acid
be dissolved in this warmed acid, it takes upthe water, and then,
when the cold liquid poured off from the crystals which are
separated out is distilled, an ‘almost anhydrous acid is obtained,
from which, as well as from the distillate obtained by the other
methods, pure formic acid can be obtained by cooling, the
aqueous liquid being poured off from the crystals of formic acid
which are deposited (Lorin).

185 Propertics.—Formic acid is a colourless, slightly fuming
liquid, possessing a penetrating acid smell, and acting so power-
fully on the skin that one or two drops produgce extreme pain and
swelling, leaving a white blister, which afterwards forms a painful
wound. The dilute acid has a peculiar acrid smell, and a purely
acid taste (Liebig). The anhydrous acid boils at 99°9, and at
20° has a specific gravity of 122112 The vapour density at
111%5 is 2:38; at 160° 1:81; and at 214°, 1623 At a low
temperature formic acid solidifies to a mass of crystals which
melt at 80.4

Mere traces of water lower the melting-point considerably,
whilst, on the other hand, the boiling-point is raised by the
presence of water. According to Liebig, the hydrate CH,0,+H,0
boils constantly at 106°. This compound has been termed
orthoformic acid, CH(OH),, inasmuch as corresponding ethers
such as ethyl orthoformate, CH(OC,H,),, are known, this latter
body being obtained by the action of sodium ethylate, C,H;ONa,
on chloroform. Roscoe 5 has, however, shown that this hydrate
does not exist, and that a mixture of formic acid and water behaves
like the various other aqueous acids. On repeated distillation
under the ordinary pressure, a final product is always obtained,
containing 77 per cent. of formic acid, and boiling' constantly at
1071, whether a dilute or concentrated acid be employed. That

1 Lorin, Bull. Soc. Chim. [2], xxv. 519,

2 Landolt, Pogg. Ann. cxvii. 362 ; and Ann. Chem. Pharm. Suppl. vi. 170.
3 Petersen and Ekstrand, Ber. Deutsch, Chem. Ges. xiii. 1194.

4 Berthelot, Bull. Soc. Chim. [2], xxii. 440,

5 Journ. Chem. Soc. xv. 270.
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this liquid is, however, not a definite chemical compound is shown
by the fact that, when the pressure is altered, the boiling-point
and composition likewise undergo change. Thus, for instance,
under a pressure of 1350 mm. an acid containing 80 per cent. is
obtained, having a constant boiling-point of 124°1; whilst when
the pressure is raised to 1830 mm., a constant acid boiling at
134°6, and containing 83 per cent. of formic acid, is produced.

Formic acid is a powerful antiseptic, preventing fermentation,
putrefaction, &c., even more effectually than phenol does.!

Hygroscopic substances, such as sulphuric acid, decompose
formic acid completely on warming, no blackening occurring,
carbon monoxide and water being formed. Oxidizing agents
easily convert it into water and carbon dioxide, and this explains
its powerful reducing action on the oxides and salts of such
metals as silver, mercury, gold, platinum, &e.

THE FORMATES.

186 Formicacid yields a series of salts, all of which are soluble
in water, and most of which crystallize well. Of these, only
the more important will here be mentioned.

Potassium Formate, CHO,K, crystallizes with difficulty in
thombic prisms which deliquesce in moist air. When dissolved
in hot concentrated formic acid, according to Bineau,? the
crystalline compound CHO,K + CH,0,is deposited on cooling,
and these crystals are odourless when dried. It is to be re-
marked, however, that Heintz 8 could neither obtain these salts
nor other similar salts mentioned in the sequel.

Sodium Formate, CHO,Na, forms rhombic prisms, with
bevelled lateral faces, which are easily soluble in water. Tt is
also said to form with formic acid a difficultly crystallizable
compound.

Ammonium Formate, CHO,NH,, dissolves very readily in
water, and forms monoclinic crystals which possess a cool and
pungent taste. On heating it decomposes into water and for-
mamide, the latter readily undergoing further decomposition
(see page 277).

Caleium Formate, (CHO,),Ca, separates out on evaporation of
its solution in a glistening crystalline crust, or in large rhombic

1 Jodin, Compt. Rend. 1xi. 1179. 2 Ann. Chim. Phys. [3], xix. 291.
3 Pogg. Ann. xéviii, 458,
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crystals, which dissolve in from eight to ten parts of cold and in
not much less hot water, and are insoluble in alcohol.

Barium Formate, (CHO,),Ba, forms transparent .  rhombic
prisms, which are soluble in four parts of water, but do not
dissolve in alcohol.

Lead Formate, (CHO,),)Pb, a very characteristic salt of formic
acid, crystallizes in glistening white prisms, which are isomor-
phous with the barium salt. It possesses a sweet styptic taste,
dissolves in sixty-three parts of cold and 55 parts of boil-
ing water, but, like the foregoing salt, is insoluble in alcohol.
When the solution is warmed with oxide of lead, the following
basic salts are obtained :

PbCHO PbCHO PbCHO
s { PbCHO, © { A ‘{ C

Pb Pb
O PbCHO, O{Pb
O PbCHO,

These are soluble in water, exhibit an alkaline reaction, and
crystallize in needles.’

Copper Formate, (CHO,),Cu 4+ 4H,0, crystallizes in light-blue
monoclinic prisms,and yields with formic acid the compound
(CHO,),Cu + 2CH,0, + 3H,0, which also crystallizes in the
monoclinic system.?

Silver Formate, CHO,Ag. Silver oxide or silver carbonate
dissolves in cold formic acid, although silver is reduced when the
acid is hot. On evaporating in a vacuum, small six-sided
rhombohedral tables are obtained, which are also deposited
when a concentrated solution of silver nitrate is mixed with one
of sodium formate. From concentrated solutions it separates
out as a curdy precipitate. It blackens easily even in the dark,
and especially when moist, and decomposes on heating according
to the equation :

2 CHO,Ag = 2 Ag + CH,0, + CO,,.

Mercuric Formate, (CHO,),Hg, is obtained by dissolving mer-
curic oxide in cold dilute formic acid, and remains, when the
solution is evaporated in a vacuum at 0° in the form of a white
granular crystalline mass easily solukle in water.

1 Barfoed, Journ. Pr. Chem. cviii. 1.
2 v, Hauer, Wien. dkod. Ber, xliii, 548,
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Mercurous Formate, (CHO,),Hg,; is formed: when the solutlon
of the foregoing salt is gently warmed :

2 (CHO,),Hg = (CHO,),Hg, + CH,0, + CO,.

It crystallizes in microscopic four-sided or six-sided tables, and
dissolves at 17° in 520 parts of water. - Like the silver salt, it
blackens even in the dark, and, when heated with water, decom-
poses into mercury,.carbon dioxide,and formic acid.: The dry
salt deflagrates slightly when it is quickly heated, and decomposes
on percussion. . .

187 Methyl Formate, CHO,(CH,). This ethereal salt was first
prepared by Dumas and Péligot by distilling methyl sulphate
with sodium formate. Volhard! recommends the following
method : 130 parts of hydrochloric acid recently saturated with
wood spirit are added gradually to 100 parts of calcium formate.
As soon as the somewhat violent reaction is over, the distillate
found in the cooled receiver is poured back into the retort, the
whole warmed for a short time and then distilled on a water-
bath. The liquid which passes over is washed with a saturated
solution of common salt containing a little carbonate of soda,
and then dried over a large quantity of finely powdered anhy-
drous calcium chloride, with which substance the ethereal salt
combines on slightly warming, forming an apparently dry mass.
This is then again distilled from a water-bath, and the first
portions, which contain chlorine, are collected apart. According
to Bardy and Bordet, 2 it is better to use a mixture of methyl
alcohol and aqueous hydrochloric acid, and to act with this upon
dry sodium formate. Methyl formate is also readily obtained by
digesting methyl alcohol with concentrated formic acid, as well
as by acting upon hydrocyanic acid with wood spirit saturated
with hydrochloric acid (Volbard) :

HCN + HO.CH, + HCI + H,0 = NH,C] +HCO.0OCH,.

Methyl formate is a mobile liquid possessing a peculiar smell,
boiling at 30°4 under a pressure of 712 mm. and having a
specific gravity at 0° of 09928 (Volhard), and a vapour density
of 2:084 (Dumas and Péligot). If its vapour be passed through
a red-hot tube, it decomposes almost completely into.carbon
monoxide and methyl alcohol :

HCO.0CH, = CO + HO.CH,

1 Liebig's Ann. clxxvi. 128, 2 Bull. Soc. Chim. xxxi, 531.
3 Kraemer and Grodzki, Ber. Deutsch. Chem. Ges, ix, 1928,
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Acted upon by chlorine, it yields as the last product perchlor-
methyl formate, CLICO.0Cl,, a powerfully smelling liquid, boiling
at 180°, which when heated to 320° splits up by intermolecular
interchange into two molecules of carbonyl chloride, COCL,

Methylorthoformate, CH(OCH,),, is prepared by the action of
chloroform on a solution of sodium methylate, and is a colour-
less, mobile liquid, with a pleasant ‘odour, and beiling at 101°
to 102°.1  Substitution-products of formic acid are unknown as
the acid is decomposed by chlorine :

CH,0, + Cl, = 2HCI + €O,

The chlorocarbonic ethers, however, obtained by the action of
carbonyl chloride on the alcohols, may be regarded as ethers
of monochlorformic acid. Of these the methyl compound,
CCl10,(CH,), has been already described. It is also formed by
the action of perchlormethylformate on wood spirit. The formyl
chloride, corresponding to formic acid, is likewise unknown, for
by the action of phosphorus pentachloride on formic acid only
carbon monoxide and hydrochloric acid are obtained. The
anhydride is consequently unknown, nor has thioformic acid
been prepared.

Formamide, N(COH)H,, was discovered by Hofmann 2 in 1863,
He obtained it by heating ethyl formate, saturated with
ammonia, for two days at 100° in sealed tubes :

H COH
COH}O H N=CZH5}O mlx
C2H5 - 0 H + 5 .

Behrend ® prepared it by heating two parts of ammonium formate
with one of urea to: 140° as long .as ammonium carbonate
escaped. - The ammonium salt thus decomposes into formamide
and water ; the latter, which would retard the reaction, at once
combines with the urea to form ammonium carbonate, and thus
becomes inactive. Lorin* has found that it can be readily
obtained through dry distillation of ammonium formate, and
also occurs as one of the products of the distillation of am-
monium oxalate, It is a colourless liquid, soluble in water and
alcohol, but insoluble in pure ether, and boiling at 192° to 195°,
with partial decomposition. ~This takes place in two directions,

1 Ber. Deutsch, Chem. Ges. xii. 117. 2 Journ. Chem. Soc. xvi. T2,
3 Ann. Chem. Pharm. cxxviil. 335. 4 Compt. Rend. lix, 518, 788.
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one part decomposing into water and formionitril (hydrocyanic

acid) :

COH
NJH =H,0 + NCH,
H

and another part splitting up into ammonia and carbonic oxide.
Under diminished pressure it volatilizes without decomposition
at 140° to 150°.  Phosphorus pentoxide withdraws water from
this compound, forming hydrocyanic acid, and concentrated
caustic potash decomposes it in the cold with formation of
potassium formate and ammonia.

COH
Methyl Formamide, N tCH3 This body, metameric with
H.

acetamide, is obtained by evaporating an aqueous solution of
methyl ammonium formate to a syrupy consistency and dis-
tilling the residue. On the addition of potash to the distillate
the amide separates out, and it is purified by rectificatton. It
is a thick inodorous liquid, having a specific gravity of 1:011,
and boils under a pressure of 740 mm. at 190°. It is soluble
in water and alcohol, but insoluble in ether. It is inflammable,
burning with a purple-bordered flame. Phosphorus pentoxide
acts violently upon it, decomposing it into carbon monoxide
and methylamine, and at the same time some hydrocyanic acid
is formed,’

Reactions of Formic Acid and the Formates. Some of the
more important reactions by which formic acid and its salts
can be recognised have already been given.

On heating with concentrated sulphuric acid, pure carbon
monoxidesds evolved without any blackening, this gas burning,
when ignited, with its characteristic pale blue ﬁa.me Fernc
chloride colours neutral solutions of a formate a red brown with
production of ferric formate. This reaction is, however, ex-
hibited by acetic acid and the sulphites, but formic acid can
readily be distinguished from these, inasmuch as its solution,
when warmed with silver solution, evolves carbon dioxide, finely
divided silver being at the same time precipitated and deposited
in a mirror on the tube.

1 Linnemann, Ber. Wien. Akad. 1x. 44.
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ETHANE,
C,H,

188 This gas was first obtained in 1848 by Frankland and
Kolbe! by the action of potassium on moist acetonitril
(methyl cyanide), and was looked upon as the free radical
methyl, CH,. At a later date Kolbe? showed that this same
compound is formed in the electrolysis of acetic acid (methyl
formic acid), and Frankland ® likewise obtained it by heating
methyl iodide with zinc under pressure. When the truth of
Avogadro’s hypothesis became fully recognised by chemists,
the simple formula CH, was doubled, and for some time this
hydrocarbon was termed dimethyl. It was believed to differ
from ethyl hydride, C,H, which gas had been obtained by
Frankland by heating ethyl iodide with zinc and water. The
1dentity of these two substances was, however, afterwards
proved, for they were found not only to agree exactly i in their
physical, but also in their chemical propertles inasmuch as
the hydrocarbons obtained by these various processes all
yield ethyl chloride on treatment with chlorine as the first
substitution-product (Schorlemmer).*

Ethane occurs in solution in Pensylvanian petroleum?® as
well as 1 the gases which are evolved from the oil wells.®

Ethane can be artificially prepared in many ways. Of these
only such will here be mentioned as yield it easily and in a
state of purity. It has already been stated that Kolbe obtained
it by the electrolysis -of potassium acetate. The apparatus
employed for this purpose he describes as follows:7 A small

1 Chem. Soc. Journ. i, 60. 2 Ibid. ii. 157.

3 Ibid. ii. 265,

4 ¢“On the Identity of Methyl and Hydnde of Ethyl,” Chem. Soc. Journ.
xvii. 262 ; Darling, ¢ On Dimethyl,” 5. xxi, 496,

P Ronalds, Journ., Chem. Soc. xviii. 54.

8 Fouqué, Compt. Rend. lxxvii. 1045; Sadiler, Amer. Phil, Ss. 1767;

L. Smith, Jowrn. Chem, Soc. 1879, i. 287.
7 Chem Soc Journ, ii. 158.

136
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glass cylinder (b), Fig. 68, open at both ends, is firmly fastened by
a plece of sheet caoutchouc to the top of a small porous cell (a)
of the same diameter. The cylinder is
closed at the top with a well-fitting cork,
to which two thin glass tubes are fixed ;
down one of these a stout platinum wire
passes, to the lower end of ‘which is attached |
a piece of platinum foil, bent as shown by 1
the dotted lines, and serving as the electrode.
The second tube (e) is connected with a gas-
delivery tube. The whole apparatus stands 1
in a wide glass cylinder open at the top (ce,
Fig. 69), and is surrounded by a cylindrical
piece of sheet copper placed outside the porous
F1c. 68. cell, and serving as the other electrode. Both
vessels are filled to the same height with
a solution of acetate of potash; the liquid is poured into the
inner one by means of the tube until the columns of liquid
inside and outside stand about two inches above the top of the

i i i

band of caoutchouc. The solution of potassium acetate must
be tolerably concentrated and free from chlorine. If the nega-
tive pole of a “battery of four Bunsen’s elements be connected
with the copper electrode, and the positive with the platinum

5

o

s, s i’
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eylinder, pure hydrogen is first evolved, and afterwards a mix-
ture of carbon dioxide and ethane, and this gaseous mixture
passes through the bulb-tubes (f) filled with potash solution.
The ethane is still mixed with another gas possessing a peculiar
smell, whose nature has not yet been properly ascertained. To
separate this gas, the ethane is next passed through the bulb-
tube (G) containing fuming sulphuric acid. The gas is after-
wards washed by passing through the bulbs (%) containing
caustic potash, and again dried by passing through the bulb ()
containing strong sulphuric acid. The gas thus purified and
consisting of a mixture of 66 volumes of hydrogen with 288
volumes of ethane is next passed into the small mercury gas-
holder (%), which is so arranged that by gradually raising the
inner bell-jar any excess of pressure in the apparatus may be
avoided.

Pure ethane can also be obtained by allowing zinc ethyl to
pass drop by drop into water. The reaction is very violent, and
the liquid must be well cooled to begin with (Frankland).

It is likewise easily formed by the action of sulphuric acid
on mercuric ethyl, according to the following reaction .

2 Hg(C,H,), + H,S0, = 2 C,H, + (C2H5Hg)2SO4.

In order to purify the gas thus obtained from traces of mercuric
ethyl which evaporates with it, it is led through fuming
sulphuric acid and then through water (Schorlemmer).
According to Schiitzenberger® it is also obtained by the
action of barium dioxide on acetic anhydride, according to the
following equation: :

CH,.CO A

2 CH,.CO }‘ i Bl e= 832 } + 811_{1:888 } Bayied 005
Darling,? who endeavoured to prepare it in this way, only suc-
ceded in obtaining a gaseous mixture contamning less than
one-fifth its volume of ethane, the remainder consisting of
marsh gas and a small quantity of carbon monoxide.

189 Properties.—Ethane is a colourless odourless gas condensing
to a liquid under a pressure of 46 atmospheres It is a singular;
fact that the vapour-tensions of ethane, C,H,, ethylene, C,H,,
acetylene, C,H,, stand in the same relation to one another as
the quantities of hydrogen contained in their molecules do,
that is as 3:2:1.°

1 Compt. Rend. Ixi. 487. 4 Loc. cit.
3 Cailletet, Compt. Rend. 1xxxv. 851,
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Ethane is easily inflammable, burning with a faintly luminous
flame. It is slightly soluble in water, according to Schicken-
dantz, its absorption-coefficient is represented by the following
expression :

C = 0094556 — 0:0035324 t + 0-00006278 t%

At the ordinary temperature alcohol dissolves about its own
volume of this gas.

ETHYL ALCOHOL.
C,H,0.

190 Fermented drinks were known in very early times. Wine
is mentioned in Homer and in the Old Testament, and the
Egyptians, Gauls, and Germans, and other ancient nations,
understood the art of brewing beer from malted grain, whilst
the northern peoples prepared mead from honey. The exist-
ence of alcohol in all such substances was first recognised after
the Alexandrians had perfected the extremely rough methods
of distillation which had up to their times been employed.

Distillation—This appears to be a fitting place to give some
account of the history of distillation,! a process constantly
employed by chemists. Aristotle refers to the fact that sea-
water can be rendered fit for drinking by evaporation, but he
does not explain by what means the vapour is condensed. Still
:there can be little doubt that this was effected by means of the
cover of the vessel, for Alexander of Aphrodisias writing in the
third century describes an apparatus of this kind.

Both Dioscorides and Pliny mention that an ¢il can be obtained
from rosin by heating it in a vessel in the upper part of which
some wool is placed for the condensation of the oil. The first-
named author also mentions that quicksilver is obtained by
heating cinnabar in an earthenware pot together with iron, a
cover termed duB§ being placed over the pot. An important
improvement in distillation was made by the Alexandrians, as
they -employed two vessels, one for evaporating the liquid and
the other for condensing the vapour. The forms of apparatus
which they employed are shown in Figs. 70 and 71. In prin-
ciple they are similar to those used at the present day.

The two parts of the distilling apparatus were, first the

1 Kopp, Gesch. der Chemie, ii. 26, iv, 273 ; Beitrdge, 1. 217.
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body, or still, and secondly the head, from which either
one or several tubes passed to the recerver. The Arabians
termed the head or cover alambic or alembic, and this word
was subsequently employed to designate the whole apparatus.!
The invention of the retort, a long-necked flask in which the
neck was bent back (Zeforta, ampulle), we also owe to the
Arabians. '

Basil Valentine was the first to mention a tubulated retort,
and he illustrates its form by a figure. The cooling-vessel
and condensing-worm were also first described by Valentine,
Fig. 72 represents a form of distilling apparatus from a German
edition of Geber’s works dated 1710.

Fi1c. 70. Fic. 71,

Other improvements in the arrangements for distillation will
be described under the manufacture of alcohol.

191 The discovery of a combustible spirit of wine soon led
to attempts to obtain it of a greater strength than was found
possible by repeated distillation. ~ Raymond Lully described
this method, and also noticed that a still stronger spirit can be
obtained by rectification over dry carbonate of potash, whilst
Basil Valentine states, more precisely than Lully, the method
to be adopted for obtaining strong spirit by means of calcined
tartar and subsequent distillation. Thus in the Offenbarung
der Handgriffe, &c., p. 487, he says: “Having now prepared

1 See E. Wiedemann, Zur Chemie der Araber, Deutsch. Morgenlind. Ges. 1878,
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this aqua wvite by distillation and rectification (take care that
thou comest not near with a light during the process, and doest
thyself damage), place in a still to every quart of this prepared
agqua vite a quarter of a pound of well calcined sal tartari.
Adapt to this a good sized alembic (head), and distil in a
B.M. (water-bath).”

Robert Boyle likewise specially describes the means necessary
for obtaining “ dephlegmed spirit of wine” from ordinary spirit.
He recommends?® for this purpose not only the use of * white
calx of tartar,” but also of quick-lime. He states that on careful
distillation “the phlegmatic part of the spirit of wine is soaked
up by the alcahizate salt,.and the inflammable part is freed from

Fie. 72.

it;” adding,  therefore, this alcohol of wine we peculiarly call
the alcalizate spirit of wine.” Basil Valentine also mentions the
use of freshly-burnt lime, but this process was used by him
rather with the view of making the lime stronger than of
preparing a more active spirit.

Rectification at a low temperature was, however, a much
more common mode of dehydration than the use of potashes
or lime. In order to condense the vapours completely they
were passed through long cooling tubes, often curved and bent
in an extraordinary fashion. Not unfrequently the head was

1 Boyle, 0, era, i. 333.
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raised high above the body of the still in order to retard the
passing over of aqueous vapours. Indeed Michael Savonarola,
in his treatise, De Arte Conficiendi aquam Vitee Simplicem et
compositam (1532), relates that a friend of his had built a still
having its body in the cellar and its head under the roof of
the house.

192 Alcohol was formerly designated by very different and often
by most fanciful names. Thus, for instance, Marcus Graecus,
who is said to have lived in the eighth century, calls it aqua
ardens, and the Latin translators of Geber’s writings term it
aqua vitee; and in addition to these names, of which the
latter has come into general use, we also find agua vitis (beet-
Toot, water), spiritus vivus, mercurius vegetabilis, and a number of
other pharmaceutical names. Moreover, as it is used as one of
the most important medicines, Raymond Lully terms it con-
solatio wltima corporis humani. The name of spirit of wine
(spiritus vini) first occurs in Basil Valentine, and the name
alcohol was first used in the sixteenth century. It has
already been stated in the second volume (Part II., p. 301) that
the word was first employed for designating the native sulphide
of antimony (speissglass), and was afterwards made use of to
denote any finely divided, but especially metallic, powder.

It is difficult to say how it came to be applied to spirits of
wine. Libavius, in his Alchymia, published in 1594, says:
“ Quando vini spiritus rectificatur per suum salem (that is,
carbonate of potash prepared with cream of tartar), seu potius
exasperatur, nominant vini alcool, vel vinum alcalisatum.”
In Johnson’s Lexicon Chymicum, published in 1657, pages 12
and 13, we find the following explanation : “ Alecohol, est
antimonium sive stibium.” And again, “ Alcohol, vini, quando
ominis superfluistas vini & vino separatur, ita ut accensum
ardeat, donec totum consumatur, nihilque feecum aut phlegmatis
in fundo remaneat.”

The extract from Libavius, and that already cited from
Boyle, appear to point to the fact that strong alcohol was
formerly termed vinum alcalisatum (that is, wine strength-
ened by means of alkali), and that, perhaps by some misun-
derstanding, this came to be written vinum alcoholisatum, from
which afterwards it became alcohol vins. 2

Another derivation which appears to be about as probable as
the one just stated, is that the word alcohol, after its general
employment to signify a very finely divided body, was made use



286 THE ETHYL GROUP.

of to designate spirits of wine, because this was wine freed from
all grosser particles.

193 Manufacture of Alcohol—The manufacture of alcohol on
a large scale is carried on by distillers, and forms an important
branch of industry, the gradual development of which has
exerted no inconsiderable influence upon the history of civili-
zation. Of all chemical compounds, alcohol is the one which
has most materially affected human progress. Alcohol was
originally obtained, as has been remarked, by the distillation
of wine, and the fact that it was contained in beer naturally
led to its preparation by the action of yeast upon malted grain.
Up to the end of the fifteenth century, alcohol was used as
a medicine, its taste being rendered agreeable by admixture
of sugar, herbs, aromatic berries and essential oils, and so
it gradually came into general demand, inasmuch as it was
believed that, if daily taken in small doses, it had the effect
of preserving youth and health, and thus it was that brandy
soon became a recognised drink throughout Europe.

As soon as alcohol began to be used in the arts and manu-
factures, means were taken to find a cheaper method of preparing
it than from malted grain, and for this purpose not only were
potatoes and beet-root employed, but also cane-sugar, beet-root
sugar, and molasses. The mares, or residues of the wine presses,
and sweet fruits, such as cherries, plums, all of which contain
both sugar and starch, are also used for the preparation of spirit
of wine, whilst, in the East, rice and sorghum are the chief
sources, and in America, spirit is obtained from potatoes and
Indian corn. The materials which are thus used in the pre-
paration of spirit of wine may, therefore, be arranged in three
groups. In the first of these are classed the grape and other
sweet fruits which contain fermentable sugar, or- glucose,
C¢H;;0q The juice of such fruit enters into fermentation
spontaneously on exposure to air, under the action of a ferment
contained in the nitrogenous constituents of the juice, the sugar
thus being- converted into alcohol. Further remarks on this
subject will be found in the chapter on Fermentation.

.The second group includes substances which contain common
or cane-sugar, C;,Hy,0,;. In order to bring this into a state of
fermentation, the ferment, yeast, must be added to a dilute
solution, the first step in the process being the formation of
fermentable sugar by assumption of the elements of water.

To the third class belong the various kinds of grain, potatoes,
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and other substances containing starch, (CgH,(O;)a. This sub-
stance is insoluble in ccld water, but forms a gelatinous mass
when boiled with water, and can then be converted into fer-
mentable sugar by the addition of malt or malt extract. This
contains a peculiar ferment termed diastase, which is also
formed in the process of malting the grain., Dilute sulphuric
acid also possesses the power of effecting this same change,
converting the starch meal into sugar on boiling with water.

Grain Spirit is usually prepared from barley, rye, wheat, or
oats, but maize and rice and other grain are likewise employed
for the purpose. In general, a mixture of several sorts of grain
is made use of, inasmuch as it has been shown that when two
kinds, such as barley and oats or wheat, are used, the yield of
spirit is larger than when one kind is treated by itself. To
1 part of malted barley 2 to 3 parts of unmalted grain
(termed the grist) are usually added, but in some cases the
proportion of the latter is still larger. The grain is broken up
tolerably finely, either between ordinary grindstones, or, in the
case of the softer malted grain, between rollers of a suitable form.

Mashing.—The crushed grain and malt is next run into the
mash-tun, where it is mixed, in the proportion of 1 litre to
1 kilo of malt, with water having a temperature of about
60° and carefully stirred so as to avoid the formation of lumps.
After the first mash has stood for about half an hour, the liquid
is drawn off, a second supply of water added, and the mash
warmed by passing in steam until the whole is raised to a
temperature of about 65°. The tun is then covered for some
hours and allowed to stand, in order to permit the complete
conversion of the starch of the grain into sugar by means of
the soluble diastase of the malt. The cold wort is then brought
into a fermenting vat and yeast added, in the proportion of 2%
to 3 kilos of dry brewer’s yeast for every 100 kilos of grain.
The fermentation begins after a few hours, and should last four
or five days. The attenuated wort, the specific gravity of which
ought to be nearly equal to that of pure water, is then sub-
mitted to distillation with as little delay as possible; and at
the conclusion of the operations 100 kilos of grain should yield
about 28 litres of pure alcohol.

