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TRANSLATOR’S PREFACE,.

Tue collection of the materials for this work extended over a
considerable period of time, the subjects were arranged by the
author when on his death bed, and the posthumous publication,
with the revision of the proofs, was intrusted to the care of a
friend. Under these circumstances, it is not surprising that some
slight discrepancies should here and there exist; that a rigid
uniformity of treatment, an exact adaptation of parts to one
another, should occasionally be wanting.

Knowing that the majority of English students are almost
unacquainted with Laurent’s views; feeling the great im-
portance of these views, and seeing how opposed they are to
the opinions most prevalent in this country ; I have endeavoured,
while giving a clear and truthful representation of the author’s
meaning, to put his ideas in such a form as should least estrange
the mind of the reader; and, by avoiding any confusion of symbols
or want of uniformity in expression, have sought to render the
work acceptable to as large a class of chemists as possible.

In the original work, four different systems of proportional
weights are employed.

1°. The system of equivalents, ordinarily made use of in this
country.

Hydrochloric acid =H Cl Water =HO
Chloride of sodium=NaCl  Oxide of silver=Ag0.

2°. The atomic system of Berzelius, in which the proportional
weights of hydrogen, nitrogen, chlorine, &e., are halved.
Hydrochlorie acid =H?2CI? Water — 12107
Chloride of sodium=NaCl®>  Oxide of silver = AgO



vi TRANSLATOR'S PREFACE.

3° The 4 volume system of Gerbardt, who employs Berzelius’s
weights for the non metallie, but halves the weights of the metallic
elements, so as to make them correspond with hydrogen.

Hydrochloric acid =H?2 CI* Water =Hz20)
Chloride of sodium= Na?CI* Oxide of silver=Ag*0

The great majority of chemical compounds when expressed by
these formule, correspond to 4 volumes of vapour. The excep-
tions are oceasionally made to correspond by doubling; thus
H:Cl*=4 vol. H'O*=4 vol.

4°. The 2 volume system of Gerhardt. This is the nota-
tion finally adopted by Laurent, and most generally employed
throughout the work. The proportional weights of the elements
are the same as in the preceding system, but all bodies (minus
some few special exceptions) are represented by 2 volumes of
vapour, thus: HCL, H?0, NaCl, KHO, Ag®0, NH? C*HO, &e.

In the first of these systems, we have the ratios

B ] L S )
£ | R T t
126 : 44375 : 100

In the other three, we have the ratios

He Cl 2 bl )
:s 1 : 30:hi it 16
LR T e L [ O ]

The first ratio oceurs but very seldom, and when it does, 1
have imitated the custom of Berzelius, and have placed a dash
through the letters, H, Cl, N, &e. (H, &, N), to indicate that
these symbols express the proportional values usually employed
in this country, and the doubles of those accorded to them in other
parts of the hook.

I have occasionally introduced a parenthetical observa-
tion, when I thought that some uncertainty might oceur
as to which of the other three systems was intmlded; thus
(Berzelings notation, Ep.), and now and then in elucidation of some
other point, thus (Othyl, En.). Moreover, in some parts of the
work, where the {ransitions from the 4 volume to the 2 volume
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notation are very frequent, I have represented the formule accord-
ing to both systems.

The distinetions between the system of equivalents ordinarily
employed in this country, and the 2 volume notation adopted in
this work, may be thus expressed. In the new system, the atomic
weight of carbon is 12, of oxygen is 16, of gulphur, is 32; and
similarly with selenium and tellurium ; all the other atomic weights
are unaltered. The atomic expressions for all bodies not contain-
ing carbon, oxygen, or sulphur, are unchanged ; thus, H, N, HCI,
KI, NH?, &e. When in an atomic formula the atoms of carbon,
oxygen, and sulphur, form even numbers, these numbers are
halved; thus, aleohol C'H®*0O? becomes C*H°0, ethyl C'H*
becomes C*H®, eyanogen C*N becomes CN, &e.  When the atoms
of earbon, oxygen, or sulphur, form uneven numbers, these
numbers continue unchanged, while the number of the other
atoms is doubled; thus, sulphuric acid HSO*' becomes H*SOY,
water IO becomes H*0. Tt is observable, that though the atoms
of hydrogen and the radicals are respectively represented by
H, Cl, C*H® CN, &ec., their two-volume molecules consist of
H.H, CI.Cl, C*H®%.C?*H® CN.CN, &ec.

Luaurent has represented uranie, bismuthie, and other oxides,
sometimes as teroxides, sometimes as scsciuiﬂxidcs,u— mercuric and
cuprie oxides, sometimes as protoxides, sometimes as binoxides, a
proceeding which has led to some little confusion. For the sake of
uniformity, and in accordance with English custom, I have always
represented bismuthie oxide as a teroxide, uranic oxide as a
sesquioxide, cupric and mercuric oxides as protoxides; whence a
slight change in the representation of some few formule has been
occasioned. Laurent considering salts as derived from their acids
by a substitution of metal for hydrogen, has used indifferently the
terms sulphate of barium and sulphate of baryta, &c., a proceeding
which I have retained.

In the original work the signs, plus, point, and parenthesis, are
indifferently made use of. Unless there was some reason to the
contrary, I have preferred making use of the peoint to indicate
combination, and the plus to indicate addition; thus I have
preferred the sccond method of writing the succeeding equation,
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as being more simple and more in accordance with English

custom,

(G0 + CHA0) 4 (KO 4 H?0)= (KO 4 C*H*0?) 4 (C*H"0 4-120)
G0, P04+ K0, H20 =K 0,0 0% 4+ CH Y0 H20

Laurent generally gives the preference to empiric formule,
In the earlier part of the book where rational formule are intro-
duced for purposes of illustration, no definite sequence of symhols
is adopted ; thus O*Fe?, Fe*O?, OK, KO, are used indiscriminately.
In the translation I have been more uniform, and have generally
employed the arrangement most usual in this country,

Although adopting the above deseribed slight alterations in
expression, 1 am not conscious of having modified a single idea
of the illustrious anthor’s; and believing the generalities of Laurent
to be in our day as important as those of Lavoisier were in his,
I leave this translation in the hands of English chemists, in the
earnest hope that it may tend to the substitution of that which is
rational and experimental in chemiecal science, for that which is
gpeculative and arbitrary.

I cannot conclude these remarks without thanking the Couneil
of the Cavendish Society, and Mr, Graham in particular, for the
confidence so kindly reposed in me as editor : nor must I neglect to
apologize to the society for the delay which has oceurred in the
production of the work. This delay was caused partly by circum-
stances for which I am not responsible, and partly by the duties
of an appointment of which I had no anticipation at the time of
my undertaking this translation.

W,




INTRODUCTION BY M. BIOT.

Turs work, abounding with new ideas, oftentimes fruitful in
their results to the author himself, presents us with the intimate
convictions of a man who has enriched science by numerouns and
unlooked-for discoveries. It is a summary of the thoughts of his
whole life; and so great an interest did he attach to the bestowal
of this heritage, that he laboured to effect its completion until
within the very grasp of death. That his work deserves to be
received with serious attention, exempt from any preconceived
notions, is sufficiently evident from the above considerations. But
to read it with advantage, to appreciate it with justice, we must
place before our eyes the object which Laurent proposed to him-
self by its composition.

He wished, he hoped, to place in the hands of chemists a
orouping of symbolical analogies, deduced from experiment, which
should guide them with the strongest probability, if not with cer-
tainty, in the interpretations to which they are continually obliged
to have recourse,

The operations of chemical analysis, applied to any product,
whether natural or artificial, make us acquainted only with the
nature, and the proportions of the relative weights, of the simple,
or reputedly simple, bodies, of which it is composed. They do
not inform us, whether the material molecules of these constituent
principles exist in a state of general combination, alike for all; or
whether they are arranged in distinet groups, mutually combined,
without individual decomposition, and coexistent with their proper
qualities in the entire product.

Nevertheless, it is of extreme importance that this point should
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and practical study of organie compounds; so that, by associating
analogous and separating dissimilar bodies by characters sufficiently
numerous and decided, we might, from the simple inspection of
their symbolic formulwm, foresee the greatest possible number of
the reactions they could experience, and the products they could
originate. In a word, he undertook to do, for the entire collec~
tion of actual chemical researches, according to a general and
uniform method of classifieation, that which at the present day
each chemist does for his own proper discoveries, with an arbitrary
diversity of views and expressions.

Has he completely succeeded in this great undertaking, for
which perhaps chemistry does not yet afford a collection of suf-
ficiently numerous and well-assured materials? We dare not
give an unhesitating affirmative; and it would be an injustice to
require one. But what each must propose to himself in reading
this work, is to see if, in the gveatest number of examples upon
which it is founded, the views of Laurent are conformable to
experiment; so that each may have well-grounded chances of
finding them productive for himself, as they were for the author,
and frequently for others. Should they have this effect, limited
though it be, we shall best applaud his views by labouring to
perfect them.

To repel or reject them, at first sight, because they are
strange, or enounced with a too absolute hardihood of expression,
would be a policy but little profitable for science. If occasionally
he has shaken somewhat too rudely this great edifice, formed of
parts progressively added to one another, it is, that from observ-

ing the incoherence of the materials of which it was composed, he
thought it would be more profitable to labour at its reconstruction,
than to persevere in conserving it such as it is.

He only wished to aid this achievement, by pointing out the
relations of forms and of symbols which, in default of intimate
notions, should offer generally well founded motives for associa-
tion or disjunction. '

Chemistry might, in many cases, be able to extend beyond
this empirieiam, in which it has hitherto been confined.

The rotatory power possessed by the constituent molecules of
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WHEN we consider the great number of organic substances
that have been discovered during the last dozen years, and the
increasing rapidity with which chemists daily discover’ fresh ones:
when we see, that from a simple hydrocarbon and chlorine, we may
produce a hundred different compounds, and that from them we
may obtain a great number of others: lastly, when we reflect
“upon the absence of all system, all nomenclature, for the classifi-
cation and denomination of this multitude of bodies, we demand
with some anxiety, whether, in a few years’ time, it will be posssible
for us to divect ourselves in the labyrinth of organic chemistry.

The confusion which reigns in the ideas is even greater than
that which obtains in the facts; for the principles upon which the
majority of chemists rely, for the explanation and co-ordination of
facts, are =o vague, so uncertain, that not only do two chemists
explain the same phenomena in two different manners, but even
one and the same person abandons the explanation he gave yester-
day, for a new one that he proposes to day, and which he will
abandon to-morrow for a third. This uncertainty in the principles
re-acts upon the facts, of which it singularly augments the confu-
gion. And indeed, to give an idea of the composition of a real
body, we are accustomed to imagine two or three hypothetical
bodies, to which we assign new names and special compositions, so
that the study of chemistry, has not only for its object the pro-
perties, the compositions, and the names of thousands of real
bodies, but in addition, the properties, the compositions, and the
. names of a great number of purely fictitious ones.
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it will be advisable for me to indieate briefly, the plan I have
pursued in its composition.

In the establishment of a chemical system, we proceed between
two stumbling blocks, facts and their causes.

By relying wholly upon the first, we are induced to represent
the composition of ammoniacal alum by the formula S'ON*TI* A1,
to accept the names, ruby, emerald, chrichtonite, aldehyde, mer-
captan, chloral, &e., and to distribute the substances designated,
in the class of precious stones, or of schorls, spars, balsams,
essences, resins, colouring matters, &e.

By setting out from the idea of causality, or of atoms and
their arrangement, we must determine in any particular body,
which of its atoms are combined simply, which of them are
combined intimately, whether they are copulated or conjugated.
In this way we are led to represent the composition of epidote by
this formula,

2[3 (Si 0+2 RO)+2 (3 Si 02+2 R? 0%)]
+3[2 (Si 0*+2 RO)+ (3 5i 0*+2 R? 0%)].

to create the names nitrite of owide of ico-deca-tesseryle, of sub-
hypochlorite of susporrindinous oxide ; instead of alum, we must say,
atolan-telmin-ojafin-weso ; wercaptan becomes lifavinaf, and chlo-
ranilam, ama-chioro-phenusic acid. Lastly, we are led to the crea-
tion of as many as a dozen different formule, and a dozen imagi-
nary beings for the representation of one of the most simple of all
bodies, namely, acetie acid.

But intermediate between facts and their causes, we have
generalities and laws.  Would it not be possible, by relying upon
them, to establish a method, that is to say, a system of formule, a
classification and a nomenclature, having the advantages of systems
based upon faets, and of those based upon hypotheses, but without
their inconveniences.

This is what I have attempted to do in this work, by endea-
vouring to render it as much as possible independent of all hypo-
theses. Such of them as are to be met with are isolated, and may

be left entirely on one side, without any detriment to the progress
of the work.
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arrangement of atoms, radicals, and types, I come at last to the
means for formulating the composition of bodies,—to the classifica-
tion and nomenclature,

The work is terminated by tables (synoptic ?), which represent
the composition of all known bodies, as well of mineral as of
organic chemistry: all anhydrous and hydrated salts are found
therein.

These tables are arranged according to my classification.
Each body is placed in a separate series and genus. Each body
bears two names, one chosen from among the ordinary names, and
the other a new name in accordance with my nomenclature. Oppo-
site to the ordinary name is placed the ordinary formula, opposite
to the new name the new formula.

I have endeavoured to render these tables as convenient as
possible; and I have detached them from the body of the work so
that they may be employed with greater facility. I have inserted
several general tables which may serve as a key, and allow the
place of any particular body sought for to be readily discovered. I
have submitted the majority of the formula to new calculations, and
I have caused a great number of them to undergo certain changes,
which render the reactions of the bodies to which they apply
more easily comprehensible. These tables form, in this manner,
an inventory of all compounds which have been analysed, and of
which the number amounts to about seven or eight thousand.*

* Nole by French Editor.—This collection of tables, which ought to terminate
the work and complete its utility, was efliciently revised by the author, and
found in order in his manuseript, DBut it was not possible Lo comprise it in
the present volume, We hope to have the means of publishing it at some
future time. Meanwhile we have thought it right to preserve the aunouncement
which the author had given,
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CHEMICAL MET

0D.

PART FIRST.
GENERAL CONSIDERATIONS

SECTION FIRST.

PrororTioNAL NUMBERS—EqQuIvALENTS—ATOMIC WEIGHTS.

PROPORTIONAL NUMBERS.

Cuemists have successively employed atoms, and proportional
numbers or equivalents, to represent the composition of bodies.
But seeing the degree of uncertainty and of changeability, to
which the atomic notation is liable, the majority of chemists have
abandoned it, and have adopted in its stead the notation by equi-
valents, as this latter represents simply the results of experiment,
and unlike the former, does not appear to be subject to such
changes as depend upon individual opinions, and upon the progress
of science. This subject is of sufficient importance to demand
our attention for a moment, We will proceed at once to examine
it, establishing however, a difference between proportional numbers
and eguivalents—a difference which does not exist in the notation.

Experiment manifests to us, that the combinations of oxygen
with the simple bodies, take place in the following ratios:

100 parts of oxygen combine with

12-5 and 6-25 parts of hydrogen.
442:0 and 2210 and 88°5 parts of ehlorine.
2000 and 1000 and 666 parts of sulphur,
1750 and 875 and 583 and 437 parts of nitrogen.

750 and 375 parts of carbon.
3500 and 233-3 parts of iron.

26000 and 1300-0 and 866'0 and 6500 parts of lead.
B



2 GENERAL CONSIDERATIONS.

Experiment demonstrates moreover, that 6:25 parts of hydrogen
can combine with 221 parts of chlorine, with 100 and 200 parts
of sulphur, and with 75 and 37'5 parts of carbon; and that 221
parts of chlorine can combine with 100, 200, and 666 parts of
sulphur, with 75 and 375 parts of carbon, with 350 and 233-3
parts of iron, &c.; that is to say, that whenever combination
takes place between two simple bodies, it is always in 1, 2, 3, 4,
or 4 different proportions, which proportions are precisely repre-
sented by the numbers inseribed in the table of the combinations
of oxygen, or by multiples or submultiples of those numbers.

Let us take arbitrarily, for each simple body, any one of the
numbers indicating the proportions according to which it combines
with 100 parts of oxygen ; let us call this number the proportional
number of the body, and let us represent it by the initial of the
name of this same body. Let us choose for example the highest
numbers, that is to say, those which are inscribed in the first
column : then we shall represent the combination formed of 100
parts of oxygen and 125 parts of hydrogen by the formula

OH,

and consequently that which is formed of 100 parts of oxygen
and 625 parts of hydrogen by OH4 or by O*H. We shall repre-
sent in the same manner the combination which contains 442 parts
of chlorine and 200 of sulphur by CI1S, and that which contains
442 parts of chlorine and 666 parts of sulphur by CIS}, or by
CI%S, and so on.

This notation or mode of writing is at once intelligible, and not
liable either to change or to any special construction, since it rests
upon a convention universally adopted by chemists.

For a language to be perfect, it is not sufficient that each sub-
stance, each idea, each modification of form, time, place, &e.,
should be represented by one word or by one invariable symbol ;
it is necessary in addition, both to aid the memory and to facili-
tate the operations of the mind, that analogous words should
designate analogous substances, analogous ideas, and modifications
of ideas, &e. It is thus that the words of our langnage represent
to us, by similar terminations or augments, similar modifications
of the ideas represented, as when we say, Je vois, japercois, je
TeGOIS; MOUS vOYONs, nous apercevons, nows recevons. In like manner
do chemists make use of the expressions sulphate, nitrate, chlorate,
chloride, bromide, iodide, &c.

Now if, as we have supposed, we choose arbitrarily any
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one of the numbers of the table of the combinations of oxygen,
for the proportional number, this choice may be such that the
sulphate, the seleniate, and the tellurate of potassa shall be repre-
gented by the formule,

KSO!, K?Se(5, K?Te(2;
and the chlorides, bromides, and iodides of potassium and lead, by
these:

K Cl, i By T 1%

Pb CI3, Pb Br', PbI-

This notation would be as intelligible and as invariable as the
preceding ; but we perceive directly that it would greatly embar-
rass the memory, and that it would conceal from us a multitude
of relations, which the ordinary notation permits us immediately
to seize.

Suppose then, that instead of fixing the proportional numbers
arbitrarily, we select those which satisty the two following con-
ditions:

1°, That of representing the series of all the combinations by
the most simple formule ;

2% That of attributing analogous formul® to analogous com-
binations.

We shall then have the actual numbers that chemists decided
upon, when they arranged the table of proportional numbers.

This table being accepted by all chemists, it follows of course
that the proportional numbers are invariable, that they give the
most simple formule, and that they permit the representation of
analogous bodies by analogous expressions; at least such is the
opinion of those who employ these numbers.

Nevertheless in examining this question more closely, we shall
gee, that the numbers adopted are not invariable; that we can
choose others which shall give more simple formulae for nineteen
out of every twenty compounds; and lastly, that the analogies
which have been declared between such and such bodies at any
given period are more or less incorreet,

The last part of this proposition is incontestable ; to suppose
that the analogies have been thoroughly well established, is 1o
admit that science has no more progress to make, that there are
no more errors to rectify.

That it is possible to have simpler formul® with other propor-
tional numbers is also incontestable, in the presence of Gerhardt’s
proportional numbers, and of those which I in my turn propose.

B2
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each new substance. And indeed, when a chemist at the present
day discovers a new compound, how does he proceed to give to it
a proportional number? Either he may act arbitrarily-—which
proceeding, in organic chemistry especially, will lead to utter con-
fusion,—or he may allow himself to be guided by the properties
and analogies of his compound. His appreciation of these may be
correct, or incorrect, or uncertain. Consequently, some chemists
will adopt his proportional number,—others will reject it, and pro-
pose a different one. Who is to decide the question ?

Moreover, the representation of the composition of bodies in
the most simple manner, is not the sole object of proportional
numbers, for there not unfrequently exist very remarkable
relations between these numbers and the properties of certain
bodies,—relations which would be completely masked, if in the
determination of proportional numbers nothing was regarded but
the centesimal composition of the bodies.

To render this apparent, I propose to represent, according to
three different notations, the composition of certain bodies pro-
ceeding from bihydro-carbon (etherine), which bodies have with
one another most curious relations of composition, properties,
volume, generation, &c. For the simple bodies, I employ in all
three columns the atoms of Berzelius, considering them, of course,
as the proportional numbers, For the first column, I choose the
most simple formula; for the second, the formule of Berzelius;
for the third, the formule employed by Gerhardt and myself.

Bihydro-carbon ... C H? C H2 C*H*
Monochloro- ,, ... C*H3CI C* H¢ Cl2 C2HCl
Bichloro- Fr i ] G (B | C2H2Cl2 C*H*CI?
Trichloro= . o @GHIGP CtH2 Cl8 C2H CI?
Parchloxo=+ & o B ER C CI2 (B S B
Dutch liquid ,, ... CH?3Cl G HA 1R C*HCI2
Monochloro- ,, ... C*HCI? C4 HE (18 CH:ECP
Bichloro- g5 mee W CAELATIE C*H2CI GEHECHA
Trichloro- ,, .. CHCI Ct H2 Clv AH €10
Perchloro- ,, ... C .CF (i 1 L ¢ e
Aldehyde ... o CETHE SO oGH . O CHA 0
Chlor-aldehyde ... C*H3*Cl1O CrHSCI0E CIH2CETC)
Perchlor-aldehyde.... C* CIO LA &) L) ¢ CI'O
Acetic acid ... e (A ) GRS CH* 02

Alcohol ... e DCEEP" G CEHE 0 GHS 0
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oxyeen, the pyrophosphates, from being M*RO7, would become
M=£220M divisible, or MEO" monobasic.

I sum up by saying: It is necessary that the proportional
numbers of the simple bodies (the letters of the alphabet) should
be fixed for at least a period of ten, twenty, or thirty years, and
that all chemists should employ these numbers. With regard
to compound bodies, their proportional numbers cannot be fixed,
as they arve daily under the necessity of being adapted to the
progress of science.

EQUIVALENTS.

If we take a quantity of nitrate or sulphate of silver contain-
ing 1350 parts of metal, and if we add thereto copper, lead, iron,
or potassium, we shall see that these

1350 parts of silver are replaced by

1300 parts of lead ;

400 parts of copper;
350 parts of iron ; and by
490 parts of potassium.

As the nitrates of lead, copper, iron, and potassium, thus pro-
duced, have properties analozous to those of the nitrate of silver,
we may say that 1300 parts of lead, 400 parts of copper, 350 parts
of iron, and 490 parts of potassium, play the same part, fulfil the
same funetions, as 1350 parts of silver, or in other words, are the
equivalents thereof.

500 parts of sulphurie acid are neutralised by

1450 parts of oxide of silver;

1400 parts of oxide of lead ;

500 parts of oxide of copper ;
450 parts of oxide of iron; and by
590 parts of oxide of potassium.

The resultant sulphates being analogous, we may conclude that
these 1450 parts of oxide of silver, 1400 parts of oxide of lead,
&c., fulfil the same functions, and are the respective equivalents of
these oxides.

We should have the equivalents of the acids in a similar
manner, by determining the quantity of sulphurie, nitrie, and
carbonie acid, &c., that would saturate a certain weight of oxide
of potassium taken as the measure of comparison. Setting aside
the difficulties connected with the neutralisation of salts, we may
say, that the preceding methods are sufficient for determining the
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equivalents of metals, oxides, and acids. But chemists go much
further, for they give the equivalents of all simple bodies, acids,
and chlorides ; protoxides, deutoxides, and peroxides; neutral,
acid, and basic salts; hydrocarbons, aleohols, ethers, amides,
&e. &ec.