Spirit of wine is largely obtained from potatoes, especially
in Germany. The roots are first softened with steam, then
rasped on a machine with warm water. Malt is then added to
convert the potato-starch into sugar, and the processes of
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mashing, infusion, and fermentation carried on as in the
manufacture of grain spirit.

Beet-root is worked up in different ways. The root is rubbed
down and the juice pressed out; or che root is cut into slices
and the sugar washed out by hot water, or by the residue of a
distillation of a former operation. To the liquid, yeast is added,
and the liquor allowed to ferment. Alcohol is also manufac-
tured from the molasses obtained in the cane and beet-root
sugar industries. The syrup, after sufficient dilution with
water, is allowed to ferment, and on distillation a spirit, known
as rum, is obtained.

194 Lavoisier, and at a later date Gay-Lussac, showed that
the alcoholic fermentation of sugar proceeds according to the
following equation :

C,H,,0, = 2 C,H,0 + 2 CO,.

Pasteur afterwards found that the whole of the sugar does
not underygo the above change, but that from 5 to 6 per cent.
is converted partly into glycerin, C;H O,, and succinic acid,
C,H,0,, and partly used up for developing the growth of the
ferment. In addition to this, and under conditions which are
not yet properly understood, the alcoholic fermentation gives
rise to higher homologues of common alcohol, fatty acids, and
ethereal salts, which impart to the various spirituous liquors, as
well as to plain spirit, its peculiar smell. These bodies, all
of which boil higher than common alcohol, are classed together
under the name of jusel-0il, though sometimes the name is
applied simply to those which impart to the spirit a disagreeable
odour.

195 The first crude forms of distillating apparatus have already -
been described. As soon as spirit was required in larger quan-
tity these stills were increased in size, and made of copper and
other metals instead of pottery. A simple apparatus which was
formerly in general use and is still employed on the small scale
for the manufacture of the more valuable kinds of brandy
(from the old German Brandewein), is shown in Fig. 73. The
wort is heated on the body of the still, and the vapour is con-
densed in the worm.

The distillate counsists of a dilute alcohol termed ““low
wines” or “singlings,” and from this, by a second distillation
or “doubling,” a stronger alcoholic distillate is obtained.
This process is carried on until the spirit begins to acquire
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a disagreeable taste and smell, and to this the name of
“faints” is given. By repetition of this operation, strong or
rectified spirit is made, and at last a highly rectified spirit, con-
taining 80 per cent. or more of alcohol, is obtained. The older
operations for separating the spirit from the water are tedious
and costly, and hence a simpler and cheaper method for effecting
this object became a desideratum. The first apparatus of this
kind was invented by Adam, in France, and introduced into
industry by Bernard! This original apparatus was soon im-
proved, and has now been brought to a high degree ¢f perfection.
The stills employed at the present day consist essentially of

\
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Fie. 73.

two parts, (1) the analyzer, and (2) the rectifier. The action of
the first depends upon the fact that when mixtures of the
vapours of alcohol and water are cooled down by suitable
arrangements, the condensed liquid is separated into two parts,
one containing a large quantity, and the other a small quantity,
of alcohol.  This principle 1s made use of on the small scale in
laboratories in the process of fractional distillation, when Wurtz’s
distillation-bulbs are employed (see p. 150). In the second
part of the apparatus, the vapours are condensed in a rectifier, but
none of the liquid is allowed to run back, as in the first part,
the whole being heated by a current of steam to the boiling-
point of the liquid, when vapour richer in aleohol is given off.
This is condensed in a second vessel, again brought to the
1 @ilb. Ann. xxxii. 129,
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in the form of strong alcohol, and this process repeated. This
principle is likewise applied on the small scale for fractional

botling-point by action of steam, and condensed in a third vessel
distillation in the laboratory.
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196 The apparatus used for rectifying is constructed in very

Of these various forms we shall first:describe

the large apparatus of Pistorius with direct heating, formerly

different ways.

much used in Germany, as it serves as the point of de-

parture for almost all the other forms of stills and rectifiers

At the commencement of the operation the first

now in use.
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charge of wort is allowed to enter by the pipe (%) (Fig. 74),
passing first into the heater (c), thence by the pipe (y) into
the first boiler (B), and from this into the second boiler
(). The second charge is then brought into (B), the third
remaining in- the heater (c). The wort in boiler (&) is
now heated to the boiling-point, the liquid being constantly
stirred with the chain (f) to prevent it boiling over. The
vapours from this pass through the tube (g) into boiler (),
which is warmed by the waste heat from the fire (G), and the
contents are soon raised to the boiling-point. The vapours
here given off pass by the tube (/) in the head of the still into
the rectifying vessel (¢). In this vessel a considerable portlon
of the water or weak spirit is condensed, flowing down to the
lower portion, where it collects, and is from time to time allowed
to enter the boiler (B). The vapour of the strong spirit passes
through the tubes (vv”) into the condenser (D), where again
weaker spirit runs back, and the uncondensed vapour passes into
a second and third condenser (not shown in the drawing), until
at last it comes to the tube (d'), whence it passes into a large
condensing worm, placed in a tub of cold water, from the end
of which it runs into the receiver.

Fig. 75 represents a Pistorius still, worked, as is now usual, by
steam instead of an open fire. The boilers (4) and (B) are placed
vertically above one another. (C) is the rectifier and (D) the con-
denser. The direction taken by the vapour is indicated by arrows.

197 When very large quantities of spirit have to be distilled,
and especially in this country, where, owing to Excise regula-
tions, large distilleries are the rule and grain-spirit is alone
manufactured, an arrangement known as “ Coffey’s still ” is em-
ployed. It consists of two columns (4) and (8) (Fig. 76) placed
side by side. These are made of wood 5 or 6 inches thick, and
are lined with copper. The “analyzer” () is divided into 12
small compartments by 11 horizontal plates of copper () per-
forated with numerous holes and furnished with valves opening
upwards. Dropping pipes (60) are also attached to each plate,
the upper end of the pipe being an inch or two above the
plate, and the lower end dipping into a shallow pan (¢) placed
on the lower plate.

The second column or “rectifier” (B) receives the spirituous
vapours passing from the column (a) through the pipe ().
This column is also divided into compartments like (a), but
there are 15 instead of 12. The 10 lower diaphragms (/) are
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pierced with small holes and furnished with drop-pipes, whilst
the upper 5 have only one large opening surrounded by a ring
to prevent the finished spirit from returning,

Between each of these compartments passes a bend of a long
zigzag pipe (n n n’), one end of which is attached to the pump (m)
whilst ‘the other end discharges the contents of the pipe into
the top of the column (a), as indicated by the arrow. The
following is the working of the apparatus. In the first place,
the fermented liquor or wash is pumped up by the pump (m)
until the zigzag pipe is filled and the wort flows over the com-
partments (¢ @a). Steam is then admitted into thé analyzer
by the pipe (d) and heats the wash, which is deprived of all its
aleohol by the time it reaches the bottom of the cylinder and
flows off by (ef) as spent wash. The strong spirituous vapour
passes through (g) to the rectifier, and at last through the worm

(¢) of the refrigerator into the receiver.

198 In order to separate completely the spirit of wine from
the strongly scented fusel-oil, the crude spirit may be filtered
through freshly ignited and finely divided wood-charcoal, or, its
vapour may be passed through a cylindrical vessel provided with
a head, containing a large number of perforated plates upon
which coarsely divided charcoal is placed.

Experience has however shown that the spirit may be freed
from fusel-oil by bringing it up to a concentration of 90 per
cent. of alcohol by rectification, as the fusel-oil boils higher than
alcohol. Hence the simplest means of removing the fusel-oil is
to concentrate the spirit. Coffey’s still answers these require-
ments, producing a pure neutral spirit up to 68° over proof, and
free from fusel-oils. In France and Germany, where Coffey’s
still is not used, a second distillation is carried on in a rectifying
still.  Fig. 77 shows the construction of such a still, much used
on the continent and known as the French column apparatus.
It consists of a boiler (o) heated by a steam-pipe; the vapours
pass through the rectifier (B), then pass to the condenser (), and
the highly concentrated spirit condenses in the refrigerator (D),
whilst the  phlegma ™ (or aqueous portion) flows by the tube (¢)
back into the rectifier.

Various products are obtained in the foregoing process. The
first portion of the distillate serves to wash out the apparatus;
it contains bodies which are much more volatile than alcohol,
such as aldehyde.! Next comes the fine spirit, containing from

1, Kramer and Pinner, Ber. Deutsch. Chem. Qes. iii. 75.
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90 to 95 per cent. of alcohol according to the more or less
complete manner in which the apparatus works ; and after this
common spirit, containing 85 to 86 per cent., comes over, and
lastly the “ faints ” containing the strong-scented fusel-oil. The
first and last runnings are generally mixed together, and either
sold as common spirit or worked up again by the distiller.

e o e i

W

Fre. 77.

t 199 The preparation of rice-spirit, or shochy, is conducted in
‘pan according to the follawing prirhitive plan. Rice is allowed
to undirao a peculiar kind of forimentation: this yields the

bever. alled saké (from ki, spiiit), containing from 11 to W

15 per cent. of alcohol. The resifiy, after pressing out the

saké mois@ with some poori qualities of saké, is then
37
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submitted to distillation, in the arrangement shown in Fig. 78.
The mash (s) is placed in a tub provided with a perforated
bottom, which rests on the
iron pot (¥') containing water,
which can be heated by a
fire. The steam from the
boiling water passes through
the mash and carries off
the spirit, which then con-
denses on the lower surface
of the pan (1), kept cool
with cold water, and runs
into the bottle (B). The
spirit thus obtained contains
from 36 to 40 per cent. of
alcohol.

200 A singular proposal may here be mentioned, viz. that
of obtaining spirit from the ethylene contained in common
coal-gas. Faraday found that this latter gas is absorbed by
concentrated sulphuric acid ;! and Hennell, to whom Faraday
gave the solution he had prepared found that it contained
sulphovinic acid (ethyl sulphuric acid), a body formed by the
action of sulphuric acid on alcohol, and which when heated
with water yields alcohol and sulphuric acid.2 This important
observation attracted but little notice until confirmed by Ber-
thelot in 1855.3 This indeed was the first step in the synthesis
of alcohol, which Berthelot afterwards accomplished by showing
that acetylene can be obtained by direct combination of its
elements, and that this compound combines with nascent
hydrogen to form ethylene. The same chemist also prepared
alcohol by this method from coal-gas, and since that time many
proposals have been made to carry out this reaction on a large
scale. They have however hitherto proved unfruitful, and will
probably remain so.

Other syntheses of alcohol have already been described
(p. 179). '

201 Alcohol oceurs in nature, although in small quantities, i
the vegetable kingdom. Thus it is found both in the free st*
and combined to form ethyl butyrate and other ethere lts, in

Fic, 78.

1 ¢« On New Compounds of Carbon and Hydrogen,” Phil. Tra 448.

2 ¢ On the Mutual Action of Sulphuric Acid and Aleohol,” Pkl . 1826,
240 ; 1828, 365. 3 Ann. Chim, PJ xliii. 885.

L2



PREPARATION OF ABSOLUTE ALCOLOL. 297

the unripe fruit of Heraclewm gigantewm ;' also in those of
Anthriscus cerefolinm and Pastinace sative, which also contains a
volatile ethyl compound, probably the butyrate.?  Ethyl
alcohol is also formed in small quantity in the dry distillation of
organic substances. Thus, for instance, it occurs in coal-tar ®
and in bone-oil* as well as in wood-spirit.> It also occurs in
bread, being formed by the fermentation of dough, and not being
completely removed in the process of baking. According to the
experiments of Bolas,® new bread, made with yeast, contains on
an average 0-314 per. cent., whilst in slices of bread a week old
012 to 013 per cent. of aleohol was found. Ethyl alcohol is
also said to occur together with acetone, in the urine of diabetic
patients,” and, according to Béchamp, it is found in small quan-
tities in several of the animal fluids, and in larger quantities in
their products of decomposition.

202 Preparation of Absolute Alcohol.— Although ethyl alcohol
is a more volatile liquid, than water, it cannot be obtained in the
anhydrous state from an aqueous spirit by fractional distillation.
In order to prepare anhydrous or absolute alcohol, substances
must be added which possess a more powerful attraction fory,
water than alcohol itself. It has already been stated thft
Raymond Lully employed potashes in order to strengthen
aleohol, and the later chemists used the same means. As, for
this purpose, they employed th ied salt which still contains
water, they were unable thuse$g obtain anhydrous alcohol,
which was first prepared by Lowitz in 1796, by the use of
freshly ignited potashe8. In the same year Richter showed that
fused hydrochlor lime (calcium chloride) may be used for
the same purpose®™Caustic lime is however much more effective
than either of these salts, and this substance too, it secms, was
used in early times for strengthening spirit.

In order to prepare absolute alcohol a retort or flask is two-
thir, Iled with freshly burnt lime broken into small lumps,
an nuch spirit is poured on as not quite to cover the solid
lime. The whole is allowed to stand overnight, and is then
distilled from a water-bath. The distillate is usually not

1 Gutzeit, Ber. Deutsch. Chem. Ges. xii, 2016.

2 Gutzeit, Lichigs Ann. clxxvii. 344,

3 0. Witt, Ber. Deutsch. Chem. Ges. x, 2227 ; Vincent and Delachanal,
Comptes Rendus, 1xxxvi. 849,

4 Richard, Bull. Soc. Chim. xxxii. 486.

5 Hemilian, Ber. Deutsch. Chem. Ges. viii. 661.

8 Chem. News, xxvii. 271.
7 Markownikoff, Licbigs Annalen, clxxxii. 862,
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anhydrous, and for this reason the treatment must be repeated,
or, the whole may be boiled for an hour with a reversed con-
denser and then the alcohol distilled off. In this last process,
however, a spirit should.be used which does not contain more
than 5 per cent. of water. If a weaker alcohol be employed, the
distillation over lime must be repeated several times, and indeed,
if too much water be present, less than half the retort must be
filled with lime, as otherwise the vessel may burst from the
expansion and heat caused by the slaking of this substance.

Anhydrous caustic baryta acts like lime. It is however much
more costly, but a small quantity added to lime is useful, inas-
much as 1t possesses the property of dissolving completely in
anhydrous alcohol, giving a yellow-coloured solution, and in this
way the point when the last traces of water disappear may be
easily recognised.!

The absolute alcohol of commerce, obtained from over-proof
spirit by use of lime, usually contains half a per cent. of water,
which can be got rid of by treating the alcohol with sodinm.?
This metal is also employed for separating the last traces of
water from alcohol prepared by other methods, but in this case
care must be taken not to add as much sodium as is needed to
convert the whole of the water into caustic soda, otherwise a
dist llate is obtained which is-weaker than the original alcohol.
This singular result has b ained by Lieben.® It depends
upon the fact that caustimnially decomposes in contact
with anhydrous alcohol with formation of sodium ethylate and
water, -If only a small quantity of um be dissolved in
anhydrous alcohol a decomposition ta Pplace between the
caustic soda and sodium ethylate, and at first"a strong, but still
not absolutely anhydrous, alcohol passes over; and if this treat-
ment be repeated, the production of absolute anhydrous alecohol
may be approached as near as is desired.

In order to ascertain whether alcohol contains watergifhwas
formerly customary to add to the liquid white anhydrousﬂper
sulphate, a substance which has’also been employed for the
preparation of absolute alcohol. This however is not suitable
for the latter purpose, although it may be used as a test, as it
quickly absorbs water from aqueous alcohol, thereby acquiring a
blue colour. *

! Mendelejeff, Pogg. Ann. exxxviii. 246.
2 Ber. Chem. Industrie, ii. 278.

3 Ann. Chem. Pharm, clviii. 151,

4 Cassoria, Journ. Chem. Med. 1846.
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Pure anhydrous alcohol does not give any turbidity when
shakeg up with benzene;! it mixes in every proportion with |
carbc:p.disulphide, and the more water it contains, the less
carbon disulphide does it take up, the point of saturation
in this case being rendered evident by a distinet turbidity |
occurring.? Another very delicate reaction for the yresence of
water in alcohol is a solution of caustic baryta. in absolute
alecohol, which instantly throws down a precipitate of barium
hydroxide when brought in contact with alcohol containing
water.?

203 DPropertics.—Pure ethyl alcohol has a peculiar pleasant
smell, and when dehydrated by means of lime, it possesses ac-
cording to Mendelejeff a somewhat ethereal smell, which however
after several distillations is said to disappear. When anhydrous
alcohol is cooled with a mixture of solid carbon dioxide and ether,
it assumes a thick viscous condition, but even when exposed to
the still lower temperature obtained by use of liquid nitrous
oxide, alcobol does not freeze. Alcohol is easily inflammable,
burning with a blue non-luminous flame, and depositing soot
only when burnt with an insufficient supply of oxygen. That
1ts vapour mixed with air forms an explosive mixture is a faci
which was known to Basil Valentine.

The physical constants of pure and aqueous alcohol have
been determined with the greatest care by many investigators.
According to Mendelejeff, absolute alcohol boils under the
normal pressure at 783, and has the following specific gravity
compared with water at 3°9:

OF=e 5 10° 15° 20° 5% 30°
0-80625 0'80207 0°79788 079367 078945 078522 0-78096.

For the purpose of calculating the specific gravity at other

temperatures, Kopp’s* formula may be emmployed, in which
vat 0°=1:

v =1+ 000104139t + 0-0000007836 t2 4 0'000/000,001768 12}

The speéiﬁc heat, latent heat, and vapour-tension have been
determined by Regnault.® The vapour density of alcohol has
been found by Gay Lussac ® to be 1:6133.

! Gorgen, Compt. Rend. xxx. 691.

2 Tuchschmidt and Follenius, Ber. Deutsch. Chem. Ges. iv. 588.

$ Berthelot, Ann. Chim. Phys. [3], xlvi. 180.

4 Poyg. Ann. Ixxii 1 and 223,

5 Mém. Acad. xxvi.701. $ dan. Chim. [1], xcv. 811.
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Absolute alcohol is a very hygroscopic substance, quickly
absorbing water from the air, and hence care must be tgen in
its preparation that.only dry air can find its way into the dis-
tilling apparatus. A peculiar observation was made by Som-
mering,! namely, that aqueous alcohol contained in a bladder
and hung up in a warm room loses water by evaporation,
nearly absolute alcohol remaining behind. This observation
has been confirmed by other persons.?

Boyle mentions in his Hxperimental History of Cold that

when strong spirit of wine “drawn off from quick-lime, the
better to dephlegm it,”” is mixed with snow, a freezing-mixture
1s formed ; # whilst Boerhave in 1732 observed that when spirit
1s mixed with water a rise of temperature occurs; and Réaumur
showed, in the following year, that a diminution of volume
likewise takes place. This contraction is greatest when one
molecule of alcohol is mixed with three molecules of water
(Mendelejeff). In order to exhibit this contraction a long glass
tube is half filled with coloured water, and then strong spirit
poured carefully on to the surface until the tube is nearly
filled and the volume of the two layers indicated. The liquids
are then mixed by shaking and reversing the tube; and the
diminution of volume noticed.
It has already been stated that alcohol and water, in spite
of the difference in their boiling-points, cannot be completely
separated by distillation. By means of a suitable fractionating
apparatus, spirit containing 965 per cent. of alcohol may, how-
ever, be obtained. On the other hand, a residue of almost abso-
lute alcohol can be procured, as Sémmering observed long ago, by
distilling weaker alcohol off first. Thus by using fractionating
tubes containing 33 cups of wire-gauze a spirit containing 98
per cent. of alcohol yields a distillate containing 97°4 per cent.
and a residue containing 99°5 per cent. of alcohol. - Hence it is
clear that a mixture of ninety-seven parts of alcohol and three
parts of water boils without any alteration in composition.*

Y Denkschr. Akad. Minchen, 1811, 1814, 1820, 1821
2 Gmelin's Handbook, viii. 260,

3 Boyle’s Works, ii. 511.

4 Le Bel, Compt. Rend. 1xxxviii. 912,
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ALCOHOLOMETRY.
/

204 The commercial value of alcoholic liquids, except those
which are used as beverages, depends as a rule on the percentage
of alcohol which they contain. Hence a means by which the
strength of spirit could be readily ascertained became a mattén®
of importafice at an early date. Raymond Lully considered
.pure when a cloth moistened with it took fire
after the dad burnt off, “id est aqua vite rectificata
ut arde oS madefactus in ea.”

This method was employed until the introduction of gun-
powder into Europiq which then was used instead of the cloth.
Th pwder-test was In common use during the last century,

from this is derived the name of proof ~sprit, to which we
shall have to refer hereafter. Basil Valentine supposed that
alcohol was pure when it left no water behind after it was
burnt. This test was long used, and C. J. Geoffroy in 1718
suggested that the alcohol should be burnt in a graduated
cylinder in order to compare the volume of the spirit y
of the residual phlegm. Bergmann, in 1775, also re
this process.

The so-called oil-fest was likewise in common use
Savonarola (p. 285) explains this test by stating that
is poured on to the surface of oil, and notice is taken ‘as to
whether it remains on the surface or not.. In a work published
by Michael Schrick in 1483 we find, “ Oil poured on to the
surface of brandy falls to the bottom.” Even at the beginning
of the eighteenth century this method was in vogue, being
believed to be a fairly accurate one.

Tables representing the contraction which ensues when
alcohol is mixed with water, as well as the specific gravities of
these mixtures, were given by Réaumur in 1733-5, and also by
Brisson in the Memoirs of the Paris Academy for 1768. The first
complete investigation which had for its object the determina-
tion of the composition of aqueous spirit from the specific gravity
was, however, made at the suggestion of the English government
in the year 1790 for Revenue purposes, and Sir Charles Blagden
was employed to draw up these tables from the results of ex-
periments made by Gilpin and published in the Philosophical

v 2
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Transactions for 1794. Gilpin’s experiments were so numerous
and so remarkably accurate that they form, even at the present
day, the foundation of the processes of alcoholometry, notwith-
standing the fact that absolute alcohol was at that time
unknown. On the discovery of anhydrous alcohol by Lowitz
and Richter (p. 297), it was shown by Tralles,! in 1811, that
Gilpin’s normal alcohol contained 10'8 per cent. of water.
He re-calculated Gilpin’s numbers, and the tables thus obtained
ose which are now in use. Tralles likewise made a series
o of ‘experiments himself for the purpose of controlling Gilpin's
results. »

In France the standard alcoholometric tables are founded on
experiments made by Gay-Lussac, the results of which have
only been recently published.? These agree closely with
Gilpin’s, as Gay-Lussac’s normal alcohol eontained 10-86 per
cent. of water. Several other investigations on this subject have
since been made. Of these we may mention those of Drink-
water,® Fownes,* and Baumhauer,® and these very careful re-
searches entirely confirm the experiments of Gilpin. More
recently Mendelejeff ¢ has .investigated the matter again, dis-
cussing the errors of the various experimenters, and he finds that
in the.ease of the most accurate of these older measurements the

spec vity is determined to within a mean error of 0:002,
and entage of alcohol to within an error of 0:025. In
his € ents Gilpin employed the Fahrenheit thermometer,

which then was, as it now is, chiefly used in this country, whilst
in Germany the measurements of temperature for alcoholometric
purposes were made on Réaumur’s scale.

205 The proportion between spirit and watcr contained in the
aqueous spirit may be stated either by weight or by volume.
For scientific purposes the former expression is always used, as
this is independent of change of temperature. In commerce,
however, it is usual to employ the proportion by volume,
inasmuch as spirituous liquors are generally sold by measure.

Hence it is important to be able to calculate the composi-
tion by volume from that by weight. For this purpose some
normal temperature must be chosen and 60° Fahr. or15°:5 C. is
the one adopted in Gilpin and Tralles determinations, whilst
Gay-Lussac’s experiments were made at 15°C.

i Qilberts Annalen, xxxviii. 349. 2 Pouillet, Mém. Acad. xxx. 1859.
8 Phil. Mag. [3), xxxii. 123, 4 Pharm. Jovrn. Trans. vii. 375.
.5 Pogg. Ann. ex. 659 ¢ Pogg. Ann. cxxxviii. 103 and 230.
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Let 8=spec. grav. of the aqueous spirit; a the weight in
grains of alcohol in 100 parts of the same; V7 =the volume of
the alcohol expressed in cbe., then 100 — ¢ = the weight of the

water, and
100 = V.8S.

If further s =spec. grav. of alcohol (compared with water at
the same temperature) then the volumes of alcohol and water

R g a :
contained in the spirit are 3 and 100 — « respectively, and hence

the percentage volumes of alcohol and water in the spirit are

T or a. 8 volumes of alcohol,
s Vv s

and
00

VTOI‘

For the purpose of accurately determining the percentage of
alcohol in aqueous spirit, its specific gravity must be determined
by means of a specific gravity bottle. For excise, and general
purposes, on the other hand, hydrometers are employed, special
instruments being manufactured in which the percentages of
alcohol by volume are marked on a scale. Thus for example
80 per cent. Tralles means that 100 volumes of such a spirit
measured at 60° F. contain 80 volumes of absolute alcohol
at the same temperature, but not that, when the latter quantity
1s mixed with 20 volumes of water, an alcohol of the above
strength is obtained, as a contraction ensues when these liquids
are mixed.

In England the normal temperature adopted at the present
time is 51° ¥., and the spirit is not valued according to its
percentage of absolute aleohol, but according to the amount
of proof spirit it contains, * This term is defined by the Act 58
George III. as “ being such as shall at a temperature of 51° F.
weigh exactly 1l2ths part. of an equal measure of distilled
water.,” Proof spirit, therefore, contains 493 per cent. by weight
or 57:09 per cent. by volume according to Tralles. Weaker
spirits are termed underproof, and stronger spirits overproof.
Thus 25° over proof means that 100 volumes of this spirit
diluted with water yield 125 volumes of proof spirit, whilst 25°
under proof means that it contains in 100 volumes seventy-five
volumes of proof spirit.

The hydrometer chiefly used in England and sanctioned by the

(100 — @) . ! (100 — @) S volumes of water.
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Specific Weight (S.) and Capacity (C.) of Alcokol, at 60° F., relative to Water
of 60° F. as unity (more exactly 124° R. or 15§° C.), at 125° R.=15'5° C.