It is evident that the table of equivalents has been arranged
according to various methods, which have not any relation with
one another. From what we have just seen however, it is clear
that in order to determine the equivalents of any two bodies, there
must be some analogy between them.

What relation exists between oxygen and carbon, between
oxygen and oxide of potassium, between oxygen, oxide of potas-
sium, and sulphuric acid? Do they perform the same functions?
Can one consequently determine their equivalence ?

If we take nitrate of silver, and endeavour to displace the
metal, by oxygen, or by chlorine, or by carbon, or by silicon, we
ghall not succeed. If we take chloride of mercury, and endeavour
either directly or indirectly to replace the metal by iodine, or by
phosphorus, carbon, or silicon, we shall also fail; or at any rate,
if we succeed in eliminating the mercury, and combining its
chlorine with the iodine or carbon, the chlorides of iodine and
carbon will not manifest any analogy with the chloride of mercury.
We could not say that we had thus determined the equivalents of
mercury, iodine, and carbon; we should have obtained by this
means the propertional numbers only.

If we admit that the equivalents of oxygen and potassium are
really O100, K490, how can we thence deduce the equivalent of
oxide of potassium KO? It is evidently by a convention. We
are accustomed to take the sum of the equivalents of two simple
bodies for the equivalent of the compound body, but this is in
reality not an eguivalent at all, but only a preportional number.

The proportional number KO 590, being admitted as the equiva-
lent of oxide of potassium, I grant that we can deduce from it the
equivalents of other oxides which play the same part; but it is
clear that we cannot associate with it the equivalent of oxide of
carbon, CO175, because this last, with respect to oxide of potas-
sium, is simply a proportional number.

In order to determine the equivalent of oxide of sodium, we
ascertain what quantity is required to saturate SO?®; but this
method can only give the proportional number of the oxide as
regards that of the acid, because there are no relations of similarity
between the two bodies. SO? is the measure adopted by conven-
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tion to determine the equivalents of the oxides in respect to one
another. To deduce the equivalents of the oxides by means of
the equivalents of the acids, would be to determine the relation
between the superficies of a cloth and the metre which is em-
ployed to measure its length.

In examining the table of equivalents, we perceive that some
have been deduced from proportional numbers, and others from
equivalence of functions, but that by far the greater number have
been derived from atomistic notions—notions which depend upon
specific heat, isomorphism, vapour-densities, &c. This influence
of atomistic ideas manifests itself at each step. Thus, if the per-
chloride of carbon be considered as corresponding to oxalie acid,
we represent its equivalent as C2E¥—if we consider it as a deriva-
tive of Dutch liquid, then its equivalent becomes C'&

Similar ideas cause the equivalent of chloroform to be repre-
sented sometimes as O H €38, sometimes as C*HACV,—chloro-
sulphuric acid sometimes as SO?E}, sometimes as S* 05, &e.

These atomic notions have so great an influence, that even
where it is easy to determine an equivalent by the fundamental
method of displacements, or what comes to the same thing, by the
capacity of saturation, we neglect this method, and resort in its
stead to hypotheses. Thus we see, in treatises on chemistry
written from an egquivalent point of view, that tartaric acid is
bibasic, and that consequently the equivalent of the tartrates ought
to be represented by 2 MO.C*H*O". T must here apply to the
system of equivalents the observations already made with regard
to proportional numbers : according to the doctrine of equivalents,
it is perfeetly nonsensical to talk of a bibasic acid, for by simply
halving the formula the bibasity is at once made to disappear.
Whether or not this division necessitates the use of fractional
numbers is a matter of little consequence, since the relations are
not in any way altered.

I ought perhaps to have explained at first, what I understand
by the term jfunction of a body : for the present it will suffice to
cite certain groups of bodies which perform the same functions,
1% the majority of the metals; 2° oxygen, sulphur, selenium, and
tellurium ; 3% fluorine, chlorine, bromine, iodine, and manganese ;
4°, the salifiable oxides; 5°, the acids; 6° the methylic, ethylic,
and amylic alcohols; 7°, the formic, acetic, and butyric amides,
&e.

I' admit then, that we can determine the equivalents of the
bodies which compose each of these groups, but that we can never
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determine the equivalent of a metal in respect to that of an aeid,
or the equivalent of an oxide in respeet to that of an amide,
Simple bodies, oxides, acids, salts, alcohols, amides, &e., fulfil
entirely different functions, and it is quite impossible to establish
an equivalence among them.

Nevertheless, in the above list I have adduced as belonging
to the third group, the metal manganese—a substance which also
appears in the first group, or that appropriated to the metals,
This equivalence of manganese with chlorine is shown by certain
analogies which we know to exist between the perchlorates and the
permanganates. I might also have placed eyanogen, a compound
body, by the side of chlorine and bromine. From this it might
seem possible, by passing successively from any particular body
to its analogues, to establish one scale of equivalents for all bodies,
simple or compound. Thus we could determine the equivalents
of the metals in respect to that of manganese, thence we could
pass to that of chlorine, thence to bromine, to iodine, to oxygen,
to sulphur, to selgnium, to tellurium, to antimony, to arsenic, to
phosphorus, to nitrogen, &e. From chlorine moreover, we might
pass to cyanogen, and so on. We should then have a table
arranged solely according to the system of equivalents.

Let us see if this conclusion is correct.®

Liet us take a quantity of perchlorate of potash containing
442 parts of chlorine. 'We could replace this last either directly
or indirectly by 978 parts of bromine, or by 15679 parts of iodine,
or by 700 parts of manganese ; and as the perchlorate and perman-
ganate of potash present obvious analogies, we conclude that 442
and 700 are the respective equivalents of chlorine and manganese.
From chlorine we might proceed to oxygen, by comparing chlorides
with oxides ; we should thus find 100 for the equivalent of oxygen,
and consequently 200 for that of sulphur. Passing then from the
sulpbates to the manganates, we should find 350 for the equivalent
of manganese, that is to say, we should arrive at a number dif-
ferent from the one previously assigned. By taking the last
number 350, we could determine the equivalents of the metals,
and comparing the salifiable bases with one another, we should

* Even if bodies are capable of being arranged in a series, every term of which
passes to the succeeding by an insensible gradation, such a series is at present
unknown to us; thus, in the list T have just given, some of the transitions are too
abrupt ; as for example, that from iodine to oxygen, and also that from tellurium
to antimony. Moreover, if there are resemblances between chlorine and man-
ganese, there are also enormous differences.

L

&
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conclude that the equivalent of manganese being 350 in manga-
nous salts, it became 233 in manganic ; beeause 350 and 233 parts
of manganese respectively displace 1350 parts of silver, to origi-
ginate the two fresh normal salts. Thus, solely by the method of
equivalents we arrive at this conclusion, that manganese has at
least the three equivalents, 700, 350, and 233, which conclusion
appears to me to be correct. I have already said that the equiva-
lent of a body depends upon its function ; consequently if a body
fulfils several functions, it must have several equivalents.

It must therefore be said that the equivalent of manganese is
700 when it performs the functions of chlorine, 350 when it plays
the part of the metals in manganous salts, and 233 when it plays
the part of the same metals in manganie salts. To the question,
then, What is the equivalent of such and such a body ? we ought
always to add the words, “ When it fulfils such and such a
function.”

Hitherto we have purposely neglected, in our determination of
the equivalent of a metal, oxide, or acid, those difficulties which
result from the neutrality of salts. Let us now briefly consider
this point. What is a neutral salt? To this question there are
two principal replies which do not accord with one another.

1°. A neutral salt is a salt that iz without action upon the
colour of blue and red litmus: thus KO.S032, U20%S03,
K0.2C02%, and NaQ.2C0%, are neutral salts; whilst Cu0.503
and F20%350? are acid salts, and KO.CO? and NaO.CO? are
basic salts.

2°. To establish the neutrality of a salt, we must first of all
form as many categories of salts as there are sorts of acids. Then
we agree to call every sulphate that contains three times as much
oxygen in the acid as in the base, a neutral sulphate ; thus KO.503,
Na0.80?, Cu0.50% and F?0%3S0% are neutral sulphates, and
U?0%S0° is a tribasic sulphate. We also agree to call every
carbonate that contains in the acid, twice as much oxygen as in
the base, a neutral earbonate; thus KO.CO? and NaO.CO? are
neutral salts, whilst KO.2CO? and Na0.2C0O? are acid salts. We
perceive that the two systems are at variance with one another; in
the first case it is an experiment, in the second a convention, that
serves to determine the neutrality of a salt, and consequently the
equivalents of metals, acids, and oxides,

In conclusion, we perceive that in the construction of a table
of equivalents, we avail ourselves of equivalence of functions, of
conventions, of isomorphism, of the density of vapours, of specu-
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lations upon the arrangement of atoms, &e. Let us add more-
over, that these conventions are not well defined, and that the
equivalence of funetions in the case of neutrality, depends upon
two conditions that are often contradictory.

It seems then from this, that we ought to give the preference
to proportional numbers. Nevertheless it may be said, that the
tables of proportional numbers and of equivalents are identical.
To establish a difference however, it 1s suflicient to consider one
of these tables, that of equivalents, as of necessity variable, and
the other, that of proportional numbers, as definitely fixed ; but
as this fixation is scarcely possible, except for the simple bodies,
we must say that at the present day chemists do not recognize any
difference between equivalentis and proportional numbers.

ATOMIC WEIGHTS,

We can deduce the weights of atoms, either from proportional
numbers and equivalents, or from the volume of gases, specific
heat, isomorphism, &ec.

In the first case, it is sufficient to consider proportional num-
bers as representing precisely the relative weights of the atoms,
both of simple and of compound bodies; or what comes to the
same thing, that the determination of atomic weights is founded
upon the two following ideas:

1°, Atoms combine with one another in the most simple ratios.

2°, Analogous compounds contain the same number of atoms,
or have an analogous constitution.

Bearing in mind that proportional numbers rest upon conven-
tions, we see of course that atomic weights deduced therefrom,
must be equally conventional or hypothetical. All that can be
said however, is, that the ideas of simplicity and of analogy,
upon which the determination of atomic weights is founded, give
a certain degree of probability to the correctness of the relations
that have been established between these weights,

It is to be observed however, that the proportional number
cannot always correspond to the atom, as in the cases where frac-
tions are introduced: thus the proportional number of peroxide of
iron is F20; but to be converted into the atomic number, it must
be trebled. The same is the case with pyrophosphoric acid, the
salts of which have for their proportional number MP}OZ, but
for their atom M2RO7 = 2MO.RL0°,




ATOMIC WEIGHTS. 13

T avail myself of this opportunity to point out, that here we
have for the first time a clear notion of the polybasic acids. Pyro-
phosphoric acid for instance must be bibasie, in consequence of the
formule of the pyrophosphates being indivisible ; at least such is
the opinion of chemists, I say such is the opinion, for it 1s
indeed nothing more. And in order to prove this position if is
sufficient to remark, that atomic weights heing hypothetical, we
could if we chose accord to the atoms of oxygen and phosphorus
but one-half of their present values; then the pyrophosphates
would become M*P?0Y, and being divisible = MEO7; that is to
say, they would be monobasiec. 1 do not purpose explaining in
this place my views with regard to polybasic acids; I rest satisfied
with declaring, that the existence of such bodies is easily conceiv-
able according to the atomic system, but that in the system of
proportional numbers or equivalents it is absurd.

Chemists perceiving that the atomic weights deduced from
proportional numbers rest upon a convention, have sought in the
physical properties of bodies ; in their volumes in the solid, liquid,
and gaseous state ; in their specific heats; in their boiling points;
in their isomorphism, &e., for a more certain means of effecting
their determination.

The numbers obtained by these various methods do not always
agree: thus where the gaseous volume gives one number, the
specific heat of the body gives another; by isomorphism we fre-
quently arrive at contradictory results; the specific heat is not
the same for the same body in its different isomeric modifications ;
and the volume of vapours gives such results, that chemists allow
one and the same simple body, for example, sulphur, to have in
the state of vapour, different volumes corresponding to its different
isomeric modifications. We may remark also, that in the majority
of cases it 1s impossible to resort to the preceding methods, and
that then we are compelled to rely upon proportional numbers.

Lastly, to crown the uncertainty, we have recourse to hypo-
theses of the greatest possible variety, concerning the arrangement
of the atoms in compound bodies. Thus some chemists consider
the chloride of benzoyl as a combination of anhydrous benzoic
acid with a species of chloro-benzoie acid (CYH'CI®), and repre-
sent its atom by C2H*OCI®. Other chemists regard it as a
combination of chlorine with benzoyl, and consequently represent
it by CHH"Y0*C1?- Moreover, although it is admitted that gases
contain the same number of atoms within the same volume, yet do
we find one atom of a simple body represented by one volume,
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and one atom of a compound body represented by 2, 3, 4, 6, 8, and
even 12 volumes,

It was by building upon all these considerations that Berzelins
arranged his remarkable atomic tables. DBut his hypotheses upon
the arrangement of atoms induced him to admit for certain comn-
binationg, prineipally in organic chemistry, formula so complicated
that it is impossible for us to adopt them, When it is added, that
this eminent chemist has frequently varied in the deductions he
has drawn from the arrangement of atoms, it may be eonceived
why for some years past, many persons have abandoned atoms
altogether, and have returned to proportional numbers. What
however, we cannot conceive is, why all ehemists should eontinue
in their formulwe to give expression to atomic arrangements.

We know that chemists are accustomed to represent reactions
by the aid of hypothetical bodies. Thus, when they want to
explain the decomposition of acetic ether by potash, they make
use of the following equation,

C'H"0O.C'H"Q® 4 KO.H*O
= KO.C'H*O*+ C'H"0O.H*O

which although one of the most simple, nevertheless introduces
two or three hypotheses.

Gerhardt having conceived the happy idea, of writing all re-
actions without employing any hypothesis whatever, quickly per-
ceived that the majority of them could be much simplified, by
making use of new atomie weights, to which he gave the names of
volumes, equivalents, or afoms, considering all these terms as
Sy ONYMous.

It may be remarked in passing, that he ought to have used the
term proportional number, instead of the term equivalent; because
by convention, we can always take the atom for the proportional
number but not for the equivalent. Thus 1 afom of a bibasic
acid will, according to the definition, always represent 2 equiva-
lents of a monobasic one.

Gerhardt makes use of the atoms of Berzelius for all simple
bodies excepting the metals, and for these he halves the ordinary
atomic weights. Thus he writes water and potash as :

HO and K20.

For compound bodies he always takes 2 volumes. Nothing we
perceive, can be more simple than his system. Nevertheless, it
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may with advantage undergo certain modifications, which we shall
point out further on.

Is it then advisable to adopt these new atoms? are the advan-
tages they present sufficiently great, to warrant their substitution
for those, which have for go long a time been used in science 7 Is
not change in old usages attended with serious inconvenience ?

I put aside this last objection altogether, we must seek in the
Jirst place for TRUTH, the rest will follow as a matier of course,

Let us only see whether these atoms do, as I think, offer greater
advantages than the others; whether by their means, phenomena
are more easy of explanation; whether the formule become more
simple, and translate the analogies of the combinations more
lucidly ; and whether the determination of the atoms themselves
is less subject to arbitrary considerations, &e.

It is clear, that considered as proportional numbers, these
atoms are as invariable as the ordinary proportional numbers them-
gelves. It is not necessary as for the atoms usually employed, to
make a special convention for each known body, and for each body
as it becomes known. The rule is simple: we take 2 volumes to
represent all compound bodies.

These atoms, considered as proportional numbers, give rise to
formule more simple than those in ordinary use. Thus, nineteen

out of every twenty of the ordinary formule become halved in the
new system.

I will adduce as examples the following :—

Ordinary atoms. In Gerhardt’s atomes.
Nitric acid . HONOS HNO?
Formic acid . HO.CHHO? CIH*O?
Margaric acid ... HO.CHH»3(Q? CHE (02
Potash bisulphate . KO.HQ.S20° KHSO*
Oxamethane - CHOPHEN. CSOMES CH'NO?

Analogy of properties also becomes more clearly represented
by these mew atoms. Thus chlorhydric, nitric, bromie, acetic,
and margaric acids, are represented by

H.Cl, H.NO? H.Br0? H.C*0?H3 H.C"0OH%,

whilst ‘sulphurie, carbonie, phosphoric, and oxalic acids are repre-
sented by

H%SOY, H2.CO% HA.POY, T2C0Y

the first class of acids being monobasic, the second polybasic.
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Some persons may find here, a contradiction of what I have pre-
viously said—since I am now considering Gerhardt’s atoms, simply
as proportional numbers, and have before remarked that in a pro-
portional-number point of view, the polybasity of acids is absurd.
But T am now using the term polybasic in a totally different sense.
An acid is polybasic in consequence of its manifesting certain pro-
perties which are not possessed by monobasic acids; this difference
of properties being expressed in the formul® of the acids which
have been respectively alluded to as mono- or poly-basic. 1 shall
refer to this subject further on, in much greater detail.

The numbers proposed by Gerhardt, possess similar advantages
when considered as atoms. Their determination is not subject to
a host of conventions, neither does it rest upon hypotheses con-
cerning the arrangement of the atoms. The superior simplicity of
the new formulw is rendered even more apparent, by a comparison
with the atomic formule of Berzelius. Thus if we make use of
the preceding examples—according to the notation of Berzelius
we shall have for the representation of nitrie, formie, and margarie
acids, bisulphate of potash, oxamethane, &c., the respective formulae:

ERENAGS CCIHIDS, OO CREHESIER, EE NS, e

I have quoted only the most common examples, and have
neglected entirely a whole host of very complicated bodies, such
for instance as the chloride of benzoyl, which Berzelius writes
as CPH*0SCl° =12 volumes, and Gerhardt as CTH*ClO=2
volumes.

For the representation of reactions by the aid of equations, the
system of (rerhardt is still more convenient. I am unable how-
ever, to adduce at this moment sufficiently conclusive examples of
my assertion ; since in order to render evident how simple, elegant,
and symmetrical, the reactions of the new system are, it would be
necessary to have arranged several tables of bodies fulfilling the
game functions. I confine myself for the present to the above
considerations, which I believe warrant me in affirming that the
atoms or proportional numbers of Gerhardt, are preferable to those
in ordinary use. Further on, we shall see that they lead us to
conclusions of the highest interest, and we shall then consider,
whether or not they ought to be generally adopted.
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SECOND SECTION.

DuaLisM AND ATOMIC ARRANGEMENTS—( LASSIFICATION—
NOMENCLATURE.

DUALISM AND ATOMIC ARRANGEMENTS.

I propose to examine in this chapter the different systems that
have been proposed, concerning the arrangement of atoms in
compound bodies,

The opinions of chemists upon this subject differ very mate-
rially ; nevertheless they may be reduced to two principal ones.

According to some, compound bodies are formed of two groups
of atoms, maintained in conneection with one another by an elec-
trical force, one of the groups being positive, the other negative.

According to others, the atoms form but one single group, are
arranged therein in a symmetrical manner, and have a certain
relation to the erystalline form of the body.

I will not stop to inquire whether the atom of sulphur is posi-
tive towards that of oxygen, and negative towards that of potas-
sium; whether two atoms, when brought into union by their
opposite electricities, can remain indefinitely attached to one
another by means of the same force ; whether atoms have, like the
tourmaline, two poles, the one positive, the other negative; and
whether or not they are surrounded by an electric atmosphere.
Still less do I intend to examine whether in the opianates, the
negative pole is occupied by the base, while the two atoms of water
acting as a copula, belong to the positive pole.

One primary question controls the whole inquiry. In order to
determine the arrangement of the atoms, which constitute a com-
pound body, it is evident, that we must first of all be acquainted
with the number of those atoms, and consequently with their
weights. .

Thus, for example, if the chloride of acetyl (othyl), contained
C2H"%0°Cl% we might regard it as a combination of anhydrous
acetic acid, with a sort of chlor-acetic acid C*H®CI%2 C*HE O3,
while such a supposition would become impossible, if the chloride
contained only C*H%0?CI~

We should arrive at similar conclusions by changing the

C
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a combination of the sulphite with oxygen. 2° That it is a com-
bination of the sulphide with oxygen, since it can be prepared
from these two bodies, and, moreover, when heated with charcoal,
is transformed into sulphide. 3° That it contains K.S0%, &e.

Of all these hypotheses, there is not a single one incapable of
having reactions adduced in its support. Thus, if we choose to
adopt the theory of Longehamp, according to which, the oxy-salts
contain the metals in the state of binoxides, we could prove, by
uniting sulphurous acid with binoxide of potassium, that sulphate
of potash contains K0%S0?; and we could explain its decompo-
sition with chloride of barium by the aid of this equation,

K02S0% + BaCl? = Ba0%.S0* + KCI.

If we had to explain the formation of sulphate of potash from
the sulphide of potassium and oxygen, we should say that this last
body acted upon the sulphur and burned #, as if it had been un-
combined, and at the same time acted upon the potassium and
conyerted # into the binoxide.

We could prove, by synthesis, that hydrated nitric acid is a
combination of peroxide of nitrogen with binoxide of hydrogen;
we could prove the same thing analytically, by decomposing the
acid by heat, when it would be resclved into peroxide of nitrogen,
water, and oxygen, and in this case, we should remark, that the
occurrence of water and oxygen was due to the binoxide of
hydrogen having undergone deécomposition by reason of the heat
employed.

An objection might be raised to Longchamp’s view, inasmuch
as many of the acids, admitted to be present in the =alts, do not
exist in the free state; but precisely the same objection could be
advanced against his adversaries,

The partisans of dualism do not, however, yield to these
reasons, but contrive the following means to combat them.

In order to study the constitution of a binary compound, we
cannot, say they, react upon it with any substance that first
presents itself, but we must employ for the purpose a simple body;
and in order to study the constitution of a saline compound, we
must employ a base or an acid. Then, as bases replace bases, and
acids replace acids, it is clear that salts consist of bases and acids.

We must employ a base and an acid! And why must we so?
This it is which they do not tell us. But for my part, I choose to
employ simple bodies in my study of the constitution of salts; I
choose to put iron into contact with sulphate of copper, and as the

20
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but the number of atoms becoming greater, the number of
hypotheses concerning their arrangement increases in the same
proportion,

We have a silicate that contains

Silll Oﬂl h-_'[g!l Alll Hﬂﬂ’

and we discuss seriously whether the atoms have this arrange-
ment :

(11 5102 + 21 Mg O) + 2 (51 0% + A2 O%) + 15 Aq,
or this:

TS0 +3MgO)+2(3510% + AIPO?) + 15 Aq,
or:

7(Si0® + 3 Mg O + 2 H20) + 2(3 Si 0% A2 0%) + Aq,

or a hundred others similar. Nevertheless, it appears that we
cannot well surpass this:

[3(5i0°+3 Mg 0)+2 (Si0°+Al*0%) +3 Aq] +4 [2 (8i0°+3 Mg 0) 43 Aq.

What is there to prove that the silica is distributed into three
principal groups, that the magnesia forms two distinct combina-
tions, that the water occupies two different places? (I believe
that I am mistaken, and that the water occupies one and twenty
different places.) Does this salt by its reactions split up into a
magnesian silicate on the one hand, and an alumino-magnesian
silicate on the other? &e.

I have often read the discussions that have taken place upon
this subject, and I avow that I have never found anything but
what was either arbitrary or according to routine: what I saw
most clearly was, that, in general, the greatest regard was had to
authority.

If from mineral we pass to organie chemistry, we shall see
that in this division the arbitrary reigns supreme. Here also
are reactions appealed to as a means for discovering the arrange-
ment of atoms; but, like the ancient oracles, one single reaction
serves two purposes, proving both the for and the against. I have
no intention of calling to my aid the composition of any complex
or imperfectly known body, as an illustration of the disorder that
prevails in organic chemistry; I shall merely take the simplest
and most common of all the acids, namely, the acetie, the arrange-
ment of the atoms of which has been represented by :
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Subsequently we were told that the substance was an acid, and
its formula quickly became

CEH®B(® H2Q,

Some days after, the essence was announced to be an ether,
and in the twinkling of an eye the following arrangement was
given,

CHHN QO CYHO,
or, better still, this,
C:Of(CHHY). C*H® + H20,

from which we learn that C'" and H'" are in intimate combina-
tion, while C? and O* are united in an ordinary manner,—that
C2(» is copulated with C'*H',—that C*O* (C'*H") is conjoined
with C! H%—and lastly, that the whole forms a marriage of
convenience with H*O ! !

Have we at least, I will not say a rule, but even a convention,
which can determine in this way the arrangement of atoms?
No: every chemist follows his own particular course, and changes
his formul® as often as he obtains a new reaction. We should
arrive at results quite as satisfactory by putting the atomic letters
of a formula into an urn, and then taking them out, hap-hazard,
to form the dualistic groups.

Next to reactions, chemists thought they had disecovered in
the galvanic battery a sure means of discovering the arrangement
of atoms; and here we perceive an almost incredible example of
the influence of theories upon our appreciation of facts.

Among the thousand reactions produced by the battery, this
much is certain, that there is not a single one which can be
adduced in support of dualism; nevertheless, the chemists who
adopt this system have found means, by their own interpreta-
tions, to persuade themselves that all these various reactions prove
that salts are composed of acid and oxide. They repeat inces-
gantly that nearly all salts, under the influence of an electric
current, are decomposed into acid and oxide. The experimental
proof is made daily in every course of chemistry.

I was present lately at the lecture of a learned professor;
before him was placed a U tube, containing a solution of sulphate
of potassa, coloured with litmus,

After having passed an electric current through this tube, and
having pointed out that one of the limbs had become red, and the
other blue, the professor proceeded nearly in these words:—
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“ Here are the facts without hypothesis. By making use of
hypothesis however, we can prove anything we choose. We will
first prove with Davy, that sulphate of potash contains K, SO
‘We therefore say, that in reality, under the influence of the battery
SO* and K do separate from one another. The potassium in the
presence of water decomposes it, forming a hydrate, and the
hydrogen of the water takes the place of the potassium that was
set free.

¢ Let us now prove that Longchamp’s theory is correct. We
shall say, that in reality sulphurous acid separates from binoxide
of potassium ; and that under the influence of these two bodies an
atom of water is decomposed; the oxygen unites with another
atom of water to form the binoxide of hydrogen, which combines
with the sulphurous acid to form the hydrated sulphuric acid ;
while the hydrogen unites with the binoxide of potassium to
form the hydrate of potash.

“We could prove quite as easily, that the sulphate of potash
consists of SK.O* or S.0.K.

“ Nay, more ; replace in your tube the sulphate of potash by
sulphate of copper, and at pleasure you ean cause copper, or oxide
of copper to be deposited on the negative pole ; that is to say, that
you can at pleasure prove either the for or the against.

“ Lastly, we may say, that it is not the salt at all, but the
water that is decomposed by the action of the galvanic current,
and that the nascent oxygen and hydrogen decompose the sulphate,
the oxygen seizing upon the potassium, and the hydrogen supply-
ing its place.”

Let us, however, dismiss the battery and its reactions, because
they can teach us nothing concerning the constitution of salts.
‘What we have said above does not prove that sulphate of potash
is not a compound of acid and oxide, but simply that we do not
know what is the arrangement of the atoms in the salt. We pro-
pose now to go still further, and to demonstrate that salts cannot
contain either the anhydrous acids or radicals, which the ordinary
theory, and that of Davy suppose.

Fifteen years have now elapsed since I first put forward the
arguments I am about to reproduce. I do not know that they
have been answered hitherto. Time has only added to the force
of the reasoning. 1 ought, however, to premise, that my argu-
ments rest upon the existence of hibasie acids ; acids which are not
bibasie, because, according to their formule, they contain two
atoms of base, but because they are possessed of ecertain charac-
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teristic properties. I admit then, that we can by experiment
discover whether an acid is, or is not, bibasic; the manner of o
doing will be demonstrated further on. Let us divide the acids
into two classes, and for the present oceupy ourselves with such as
are monobasic. Let us take at first the series of acids, which com-
mences with formic acid, and terminates with the margaric,
stearic, melissie, &ec.

This is the manner in which their formule are represented
according to the ordinary theory.

Acid formie e GYH2 0P 3 H2O
, acetic.... o CAHS O 4 H2O
» Ppropionic ... CSH'" O 4+ H2O
»» butyric e CEHM O 4 HXO
, Vvaleric e O1H1E 08 4 H20
sy CApTOIC i GREER OB - HA)
L eetie. .. o JOPHS, 0 4 HAE)
»» Imargaric I B L R L S S B

I was struck then by observing, that the hydrocarbons
i 8 e e B (B R e B G S e , C22H%, C3H 5%, C*¥H™, which
are supposed to exist in the aeids, constantly approach to the ratio
C : H?, and more nearly according as they are more elevated in
the scale; but that they never attain thereto. I have remarked,
on the other hand, that the ethers which correspond to these acids
present a relation equally singular

Ether methylic S B | LR B ) 6
| wvinie s AR
»s amylic ... i WGLVHAS EHG)
v  CBHI- .. ihe ICSAERSE ENE)

Thus in the first class of bodies, by adding H? to all the com-
pounds, we have the ratio C : H*; and we have the same ratio by
subtracting H? from the compounds of the second class,

T remarked, moreover, that the hydrocarbons C*I*, C*H?,
CEH'S, C1°H?, C*H* existed in the free state, while these same
hydrocarbons, plus or minus H?, were unknown.

The same remarks may be made concerning the benzoie,
salicylic, cinnamie, eugenic, and other acids. By adding II* to
each of the anhydrous acids, we obtain a hydrocarbon more simple

than that of the hypothetical anhydride.
No matter what the cause, to which I then attributed these

R
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ratios between the carbon and the hydrogen, my remarks upon
them were not the less correct. I shall draw from them the
following conclusion: — The free My ydrocarbons always present
a more simple relation than the corresponding hypothetical hydro-
carbons ; we must thence infer that these last are incapable of
existing.

In the illustrations that '[ was able to adduce at that epoch,
there was a considerable number of errors. But more lately
Gerhardt’s equivalents and further experiments have enabled me
to remove them, and even to ascertain the cause of the singular
relations by which I had been so struck in respect to the hydrated
and anhydrous acids. Let us put all hypothesis aside, and repre-
sent simply the formul® of the so-called hydrated acids by

CE I_II D-I
T 0
C® H20*
CMII‘MU-I’

and so on. We see then that the two atoms of hydrogen of the
atom of water separated from the anhydrous acid, are precisely
what the hypothetical hydrocarbon requires, in order to have the
ratio C : H2, which ratio does exist in the real free acid.

Can this remark be applied to the other acids, the cuminic for
example? (I leave the nitrogenised acids aside for the present;
hereafter we shall see that, despite the appearance to the contrary,
they actually corroborate the remark.) Yes, if the following pro-
position, to which we shall revert further on, is correet.

In all non-nitrogenised organic compounds, the number of the
atoms of hydrogen is a multiple of four, and that of the atoms of
oxygen and of earbon a multiple of two, or an even number. Cuminic
acid contains C*H*0Y, and the hypothetical anhydride C*I1*?0%.
In the first, 20: 24 ::5: 6; in the second, 20: 22 :: 10: 11,
It eannot be otherwise for all the other acids, sinee all Gerhardt’s
formula for the hydrated acids are at least divisible by two, whilst
those for the anhydrides are never so. I conclude from this that
the anhydrous acids eannot exist; and I draw the same conclusion
with regard to the radicals, as cacodyl, methyl, &c., and also the
radicals of Davy. Thus for instance in acetic acid the radical
of Davy would be C'H*O'—I?, that is to say, it would present
for the hydrogen a sum not divisible by four.*

* This was written before Gerhardt’s discovery of the anhydrous acids.
Nevertheless I have nothing whatever to alter.
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and the amides do not contain water. But if oxygenised bodies,
such as the amides, although not containing water, can yet give
rise to =alts, why do we suppose that water is necessarily contained
in the sulphuric, formie, and acetic acids? Here are other facts.
Citric acid is tribasic, and consequently contains, according to
the dualistic doctrine, three atoms of water. DBy cautious heating,
it can be made to lose one of these three atoms. Will it have
then become bibasic? Not at all. We put it into contact with
three atoms of potash, and although it only contains two atoms of
water ready formed, yet it disengages three atoms thercof in order
to take up the three atoms of potash.

Isatinic acid is monobasic, consequently it contains C'YHN?0?,
H*0O. We can cause this body to give up not only the atom of
ready formed water, but also another atom which 1s produced at
the expense of the anhydrous acid. There remains then a neutral
compound isatine C'H'"N?0%, which certainly cannot any longer
contain water. Nevertheless put into contact with oxide of potas-
sium, it seizes upon this base, and abandons yet another atom of
water. I will not say that all these reactions are impossible, but
gimply that they are in the highest degree improbable, and that
the only means we have for explaining all these reactions consists
in a simple admission of this fact, namely, that sulphurie, formic,
acetie, citric, and isatinic acids, isatine, asparagine, glycocine, &e.,
are capable of exchanging 1, 2, or 3 equivalents of hydrogen for
1, 2, or 3 equivalents of potassium, lead, copper, &c., without
supposing that the hydrogen necessarily existed in the state of
water.

I shall examine elsewhere whether or not any predisposed
arrangeinent of the atoms really exists, whether or not we must of
necessity give to alum this formula:

SO HYK Al

Supposing, however, that we had not advaneed further in our
knowledge of the arrangement of atoms than the point to which
I have just now alluded, it is evident that the most suitable means
for representing the composition of bodies, would be that of em-
ploying empiric formule. Nevertheless, certain persons, though
acknowledging that the dualistic theory totters in all its parts,
admit that it is very convenient for teaching, and that its formula
afford a great aid to the memory. If these formule were given
to us gimply as an artificial system intended to assist the memory,
I should make less objection to them. Nevertheless, even from



50 GENERAL CONSIDERATIONS,

this point of view, I must dispute absolutely the advantage of the
formule in general use.

If the question were simply, whether the sulphates should be
represented by MO. SO?% or M. SO, it would be folly to waste time
over the matter; but if we represent the sulphates by MO. SO?,
and the chlorides by MCI, we create such an inconvenience, that
out of half a score candidates for the degree of Bachelor, there
are not more than three or four capable of replying without hesita-
tion to the following question. What is the action that sulphurie
acid, oxide of potassium, and sulphate of potash, exercise upon the
chlorides ?

Salts are divided into two classes; we examine under separate
heads the action of metals upon oxides, acids, and salts; the
action of acids upon oxides and salts; the action of bases upon
salts; and, lastly, the reaction of salts upon haloid and oxy-salts
respectively.

If we confined ourselves to empiric formule, we should have
but one single point to examine, namely, whether or not the metal
or hydrogen of the one compound takes the place of the metal or
hydrogen of the other compound? The law of Berthollet would
give the reply. Are the formulw in the first column less advanta-
geous for the memory than those of the second?

Acid chlorhydric ... HCI — CI3, H3
»» hypochlorous ... HCIO — CI*O. H*O
» chlorous e cHEGLOR. e GDROLIH20
,» chlorie... .. HCIO®* — CIPO H20
»» perchloric ... HCIO* — CI*O%. H*O

In teaching a pupil the composition of the acids of phosphorus
and of their salts, these are the explanations into which we are
obliged to enter.

Phosphorus, we say, has three degrees of oxydation that give
rise to acids, we have hypophosphorous acid P20, phosphorous
acid P20?, and phosphoric acid P20 _

Hypophosphorous acid combines with one equivalent of oxide
to give rise to salts having the formula P*O. MO; but these salts
contain in addition two equivalents of water, which cannot be
driven off, and which form an integral part of the hypophosphites,
so that we are obliged to represent their formula by

P20. MO. H*'O?,

with or without the eliminable water of crystallisation. Phos-

H

;

i
[
i

[
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phorous acid combines with two equivalents of oxide, to give
rise to salts having the formule P*O%M*0*; but these salts con-
tain in addition one equivalent of water, so that we are obliged to
represent them by P?0% M?0% H?0. The remaining water in
these salts, is merely the eliminable water of crystallisation ; the
hydrated salts then have the following composition :

(P10 MO BH2Oh + 1,2, 3., .. HEO

Phosphoric acid is tribasie, and in combining with oxides gives
rise to three kinds of salts, which contain respectively

P10 NMO: 2 H*0
PO 2MO. H20
P20° 3 MO,

the water being incapable of elimination without the production
of a total alteration in the constitution of the salts. As regards
formic acid, which contains C*H*'0O?, and which is monobasie, we
could if we chose, represent it in a manner similar to that of
hypophosphorous acid, as C*0% H?0. H?0, and the formates by
C*0% M. H?0. But we choose, fora reason we will not explain
to represent these salts by

C?H*0%. MO.

Instead of giving this terrific explanation to the pupil, would it
not be preferable to place before him the following table?

PH? Salts.
Acid hypophosphorous.... PIT?O* monobasic.... PII* M O?
»» phosphorous oo PH2O® bibasie. ... PH M08
» phosphoric o PHEQY fribasic. . ... P M2OL

and simply to point out to him, that in this instance, the degree
of basity increases with the quantity of oxygen.

If we proceed to organic chemistry, what conventional formula
shall we adopt? We have a dozen for acetic acid, and, conse-
quently the same number for the majority of the acids.
Which then are we to choose, and why prefer this one to the
other?

Berzelius is the only chemist who has given a complete system
of formule, based upon a single prineiple.

Must we then follow him to extremes, and for the assistance of
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be formed of 1 molecule of anhydrous aconitic acid, and 2 mole-
cules of C'H*O* intimately conjugated. Consequently, citranilide
ought to have the following constitution:

(o
C-l IIE UE
H

CIE}'I!D %

N'E

S

¢t H* O3
H?

C 121 }'_ I

C'H O % N2
1

L

Is it, indeed, by such formulw, taken simply from a conven-
tional point of view, that we can hope to facilitate the study of
chemistry ? And even when we take the most simple example,
that which all chemists admit, namely, the formule of the
eyanides ; what is there to prove that these salts are better repre-
sented by CN.M, than by CNM?

I have no hesitation in saying, that for representing the
composition of acids, salts, and the majority of organic sub-
stances, empiric formule are infinitely preferable to those in
ordinary use. :

With regard to the E‘ﬂtﬁ of the alcaloids, to the ethers and to
the amldﬁﬂ, gomething may be done for the assistance of the
memory, in permitting us to seize upon the relations which exist
_ between the bodies constituting each of these classes. We might
even avail ourselves of certain examples which are found here and
there throughout organic chemistry. Thus we might, with Dumas,
represent the composition (not the atomic arrangement) of the
vinic ethers by saying that they all contain a hydrated or hydro-
genised acid, plus C*H*; or what comes exactly to the same thing,
that they contain a hydrated or hydrogenised acid minus one equi-
valent of hydrogen (H?), and plus one equivalent of a constant
group, C*H'Y, or even that they contain an anhydrous acid plus a
constant group, C'H"0, &e.
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CLABSSIFICATION.

In the natural sciences, classifications reflect up to a certain
point the systems which prevail in these sciences. In mineral
chemistry the elassification is intimately bound up with the system
of Lavoisier; it has, however, been somewhat modified by dualis-
tic notions. This classification, as it exists at the present day, is
suflicient for the requirements of science: some few substances,
indeed, are not included in it, but these do not form any part of
elementary instruction. DBut if we pass to organic chemistry, we
perceive that the classification reflects, at one and the same time,
all the systems which have been successively proposed, and pre-
sents such disorder, such discordance, that there is scarcely a
single body which cannot be arranged successively in every class.

The confusion does not arise from the fact of one chemist fol-
lowing one classification, and another chemist following a different
one ; the confusion prevails equally in the classification of one and
the same author. Let us take as an example that of Berzelius,
since it is the one which, with some unimportant modifications, is
employed in the majority of treatises on chemistry.

Bodies are divided at first into two great classes,—those which
belong to mineral and those which belong to organic chemistry.
But this division is altogether arbitrary ; thus there are included
among mineral substances carbonie, oxalie, rhodizonie, eyanhydrie,
sulphoeyanhydrie, mellitic, &e., acids, and consequently we are
surprised at not finding stearic acid comprised in the same category.

Organie substances include the following principal groups:—
acids, alkaloids, neutral bodies, ethers, fats, essential oils, resins,
and colouring matters; products of destructive distillation, fer-
mentation, putrefaction, &c. One class contains natural and an-
other artificial products.

Some bodies are classed according to the manner in which we
suppose the atoms to be arranged; and as we have before seen
that six or seven different formule have been proposed, as repre-
senting the arrangement of the atoms of acetic acid, it is clear
that this body can occupy six or seven different places in such a
classification.

Lastly, since I proposed the first rough sketch of my classifi-
cation, the majority of chemists have adopted some of my series,
founded upon the metamorphoses which substances undergo.

X

+
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To manifest the impossibility of discovering the position of a
body in such a classification, 1 would ask into what class ought we
to put the oil of winter green ( Gaultheria procumbens), an ex-
tremely well known substance,

19 It is an acid; 29 it is a natural volatile oil; :
prepared artifically ; 4° it is an ether; 5°% it i1s a salicylate; 6°,
it is a combination of one of the products of the distillation of
wood ; 7° we can suppose that it contains methyl or methylene ;
8% it is a product of the metamorphosis of salicine and of hydruret
of salieyl; 9° it may be classed as a carbophenate of methyl;
10° among the products of distillation of oil; 11° among the
carbonates; 12° by the side of benzoie acid, which itself belongs
to the carbophenates, &e.

But this is not all. Where are we to place the chloro, bichloro,
nitro, binitro derivatives, &c.? Among the chlorides, the oxychlo-
rides, yellow colouring matters, the nitrites, the nitrates, &e.
Lastly, by considering that we may regard it as a copulated com-
bination, we shall be able to find for it a great many other places:
ab uno disce omnes.

Liebig endeavoured to make a classification, based simply upon
the existence of organic radicals, but he found himself unable to
carry it out, for after having given the combinations of ethyl,
methyl, cacodyl, formyl, and oxide of carbon, he returned very
nearly to the divisions of Berzelius.

Graham distributes organie substances in the following manner:
1%, amide combinations ; 2° amylaceous and saccharine substances ;
3%, products of the fermentation of sugar; 4° products of the
distillation of wood, oil, &e,; 5° amygdaline ; 6°, glycerine and
the fats; 7° the essential oils and resins ; 8° the proximate prin-
ciples of certain plants; 9°, albumen and vegetable casein; 10°
colouring matters; 11° acids; 12°, alkaloids; 13° eyanogen and
its combinations; 14° urie acid; 15°, animal principles.

Thenard’s classification is distinguished from the preceding by
manifest tendency to classify bodies according to their composition
and their functions: its principal divisions are the volatile acids,
the fixed acids, the alkaloids, substances whose composition is
represented by carbon plus water (gum, sugar, starch), the me-
thylie, vinie, and amylic ethers, the amides, the combinations
of cyanogen, &c. It was not at that time possible to construct a
better arrangement.

Dumas’s classification resembles Thenard’s ; but it is to Dumas
that we owe an element of the utmost importance, and one which

D2

O

, it can be
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of decahexyle, nitrite of oxide of icodecatesseryle, susporrindenous
sub-hypochlorite, fulvindinous hypochlorite, &e.*

This last method is the one most generally employed, and the
one which leads to the greatest confusion in the nomenclature,
since a body has in this way as many different names, as there
have been different arrangements of the atoms proposed.

What name ought to be applied to the body, which consists of
CHYH"WO*CI*? the component atoms have been arranged as
follows:

1°, CHHY0?2CI% the chloride of benzoyl.

2°, 2 CMHWYOYL.CHHCIS, the bibenzoate of chloro-benzoyl,
or benzoic oxichloride.

g C"H"’{ g:,_., another kind of benzoic oxichloride, or chloro-

benzoic acid; another body has, however, been already called by
this name.
4°, CHHPCIPO®.H?, the hyduret of chloro-benzoyl.
5%, CHHYCI2 02 the binoxide of chloro-benzine.
6°, C*,H'CI*.0% for which no name has been proposed.
. 7% The formule may be subdivided by copule. Iachimagi-
nary copula that we might choose to introduce, would require a
new name for the body.

We could conclude our examination at this point, by saying,
that we have not any systematic nomenclature for the designation
of organic substances. _

Nevertheless, I ought not to pass over in silence, the very
remarkable nomenclature which has been published by Gmelin,
and which enables us, from the name of a body, to determine its
composition, and reciprocally from its composition to determine its
name.

Dumas had conceived the idea of representing the number of the
atoms of chlorine, which entered into a combination, by means of
the vowels a, e, i, 0, and u, equal to 1, 2, 3, 4, and 5, respectively.

In following out this primary idea, I had endeavoured to frame
a nomenclature, in which the names employed should indicate the
composition of the bodies. I obtained in this manner, ethene,
ehlorethase, chlorethese, chloride of chlorethase, ethum, oxide of
ethene, ethous acid, ethiec aecid, chlorethisic acid, &ec., which are
undoubtedly quite as convenient as the corresponding names

* Names proposed by Berzelius for bichloronapthalin, nitronapthalin,
chlorisatin, and chlorisathyd respectively (WO),
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APPENDIX.

ON ACIDS, OXIDES, AND SALTS.

We have just seen that the dualistic system rests upon a very
uncertain foundation, namely, upon the arrangement of atoms, and
that the facts are far from agreeing with the theory.

We have seen moreover, at least as regards organic chemistry,
that we have neither elassification nor nomenclature, and that the
attempts which have been made to classify certain compounds by
means of the compound radical theory, have mnot been carried
beyond certain groups of bodies, that had already been associated
from another point of view. I believe then, I may venture to
propose another system, without incurring the imputation of
having thrown confusion into a regularly constituted science.

Before explaining my ideas upon this subject, it is necessary
that the reader and I should be perfectly agreed concerning one of
the most fundamental points in chemistry. I wish to show that
all the combinations of a certain metal, present more analogy to
the salts of zine, than do the salts of potassium to those of silver,
gold, or platinum.

In order to avoid the influence invariably exercised on our
Judgments, by prejudice and habit, I shall call this metal, some of
the most common salts of which I am about to examine, by the
name of X.

It possesses several degrees of oxidation; there is, however,
only one oxide X0, which forms salts. These salts are generally
colorless; the majority of them are soluble, crystallisable, and
frequently contain water of crystallisation. We find the same
properties manifested by the salts of zine, while the salts of silver
are generally anhydrous, and many of the corresponding salts of
gold and platinum have no existence.