I. a, Contents of Alcohol by Percentage || 1. b, Contents of Alcohol by Percentage
of Volume. °/y of Weight. /. .

e

°f| 8. ¢ |°nl s C. :/. SET c. -/.1 s. T o

|
|

10000 | 10000 | 50/ 09343 | 10703
0°9985 | 1-0015 | 51| 09323 |- 1-0726
079970 | 10030 | 52, 0°9303 | 1'0749
0°9956 | 10044 | 53| 0:9283 | 1°0772
09942 | 1°0058 | 54 0°9263 | 1°0795
0-9928 | 1:0073 } 55| 0°9242 | 1°0820
0-9915 | 10086 | 56| 09221 | 1°0845
0°9902 | 10099 | 57| 0°9200 | 1:0870
0°9890 | 1-0111 | 58| 0°9178 | 10896
09878 | 10124 | 59| 0°9156 | 1°0922
09866 | 110136 | 60| 09134 | 1:0948
0°9854 | 10148 | 61| 0°9112 | 1°0975
12| 09843 | 1°:0160 § 62 0°9090 | 1°1001
0-9832 [ 1:0171 | 63| 09067 | 1°1029
09821 | 1-0182 | 64| 0°9044 | 1-1057 09788 | 1°0217 | 64 0-8865 | 1°1280
0-9811 {10193 | 65/ 09021 | 1°1085 0°9775 | 1°0230 | 65 0°8842 |1°1310
09800 | 10204 | 66| 0°8997 | 1°1115 || 16 | 079763 | 1°0243 | 66 0°8818 | 1°1340
0°9790 [ 1°0215 | 67| 08973 | 1°1145 || 17 { 0°9751 | 10255 | 67 0'8795 | 11370
0:9780 | 10225 | 68|.0°8949 | 1°1175 [ 18 { 0°9739 | 1°0268 | 68 08772 | 11400
0°9770 | 1°0235 | 69 0°8925 | 11204 || 19 | 0°9727 | 1°0281 | 69, 0°8748 | 1-1431
0:9760 | 1°0246 | 70 0°8900 | 1°1236 || 20 | 0°9714 | 1°0294 | 70, 0°8724 | 1°1463
0°9750 | 1-0256 | 71| 08875 | 1-1268 || 21 | 0°9702 | 10307 | 71| 0°8700 | 1°1494
0°9740 [ 1-0267 | 72| 0°8850 | 1°1299 | 22 | 0°9690 | 10320 | 72! 0°8676 | 1°1526
0+9729 [ 10279 | 73| 0°8825 | 1-1332 || 23 | 0°9677 | 1:0334 | 73| 0'8652 | 1*1558,
0°9719 | 1°0289 | 74| 08799 | 11365 || 24 } 0°9664 | 10348 |.74| 0°8629 | 11589
0°9709 | 1°0300 } 75[ 0-8773 | 11399 || 25 | 0°9651 | 1°0362 | 75 0°8605 | 1°1621
0°9698 | 1°0311 | 76/ 0°8747 | 1°1433 || 26| 0°9637 | 1°0377 | 76| 0°8581 | 1°1654
09688 | 1°0322 | 77| 0°8720 | 11468 || 27 | 09622 | 1°0393 | 77| 0-8557 | 1-1686
0967771 1°0334 | 78 08693 | 11504 || 28 | 0°9607 | 1°0409 | 78| 08533 | 1-1719
09666 | 1°0345 | 79| 0°8666 | 11541 || 29 | 079592 | 1°0425 | 79| 0°8509.| 1°1753
0-9655 | 170357 | 80| 0°8639 | 1°1577 || 30 | 0°9577 | 10442 | 80| 0°8484 | 1-1787
079643 | 1-0370 | 81| 0°8611 | 1-1613 || 31 | 0'9560 | 1°0460 ] 81| 0°8459 | 1°1822
0°9631 | 1-0383 | 82| 0:8583 | 11651 || 32 | 09544 | 1°0479 | 82 0°8435 | 1°1855
0-9618 | 1-0397 | 83| 0-:8555 | 1°1689 || 33 | 0°9526 | 1°0498 | 83| 0:8409 | 1°1892
0°9605 | 1°0411 | 84| 0°8526 | 11729 | 84 | 09508 | 10518 | 84| 0°8385 | 1-1926
1 0°9592 | 1°0425 | 85| 0-8496 | 1-1770 {| 35 0°9490 | 1°0537 | 85| 08359 | 11963
~1°0-9579 | 1°0440 | 86| 0'8466 | 1'1812 || 36 | 0°9472 | 1°0557 | 86| 0°8333 | 1:2000
0°9565 | 1-0455 | 87| 0°8436 | 1°1854 |} 37 | 009453 | 1°0579 | 87| 0:8307 | 1-2038
0:9550.| 1°0471 | 88| 0°8405 | 1-1898 [ 38 | 079433 | 1°0601 | 88| 0°8282 | 1°2074
09535 | 1°0488 | 89| 0°8373 | 11943 || 39 | 09413 | 1°0623 } 89; 0°8256 | 1-2112
0°9519 | 10505 | 90, 0°8339 | 1-1992 || 40 | 0°9394 | 1°0645 | 90, 0°8229 | 1-2152
0+9503 | 10523 | 91 0-8306 | 1°2040 || 41 | 0°9374 | 10668 91! 0°8203 | 1-2191
09487 | 1°0541 | 92| 0°8272 | 1°2089 || 42 | 09353 | 1°0692 | 92 0-8176 | 1-2231
0-9470 | 10560 | 93 08227 | 1°2140 || 43 | 079332 | 1°0716 93| 0-8149 | 1-2272
0°9452 1 1°0580 F 94{ 0°8201 | 12194 || 44 | 0°9311 | 1°0740 ] 94 0°8122 | 1°2312
0-0435 | 10599 | 95 0-8164 | 12249 || 45 | 0-0291 | 1:0763 | 95 08094 | 1-2355
079417 | 1-0619 | 96/ 0°8125 | 1°2308 || 46 | 019269 | 10789 96{ 0°8065 | 1:2399
47109399 | 1°0639 | 97| 0:8084 | 1°2370 || 47 | 0°9249 | 1-0813 97‘ 0°8036 | 1-2444
48 | 0-9381 | 10660 | 98| 0-8047 | 1°2436 || 48 | 0°9227 | 1+0838 | 98, 0°8006 | 1-2491
14909362 | 1-0683 | 99| 07995 | 1-2508 || 49 | 019204 | 1°0864 | 99 07976 | 1-2537
50 | 09343 | 1°0703 }100| 07946 | 1-2585 || 50 | 0°9183 | 10890 100‘ 0°7946 | 1-2585

10000 | 10000 50! 09183 | 1°0890
09981 {1:0019 | 51, 0:9160 | 1°0917
0°9963 | 1°0037 | 52 09138 | 10943
0°9944 | 1°0056 | 53 0°9116 | 1'0970
0°9928 | 1:0073 | 54 0°9094 | 1°0996
0°9912 | 1-0089 | 55 0°9072 | 1°1023
0°9896 | 1°0105 § 56| 0°9049 | 1-1051
0°9889 | 10121 571 0°9027 [ 1-1078
079866 [ 10136 | 58 0-9004 | 1-1106
0°9852 | 1°0150 | 59/ 08981 | 1-1135
09839 | 1°0164 60‘ 0°8958 | 11163
0°9826 | 1°0177 | 61 0°8935 | 1-1192
0°9813 | 1°0191 | 62 0-8911 | 1-1222
09800 | 1-0204 | 63 08888 | 11251
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Excise is known as Sykes’s hydrometer, Fig. 79. It is made of
metal, and has a four-sided stem divided into ten equal parts,
fitting into a brass ball, carrying a ‘small
conical stem, terminating in a pear-shaped
loaded bulb. The instrument is also pro-
v1ded with nine circular weights numbered
10, 20, 30, 40, 50, 60, 10 80, 90, each
having a slit by which it can be fixed on
to the stem. The instrument is so
adjusted as to float with the zero of the
scale coincident with the surface of the
liquid when it is immersed in spirit having
a specific gravity of 0825 at 60°, this being
the standard alcohol of the Excise. If the
alcoholometer be placed in weaker spirit
than this, it will need to be weighted, in
order to bring the zero point to the level
of the liquid; and the sum of weights,
together with the number on the scale at
the level of the spirit, give by refordiie
a table the quantity of proof spirit gon-
tained in the sample.

As the alteration of volume effected in
spirit by the variation of a few degrees of
temperature is considerable, the reading
on the hydrometer will only be correct at
the normal temperature. As, however,”
this point is difficult to attain, Gilpin
determined the specific gravity of aqueous
spirit of different strengths at different
temperatures. All these tables were re- Fie. 79.
calculated by Tralles, and have since his A
time been corrected by the investigations of Brix,! von Kupffer,?
and others.?

By the help of these results, a table of corrections is obtained,
by means of which the true percentage of alcohol contained
in any spirit at any given temperature may be ascertained
from its apparent percentage as read off on the hydrometer
(see Tables pp. 306-7).

1 Das Alkoholometer, &e., Berlin, 1864. - ¥
2 Handb. Alkoholometrie, Berlin, 1865, .
3 See also Watts's Dictionary. vol. i. article ¢ Alcoholometry.”



Tables for Calculating the Real Strength of Alcohol by the Apparent Strength observed with a glass Alcoholometer.
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Percentage of Volume of Apparent Strength.
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206 Determination of Alcohol in DBeers and Wines—The
percentage of alcohol contained in liquids such as beer, wine, &c.,
in which other materials besides water and alcohol are present in
solution, cannot be directly ascertained by the use of the hydro-
meter. In such cases the simplest plan is to take a measured
volume of the liquid and to prepare pure aqueous alcohol from
this by distillation, and then to determine its volume and specific
gravity. For the purpose of making such estimations, which often
require to be quickly and accurately carried out, an apparatus has
been devised by Descroizelles, which was afterwards improved by
Gay-Lussac, and others.  Savalle uses an apparatus, the construc-
tion of which depends upon the same principle as the rectifica-
tion of spirit and is shown in Fig. 80. The liquid to be exa-
mined, several liters of which should be used, is brought into the
still, a, and heated with gas to the boiling point. The vapour
passes through the tube 5, to the worm ¢, cooled by the water
d. When the waterin ¢ becomes warm, the vapours condense in
the cooler, and the distillate is collected in the cylinder ¢. For
liquids which do not contain more than 16 per cent. of alcohol it
is only necessary to distil off one-third ; if they contain more, a
larger amount must be driven off. In this way 5 liters of wine
give 751 cbe. of a distillate containing 5699 per cent. and hence
the wine contains ®%5 = 856 per cent. By means of this ap-
paratus the amount of spirit in weak alcohols can be ascertained
even when they contain as little as 0°01 per cent.

If only asmall quantity of liquid be at disposal, Gay-Lussac’s
wine-tester as modified by Mohr may be employed, and by
means of this instrument the quantity of alcohol in so small a
volume of liquid as ten cbe. may be determined with tolerable
accuracy. For this purpose 10 cbe. or a larger volume, is
measured out in a pipette, and brought into the flask, Fig. 81,
an equal volume of water added, and the whole distilled over
into a small wide flask upon the neck of which a mark is made,
indicating exactly the same volume of distillate as that of the
original wine or beer. In order to prevent the liquid from
bumping it is advisable to add a small quantity of tannic acid,
and to distil the liquid until the distillate comes nearly up to -
the mark. The distillate is then cooled to the normal tem-
perature, and water added to fill up to the mark, and the
‘whole again weighed. The weight in grams divided by the
number of cubic centimeters gives the specific gravity. Another
arrangement for distilling wines is shown in Fig. 82.
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207 The ebullioscope is an instrument by means of which the
amount of alcohol in a liquid can be determined by ascertaining
its boiling poiut, as this is higher the less alcohol is contained
in it. Various kinds of instruments of this sort have been
made. Fig. 83 shows the construction of Pohl’s ebullioscope.

Frc. 80.

Usually the thermometer has an empirical division from which
the percentage amount can be directly read off. According to
Griessmayer ! the ebullioscope of Malligand 2 is the best for the

1 Dingler, Polyt. Jowrn. cexviii, 262, 2 Compt. Rend. lxxx. 1114,
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TESTING OF WINES AND BEERS. 311

determination of the amount of alcohol contained in beer and
wine, inasmuch as the process is much simpler and quicker
than by the method of distillation. For over-proof spirit this
method is, however, perfectly useless, because the difference in
boiling-point becomes very slight for a considerable difference
in the percentage of alcohol.

| MIA

305 0
.
T

Fig. 84 shows Crockford’s patent spirit indicator, as described
in Thudicum and Dupr¢'s treatise on wines. A small condenser
is fixed on the top of the boiler to prevent loss of alcohol during
boiling.

208 Another instrument designed with the same object
depends upon the determination of the tension of aqueous aleohol
at 100° as determined by Pliicker.! The instrument, shown in

! Pogg. dAnn. xcii. 193
138
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Fig. 85, has been made by the well-known glass-blower Geissler,!
and termed by him the vaporimeter, The tube (0) Fig. 85
first contains mercury up to the mark, and then is filled
completely with the beer or wine to be examined. It is then

il

fastened into the ground neck -of a syphon barometer tube
(B), this being placed in a vertical position, and then
exposed to the action of steam coming from boiling water,
when the liquid evolves a large quantity of vapour and
the mercury in the tube is driven up to a certain height

1 Polyt. Centralb, 1834, 1438.
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this gas must, of course, be removed before the operation,

LA

F1a. 86.

and this is- best effected by shaking it with
freshly burnt lime. If the solution contain
a large quantity of dissolved matter, the re-
sults are usually inexact, and, in this case, a
given volume of the liquid is distilled off and
this treated as above described.

Alcohol expands on warming much more
rapidly than water; and founded upon this pro-
perty Silbermann! has described an instrument
termed a dilatometer (Fig. 86). This consists
of a thermometer tube having a scale etched
upon it, into which a certain volume of the
liquid is brought at 25°, and the expansion
observed which this undergoes in heating to
50°

Many other methods are employed for de-
termining the strength of alcoholic liquids.
For a description of these we must refer to
the undermentioned works.?

209 The following table gives the percentage

of alcohol contained in various wines and other fermented

liquors :

Port (old bottled) . . . . 202

»  (newly bottled) . . . 174
Montilia sherry (18;)4:) S 1153
Fine Marsala . . AT ThrA)
Migdelra faasmiea.myaye, ae— WAEST6 -]
Beaune . . ST S ]S 5
Obennvelhelmer RO )
Ascmannshauser R st R
Chéateau-Lafitte . . . . 87
Ordinary Bordeaux . . . 64to87
Johannisberger (184‘)) 81
Riidesheimer 5 9-2
Auerbacher . 84
Burton Ale . . 59
Edinburgh Ale . 57 to 61
London Porter . 54 to 6°9
Munich Lagerbier . 51
Schenkbier . 38
Berlin Weissbhier 1:8 to 2°0.

1 Compt. Rend. xxvii. 418.
2 Neu. Handworterb, Cr’wm 1 267 ; Stammer, Branntweinbrennerei, 9
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The value of a wine does not, as is well known, depend upon
its percentage of alcohol. Thus, the price of Chiteau Lafitte
containing only 87 per cent. is much higher than any ordinary
port containing about 20 per cent. So, too, the percéntage of
sugar and of acids contained in the wine may be almost
identical in the case of different wines of the same class, as for
instance, in clarets, but the value of these various clarets may
be very different.” On the other hand, it appears that the total
amount of solid constituents contained in a pure wine bears a
very distinct relation to its value, which is also of course greatly
determined by its bouquet.

In order to show the presence of alcohol in beer or wine the
liquid may be boiled in a flask having a tube 14 m. long and
1 em. wide fastened to it, and which serves as a rectifying
column so that the alcohol vapour becomes so concentrated that
it may be lighted at the end of the tube.!

When pure alcohol is taken in small quantities in the form
of good beer or pure wine it appears to improve the diges-
tion by an increase of the secretion of the gastric juice.
Especially for old persons and those having weak digestions
it is useful, and indeed wine and spirits are frequently termed
the milk of old age. In large doses however it acts as a
powerful poison.

After the imbibition of alcohol small quantities of this sub-
stance are found in the urine.?

The feeling of warmth experienced after indulgence in alcohol
is a subjective phenomenon, as the temperature of the body sinks
under such circumstances from 0°5 to 2°0, according to the
quantity of alcohol taken? If alcohol be taken during a
meal no such diminution of temperature is observed.*

The higher homologues of ethyl alcohol exert a still more
distinet physiological action than common alcohol does, and to
these is especially to be ascribed the evil effects which ensue
from an indulgence in common brandy.® Manufactured wine
also produces, even when taken in small quantity, headache
and unpleasant symptoms, whilst pure wine does not produce
these effects unless it is taken in excess. Wine is manufactured

V Tollens, Ber. Deutsch. Chem. Ges. ix. 1540.

2 Llebeu, Ann. Chem. Pharm. Suppl. vii. 236 ; Dupre, Proc. Roy. Soc. xx.
268.

3 Binz. Ber. Deutsch. Chem. Ges. v. 1082.

3 Parkes, Proc. Roy. Soc, xxil. 172.

5 Dujardin-Beaumetz and Audigé, Compt. Rend. lxxxi. 152.
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by Gall's process by the addition of starch sugar before fer-
mentation to ‘a grape-must poor in sugar. The starch sugar is
obtained from potato-starch, and is, however, not pure, but leaves
behind a quantity of unfermentable residue, which, as experi-
ments with dogs have shown, acts in a similarly poisonous
manner to potato fusel oil.!

210 Uses of Alcohol in the Arts— Pure as well as impure
spirit of wine is used for a great variety of purposes. In the
first place, strong alcohol is largely employed as a fuel, as
it readily burns with a non-luminous and smokeless flame.
Before Bunsen invented his well-known gas-lamp, spirit-lamps
were in general use in almost all laboratories.

In the second place, it is largely employed both in the arts
and in scientific investigations as a solvent, and as a means of
separating one substance from another. This depends on the
fact that many bodies which are insoluble or difficultly soluble
in water, dissolve in alcohol, and, on the other hand, that many
substances readily soluble in water do not dissolve in this
menstruum. Thus, for example, the carbonates and sulphates
of the metals are insoluble in alcohol; whilst some chlorides,
bromides, and iodides readily dissolve, others again not possess-
ing this property. Raymond Lully observed long ago that this
substance creates a turbidity in a solution of ammonium
carbonate : ““Hic etiam spiritus (animalis) habet proprletatem
congelandi spiritus vegetabilis vel aquam vite perfecte rectifi-
catum. Nam eam in salem convertit, qui plurimas proprietates
et virtutes excellentissimas habet.” Boyle showed in 1675 that
strong alcohol precipitates a saturated solution of common salt,
and Boulduc in 1726 employed alcohol for the separation of
salts in mineral-water analysis. In 1762 Macquer determined
more exactly the solubility of many salts in alcohol, and
Lavoisier, as well as Bergmann, used this solvent in their
analytical researches. At the present day its employment in
analysis 1s somewhat restricted. It is, however, used in
qualitative analysis for the separation of strontium chloride
from barium chloride, and ‘in quantitative analysis for washing
precipitates which are slightly soluble in water, such as lead
-sulphate, lead chloride, potassium platunchlonde ammonium
platinum chlorlde, &e.

Spirit of wine is likewise employed in the laboratory for the
purification of commercial caustic potash which dissolves in it,

! Schmidt, Biederm. Centralbl. 1879, T12.
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leaving a residue of carbonate, sulphate, alumina, &. Amongst
the solid and liquid elements, phosphorus and sulphur dissolve
slightly in alcohol, and iodine and bromine to a much larger
extent.

Some gases are absorbed by alcohol even in larger quantity
than by water. In this respect.the hydrocarbons are especially
distinguished. The coeflicients of absorption of the different
gases in alcohol have been determined by Carius.!

Alcohol is used as a solvent especially for ethereal oils, resins,
alkaloids, and many other carbon compounds which are insoluble
or difficultly soluble in water. For this reason it is em-
ployed in the preparation and purification of such compounds,
and it is also used for the manufacture of tinctures, essences,
liqueurs, perfumes, colours of various kinds, varnishes, lacs,
polishes, &c.

Methylated Spirit.—Fcr most of the above purposes methylated
spirit is employed instead of pure alcohol. In this country a
heavy excise duty on spirit of wine has always existed, and
the manufacture and sale of this article is placed under strict
supervision. Hence many branches of manufacturing industry,
as well as the investigations of the scientific chemist, were, in
this country, much impeded, until in 1856 the late Mr. John
Wood, Chairman of the Board of Inland Revenue, obtained
Government permission for the manufacture of methylated spirit
which is sold by licensed dealers free of duty. This substance
is a mixture of 90 per cent. of spirit of wine of density not less
than 0°830 sp. gr., and 10 per cent. of purified wood-spirit. Such
a mixture is unfit for human consumption, and the wood-spirit
cannot again be separated from the spirit of wine by any
commercial process.

Methylated spirit is largely used instead of pure spirit in the
manufacture of the aniline colours as well as of ether, chloro-
form, fulminating mercury, iodide of ethyl, olefiant gas, and a
number of other substances. The same mixture is used for the
preservation of anatomical preparations, and of small animals.
and other zoological specimens.

The possibility of thus obtaining cheap alcohol has moreover
beneficially influenced the recent progress of organic chemistry:
in this country.?

1 Ann. Chem. Pharm. xeiv. 129,

2 ¢“Report to the Chairman of Inland Revenue on the Supply of Sprit free
from Duty,” by Professors Graham, Hofmann, and Redwood, Quart. Journ. Chem.
Sec. viii, 120 (1856).
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211 Detection of Aleohol —In order to detect small quantities of
alcohol in an aqueous liquid, it is gently warmed, a few crystals
of iodine added, and then so much caustic potash that the
solution just becomes colourless, when, either at once or after a
short time, a bright yellow precipitate of iodoform is thrown
down. In this way one part.of alcohol may be detected in
2,000 parts of water, but in the case of such dilutions the liquid
must be allowed to stand for a night in order to allow the pre-
cipitate to subside. The deposit consists of microscopic six-
sided tablets or six-sided stellar groups.!

Alcohol may be detected in presence of ether, chloroform, &e.,
by withdrawing it from such liquids by shaking with water, and
then acting on the aqueous extract as above described. It must,
however, not be forgotten that several other substances yield
iodoform by the same reaction.

Another good reagent for alcohol is benzoyl chloride. If a
few drops of this be added to dilute alcohol and the mixture
gently warmed, ethyl benzoate is formed. As, however, the
chloride is only slightly decomposed by water, it is better to add
caustic potash when the characteristic smell of the ether is
rendered evident. By means of this reaction 01 per cent. of
alcohol may be detected? It must, however, be-remembered
that other alcohols treated in the same way yxeld ethers
possessing a similar smell.

If large quantities of an aqueous liquid have to be examined
for alcohol, it is, of course, best to fractionate the liquid, the first
portions coming over being collected and concentrated, until,
on addition of potassium carbonate, a layer of light liquid
separates out, which then can be further examined (Lieben).

In order to detect the presence of fusel oil in spirits of wine,
the simplest plan is to pour a few drops on to the hand and rub
the palms together, when evaporation takes place, and the more
difficultly volatile fusel oil remains on the skin and can readily
be detected by its unpleasant smell. © A more reliable process,
however, is toallow the liquid gradually to evaporate in an
open glass dish, and then to notice the smell of the residue.
As fusel oil consists chiefly of higher homologues, the spirit
under examination may be oxidized by the action of a solu-
tion of potassium dichromate in dilute sulphuric acid, when
acetic acid is mainly produced, together, however, with ‘its

1 Lieben, Ann. Chem.- Pharm. Suppl. vil. 218, 877.
"4 Berthelot Compt. Rend. 1xxiii. 496,
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homologues, if fusel oil be present. These latter, in contradistinc-
tion to acetic acid, distil over first with the aqueous vapour, and
from the smell of the first portions of the distillate it is often
possible to detect the presencé of the higher homologues of
acetic acid. A more certain plan is to saturate the acid dis-
tillate with baryta-water, and to determine the quantity of
baryta contained in the salts produced.! ;

It sometimes happens in this country that the unpleasant
smell of the methylated spirit is partially removed by means of
acids or oxidizing agents, and that the spirit thus obtained,
though still containing methyl-alcohol, is sufficiently tasteless
to be used for adulterating the commoner kinds of whisky and
other alcoholic liquors. According to Dupré such an adultera-
tion may be detected by Geissler’s vaporimeter, as the tension
of methyl alcohol is much higher than that of spirits of wine.
Its presence may also be ascertained by oxidizing the spirit as
above described ; in presence of methyl alcohol an evolution of
carbon dioxide is, under these circumstances, observed.

Methyl alcohol, as well as its various derivatives, are largely
used (as has been already stated) for the preparation of aniline
colours. The wood-spirit used for this purpose must, however,
not contain any ethyl alcohol, as the presence of this substance
greatly influences the shades of the colours produced. In order
to detect its presence the alcohol 1s treated with permanganic
acid, which oxidizes the methyl alcohol to carbonic acid and the
ethyl alcohol to aldehyde. The mixture is then distilled, and a
solution of rosaniline, rendered acid by sulphuric acid, added
to the distillate. If the methyl alcohol be pure this will
remain yellow, but in the presence of aldehyde it becomes
violet or blue coloured.? The alcohol to be tested may also be
heated with double its volume of concentrated sulphuric acid,
whereby the methyl alcohol is converted into methyl ether, and
this is readily soluble in water and concentrated sulphuric acid,
whilst ethyl alcohol is almost entirely resolved into olefiant gas,
which is ounly slizhtly soluble in water and dissolves but slowly
in sulphuric acid, and is easily recognised, and its quantity ascer-
tained by its reaction with bromine. The other bodics usually
present in common wood-spirit do not yield any ethylene, and in
this way 1 per cent. of alcohol may be readily detected.®

! Dupré, Prharm. Journ. Trans. (3) vi. 867.
2 Riche and Bardy, Compt. Rend. 1xxxii. 768.
3 Berthelot, Compt. Rend. 1xxx. 1089.
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212 Decompositions of Alcohol.—Alcohol serves as a point of
departure for all other ethyl compounds. These can be obtained
from it by various reactions, and hence the action of chemical
agents on alcohol has been most carefully examined. In some
of these, the radical ethyl remains unchanged, whilst in other
reactions, however, the radical undercroes alteration. Thus,
for example, by a moderate oxidation, aldehyde, C,H,0, and
acetic acid, C,H,0,, are formed. This change can also be
brought about by the oxygen of the air, but not immediately,
for concentrated as well as dilute spirit of wine are not at-
“tacked at the ordinary temperature by oxygen. If, however,
platinum-black be mixed with alcohol, or if this powder be
placed on paper and moistened with alcohol, oxidation takes
place, accompanied by an evolution of heat and followed by
ignition of the alcohol. Addition of water diminishes the
intensity of this action. Upon this observation of Edmund
Davy’s, Débereiner founded his vinegar-lamp. This consists
of a flask filled with alcohol, in the neck of which is placed a
glass funnel, upon which slightly moistened platinum-black
is spread, whilst a piece of cotton wick brings the alcohol into
contact with this powder. The flask or bottle stands on a
dish, over which a glass bell-jar is so placed that a small
amount of air is allowed to enter. In this way the alcohol
undergoes oxidation, the vapour of acetic acid being formed,
and this gradually collects on the inside of the bell-jar. . Accord-
ing to Dobereiner, platinum-black used in this way is an
excellent means of detecting small traces of alcohol. If a drop
of alcohol be allowed to evaporate in 50 or 60 cbe. of air and
a small quantity of platinum-black put into this, the formation
of acetic acid can be readily noticed.!

When strongly heated platinum wire or platinum foil is
brought into a mixture of air and aleohol vapour, the metal
gradually becomes heated to redness (Vol. II. Part IL. p. 397).

‘Whilst pure alcohol does not undergo spontaneous oxidation
on exposure to air, beer or wine soon becomes sour with
formation of acetic acid. This depends on the presence of nitro-
genous bodies, which act as carriers of oxygen from the air to
the alcohol. .

Oxidizing bodies, according to their nature and the mode in
which they act, convert alcohol into other products in addition
to alcobol and acetic acid. Thus, for example, if strong nitric

1 Gmelin's Handbook, viii. 207.
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acid be added to alcohol, an explosive action takes place, and,
in addition to the oxides of nitrogen and the above-named com-
pounds, we find amongst the products ethyl nitrate, formic acid,
oxalic acid, hydrocyanic acid, &c. A more moderate action
yields chiefly glycollic acid, and aldehydes of oxalic acid.

A mixture of dilute sulphuric acid and manganese dioxide,
as well as a solution of chromium trioxide, yield acetal,
C,H,(OC,H;,),, together with aldehyde and acetic acid. If,
however, strong alcohol be dropped on to dry chromium tri-
oxide, ignition and complete combustion take place.

Alcohol is also readily acted upon by chlorine and bromine,
oxidation-products being first formed and then substitution-
products being produced, the description of which will be found
later on.

Alcohol vapour may be heated to 300° without decomposition
occurring. At a red-heat, however, dry distillation commences,
hydrogen, marsh gas, ethylene, acetylene, benzene, naphtha-
lene, carbon monoxide, aldehyde, acetic acid, phenol, &c., being
produced (Berthelot).

THE ALCOHOLATES.

213 Thisname was given by Graham to compounds discovered
by him in 1828, and formed by the combination of anhydrous salts
with alcohol, the latter substance playing the part of water
of crystallization, Other chemists have increased our know-
ledge of these compounds? and from these investigations it
appears that only those salts form alcoholates which are easily
soluble in water, and which usually contain water of crystal-
lization. The following are some of the more important of
these :

LiCl 4 4C,H,0, is formed with evolution of heat when lithium
chloride is brought into contact with absolute alcohol. It
crystallizes on cooling in nacreous glistening prisms.