The action of heat upen certain salts of X zine, potassium,
gilver, gold, and platinum, is as follows :

Action of heat upon the chlorides, bromides, and iodides

of potassium ... mone; very slightly volatile
of X ... ... none; very volatile
of zine.... .... none; moderately volatile

of gold and platinum ... decomposed
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Action of heat upon the sulphates

of potassium .., ... TIODE
of SN e 80?2 4+ O 4+ XO
of zine..., v O 4 O 4+ ZO)

of gold, silver, and platinum SO? + 0?4 M.

Action of a fecble red heat on the nitrates

of potassiom ... ... Tone; or a nitrite

OF NS S . N2O' 4+ O + XO

of zine..., v N2O' 4+ O + ZO

of silver e N2O' + O24 Ag

Action of heat on the formates

of potash . KO0* 4+ H* 4 CO

of X0 . C*0* 4+ H20 + XO

of zine e 20?7 4+ H20 4 ZinO

of silver .. CO* +CO + HO + Ag

Judging from its affinities, X'ought to be placed upon a level
with zinc; thus X can decompose the oxide and chloride of zine,
and reciprocally, zinc can decompose the oxide and chloride of X.
Zine and X can alike displace copper, lead, bismuth, silver, gold,
and platinum, from their salts.

Like zine, X forms fluo-, chloro-, and iodo-bases, which are
capable of combining with other fluorides, chlorides, &e. Thus we
are acquainted with a fluoborate, a fluosilicate, an auro-chloride,
and a platino-chloride of X. Like zine, it gives rise to numerous
double salts, with potassium, sodium, barium, &ec. All the salts of
X, like those of zine, combine directly with ammonia and the other
volatile alealoids.

The oxide of X, like that of zine, forms a soluble combination
with potash. We may add, nevertheless, that the salts of X
appear to be isomorphous with those of potassium.

It is useless to pursue further the above comparison, which is
sustained under all eirecumstances, and which conduects us to the
conclusion, that the salts of X have a greater resemblance to those
of zine, than have the salts of potassium, to those of silver, gold,
or platinum, and that, consequently, X ought to be placed in the
third section of the metals, along with zine. Nevertheless, we
are accustomed to arrange this body among the simple non-
metallic bodies, and to exclude its salts altogether from the class
of salts.

_—
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If we seck for the cause of this error, we shall find that it con-
gists in the physical state of the body, and of its oxide, X itself
being a gas, and its oxide being a very volatile liquid. In a word,
by X we mean hydrogen.

If we examine this question attentively, we shall see, that if
hydrogen had been a comparatively fixed body, and its oxide fixed
and solid, no one would have thought of excluding it from the
metals, but it would have been classed among the most electro-
positive of them. Andindeed chlorhydric acid for example, which
is placed, we do not know why, at the head of the negative
chlorides, so far from having any tendency to combine with the
basylous chlorides, is never found united with other than a chlorous
chloride ; the fluorhydrie acid is a basylous fluoride, which com-
bines only with chlorous fluorides, in a manner precisely similar
to that of fluoride of potassium.

For some years past several chemists have considered corres-
ponding salts and acids as bodies appertaining to one single type ;
thus, for instance, sulphuric acid and sulphate of potash have been
formulated in this manner:

H20.502

K 0.80°
or in this:

H2 S0

K. SO

Dumas has even gone so far as to conceive, that if we could
but condense hydrogen, it would present a metallic aspect.

Nevertheless these chemists, although admitting the identity
of type, have constantly separated the functions of acids and salts,
or rather they have always divided compound bodies into three
prineipal cIasgs: acids, fulfilling electronegative functions; bases,
fulfilling electropositive functions; and salfs, in which these two
functions are neutralised.

For my part I do not see any difference between acids (mean-
ing thereby the salts of hydrogen) and ordinary salts; neither do
I recognise any difference between these two kinds of bodies, and
the group of oxides in general.

The distinctions that may be pointed out between acids, oxides,
and salts, are certainly not greater, but frequently much less,
than those which exist between a potash, and a platinum salt, on
the one hand, and between a chloride and a carbonate, or between
a cyanide and a margarate on the other.
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Reactions are ordinarily appealed to, as warranting this separa-
tion of the acids from all other bodies. Seeing the energy with
which the ordinary acids attack metals, oxides, and salts, we have
been led to consider acids as perfectly distinet from oxides, which
are said to have opposite properties, and from salts, which are said
to manifest no particular action upon other bodies. Dut if, avoid-
ing hypothesis, we reduce these reactions to the equational form,
we shall not recognise any difference between such as are produced
by the agency of an acid, and such as are produced by the agency
of a salt.

We can moreover affirm, that there are salts equally energetic,
nay, even more energetic than are the acids themselves.

Thus the chlorhydric and sulphuric acids are very far from
attacking all the metals; but if we replace the acids by the
chlorides or sulphates of silver, gold, or platinum, the metals unat-
tackable by the acids become instantly dissolved, whilst the silver,
gold, or platinum is set free.

Sulphuric acid attacks metallic oxides; but does it in this
respect differ from the sulphates of silver or platinum, which also
attack the same oxides?—Are not the two reactions precisely
similar?

H*S0O* 4+ KO = KSO* + H2 O
Agh0t + KO = KSO*' + AgO.

Are not the nitrates as energetic in their character as nitric
acid itself? Do not the nitrates of silver, copper, and lead, act
rapidly upon iron, zine, and manganese ?

Does not nitrate of potash attack a host of bodies which resist
the action of nitrie acid ?

In all treatises on chemistry the authors examine separately :—
1°, The action of acids upon oxides; 2°, The action of acids upon
salts ; 3%, The action of oxides upon salts; 4°, Thesetion of salts
upon salts. In what do these actions differ from one another?
Ought not they all to be comprised under one single head,—that
of the action of salts upon salts? And indeed, whether the salts
are combinations of hydrogenium or of potassium, whether oxides
or chlorides, whether carbonates or margarates, the reactions are
always of the same character.

PtCl? +F H:C? + F
=F CI? + Pt =F CI} - H?
CuSO!' 4 F H2SO! + F

=F S0+ Cu =F 50! + H?
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CuSO¢ + KO H:SO' + KO
=K SO* 4+ CuO =K SO0 4+ HZ20
CuCl* + EBaO H*C1? 4 BaO
=BaCl2 + CuOQ =BaCl* + H?0

I admit that the acids or salts of hydrogen are possessed of
well marked special properties, which do not allow them to be
compounded with the salts of potassium or of silver. The oxides,
also, have characteristic properties, by which they are strongly
contradistinguished from nitrates, or margarates. Dut are not
the salts of potassium also possessed of characteristic properties?
Who could confound a salt of gold with a salt of any other
metal ? If a difference does exist between the oxide and the
carbonate of potassium, is not the difference which exists be-
tween this last body and the nitrate, eyanide, or pierate of potash,
much greater? If alumina and its phosphate, which resemble
one another so much as to be often confounded, are nevertheless
removed by chemists to a great distance one from the other; where
pray will they place the chloride of gold, which has so little re-
gsemblance either to alumina or to its phosphate? If I had to clas-
gify these three bodies, I would rather put the oxide of aluminum
and its phosphate into one class, and the chloride of gold into an-
other; or even put the oxide of aluminum and the ehloride of gold
into one class, and the aluminous phosphate into another; rather
than put the oxide of aluminum apart, and arrange the phosphate
of aluminum with the chloride of gold.

If we examine this question in every point of view, we shall
see that chlorhydric acid, potash, and chloride of potassium belong
but to one single class, namely, the class of salts.

The origin of the extreme distinetions that chemists have esta-
blished between these three bodies is simply due: to the physical
states of hydrogen and of water; to the abundance of the latter;
to the facility with which it can be eliminated by desiceation; to
the indifference which chemists and operatives attach to its pre-
sence in the majority of chemieal eompounds and reactions; and
lastly, to the circumstances of its being employed as a solvent.

The influence which the rarity or abundance of a substance
exercises upon our classifications is much greater than we should
at first sight imagine. Thus with regard to the classification of
the salts of potash, all chemists are indifferent whether they are
placed together, or whether they are separated and partitioned out
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hydrogen, the metals, chlorine and its analogues, nitrogen and its
analogues, is a multiple of 4.

These two propositions can be reduced to a single one; but for
that purpose it is necessary to make a classification of the simple
bodies. I divide them into two classes :—

Oxygen Carbon
; Sulphur Silicon

First. Selenium
Tellurium
Hydrogen Fluorine Nitrogen
Metals Chlorine Phosphorus.

Second. Bromine Arsenic
Todine Antimony.

I call the bodies of the first class monads, and those of the
second class dyads.

It may be remarked that, according to the notation of
Berzelius, the dyads, with the exception of the metals, only enter
into combination by double atoms.

The atoms of the metals being halved, it will_be seen that
I apply the term monads to the simple atoms of Berzelius, minus
those of the metals—and the term dyads to the double atoms of
Berzelius, plus those of the metals.

We can now replace the preceding two propositions by the
fullowing one:

In every molecule of a mineral or organic substance, the monads
and the dyads are represenfed by even numbers, and the sum of the
dyads is a multiple of 4.

The following are examples of the application of this propo-
sition, (The dyads are placed in parentheses.)

Acid formie s LEE QLY
Aldehyd GG ((ES)
Aleohol e MEAND(EIEY
Acid nitrie i SADREN A Iy
Acid cyanhydric.... P B )
Ammonia cyanhydrate ... C? (N* H5)
Potash chlorate .... i OB CCIRER)

To so singular a proposition a host of objections may be
offered ; thus some of the bodies best known to chemists, as water,
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sulphurous, sulphurie, earbonie, and oxalic acids, have compositions
which do not accord with the rule.

Be this as it may, let us divide compound bodies into two
series; let us put into the first such bodies as conform to the
proposition, and into the second such as are contrary to it.

First Series.

Fluorhydric acid
Chlorhydrie acid
Hypochlorites
Chlorites ...,
Chlorates ....
Perchlorates

Nitrie acid

Ammonia ...
Ammonia nitrate
Phosphuretted hydrogen
Formie acid
Cyanhydric acid
Marsh gas
(Chloroform

Acetie acid
Perchloride of earbon
Propionic acid
Butyrene
Butyramide

Butyric nitryle
Butyric aldehyd
Butyramine
Benzamide
Nitro-benzamide
Pieric acid

Second Series.

Water o
Sulphuretted hydrogen

Anhydrous sulphurous acid ...

Anhydrous sulphurie acid
Anhydrous nitrie acid
Anhydrous phosphorie acid
Anhydrous carbonic acid
Carbonates

(F1* 1?)
(Cl2 H?)

0 (Cl2 M?)

0! (CI: M)

0F (CI2 M2)

O® (Cl2 M?)

0 (N H?)

(H® N?)

0 (H* N*)

(H* Ph?)

C? O* (HY)

C* (12 N?)

C? (1)

C? (H? CI°)

Ot OF (1)

Ct (O1)

Cﬁ D-I (I_ IE)

C® (H°)

C* O® (1 N?)
C* (HY N?)

C* 0? (HY)

CE (I.IH NE)

Cl-l 02 (H"‘ N?)
Gl-i DE (I.Il‘l N{)
CIE OH(I-IG NE}

O (H?)
S (H?)
S02

503

0’ (N?)

(’ )5 (1}2 J
co?

CO? (M?)
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(Carbamide
Cyanogen....

Oxaliec acid
Anhydrous acetic acid
Oxamide ...
Methylic oxalate
Tartaric acid

Itaconic acid
Anhydrous camphorie acid
Kakodyl ....

Eth}'l

Amyl

Flavine ... b
Benzone ...

Ether

Pthalie acid

CO? (H* N?)
C* (N?)

C* O (H2)

C* O° (H®)

CE 0'3 (I-[d. NE)
C* O (HY)

Ct O° (H")

Cﬁ 05 (IIE)
CIDO& (HH)

C{ (I-]'_IE AEE)
C-I (I_Ilﬂ}
Clﬂl (H‘#E}
CPO (H' N?)
CIE(} (Hlﬂ)

Ct O (HY)

C* OF (HS).

To these two series, I must yet add the two following, which
do not accord with our propositions.

One of them contains bodies which are erystallisable or suscep-
tible of being purified, but the analyses of which are anterior to
the period at which Gerhardt and I put forward our propositions.

The other series consists of impure or unerystallisable bodies.

Third Series.

CHQ7 (H!%)
C* O7 (H™ N¥)
CE 01!1‘(]'_-122 N"’I}

Stearie acid
Gelatine sugar
Nitrosaccharic acid ...

Quinone ... 08 (H)
Furfuramide BT 5 RE S
Essence of estragon* it SSHE)E(ETAD)
Anisic acid CRES (EH)
Nitranisic acid OO HIZN?)

Ozcine® ... 2 .. O8O (H®)
Amylosulphamic acid Cl' 52 0° (H*2N?)
Oleic acid....

Chlorisatine

Fourth Series.
Protein ..., G808 (H® NI
Chondrin .... GOSN

* Tarragon—Artemisia Dracunculus.—(W.0.)
E
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second 2 volume ethers (Gerhardt). I do not know of any exception
to this rule. It must not be forgotten that I apply the term acids,
exclusively to the salts of hydrogen; consequently, the above
remark does not refer to the nitric and acetic anhydrides, which
are inscribed as members of the second series.

III.—Acip SaLTs.

In general, the acids of the first series do not give rise fo acid
salts, whilst those of the second do so readily.

Thus we do not know of a single acid nitrate, nitrite, chlorate,
chloride, or bromide. It is only with considerable difficulty that
we can obtain in the eoncentrated acids, one or two very unstable
acid formates and acetates.

We might also adduce a very small number of acid salts
similar to the acid iodate of potash ; but several observations have
to be made upon this subject, which will find their place
elsewhere.

We know on the other hand, that nearly all the sulphites,
sulphates, carbonates, borates, chromates, oxalates, tartrates,
alloxanates, &ec., can be obtained in the form of acid salts.

IV.—DoUBLE SALTS.

In general, the acids of the first series do not give rise to double
salts (1 in 100 perhaps), whilst those of the sccond series form them
readily, and in very great number,

The most simple salts of chemistry must however be excepted
from this remark, since the fluorides, chlorides, bromides, iodides
and eyanides, very easily produce double salts.

V.—HyYBRID SALTS.

I call by the name hybrid, the double, triple, and quadruple
salts, &c., of which the bases are united in all proportions, as is
the case with granites, epidotes, certain carbonates, phosphates,
gilicates, oxides, sulphides, &ec. :

The acids of the first series do not give rise to hybrids, these com-
pounds heing met with exclusively among the bodies of the second
series.

VI.—NuMBER OF THE ETHERS.

The acids of the first series have but one ether, those of the second
have two.

E 2
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Thus we have but one of each of the nitrous, nitrie, hydro-
chloric, formie, and acetic ethers, &e., while we have two of each
of the sulphydrie, sulphuric, earbonic, and oxalic ethers, &ec.

VII.—Avrcororipic AcIDs.

The acids of the first series do not produce alcoholidic acids, those
of the second do.

Thus we are not acquainted with any nitro-, chlorhydro-,
formio-, aceto-............ methylic, vinie, or amylic acids; whilst the
sulphydro-, sulpho-, phospho-, ecarbo-, oxalo-, sucecino-...........
vinic, and methylie, amylic acids, are well known to us.

VIII,.—NUMBER OF THE AMIDES.

The acids of the first series are capable of giving origin to only
two kinds of amides ; whilst those of the second series can produce four
kinds.

Thus the acids of the first series form amides, and imides or
nitryls, such as acetamide and acetonitryl, benzamide and benzoni-
tryl. Oxalic acid which belongs to the second series, produces
oxamide, oxamic acid, ecyanogen, and oximide.* It would be more
exact to say, That the acids of the first series give origin to amides
corresponding to neutral salts ; while the acids of the sccond series
can form amides corrvesponding both to neutral and to acid salts.

IX.—Amipic Acips.

T'he acids of the second series only, give rise to amidic acids.
We are not acquainted with any nitramie, chloramie, formamie,

¥ T believe that leucoturic acid is no other than oximide, moreover we are
acquainted with melanilic oximide.—(L.)

Oximelanile or melanilic oximide, is melaniline in which two atoms of
hydrogen are replaced by one atom of oxalyle :

Melaniline = C" H» N?
Oxamelanile = C12 H!' (C* 0?) N®
Oximide would be ammonia in which two atoms of hydrogen were replaced by
one atom of oxalyle, and would result from the equation
NH.H.O
C:0%0
does not atall agree with the published formula for leucoturic acid. In the latter

part of this work Laurent shows that more than four amides may be produced
from one single acid.— (W. 0.)

} — 2H*0 = NH C?0? which compound
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acetamie, benzamie, &ec., acids; whilst sulphamie, phosphamie,
carbamie, oxamic, phtalamie, &ec., acids, are well known to us,

X.—DouBLE ETHERS.

The acids of the second series only, give rise to double ethers.

There is no double nitrate, chloride, formate or acetate, of
methyl and ethyl; while the double oxide, double carbonate,
double xanthate, and double oxalate are well known.

XI.—DoueLE AMIDES,

The acids of the second series only, give rise to double amides.
I may adduce as examples the anilo-ammonio-carbamide, the
ammonio-ethylaminic-carbamide, the anilo-ammonio-oxamide.

XII.—ETHERAMIDES.

The acids of the second series only, give rise to bodies which may
be considered as double combinations of amides and ethers.

Such for instance are urethane, oxamethane, sulphamethane,
xanthogenamide, the allophanate of methyl, &c.

XIII.—CoruLATE AcCIDS.

Copulate, congugate, or complex acids belong exclusively to the
first series of acids, but are produced exclusively from acids of the
second series.

Such for instance are the sulphobenzidie,* sulphophenie, sul-
phamice, oxalovinie, carbamic acids, &e.

XIV.—ANUYDRIDES.

Nearly all the anhydrides of the second series may be obtained
in a direct manner, by abstracting water from the hydrated acid,
either by heat alone or by means of substances powerfully attractive of
water ; whereas the anhydiides of the first series can only be obtained
indirectly.

Thus we can obtain in a direet manner the sulphurous, sul-
phurie, arsenious, arsenic, carbonie, borie, silicie, chromic, tungstie,
molybdic. .. tartaric, camphorie, succinie, phtalie, &e., anhydrides;
whilst it is only by indirect means that we can succeed in preparing
the nitric, acetic, benzoie, &c., anhydrides. Nevertheless anhy-

* This compound is ordinarily called Ayposulphobenzidie acid, and is repre-
sented by the formula C*H’. 5°0". HO. Laurent’s formula is C'H"S0% —(W.0,)
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drous iodic acid may be obtained directly from the hydrated acid.
Moreover,

The anhydrides of the second series, by acting upon gascous am-
monia, give rise to amidic acids, while the anhydrides of the first
series form neutral amides only.

XVY.—ANHYDRO-SALTS.

Acid anhydro-salts, such as the anhydrous bisulphate and
bichromate of potash, have been produced from the acids of the
second series only. - Not a single authentic example can be cited
of similar salts being obtained in the presence of water, from acids
of the first series.* Since anhydrous sulphuric acid is capable of
combining with several kinds of dry salts, such as the chlorides,
the anhydrides of the second series may possibly give origin to
analogous combinations.

XVI.—PaAra-SaLTs.

Up to this time the acids of the second series only, have given origin
to para-salts, such as the para-, meta-, pyro- ...........phosphates, &e.

Thus we are acquainted with para-, meta-, iso-, poly-............
phosphates, stannates, tellurates, titanates, antimoniates, tungs-
tates, tartrates, citrates, malates, &c.t

XVII.—Ox THE NUMBER OF ATOMS OF WATER IN SALTS.

As a rule, in the salts of the first series of acids, the number of
the atoms of water is EVEN, whilst in those of the second series it may
be either even or uneven.

Thus all the chlorides, chlorates, nitrates, formates, and ace-
tates contain 1, 2, 3, 4. . . times H*O? (rarely 1, 3, &, H'O?). The
simple salts of the second series contain 1, 2, 3, 4 .. . times H*O
(very rarely 1, 3, 3, H?O). I shall return to this subject further
on, as also to the number of the atoms of water in acid, double, and

basic salts.
XVIII.—SOLUBILITY OF SALTS.

All cireumstances being as far as possible analogous, we may say,

# An exception, however, must be made in the case of iodic acid. This
compound presents many peculiarities ; its salts are but little known, and much

diserepaney exists with regard to their formulze,
+ The hydroleic, metoleic, and metamargaric acids might be adduced as

contrary to this conclusion ; but the formule that huve been attributed to these
acids are undoubtedly inexact.

Al s, - By st el &
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that in general the salts of the first series of acids are soluble, whilst
thase of the second series are insoluble.

Thus all the nitrites, nitrates, chlorites, chlorates, perchlorates,
bromates, formates, acetates,—all the amidie, alecoholidie, and
copulated salts,—nearly all the chlorides, bromides, iodides, and
fluorides, are soluble ; whilst nearly all the oxides, sulphides, sul-
phites, phosphites, phosphates, arsenites, arseniates, chromates,
tungstates, &c.,—borates, silicates, carbonates, oxalates, tartrates,
&e,, are insoluble.

It is clear that the elementary composition of a salt must
exert a great influence upon its solubility, and consequently, in
some cases, may negative the remark I have just made. Thus we
know that the augmentation of carbon and hydrogen in alkaline,
neutral or acid bodies, diminishes their solubility. So we may pass
from the formates or acetates, which are very soluble, to the pro-
pionates, which are less so, and thence rising in the scale to the
caprates, cetates, and margarates, &c., which are perfectly in-
soluble, though belonging to the first series.

XIX.—VOLATILITY.

In general the acids (1. e. hydrated acids) of the first series are more
volatile than those of the second, the majority of which latter indeed,
cannot be distilled without decomposition.

Thus the chlorhydrie, bromhydrie, iodhydrie, fluorhydrie, nitrie,
perchlorie, formic, acetic, propionic, margarie, benzoie, &e., acids,
are volatile (the chloric and iodic acids are not so, but for this
there is a definite reason): whilst the sulphuric (boils at a high
temperature), hyposulphurous, sulphurous, chromie, tungstie, &c.,
arsenious, arsenie, phosphoric, borie, silicie, carbonie, oxalie, tar-
taric, succinic, phtalic, malie, citric, gallic, &ec., acids, are not
volatile,

It is true that in the first series there may be found a great
number of acids, which cannot be distilled without decomposition,
but these are the copulated acids, all of which bodies it must be
observed are combinations of the acids of the second series.

If it were possible to choose bodies ‘of nearly identical compo-
sition, we should still see that the bodies of the second series are
less volatile than those of the first. Thus if we compare

Formie ether .. Lo BRIE g
with oxalic ether .. e COOHM
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sible by 4, gives rise neither to an anhydride, nor to double or
acid salts; it has but one ether; it forms neither an amidic, nor
an alcoholidic acid; its ether is represented by 4 volumes, &c.
This third series at that time comprised one-tenth part of all known
bodies, nevertheless Gerhardt and I did not hesitate to declare
that all their formule would prove to be inexact. Since then, it
has been proved that all these formule must be replaced by others
which are in accordance with our propositions. If these proposi-
tions had been false, it would have been ten thousand to one
against all the original formule proving to be erroneous, and all
the corrections coming precisely to the support of our views.

XXII.—Ox THE BoODIES OF THE FOURTH SERIES.

The compounds of this series are uncrystallisable; we do not
know whether or not it is possible to purify them: the majority
of them contain sulphur and phosphorus; whether these elements
form an integral part of the chemical molecule, or whether they
enter into the constitution of some other body, which exists in a
state of mixture therewith, is unknown: at any rate their compo-
sition appears to be extremely complex. It is worthy of remark,
that out of the two or three hundred formule given to these bodies
there are not perhaps more than ten, of which, the monads form
an even number and the sum of the dyads is divisible by 4. This
is exactly what chance would give rise to, if no law presided over
the number of the atoms of compound bodies. If we endeavoured
to construct formule by drawing hap-hazard even or uneven num-
bers for the carbon and oxygen, and even numbers for the hydrogen
and nitrogen, out of sixteen formule one only would have an
even number of monads, and the sum of its dyads divisible by 4.

We shall see in an instant that the compounds of the second
series accord with our proposition; but if we take all known
bodies, pure or impure, we shall see that their formule afford
results precisely contrary to those which chance would give, that
is to say, that the bodies in which the monads exist in an uneven
number, and in which the sum of the dyads is indivisible by 4, do
not amount to one-sixteenth part of the whole; and, moreover,
that this part consists exclusively of impure or uncrystallisable
bodies, or else of bodies which are but little known, as thebaine,
sabadilline, &e.

XXIII.—HYPOTHETICAL BODIES.

All the hypothetical bodies whose existence in combination is admitted
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formic acid, by the liberation of H'O* gives rise to carbonic
oxide and cannot form the anhydrous acid by the loss of I*O,
since H?Q is, according to our agreement, no longer water.*
Nevertheless we might reverse the reasoning, and say that free
anhydrous acetic acid, C*H®0?, has only to absorb H*O in order to
form the hydrated acid. But from what we have just now said,
the formula for anhydrous acetic acid is C*H™0" and with water
it can only give rise to the following equation:

CEHBOS + HO = 2 CHHB O,

10°. For the same reason the transformation of acetic acid
into acetone must be represented by

2 CtHSO! = CPH2O? 4 HIO + (204,

and not by
C‘H*O* = C*H*0 4+ H?*0 4+ CO°

All the world is agreed upon this subject, since C?HO does
not constitute acetone. I shall return to this subject further on.

11°. We understand now, why the salts of the first series com-
bine with 2, 4, 6, 8 . . . . molecules of water, whilst the salts of
the second series can only combine with 1, 2, 3,4. . . . mole-
cules. By doubling the formule of these last bodies, the number
of the molecules of water becomes the same in both cases. We
shall presently see why this is always an even number.

12°. By the duplication of the formule, the compounds of both
geries in all their reactions give rise to H*O? C?0?, C*0¢, CI4, or
multiples thereof.

13° Lastly, we conceive why in general, the bodies of the
second series are less volatile than those of the first, since they
now contain a double number of atoms. Thus, in comparing

Benzoie acid, C* H!' Of
with benzone, C' H Q,

* Water is a bibasic acid which like its analogne sulphydric acid, gives rise to

An acid salt w0 K2 H? [ R B
A double salt At 0 T B? Cu® B2
A neutral ether ... e OF Ef2E4? 52 Et? E?
An acid ether w02 Et2 H2 5@ K2 I3
A double ether ..., vons. 02 Fit? Me? 8 [Et® et
A hydrovinate ... e O3 Et2 K3 S5 Ei K2

Moreover H'0?, like 11'S?, = 4 volumes.
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we were astonished to see this latter zo little volatile; but our
surprise ceases on writing the formule of the two bodies thus:—

Benzoie acid, CHH20OH
Benzone, CaH203,

At last, then, we understand what it is that constitutes a
bibasic acid.

According to Berzelius, an acid is bibasic in eonsequence of
the indivisibility of its formula: such, for example, is the pyro-
phosphorie acid, P*0%2 H*O. T have already shown that by
making use of other atomic numbers we could alter the basity of
the acids.

According to Liebig, an acid is bibasic when it is capable of
forming double salts with certain metals. Liebig was in the
right direction, but he stopped short on the road. Thus, he con-
sidered the tartaric and alloxanic acids as bibasic, because they
can form certain double tartrates and alloxanates. The definition
is uncertain, in consequence of the nature of the salts which
render an acid bibasic not being pointed out in a sufliciently
precise manner,—this precision, moreover, being impossible.

According to Gerhardt, an acid is bibasic when it forms acid
salts, or double salts, no matter with what bases. Thus, according
to him, sulphurous, sulphurie, carbonie, and oxalie, &e., acids are
bibasic. But as even this character is not absolute, since here
and there we meet with monobasic acids which give rise to double
or acid salts, Gerhardt has added the following axiom :—

Bibasic acids give ethers which correspond to 2 volumes;
thus, in the ordinary notation the atom of oxalic ether corre-
gponds to 2 volumes,

The character that Liebig attributes to the bibasic acids
appertains in the highest degree to the sulphurous, sulphurie,
carbonic, and oxalic acids. Nevertheless, Liebig does not con-
sider these acids as bibasie.

All chemists (even those who rely exclusively upon the doctrine
of equivalents) have adopted the opinion of Liebig. Gerhardt has
demanded of them, for a long time past, why they consider the
tartarie, malie, alloxanic, urie, &c., acids, to be bibasie, whilst
they regard the sulphurie, simply as a monobasie acid.

Gerhardt has not yet obtained an answer; nevertheless, it is
not difficult to find him one: an acid s monobasic or bibasie,
according to the repute of the chemust who considers it such.

To the characters given by Gerhardt I would add the

st el il . el

e e B i
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following. Bibasic acids can form two ethers, four amides, an
aleoholidie acid, an amidic acid, an anhydride (directly), salts
with 1, 2, 3, 4 . . . . molecules of water, para- and meta- acids,
&c. Thus, according to us, the basity of an acid does not depend
entirely, as Berzelius contends, upon the indivisibility of its
formula, but upon the nature of its properties. According to
Berzelius, Liebig, and indeed to most chemists, stearic acid
CSH™ (%2 H*O, is bibasic in consequence of the indivisibility
of its formula, whilst margaric acid C* H¥ 0% H®*O is monobasic.
But, according to Gerhardt and myself, if this last is monobasie,
the first is certainly monobasic likewise. It is impossible to meet
with any two bodies which resemble one another so much as do
these two acids. They have the same point of fusion, or af least
a difference of but a few degrees to distinguish them ; their salts
and their ethers are nearly indentical ; and lastly, stearic acid
does not possess any of the characters of the bibasic acids. We
have not the least hesitation then, in considering it as monobasic,
and consequently we affirm positively that its formula is inexact.

No one can help being struck with all the remarks which I
have just made. No one can refuse to admit the necessary conse-
- quence, namely, the duplication of the formul® of the second series
of bodies,

Nevertheless, one would without doubt, feel a degree of
repugnance thus to complicate all these formule; one would
object, for instance, to represent sulphuric acid by S*0® H,

I comprehend this repugnance; but we must be logical,
and consequently either put up with the complication, or else
follow Gerhardt, who proposes to leave intact the ordinary
formula of the second series, and to simplify all those of the first
by dividing them by 2. 'We should in this manner arrive at a
result essentially the same, only instead of representing all bodies
by 4 vapor volumes, we should represent them by 2 volumes.
The acids of the first series would be monobasie, those of the
second would remain bibasic. For example, the nitrate of potash
in becoming KN O? would continue monobasic, and the sulphate
of potash in becoming K?SO* would continue bibasic.

Not only would the formula of the first series, consti-
tuting nineteen-twentieths of the whole, be in this manner
gimplified, but a great number of the formule of the second
series would be similarly affected. Thus, sulphovinic acid
is ordinarily represented by Et*SO.H?SO'. This formula
would become according to the 2-volume notation, EtHSO!,
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The bisulphate of potash K*SO*H*S0, would become KITSO*,
&e.

Lastly, the remark we have made concerning the molecules
of water, which are always found in even numbers, is now easily
explained, since in dividing the formule by 2, the number of the
molecules follows the ordinary progression, 1, 2, 3, 4.

We conceive in the same manner, why in our reactions, we
always see C2O1, C20%,ClY, H*O?, make their appearance.

In consequence of this new convention then, our fundamental
proposition will become simplified, and will receive the following
form :—

In compound bodies, the monads and dyads are expressed by an
even ogneven number, but the sum of the dyads i always an even
number ; or still more simply, the sum of the dyads is an even
number.,

Thus the law of Gerhardt, that all bodies contain an even
number of atoms, no longer exists, but is replaced by an equivalent
advantage, namely, the simplification of all the formulee.

We call the formule, as simplified in the above manner,
unitary, in opposition to the dualistic or additive formule, since it
becomes impossible in the unitary notation to represent the
formule of the monobasic acids by water plus anhydrous acid.
Indeed we now write

Water ... e HE2Q
Nitric acid ..., o CENGR
Chloracetic acid o H MW

The nitric and chloracetic acids, which have but one equiva-
lent of H, cannot then contain H?*QO. :

As hereafter I shall employ exclusively the 2-volume notation
of Gerhardt, I must here call particular attention to the difference
which exists between it and the notation of Berzelius.

For the simple bodies, Gerhardt employs the atoms of Berzelius,
excepting those of the metals, which he halves.

For the compound bodies, he halves all the formulae of Berzelius.

It is evident thatthe formula of sulphuric acid remains the
eame in the two notations, that is to say, that no alteration is
made in the formule of those bibasic acids which were not

considered as bibagic by Berzelius.
I have said above, that Gerhardt* considers his atoms either

% Gerhardt, in his later writings, always considers one volume of oxygen as
equivalent to two volumes of chlorine or hydrogen.—(W.0.)
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as volumes or equivalents. Thus, according to him, 1 volume of
hydrogen, or 1 volume of chlorine, is the equivalent of 1 volume
of oxygen.
Experiment constantly demonstrates, that in a compound body
1 volume of hydrogen ean be replaced by 1 volume of chlorine, or
by 1 volume of bromine. Ixperiment demonstrates equally, that
the new chloro- or bromo-compound is analogous to the primitive
substance, and that consequently 1 volume of hydrogen is really
the equivalent of 1 volume of chlorine or of bromine. DBut
experiment does not assist us, at least in organic substances, when
we wish to ascertain whether 1 volume of hydrogen or of chlorine
is or is not the equivalent of 1 volume of oxygen. I do not
know of a single body in which we can effect an actual substitu-
tion of hydrogen or chlorine for oxygen. ( Vide article ©* SUBSTI-
TUTION.”
We might, indeed, adduce the conversion of alcohol into
acetic acid,
C:H°O + 0% =
C*H'O* + H?0,

to prove that 1 volume of oxygen has replaced 2 volumes of
hydrogen, and that consequently 1 volume of oxygen is the
equivalent of 2 volumes of hydrogen: but what relation exists
between alecohol and acetic acid?  And moreover, there i1s in
this case no substitution or direct replacement of one of these
bodies by the other, since the alcohol at first loses hydrogen
without any substitution giving rise to aldehyde, which latter body
subsequently absorbs oxygen and produces acetic acid.

If, because oxide of barium exchanges one volume of oxygen
for two volumes of chlorine, we could thence conclude that one
volume of oxygen is the equivalent of two volumes of chlorine,
we might maintain with greater reason that one volume of oxygen
is the equivalent of one volume of chlorine, since the peroxide of
barium gives up all its oxygen in exchange for an equal volume of
chlorine; and the neutral chloride of barium thus formed has a
greater analogy with the neutral peroxide than with the basic
oxide of the metal.

Nevertheless, as we know that in organic substances it is
impossible to replace 1 volume of hydrogen or of chlorine by 1
volume of oxygen,* and that in certain substances that may be

* We might cite as an example of the replacement of 1 velume of
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considered as oxides in which the oxygen has been replaced by
chlorine, it is always one volume of the former that is replaced by
two volumes of the latter (example, Dutch liquid C*IH*CI? and
aldehyde C*H%.0), we are naturally led to adopt the ordinary
opinion, that 1 volume of oxygen is the equivalent in weight of
2 volumes of chlorine or of hydrogen.

Here arises a difficulty which I shall endeavour to resolve, and
for this purpose shall be obliged momentarily to restore to their
ordinary meanings the words atom and molecule,

Chemists do not know whether the molecule of chlorhydric
acid is HCI, or H?*CI?, or H*CI?, &ec.; but they believe themselves
warranted in affirming, that if the molecule of nitric acid consists
of HLNO? that of chlorhydric acid ought to contain H Cl, and
that consequently the formula of cyanhydric acid should be
H.CN, that of cyanogen CN, that of chlorine Cl, that of hydro-
gen II. Although this deduction is admitted without hesitation
by every one, yet I shall endeavour to show, that the molecules
of these bodies ought properly to be represented in the following
manner :—

2 Vol,
Chlorhydric acid ... H CI chlorine ... CI?
Nitric acid ... p AEINGE nitrogen ... N2
Cyanhydricacid ... H Cy cyanogen ... C2N?

that is to say, I am desirous of proving that the molecule of free
chlorine is binary, but that this molecule can divide itself into two
when it enters into combination.

There does not exist a single organic compound upon which
we can effect any reaction by employing Cl, CI%, CP, &c. ; that is
to say, an uneven number of atoms of chlorine. In every case it
is CI%, or a multiple thereof, which determines the reaction. A
body can indeed contain an uneven number of atoms of chlorine,
but in order to form it, we must, I repeat, employ an even number
of atoms. '

Let us bring forward some examples of this statement, pro-
ceeding from complex to simple instances.

hydrogen for 1 volume of oxygen, the transformation of the nitro-hydrocarbons
into alkaloids by the action of sulphuretted hydrogen ; for instance, nitro benzine,
C*HSN (0?), which produces aniline C°®H*N (H?); but in these instances 2
volumes of oxygen are replaced by 2 volumes of hydrogen, and not 1 volume
replaced by 1 volume.
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2 vol. + n2vol.= 2 vol. + n 2 vol.
Naphthaline ... CYI* + ClR == CWH: (]
2 o O e Ol = G0 TR ]
i . guHs 4. O = -COH' Cl 4+ HCI
o . CwEs £ 2C2 = CvH: C* +2HCI
,, .. CoH: 4+3CEB = CeHs CP + 3HCI
s SRt L8 2 [ R ) N Cit +8HCI
Valyle (s H® 4 2Brr = C® H" Br? + 2H Br
o . (s HY £ 2Br* = (C° H2 By + 2H Br
Valerene . (s HY" 4+ Br* = C* H?! Br + H Br
Butyrene: . .aw @l HE e G =G HIWWCL o HAGI
Propylena: ... C* H¢ + CP = C H' Cl + HCI
5 oo HE . 9CE = @R HE GE L G
£ e HS f GE1F = Ef Clt + 6 H Cl
Etherine S B b G BB G B B 5 R
I . G HC 4+ C*r ="C*HE*C O+ HE
Methylene .. C H2 4+ C® = CH Cl + HCI
whenee ... H + CI*}F = H CIl + HCI
H: 4+ (2N'= H CN+ HCN
or HE 4 Cyr = H Cy + HCy.

If C*H* represents a molecule of etherine, CH?* a molecule of
methylene, H? must necessarily represent a free molecule of hy-
drogen, CI* a free molecule of chlorine, and C*N® a free molecule
of eyanogen.* These free molecules, H? CI*, C?N?% halve them-
gelves in the act of combination.

‘When CH? is put in the presence of CI% it loses H, which is
replaced by Cl; in the same manner, when H? is put in the pre-
sence of C12, it loses H, which is replaced by Cl. In one word,
when chlorine and hydrogen react upon one another, it is not a
combination, but a double decomposition that takes place.

Moreover, Ampere a long time back considered the atoms of
hydrogen and of chlorine as divisible, in consequence of one volume
of chlorine, in combining with one volume of hydrogen, giving rise
to two volumes of chlorhydric acid. For if we admit that gases

* We can prove in another way that free c]mnﬂgéu is C*N?*. DBenzoate of
ammonia, benzamide, and benzonitryl are respectively represented by
CH*NO?;, CHNO*-H:0, CH'NO®*—2 H0,

and in the same manner oxalate of ammonia, oxamate of ammonia, oxamide, and
cyanogen are represented by

C*OHEN?,  CPOCHEN®—H20, C*'OII*N*-2 1?0, C*O'II'N?—4 H?0=C2N3,
or cyanogen ; moreover cyanogen in the presence of water regenerates oxalate of
ammonia.

F
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necessarily combine with the complementary atom of another
monad, to form a new even-numbered molecule. This may be

illustrated by the formation of sulphurous acid.
(SS) + (00) + (00) = S(00) + S(00).

Since a dyad atom necessarily demands a complementary atom
of another dyad, whilst this complement is not necessary for the
monad atoms, it follows that the table of molecules I have just
given may be replaced by the succeeding one, in which the mole-
cules of all compound bodies are represented by two volumes, the
molecules of the dyads by two volumes, and the molecules of the
monads by one volume.*

One volume molecules—MONADS.

Oxygen ... e O =100 = 16
Sulphur ... e DT = 200 = 32
Carbon ... . C = 75 = 12.
Two volume molecules—ID Y ADS,
Hydoogeny fas s (HE=UZ 006:25 =R 0]
Chlorine e e, B = 9 e 99) == B s 850
Nitrogen S AN N =2 T e ame DS T
Potassium ... ... K? = 2 x 245 = 2 x 39
Two volume molecules—CoMPOUND BoDIES.
Chlorhydric acid e H Gl = 9005 = 280
Water .. H2 = 1125 = 18
Oxide of potassium o K20 =590 = 94,

* We might even represent all bodies, simple or compound, by one volume ;
but in this case nearly all the formule would become fractional. In order to
avoid this, it would suffice to consider the molecules of simple bodies as divisible
into two atoms ; then each of these atoms or } volumes, would be represented by
the letters O, H, Cl, &c., and we should write

1 volume of oxygen T
1 volume of hydrogen Ao HE
1 volume of nitric acid e HLINOY,

The notation by 1 volume would then be exactly the same as the notation by 2
volumes, In the 1 volume notation the formula H.NO? would affirm that 1
volume of nitric acid contains H or § volume of hydrogen, N or § volume of
nitrogen, and 0% or } volume of oxygen. In the 2 volume notation the same
' formula would indicate that 2 volumes of nitric acid contain 1 volume of hydrogen,
1 volume of nitrpgen, and 3 volumes of oxygen.

1t We have said all along that we adopted the volume notation of Berzelius ;
it was consequently understood that sulphur and phosphorus formed exceptions,

F 2
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2° For the dyads.

Two volumes contain two atoms, or one molecule, H?, CI?, N%

&e.
3° For compound bodies.

Two volumes contain one molecule, H2Q, HCI, H.NO?, &e.

In this manner the dyads hold an intermediate place between
simple and compound bodies. They are, as I have already said,
homogeneous combinations. Considered as simple bodies, they
contain, like the monads, the same number of atoms in the same
volume ; considered as compound bodies, their molecules occupy
two volumes, as do those of the true compound bodies.

ARRANGEMENT OF THE DYADS.

This proposition  The sum of the dyads is an even number ”
would lead us to a theoretical deduction of a very singular
character. In the dualistic notation nitric acid is represented by
N?0°% H*0O. We have already seen that according to the unitary
notation this acid cannot contain water. Wemay even go further
and say, not only that the hydrogen is not combined with the
oxygen, but that it actually is united to the nitrogen. This results
from the impossibility of removing one atom of a dyad without re-
placing it by a complementary atom of another dyad. This abso-
lute necessity for a complement, can searcely be conceived, if we
refuse to admit that the atoms of the dyads are combined with one
another, at least in pairs.

The following table would indicate, according to the above
point of view, not the arrangement of all the atoms in a single
body, but that of some of them only.

Water N (HIEEC?

Chlorides ... et (O
Hypochlorites . (CIM) O

Chlorates ... e (CIMYUDE

Nitrates ... wn NMO2
Phosphuretted hydrogen (PH) (HH)
Hypophosphites e (PHDY (M) 02
Phosphates - ... (PM)(MM) O!
Chloracetates ... (CICI) (CIM) C20?
Acetonitryl e (D) (HNCA,

This binary association of the atoms enables us to account for
the affinities manifested by bodies in the nascent state.
If we present to one another free molecules of bromine and
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hydrogen, (BB’) and (HH") respectively, the affinity of B for B
and of I for H', suffice to prevent the combination of B with H
and of B’ with H’. But if the atoms B and H only are presented
to one another, there being no affinities to be overcome, the two
bodies combine very readily. This is what will take place for
instance, when hydrogen, as disengaged in the nascent state
from the action of sulphuric acid upon a metal, is put in presence
of bromide of silver : we shall have :

HH SO* 4+ Zn + Ag Br =
HZn SO* + H + AgDBr
and H + AgBr = Ag + HDBr.

The atom H has a tendeney to reconstitute a molecule by
uniting with another atom H. When the molecule HH is re-
constituted, the hydrogen is no longer in the nascent state. But
if H encounters Ag Br, then it carries away the Br to reconstitute
a binary molecule.

It is scarcely worth while to remark, that if sulphuric acid
contains H? these two atoms are not at one and the same time
set free in the nascent state by the zine, but that only one atom of
H is disengaged ; eince at first the bisulphate of zine HZnSO* is
formed, and that this subsequently loses its last H, still however in
the atomic or nascent state,

We might explain in a similar manner the spontaneous de-
composition of chloride of nitrogen.

(C1 CI) (CLN) + (CI' CI) (CI' N')
— (G1 CL) + (C¥ CI) + (Ol OF) + (N N.

That is to say : that the affinity of Cl for N and of CI’ for N*
is overcome by the affinity of Cl for Cl' and of N for N. This
affinity of Cl for Cl' and of N for N', is even sufficiently strong to
give rise to a violent disengagement of heat,

ANOMALIES OF THE RADICALS AND ANHYDROUS ACIDS,

I propose in this, and the succeeding chapters, to pass in
review the composition of certain bodies such as the radicals,
monobasic anhydrides, sesquioxides and their salts, &c., which
appear to offer anomalies to the law of even numbers, This
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review will give me an opportunity of entering into considerations
which are I think not entirely devoid of interest.

We have agreed to consider as molecules, the atoms or equiva-
lents of compound bodies, such as they are generally admitted by
chemists ; further on however, some few modifications will have
to be made.

The principal alteration we have hitherto made, refers to the
bibasic acids, and to the combinations corresponding therewith.

If our manner of viewing these compounds were adopted, we
might affirm even now, that we are almost at accord with the
majority of chemists. That all the 6, 8 and 12 volume formulae
made use of by some persons, do not in any way correspond with
the molecules of the bodies to which they are attributed, is too
obvious to require a proof. These formul® are construeted exclu-
sively in accordance with theoretical speculations concerning the
arrangement of atoms: such for instance are the following, which
belong to the dualistic school.

Aldehyde ... .. C'HF 4+ O+ H?0 =4 vols.
Chloraldehyde v (CHE.CIP) <+ 2 (C*HS.0®) = 12 vols.
Bichloraldehyde ... (C*Clf) 4 (C'HS0O?®) = 6 vols.
Trichloraldehyde ... (C'H®)2 CO® + 3 (C*CI®) = 12 vols.