CaCl,+4C,H,O, is produced in the same way as the foregoing
compound, and forms a white crystalline mass.

MgCl, +6C,H,O corresponds closely to the lithium compound
and is very deliquescent.

L Pril. Mayg. iv. 265, 331,

2 Chodnew, Ann. Chem. Pharm. Ixxi. 241; Levy, Ann. Chim. Phys. (8], xvi.

309 ; Robiquet, Journ. de Pharm, [3), xxvi. 161 ; de Luynes, Journ. Pr. Chem.
Ixxx. 503; Bauer, ¢, lxxx. 361 ; Simon, b. [2], xx. 371,
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Mg(NO,),+6C,H,O forms a pearly crystalline mass.
In addition to these, many other chlorides and nitrates, as well
as certain bromades, form alcoholates, -

ETHYLATES.

214 These compounds are formed from alcohol by the replace-
ment of the hydrogen of the hydroxyl by metals, and this may
be accomplished 1n a variety of ways. The ethylates are readily
decomposed by water with formation of alcohol and the cor-
responding hydroxide.

Potassivm . Ethylate, C,H,OK. Potassium dissolves in abso-
lute alcohol with evolution of heat and liberation of hydrogen.
Transparent colourless crystals separate out on cooling the con-
centrated solution, and these contain alcohol of crystallization.

Sodium Ethylate, C,H,ONa, is obtained in a similar way,!
and forms a mass consisting of transparent needles, which
have the composition C,H,ONa + 2C,H,0. The alcohol of
crystallization is easily lost in a vacuum over sulphuric acid.
Wanklyn obtained crystals of the formula C,H,ONa + 3C,H,0,
melting at 100° without losing their alcohol of crystallization,
which, however, escapes at a higher temperature, and is com-
pletely driven off on heating to 200°. The compound, free from
alcohol, 1s a light amorphous powder, which, when prepared in
absence of air, is perfectly white, and may be heated to 290°
without any decomposition taking place.?

Thallivm Ethylate, C,H,OT], is formed by the action of
alcohol vapour on finely divided thallium. It is a colourless liquid
having a specific gravity of 3-55, and possessing a refracting
power as strong as that of carbon disulphide. It solidifies at
—3° and is easily inflammable, burning with a bright green
flame.?

Barium Ethylate, (C,H,0),Ba, is formed by dissolving anhy-
drous baryta in absolute alcohol and boiling, when a precipitate
is thrown down. This must be dried at. 100° in a current of
hydrogen, and is difficult to obtain in the pure state.t

Zine Ethylate, (C;H,0),Zn, is a white amorphous mass formed
by the slow oxidation of zinc ethide.

1 Guerin Varry, Journ. Seience Phys. iii. 273.
2 Wanklyn, Phil. Mag. [4], xxxvii. 117.

3 Lamy, Compt. Rend. Ixv. 836 ; lix. 780.

4 Berthelot, Bull, Soc. Chim. [2], viii. 389,
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Aluminium Ethylate, (C,H,0);AlL,.  This is formed by the
action of iodine and fine aluminium foil on alcohol, hydrogen
being given off, whilst the compound (C,H,0);AL], is alsoformed
in small quantities ; when the whole is heated to 270° the latter
compound decomposes into ethyl iodide and alumina. If the
residue be distilled in a vacuum, or under diminished pressure,
aluminium ethylate passes over, solidifying to a yellowish white
mass, melting at 115°, and boiling at the same temperature as
mercury.! It is somewhat soluble in absolute alcohol, and is
quickly decomposed by water.

ETHYL ETHER OR ETHYL OXIDE.
(CHy),0.

215 Raymond Lully, as well as Basil Valentine, examined
the action of sulphuric acid upon spirit of wine, and hence it is
generally assumed that they were acquainted with ethyl oxide, or
ether, as it is still generally termed. This is possible, for Basil
Valentine speaks of a spirit obtained in this way which has
a “ subtle, penetrating, pleasant taste, and an agreeable smell.”

We owe our special knowledge of the existence of ether to
Valerius Cordus, a German physician, who died in Italy in
1544. His process for the preparation of this body was pub-
lished by Conrad Gessner in 1552, and occurs in the later
editions of the first German Pharmacopceia, this work, which
was first published in 1535, having been re-edited by Cordus
at the request of the Council of Nuremberg. According to
this receipt, equal parts of thrice rectified spirit of wine
and oil of vitriol are allowed to remain in contact for two
months, and then the mixture is distilled from a water- or sand-
bath. The distillate consists of two layers of liquid, of which
the upper one is the olewm wvitrioli dulce verum.

Various chemists mention this body, but at the beginning
of the eighteenth century the deteils of its preparation appear
to have been almost entirely lost, although, at this period, a
mixture of spirit of wine and ether was used in medicine;
indeed it seems not improbable that Paracelsus employed such
a mixture. It was, however, first brought into commerce by an

1 Gladstone, Jowrn. Chem. Soc. 1876, i, 158.
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apothecary in Halle, under the name of Panacea Vitrioli, and
afterwards having been recommended by Hoffmann, it received
the name of quuor anodynus Hoffmanni, or Hoffmann’s drops.
Under this name it soon became generally known, and even to
the presert time is thus designated in'Germany. The pre-
paration of this medicine was long kept secret, and the positive
existence of ether was not proved until it was first prepared
free from spirit of wine, and then it was found that it swims
on the surface of water, and is not miscible with this liquid.

In 1730 Sigismund Augustus Frobenius published a memoir
in the Philosophical Transactions! entitled, “ Of a spiritus vini
wthereus,” in which he describes, in general terms, the pre-
paration of this compound, though without giving any details.
He manufactured the ether in Godfrey Hanckewitz’s laboratory,
and as he sold it at a high price, he endeavoured to keep the
process a secret one, and in forwarding some of the new substance
to St. F. Geoffroy, he writes, after extolling its virtues, as
follows: “ Paratur ex sale volatili urinoso, plantarum phlogisto,
aceto valde subtili, per summam fermentationem cunctis sub-
tillissime resolutis et unitis.” On the 18th November, 1731,
he made experiments with ether and phosphorus before a
meeting of the Royal Society, which are thus described
by Dr. Mortimer, the secretary:2 “ He took a solution of
phosphorus in the ethereal spirit of wine, which he called
Liguor luminosss, and poured it into a tub of warm water,
whereupon it gave a blue flame and smoke, attended with so
small a degree of heat as not to burn the hand if put into it.
He poured some of his ethereal spirit of wine upon a tub of
cold water and set it on fire with the point of his dagger (which
being first heated a little, he touched with it a piece of phos-
phorus lodged beforehand on the side of the tub). After the
deflagration the water was cold.”

In his second communication to the Society he described
more fully his method for the preparation of ether ; this descrip-
tion was, however, at his request not made public until after his
death in 1741, when the following receipt was published by the
secretary :3

“ Take 4 1bs. in weight of the best oil of vitriol, and as much
in weight (not measure) of the best alcohol, or the highest
“rectified spirit of wine,

1 xxxvi. 283, Feb. 19, 1729-30. 2 Phil. Trans. Abstr. ix. 372,
3 Phil. Trans. Abridg. ix. 380.
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1. First, pour the alcohol into a chosen glass retort, then
pour in, by little and little, 3j of oil of vitriol ; then shake the
retort till the two liquors are thoroughly mixed, when the retort
will begin to grow warm; then pour in more of the spirit of
vitriol, and shake it again; then the retort will become very .
hot. Do not pour in the spirit of vitriol too fast, or too much
at a time, lest the glass retort, by being heated too suddenly,
should burst; you must allow about an hour’s time for pouring
in the spirit of vitriol, not pouring in above an ounce at a time,
and always shaking the retort, till the whole quantity of the
ponderous mineral spirit is intimately united with the light
inflammable vinous spirit.

«2. In the next place, examine with your hand the heat of
the glass retort, and have a furnace ready, with the sand in
" the iron pot heated exactly to the same degree as acquired
by the mixture of the two liquors; take out some of the
sand, and, having placed your retort in the middle of the iron
pot, put in the hot sand again round the retort, and apply a
capacious receiver to it ; set it into cold water, and wrap it over
with double flannel dipped in cold water.

“ Raise your fire gradually, that the drops may fall so
fast that you may count five or six between each, and that,
beside this quick discharge of the drops, the upper hemisphere
of your receiver appear always filled with a white mist or
fumes ; continue this heat as long as they emit the scent of
true marjoram. As soon as the smell changes to an acid,
suffocating one, like that of brimstone, take out the fire
and lift the' retort out of the sand, and change the receiver,
for all that arises afterwards is only a mere gas of brimstone,
and of no use.

“If you do not use the greatest precaution, the liquor in the
retort will run over ; the fire must cease as soon as the ethereal
spirits are gone over, for there remains behind an oeum ving,
which is extracted by the force of the acid out of the spirit,
which will arise, run over, and often cause explosions.

“The second day, when your glass is cold, infuse the
remainder with half as much alcohol, and distil again as
before, and you will have the same; the third day again
with as much, and proceed as at first, it gives it again. Go
on as long as you can obtain any (of the ethereal spirit)
till all turns to a carbo ; then separate it, and alcalize it with
spirits of salt armoniue made without spirits of wine, till all
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effervescence ceases, and distil it once more ¢ Balneo Mariw ;
so is it ready for experiments.”

This mode of making ether was soon pretty generally adopted ;
various German and French chemists having occupied them-
selves with the preparation of this body. Amongst the more
complete descriptions of the substance may be mentioned
Baumé’s Dissertation sur Uether (1757).

By reason of its easy inflammability it was also called at this
time “naphtha,” & name originally given to rock-oil, whilst at
the same time it was termed vitriolic ether, sulphuric ether, or
ether sulphuricus, and vitriol-naphtha, or naphtha vitrioli, inas-
much as it was obtained by the action of sulphuric acid on
alcohol in much the same way as other similar volatile ethereal
liquids are prepared by the action of other acids on alcohol.

In 1800 Valentin Rose! showed that the name sulphuric-
ether iIs a misleading one, inasmuch as this substance does not
contain any sulphur or sulphuric acid. Fourcroy ' was the first
to propound the idea that ether is formed from alcobol by the
withdrawal of the elements of water; and he and Vauquelin?®
endeavoured to enforce this view by experiments, the results cf
which were confirmed in 1807 by Saussure’s analysis of ether,
and subsequently by Gay Lussac’s analysisin 1815. 1t was then
believed that the action of sulphuric acid upon alcohol could be
simply explained by the fact that this acid removed from the
alcohol either the elements of water, or water already present
in the compound. Many facts, however, contradicted this view.
Thus, as we have seen, Frobenius had observed that the
residue in the manufacture of ether may again be employed
for a further conversion of alcohol into ether, a fact which was
confirmed by many other chemists, and especially by Cadet
in 1774.

By the introduction of a simple process of manufacture the
price of ether was considerably diminished, as is seen from a
discussion between Beaumé and Cadet, in which the former
criticised the new method of Cadet, and the lattér stated that
whilst Beaumé sold the compound at twelve livres per ounce,
he charged only forty sous for the same quantity.

It is to Boullay * that we owe the discovery of the continuous
process now universally employed for the manufacture of ether,
depending on the fact that a small quantity of sulphuric acid

L Scherer. Journ. iv. 253. 2 Elements d'Histoire Naturclle ¢t de Chimie.
3 Scherer. Journ, vi, 439. 4 Journ. Pharm. i. 97.
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1s sufficient to convert a large quantity of spirit of wine into
ether. From this observation it appears very improbable that
sulphuric acid acts in this case simply as a hygroscopic sub-
stance ; indeed, it soon became evident that this explanation was
msufficient, because it was found that the whole of the water
produced in the reaction distils over together with the ether,
and it can scarcely be imagined that the sulphuric acid first
exerts its power of removing water from the alcohol and then
immediately parts with the water again which distils over with
the ether.

216 Theories of Etherification.—As in many other reactions
where a sufficient explanation is wanting, chemists (as well as
other men) have long been in the habit of taking refuge in a
name, and this peculiar action of the sulphuric acid was termed
a catalytic or contact action,

¢ Denn eben wo Begriffe fehlen,
Da stellt ein Wort zur rechten Zeit sich ein.”

This catalytic hypothesis was first proposed by Mitscher-
lich,! and Berzelius gave his adhesion to the view. These
observers omitted, however, to notice that the first action
of sulphuric acid on alcohol, in the manufacture of ether, is
the production of sulphovinic acid (hydrogen ethyl sulphate).
This fact did not, however, escape the observation of Hennell,
who found that a concentrated solution of this acid yielded
ether on distillation ; whilst a dilute solution, on similar treat-
ment, yielded only alcohol. This subject was more care-
fully investigated by Liebig,2 who came to the conclusion
that ethyl sulphuric acid which is first formed, decomposes at
a temperature of 126° to 140° into ether, sulphuric acid, and
anhydrous sulphuric acid (sulphur trioxide), this latter com-
bining instantly with the water formed in the reaction with
production of sulphuric acid ; this again forming ethyl sulphuric
acid with the alcohol, which is being constantly added. This,
according to Liebig, accounted for the continuous nature of the
reaction. The simultaneous evolution of water and of strong
sulphuric acid was explained by assuming that this latter only
combined with the watér in its immediate neighbourhood, whilst,
in the other parts of the liquid, the passage of the ether vapour
carried away some aqueous vapour with it. The singular fact.

" 1 Pogg. Ann. xxxi. 273 ; liii. 95 ; 1v. 209 ; Taylor, Se. Mem. iv. 1.
2 Ann. Pharm. 1x. 31 ; xxiii, 89 ; xxx, 129.

139
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that ethyl sulphuric acid should be both formed and decomposed
at the same time and in the same liquid was explained by
Heinrich Rose, by the suggestion that a diminution of tempera-
ture sufficient to permit of the formation of ethyl sulphuric acid
took place at the point where the alcohol flowed in, but that
the other portions of the liquid were sufficiently hot to cause
the decomposition of this acid. Mitscherlich soon rendered this
hypothesis untenable by showing that the continuous formation
of ether may be carried on under circumstances in which no
such local diminution of temperature can occur, as it is pro-
duced equally well when a current of the vapour of alcohol is
passed in, in place of the liquid.! Upon this, Leopold Gmelin
remarked that at the point where the vapour enters the liquid
we have an excess of alcohol present, and there the formation
of ethyl sulphuric acid may take place more easily in conse-
quence of the presence of this excess of alcohol. Graham next
proved that ethyl sulphuric acid when heated by itself to 140°
does not yield any ether, and that on addition of water only
alcohol is formed, whereas ether is produced when the ethyl
sulphuric acid is heated with alcohol to 140°. It has already
been stated that Hennell also found that when the acid is
heated with water 1t yields alcohol, whilst a concentrated
solution gives rise to ether; and the same fact was also ob-
served by Sertiirner. In the latter case we must assume that
alcohol is also formed, but that it contains a small quantity of
water only, and forms ether with the excess of ethyl sulphurie
acid present, which when dilute it cannot do. Still no com-
pletely satisfactory theory of the formation of ether could be
-established upon the facts which were then known. In order
‘to understand this it must be remembered that the equivalent
weights were then. in general use, and that the following
formule were adopted :

Alcohol, : Ethyl Sulphuric Acid. Lither.
0, H,0,HO H0,80, + C,H,0,50, CH,0.

217 Williamson’s Theory of Etherification.—Graham, like Mit-
scherlich and Berzelius, assumed the existence of contact action,
but shortly afterwards the classical researches of Williamson 2
placed the true theory of the continuous etherification process
on the firm basis of experiment. This theory of the formation

t Journ. Chem. Soc. 1ii. 24,
2 Brit. Assoc. Reports, 1850, p. 65 ; Phil. May. [8] xxxvii. 350,
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of ether has played a most important part in the development
of our theoretical views ; the recognition of its truth has rendered
it possible to explain a large number of similar reactions, and
it has moreover led to the discovery of many new groups of
compounds.

Williamson, adopting the views of Laurent and Gerhardt,
gave to ether the molecular formula C,H, 0, according to which
this substance contains the radical ethyl twice. But according
to the theory of types, alcohol is derived from water by the
replacement in it of one atom of hydrogen by ethyl, and hence
ether, according to Williamson’s view, must be regarded as
alcohol in which the second atom of hydrogen is replaced by
ethyl. To prove the truth of this he made the following experi-
ment. By dissolving sodium in alcohol he first prepared sodium
ethylate, or, as he termed it, ethylate of soda; and upon this he
acted with ethyl iodide, by which reaction he obtained pure
ether:

SH Yy o 1 C,H,
Na }O+OH} CH}O+N }

This proof, however, did not satisfy him, for, according to the
old theory, it might happen that in this reaction two molecules
(or atoms as they then were termed) of ether, each containing
half the number of carbon atoms, had been formed. Williamson,
therefore, acted with ethyl iodide on sodium methylate, and with
methyl iodide on sodium ethylate, and in both cases he obtained
a single compound, viz. methyl-ethyl-ether, and not a mixture
of two compounds, viz. methyl-ether and ethyl-ether. In a
similar way he obtained amyl-ethyl-ether or the seven-carbon
C,H, }

ether, CH,, 0.

The formation of ether from alcohol and sulphuric acid could
now be readily explained. Ethyl sulphuric acid is, in the first
place, formed, and alcohol acts again upon this substance :

(1)ngs}o+g}so4 CH}SO +{II}0
(2)CH}0+OH}SO CHﬁ}-O-;-H}SO

Water and ether distil over, whilst the sulphuric acid which is
reproduced yields ethyl sulphuric acid again on contact with
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more alcohol, and hence the formation of ether becomes con-
tinuous. That this is the true explanation of the process was
clearly proved by Williamson by first preparing amyl-sulphurie
acid and then treating this with common alcohol as in the
ordinary continuous process. At first amyl-ethyl-ether distils
over, then common ether, and the residue no longer contains
amyl-sulphuric acid, but consists entirely of ethyl-sulphuric
acid. As a further proof of the truth of his theory, Williamson
used a mixture of ethyl and amyl alcohols and allowed this
to act on sulphuric acid exactly in the same way as common
alcohol is used in the ordinary preparation of ether, when, as
he predicted, he obtained a mixture of amyl-ethyl-ether and
amyl-ether.

Further confirmation of the correctness of Williamson’s views
was afterwards given by Berthelot.! By heating 222 grams of
ethyl bromide with alcoholic potash, this chemist obtained
12 grams of ether ; whilst if according to the old view the ether
had been obtained by a simple replacement of bromine by
oxygen, only 7'5 grams could have been produced. Hence it
is clear that alcohol must take a part in the reaction :

Gl +O%losflo-Glo+ Hlow g ]

According to this equation 15 grams of ether should have been
formed, but owing to the nature of the experiment it was
“impossible to avoid a certain amount of loss.”

218 Ether can be prepared by a great number of other
processes. Thus, for example, it is formed with evolution of
heat by the action of ethyl iodide on dry silver oxide :

2C,H,I + Ag,0 = (C,H,),0 + 2 Agl.

In place of silver oxide, sodium oxide, Na,0, may be used.
The reaction then does not occur until a temperature of 180° is
reached.?

Ether is also formed when a haloid ethereal salt is heated
with alcohol, or with a small quantity of water under pressure.
If, however, the water be present in excess, alcohol is produced.

The action of the hydracids of the chlorine group on alcohol

1 Journal de Pharmacie, [3], xxvi, 25,
2 Wurtz, 4nn. Chim. Phys. [3], xlvi. 222,
3 Greene, Bull. Soc, Chim. [2], xxix. 458,
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also gives rise to ether, but this only when the latter is present
in excess, as in the opposite case the haloid ethereal salts are
formed. This reaction serves as an excellent example of the
action of mass, to which Bertholet, in his classical Essat de
Statique Chimique,! first' drew attention. When two bodies act
chemically upon one another they may give rise to various
products according to the quantitative relations in which they
stand to one another. And hence reactions which take place
under certain circumstances may under other conditions be even
reversed. Thus, for example, alcohol when heated with an
excess of hydriodic acid yields water and ethyl iodide, but if a
large excess of water be allowed to act on ethyl iodide, alcohol
and hydriodic acid are formed :

C,H,0H + HI = C,H,I + H,0.

If, in the first case, the quantity of alcohol be large, the ethyl
iodide acts upon it to form ether :

RO+ o, b =GO +a )

When ethyl iodide is heated with a small quantity of water,
alcohol is first formed, and this is then converted into ether.
From the foregoing it is distinctly seen that a small quantity
of a haloid ethereal salt or its corresponding acid is able to
convert a large quantity of alcohol into ether, and moreover
that the water which is constantly formed will gradually retard
and ultimately stop the reaction, inasmuch as the various
products will then be held in a condition of equilibrium.
Many chlorides, bromides,.and sulphates convert alcohol
into ether,” but usually only at a high temperature, In this
case the free acids doubtless are also formed, together with
basic salts; and it is these acids which then act in the manner
already described in the process of etherification, this reaction
being brought to an end by the presence of the water which
1s formed, and the acid again uniting with the basic salt.
The change of alcohol into ether can also be brought about
by phosphoric and arsenic acids. The reaction is in this case
1 Paris An. xi. (1803).

2 Masson, Ann. Chem. Pharm. xxxi, 63 ; Kuhlmann, b, xxxiii. 97 and 192;
Reynoso, Ann. Chim. Phys. [3], xlviii. 385
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exactly the same as that of sulphuric acid. In consequence of
this method of preparation ether was at one time also termed
arsenic and phosphoric ether.

219 Manufacture of Ether by the Continuous Process—For the
preparation of ether on the large or small scale the method
employed by Boullay is always adopted. A mixture of sul-
phuric acid and alcohol is made in such proportions that the
liquid boils at about 140°, the relation varying according to

the strength of the two constituents. A mixture of 5 parts of
90 per cent. spirit with 9 parts of concentrated sulphuric acid
is a very usual one. This is heated in a flask or cast-iron
boiler. The neck of the flask (Fig. 87) or the opening of the
boiler is furnished with three tubes. Into one of these a tube-
funnel is fitted, another is connected with a condensing appa-
ratus, whilst in the third opening a thermometer is placed,
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which must dip into the liquid. The mixture is then heated
to the boiling-point, and alcohol allowed to flow from the bottle
(E) through the tube-funnel (which must also dip into the liquid)
in such quantity that the temperature remains nearly constant.

According to theory an unlimited quantity of alcohol can be
thus converted into ether. Practice has, however, shown that
the operation must be interrupted when a quantity of alcohol
about six times the volume of that originally contained in the
vessel has been added. This depends chiefly on the fact that
the materials used are never anhydrous, and therefore, that the
mixture in the retort becomes after a while so diluted with
water that the reaction comes to an end. Besides, the liquid
does not wholly consist of sulphovinic acid, but always contains
free sulphuric acid, and this gives rise to secondary reactions,
blackening occurs, sulphur dioxide and water are formed, and
the presence of this latter exercises a further retarding influence
on the reaction.

The distillate, which, together with ether and water, contains
-alcohol and sulphur dioxide, is then treated with milk of lime
or caustic soda, and rectified from a water-bath, when the ether
first passes over, still, however, containing some alcohol and
water. To remove these, the distillate is allowed to stand over
fused chloride of calcium, a method described by Lowitz in the
year 119(5 The ether is then poured off from the chloride of
calcium and again rectified, when it is found to be pure enough
for all techmcal purposes and for general laboratory use, although
it still contains small traces of water and alcohol. This latter
is extremely difficult to remove, and can only be completely got
rid of by repeatedly shaking the ether with a small quantity of
water, and continuing this operation until the wash-water no
longer gives the iodoform reaction. It is then dried over
calcium chloride, and the liquid poured off from this treated
with sodium until no further evolution of hydrogen takes place,
and again distilled from a water-bath, In this purification of
ether a considerable quantity dissolves in the wash-water.
This may, however, be regained by rectification.

220 Properties.—Ether is a very mobile liquid having a pecu-
liar odour which affects the head, and a burning taste. It boils
at 34°9 (Kopp, Andrews) ; at 0° it possesses a specific gravity
of 0-73568, and at 15° of 0°70240. It volatilizes quickly not
only at the ordinary temperature, but at a much lower point.
The tension of ether vapour is as follows: —
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Ether is extremely inflammable, burning with a white lumi-
nous flame. The vapour, which from its high specific gravity
may be poured from one vessel to another like carbon dioxide,
forms, with air, a highly explosive mixture, and care is needed
in working with large quantities of ether, no flame being per-
mitted in its neighbourhood. If a large quantity of ether be
allowed to evaporate in a closed space a mixture is obtained
which explodes with the force of gunpowder. The high specific
gravity of ether vapour may be strikingly shown as follows. A
small quantity of ether is brought into a flask and the short end
of a glass syphon is brought one centimeter above the surface
of the liquid. If the opposite and long end of the syphon be
now sucked out, ether vapour will flow down in a continuous
stream, and a small cylinder may be filled up with it,and the
contained vapour then ignited.

Fourcroy a‘nd Vauquelin state that ether when cooled to— 31°
crystallizes in 1oncr white glistening tablets, which, at — 44° form
a continuous sohd crystalline mass. Thénard and Mitchell were
unable to confirm this statement, and the latter found that
pure ether remains liquid at — 90°! This question has lately
‘been investigated by Franchimont,? and his conclusions agree
with those of the two latter chemists. He found that moist
ether, when cooled, deposits crystals, probably consisting of ice,
but he did not obtain a solid mass at — 44°. This may be
explained by the fact that not enough water was present, as,
according to Guthrie, ether unites with ice to form a cryohydrate.
Such a compound, having the formula CH,0 + 2H,0, was
obtained by Tauret by quickly evaporating ether on filter paper.
It melts at — 3°5, which is the minimum temperature obtained
by mixing ether and ice.?

Y Franklin Inst. Journ. xxii. 289 2 Ber. Deutsch. Chem. Ges. x. 830,
3 Comptes Rendus, 1xxxvi. 765.
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It was formerly believed that ether, like oil, is insoluble in
water, until Lauragnais showed, in 1758, that ten parts of water
was sufficient to dissolve the ether completely. According to
Boullay, on the other hand, one part dissolves in fourteen parts,
whilst Draper states that ten volumes of ether dissolve, in 100
parts of water, at 11°. Concentrated hydrochloric acid dissolves
it in much larger quantities than water.! On the other hand,
one part of water dissolves in about thirty-four parts of ether.
Ether is miscible with alcohol and with almost all other hydro-
carbon derivative compounds as well as with carbon dioxide.
Many solid bodies, such as resins, fats, alkaloids, &c., dissolve
easily in ether. Some of these are soluble in aqueous ether but
not in absolute ether, Thisis the case with gallic acid, and this
reaction 1s so characteristic that it may be employed to ascertain
the presence of water in ether. If the latter liquid contains only
a little moisture the dry powder balls itself up; if more be pre-
sent it deliquesces to a thick syrup, which does not mix with
the layer of ether above, and consists of a solution of tannic
acid in aqueous ether Many inorganic substances are soluble
in cther; thus sulphur dissolves slightly, and phosphorus dis-
solves in rather larger quantity. This latter solution, which
becomes yellow on exposure to light, was formerly known as
Aitheran phosphoratus. Ether dissolves iodine and bromine in
larger quantity, as well as chromium trioxide, ferric chloride,
mercuric chloride, auric chloride, platinum chloride, several
other chlorides and iodides, and some few salts. Various gases
are also absorbed by ether, such as ammonia, whigh is taken up
in considerable quantity, other gases being less soluble. Accord-
ing to Regnault, ether undergoes a change when preserved even in
well-closed vessels, assuming a different vapour-tension. If ether
be contained in a flask with air, acetic acid is formed after some
time ; this change taking place more quickly in presence of
an alkali. On the other hand, Lieben states that pure ether,
either alone or in contact with potash, lime, or sodium, does not
undergo any alteration on standing, but that if water or fused
sodium chloride, or calcium chloride, or anhydrous sulphate of
copper, be present, a slow change takes place, the liquid
exhibiting the iodoform reaction.®

221 Decompositions of Ether—When ether is heated with
water and a trace of sulphuric acid to a temperature of 150°

! Draper, Chem. News, xxxv. 87. 2 Bolley, Ann. Chem. Pharm. cxv, 83,
3 Ber. Deutsch. Chem. iv. 758.
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to 180° it is converted into alcohol. If ether be treated with
hydriodic acid gas at a temperature of 0° to 4°, alcohol and
ethyl iodide are formed :

CH C,H C,H

Mixed ethers are decomposed in a similar way, the radical
containing the most carbon being converted into an alcohol.2
Ethyl iodide is also formed in a violent reaction, probably
together with oxyethyl aluminium iodide, which has already
been referred to, when ether is brought in contact with iodine
and aluminium foil.