Perchloraldehyde ... CO + CCI* = 2 vols.

They represent a score of hypotheses and nothing else what-
EVEr.

Despite this accordance, there will remain some degree of vague-
ness, in our selection of the molecule for certain compound bodies,
and consequently in the law of even numbers. We might say that
this selection should be made, by taking for any given body, that

Jormula which afforded the greatest degree of simplicity ; which best
llustrated the analogies of the body ; which allowed its metamorphoses
to be explained in the most simple manner ; which accorded with its
equivalent considered functionally; which was deduced from its gaseous
volume, its atomic volume, its botling point, its somorphism, &e.
Nevertheless, if only in consequence of there being several pro-
cesses, and of those several processes not always leading to the
game result, we should desire to replace them by some other which
ghould be less uncertain. Such is precisely that of Gerhardt,
which econsists in taking the gaseous volume as the =ole guide for
the determination of the weight of the molecules. We conceive
readily, that an uniform process cannot give rise to many contra-
dictory results; but nevertheless, it may not be capable of satis-
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chemists, who at this time admit the formule of the first list,
where molecules are represented by 2, 4, 6, 10 and 12 volumes.

We will now proceed to grapple with the radicals and mono-
basic anhydrides.

If we revert for a moment to the ordinary notation (that of
Berzelius), we shall see that the radicals, such as ammonium
HSN?, amidogen H'N? cyanogen C*N?%, ethyl C'HY, methyl
C2HY amyl CYH?%, formyl C®H? kakodyl C'H'As*; and the
monobasic anhydrides, such as the nitric N*O°, the acetic CHEQS3,
the benzoic C“H'"Y0? &ec., contain an uneven number of monads
and that the sum of the dyads is not a multiple of 4.

I might at starting observe, that the thousands of radicals and
anhydrides, with which chemistry is encumbered, are but imagi-
nary bodies so to speak. But, as cyanogen, kakodyl, and even
ethyl (according to some) exist free, and as we are acquainted
with the nitrie, acetic, and benzoic anhydrides, I am willing to
admit, that all the other hypothetical radicals and anhydrides are
capable of existing in a free state,

We would now remark, that if all these radicals and anhy-
drides, free or hypothetical, do have formul= contrary to the law
of even numbers, such an anomaly must necessarily be presented
by them.

And indeed all (the so-called) hydrated acids contain, as we
have seen, an even number for the carbon and oxygen, and a
multiple of 4 for the hydrogen. If in imagination we abstract
from these bodies H20, the remainder or anhydride will obviously
contain an uneven number of oxygen atoms, and an even
number of hydrogen atoms, but never a multiple of 4.

Let us examine the radicals of Davy. Sinee nitrie, formic,
and acetic acids are represented by H2N20S H2C*H*0/,
H2C'H®0Y, it is clear that by the abstraction of II* the re-
mainder or radical, will not present a multiple of 4 for the
dyads.

If we pass to such radicals as ammonium, methyl, ethyl, &ec.,
we shall arrive at the same conclusion. For these bodies may be
considered respectively as resulting from the union of ammonia
N*HF, methylene C*HY, of etherine C*H5, &e., with H?, that is to
say as resulting from the union of bodies, the dyads of which form
multiples of 4, with 2 atoms only of hydrogen.

If I unhesitatingly admitted the preceding results, although
the law of even numbers would then have to undergo a modifica-
tion, it would nevertheless remain as a very remarkable law,
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two atoms of this gas unite to form one dyad molecule of free hydro-
gen H? = 2 vol.

In the same way, when the radical methyl, supposed to exist
in the chloride of methyl CH®.Cl is set at liberty, two atoms of
the radical ought to unite to form one free dyad molecule (CH®)* =
2 volumes,

Also when the radical kakodyl, supposed to exist in the
chloride of kakodyl C°H°As.Cl is set at liberty; two atoms of
the radical ought to unite to form one free dyad molecule {C’HEAS)E
= 2 volumes.

If we represent the molecule

of hydrogen by I*
- methyl (CH?) Me?
“ ethyl (C'H) Et?
« kakodyl (C?HAsy .. Kk

we could then establish the following parallel between the combina-
tions of hydrogen, potassium, and the radicals playing the part of
hydrogen and potassium.

[ Hydvogen: —iahedl HP
Potasagjom ' . an K2
Metals Methyl andghoce Mal
Ethyl siehonee LA
Kadodyl ... .. Kk?
Zinco-potassium ... ZK
All P :
Rl { Zinc-methyl ..., ... ZMe
Hydric Ll e SRR 6 O
Potassice Tuimaas SR D
Oxides Methylic + ... .. Me?2 0
Ethylic vl s el 0
Kakodyhe ... .. EKk* O
Potassic bt R MR
Hydrates ... Methylic .. .. MeH O
Ethylic 5. 0 B Hr C)
meu-pﬂtassm e L )
Double oxides Methyl-ethylic ... MeEtO
Ethylo-potassic ... Et KO
Hydric v, el
Chlorides ..., Methylic ... .. MeOl
Eth}']lﬂ, EIG.- s T K C.I.
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Hydrie N T
Sulphates Methylic ... ... Me* HO#
Bthylic; d&e. 't o BAP B0~
Methylo-potassic.... Me K SO*
Double sulphates ... , Ethylo-potassic ... Et K SO*
Methyl-ethylie, &e. Me Et SO*
Potassic et e B OHE SO
Acid, or bi-sulphates , Methylic ... ... MeH SO*
Bthylic, &c.... ... EtH SO

It is now seven or eight years ago, since 1 proposed the above
formulwe to the advocates for the existence of compound radicals,
and although these formulae do away with the anomalies presented
by the bodies in question, and even strengthen the analogy of the
ethers to ordinary salts, yet have they not, up to the present time,
been adopted by any one.

It is almost useless for me to show that these formule
satisfy equally well the theory of etherine, as in the following
examples :

Bihydrate o BT B e (0]
Hydrate Gi. | 2ICIEHE 2 WD),
Hydrochlorate ... C*H'.H Cl
Sulphate e £ OBVHE HESE

Sulphovinic acid, &e. C*HA H2S O, &e.

‘When Gerhardt published his table of equivalents, he repre-
sented alcohol by C? H® O = 2 volumes, and ether by C* H" O =
2 volumes, and he thence concluded that ether could not belong to
the vinic combinations. This apparent discordance between
alecohol and ether was one of the prineipal circumstances that
estranged many chemists from Gerhardt’s views. They could not
resolve upon adopting equivalents which destroyed connections so
natural as those subsisting between ethers, alcohols, and their
combinations.

For my own part, I was for some time arrested by this diffi-
culty. At last I perceived, that in order to restore ether to a
place among the vinic combinations, it would suffice to consider it,
not as aleohol minus water, but as aleohol plus etherine.

Alcohol L C:H4L.H20
Ether e w2 CIHA A,

which view translated into the ethyl theory becomes as we have
already seen :
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Aleohol ... H Et O
Ether e il G O

This manner of associating the vinic combinations did not
receive the assent of chemists, who however, since the late
researches of Williamson and Chancel upon the above subject,
have felt their opinions forcibly shaken, and will I believe at this
time, have no hesitation in adopting my formule; not that I wish
to defend either the ethyl or the etherine theory. Ihold to neither
of them.

Dumas was the first to point out the remarkable relations
which associated alcohol and ether with the other vinie combina-
tions. He colligated these relations into a theory, by saying
that the vinie combinations CONTAIN a hydrated acid plus etherine. In
the ethyl theory, it is said that #he vinic combinations CONTAIN an
anhydrous acid plus exide of ethyl. If for the expression contain, we
substitute may be represented by, the two theories will express
exactly the same thing. What concerns me, however, is this, that
the new formule have respect to the relations pointed out by
Dumas. Here then is one point well established : the new formulwe
accord with the law of even numbers, and satisfy in a most com-
plete manner the requirements of chemists.

It now remains for us to examine the monobasic anhydrides.
On several occasions Gerhardt and I have maintained that the
radicals, despite the existence of cyanogen, kakodyl, and the
monobasic anhydrides, despite the existence of anhydrous nitrie,
and iodic acids, were entirely imaginary bodies.

Nevertheless in these later times, methyl, ethyl, and amyl have
been successfully isolated, and Gerhardt himself has succeeded in
obtaining the acetic, benzoic, and other anhydrides.

Notwithstanding these facts I persist in my opinion. IHereis an
observation I published on the subject seven or eight years ago.
¢ Amidogen, ammonium, kakodyl, ethyl, &ec., cannot exist (accord-
ing to the 4 volume notation), because they would present an
uneven number of monads, and dyads of which the number would
not be a multiple of 4. DBut though these radicals cannot exist,
nothing prevents our discovering bodies which shall have the same
centesimal composition ; but then their formule would be H*NY,
instead of H'N?, CSH? instead of C'H'Y, C®H*As' instead of
CiH"2As?, &e.”

I might also have said, C*H*O cannot exist; but there is
nothing opposed to the discovery of a body having the same
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centesimal composition; but this would consist of C!HPO?
(aldehyde). _

We have seen above how far experiment is in accordance with
this mode of viewing the subject.

Lastly, and for the same reason, I maintain even now, that the
nitric, acetie, and butyric anhydrides, &c., N?0?, CH%0?, CPHM(?,
cannot exist; but that nothing hinders us from discovering bodies
which have the same composition ; but they will consist of N*O',
CPH205, C*H%0S5, &e.

There is no subtlety in all this; it is the same argument that I
have just made use of with regard to the radicals,. May acetic
acid C*'H*OY, contain amylene C*H®? No, it is impossible ; for
though amylene has the same centesimal composition as C*HS, its
molecule can only be represented by C'H¥, All the world is
agreed upon this point. In what then does the above conclusion
differ from the following one?

May hydrous acetic acid C*H®0Y, contain acetic anhydride
C'H®0®? No, it is impossible; for though the centesimal com-
position of the anhydride may be presented by C'H°0? yet its
molecule consists of C*H" 0"

We have already proved, that the molecule of water is H*0O?,
and consequently, that acetic acid cannot contain C'HFO? plus
H?0. It might however, be represented as C'H'O? plus H'O?,
but then the anhydride could not be considered to pre-exist.

But let us set this kind of argument aside, and endeavour to
prove directly that the acetic anhydride contains C* and not C*.

We will admit that the chloride of benzoyl is a combination
of chlorine CI?, with the radical benzoyl C*H"Y0?* = Bz

We will also admit that the nitric, acetic, propionie, butyric,
and benzoie acids, &e., are respectively the nitrates, acetates, pro-
pionates, butyrates, and benzoates, &ec., of hydrogen, equal to
B N0 HACHHEOY, HYCH"Q, HLCHE'eY HCHH 0
&e.

In acting upon these last bodies by the chloride of benzoyle,
we effect a saline double decomposition, which we may represent

thus :—
Nitrate of benzoyl,
H. N20° + Bz2CIP =Bz N2Of + H: QR
Acetate of benzoyl,
H2 CA+HS QO + Bz2Cl2 = Bz: C*HCO* + H? CI?
Propionate of benzoyl.
H2 8 HYQ' + B22.CI? = Bz: C° HYO!' + H2CI®

IS S S ¥
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Butyrate of benzoyl.
H2, C*H4O* + BzACI* = Bz: C*H40O* + H*CI?
Benzoate of benzoyl.

H2. CHHYQ! + Bz.CI? = Bz CHHYO* + H*CI2

As we are still employing the ordinary notation, it is clear that
the nitrate of benzoyl being indivisible, for the sake of analogy
the other salts, acetate, propionate, butyrate, and benzoate of ben-
zoyl must be likewise indivisible,

Moreover, the acetate of benzoyl, propionate of benzoyl, &e.,
transform themselves in the presence of water into acetic and
benzoic, propionic and benzoic, &ec., acids. Thence it is clear
that—

The first salt or the nitrate contains ... C"

The second salt or the acetate contains ... C" + C?
The third salt or the propionate contains . CM 4 CF
The fourth salt or the butyrate contains ..., C" + C®
The fifth salt or the benzoate contains ... CY + CM,

I believe that this reasoning is rigorously exact. We see,
moreover, that these five salts may be supposed to consist
of—

The first of anhydrous benzoic and nitric acids v CHUHYO® 4+ N2(P
The second of anhydrous benzoic and acetic acids ... CHYH"O*® + C* H*® 0?
The third of anhydrous benzoic and propionic acids..., CYH"@0* 4 C* HW)?

The fourth of anhydrous benzoic and butyric acids.... CYHw0* + C* II"0®
The fifth of anbydrous benzoic and benzoic acids ... CUH"Y0* + CUH“O03

But these synoptic formula are of no further use than to display
the analogies of the bodies. We may content ourselves with the
gimple fact which they express, namely, that the aceto-benzoate
contains C* 4 C", and that the benzo-benzoate contains C* 4+ Cl,
or C¥*H*0° Thus the real molecule of benzoic anhydride weighs
double that which is supposed to exist in the so-called hydrated
acid.

We might probably obtain a proof equally pointed by causing
the chloride of benzoyl to react upon the chloro- bromo- and
nitro- benzoic acids, &e.”

We ought to have with the—

Chloro-acid ... CHO'CEEH™ 4 CHH"04 CI* = CHO'Cl* H%. Bz* + HCI®
Bichloro-acid ... C"O'Cl* H* + C“HwO0?2 CI* = C“0'Cl' H% Bz? + H*CI*
Bromo-acid ... CHO'BrfHY 4+ CHHW@0: C1* = CHO'BriI*. Bz® 4+ H2Cl2
Nitro-acid ..., CHO'X® H* 4 CuH"0 CI* = CY0* X*H*. Bz* + H2CI*

Binitro-acid ... CHO'X+*HF + CuHY02 CI* = CHO* X' HS, Bz?* 4 H2QI2
Normal acid ... CYO* H#® 4 CWH™02% CIP = CH0* HW. Bz + H:Cl,
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These two instances suffice to manifest the impossibility of
adopting the law of volumes, as an absolute method of determining
the weight of the molecules. Moreover if they were in every
instance adopted, exceptions to the law of even numbers would
be produced.

Let us unite in a single table, all the bodies which are excep~
tional both to Gerhardt’s law of volumes, and to the law of even
numbers,

*Hydrated sulphuric acid ... . HSEO? "= 2 vola
Chlorhydrate of ammonia w. HPCHIN] = 2 vols
Cyanhydrate of ammonia ... e H2CIN =2 vols
Anhydrous earbonate of ammonia ... H3 N C Ol = 2 vols.
Perchloride of phosphorus .. ... P3Cl3 = 2 vols.
Oxichloride of phosphorus ... e PLGlY O "="2 vols.
Sulphochloride of phosphorus .. PLCI38} = 2 vols.

First it may be remarked, that all these bodies afford fractional
numbers, and present a peculiarity which in some degree confirms
the law of even numbers. All of them indeed contain fractional num-
bers; but in all of them the sum of the dyads is a whole number,
whilst that of the monads is sometimes whole, sometimes fractional.

Gerhardt’s rule therefore, cannot be applied to any of these
bodies ; not because they would then afford fractional numbers
(we are not talking of atoms at present), but because in following
the rule (taking 4 volumes for all bodies) we should represent
hydrated sulphurie acid, chorhydrate of ammonia, and anhydrous
- carbonate of ammonia, by

H*® 0 .50°

‘H:N .H Cl s = 4 volumes,

H¢ N%.CO?
(in which the sum of the dyads is not divisible by 4,) while at the
same time we should formulate chlorhydric acid, and the sulphuric
and carbonic anhydrides by

Sﬂ Dﬁ

2 C12 % = 4 volumes.

2 O :

To avoid this difficulty, I propose to modify Gerhardt’s rule in
the following manner :

* 1 believe that this, and the sueceeding observations are incorreet as regards
sulphuric acid, inasmuch as H*S0* like T Cl=2 volumes. Vide table in Graham’s

Elements of Chemistry.—(W. 0.)
3
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To determine the weight of the molecule or compound atom of any
substance, we must take 2 volumes, ercepting when the formula thus
deduced presents fractional nwmbers, in which case we must take 4
volumes.

Thus modified, the rule of volumes does not offer any ambiguity
in its application, and the weight of the molecules being in this
manner determined, the exceptions to the law of even numbers
will disappear. We may still maintain then, that in every molecule
the sun of the dyads is an cven number,

It must not be thought that by doubling the formule of anoma-
lous bodies we necessarily obtain even numbers. This would be
an error, for if any body contained in 2 volumes C?H2N, by
doubling it we should still have for the dyads an uneven number.

Anomalies of Nitrie Owide and Peroxide of Nitrogen.

The process for determining the weights of the molecules
being thus modified, still the law of even numbers presents two
exceptions,namely, nitric oxide and peroxide of nitrogen. Do these
two bodies however, form real exceptions to the law? That will
depend upon what definition is given to a molecule. If we take
that of Gerhardt, with the modification I have introduced, the
two exceptions are real, positive, for NO and NO? represent 2
volumes, and do not present fractional numbers. But by paying
attention to the grouping of all their characters, by having regard
to all their analogies, we may possibly arrive at another conelu-
sion, and may demand whether nitric oxide and peroxide of
nitrogen ought not, like ehlorhydrate of ammonia, to be repre-
sented by 4 volumes, that is to say, by N*0? and N*O* respectively ?
Then the exceptions to the law of even numbers would dis-
appear, to reappear in the law of volumes.

To reply to this question we must have recourse to analogy.
Unfortunately nitric oxide and peroxide of nitrogen are such
singular bodies,* that it appears somewhat difficult to discover
their analogues.

#* There is mo substance which presents such singular properties as nitric
oxide. Thus, although it contains more oxygen than the nitrous oxide, it is far
from supporting combustion so well as this last, and even many substances which
burn in the nitrous, are extinguished in the nitric oxide. It is perhaps the only
body which in the dry state, and at the ordinary temperature, can combine
suddenly with oxygen. This combination moreover, takes plice without the
evolution of heat, and the. body which results, fur from retaining the oxygen
which it has so readily absorbed, is perhaps of all bodies the ome which is
deoxidised most easily.

SRR
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We shall see further on, that in real substitutions (potassium
displacing the hydrogen of nitric acid, chlorine displacing the
hydrogen of acetic acid), the body eliminated is always replaced
by its equivalent of the body by which it was driven out. We
shall see also, that a great number of substitutions can be effected
by the replacement of hydrogen by peroxide of nitrogen as in the
following examples:

Naphthaline ..., e 8L o b
Nitro-naphthaline ... CYH'(NO?)
Binitro-naphthaline ... C!Hf(NO?)
Trinitro-naphthaline.... CYH®(NO®y

Phenic acid RO HE
Trinitro-phenic acid ... C° O II*(NO?)
Mannite L R
Sexnitro-mannite ... C® OSH®(NO?).

Now in all these cases we see NO? constantly replacing H,
Then if H* represent the molecule of hydrogen, N*O* ought to re-
present the molecule of peroxide of nitrogen.

With regard to the substitutions effected by nitric oxide, they
are more rare, nevertheless we may adduce:

Aleohol ..., R i B
Nitroso-aleohol (hyponitrous ether) ... C*0O HY(NO)
Amylic aleohol .... . (CPOHA
Nitroso-amylic aleohol ... e DO HWNG)
Azobenzide ... Yo o n LU
Nitroso-azobenzide (azoxibenzide) ... CRH"YN(NO).

Here also NO replaces H or N, therefore, N20? is the equiva-
lent of H? and of N% and represents the molecule of nitric oxide.

To these examples I canadd one still more conclusive ; I refer
to the nitro-prussiates.

We know, that when by a double decomposition the per-
oxide of uranium combines with acids, it conserves a part of
the oxygen which it contained, and that in consequence it
may be considered as an oxide of uranyle (U'0?) O uranyle
U0 fulfilling the function of a metal. It matters little to us
whether or not uranyle has any existence, whether or not it is
identical with the protoxide of uranium. Weare here considering
proportional numbers only, and we accept Peligot’s theory as a
means of generalising the facts.

G2
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M Pt Cy?, the ferro-cyanides M* Fe® Cy% and indeed, in all the
poly-cyanides,* the number of atoms of cyanogen is equal to the
number of atoms of metal, but such is not the case, at least in
appearance, in the nitro-prussiates, as they contain M?* Fe? Cy®
+ NO. I say in appearance, because, as we shall see immediately,
the nitro-prussiates may really be cyanides of the same character as
the ferro-cyanides, and particularly as the ferro-cyanide of uranyle.
If we establish the following parallel :

H* Fe? Cy® + 20y*0 = Uy'Fe’Cy* + 2H?20
H'E‘Fe' Cy* + Ny*O = Ny!RK!'Fe Cy"f H'O,

it will be impossible for us not to acknowledge, that in this
case at least, Ny fulfils the functions, and is the equivalent of Uy.
But Uy? or U'O? is here the equivalent of H?2, M2, &e., and con-
sequently Ny” or N*O® is also the equivalent of H?, M?, &e.

Thus the nitro-prussiates are triple eyanides of iron, another
metal and nitryle, just as the prussiate of uranyle is a eyanide of
iron and uranyle.

Substitutions then demonstrate to us, that the molecules of
hydrogen, chlorhydric acid, and the compounds of nitrogen are
respectively H?, H Cl, N*O?% and N204,

If we adopt.the preceding conclusions, the law of even
numbers will not present any exception. DBut then these two
oxides of mitrogen will become exceptional to Gerhardt’s rule,
That this rule may not be liable to any exception, it must receive
a further modification, and be expressed as follows:

To determine the weight of the molecule of a compound body, we
must take two volumes of i, eveepting when the formula thus deduced
would present fractional numbers, or an uneven number of dyads, in
which two cases we must take four volumes.

VARIOUS ANOMALIES.

There exists a small number of bodies which can lose or gain
a single atom of hydrogen, these are:

Benzoine C7 H* O  which forms benzile C"H* O
Kinone C°® H* O? which forms greenhydrokinone C* H* O?
Indigo C°®H® N O which forms white indigo CCHNO
Isatine C* H® N O? which forms isathyde G HEN 02
Alloxan C* H*' N?*O® which forms alloxantine Ct H® N20*,

* Only by making use of ferricum and its analogues ; thus the ferrideyanides
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Kinone ... e GV HAO2
Green hydrokinone ... C°H'OLH
White hydrokinone ..., GOHEHL (2 HY,

But the green hydrokinone may also be obtained by mixing
kinone with white hydrokinone. If we knew no other than this
last mode of preparation, we should certainly represent green hydro-
kinone by this formula:

CSHYO? 4+ CFHS O = G2 HY O

which despite the even numbers, we should not divide, any more
than we divide the formula of acetic ether C* IT® O%

As regard the first mode of preparation, it comes exactly to the
same thing as the second; for when hydrogen is made to react
upon kinone, it first of all produces white hydrokinone, and as this
last substance is forming, it combines with an equivalent portion
of kinone, to give rise to the green hydrokinone.

There exist moreover, other kinonic combinations, which
formulated with C' are indivisible, and have the same colour as
the green hydrokinone,

White indigo and isathyde belong to a series, the terms of
which very frequently become doubled. Thus indine, chlorindine,
isamic acid, chlorisamic acid, isamide, imagatine, and sulpho-pur-
puric acid contain 2C% whilst jsatine and blue indigo contain
but C°&,

As white indigo and isathyde do not form salts, either with
acids or bases, and as they cannot be obtained in the state of
vapour, we do not know whether their atomic weight is (3
or 2 C5,

Isathyde probably containg C'% since by the action of potash
it gives rise to an indinate containing this number of carbon
atoms.