The ordinary oxidizing agents give with ether the same products
as with alcohol. If some ether be dropped on to platinum-black,
ignition takes place, and when a few drops are allowed to evapo-
rate in a beaker-glass and a hot spiral of platinum wire placed
above it, the sp1ral continues to glow, a phosphorescent light
being noticed over the wire in the dark as soon as the glow ceases
(H. Davy). When ozonized oxygen is led into ether, each
bubble produces a violent reaction, and a solution is thus ob-
tained containing oxalic acid, acetic acid, hydrogen dioxide, and
a small quantity of formic acid (A. W. Wright).

If ether vapour be passed over heated potash, lime, or
carbonate of potassium, marsh gas and hydrogen are formed,
but neither acetic acid nor formic acid (Dumas and Stas).
This reaction is probably due to the previous formation of
potassium acetate according to the equation :

(C,H,),0 + 2KOH + H,0 = 2 C,H,KO, + 4 H,,

and this acetate is then decomposed into carbonate and marsh
gas in the presence of alkali.

222 Uses.—Ether is largely used in the laboratory as well as
in the arts and manufactures as a solvent, for the preparation
of collodion, the extraction of tannic acid, &. From its great
volatility it has also been used in the manufacture of ice. If
brought in the form of a fine spray upon the skin it produces
such a degree of cold as to induce complete insensibility, and
hence the employment of the ether-spray has been proposed
for effecting local anaesthesia.

Ether vapour when inhaled produces similar effects to nitrous

1 Erlenmeyer and Tscheppe, Zeitsch. Chem. 1868, 343.
? Silva, Compt. Rend. 1xxxi. 323,
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oxide, This appears to have been first observed in 1818 by
Faraday who was investigating the subject. The introduction
of ether as a general angesthetic agent is due to Dr. C. Long of
the United States in 1842. He did not however publish any-
thing until three years later, when two dentists, Messrs. Morton
and Jackson, made independent observations on the subject, and
suggested the employment of ether for this purpose. The
inhalation of ether was soon widely adopted in medicine. In
Europe Sir James Simpson of Edinburgh was especially active
in its introduction, and he showed that this body under certain
conditions might be employed without any danger, especially in
obstetric cases. The employment of this and other ansthetics
met with much opposition from a certain class of persons, but
all such objections were successfully overcome by Simpson’s
energy and determination.

223 Ether unites with bromine to form the compound 2C,H, 0
+ 6 Br, when the two liquids are brought together in the cold.
This compound is a crystalline mass somewhat resembling
chromium trioxide, possessing a strong smell, and being decom-
posed by water into its constituents. It is a very unstable
compound, and on standing decomposes spontaneously with
formation of water, hydrobromic acid, ethyl bromide, tribromal-
dehyde, C,HBr,0, &c.1 . Various metallic chlorides and bromides
also form compounds with ether. One of the first of these was
obtained by Kuhlmann by bringing together anhydrous ether
and stannic chloride. It forms a feathery crystalline mass of
the composition 2 C,H,,0 + SuCl,, which distils at 80°, yielding
glistening rhombic tables which are decomposed by water.?
Various other compounds of ether with metallic chlorides and
bromides have been obtained by Nickles® These are mostly
crystalline, and some are volatile without decomposition, as for
instance Al,Br, + 2 C,H,,0, which sublimes in yellow needles.
The trichloride and tribromide of antimony and of arsenic form
similar compounds.  Ether combines with antimony penta-
chloride to form a greyish white crystalline mass, ShCl, + C,H,,0,
a very unstable compound.* With titanium chloride it also
forms the body TiCl, 4+ C,H,,0, crystallizing in small yellow
tables melting at 42° to 45°, and boiling at 118° to 120.° Ether

! Schutzenberger, Compt. Rend. lxxv. 1511,

2 Lewy, Compt. Rend. xxi. 371.

3 Ann, Chim. Phys. [3], 1xii. 280 ; Compt. Rend. lii. 396 ; lviii. 537 ; 1x. 300.
4 Williams, Journ. Chem. Soc. 1876, ii, 463.
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also combines with vanadium oxychloride. By distilling the
product under diminished pressure large stellated crystals
having the formula CH,; O + VOCI, are obtained, appearing
reddish-brown - by transmitted but green by reflected light.
They melt below 100° and are decomposed by water into ether,
hydrochloric acid, and vanadium pentoxide.}

CHLORINE SUBSTITUTION-PRODUCTS OF ETHER.

224 Chlorine acts violently upon ether. If a few grams of
ether be poured into a flask filled with chlorine gas white fumes
are after some time given off, and then an explosion takes place,
accompanied by flame and considerable deposition of charcoal
(Cruikshank). If chlorine gas be led into ether, every bubble
sets fire to the ether, which becomes heated throughout, and is
ultimately converted into a black tarry mass. If, however, chlorine
be passed, especially in the dark, into ether, very well cooled,
substitution-products are formed. These have been investigated
by Liebig? Regnault,® Malaguti,* Lieben Abeljanz,® and
Jacobsen.”

Monochlor-Ethyl Oxide or Monochlorether, CH ClO. This,
according to Jacobsen, is the first product of the reaction, and
is identical with the compounds which Frapolli and Wurtz®
previously obtained by the action of hydrochloric acid on a
mixture of absolute alcohol and aldehyde, and which they believed
to be a compound of the latter substance with ethyl chloride. It
is a liquid boiling at 97° to 98°, which is decomposed by sulphuric
acid with formation of aldehyde, hydrochloric acid, and ethyl
sulphuric acid, whilst with sodium ethylate it yields acetal,
CH,.CH(OC,H,),, a body described under the ethidene com-
pounds. The constitution of monochlorethyl oxide as well as
its mode of formation from aldehyde, which is ethidene oxide, is
seen from the following equation :

HCI + HO.C,H, + CH,CHO = CH,CHCl(, | 11 o
| ,0.

C,H,/
1 Bedson, Journ. Chem. Soc. 1876, i. 311. 3 Ann. Pharm. i. 220.
3 Ann. Chim. Phys. [2], 1xxi. 392, 4 7b. [2], 1xx. 338 ; [3], xvi. 5.
3 Ann. Chem. Pharm. cxlvi. 180. 8 Tb, clxiv. 197.

7 Ber. Deutsch. Chem. Ges. iv. 215. 8 Ann. Chem. Pharm. cviii. 226.
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Dichlor-Ethyl Oride, CH,CLO. For the preparation of this
compound Lieben recommends that chlorine should be passed
into ether cooled to 0° and the temperature gradually allowed
to rise to 20°. It is then distilled off on the water-bath and the
distillate again treated with chlorine. By repeating these
operations, the above compound is at last obtained as a strongly
smelling liquid which boils with decomposition at 140° to 145°
and has a specific gravity of 1174 at 23° and burns on ignition
with a luminous green-mantled flame. By the moderate action
of zinc ethyl on dichlorinated ether, ethyl chlorinated ether,
C, H,CI(C,H,)O, is obtained. This possesses a pleasant ethereal
smell, boils at 141°, and has a specific gravity of 0:9735 at 0°.
Heated with an excess of concentrated hydriodic acid in closed
tubes to 100° it forms ethyl iodide and secondary butyl iodide.
The formation of this compound shows that substitution has
-not taken place in both of the ethyl groups, as was originally
supposed ; and Lieben explains this by the following equations:

CH,C(CHY } 0 + 2HI = C,H,CI(C,H,)I + C,H,I + H,0.
25 10

C,H,C1(C,H)I + HI = C,H,CI(C,H)H + I,
C,H,Cl(C,H)H + HI = C,H,(C,H,)I + HCL

By the further action of zinc ethyl on ethyl chlorinated ether,
or more simply if iodide of ethyl and zinc be heated with it,
the so-called di-ethyl ether, C,H,(C,H,),0.C,H;, is obtained, a
body which boils at 131° and is a compound ethyl hexyl ether,
yielding, on heating with hydriodic acid, ethyl iodide and
secondary hexyl iodide. By the action of sodium ethylate
on dichlorinated ether, ethyl-oxide-chlorinated-ether is formed.
This is identical in composition with monochloracetal, CH,CI.
CH(OC,H,),, and for this reason dichlorinated ether must
possess the composition CH’JCI'C(% gi}o
Trichlor-Ethyl Oxide, CH,CLO, is not known in the pure
state. If the residue boiling above 153° obtained in the pre-
paration of dichlorinated ether be heated with sodium ethylate
it dissolves, and from the product of the reaction dichloracetal,
CHCL,CH(OC,H,),, separates out, and hence it would appear
that a trichlorinated ether exists having the composition
CHCI,.CHCI } 0
C.H; y
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Tetrachlor-Ethyl Oxide, C,H C1,0. This body was discovered
by Malaguti, and first termed chlorinated ether and afterwards
bichlorinated ether. It is formed by the continued action of
chlorine upon ether, when the liquid is gradually heated to 100°.
The chlorine is absorbed quickly to begin with, then, however,
a stormy evolution of hydrochloric acid takes place, so that the
liquid requires to be cooled. After this chlorine is again led in,
and then the whole heated to 140° until the mass begins to
blacken. It is then mixed with water, dried in a vacuum over
lime and sulphuric acid, and thus a thick liquid is obtained
which has a pungent smell and a specific gravity of 1-5. It has
no constant boiling point, but decomposes when heated. Alco-
holic potash yields acetic acid together with other products,
and on heating with sulphuric acid, trichloraldehyde or chloral,
CCl,.CHO, is formed, and from this it appears that Malaguti’s
chlormated ether is a mixture which contains the compound

CCl.CHCI
C,H, }0

This latter body was first prepared in the pure state by
L. Henry,! by the action of phosphorus pentachloride on the
so-called chloral alcoholate (see Ethidene Compounds):

OOl HIOH] } B JONERE } 0 + POCL, + HCL
Do)

The same compound is likewise formed when chlorine is
allowed to act on the monochlorinated ether obtained from
aldehyde.? It boils at 188° to 190°, possesses a specific gravity
at 15° of 14211, and has a sweetish-bitter taste and a pungent
camphor-like smell.

Pentachlor-Ethyl Oxide, C,H,CL,0, is obtained, according to
Jacobsen, by the further action of chlorine on Malaguti's com-
pound. It is a thick liquid having a specific gravity of 1645,
which is probably, however, a mixture. It gives ethyl com-
pounds by various reactions, and probably, therefore, contains the
compound C,Cl;(C,H;)O. This latter compound is also obtained
from the last described tetrachlorinated ether; by the action of
alcoholic potash the compound CCl, = CCLOC,H; is produced,
and this unites with chlorine directly to form pentachlorinated
ether, a liquid boiling at 190°—210° with partial decomposition
being obtained. :

1 Ber. Deutsch. Chem. Ges. iv. 101, 435 ; vil. 762; Comptes Rendus, xlvii. 418.
? Vogt and Wurtz, Comp. Rend. Lxxiv. 777. :
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The bromine compound, CCl,Br.,CCIBr.0.C,H,, is obtained
as a colourless, heavy liquid baving a pleasant smell, by the
action of bromine on the latter body, and this on cooling crys-
tallizes in large clear crystals, which melt at 17°1 An isomeric
pentachlorinated ether was obtained by Henry 2 by acting with
phosphorus pentachloride on a compound also belonging to the
ethidene series obtained by the union of chloral and ethylene
chlorhydrate (monochlorethyl alcohol).

This latter compound corresponds to the above-mentioned
chloral alcoholate.

This pentachlorinated ether is a colourless, thick liquid, pos-
sessing a sweetish taste and a strong camphor-like smell, It

CCL,.CHCl } o
CELCLUE. J. 7.

Perchlorinated Ether, C,Cl, 0O, is the last product of the action
of chlorine on ethyl oxide, and is formed only in the sunlight.
It is a solid body, possessing a penetrating camphor-like smell,
and crystallizes from alcohol in orthorhombic crystals which
melt at 69°, and have a specific gravity of 1°9. In its pre-
paration, hexchlorethane, C,Cl;, and trichloracetyl chloride,
CCl,.COCl, are usually formed, and the perchlorinated ether
decomposes completely into these compounds on heating to 300°.
By the action of an alcoholic solution of potassium sulphide, a
compound is formed termed by Malaguti chloroxethose :

0,0 Cl,
& }0+2KS~001 }0+4K01+s

possesses the constitution

This is a liquid boiling at 210°, which unites with chlorine
in the sunlight to form perchlorinated ether, and with bromine
to yield the compound C,Cl;Br,O. If chlorine be allowed to act
In presence of water on chloroxethose, trlchloracetlc acid is
formed as follows :

C01,=COl i .
GOr=6C1 1O + 2Cl, + 8HOH = 2CCl,CO.0H + 4 HCL

Methyl-Ethyl-Ether, (C}H }O is a liquid possessing a smell

resembling that of etbyl oxxde, and boiling at 11°. It is best
obtained by the action of ethyl iodide on sodium methylate.
This compound is also produced by treating sodium ethylate
with methyl iodide (Williamson), and it was originally termed

1 Busch, Ber. D:outsch. Chem. Ges. xi. 445. 2 Ib. vii. 762.
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by him the three-carbon ether. It may also be obtained by
distilling together potassitum ethyl sulphate and potassium
methylate,! and by the action of dry silver oxide on a mixture
of the iodides of ethyl and methyl (Wurtz).

THE ETHEREAL SALTS OF ETHYL,
OR ETHYL COMPOUND ETHERS.

ErnyL Curoripe, C,H,CL

225 This compound was first obtained in alcoholic solution by
Basil Valentine, who thus describes its preparation:2? ¢ This I
also say that, when the spirit of common salt unites with spirit
of wine, and is distilled three times, it becomes sweet, and loses
its sharpness.” In his Last Testament he also says:® “Take of
good spirit of salt which has been well dephlegmated and
contains no watery particles one part; pour to this, half a part
of the best and most concentrated spiritus vini which also
contains no phlegma or vegetable mercury.” He goes on to
state that this mixture must be repeatedly distilled, and then
“placed in a well-closed bottle, and allowed to stand for a
month or until it has all become quite sweet, and has lost its
acid taste. Thus is the spiritus salis et vini prepared, and may
be readily extracted.”

The mixture thus obtained of alcohol and ethyl chloride, or
sweet spirit of salt, was well known to the later chemists.
Thus Glauber speaks of it in 1648 in describing strong hydro-
chloric acid: “ When dephlegmated spirit of wine is poured
into such strong spirit of salt and digested for a long time, the
spirit of wine makes a separation and kills its sal volatile, so
that a fine clear oleum vini swims on the top, which is not the
least potent of the cordials.”

Pott then showed in 1739 that this sweet splnt of salt could
be obtained by the action of butter of arsenic or butter of
antimony on spirit of wine, and other chemists found that
other metallic chlorides may be employed for the like purpose.
Ludolf, in his work on Medical Chemistry, states in 1749, that
on heating spirit of wine with sulphuric acid and common salt a
distillate is obtained which when treated with lime yields an ether,

1 Chancel, Compt. Rend. xxxi. 521.

2 Wwd‘erholunq des grossen Steins der wralten Weisen, ed. Petraeus, p. 72
3 Basilius Valentinus, ed, Petraeus, p. 785, A
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but he vainly endeavoured to obtain a similar compound by the
action of muriatic gas on spirit of wine. Beaumé’s experiments
in this direction also did not succeed, but Woulfe! obtained
hydrochloric ether in this way, and it was afterwards prepared
and sold by an apothecary-in Germany and known as Basse’s
hydrochloric ether. This same compound was afterwards termed
light hydrochloric ether, in order to distinguish it from the
so-called heavy hydrochloric ether obtained by heating alcohol
with common salt, manganese dioxide, and oil of vitriol. This
latter body, which was prepared in 1782 by Westrumb, and after-
wards observed by Scheele, is however a mixture of various
oxidation-products.

Colin and Robiquet? were the first to point out the true .
composition of ethyl chloride. The above-mentioned method
of distillation has been used until recently in order to obtain
this compound, although it is not in every respect satisfactory.
Boullay found that, when obtained by means of common salt
and sulphuric acid, the product usually contains a small quantity
of ethyl oxide.

Pure ethyl chloride is prepared by passing hydrochloric acid
gas into strong spirit of wine. The saturated solution is allowed
to stand for some time, and then distilled off on a water-bath.
The yield is, however, not more under the most favourable
circumstances than corresponds to 15 per cent. of the alcohol
employed. The alcohol may, as Groves® has shown, be com-
pletely converted into the chloride, if zinc chloride be added
and hydrochloric acid gas passed into the boiling solution; this
gas is then completely absorbed, and when the liquid has
become saturated, pure ethyl chloride is evolved, the reaction
going on until the whole of the alcohol has been converted.

According to the experiments of Kriiger,* ether is likewise
formed in this process when the mixture is heated to begin
with, This can be avoided by saturating the solution of one
part of zinc chloride, and 82 parts of spirit with hydrochloric
acid in the cold, and then heating to the boiling-point, the
gas being passed in so long as ethyl chloride is formed. The
evolution-flask must, of course, be connected with an inverted
condenser in order to retain the alcohol vapour, whilst the more
volatile chloride of ethyl passes into a vessel surrounded either
with ice or a freezing mixture, where it is condensed. In this

1 Phil. Trans. 1767, p. 520. 2 Ann. Chim. Phys. 1. 848.

3 Journ. Chem. Soc. 1874, 636, 4 Jowurn. Prakt. Chem. [2], xiv. 193.

140
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way it is easy to obtain a kilogram of the compound in a few
hours, and this method serves admirably as a lecture illustration.
The action of hydrochloric acid on alcohol is explained by the
following equation :

C,H, OH + HCI = C;H,Cl + H,0.

Hence the conclusion that zinc chloride simply acts as a strong-
hygroscopic agent would not appear improbable, but this is not
the case, inasmuch as it cannot be replaced by other equally
efficacious hygroscopic agents such as chloride of calcium or
sulphuric acid. Its peculiar action depends upon the fact that
the alcohols very easily decompose, with elimination of water, into
the olefines, that is the hydrocarbons of the series C,Hg,, which
unite with hydrochloric acid to form the monochlorides. Accord-
ingly, in the preparation of ethyl chloride according to Groves’s
method two reactions take place; one part is produced by the
direct action of hydrochloric acid on alcohol, and the other part
by the union of ethylene in the nascent condition with hydro-
chloric acid. The truth of this explanation is proved by the
fact that when amyl alcohol is thus treated, a considerable
quantity of the secondary chloride is found, together with the
primary chloride, and this, as we know, can only be obtained
from the olefine amylene CH,,.!

Ethyl chloride is also formed by the action of phosphorus
pentachloride on alcohol (Wurtz), and, together with other
products, when alcohol is treated with chlorine, and this accounts
for the production of this substance in considerable quantity
in the manufacture of chloral.

226 Properties—Ethyl chloride is a colourless mobile liquid
having a peculiar and pleasant odour, and a sweetish, burning
taste. It does not solidify at—29°, boilsat 12°-5 (Regnault), at 0°
possesses a specific gravity of 0°9214(Pierre)and its vapour density
is 2:219 (Thénard).2 It is but slightly soluble in water, though
dissolving readily in alcohol, strong spirit taking up halfits weight.
This solution may easily be kept in well-stoppered bottles, and
chloride of ethyl may readily be separated out from such a
solution by gently warming it and freeing the gas from alcohol
vapour by passing it through sulphuric acid (Groves).

Ethyl chloride is easily combustible, Burning with a luminous
green-mantled flame. When its vapour is passed over heated

1 Schorlemmer, Journ. Chem. Soc. 1875, 308, 2 Ann. Chim. Ixiii. 49.
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NFNP

of ‘ethiyl chloride, the passage from’ the liquid to the ‘gaseous
state] and vice versd.” ' In ‘order to'liquéfy the gas contained in
the ‘shorter ‘and 'stoppered limb of the syphon tube,” mercury
must be poured into the longer limb and the compressed gas
cooled by pouring some-ether over the shorter limb, On allow-
ing the temperature to rise, and on permitting the mercury to
run out by the lower stop-cock, the liquid ‘will be seen to boil,
and the whole again assume the gaseous condition.

227 Ethyl Bromide, C,HBr, was first prepared by Serullas? in
1827 by gradually adding bromine to a mixture of alcohol and
phosphorus, It is also formed, together with other products,
by the action of bromine on absolute alcohol (Lowig), as well as
by heating spirit of wine with strong hydrobromic acid and by
various other reactions. In order to prepare it, Personne’s®
method is probably the best. For this purpose 40 parts of
amorphous phosphorus and 160 parts of absolute alcohol are
brought into a flask connected with a reversed condenser, and
gradually 100 parts of bromine allowed to flow in, the flask
being first well cooled in order to moderate the violence of the.
reaction. As soon as this has been added, the mixture is
distilled on a water-bath, the distillate being shaken up with
water and the bromide which separates out being then dried
over chloride of calcium or potassium carbonate and afterwards
purified by distillation,

Ethyl bromide is a liquid resembhn(r the chloride in its
smell and taste, boiling at 38°:37 (Regnault), and having at 0°
a specific gravity of 14733 (Pierre), whilst at 15° it is 14189
(Mendelejeff). Its vapour density was ascertained by Marchand
to be 3'754. It burns, when ignited, with a fine green smoke-
less flame, evolving vapours of ‘bromine,

228 Ethyl Iodide, C,H.I, was discovered by Gay-Lussac“
in 1815, and is formed by heating together spirit of wine and
hydriodic acid, as'well as'by the simultaneous action of iodine
and phosphorus 'oni’alcohol ¢ ' (Serullas) :

5C,H,0H + 51 +P =5 CH]T + H,PO, + H,.

This last reaction is now always employed for the preparation
of this important substance. - It is largely used in the arts and

1 Hofmann, Ber. Deutsch "Chem. Gles. i, 1123

2 Anni Chim. Phys: xxxiv. 99, 3 Compt, Rend. 1ii. 468.

& Journ. Prakt. Chem, xxxiii, 186, 5 Ann Chim, Phys. xci. 89,
8 Ib, xxv. 323 ; xlii. 119,
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manufactures, and for the preparation of other ethyl compounds.
Formerly, of course, common phosphorus was employed, and
a number of receipts. were given for this purpose. In all of
these, precautions had to be taken to avoid explosions due to the
violence of the reaction, and to prevent loss of substanee, .
Personne ! was, the, first to suggest the employment . of
amorphous phosphorus, and Beilstein and Rieth,? who especially

worked out. this method, found the following proportions to-be.

the best. Ten parts of red phosphorus and 50 parts of spirit
are brought into a tubulated retort connected. with a Liebig’s
condenser, and to these 100, parts of iodine are gradually added.
After standing for 24 hours, the ethyl iodide is distilled off.. , Of

. course the iodine and spirit may be mixed to begin with, and
the phosphorus then added from time to time, and in this case
67 parts of this latter body are sufficient.. The distillate is
washed with dilute caustic seda and water,-and the iodide of ethyl
which separates dried oyer calcium .chloride. . The residue in
the retort counsists chiefly of ethyl phosphorie acid, and, for this
reason, an excess of alcohol, as is shown in the above pro-
portions, must be used.

Ethyl iodide is also formed when potassium iodide is distilled
with a saturated solution of hydrochloric acid in spirit of wine,?
or when concentrated hydriodic. acid is heated, under . pressure
together, with ethyl chloride,* : Another remarkable reaction
is its formation on heating ethyl nitrate.with potassium iodide.5

Ethyl iodide is a colourless, strongly refracting liquid, possess-
ing a peculiar ethereal and somewhat,pleasant smell, boiling at
71° 3 (Andrews), or at 717:6 (Frankland) Its specific gravity at
0° is 19755 (Pierre), and, at 15°, 1-9309, (Mendelejeft) ; whilst

its vapour density was found by Marchand to be 5417. Ethyl _
iodide is almost insoluble in water, but is miscible with alcohol *

and ether. It is only difficultly inflammable, burning with evolu-
tion. of iodine vapours. When heated with, fifteen times its
weight of water to 100°, it gradually dissolves with formation of
alcohol. Chlorine decomposes it with formatlon of ethyl chloride
and separation of iodine, and, like many other organic. iodides,
it is also decomposed when exposed to the action of light, iodine
being set free and the liquid becoming gradually red and after-
wards brown. This decomposition takes place especially quickly

! Compt. Rend. li 468. 2 Ann. Chem: Pharm. cxxvi. 250,
3 De Vrij, Journ. Pharm. xxxi, 169, 4 Lieben, Zeitsch, Chem. 1868, 712.
5 Juncadella, Compt, Rend. xlviii. 345.
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in direct sunlight, and, as Frankland found, ethyl iodide is then
converted into iodine and butane (di-ethyl):*

2CHI=CH, + L.

This reaction, however, becomes slower in proportion as the
quantity of free iodine increases, but it becomes much more
rapid in presence of mercury, which at once combines with the
liberated iodine. This decomposition may be carried on still
more quickly than in ordinary direct sunlight by placing the
liquid in the focus of a convex mirror. The butane thus
obtained is, however, not pure, as a portion of it is converted
into ethane and ethylene.

229 Ethyl Fluoride. Scheele? was the first to make experi-
ments on the preparation of a fluoric ether, and afterwards Gehlen
worked on the same subject without coming to any satisfactory
conclusion, as he employed glass vessels. Reinsch,?® who used
leaden vessels, obtained a colourless ethereal liquid which has
a peculiar taste and an odour resembling that of horse-radish.
It burns with a blue flame, evolving vapours of hydrofluorie
acid, and it corrodes glass. This substance has not been
analyzed.

230 Ethyl Perchlorate, C;H,ClO,, is the only known ethereal
salt of the oxyacids of chlorine. It was first prepared by Hare
and Boyle ¢ by distilling a mixture of barium perchlorate and
barium ethyl sulphate, but was afterwards more completely in-
vestigated and analyzed by Roscoe.® Tt is a colourless liquid,
which, in the dry state, undergoes sudden spontaneous decom-
posmon even when poured from one vessel to another, or when its
particles are in any way slightly shaken. The violence of these
explosions is extremne. About two decigrams of the substance
contained in a thin test-tube gxploded with such force as to
bore a hole 15 mm. in diameter and 5 mm. deep in a filter
stand of bard wood, and all the glass vessels standing near
were shattered. The greatest care must, therefore, be taken
in operating with this body, and gloves and glass-screens are
absolutely necessary. In contact with water the ether is much
more stable, and may be shaken or even distilled without any

explosion occurring. Heated under a thin stratum of water, it
boils at 74°

1 Journ. Chem. Soc. iii. 322, 2 Opusc, ii. 137.
3 Journ. Pr. Chem. xix. 314, ¢ Phil. May. [3], xix. 870,
8 Chem. Soc. Journ, xv, 218.
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231 Ethyl Sulphite, (C,H;),SO,, was first prepared by Ebelmen
and Bouquet! in 1845 by acting on absolute alcohol with
sulphur monochloride. It is also formed when thionyl chloride is
brought in contact with alcohol.? For the purpose of preparing
this substance, an excess of absolute alcohol is added to well-
cooled chloride of sulphur or thionyl chloride, the product being
purified by fractional distillation. Its formation from thionyl
chloride is explained by the equation :

cl 0C,H,
80 { o + 2 HO.G,H, = SO {OC:H: + 2 HCL

When alcobol is treated with chloride of sulphur, thionyl
chloride appears to be first produced, and this acts again on the
ethyl hydrosulphide formed at the same time :

(1) 8,0l + HO.C,H, = SOCI, + HS.C,H,.

(2) 3S0CL + 4 HS.C,H, = SO(0C,H,), + 2 C,H,Cl + 4 HCI
+ 28,

According to this reaction the sulphur monochloride may be
regarded as a sulpho-thionyl chloride (Carius).

Ethyl sulphite is a mobile liquid which smells of peppermint,
and has at first a cooling but afterwards a byrning sulphurous
taste. It has a vapour density of 478 (Ebelmen and Bouquet)
and a specific gravity of 1'1063 at 0°, and boils at 161°:3.3 It
is combustible with difficulty, and can be inflamed only when it
has been previously warmed.

Ethyl Sulphurous Aecid, H(C,H;)SO,, is not known in the
free state, and of its salts, potassium ethyl sulphite is the only
one which has been prepared. This is formed when a solution
of caustic potash in five parts of wateris gradually added to well-
cooled ethyl sulphite, so that the liquid always remains colour-
less. The mixture is then allowed to stand until the whole of
the ethyl sulphite is dissolved, and the solution next saturated with
carbon dioxide and the whole allowed to evaporate in a vacuum.
The residue is dissolved in 90 per cent. spirit, this evaporated,
and the residual salt crystallized from boiling absolute alcohol.
It forms delicate silky glistening crystals easily soluble in water.
The yield is only small, as the body is very readily decomposed,

1 Ann. Chim, Phys. [3], xvii. 66,
23 Carius, Ann. Chem. Pharm. cxi. 93.
3 Carius, Journ, Prakt. Chem. [2], ii. 285.
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)

and much potassium sulphate is formed during its preparation.
Freshly prepared, it is'odourless, but after some time it acquires
the smell of ethyl sulphité, and’ the aqueous solution contains
potassium sulphate.?

HyproGeN ETHYL SULPHATE OR ETHYL.SULPHURIC ACID,
- H(C,H,)SO,.

232 The calcium and barium salts of this acid were obtained
in 1802 by Dabit from the residues of the preparation of ether.
These were, however, regarded as salts of an acid having
a composition intermediate between sulphurous. and sulphurie
acids. These observations remained unnoticed until 1819, when
Sertiirner remarked, from experiments made in 1806, that spirit
of wine unites with sulphuric acid, forming a compound to
which he gave the name of sulphovinic acid. He showed more-
over that other acids were also able to form similar vinic acids.
Vogel,? in 1819, then investigated sulphovinic acid and its salts
more accurately, and came to the conclusion that the acid pre-
pared by Sertiirner’s method may be considered as a compound
of hyposulphuric acid with a heavy ethereal oil, and is identical
with Dabit’s acid. Gay-Lussac, in 1820, came to the same
conclusion, and so indeed did Boullay and Dumas, whilst
Hennell looked upon it as a compound of sulphuric acid
with a hydrocarbon, having the composition of olefiant gas..

In 1828 Serullas proved that the compound might be re-
garded as an acid sulphuric ether, and its salts as compounds of
sulphates with the then unknown normal ethyl sulphate. = This
view was adopted by the supporters of the radical theory, by
whom ethyl sulphuric acid was considered as a compound
analogous to bisulphate of potash containing as its constituents
sulphuric acid and neutral sulphate of ethyl oxide :

K0.80, + HO.S80,
K0.80, + C,H,0.50;

Preparation.—In order to prepare ethyl sulphuric acid, eon-
centrated oil of vitriol is quickly but carefully mixed with
strong alcohol, and the mixture heated for some time on a
water-bath :

H H
S0, { 1 +C.H,0H = so‘{ ¢, HO-

1 Warlitz, 4nn. Chem. Pharm. cxliii. 72, 8 @ilb, Ann. Ixiii. 81.
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&

The product always contains free sulphurie acid and unaltered
alcohol, both when equal molecules are employed or when an
excess of either compound is used, and even if the heating be
carried on for any length of time. - Hennell,! who' used equal
parts by weight of alcohol of specific gravity of 082 and oil of
vitriol, found that 56 per cent. of the latter is converted into
ethyl sulphuric acid. Berthelot,? in mixing equal molecules of
acid and alcohol of 94 per cent. strength, obtained the following -
yields: :

After 40 hours . ' . . .. 56 per cent.

» 90 'L . . . . . 57'4 ”»
DG BT M S e e Y o
PRIz . A e SN 38 5

When alcohol containing 20°7 per cent. of water was employed,
the production of the acid went on much more slowly, and after
a lapse of 147 days the liquid contained only 548 per cent. of '
ethyl sulphuric acid. On the other hand, by using absolute
alcohol, the yield can, according to Claesson,® be raised to 774,
per cent. This last-named chemist heated a mixture of alcohol
and pure sulphuric acid on the water-bath, and employinfg, to
one molecule of acid, varying quantities of alcohol, expressed inl
molecules, obtained to 100 parts of sulphuric acid the yields as
noted below :

0-5 1 15 2 25 3 4
731 571 596 65 72 T4 774

From this it appears that, when equalmolecules of acid and
alcohol are employed, 57'1 per cent. of ethyl sulphuric acid. is
formed. This yield increases, however, with an increase in
the quantity either of acid or of. alcohol.

Ethyl sulphuric acid is also formed when sulphuric acid,
warmed on a water-bath, is saturated with ether vapour :

H
2 S0 { +(CH),0 = 250, { G, + HO.

In order to prepare ethyl sulphuric acid from the product
obtained by one or other of these reactions, the mixture is
allowed to cool completely, then several times its volume of
water is added, and the whole is neutralized with barium

1 Phil. Trans. 1828, ii. 365. 2 Bull. Soc. Chim. xix. 227,
3 Journ. Prakt. Chem. [2], xix, 246,
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carbonate or white-lead. In all these operations a rise of tem-
perature must, as much as possible, be avoided. The solution
of the barium salt is then carefully acted upon with the requisite
quantity of sulphuric acid, or the lead salt is decomposed with
sulphuretted hydrogen, and the filtered liquid evaporated in a
vacuum over sulphuric acid. A colourless, oily, very acid liquid
is thus obtained which has a specific gravity of 1:035 to
1037. This is insoluble in ether, and is decomposed on long
continued exposure to sulphuric acid in a vacuum. On heating
a little ether is given off (Hennell, Sertiirner), This is explained
by the fact that the acid cannot be obtained quite anhydrous,
inasmuch as some alcohol is formed, and this acts in the usual .
way on the ethyl sulphuric acid.

Its dilute aqueous solution decomposes slowly on standing,
and quickly when warmed or boiled, into sulphuric acid and
alcohol.

Anhydrous ethyl sulphuric acid is obtained, according to
Claesson, by slowly dropping chlorsulphonic acid into well-
cooled alcohol. Like the corresponding methyl compound, it is
an oily liquid which does not adhere to the surface of glass.

TrE ETHYL SULPHATES.

233 Ethyl sulphuric acid is a monobasic acid forming a series
of salts, all of which are soluble in water, and usually crystallize
well. Some are very stable compounds, whilst others decom-
pose on standing. Their dilute solutions can be boiled without
decomposition, but in concentrated solution they decompose with
formation of aleohol, sulphuric acid, and a sulphate. This
decomposition does not take place in the cases of the salts of
the alkalis or alkaline earths, provided an excess of alkali be
present.

Potassium  Ethyl Sulphate, K(C,H)SO,, is obtained from
the barium or caleium salt by double /decomposition with
potassium carbonate. It is usually obtained in tablets closely
resembling those of boric acid, but when slowly crystallized, it
yields larfre transparent monoclinic tables. At 17° it dissolves
in 0'8 part of water. It is also soluble in spirit, but not in
absolute alcohol, and deliquesces on exposure to moist air.
When fused with caustic potash, alcohol is formed, and, on
heating with dilute sulphuric acid, ether is produced. This
salt is frequently employed for the preparation of other ethyl
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compounds, because this, as ‘well as other ethyl sulphates, when
heated with salts of other acids, yields a new ethereal salt by
replacement of the metal by ethyl.

Sodium Ethyl Sulphate, Na(C;H)SO, + H,0, is formed as
a canliflower-like deliquescent mass, which is soluble in alcohol.

Ammonium Ethyl Sulphate is easily soluble in water, alcohol,
and ether, depositing from solution in large, colourless, deli-
quescent crystals, which fuse without decomposition at 62°,

Calcium Ethyl Sulphate, Ca(CH,SO,), + 2H,0, is obtained
by saturating crude ethyl sulphuric acid with chalk. The
solution thus obtained, which contains gypsum, may be con-
veniently used for the preparation of the foregoing salts. It
crystallizes in tablets, and also in transparent monoclinic crystals,
which are unalterable in the air and easily soluble in water,

Barium Ethyl Sulphate, Ba(C,HS0,),+2H,0, is isomorphous
with the calcium salt, and crystallizes in colourless glistening
tables or prisms, which dissolve at 17° in 092 part of water,
and is also soluble in spirit, but not in absolute alcohol, which
on boiling removes from the salt one molecule of water.

Lead Ethyl Sulphate, Pb(C H5SO4)2 + 2H,0, cry‘sfalhzes in
large colourless tables, soluble in water and splrlt These lose
water easily, and decompose slowly on keeping, with formation
of lead sulphate, sulphuric acid, ether, and ethyl sulphate, for
which reason the salt attains a pleasant smell. When its
solution is saturated with lead hydroxide, a liquid having a
neutral reaction is obtained, and this on evaporation in a
vacuum leaves a residue of a basic salt, (PbC,H,SO,),0, as an
-amorphous mass. This is much more permanent than the
normal compound, although very hygroscopic and easily soluble
in water. :

Silver Ethyl Sulphate, Ag(CH;)SO, + H,0, forms small
glistening tablets, readily soluble in spirit.

Besides the compounds above described, various other ethyl
sulphates are known.

NormanL ErYL SuLpHATE, (CH,),SO,

234 This compound was examined by chemists in the last *
century, but its nature has only quite recently been ascer-
tained. Formerly this ether was prepared by distilling spirit
of wine with oil of vitriol. This operation was conducted
in a retort heated in a sand-bath, and as soon as the ordinary
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ether had come over, the receiver ‘was: changed and: normal
ethyl sulphate, or, as it was termed, wine-oil-or oleum witroliz
dulce, collected. Concerning the formation . and . composition
of this body, very different  views were held.. Towards, the
end of the last century it was:generally assumed - that wine-
oil .is ether: rendered ‘impure - by the presence of a large
quantity of sulphuric acid,: for Wiegleb stated: that. common
ether is obtained in large quantities when this ‘substance.is dis-
tilled with caustic potash. In the year 1797 the: difference
between wine-oil and common ether was distinctly pointed out
by Fourcroy and Vauquelin, who assumed that. the first com-
pound stood in the same relation to ether as ether .does to
alcohol. This view was generally adopted until Hennell, in
1826, proved that: the compound: contains sulphurie acid, and
that it is to be considered as a:compound: of this acid -with
carbon and hydrogen, in which:the/latter :elements,are.present
in the same relative quantities as in ether .itself. . He also
showed that, when wine-oil is heated with water or with alkalis,
sulphovinic acid is formed, whilst a liquid hydrocarbon is
liberated. This in some cases -crystallizes, and. possesses the
composition of olefiant gas. . These facts were fully confirmed
by the subsequent investigation of Serullas! Marchand,? and
Liebig.3 Serullas found that, when wine-oil undergoes distilla-
tion, it yields the salts of ethyl sulphuric acid, and  Liebig
gave to it the formula (C,H}),S0, + CH SO, and termed it
sulphovmate of wine-oil.

According to the recent experxments»of Claesson,* -wine-oil
consists chiefly of ethyl sulphate, generally mixed with alarger
or smaller quantity of the polymers of ethylene, a fact already
observed by Hennell; this latter chemist distinguishing
between wine-oil, a liquid boiling at 280°, and etherin, a solid
crystalline mass obtained when the wine-oil is allowed to stand
for some days.

The first attempt to obtain pure normal ethyl sulphate was
made by Wetherill,® who passed the vapour of sulphur trioxide
into ether or alcohol. He thus obtained a colourless liquid
smelling like peppermint which decomposes on heating, and
which, as Erlenmeyer afterwards showed, is a mixture of normal

ethyl sulphate and -ethyl isothionate, C,H {SO C,H,
* Ann. Chim. Phys. xxxix. 153, 2 Journ. Prakt. Chem. xv. 8.

8 Pogg. Ann, xxi. 40, 4 Journ. Prakt Chem. [2], xix, 255.
.5 Ann. Chem. Pharm.1xvi.:117.
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Ethyl sulphate was first obtained in the pure state by Claesson
in acting on alcohol with ethyl chlorsulphonate, a body which
will be described immediately. He also prepared it by the
action of sulphuric acid on absolute alcohol. If ice and then
water be added to the cold mixture and the liquid shaken up
with chloroform, the sulphate is dissolved and left behind on
evaporation. Ethylsulphate is also formed when silver sulphate
is heated with ethyl jodide to 150°! Claesson obtaining a
satisfactory yield in this way.

Ethyl sulphate is a colourless liquid, insoluble in water,
possessing a pleasant. peppermint-like smell ; it boils at 208°
with slight decomposition, but may be distilled unaltered under
diminished pressure. At 19° it possesses a specific gravity of
1°1837. It is only very slowly decomposed by cold water, but
boiling water decomposes it more ‘or less quickly according to
the amount present, alcohol and ethyl sulphuric acid being first
formed. If ethyl sulphate be heated with alcohol, the following
reaction takes place : 2

C,H, CH L | C,H
SOt + i f O = 80 { G, + O} O-

Ethyl Chlorsulphonate, CL.8S0, OC,Hy, ‘was first .prepared by
Kuhlmann,? and afterwards more carefully examined by William-
son * and Purgold.® According to the latter chemist; the com-
pound is an' oily, strongly smelling liquid, which can be distilled
in'a vacuum. The:same compound is obtained' purer and more
readily, as<was found by Miiller,® by leading ethylene gas into
chlorsulphonic acid.. In order to purify the crude product, it is
either distilled in a vacuum or mixed with ice-cold water and
dried over anhydrous copper sulphate. - The pure compound
boils under ordinary pressure with slight decomposition at from
151° to 154° (Claesson). It has a penetrating pungent smell,
and acts very violently upon the eyes. © When absolute alcohol
is-allowed slowly to run into this compound, a violent reaction
occurs, which,- aceording - to-.Claesson, may ‘be represented as
taking place in two directions:

© 1. Stempnewsky, Ber. Deutsch. Chem. Ges. xi. 514.
3. Erlenmeyer, Ann. Chem. Pharm., clxii, 373,
3 Awnn. Chem. Phorm. xxxiii. 108,
& Quart. Journ. Chem. Soc. x. 97.
8 Ber. Deutsch, Chem. Ges. vi. 502.
¢ Ibid. vi, 227.
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cl OH |
(W80, { 5, + CH,OH = 50, { 06|, + CHL

cl OH ,CH
(2)80, { 0,11, 2C.H,.OH = soz{ OC.H,+ G } 0 + HCL

If alcohol be added to ethyl chlorsulphonate, ethyl chlorde,
hydrochloric acid, and a small quantity of ethyl ether is formed,
and a considerable quantity of ethyl sulphate :

soz{ 8102115 + HOCH, = 80, { 88:%2 + HOL

235 Hydrogen Ethyl Selenate, H(C,H;)SeO,, is formed when
equal parts of spirit of wine and concentrated selenic acid are
heated together for some time to 100°. In order to purify the
product, it is diluted with an equal volume of water, neutralized
with lead carbonate, and allowed to evaporate to one-half in a
vacuum. The greater portion of the lead is then thrown down
in combination with selenic acid, and the rest precipitated as
sulphide with sulphuretted hydrogen, and thus an aqueous,
strongly acid liquid, containing ethyl selenic acid, is obtained.
It very readily decomposes, and forms a series of salts which are
also very prone to decomposition.'

Potassiwm Ethyl Selenate, K(C,H,)SeO,, forms small talc-like
tablets which possess a sweetish saline taste.

Lead Ethyl Selenate also crystallizes in tablets, and is so
unstable that it has not been analyzed. If a solution of
lead ethylsulphate be added to its solution and the mixture
evaporated in a vacuum, tablets having the composition

3 [Ph(C,H,S0,), + 2 H,0] + 2 [Pb(C,H,Se0,), + 2H,0]

are deposited. The normal ethyl selenate is not known,

Ernyn Nrrritg, C,H,NO,.

236 Raymond Lully is generally said to have been the dis-
coverer of this compound, which was formerly known as nitric
ether, and it is certainly true that he was acquainted with the
violent action which nitric acid produces on alcohol, but in his
process he allowed the ether to escape. Later chemists who speak
of the spiritus nitri duleis s. dulcificatus, understood by this term
the residue which remains behind after the reaction. Hugens

Fabian, dnn. Chem, Pharm. Suppl. i. 241,
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and Papin! showed that when alcohol and nitric acid are mixed
together under the receiver of an air-pump, an elastic fluid
is formed. Kunkel,? however, was the first to observe that
a liquid which swims on the surface of water may be obtained
from such a mixture. This observation remained unnoticed,
because the so-called nitric ether, largely used as a medicine,
was obtained by distilling a considerable quantity of alcohol with
a small quantity of nitric acid, and was, therefore, only obtained
in dilute alcoholic solution. Navier, a physician at Chalons
sur Marne, observed in 1742 the fact already noticed by Kunkel,
namely, that an ethereal smell is perceived when nitric acid and
spirit of wine are mixed together, and that when a mixture of
equal volumes of these liquids is placed in a vessel and allowed
to stand for ten days, an ethereal liquid swims on the top.
This fact was communicated to the French Academy by Duhamel
in the above year, and the liquid thus produced was believed to
be closely allied with Frobenius’s ether.

Another method of preparing nitric ether which was after-
wards largely employed, especially by Berzelius, was suggested
by Black in 1769. It consists in pouring nitric acid, water, and
spirit of wine into a tall vessel, in alternate layers one above
the other, when nitric ether is formed by the gradual mixture of
the liquids. Tielebein, in 1782, stated that the best yield was
obtained when the process of Navier was adhered to, and strong
nitric acid and spirit of wine mixed in the cold, the vessel being
quickly closed. This proposal gave rise to the publication of a
great number of receipts on the best means of preparing nitric
ether, all of which, however, depended on the alcohol being
gradually added to nitric acid, and the separation of the nitric
ether, which is formed, from the rest of the liquid either by
pouring off or by distillation.

The compound formed by this action of nitric acid on alcohol
is, however, not ethyl nitrate as was formerly supposed, but
ethyl nitrite, one part of the alcohol being oxidized, and the
nitrogen trioxide, thus formed, combining with another part of
the alcohol in the following way :

2 C,H,0H + N,0, = 2C,H,NO, + H,0.

Ethyl nitrite thus obtained always contains oxidation-products
of alcohol, especially aldehyde, and this turns alcoholic potash
brown when shaken up with the liquid.

1 PRil, Trans. 1675 2 Epistola sontra spiritum vind sine acido, 1681,
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Ethyl nitrite free from aldehyde is. prepared by leading
nitrogen trioxide, ‘ obtained by heating one part of starch
with' ten parts of mitrie: acid, of speciﬁc gravity 1-32, into a
cold mixture of two parts of 85 per. cent. spirit and one
part of water. During this. operation the heat evolved is
so -great that the retort. must be cooled by immersion in
cold ' water, and then the nitrous ether distils over spontane-
ously. . The vapours arecondensed in a well-cooled receiver,
washed with water in order o remove alcohol, and dried over
chloride of calcium.?; According to Schmidt and Duflos, a small
quantity of ethyl chloride is formed at the same.time, and for
this reason it is better.to dry the substance over carbonate of
potash. '

Instead :of leading :nitrogen trioxide into the liquid, the gas
may be evolved in the liquid itself. In the method proposed by
E. Kopp,? equal volumes of spirit.of wine and eommon nitric acid
are mixed together, and .copper -turnings added, when a quiet.
action commences by itself, and the distillation -is completed
almost without heating. - Carey Lea® distils 90 ce. of nitric acid of
specific gravity 1-37 with 150 cc. of 90 per cent. spirit'and 40
grams of ferrous sulphate, the distillate being freed from ether
by shaking with water. Ethyl nitrite is also. easily formed when
potassium nitrite is added to a.mixture of sulphuric ‘acid and
alcchol (Proust) =

S0 {CH + KNO, = S0 i & + CHNO,

Again,potassium or'sodium nitrite may be distilled with alcohol
and dilute sulphuric acid, or the mixture may. be allowed to stand
in a well-closed bottle surrounded with ice, when the nitrous acid
converts the alcohol into the ether.* - Accordingly to Feldhaus?®
this is the best method. of preparation. He mixes 1 liter of a
solution of potassium. nitrite, containing 460 grams of the salt,
with half a liter- of .alcohol, and pours the solution gradually
into one’ econtaining 750 grams of sulphuric acid, 1 liter of
water and half a liter of alcohol: Heat enough is evolved to
enable the ether to distil over, and a, yield of 336 grams of the
substance is in this way obtained.

- Ethyl nitrite is a mobile liquid-possessing a pleasing and yet

1 Tiebig, Ann. Pharm. xxx. 142. . % Rev. Scientif, xxvii, 273.

3 Sillim. Amer. Jowrn. [2), xxxii. 178, 4 Hare, Phil, Mayg. [3], xv. 488.
8 Ann. Chem. Pharm. cxxvi. 71.
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penetrating ethereal smell, resembling apples or Hungarian
wine, and a peculiar pungent taste. It boils at 18°, and has
a specific gravity of 0-900 at 15°5 and a vapour density of 2:627
(Dumas and Boullay). When ignited in contact with air it
burns with a bright white flame. The pure ether can be kept
for many years without undergoing any change, but if impure,
and especially if it contains water, it soon becomes acid and
gradually evolves oxides of nitrogen in such quantities that the
bottle containing it frequently bursts. Alkalis, especially in
alcoholic solution, decompose it quickly with formation of
alcohol. Ammonium sulphide acts violently upon it according
to the following equation :

C,H,.0.NO + 3 (NH,),S = C,H,.0H + 7NH, + H,0 + 38.

No trace of an ethyl-base is formed in this reaction (E. Kopp ;
Carey Lea).

The alcoholic solution of ethyl nitrite is known under the
name of spiritus aetheris nitrosi and is used as a medicine.
According to the British Pharmacopeeia it is prepared as
follows: To 1 pint of rectified spirit of wine add 2 fluid
ounces of sulphuric acid, stirring them together: then add in
the same way 2} fluid ounces of nitric acid. Put the mixture
into a retort into which 2 ounces of fine copper-wire (No. 25)
has been introduced and into which a thermometer is fitted.
Attach a condenser and apply gentle heat; let the spirit distil
at a temperature from 170° to 175° (Fah.) until 12 fluid ounces
have passed over. Then add half an ounce more nitric acid to
the residue in the retort and distil as before until the whole
product makes up fifteen ounces. Mix this with two pints of
rectified spirit, or enough to bring the specific gravity to 0'845.

In former days this sweet spirit of nitre stood in high repute
amongst physicians, and is now used as a pleasant and mild
irritant. 4

ErayL Nitrate, C,H,NO,.

237 It has already been stated that common nitric acid acts
as an oxidizing agent on alcohol, and the more violently the
more nitrous acid it contains. Millon! showed in the year
1843 that this oxidizing action does not take place, and that
nitric ether is formed, provided that the lower oxides of nitrogen

! dnn. Chim. Phys. (8], viii. 233.
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present in the nitric acid be destroyed by the addition:of ‘a
small quantity of urea, the decomposition effected: by the urea
being :

CO(NH,), + 2HNO, = 3H,0 + CO, + 2N,.

In order to prepare ethyl nitrate according to Millon’s process
a mixture of 60 to 75 grams of spirit of specific gravity 0-:854,
and a like quantity of nitric acid of specific gravity 14, is dis-
tilled with 1 to 2 grams of nitrate of urea at a gentle heat.
The receiver is charged as soon as ethyl nitrate begins to
distil over instead of aqueous alcohol, and this point may be
recognised by the peculiar odour of the distillate.  When seven-
eighths of this have come over, the operation is stopped, the
distillate mixed with dilute caustic potash and water, and the
ether dried over calcium chloride and rectified.

Carey Lea! has improved this method inasmuch as he dis-
solves from four to five times the quantity of urea recommended
by Millon in warm alcohol, adding ‘an equal quantity of nitric
acid of specific gravity 1401 and distils the mixture until one-
fifth of the whole has passed over. To the residue, alcohol and
nitric acid are again added, and these operations are repeated
several times until the whole of the urea is decomposed.

According to Heintz2 the best proportion is as follows:
80 grams of nitric acid of specific gravity 14 are warmed
with some nitrate of urea, and to this, when it is cold, 60 grams
of spirit of specific gravity 0°81 and 15 grams of nitrate of urea
are added, and the mixture distilled to one-eighth. A similar
method has been described by Bertoni® for the preparation of
large quantities of the nitrate.

Ethyl nitrate is also formed, as Persoz* has shown, when to
20 grams of perfectly pure highly concentrated nitric acid
cooled in a mixture of ice and salt, 10 grams' of absolute
alcohol are added drop by drop, the mixture being continually
stirred. In order to separate the ether, ice is then added.

Chapman and Smith 5 have not found this method advan-
tageous and have suggested the fullowing. Two volumes of
concentrated sulphuric acid and one volume of fuming nitric
acid, of specific gravity 136, which has previously been heated

1 Siltim. Amer. Journ. [2], xxxii. 178 ;. xxxiii.. 86
2 4nn. Chem. Pharm. cxxvii. 43. 3 Ber. Deutsch. C'Ium Qes. ix. 1692.
4 Compt. Rend. lv, 672, ‘ 5 Journ. Chem. Soc. xx. 684.
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with a small quantity of urea, are mixed together. To the cold
mixture a few grams of urea are added, and then gradually one
part of alcohol for every three parts of the mixture, the whole
being then well stirred. = The nitrate then separates: out as a
light layer. Champion! states that ethyl nitrate can bemore
simply obtained by bringing a cold mixture of one: part of strong
nitric acid and two parts of sulphuric acid into a well-cooled
mixture of sulphuric acid and strong spirit.

Ethyl nitrate is also formed by the action of ethyl iodide on
silver nitrate.?

Ethyl nitrate prepared according to one or other of these
various processes, is well washed with water and dried over
chloride of calcium or ignited carbonate of potash. It is a
mobile liquid possessing a  pleasant smell- which however is
quite different from that of the nitrite. It has a sweet taste,
but a bitter after-taste. It boils at 86°3, and has a specific
gravity at 0° of 11322 (H. Kopp). When ignited it burns with
a bright white flame. Whilst Millon was ascertaining the
vapour density of nitric ether according to Dumas’s method and
attempted to seal the neck of the bulb containing the vapour,
heated above its boiling point, with a blowpipe flame, a violent
explosion took place which broke the bulb. The vapour, when
heated to a lower temperature may, however, be inflamed with-
out explosion. ‘Concentrated caustic potash does not .act at
ordinary temperatures on ethyl nitrate, but an alcoholic solution
quickly decomposes it with separation of crystals of nitre. -

PoospEITES AND PHOSPHATES OF ETHYL.

238 Hydrogen Ethyl Phosphite or Ethyl Phosphorous Acid,
H,(C,H;)PO,, is formed when phosphorus trichloride is allowed
to fall drop by drop into well-cooled spirit of wine of specific
gravity 0:850.3

PCl, + 2 C,H,0H + H,0 = Hy(C,H,)PO; + C,H,Cl + 2 HCL

The solution is then gently heated in order to drive off the
hydrochloric acid and chloride of ethyl, and the residue is
allowed to evaporate to a syrupy consistency in a vacuum. The

1 Compt. Rend. 1xxviii 1150.

? Warster, Ber. Deutsch. Chem. Ges. v. 406,
¥ Wurtz, dnn. Chim. Phys. [3], xvi. 218.
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acid thus obtained very readily decomposes into alcohol and
phosphorous acid. The salts, which however do not crystallize
well, are more permanent than the acid. In order to obtain
the barium salt, the acid solution is saturated with barium
carbonate, and filtered from the barium phosphite.  The
other salts can be obtained from the barium salt by double
decomposition.