Allozantine and alloxan have not the respective formule, which
I have given above, and which are generally accorded to them.
These two bodies contain water of crystallization, and I shall
show further on (vide Table of Alloxanic Combinations) that their
real atomic weights differ from those usually given, and that in any
case the formula of alloxantine must be doubled with respect to
that of alloxan.
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ANOMALIES OF CERTAIN ORGANIC ALKALIES AND BIACID
ALKALIES.

Among the alkalies, there are some which do not appear to
accord with the law of even numbers,
The atoms of the following substances are usually represented

thus.
According to the ordinary notation, but with Gerhardt’s (z.e. Ber-

zeliug's) equivalents.

Flavine C!3 H N2 Oy
i [ 12 I—Ii'l a
g;ﬁ%ﬁ: gu H gd which saturate H* CI%

Semibenzidam Cs I N?

but in each of which the sum of the dyads is not a multiple of 4.

According to the unitary notation,

Flavine CtH'N O}
Benzidine Qs H' N _
Cyaniline " I N :i't’hlﬂ]l saturate H Cl,

Semibenzidam C: H'N

but in each of which the sum of the dyads is not an even number.

In the presence of these formule we are compelled to draw one
of the following conclusions, mamely, that the law of even numbers
is not true; or that the above formule are inexact; or that the salts

“of these alkalies, though heretofore considered as neutral salts, are
in reality acid salts, (in other words, that the atom of flavine for
instance, ought to be doubled, and its hydrochlorate represented
as consisting, on the unitary system, of one atom of flavine
C3 H'2 N2 O plus two atoms of hydrochloric acid 2 H C1L.—Eb.)

The mode of preparation, and the reactions of the above
alkalies, do not allow us to doubt, even for a moment, the correct-
ness of their analyses.

Gerhardt and I have felt no hesitation in adopting the last
mentioned conelusion, and here are the proofs we have offered in
support of our opinion.

Flavine.

Urea may be considered as carbamide or as neutral carbonate
of ammonia, minus 2 atoms of water. Flavine, also an urea, is
the anilic carbamide or the neutral carbonate of aniline, minus 2
atoms of water.
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We have for urea _
2 H2N + H2CO?
— H? 0*

— 9 HN + HCO = urea.

and for flavine,
2 CH'N + H*CO?
— H (6

9 CPHSN 4+ H2CO = flavine.

Thus, as upon the unitary system the molecule of urea is
CH*N20,—that of flavine must be C*HN?0. DBut in this form
it combines with 2 equivalents of bichloride of platinum,

CrH*N*0. 2 HPtCI2.

This, however, is not more astonishing than for urea to
combine with two proportions of nitric acid and of nitrate of
gilver. Thus we have - :

U. HNO?
U.2 HNO?
U. AgNO?
U.2AgNO2.

The atomic weight of flavine is moreover confirmed by the
composition of the ammonio-anilic carbamide, which is formed as
the result of the following equation:

H*N + C°H'N + H2CO?
— H H 0?

= HN + C*H*N + H®CO,

corresponding to those of urea and flavine.®

Here then 1s a primary fact added to science. There are
alkalies whose salts ordinarily considered as neutral, are in reality
biacid.

* The above three equations are represented more simply as follows :

2NH' ,CO° — HiQ®* = Ni. H: H2CO”
2 N(C'H5H® .CO* — H'O* — N2 (C°H°)H? CO”

NIMloor = mor = N H(C*H#) H2 ¢o”
N(CHS)H? £ :

~(W. 0.)
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Nicotine.

Nicotine, paranicine, quinine, and cinchonine, present us with
similar salts; that is to say, with acid salts which are erroneously
considered to be neutral.

Previously to the late researches of Schleesing and Barral, the
following were considered as neutral salts :

Chlorhydrate ... [CFHN. HC1
Chloroplatinate . CFHTN. HPt CL,

But Barral, who determined the density of the vapour of
nicotine, found numbers which assigned to this alkali the 2
volume equivalent C'HYN? so that the preceding salts must
be in reality acid salts, thus:

Bichlorhydrate . CUYH4NZ 2 HCI
Bichloroplatinate ... CYH“N2? 2 HPtCI.

On the other hand, Schloesing has determined the quantity of
sulphuric acid saturated by nicotine, and has found for the formula
of the

Neutral sulphate ... 2 CYHMN?2 H2SO4

Chloronicine.

Saint-Evre has deseribed two alkalies obtained respeetively by
the action of sulphydrate of ammonia upon a nitro- and upon a
nitro-chloro-substitution product of the same hydrocarbon,

The hydrocarbon in question is:

Paranicene = CH?3,
The chloro-hydro-carbon :
C‘hlc-ronicine — G B R R
The nitro-hydro-carbon, (X = NO?)
Nitronicene = CrYH"X,

The nitro-chloro-hydro-carbon:
Dinitro-chloro-nicene = CWYH3CI2X?,
The nitro compounds by the action of sulphydrate of ammonia
produce respectively :

Paranicine ... CWH“N
Chloronicine,,.. CYHMCI*N3,
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. of which the chlorhydrates and chloroplatinates are, for

(. SHN. HC1
") CYWHEN. H Pt CI?
L O H12CI2 N3, 2 HCI
CYH(C12N2 2 HPt CI2
It is true that Saint-Evre halves the formula of chloronicine,

and considers as neutral, the salts which according to us are acid ;
thus he writes ;

aranicine

(Chloronicine ... {

Hydrochlorate of paranicine e VEHOEIES N EICH
Hydrochlorate of chloronicine ... C°H°CIN,IICI,

Independently of the above formula for echloronicine presenting
an uneven number of dyads, we are also warranted in rejecting
it from considerations connected with the origin and formation
of the alkali it represents. We cannot consent to give to chloro-
nicine, a number of carbon atoms differing from that given to
paranicine.

On the other hand, we perceive that chloronicine is no other
than bichloro-nicotine; and we have already shown that the corre-
gponding salts obtained with normal nicotine are likewise acid.

Lastly, we may add that according to Saint-Evre’s experi-
ments, the above salts, which he considers as neutral, have an acid
reaction to test paper.

Quinine and Cinchonine,

These alkalies also give rise to acid salts. Thus the salts of
quinine are :

Neutral chlorhydrate ... CYH2N20. HCI

Bichlorhydrate AN T H b i S B

Bichloroplatinate v CHENQE B HEL G5,
And with cinchonine, we have

Bichlorhydrate re S CIEHEN20L 12 HC

Bichloroplatinate e CGEEHMNRQL 2 HEPE G0 ;

gcinchonine also forms neutral salts.

The neutral salts of these two alkalies have been considered,
we do not know why, as basic, and their acid salts as neutral,

although these last are produced in the presence of a great excess
of acid.
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Benzidine.

Benzidine is represented in the ordinary notation (G. & B. Eqs)
by C™H™N? and it combines with 2 HCl and 2 HPtCI, &,
ITf we halve this alkali, to reduce it to the unitary system, we
ighall have an uneven number for the dyads. If, however, we
iretain the 12 atoms of carbon, then the salts of benzidine will
Ibecome bisalts. Are we justified in considering them as such ?

Let us consider the formation of this alkali: it is obtained
Iby treating either azobenzide or azoxibenzide by sulphydrate of
\ammonia. The series is usually represented,

and consequently

On the ordinary notation (G. & B. Eqs.:},} would be on the

unitary system,

Benzine ... L C1EHM g R L
Nitrobenzide ... s CEFINYENEOS) L CSHTING)A)
Azoxibenzide ... ver CLEHYN20O .. CCH°NOL
Azobenzide o AGMHIONE . DSHEN
Benzidine CH"2N? ... CSH°SN

Ditto, hydrochlorate of ... CH2N?, H2CP ... CSHN. H Cl,

This series seems indeed, to be correctly arranged ; but
raccording to our experiments, azoxi-benzide treated by nitric acid,
~yields a nitro derivative, which consists of—

Ordinary notation (G. & B. Eqs),
CEHA(NO?*)N20?,

 and would be on the unitary notation,
C°'H#(N1O)NO,

which is impossible, in consequence of the fractional equivalents
for H and N,

We must then, represent this compound on the ordinary
notation by

C2H¥(N20)NO,
and on the unitary notation :
CH(NO*)N?0?,

i T - . * .
Azobenzide and benzidine being obtained from azoxibenzide,
ought to contain the same amount of carbon as the last, that is to
say, C** on the ordinary, or C'* on the unitary notation, since
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Each of these two varieties can combine directly with
cyanogen, and we then have
Hr'q. " = T 1
Normal cyanodianiline.... {g}l"’;{ } + Cy* = C“H"“NY, cyaniline.

C*H'N

C'H'Uyﬂ} + Cy* = C™H"N*, cyamelaniline,

Cyanated cyanodianiline {
g

This analogy between the mode of formation of cyaniline n.n:d
cyamelaniline is so complete, and the connexion of the formule is
so evident, that the separation of these two bodies appears to us
impossible. But the formula of cyamelaniline cannot be halved :
(in accordance with our law of divisibility): and consequently
cyaniline, although possessing a divisible formula, ought not to be
halved.

Stibethine demonstrates to us still more clearly that there are
alkalies which give rise to bi-salts only.

Stibethyl, which has been compared to a metal, combines
directly with chlorine, bromine, iodine, oxygen, &ec., to form
chloride, bromide, &ec., of stibethyle.

These salts are thus written:

Ordinary notation (G. Eqs.) Unitary notation.

4 volumes. 2 volumes.
Stibethyl a (CRIE: S]h2 CfH!'*Sh
Bichloride of ... C2H? Sk Cl* CeH*Sh. Cl®
Bibromide of ... CYH®* Sb® Br! CsH*Sb. Br?
Biniodide of ... CR™H?* Sbh? I* CSHYSh, 12
Binoxide of ... CEH?* Sb (2 CEiH*Sh. O
Bisulphide of .. CrH* Sh?, §° CiH'"Sh. S
Binitrate of ... CUPH*» Sbi(NO?) CH"Sh.(NO?)%

Further division would give § equivalents.

As the question we are now considering is independent of any
theories concerning the arrangement of atoms, we may compare
the preceding salts with the salts of ammonium, and also with the
salts of ammonia. In which latter case we shall say, that the pre-
ceding salts are salts of an alkali, which we will call stibethine, and
which we will represent by

CYH*Sb? or by C°H'Sb (unitary notation. )
Of this body stibethyle will be the hydruret,
C¥H*Sb?, H*, or by C*H'Sb.H? (on the unitary notation.)
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Ferrie nitrate .. Fet!(NO2P
Chromic nitrate G (NEY
Ferric acetate Lo iHef (CAHZOAR
Chromic acetate ... Cr!' (CH?O%)"

To apply the unitary notation to the above compounds, we
must halve the formule of such of them as are, so to speak,
monobasic ; or, in other words, we must retain the preceding
formula for the oxides, but represent the

Ferric chloride by ... Fe?CI?

Ferric nitrate by ... Fe*(NO?y
Chromic nitrate by ... Cr*(NO?)
Ferric acetate by ... ~ Fe? (C*H?*0?)?

Chromic acetate by ...  Cr?(CZH?O?).

But then the formul® of these salts will not be in accord-
ance with the law of even numbers.

We might proceed no further than this point, and show, that
if the law of even numbers was not absolutely exact, it could
easily be modified as follows: | Ferric oxide and ferric sulphate
being bibasic in respeet to the oxygen and the acid, and ferrie
chloride and ferric nitrate being monobasic in respeet to the
chlorine and the acid, we may say that (Ep.)]:

1°. Monobasic sesqui combinations confain an uneven number of
dyads.

I1°. All other combinations in chemistry conlain an even number.

This law would be without any exception, and would serve
precisely as well as the other, to judge within certain limits, as to
the correctness or incorrectness of a formula.

But the first law seems to me to be preferable in consequence
of its simplicity, and I now proceed to point out the method, by
which the apparent exceptions presented by the sesqui-salts may
be made to disappear.

How do we determine the equivalent of an oxide? By
weighing that quantity of the oxide which displaces K?0O from its
combinations, or which is displaced by K?O, taken as the term of
comparison: or what comes to the same thing, by weighing that
quantity of the oxide which combines with SO? to form a normal
salt. :

But K*0, Na*0, Ba*0, Fe?O, Mn?0, Fe30, Mn30, AlL0, &ec.,
form neutral salis with SO%: consequently, if Fe?0 is the
equivalent of protoxide of iron, Fe4O ought to be the equiva-

H






ANOMALIES OF THE S78QUI-SALTS. 04

Thus the sum of the dyads always forms an even number,

I shall henceforth represent all protoxides by R*0. T will
admit a protoxide of aluminum, of antimony, and of bismutl,
which in the notation of Berzelius would be Al O, Sb O, and Bi ()
respectively ; consequently all protoxides will be written thus:—

Potash . K2 0O
Oxide of aluminosum ... A O unknown
Oxide of ferrosum . S )
Oxide of antimonosum .. Sb? O unknown
Oxide of bismuthosum B
Oxide of cupricum . B 7T
Oxide of mercuricum HgEO
Oxide of platinosum . R o gl

All zezquioxides and teroxides thus:—

(v=14%; v =4

Oxide of alumunicum Al @ =t alE @
Oxide of eerieum . o AEgeE = et i)
Oxide of manganicum . MO = mn*0O
Oxide of ferricum ... i Bet ) = fa* O
Oxide of cobalticum e, Gt QO = 00 O
Oxide of nickelicum w N2 O = ni* O
Oxde of antimonicum oo LREYIO L =880
Oxide of bismuthicum CBPR Qo= Bz O
Oxide of iridoicum . e IO = 2 O
Oxide of rhodicum . . . . RREQ = rh® O
Oxide of ruthenoicum . Ru2O = mm® O.
The binoxides and suboxides thus:—
(— = 4. Italic letter with — = 2.)
Oxide of cuprosum . o OO = ? O
Oxide of mercurosum R P =g ()
Oxide of platinicum 17__1;_2 LSS o L D)
Oxide of palladicum e B pdiD
Oxide of iridicum e A O = irt O
Oxide of osmicum ) w020 = 20
Oxide of ruthenicum .. Ru?0 = ru? 0O
Oxide of stannicum o S5n2 = en® O
Oxide of titanicum L TR0 = tiE 0.

12
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I then replaced the ordinary equivalents of the sesquioxides by
the following :
FedO Al4O CriO,
or by : b
FerO  AIO CrQ;

in other words, I arrived at the same result as that to which I
have been more recently led, in following out the law of even
numbers; I could then arrange the preceding sulphates according
to the simple sulphate #ype.

Ferric sulphate .. Fer SO
Alumino potassic sulphate ... Ali K}1SO*

But in making use of this expression type, I must direct attention
to a difficulty which exists in the system I am now describing. The
idea of a type calls forth the idea of arrangement, and conse-
quently, the idea of atoms. But the preceding formule, which in
a proportional number point of view are irreproachable, are in the
atomic gystem absurd, since we see fractions of atoms introduced.
Nevertheless in the establishment of my classification, I find my-
self countenanced by the atomic theory, to this effect,—that
in analogous bodies the same disposition of the atoms will
obtain. i

But seeing the formule of ferrous sulphate and ferric sulphate
thus written—

Fe? SO* and Fe* S?0',

I could not conceive how the two salts could both be sulphates,
for containing such different numbers of atoms, they ought not to
have the same atomic arrangement. It was then that I asked
myself, whether the atoms of chemists might not be divisible.

We know how much metaphysicians disagree concerning the
divisibility of matter. Is it, or is it not divisible to infinity ? The
affirmative and the negative are equally incomprehensible. How-
ever, the law of combination in definite proportions seems to have
given great support, to the cause of those who maintain, that matter
is composed of indivisible atoms. Indeed the existence of such
atoms is admitted by nearly all chemists.

But even if we admit that there is a limit to the divisibility
of matter, we are not obliged to consider the atoms of chemists as
constituting this limit, and we might very well comprehend the
cause of the law of definite proportions, by supposing that the
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know that 2, 3, 4, 5, &c., molecules of methyline in uniting with
one another give origin to several different bodies: etherine
C*HY, propyline C*H", butyrine C'H% amyline C*H'", &c. We
know also, that methyl and hydruret of ethyl each contain the same
number of atoms within the same volume, and that consequently,
@ phosphorus need not differ from & phosphorus in the number
of the minute atoms, but only in their arrangement.

The divisibility of the ordinary atoms and of our molecules
being admitted, let us suppose that a molecule of iron weighing
350, is composed of 24 minute atoms = f*,—or better (1'¥)? re-
presenting it as a dyad molecule, corresponding to H?; let us call
this grouping ferrosum = Fe®,

From what we have just said, if 16 of these minute atoms unite
to form a second binary group, we should have a body differing
from the preceding; this body we will call ferricum, and we will
represent it by (f*)* = Fe?

Now let us see how the formule of ferrrous and ferrie oxides
may be written : :

Ferrous oxide ... Lo (PRIR0 =" Fe? ()
Ferric oxide ... .. (P ()0 = Fe O
Ferroso ferric oxide ... (112)(f%) O = FeFeO.

This notation is similar to the following, by which we may
represent the methylie, ethylic, and jropylic ethers, &e.,
M=umethyline.

Hydrate of methyline ... (M) (M) H20 = Me* O
Hydrate of etherine doa (M2 (M5 HO = F2 v}
Hydrate of meth. and eth.... (M) (M?) H2O = MelitO
Hydrate of -propyline ... (M?)(M?®) H2O = Pp* O
Hydrate of eth. and propyl. (M?) (M?) H20 = EtPp O
Hydrate of valerine e (MR EMPRENO = NP 1@

Hydrate of eth. and valer..... (M?) (M?) H2O = Et VIO.

The molecule 2, in entering into a salt, impresses upon it,
certain properties different from those which the molecule t'% gives,
We might then, in one sense affivm, that a ferrous salt does not
contain the same metal that is contained in a ferric salt, and with
quite as much reason as we say, that a salt of methyline does not
contain the same hydrocarbon that is contained in a salt of etherine.

It is to the presence of one or other of these metals, that we
ought to attribute the respective coluurs of ferrous and ferrie
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Let us decompose C by water (under the influence of caustic
potash), we shall then have

CSH®Npt* + H20 = C°H'N + pt* O;

that is to say, we shall have regenerated aniline and a ‘platinic
combination,

Let us also treat A and B by water and potash, and we shall
have :

A. CSHSCIN pt* + H*O = C°H'N + H Cl + pt*0,
B. C*HCIN®pt? + H20 = C°H'N + NH'Cl + pt*0.

It should be remarked, that in the first reaction, we did not
take away chlorine but chlorhydric acid; and that if from the
hydrochlorate of platinic chloride Hpt?Cl*, we were to abstract
chlorine in the form of chlorhydric acid, we should not alter the
state of the salt, which would still remain platinic.

Supposing that the platinic chloride, in acting upon aniline,
lost all its chlorine in the state of chlmhydlm amd the platinum
of the new compound would still exizt in the form of platinicam,

Pt*CI* 4+ C°H'N = C°HPpt:N + H2CI2,

for we have just seen that C°Hpt*N, by the action of water would
regenerate platinic oxide.

To obtain a combination of platinosum, we should be obliged
to remove Cl and not HCI.

In treating with chlorine, any one of the salts of Reiset having
as a base PtH?N?, we should obtain a salt of Gros, having as its
base, CIPtH’N? In this last base the sum of the dyads is
uneven (9); but though the compound contains but one equivalent
of chlorine for one equivalent of platinum, still the metal is in the
state of platinicum Clpt*H’N?%  That this is the case is proved by
all the reactions of the salts of Gros.

The divisibility of atoms will moreover, enable us to account
for the difficulty and even the contradiction which chemists
encounter, when they endeavour to determine the equivalents of
certain substances, such for example as manganese.

We know that in following out the isomorphism of the per-
manganates with the perchlorates, we are led to adopt the number
700 for the equivalent of the metal, whilst by the same method of
reasoning, deduced from the isomorphism of the manganates with
the sulphates, and of the manganous salts with the caleic and
magnesic salts, we have to adopt the number 350,
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us take plane figures or rhombs of 107, and of 105 degrees. Then
according to the ordinary ideas, a molecule of the double salt will
be constituted of two rhombs, of 107 and 105 degrees respectively,
and the union of these two rhombs will still give rise to a rhomb,
which moreover, will be of 106 degrees. This is as incompre-
hensible as the formation of a cube by the superposition of two
cubes. But the difficulty will be still greater if we take a multiple
carbonate, equal to 4 Ca*C0%3 Mg?CO%2 Mn?CO?. Fe!CO?,
How could the juxtaposition of these 10 rhombs give rise to a
rhomb, of which the angle would be nearly one-tenth part of the
10 angles that served to form it?

By making use of our system this difficulty will easily dis-
appear. Let us admit in every case that each molecule of metal
contains (m*'), and let us represent the arrangement of the mole-
cules of a carbonate, by a rhomb, of which the four angles are
occupied by C and O3 and of which the centre is oceupied by the
molecule (ca?'), or the molecules (mg*) (mn*) (fe?!).

Experiment proves to us, that these molecules, in taking the
places of one another, will not seriously disturb the arrangement
of the rhomb. Let us take away from the molecule or group
(- e ) i i R SRR 23 minute atoms of caleium, and replace
them by 1. 2. 3. 4. . . . . . 23 minufe atoms of magnesium, man-
oanese, or iron, the number of these minute atoms in the central
group being always the same, the fizure of the rhomb will be
sensibly unaltered.

We should thus be able to have a series of carbonates, of which
the formule would he

CO? (ca®)

CO? (mg™)

CO? (ca mg'?)

CO? (ca' mgt. mn®)
CO? (ca. mg? mn', fe'7),

and which moreover would be isomorphous.

X Concerning the divisibility of atoms, it may be remarked
that:

1°, The dyads H2, ClI2, M2, N?, &e., cannot be divided in two
by the monads. Thus when we act upon them, either directly or
indireetly, with oxygen, sulphur, carbon, &c., we only obtain com-
binations containing entire dyads: H20, H2S, CH? CI20, CI2S,
CCL, &e.

2° A dyad can divide itself in two, by the action of another
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or molecules, comparable to one another in their physical and
chemical properties, then our choice between the two notations will
no longer be indifferent, for accordingly as we adopt one or the
other, we shall arrive at different conclusions,—which can however,
be experimentally tested or controlled.

We have seen that the determination of the weight of a mole-
cule by means of its volume, leads us in more than ninety-nine
cases out of a hundred to a correct result.

Consequently, if the molecule of water be H?0O, and that of
hydrate of potash (double oxide of hydrogen and potassium)
H*0.K*0, there is more than ninety-nine to one against the likeli-
hood of these two molecules occupying the same volume in the state
of vapour, whilst if H20 be the molecule of water, and KIHO the
molecule of hydrate of potash, there will be an equal improbability
of the two molecules oceupying different volumes. Unfortunately
there is no double oxide whose vapour density we are capable of
ascertaining. But in default of any such compound, we can argue
from the vapour densities of certain bodies which may be com-
pared to double oxides, namely, certain etheramides and mixed
ethers.