Potasstum Ethyl Phosphite forms a thick syrup.

Barium Ethyl Phosphite, Ba { H(G,H,)PO, is an amorphous

g H(C,H;)POy y

deliquescent friable mass.

Lead Ethyl Phosphite, Pb { gggzgzgggi, crystallizgs in unc-
tuous, shining scales, unalterable in the air. Its aqueoussolution
gradually deposits lead phosphite.

Normal Ethyl Phosphite, (C;H;);PO;, is obtained by acting on
absolute alcohol with phosphorus trichloride, or better by dis-
solving sodium in alcohol, evaporating to dryness, and gradually
adding the calculated quantity of phosphorus trichloride. In
order to diminish the violence of the reaction, which otherwise
takes place with evolution of light, the mixture is diluted with
five volumes of pure ether. The mixture is heated during the
operation to the boiling point of ether, until no further acid
vapours are evolved. The ether is then distilled off on a
water-bath, and the ethyl phosphite is obtained by subsequent
distillation from an oil-bath. - It is purified by rectification in a
current of hydrogen as it undergoes oxidation in the air.!

Ethyl phosphite is a colourless disagreeably smelling liquid
which boils in an atmosphere of hydrogen at 188° and in the

~air at 191°. It has a specific gravity of 1075 at 15°5, is easily
inflammable and burns with a bluish-white flame. It is not
only soluble in spirtt of wine, but also in water. Heated with
the exactly requisite quantity of baryta it forms alcohol and
barium diethyl phosphite [PO4(C,Hy),],Ba, which remains as a
deliquescent crystalline mass. Other diethyl phosphites may
be obtained from this by double decomposition ; these are all
soluble and difficultly or non-crystallizable, When diethyl
phosphite is heated with an excess of baryta solution the soluble
barium salt of dibasic ethyl phosphoric acid, POy (C,H,)Ba,
crystallizes out.  The other salts of this acid do not crystallize.
The existence of two ethyl phosphoric acids, the one monobasic

1 Railton, Chem. Soc. Jowrn. vil, 216.
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(Wurtz) and the other dibasic (Railton), can be explained by the
following formule :

Wurtz's Acid, Railton’é zhcid.
0 =p 0H 0 =P 0H"
\OC,H, \OH

According to this, the latter acid should be identical wi
ethyl phosphinic acid obtained by oxidizing ethyl phosphine, but
this is not the case. Whilst the latter is a very stable compound,
the dibasic ethyl phosphoric acid cannot be isolated, and if the
barium salt be boiled with water, barium phosphite and alcohol
are formed. These compounds require re-investigation.

Chloride of Ethyl Phosphorous Aecid, P(OC,H,)Cl,, is formed
when absolute alcohol is allowed to run into the calculated
quantity of phosphorus trichloride. It is a strongly refracting
fuming liquid, boiling at 117° and having a specific gravity
at 0° of 1'316. Water acts violently upon it with formation
of phosphorous acid, hydrochloric acid and alcohol.- By the
further action of alcohol it is transformed into the compound
P(OC,H,),Cl.

The three compounds obtained by the action of phosphorus
trichloride on alcohol, yield with chlorine or bromine, the ethyl
group in the form of haloid salt :

P(0OC,H,), + Cl, = PO(OC,H,),Cl + C,H,CL

In this case the chloride of diethylphosphoric acid is ob-
tained, whilst the chloride of diethylphosphorous acid yields
dichloride of ethylphosphoric acid, PO(C,H,0)Cl,, and the
chloride of ethyl phosphorous acid is converted into phosphorus
oxychloride.?

Acid Ethyl Pyrophosphite, O { 125882353811}, is not known in
A o

the free state, but its zinc salt is produced together with other
products when zinc ethyl is heated to 140° with phosphorus
pentoxide. The barium salt has the composition P,04(C,H;),Ba.®

239 Phosphates of Ethyl. Tribasic orthophosphoric acid forms
three ethyl compounds, two acid and one normal.

OH OH 0C,H,
PO-{ OH PO{002H5 PO { 0C,H,
0C,H, 0C,H, 0C,H,.

1 Mentschutkin, Ann, Chem. Pharm. cxxxix. 343.
2 Wicnelhaus, 4nn. Chem. Pharm. Suppl. vi. 257,
3 Dilling, Zeitsch. Chem. [2], iii. 266.
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E:hyl . Phosphoric Acid, PO,C,H,(OH),, was discovered in
1820 by Lassaigne! and afterwards investigated by Pelouze?
and Liebig.®. In order to prepare it, equal parts of vitreous
phosphoric acid and srong spirit are heated for some minutes to
from 60° to 80°. Afterstanding for twenty-four hours the liquid
is diluted with eight volumes of water, neutralized with barium
carbonate, and boiled in order.to drive off the excess of alcohol:
When the liquid has cooled down:to 70°, it is filtered and allowed
to stand in order that the barium salt may crystallize out. The
aqueous solution is then decomposed with the requisite quantity
of sulphuric acid. The lead salt may also be prepared, and
this decomposed by sulphuretted hydrogen. The filtrate is
first evaporated over a lamp, and is then concentrated by stand-
ing over sulphuric acid. An oily odourless liquid .is thus
obta.lned which possesses a biting acid taste. When heated,
it evolves the . vapours of alcohol and ether, and afterwards
ethylene gas. Its aqueous solution may be concentrated by
boiling ‘up-to a certa,m pomt. without decomposition ensulng

Ethy] phosphoric acid is also formed when ether is treated

with concentrated phosphoric acid It may also be prepared
by acting with phosphorus oxychloride on aqueous spirit (Schiff)
as well as by the action of iodine and phosphorus m the
preparation of ethyl chloride (Reynoso).

The ethyl phosphates of the alkaline metals are deliquescent,
and crystallize imperfectly.

Barium Ethyl Phosphate, BaC,H,PO crysta,lhzes in short

quadratic prisms or six-sided tables, and possesses an unpleasant

bitter saline taste. It loses its water of crystallization ‘at 120°
Its'solution saturated-at 40° deposits crystals both on cooling
and on heating.

« Lead Ethyl PkOSphate, PbC,H,PO, + H,0, is the least soluble
of all the ethyl phosphates, a&xd is therefore -easily obtained by
prempltatmor the foregoing salts with sugar of lead. It can be
obtained in'the crystalline state from solution "in b01hno'
water. : -

Arseriic’ Ethyl Phosphdte, As,(C,H;PO,),, is formed by dis-
solving arsenic’ trioxide in a boiling ‘solution of the acid, and
forms fine feathery needles.

Chloride of  Eithyl Phosphoric Aeid, PO,(C,H)CL,, is not only
formed by the methods above described, but also when equal

1 Ann. Ohim. Phys. [2], xiii. 294. = 2 Ib, lii, 37. v
3 Anun. Pharm. vi. 149, ' 4 Yogeli, Ann. Chem. Pharm. 1xix, 180.
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molecules of alcohol and phosphcrus trichloride are allowed to
act upon one another. It is an oily, readily decomposable sub-
stance, which, when distilled in a current of hydrogen, boils
pretty constantly at 167°,

Dicthyl Phosphoric Aeid, H(C,H;),PO,  In order to pre-
pare this acid, phosphorus pentoxide is allowed to deliquesce
under a bell-jar in the vapours of anhydrous alcohol or ether.
After one or two weeks a syrupy liquid is formed which con-
tains the above compound, together with phosphoric acid, ethyl
phosphoric acid, and frequently traces of tricthyl phosphine.
The easily soluble lead diethyl phosphate is then prepared, and
this decomposed by sulphuretted hydrogen, the. filtrate being
allowed to evaporate in a vacuum over sulphuric acid, when the
acid 1s obtained as a non-crystallizable syrup. The diethyl-
phosphates are soluble in water and easily crystallizable.

Lead Diethyl Phosphate, Pb(C,H),(PO,), If the impure
acid obtained as above described be saturated with white-lead,
and the filtrate evaporated, tablets of a difficultly soluble lead
salt first separate out, and the solution. beecomes acid. If this
be again neutralized with white-lead, an insoluble lead pre-
cipitate is thrown down, and the filtrate yields on evaporation
crystals of lead diethylphosphate, which may be purified by
recrystallization. The salt is deposited in needles easily soluble
in water and in hot spirit. They melt at 180°, and the fused
salt cools to a stellar crystalline mass.

Chloride of Diethylphosphoriec Acid, PO4(C,H),Cl, has been
already mentioned (see p. 363). It 1s formed by the action of
phosphorus oxychloride on the calculated quantity of alcohol,
and is a liquid decomposing on distillation.

Normal Ethyl Phosphate, (C,H;),PO,, was first obtained by
Vogeli by heating lead diethyl phosphate to 190°:

Pb(C,H,) (PO, = (C.H,),(PO,) + PbC,H,PO,.

It 1s also formed when silver phosphate is heated to 100°1
with ‘ethyl iodide, as well as. when phosphorus oxychloride,? or
pentachloride® acts on sodium ethylate or absolute alcohol : 4

POC, + 3 HO.C,H, = PO(OC,H,), + 3 HCL

It has already been stated that small quantities of these

! Clermont, Ann. Chim. Phys. [3], xliv. 330.

3 Limpricht, .4dnn.- Chem, Pharm. cxxxiv. 347.

3 Geuther and Bischoff, Jowrn, Prakt. Chem. [2], vii. 101,
4 Schiff, 4nn. Chem. Pharm. ci. 299.
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compounds are also formed when alcohol vapour acts upon
phosphorus pentoxide. If the reaction be allowed to take
place quickly, a considerable quantity is formed. According to
Carius?! the pentoxide should be mixed with three or four times
its volume of anhydrous ether, and then half the theoretical
quantity of alcohol added, and the ethyl phosphate separated
from the dlethylphosphorlc acid by distillation.

Ethyl phosphate is a colourless liquid possessing a peculiar
pleasant smell and a burning taste, having at 12° a specific
gravity of 1:072 and boiling at 215°, though towards the end of
the distillation the boiling-point reaches as high as 240°, and a
black acid residue remains. In a current of hydrogen, on the
other hand, it boils constantly at 203° (Wichelhaus). 1t is
miscible with water, and the solution soon becomes acid with
formation of diethylphosphoric acid (Carius) ; this decomposition
takes place, however, very slowly (Limpricht).

Ethyl Pyrophosphate, (C,H;),P,0,, is obtained by heating
silver pyrophosphate with ethyl iodide to 100°, as an oily liquid
possessing a peculiar smell and a burning taste. It is soluble
in water, alcohol, and ether, and its aqueous solution soon
becomes acid.?

THE ARSENITES, ARSENATES, AND BORATES OF ETHYL.

240 Ethyl Arsenite, (C;H,),As0,, 1s formed by the action of
ethyl iodide on silver arsenite, as well as by heating together
ethyl silicate and arsenic trioxide to 200°, when silica or an ethyl
polysilicate separates out. It is, however, best obtained by
treating arsenic tribromide with sodium ethylate. an excess of

the latter substance being carefully avoided, as it acts at once-

upon the ethereal salt with formation of common ether, In
order to decompose the excess of arsenic tribromide, the re-
sulting material is treated with dry ammonia, which unites with
the bromide to form a compound insoluble in spirit and in ether.
It is then filtered off, and the arsenite purified by distillation.
It is a colourless liquid boiling at 165° to 166° and having a
specific gravity of 1-224 at 0°. It is quickly decomposed by
water, with separation of arsenic trioxide.?
1 Carius, Ann. Chem. Pharm. cxxxvii. 121,

2 Clermont, 4Ann. Chem Pharm. xci. 875.
8 Clermont, Bull. Soc. Chim, [2], viii. 206; xiv. 99.

W T N —



ARSENITES, ARSENATES, BORATES OF ETHYL. 367

Ethyl Arsenate, (C,H;);AsO,, is obtained by heating silver
arsenate to 100° with the calculated quantity of iodide of ethyl
diluted with ether. Itis a colourless liquid, which boils under
the ordinary atmospheric pressure, with slight decomposition at
235° to 238°, but may be distilled in a vacuum without de-
composition. It dissolves in water with decomposition, the
solution yielding all the reactions of arsenic acid.!

Ethyl Orthoborate, (C,H),BO,, was discovered by Ebelmen in
1843, and investigated by this chemist and Bouquet.. They
obtained it by saturating alcohol with gaseous boron trifluoride.2
These experiments were afterwards corroborated by Bowman,?
and H. Rose noticed that ethyl borate could also be easily pre-
pared by distilling a mixture of two parts of anhydrous borax
and three parts of potassium ethyl sulphate. Frankland em-
ployed this reaction in his investigation on the organic com-
pounds containing boron,® and found that from the distillate,
which contains a large quantity of alcohol, ethyl borate could
be best separated by the addition of one-fourth part its weight
of fused calcium chloride ; after this has dissolved, two layers of
liquid make their appearance, of which the upper one contains
the whole of the ethereal salt, and this can be purified by
fractional distillation. It also is formed by heating boron trioxide
with alcohol for some time to 120°, and may be readily obtained
from the portion of the distillate coming over above 100° by
addition of a small quantity of sulphuric acid.

Ethyl borate is a thin colourless liquid boiling at 120°, having
a specific gravity of 0-861 at 26°5, a vapour density of 514,
and burning with a green flame. It has a peculiar pleasant
smell and a hot bitter taste. It is easily decomposed by water,
with separation of boric acid. When heated with boric trioxide,
cthyl metaborate, (C,H,),B,0,, is formed as a thick colourless
liquid, converted at 200° into orthoborate and ethyl triborate,
C,H,B,0,. This latter is a gummy mass, which, like the other
borates, is decomposed by water, with separation of boric acid.®

1 Clermont, Bull. Soc. Chim. [2), viii. 206 ; xiv, 99.

2 Ann. Chim. Phys. |8], xvii. 55.

3 Phil, Mag. [3], xxix. 546.

4 Pogg. Ann. xcviii. 245,

8 Ann. Chem. Pharm. cxxiv. 129 ; Phil. Trans, 1862, 167,
¢ Schiff, 4nn. Chem. Pharm. Suppl. v, 154.
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ETHYL SILICATES.

. 241 Ethyl Orthosilicate, (C,H,),Si0,, is formed, as Ebelmen?
has shown, by the action of silicon chloride on absolute alcohol.
It is a mobile pleasantly smelling liquid, having a strong taste of
peppermint, boiling at 165°-5, and having at 0° a specific gravity
of 0:9676. This ethereal salt is easily inflammable, burning
with a brilliant white flame, depositing clouds of very finely
divided silica, which is insoluble in.alkali. It is slightly
attacked by water, in which it is insoluble. On exposure to
moist air, it gradually decomposes, and a small quantity which
Friedel and Crafts? had kept for three years.in a badly stoppered
bottle was completely converted into a. mass. of .silicic acid,
which was so hard that it scratched glass. Absolute alcohol
dissolves this ethereal salt, without alteratxon and  aqueous
spirit. decomposes it quickly, with formation of ethyl polysﬂl-
cates. . When ethyl silicate is heated with silicon chloride in
a closed tube to 150°, one or other of the following chlorhydrins
are formed, according to the quantities.of .the. constituents
present :
Boiling-point.

SIOCHNCL .. oo s .. 155°7 to 157°
Si(OCH),Cly. ... . 136 to138°
Si(OCH)CL, . .. ... 103° to 105°

These compounds are: colourless liquids, easily decomposed by
water, and converted by the action of ethyl alcohol into ethyl
silicate, whilst the' other ‘alcohols: give mixed ethers as, for
example, the following:

Boiling-point._
Si(0C,H,),0OCH,. . . . 155°to 157°
Si(OC,H,),(OCH,), " . ". 143° to 147°
Si(OCH,)(OCH.),. . . 133°to 135°

Ethyl Disilicate, (C,H,)sS8i,0,, is formed by the action of
silicon chloride on aleohol containing a small quantity of water,
and is hence usually formed in the preparation of the ortho-
silicate :

28iCl, + 6 HO.G,H, + H,0 = 0 g}gggﬁgs + $ HOL
2 3

1 dnn, Chim, Phys. [3], xvi. 144, 2 Bull, Soc. Chim. v. 174, 238
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It is an oily liquid, resembling the orthosilicate in its smell;
is easily inflammable, boils between 233° and 234°, and possesses
at 0° a specific gravity of 1:0196 (Friedel and Crafts).

Ethyl Metasilicate, (C,H;),Si0,  This is formed, according to
Ebelmen, by the action of silicon chloride on aqueous aleohol.
It is a slightly smelling liquid, which boils at 350° and is de-
composed by water. Heated with a small quantity of water, a
gummy mass is obtained, which on cooling forms a glassy solid,
and is said to have the composition (C,H;),8i,0,. Friedel and
Crafts were unable to obtain this compound.

EtHYL CARBONATES.

242 - Hydrogen . Ethyl i Carbonate or » Ethylcarbonic = Acid,
H(C,H,)CO,. - This compound is not known in the free state, but
its corresponding potassium salt has.been obtained by Dumas
and Peligot' by passing dry -carbon: dioxide into a. solution of
caustic potash in absolute,alcohol, the solution being well cooled :

OK
0, + C,H,OH + KOH =.C0 { o.m, + HO.

At the same time both normal and acid potassium carbonate
are formed. In order to separate these, the liquid, as soon as a
considerable quantity of precipitate has been formed, is shaken
with an equal volume of ether and the solid mass collected on a
filter. From this mass absolute alcohol dissolves only the ethyl
potassium carbonate, and this may be obtained, on addition of
ether, in the form of a pearly crystalline precipitate, which is
decomposed slowly by aqueous.alcohol, but quickly by water :

OK b 0K
~oof OCH, +H0= CQ{ O + HO.CH,

< The corresponding sodium -compound is formed, according to
Beilstein, as a white precipitate, when carbon dioxide acts, on an
alcoholic solution. of -sodium ethylate,? and when normal ethyl
carbonate is heated with sodium ethylate to 120° (Geuther) :
~ (OCH CH, ONa C,H,
o ‘{ oCyH, +© { R { oc,H, * O{ CoH..
Normal Ethy! Carbonate, (C,H;),CO,. This body was dis-
covered by Ettling® in 1836, and obtained by him, together

1 Ann. Chim. Phys, lxxiv. 9. © 12 Ann. Chem. Pharm. cxii. 121,
. 3 Ann. Pharm. xix. 17,
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with carbon monoxide and other products, by heating pure ethyl
oxalate, (C,H;),C,0,, with sodium. Cahours? then showed that
it was also formed when the metal potassium was employed.

This peculiar reaction has not as yet found any satisfactory
explanation. Ethyl oxalate is indeed distinguished from ethyl
carbonate by an increment of CO, but as in the formation of
this latter compound the alkali metal disappears, the decompo-
sition cannot, as Gmelin? remarks, be explained by the supposi-
tion of a catalytic action. Hence it is probable that the following
reaction takes place :

2 (C,H,),C,0, + Na, = (C,H,),CO, + 2 C,H,0Na + 3 CO.

The other products which have been observed are formed by
the action of sodium ethylate on ethyl oxalate. Geuther,? who
has investigated this subject carefully, states that oxalic ether
can also be converted into ethyl carbonate when it is treated
with sodium ethylate, and Dittmar and Cranston* came to the
same conclusion, finding that, when one molecule of sodium
ethylate was used with four molecules of ethyl oxalate, three
molecules of ethyl carbonate, and three molecules of carbon
dioxide, together with about 04 molecule of alcohol, as well
as other products not exactly examined, were formed. Accord-
ing to Geuther, ethyl formate is also produced, as well as a
small quantity of a crystalline acid and two different brown
amorphous bodies having an acid character.

Ethyl carbonate is prepared by distilling a mixture of ethyl
potassium carbonate and ethyl potassium sulphate,® as well as
by acting on ethyl iodide with silver carbonate.® It is a colour-
less, pleasantly smelling liquid, boiling at 126°, and having a
specific gravity of 09998 at 0° (Kopp) and a vapour density of
4°09 (Cahours). It is easily inflammable, burning with a blue
flame. Treated with chlorine, it yields substitution-products, of
which the last is perchlorethyl carbonate, (C,Cl;),CO,.7 This
crystallizes in small white needles, which have a faint smell, melt
at 85°—86°,-and may be partially distilled without decomposition,
though yielding at the same time carbon dioxide, hexchlorethane,
and trichloracetyl chloride,®

1 Awn. Pharm, xlvii. 291. 3 Handbook, ix. 182.

3 Zeitsch. Chem. 1868, 652, 4 Journ. Chem. Soc. [2], vil, 441,
5 Chancel, Compt. Rend. xxxii. 587. 6 Clermont, %5, xxxix. 338,

7 Cahours, Ann. Chem. Pharm. xlvii. 294,

'8 Malaguti, dnn. Chim. Phys. [3], xvi. 80.
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00,01,
00{0001 = 0,01, + CO, + CC1.COQ.

Ethyl Orthocarbonate, C(OC,Hj),, was discovered by Basset,!
who prepared it by the action of sodium on a solution of chloro-
picrin in absolute alcohol :

4NaOG,H, + CCl, NO, = C(OC,H,), + 3NaCl + NaNO,,

It is an aromatic-smelling liquid, boiling at 158°—159°, and
easily decomposed by alcoholic potash, with formation of potas-
sium carbonate. When heated for six hours with boron trioxide
to 100°, the following reaction takes place: 2

. (C,Hy),CO, + 2 B,0, = (C,H,),CO; + (C,H,),B,0,.

Ethyl Chlorocarbonate, CO{glosz. This compound was

first obtained in 1833, by Dumas? by the action of carbonyl
chloride on absolute alcohol :

00{ G} + HOCH, = 00 { 8102}15 = HOL

It is a colourless mobile liquid, boiling at 94°, and having a
specific gravity of 1°133 at 15°. It possesses a suffocating and
irritating odour, but if the vapour be mixed with a large quan-
tity of air, it possesses a pleasant smell. In contact with warm
water, partial decomposition occurs, with formation of hydro-
chloric acid, and with alcohol it decomposes slowly, with forma-
tion of ethyl carbonate.t This last ether is also formed when
ethyl chlorocarbonate is treated with sodium :

TS 0C.H
zco{OCH + Na, = 00{00H5+co+2Na01

A similar reaction also occurs when this chloro-ether is acted
upon with sodium ethyl carbonate : 8

cl OC,H, 0C,H,
Co{ Gom + {O\Ia co{ OCH’ + €0, + NaCl

243 Ethyl Carbamate, CO { 0 (I)I 4 was obtained by Dumas,® in
g 26

1 Journ. Chem. Soc. [2], ii. 198 ; Ann. Chem. Pharm. cxxxil, 54.
3 Ann. Chim. Phys. [2]), liv. 226 ; Ann. Pharm. x. 277.

3 Butlerow, Zeitsch. Chem. 1863, 484,

4 Wilm and Wischin, 4nn. Chem. Pharm, exlvii. 150.
5 Wyss, Ber. Deutsch. Chem. Ges. ix. 847.
¢ Ann. Chim. Phys. liv. 225,
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1833, by acting with ethyl chlorocarbonate on ammonia, and he
termed it urethane, because it may be considered as a compound
of urea with ethyl carbonate. This name was afterwards changed
in accordance with the usually adopted nomenclature for. the
carbamine salts. Ethyl carbamate is also formed when:the
carbonate is allowed to remain in contact with cold ammonia,
whilst when heated, urea is formed.! Itis also produced by the
action of cyanogen chloride on:alcohal?

CION + 2 C,HOH = GHCL + ¢ | NH, }co

Ether may be also employed. instead:of alcohol, the reaction
then taking place slowly.? It is also formed together with ethyl
allophanate, when: the vapour of cyanic acid is passed into
alcohol or ether:*

NH,
HO.ON + C,H, OH_CHO}CO

In order to prepare this compound, ethyl carbonate is allowed
to remain in contact with an equal volume. of aqueous:ammonia
until the ether has all dissolved, and then the liquid:is allowed
to evaporate in a vacuum. : In this way fine transparent crystals
are obtained, easily soluble 1n water and alcohel.- ; Ethyl carba-
mate melts below .100° and on coaling, again solidifies  to a
spermaceti-like mass. When perfectly dry, it+boils without
decomposition at 180°,. subliming, however, at :a :lower tempera-
ture. In the moist state it partially decomposes:on heating,
with formation of ammonium carbonate.

Eihylamidomet] : N(CH)H 5

ylamidomethyl Carbonate, CO { OC,H, formed by
acting- on ethyl chlorocarbonate with a strong aqueous solu-
tion of methylamine. It is a colourless. not unpleasantly
smelling ethereal liquid, hghter than water, and boiling at 170°.
The ether produced in a corresponding way from ethylamine is a
very similar body, boiling between 175-6°.%

1 Cahours, Compt. Rend. xxi. 129.°

3 Wurtz, C’ompt Rend, xxii. 508,

3 _Cloéz, ’ Inst. 1857, 207, :
4 Licbig and Wohler, Ann. Chem, Pharm liv. 370 lvm. 260

$ Schreiner, Journ. Prakt. Chem, [2), xxi, 124, :
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EtuyL ArnopHANATE, C,N,H;0,.C,H,.

244 This ether was first obtained by Liebig and Wéhler, in
1830, by passing the vapour of cyanic acid into alcohol, and
described by them under the name of cyanic ether.! Fifteen
years later they found that this compound contains mneither
cyanic acid nor cyanuric acid, but a new acid, for which they pro-
posed the name of allopbarnic acid, because it'is a' substance
different from that which from its mode of formation might
have been expected.? Absolute alcohol absorbs the vapour of
cyanic acid with such avidity that the liquid begins to boil.
Hence it is best to dilute the alcohol with an equal volume of
ether, and to allow the saturated liquid to stand for twenty-
four hours, when the compound crystallizes out in fine prisms,
having a pearly lustre. These are best obtained by saturating
cther with cyanic acid, evaporating, and then adding 95 per
cent. spirit, and allowing the solution to stand.

Ethyl allophanate is also formed when a solution of potassium
cyanate in aqueous alcohol is acidified,® as likewise, together
with ethyl carbonate, when ethyl chlorocarbonate is brought
into contact with potassium cyanate and absolute alcohol : 4

2 CICO,C,H, + 2 KOCN + 3 HOC,H, = 2 KCl
+ 2(C,H,0),C0 + C,H,N,0,C,H,.

Ethyl allophanate 'is' tasteless -and odourless,” only slightly
soluble in cold water, alcohol, and ether, but more soluble in the
warm liquids. - It also dissolves without alteration in hot nitric
acid and dilute sulphuric acid. + It melts at 190-1°, and decom-
poses when it is allowed to stand at this temperature for some
time, with formation of alcohol and cyanuric acid (Amato). Its
constitution is recognised by the fact that it is also formed when
ethyl chlorocarbonate acts upon urea :%

/ NHz V / NHZ
¢o ' 4+ CICO.0CH, = CO + HCL
\NH, \NH-C0.00,H,
It is also formed by the direct union of cyanic acid and ethyl
1 Pogg. Ann. xx. 396, 2 Ann. Chem. Pharm. lix, 291.
3 Amato, Gazz. Chim. Ital. iil 469, 4 Wilm, Licbig's Ann. cxcii. 243,

% Wilm and Wischin, 4nn. Chem. Pharm. cxlvii. 150.
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carbamate, which is the first product of the action of cyanic
acid on alcohol (par. 243).2

/NH, . NH - CO-NH,
¢o + NCOH = €0
\OG,H, \OC,H,.

On the other hand, the allophanate is decomposed into two
molecules of ethyl carbamate by heating it with spirits of wine
to 160°. If ethyl allophanate be heated with ammonia to 100°
biuret is formed :

CO.NH, CO.NH,
NH + NH, = NH + HO.C,H,.
\CO0.0C,H, \CO.NH,

Hence biuret (Vol. I. p. 652) is the amide of allophanic acid,
a substance which does not exist in the free state, although a
series of ethers and a few unstable salts are known. These
latter are obtained by the action of alkalis and alkaline earths
upon the ethers, and their aqueous solutions decompose very
easily on heating with formation of urea.

Dicthyl Cyanamidocarbonate, N(CN)(CO.0C,H,),, is formed
by the action of ethyl chlorocarbonate on sodium cyanamide
(Vol. I. p. 676). It is easily soluble in alcohol, separating
from the solution in large glistening crystals. When heated
with sodium ethylate the sodium salt, N(CN)(CO.0C,H;)Na, is
formed, crystallizing in glistening erystals which melt at 241°.
Concentrated sulphuric acid acting upon this latter compound,
yields the monethyl ether, N(CN)(CO.OC,H)H, a yellowish
syrupy liquid having an acid reaction and aburning taste. This
is decomposed by boiling water into carbon dioxide and alcohol.
If the sodium salt be heated with ethyl iodide, an ether is
formed, lLaving the composition N(CN)(CO.0CH,)C,H;; this
1s an oily liquid boiling at about 213°.2

Diethyl Guanidine Carbonate, CNH(NH.CO.0.C,Hy), is
formed by the action of ethyl chlorocarbonate on guanidine
(Vol. 1. p. 680):

NH, 1\'111.00.0021{5
" + 201C0.0CH, = CO=NH + 2HOCL
| |

NH, NH.CO.0C,H,.

1 Hofmann, Ber. Deutsch. Chem. Ges. iv. 262.
2 Bissler, Journ. Prakt, Chem, [2], xvi. 125.
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This compound is insoluble in water, but dissolves readily in
alcohol, cryqtallizinrr in colourless crystals melting at. 162°
When heated with alcoholic ammonia to 100° the monethyl
compound of urethane 1s produced :

NH.C0.0C,H, 1I\IH2

(I‘}=NH + NH, = (|)=NH + NH,.C0.0C,H,
l

NH.CO.0C,H, NH.CO0.0C,H,.

This monethyl ether is a powerful base, crystallizing from
aqueous solution in rhombic tablets and forming a series of
well-crystallizable salts.!

ErayL Formate, C,H,CHO,.

245 In the communication already referred to under formic
acid, Arfvedson, in 1777, states that when formic acid is distilled
with spirit of wine, oily drops of a liquid appear, the properties
of which he did not further investigate. Five years later
Bucholz obtained this ether in the same way, separating it from
the alcoholic distillate by means of water.

According to Kopp? ethyl formate is best prepared by
bringing 8 parts of anhydrous sodium formate into a retort and
pouring on it a mixture of 7 parts of 88 per cent. spirit and
11 parts of sulphuric acid, so much heat being evolved that the
ether distils and may be collected in a well-cooled receiver.
This ether is also formed as a by-product in the preparation of
ethyl oxalate (Lowig), and also by heating hydrogen ethyl
oxalate, (C,H;)HC,0,, with glycerin to 100°, the reaction which
here takes place being exactly analogous to that of the formation
of formic acid from oxalic acid. It is not necessary for this
purpose to prepare pure ethyl oxalic acid, but the crude product
obtained by heating oxalic acid for a long time with alcohol
may be employed.® A still more simple method is to heat
anhydrous glycerin with equal molecules of alcohol and oxalic
acid, connecting the flask with a reversed condenser until com-
plete decomposition has occurred ; the oxalic acid then requires
to be warmed and the ether distifs over.t -

2 ;Nenckl, Ber. Deutsch. Chem. Ges. vii 1588 Journ. Prakt. Chem, [2], xvii.

1" fnn. Chem. Pharm. 1v. 180, 'S Church, Phil. Mag. |4), xi. 527.
4 Lorin, Bull. Soc. Chim [2}, v. 12. i L

142
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The distillate obtained ‘according to one’ or other of these
methods is shaken up with milk of lime in order:to réemove free
acid, and then dried over chloride of calcium and rectified;

According to Dittmar! the product thus obtained is, however,
not quite pure. In order to remove the impurities it must be
warmed for some time with anhydrous copper sulphate and then
distilled.

Ethyl formate is a thin, mobile liquid, possessing a pleasant
penetrating and aromatic smell, and cooling taste. It boils at
549, and at 0° has a specific gravity of 0:9447 (Kopp). : One
part. of the ether dissolves in nine parts of water. It is hygro-
scopm and must be kept over calcium chloride, as it decomposes
in contact with water. The ether is much used for the artificial -
preparation of arrack and rum.

Dichlorethyl Formate is obtained by the action of chlorine on
ethyl formate in diffused daylight. It is a colourless oily liquid
having a bitter taste and aromatic smell. = This' decomposes on
heating, is slowly attacked by water; and ‘more quickly by
aqueous alkalis with formation of acetic acid, formic acid, and
hydrochloric acid.? - Hence-its' constitution is CH, CCl,0.CHO.

Perchlorethyl Chlorformate; C,Ck.0.CClO, is obtained from
the foregoing substance by the continued action of chlorine
in the sunlight. It is a transparent, colourless liquid, boiling at
200°, having a penetrating smell and unpleasant taste. - Like
many other perchlorinated compounds this ether is easily decom-
posed. Water and alkalis yield trichloracetic acid, hydrochloric
acid, and carbon dioxide, whilst with alcohol it combines to form
ethy! trichloracetate and ‘ethyl chlorocarbonate.?®

Ethyl Orthoformate, CH(OC,H,),. This compound was for-
merly called tribasic formic acid, and was first prepared by Kay
and Williamson * in 1854 by 'the action of chloroform on sodium
ethylate. - It is also formed when sodium is added to a mixture
of chloroform and absolute alcohol.® ©* Various other ‘methods
have been recommended for its preparation® : According- to
Deutsch,” the following is the best. - A mixture of 12 parts
of chloroform and 14 parts of absolute alcohol, diluted -with

1 Jowurn. Chem. Soc. xxi. 477,

2 Malaguti, dnn. Chim. Phys. [2], lxx. 369.

3 Clo&z, Ann. Chim. Phys. [3], xvii. 297.

4 Proc. Roy. Soc. vii..185. 5 Chemical News, viii 158.

¢ Sawitsch, Bull. Soc. Chim. 1860 ; Ladenburg and chhelhaus, Ann, Chem.
Pharm, clii. 164 Stapff, Zedtsch. Chem. 1871, 185,

7 Ber. Deutsch. Chem,. @es. xii, 115.
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anhydrous ether, is brought into a flask provided with a reversed
condenser, and 7 parts of sodium gradually added. As soon as
the action is over, the product is poured into water, the liquid
which separates out washed frequently with water; then-dried,
and the ether obtained in the pure state by fractional distillation.
This compound boils at 145°-146° and possesses a specific
gravity of 0-8964. It has a strongly aromatic smell, and when
heated with  acetic acid- or acetyl oxide it yields ethyl formate
and ethyl acetate (Sawitsch, Basset) :

0H(00115)3+8g8}0 - 2051 } CHO}-O

When bromine is added ‘to'ethyl ‘orthoformate it is absorbed
with slight evolution of heat, and without formation of hydro-
bromic acid. The colour disappears, one molecule of bromine
being used for every two of the ether.  If the liquid be now dis-
tilled, ‘ethyl bromide, alcohol, ethyl formate, and ethyl carbonate
are obtained.  This reaction probably takes place according to
the following equations (Ladenburg and ‘Wichelhaus)':

(1) CH(OG;Hy), + Br, = C,HBr + CO(OC,H,), + HBx.

(2) CH(OG,H,), + HBr = C,H,Br + GH-{ OC.E;

OH ‘ O v
@) CH{ 06, = CHOOC,H,) '+ HOCH,

Ethyl Orthosilicoformate, StH(OC,H,),, is obtained by the
action of absolute alcohol on silicon-chloroform (Vol L p. 561).
It is a colourless liquid boiling at 134, possessmo a pleasant
smell similar to that of ethyl sﬂlcate and is decomposed slowly
by water, and quickly in presence of alkalis with rapid evolution
of hydrogen. On treatment with sodium the compound decom-
poses as follows:

4 SiH(OC,H,), = SiHl, + 3 Si(0C,H,),

The sodium does not enter into the products of decomposition
and its mode of action has not yet been explained.!

1 Friedel and Ladenburg, Ann. Chem. Pharm. cxliii, 118,
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SULPHUR COMPOUNDS OF ETHYL,

246 Ethyl Hydrosulphide or Ethyl Mercaptan, C,;H SH. This
compound was obtained by Zeise in 1833 by distilling calcium
ethyl sulphate with a solution of barium hydrosulphide:

Ca(S0,C,H,), + Ba(SH), = 2C,H,.SH + CaSO, + BaSO,.

Mercaptan, as Zeise, named this substance, is also formed when
an alcoholic solution of potassium hydrosulphide is saturated
with ethyl chloride and then the product distilled, the current of
ethyl chloride being continued.! According to Liebig? it is
best obtained by saturating caustic potash of specific gravity
13 with -sulphuretted hydrogen, adding an equal volume of a
solution of calcium ethyl sulphate of the same specific gravity
and distilling. It is likewise easily obtained by acting with
phosphorus pentasulphide on alcohol? For other methods of
preparing mercaptan. the original memoirs may be consulted.*

In order to purify the crude product it is first separated from
water, dried over chloride of calcium, and distilled. The first
portions passing over consist of almost pure mercaptan, whilst a
quantity of ethyl disulphide formed at the same time'remains
behind. This latter substance is not formed when the mercaptan
1s prepared according’ to Regnault’s'method. '

In order to free it from sulphuretted hydrogen, which is
difficult to remove, it is best to rectify it over mercury mercap-
tide. It may also be obtained in the pure state by the decom-
position of this same compound, a description of which will be
found in the sequel (Zeise).

Ethy! hydrosulphide is a colourless liquid having a penetrating
garlic-like smell, and unpleasant taste. It boils at 36°2, has at
21° a specific gravity of 0-835, and possesses a vapour density
of 2188 (Regnault). A drop solidifies on a glass rod exposed
to a current of air, yielding a white mass which soon melts and
evaporates (Liebig). When mixed with water, and the mixture
cooled to + 2°, crystals are formed which melt again at 12°
decomposing into mercaptan and water.® These possess the
composition: C,;H S + 18H,0 (Claesson). Mercaptan forms

1 Regnault, 4in. Chim, Phys. [2], 1xxi. 890. gl iy
2 Ann. Pharm, xi. 14.
3 Kekulé, Ann. Chem. Pharm. xc. 310,
4 Sace, Ann. Chem. Pharm. li. 348 ; E. Kopp, zb lx1v 320 Debus, . Ixxii,

18 ; Ixxv. 121; Carius, 7b. cxii. 190 ; Schlﬂ‘ b, exviii. 90.
s H. Muller, Arch. Fharm. [2], cl. 147
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two compounds with titanium chloride, of which the first,
TiCl, + C,H,S, is deposited in blackish-red crystals, whilst the
other, TiCl, + 2C,HgS, has a bright scarlet-red colour, and
erystallizes well.! Mercaptan is easily inflammable, burning with . -
a blue sulphur-like flame. Nitric oxide is quickly absorbed by
this substance giving rise to a dark blood-red solution. Ethyl mer-
captan, both in the pure state and in solution in water, possesses
a neutral reaction. The hydrogen which is combined with the
- sulphur may readily be replaced by metals with formation of
compounds termed mercaptides.

Potassium Mercaptide, C,H SK, is formed with evolution of
hydrogen, when potassium is dissolved in mercaptan; and it
remains behind, when the excess of the volatile liquid 1s evapo-
rated, in the form of a granular mass, which, when heated,
andergoes decomposition.

The sodium compound prepared in a similar way, forms a
snow-like mass.?

, Lead  Mercaptide, (C,H,S),Pb, is thrown down on mixing
aleoholic solutions of mercaptan and lead acetate as a yellow
crystalline precipitate, which dissolves in an excess of lead ace-
tate and crystallizes from solution in needles It is unaltered
by caustic potash.

Copper Mercaptide, (C,H S)zCu is a pale yellow prec1p1(:a,te
obtained when a solution of potassium mercaptide is brought in
contact with one of copper sulphate.

Silver Mercaptide, C;H,SAg. Mercaptan acts upon silver oxide
so violently, even when it is diluted with alcohol, that ignition
may take place. Mercaptan produces a snow-white precipitate
in solution of silver nitrate, but this precipitate appears always
to contain nitric acid.

Mercuric Mercaptide, (C,H,S),Hg." Mercaytan acts violently,
with evolution of heat, on solutlons of mercuric salts yielding
a precipitate of the above compound. In orderto prepare it,
mercury oxide is added in small quantities to ethyl hydrosul-
phide well cooled with ice, and the mass thus obtained
recrystallized from boiling alcohol. Glistening, colourléss,
transparent tablets are obtained, which melt at 80°, and then.
solidify to a solid mass. This compound is decomposed above
130° with formation of vapours which attack the .eyes power--
fully. Tt dissolves in concentrated hydrochlonc acid without

1 Demargay, Bull. Soc. Chim, [2], xx. 127. .
2 Claesson, Bull, Soc. Chim. [2], xxv, 184 ; Journ,: Prakt. C‘h&m [2], xv. 193.
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deeomposition, and on cooling the dilute boiling acid, it separates
out in glistening crystals.- It is also unattacked by ecaustic
potash: It forms' a' difficultly soluble compound with ‘mercuric
- .chloride (C,H,S),Hg + HgCl,, obtained in the form of ghstening
tablets from boiling alcoholic solution.

- Bismuth Mercaptide, (CH 8);Bi, is obtained by the: actlon
of bismuth nitrate, and erystallizes in:elastic yellow needles
easily soluble in acids and ralcohol, ‘and precipitated when: the
acid solution is neutralized (Claesson).

Goid Mercaptide, C,H,SAu. Mercaptan does not act ‘upon
gold.-oxide so violently as upon silver oxide. If dilute aqueous
solutions of auric. chloride and mercaptan are mixed, a semi-
solid mass of  aurous mercaptide is formed, the chlorine which is
evolved decomposing a portion of the mercaptan. This com-
pound, when dried, forms a light amorphous :mass resembhng
aluminium hydroxide.

Platinum Mercaptide, (C,H,S),Pt, is a pale yellow precipitate,
which on exposure to air becomes heated nearly to incandescence,
leaving a black residue of sulphide of-platinum. :

ErnyL SuvrpHipg, (C,H;),S.

247 This was first obtained in 1833 by Débereiner,! and
afterwards more fully examined by Regnault.? In order to
obtain it, gaseous ethyl chloride is passed into ‘an alcoholic
solution of potassium hydrosulphide, and the operation conducted
exactly ‘as described under methyl sulphide. It may also ‘be
easily - prepared ' by distilling an alcoholic solution of potassium
monosulphide with  potassium ethyl sulphate.® It is further
obtained by the action of phosphorus pentasulphide on ether,*
and, together with mercaptan, when the pentasulphide is
allowed to act upon alcohol. The metallic sulphides, which
are decomposed ‘by hydrochloric acid, also yield this compound
when ‘they “are heated with the haloid ethyl ethers,® and some
ethyl sulphide is likewise formed when these sulphides are
brought together with a mixture of hydrochloric acid and
alcohol 8

1 Schweigg. Journ. 1xi. 377.
8 gnn Chim. Phys. [2], xxi. 387.
‘o, 4 Hobson, Quart. Journ. Chem. Soc. x, 56
¢ Beckmann, Journ. Prakt. Chem. [2], xvii, 451.
& Regnault, loc. cit.
8. Loir, Ann. Chim. Phys. [8], xxxix, 441 ; liv. 42. .
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To prepare pure ethyl sulplide the crude liquid is washed
with water, dried over chloride of calcium, or, better, over
phosphorus pentoxide, and then carefully distilled. It is a
colourless liquid, having a strong garlic-like smell, but some-
what less unpleasant than mercaptan. At 0° its specific gravity
1s 0:8367 ; it boils at 92°7 and its vapour has a density of 3-10.
(Regnault.)

If chlorine be passed into cold ethyl sulphide in the dark,
substitution-products are formed, which have been investigated
by Regnault? and Riche.® Ethyl sulphide also combines with
many metallic chlorides and iodides.*

Lihyl Sulphide Mercuric Chloride, (C,H,),S,HgCl,, s obtained
as a white erystalline mass, when an aqueous solution of corro-
sive sublimate is shaken up with €éthyl sulphide. It is soluble
in alcohol and ether, and crystallizes from solution in the latter
solvent in fine monoclinic prisms melting at 90°, and possessing
an aromatic smell. These lose ethyl sulphide on exposure to
air, and become opaque.

Ethyl Sulphide Mercuric Todide, (C,H;),S.Hgl,, is formed by
heating the foregoing compound, or mercuric sulphide, with
alcohol and ethyl iodide to 100° for several hours. It is depo-
sited in yellow needles soluble in alcohol and ether, melting at
110° and decomposing at 180°.

Ethyl Sulphide Titanium Chloride, 2(C,H,),S.TiCl,, forms fine
dark-red crystals. Another compound of a similar constitution
is known, which does not crystallize well, and has a rose-red
colour, (C,H,),S + TiCl, (Demarcay).

Ethyl Sulphide Platinum Chloride, 2(C,H,),S.PtCl,, is ob-
tained in a similar way to the mercury compound, and
erystallizes in yellow needles.

Ethyl Methyl Sulphide,” C,H,(CH,)S, was first obtained by
Carius® by heating ethyl dithiophosphate ‘with methyl alcohol
to 150°. It is also formed when the alcoholic solution of
sodium ethyl mercaptide is heated with methyl iodide.® This
compound 1s a disagreeably smelling quid boiling at 68°, and
forming a crystalline compound with mercuric chloride.

L Beckmann, loc. cit.- 2 Ann. Chim. Phys. [2], 1xxi. 887.
3 1. [3], xliii. 283. 4 Loir, loc. cit.

8 Ann. Chem. Pharm. cxix 813.

8 Kriiger, Journ. Prakt. Chenu. {2], xiv. 206.
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ETHYLSULPHINE COMPOUNDS.

248 Dicthylsulphine Compounds. When ethyl sulphide is
added drop by drop to well-cooled nitric acid of specific gravity
12 it dissolves, and forms a nitrate corresponding to the methyl
compound. This is a thick liquid. The compound has not been
obtained in the pure state. By the action of barium carbonate
on its aqueous solution, diethylsulphine oxide, (C,H;),SO, is
obtained,

This is a thick colourless liquid soluble in water, alcohol and

ether, which on cooling yields a crystalline mass, and decomposes
on heating.! When “treated with hydriodic acid, or with zine
and sulphunc acid, it is reduced to ethyl sulphide, and wheu
warmed with fuming ditric acid it is partially converted into
diethylsulphone, (02H5)ZSOZ. This latter compound may be
obtained in the pure state by shaking ethyl sulphide with a
solution of potassium permanganate.? It forms rhombic tables
soluble in water and alcohol, melting at 72°, and- subhmmg at
100°, though not boiling till 248°% On treatment with zinc and
sulphuric acid it remains unaltered, and is likewise unacted upon
by hydriodic acid and phosphorus pentachloride (Beckmann).
" Triethylsulphine Compounds. These bodies were discovered
by Oefele,* and afterwards investigated more carefully by Dehn®
and Cahours.® The iodide is easily formed by heating ethyl
sulphide with ethyl iodide.

Triethylsulphine Hydroxide, (C;H,),SOH, is obtained by the
action of freshly precipitated silver oxide on an aqueous solution
of the iodide. The solution when dried in an exsiccator leaves
a crystalline "extremely deliquescent mass. This possesses a
strongly alkaline reaction, attacks the skin like caustic potash,
decomposes ammoniacal salts, precipitates the solutions of
metals, and dissolves aluminium hydrox1de

Triethylsulphine Chloride, (C,H,),SCl, is obtained from the
hydroxxde by saturation with hydrochloric acid. It crystalhzes
in deliquescent needles difficultly soluble in alcohol, and com-
bines with a number of metallic chlorides to form double salts
such as 2(C,H;);SCl + PtCl,. This latter is. deposited from
solution in hot water in yellowish-red monoclinic prisms.-
1 Beckmann, Journ. Prakt. Chem, [2], xvii, 452.

2 Oefele, Ann. Chem. Pharm. cxxvii, 370 ; exxxii. 82.
3 Ib. cxxxii, 88. 4 Loc. cit.
5 dAnn. Chem, Pharm, Suppl. iv. 83, § Ann. Chim. Phys. [5], x. 18.
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Triethylsulphine Bromide, (C,H,),SBr, is obtained on heating
ethyl bromide with ethyl sulphide to a temperature of 130°—
140°. It forms colourless rhombic crystals, easﬂy soluble in
water and difficultly soluble in alcohol.

Triethylsulphine Todide, (C;H,),SI, is easily formed by heat-
ing ethyl sulphide with ethyl iodide in a flask connected with
an inverted condenser. It is easily soluble in water and boiling
alcobol, and erystallizes in colourless and odourless rhombic
crystals which have a disagreeable taste.

« Triethylsulphine Nitrate, (C,H;),SNO,, is obtained by decom-
posing the iodide with silver nitrate. It crystallizes in extremely
deliquescent needles, and forms with silver nitrate the double
salt (C,H,),SNO, + AgNO; This latter compound crystallizes
in tablets difficultly soluble in alcohol.

Triethylsulphine Sulphate, [(C,H;);S],80,, crystallizes imper-
fectly and is easily soluble in water, but dissolves with difficulty
in alcohol,

Triethylsulphine Cyanide, (C;H;),SCN, is obtaired by heating
a solution of the iodide with silver cyanide, and forms, on con-
centration, a thick syrup, which on long standing in the’
exsiccator yields deliquescent needles. Caustic potash decom-
poses it into ethyl sulphide, propionic acid, and ammonia.}

Several triethylsulphine salts of organic acids are known,

Diethylmethylsulphine Compounds. When ethyl sulphide is
heated with methyl iodide, diethylmethylsulphine iodide is
formed. Thisis not crystallizable, and decomposes easily with evo-
lution of ethyl sulphide. When its solution is heated with moist
silver chloride the corresponding chloride is obtained, and this is
also a very unstable compound. Its solution evaporated in a
vacuum yields a thick syrup. The hydroxide obtained from the
iodide by means of silver oxide does not crystallize, and the salts
obtained by the action of acids are also mostly non-crystallizable.
On the other hand, the chloride yields well-defined double salts.

Diethylmethylsulphine Platinie Chloride, 2(C,H;),CH SCI +
PtCl,, crystallizes from water in bright yellow cubes, octohedrons,
tetrahedrons, and other forms of the regular system.” These on
drying fall to a yellow powder, and they melt at 214° with
evolution of unpleasantly smelling vapours.

Diethylmethylsulphine Mercuric Chloride, (C,H;),CH,SCl +
6HgCl,, forms colourless apparently hexagonal crystals which
melt at 198,

1 Gautre, Zeitsch, Chem. 1868, 622.



384 THE ETHYL GROUP.

Ethylmethylethylsulphine Compounds. The iodide, C,Hy(CHy)
C,H,SI, is obtained by the union :of ethyl iodide and methyl
ethyl sulphide, and crystallizes in long, very deliquescent needles,
and yields a non-crystalline chloride.

Ethylmethylethylsulphine - Platinic ~ Chloride, 2C,H (CHy)
C,H,SCL + PtCl,, is a dark-red precipitate insoluble in alcohol.
It crystallizes from aqueous: solution in long, apparently meono-
clinic prisms which on drying fall to a rose-red powder, melting
with decomposition at 186%: If -erystallized frequently from
water, or- warmed for a long: time on the water-bath, this com-
pound is converted into the.isomeric diethylmethyl compound,
which, however, cannot be reconverted into the compound under
discussion.

Ethylmethylethylsulphine — Mercurie - -Chloride,  C,Hy(CH,)
C,H,SCl + 2HgCl,, is a difficultly soluble white precipitate
crystallizing from hot water in rhombic tables melting at 112°,

Besides these, other double salts belonging to both series are
known.!

Lthyl-thiocarbamide Iodide, CS(NH,),C,H I, may be con-
sidered in connection with the triethylsulphine ‘compounds. It is
obtained by heating ethyl iodide with sulphur-urea (Vol. I. p.
654), and yields with water and silver oxide a strongly alkaline
solution from which rhombic ecrystals separate on addition of
hydrochloric acid and platinic chloride.?

Constitution of the Sulphine Compounds—Two eéxplanations
have been given respecting the constitution ‘of the sulphine
compounds.  According to one of them, these compounds are
to be regarded as built up of two molecules, and the isomerism
of the two groups above mentioned can in this way be réadily
explained. Moreover this explanation is in accordance “with
the fact that triethylsulphine cyanide on heating with alkalis
acts' as if it were a compound of ethyl sulphide and ethyl
« yanide.

According to the se¢ond hypothesis, these bodies are not mole-
cular ecompounds, but contain tetrad sulphur. Much may be
said for -this ‘view. If the iodides are heated, they do’mnot
decompose into the constituents from which they were obtained.
One part volatilizes without decomposition, but the larger
portion  decomposes’ with- formation of free iodine, hydriodic
acid, and other products.

1 Kriiger, Journ, Prakt. Chem [2], xiv. 193.
3 Bernthsen and Klinger, Ber, Deutsch. Chem, Ges, xi. 492.
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If ithe first view of their constitution be accepted, the hydr-
oxides must be regarded as compounds of a sulphide with an
alcohol, and they, therefore, ought easily to decompose into these
when heated. This, however, is not the case; they yield, on the
contrary, various other products of decomposition, which as yet
have not been properly investigated. If the sulphines are
regarded as atomic compounds, we must assume that the four
combining units of sulphur are unsymmetrical. On this point
the subsequent chapters on theoretical ‘chemistry must be
consulted.

ErnyL Disvrenipg, (C,H),S,.

249 This compound was obtained first by Zeise! by distilling
calcium polysulphide with potassium sulphovinate, and was
termed by him thialél. It is also formed by various other
reactions, of which the most important theoretically is the action
of iodine on sodium mercaptide : 2

NaSC,H; SC,H,
+ T s = I O Nal.
NaSC,H, SC,H,

Ethyl disulphide is also formed when mercaptan is heated for
six hours at 150° with the requisite quantity of sulphur:3

2 C,H.SH + S, = (C,H,),S, + SH,,

In order to prepare it a mixture of 2 parts of potassium disul-
phide, 3 parts of potassium ethyl sulphate, and 5 parts of water
are distilled, water .being added from time to time so long as
any oily drops are carried over. . - It is a colourless liquid having
a strong garlic-like smell, boiling at 151°, and possessing a
vapour density of 4270 (Cahours). *When heated with dilute
nitric: acid it .forms diethyl-disulpho-dioxide, (C,H,),S,0,, a
body: which is the first oxidation-product of mercaptan, and is a
colourless oily liquid possessing a penetrating smell and volati-
lizing in presence of aqueous vapour. Caustic potash decomposes
it into ethyl disulphide, ethyl sulphonicacid, and ethyl sulphinic
acid * (pars. 254-5), and if it be treated with zinc-dust and water

1 4nn. Pharm. xi. 1.

3 Kekulé and Linnemann, Ann. Chem. Pharm. cxxiii, 273.
3 M. Miiller, Journ. Prakt. Chem. [2], iv. 39.

4 Pauly and Otto, Ber. Deutsch. Chem. Ges. xi, 2073.
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the zinc compound of mercaptan and ethyl sulphinic acid are
obtained : ; :

C H,
2 (50, | S + 220 = (GHS)Zn + (SO, Zn

Ethyl Thiosulphuric Aeid, SOz{ gC H, is not known in the

free state, but salts of this acid are kno“n The sodium com-
pound, S,0,NaC,H,, is obtained by heating ethyl bromide with,
an aqueous solution of sodium thiosulphate. It crystallizes in
thin six-sided tablets, and when the aqueous solution is warmed
with hydrochloric acid, sodium sulphate and mercaptan are
formed :

i

ONa ONa
S%{&MI+HO—SO{0H + HS.C,H,

The silver and mercury salts are difficultly soluble precipitates,!
which quickly blacken. If the sodium salt be added to barium
chloride decomposition<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>