For the sake of simplicity let us adopt the ethyl theory, accord-
ing to which we must formulate in the following manner :

Water ... BT L)
Ether ... Et20
Aleohol . e HY 0, B0

and Methylovinic ether Me20. Et*0.

These formulz if they respectively represent the molecules of
the above oxides, should correspond to one and the same volume:
but such is not the case, for we find the formulz of water and
ether correspond to two,—while those of alcohol and methylovinic
ether correspond to four volumes.

To render these bodies comparable with one another, we must
take an equal volume of each, thus:

Water ... H? O = 2 volumes
Hither .. IERm = 28 '
ﬁiﬂﬂhi}l H Et O — 53

Methylovinic ether Me Et O 2.y

Il

Oxide of ethyl in combining with oxide of methyl divides
itself into two, and does not form a simple combination by the






FORMULM®E OF SALTS. 111

Let us conceive sulphuric acid to be in the gaseous state, then
with regard to the formation of its simple acid and double salts,
we may suppose that the volume of the acid continues invariable ;
but that certain portions of its hydrogen are removed, and are
replaced by exactly the same volume of one or more metals.

Moreover, what I am endeavouring to prove, is even now
admitted by all chemists, in certain instances, and they cannot
with consistency, reject the sum of my conclusions.

Thus they admit, that if to the molecule of phosphoric acid
we add successively K, K? and K3, we form successively the three
simple salts, PO'H’K, PO‘HK*® and PO'K? Let us suppose
that instead of three, six different salts existed, which differed
from one another by a half atom of potassinm. Then would these
chemists adopt the following formule:

6 PO'H? + K°® forming a double salt
3 PO'H? + K® forming a simple salt
2 PO'I® + K® forming a double salt

5 POSHY. POARS
3 PO'IPK
PO‘H3. PO'K?

3 PO'H®+ K° forming a simple salt = 3 PO'HK?*
6 PO'H?+ K' forming a double salt = PO'H? 5PO'K?
PO'H?*+ K?® forming a simple salt = PO'K?

They would suppose then, that during the successive additions
of potassium, there was an alternate formation of double and
simple salts, thus alternately rejecting and admitfing our views
upon the subject. In addition to the caprice of these alternate
halvings and doublings, we should have another incomprehensible
circumstance. By the addition of K® to 2 PO*H3 we should
obtain a salt which might be considered as monopotassic phos-
phoric acid 2 PO*H?K. By adding an additional quantity of
potassium, one-half of the acid would lose its potassium and
would reunite with hydrogen, so as to form the double salt
PO'H.PO'K®  This metallisation and demetallisation of
phosphoric acid appears to us extremely improbable.

Avoiding the above anomalies, we maintain that, by the
addition of potassium, the process is continuous and not alterna-
tive, or in other words, that we have formed successivel y from

PO'H?+ K1 a simple salt=PO'H;K}
PO'H?*+ K a simple salt=PO'H* K

PO'H?*+ Ki a simple salt=PO'H{ K32
POH?*+K? a simple salt=PO'H K*
PO'H? + K3 a simple salt=PO'H1K}]
PO'H3 K3 a gimple salt=PO* K3
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the silicates, phosphates, and arseniates, also certain sub-zalts,
principally those of the sesquioxides, which appear to have more
complicated formulwe, such as 1, 2, 3, 4, 5, 6, 7, 10, 20, ...,
... M+ 10, 20, 43, 47, 52, 63, 100, and 200 Ag.

For the present let us set aside these last bodies, and examine
pure and well crystallised substances only, and we shall then
see, that in nineteen out of every twenty cases, the series of
hydration is M + 1, 2, 3, 4,.. ... . Aq, and occasionally,
2M + 1, 3, and 5Aq.

In following out this idea, we require to know whether ther
can possibly exist:—

1°. A basic sulphate with this formula:
4 SO* + 5 M*0O.
2° A hydrated sulphate with this:
4 SO + 3 M*O + 5 H?O.
3° A hydrobasic sulphate with this:
4 SO? + 6 M20 + 9 HO.

4°, Whether the molecule of alum contains 4 SO3 or only
1 503

In a word, whether all the sulphates do really enter into
the simple series I have above given.

If, as I contend, the molecule of alum contains but 1 S03, this’
molecule will be capable of combining with 1, 2, 3,4 . . . . Aq,
that is to say, that alum, if we gquadruple its formula so as to
transform it in S* O'%al® K2, should be able only to combine
with 4, 8, 12, 16 . . . . . Ag,—whilst if the real molecule of
alum contains 4 SO?, it should be able to combine with 1, 2, 3, 4,
Bpr e Aq. We learn from experiment that the octohedric
alums (with 4 50O*) contain 24 Agq,—that the ferric hexagonal
alum contains 12 Aq,—that the ferric alum precipitated by absolute
aleohol retains 8 Aq,—that the sulphateof ehrome and soda retains
8 Aq at 100° C,—and lastly that dried common alum retains 4 Aq.

If octohedrie alum, instead of a multiple of 4, contaned for
example 25 Aq, then, in reducing its formula to 1 SO we

- should have SO* Al3 KL + 2 Aq, which is impossible.
(Such not being the case, however, we contend that the
imolecule of alum should be represented with 1 SO? as with that
I
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is a name I have given to all such salts as the meta-, para-, pyro-,
is0-, . . . . phosphates, stannates, titanates, tartrates, &e.

There would remain then only the tungstates, silicates, some
horates, tellurates, arsenites, chromates. and the anhydrous bisul-
phate of potash. From this list we may yet remove the tung-
states, for I am persuaded that certain anomalous salts of this acid
are only mixtures, and that others belong to various types of tung-
states, meaning that tungstic acid gives rise to several soi-disant
isomeric acids, of the same character as the different phosphoric
acids.

The same condition very probably holds good with regard to
the anhydrous bi- and quadritellurates. We know moreover,
that telluric acid presents itself under two different modifications,
and that the hydrated bitellurates, when made to yield up their
water, do not form anhydrous bitellurates, but instead mixtures of
neutral tellurates and anhydrous quadritellurates. With regard
to these last, they are far from possessing the properties of acid
tellurates, but undoubtedly constitute a particular class of salts
analogous to the metaphosphates, paratungstates, &e.

Let us put the silicates on one side for the present, and there
will only remain certain arsenites, certain bichromates, and the
anhydrous bisulphates of potash and soda.

Since we have seen that nearly all the salts which appeared to
be exceptional, are in reality para-salts, we are naturally induced
to put the following question. May not the anhydrous bisulphate
of potash be a para-salt; may there not exist two sulphuric acids,
just as we know there are two stannic acids ?

The stability of the modifications of phosphoric, tartarie, and
tungstic acids, &e., is very variable. For instance, some acids
undergo modifications by the action of a red heat, and others at
100° C., or even lower; some of the modifications suffer a spon-
taneous change in the space of several months, the others require
but a few hours. May there not then be some of them, in which
the modifications are effected in a much shorter,—even in an
inappreciable time ?

I have noticed that when a little chlorhydrie acid is dropped
into a neutral tungstate, the free tungstic acid passes immediately
into the state of paratungstic acid, or of a paratungstate. Ifwe pour
upon this scarcely soluble ecrystallised paratungstate, slightly
moistened with water, a few drops of dilute chlorhydrie acid, it
dissolves in an instant, without leaving the slightest turbidity in the
liquor; but in a few seconds’ time, the soluble paratungstate
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2 ( Si0%+3Fe?0)+2 (51 0°+ Al'O?)
+2 (2 Si 0*+3 Mg*0) + 3 (Si 0¥+ AI'O?),

inasmuch as they do not represent the arrangement of the atoms,
but also the empiric formulw, as not representing even the cen-
tesimal composition of the bodies.

To ascertain the actual composition of the silicates there are
many difficulties to be resolved, some of which appear to me
insurmountable in the present state of science. I proceed to
notice some few of them.

FEquivalent of silicon.—According to Berzelius, the equivalent
of silicon should be 92, or three times that number. According
to the experiments of Pelouze it should be reduced to 875, which
is a multiple of the equivalent of hydrogen. Even if so great a
difference does not affect the formule of the more simple silicates,
it must certainly throw some degree of uncertainty upon the
formule of silicates having several bases.

Formula of silica.—Three formula have been proposed, namely :
Si0, Si0?, Si0*.  How then can we determine the weight of the
molecules of the silicates, when we are ignorant of the number of
atoms of oxygen and silicon which are contained in silica ?

Neutral silicates.—Supposing that the formula of silica were
known to us, we should still be ignorant of the composition of a
neutral silicate. Adopting SiO? for silica, would a neutral salt
contain Si0%M20 or S10%2 M20 or S10%.3M20? We have no
means of replying.

Hydrated silicates.— Hitherto chemists have constantly con-
sidered the water of silicates as water of erystallisation ; but seeing
the important part which water fulfils in the acid salts, we cannot
doubt that very many silicates contain basic water. I have
observed that several tungstates retain a certain quantity of basie
water, which they lose on the attainment of a red heat, at the
same time losing their characteristic properties; four or five
thousandths of water, more or less, are sufficient to alter their
properties, and to transfer them from one type to another; that is
to say, to effect a change in their formule. Must it not be the
same with the silicates, especially when we remember the recent
discovery, that some of these salts do not give up all their water,
even at a white heat? ;

Divers types of silicates—1 have already remarked that poly-
basic salts, salts yielding anhydrous acids, and salts of which the
acids are fixed, are capable of transforming themselves into para-
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silicates, there have been found some thousandths, and even one or
two hundredths of water, of which no account has been taken in
the analysis, and which have been considered as accidental, whilst
we know that three or four thousandths of water suffice to change
both the properties and formulee of the tungstates.

Uncertainty of the functions of the elements.—I1 have already
said that we are ignorant as to whether the water of such or such
a silicate is basic, crystallisation, or accidental water. I would
add that we are equally ignorant concerning the part played by
fluorine, boric acid, and even by the oxides R?0 and R*O". I
shall presently advert more fully to this question. How, in the
presence of so much uncertainty, can the composition of the
silicates be set in opposition to our views of the nature of salts ?

SECTION THIRD.

ON THE RELATIONS WHICH EXIST BETWEEN THE FORM AND THE
ComrosiTioN oF CeErRTAIN BODIES.

I¥ the law of even numbers is correct, if atoms are divisible, and
i consequently if the molecules of ferrous and ferric oxides respec-
 tively contain Fe’O and fe*O, may it not be possible for these two
oxides to be isomorphous, and may they not entirely, or at any
1 rate in part, mutually replace one another in their combinations,
\without producing any alteration in the form of the compound?
!May it not be the same with the other oxides RO, R20, and
IRO8 ?

It has been ascertained that very many R*QO oxides are isomor-
phous with one another, and likewise that the R*O3? oxides are
iisomorphous with one another, but hitherto not a single example
thas been adduced of isomorphism between these two kinds of
coxides, or between their respective combinations. I am disposed
ito think, that chemists perceiving the atomic difference, which
texiste between the R*0, the R'O?% and the R*'O oxides, have
ut priori supposed, that these three kinds of oxides could not possibly
ave the same form, and that it is this supposition which has

i
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hindered them from recognising the facts of daily oceurrence, that
prove the contrary,

But before examining this question, I must make some remarks
on the subject of isomorphism.

Hitherto, bodies have been considered as isomorphous, when
their erystals have the same, or very mnearly the same, axes and
angles, and belong to the same crystalline system. 1 propose to
modify this definition, and to say, that two substances are isomor-
phous when their crystals have the same, or very nearly the same
axes and angles; no matter to what crystalline system each of
the comparable crystals belongs.

It is admitted that a rhombohedron of 103 degrees can be iso-
morphous with a rhombohedron of 104, 105 and even of 107
degrees (as allowed in the cases of the different caleic and ferrouns
carbonates, &e.).

I admit in addition, that a rhombohedron of 89° 30' or of
90° 30’, can be isomorphous with a rhombohedron of 90° that is
to say, with a eube, the limit of acute and obtuse rhombohedra.
I admit that a right prism with a rhombic base of 119° can be
isomorphous with a right prism of 120°% and consequently with
the regular hexagonal prism, or with a rhombohedron. Ina word,
I admit that isomorphism can overstep all erystalline types, which
are indeed only limiting or intermediate forms, occurring at intervals
between the infinite varieties of the genus parallelopipedon.

We know that the angles of one and the same substance are
not invariable even at the same temperature. Thus according to
Baudrimont, Iceland spar does not always present the same angles,
but variations of several minutes may be noticed. Acecording to
Nicklés, the bimalate of ammonia sometimes oecurs with an angle
of 108° 30’, sometimes with an angle of 110°.

It might then happen, that a single substance should in its
oscillations transgress the limits of its own erystalline system, and
enter into the confines of another. That is to say, that one and
the same substance might crystallise sometimes in a cube, and
sometimes in a rhombohedron, or in a square prism very nearly
approaching to a cube.

Crystallographers, who recognize an absolute difference between
the different erystalline systems, would reply, that the difference
between a cube and a rhombohedron has reference, not so much
to their angles as to their kind of ficure, and that to each kind there
corresponds a law of modification, which law differs from that of
another kind. Then I would ask, whether it has been eclearly
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demonstrated, that a rhombohedron of 90° 1’ may not be submitted
to the same laws of cleavage as a cube, and whether the laws of
Haiiy may not be modified in the following manner :

1°. When two edges, or two solid angles, are equal, if one of
them becomes modified, the other will become modified also, and in
precisely the same manner.

2°, If the two edges, or the two solid angles are unequal, the
one may be modified, and the other not; or if each of them
undergoes a modification, the modification of the one will be
different from that of the other.

3° If the two edges, or the two solid angles, are sensibly
equal, they may each undergo a modification, and this modification
will be sensibly the same for the two angles in question. That is
to say, that the greater the resemblance of the two angles, the
greater the probability of their undergoing cotemporary and similar
modifications.

In support of these opinions, I will first of all allude to the
forms of the mesotypes. Under the names of scolezite, mesolite,
mesole, and mesolysse, there have been designated certain minerals
formerly considered as forming but one single kind.

*SPARCa+3 Aq
S°AIPNa+2 Aq
S5
Ot Ca?Al®+2. 3. Aq
SO0 Ca2AlS + 351
S0 Ca AP+ Agq
52,

They are hydrated silicates of alumina, soda, and lime, in
1 which the soda and the lime replace one another mutually in all
| proportions.  Representing silica by SiO their formula would
rappear to be

SEO'APQY |+ Aq.

Haiiy, who included them all under the name of mesolysse,
cconsidered them to have for their fundamental form a right
jprism on a square base.

Since then, it has been ascertained that scolezite appertains to

% This table is incomplete in the eriginal.—(W. 0.)
K 2
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Mesotype (H. Rose) Type.
closely bordering upon a . J L8
11le t prism on a square Oblique non - symmetrical

prism.

Mesole and Mesolite.
Prism of scolezite or meso-
type.

We know that these minerals resemble one another in the
highest degree, that they have the same density, the same cleavage,
and the same modifications ; that they are met with in the same
countries, and even in the same rocks.

Thus the same mineral, mesotype, erystallises in three different
systems. Will mineralogists consequently recognise three distinet
species? Will they moreover, divide scolezite into two species ?

But then, by having regard at the same time to the chemical
composition, the ecrystalline type, and the measurement of the
angles, there would be no reason why we should not make twenty
or thirty new species.

Are these different crystals, which belong to four different sys-
tems, subjected to four different laws of modification? No: in all,
or nearly all, we meet with the same modifications; the similar
and the dissimilar angles are nearly always modified together, and
obviously in the same manner.

Haiiy himself was led into error by the cleavage and symmetry
of the modifications. The reason of thisissimple : all these erystals,
no matter to what type each individual of them helongs, differ but
very slightly from a right prism with a square base; theiraxes are

» sensibly of the same length, and sensibly inclined to one another
¢ at the same angle ; and the;, are in consequence sensibly modified
 like erystals of the square prismatic system.
Another example is furnished by nitrate of potash. This salt
i erystallises in a right prism with a rhombic base of 119° whilst
i nitrate of soda ecrystallises in a rhombohedron of 106°, that is to
i 8ay, in a regular hexagonal prism of 120°

But according to Beudant, when nitrate of potash is made to
terystallise out of a solution of nitrate of soda, it is deposited in
terystals, which pass from the prism of 119° to the prlsm of 120° or
irather, which are rhombohedra of 106° 36"

Another example occurs in the case of sulphate of nickel. This

ssalt crystallises in right rhombic prisms, isomorphous with sul-
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« Thus, although the carbonates of lime and baryta are not
isomorphous, they approach very nearly to one another in the
angles of the prisms; and the two forms of carbonate of lime
which, at the first glance, seem to differ very much from one
another, do not appear to be so widely separated when we con-
sider the intermediate steps. I faney that this crude conception of
mine deserves to be pushed further.”

Since that period, Pasteur has been engaged in confirming my
anticipations by fresh observations. He has discovered the re-
markable fact, that dimorphous substances, such as the two sul-
phurs, the two carbonates of lime, the two arsenious acids, the
two oxides of antimony, the red and yellow iodides of mercury,
are, so to say, isomorphous,—in other words, that the angles of
any one of the varieties approach very mnearly to those of the
other. Dimorphous bodies have consequently forms bordering
upon the limits of the systems, and under the influence of certain
determining conditions, can pass easily out of the one into the
other system.

There frequently exist very singular relations between the
crystals of different substances, whether having analogous formulae
or non-analogous, or at any rate, not manifesting any analogy at
the first glance.

Sometimes there is complete isomorphism between these dif-
ferent substances, sometimes the isomorphism can only be recog-
nised by passing out of one system into another; and, lastly, the
isomorphism may have respect to certain angles only, whilst the

' remaining angles of the two bodies may be altogether unlike.

These different relations then, must be classified as much from

« a crystallo-graphic as from a chemical point of view. The follow-
1 ing table is an attempt in this direction; hereafter it will certainly
! have to be modified and extended.
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I. ITeono-ideomorphous bodies.

Under this name we may designate the levo and dextro tar-
taric acids, and other analogous bodies, of which, according to the
excellent researches of Pasteur, the non-superposable forms are,
when received in a mirror, the images one of the other.

11. Imumm-mm?ﬁwus bodres.

Chlorine and bromine being isomorphous with hydrogen, I
endeavoured by substitution to make them enter alternatively into
the place of the hydrogen. I hoped by this means to obtain dif-
ferent bodies, which should have the same composition and the
same crystalline form.

Let us take for example the hydro-carbon C'H'Y. Treated
firstly by chlorine it would give C'"H*Cl; and this, treated by
bromine, would subsequently give C"H*BrCl. But in first
attacking the carbo-hydrogen C'H'" by bromine, we should have
C"H®Br, and this treated by chlorine would subsequently give
CH*Cl Br.

It would then remain to be seen whether the two compounds
CYH!Br(Cl and C'H®ClBr were or were not identical. If they
were not identical, the two different bodies would probably be
isomorphous with one another.

The attempts of this description that I have made with
naphthaline, have given me but very questionable results. But
we may readily employ the following process, which will allow us
to obtain different bodies, but isomeric and isomorphous with one
another, as often as we please.

Chlorine and bromine can enter by substitution into the con-
stitution of certain organic bases without destroying their alkaline
properties; such for instance, is the case with aniline, which gives
rise to chloraniline and bromaniline. If we combine chloraniline
with hydrobromic acid, and bromaniline with hydrochloric acid,
we shall obtain two isomeric bodies :

CSHECLIN. H Br
CSHBrN. H Cl,

which ought to be isomorphous.

I have obtained two combinations of this description with
bichlorocinchonine and bibromocinchonine respectively. Each
of these two bases combines with two equivalents of the hydracid,
80 as to produce the two following salts :
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Bichlorhydrate of bibromo-cinchonine.
Bibromhydrate of bichloro-cinchonine.

which are not only isomerie, but also isomorphous.*

I11. Isomorphous bodies.

A. Of similar constitution.—In this class are arranged isomor-
phous bodies having similar formule, such as the salts of calcium
and magnesgium, the salts of barium and strontium, the sulphates
and the seleniates, the chlorides and the bromides, &ec.

I would only add, that according to my experiments, hydrogen
18 isomorphous with potassium.

B. Of comparable constitution, ox similar by hypothesis. a. Ammo-
nium salts.—We have known for a long time past that the ammo-
niacal salts are isomorphous with those of potassium, although
the composition of the former differs so much from that of the
latter class. We are aware also of the hypothesis that has been
conceived for the explanation of this isomorphism, which hypo-
thesis consists in admitting that ammonia, plus one atom of hydro-
gen or NH', plays in the salts of ammonium the part of a simple
body ; I merely recall the fact to our memories.

B. Nitro compounds.—Many organic substances under the
action of nitric acid, lose their hydrogen, and acquire in its stead
an equivalent quantity of peroxide of nitrogen. I have remarked
that in some cases the primitive compound and the nitro compound
are isomorphous. We may account for the isomorphism by sup-
posing that the atom of hydrogen set free, has ceded the place
which it occupied to the peroxide of nitrogen, which, to a certain
extent, plays the part of hydrogen. Let us represent the mole-
cule of peroxide of nitrogen by N*0*'=X? we shall then formu-
late phenic acid and its derivatives in the following manner :

Phenic acid e CEEHEE)
Binitro-phenic acid ... s CEEA X0
Trinitro-phenic acid ... e GEEEOS 0.

* We might also ask, whether the ferrous manganate FeO.MnO* would be
identical with, or different from, the manganous ferrate MnO,Fe(?, In the latter
case they would be isomorphous. But though it is not very likely that these two
compounds ean exist, we can conceive nevertheless that mineral chemistry may
be able to furnish us with analogous instances, When the mercuric iodide com-
bines with the chloride of potassium, does it under all circumstances give rise to
the same body as that produced by the combination of mercuric chloride with the
wdide of potassium ?

TR s

T S
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With regard to the isomorphism of phenic acid with its two
derivatives, the crystals are not sufficiently well defined for us to
determine the question.

v. Homologous bodies.—The bodies designated by the term
homologous, fulfil the same chemical functions, and differ one
from the other by = times CH2 Thus the formic, acetic, and
propionic acids CH20?, C?H*.0?, C*H%O?are homologous bodies.

It would appear from observations I have made upon the
acetate and butyrate of copper, that certain homologous hodies
may be isomorphous. Moreover Nicklés has noticed that the
oxalates of methylamine and ethylamine have the same form. We
might attribute this isomorphism to the presence of the groups
CH?, C*H*, C*H®, &c., which in the free and gaseous state occupy
the same volume, and which in mutually replacing one another in
their combinations, do not alter the gaseous volumes of the com-
pounds. The isomorphism of these homologous bodies does not
by any means prove that the bodies really contain, ready formed,
the groups CH?, C*H*, C*H", &c., since we might as easily account
for the isomorphism, by the aid of other hypotheses. Thus,
according to the ordinary notation, we might say that:

Formie acid is a combination of formyl .. (CHHO HO
Acetic acid, a combination of acetyl ... e (CHHMHOR HO
Propionic acid, a combination of propionyl ... (C'H*)O%N HO

C*H, C*H? C°H®, fulfilling the functions of simple bodies, and
mutually replacing one another from their combinations, without
change of form.

But in the end, all these hypotheses come to the same thing ;
they all tend to manifest the analogy which exists in the composi-
tion of homologous bodies, which analogy extends likewise to their
form.

8. Various bodies—W e have known for a long time, that nitrate
of soda and caleareous spar are isomorphous. I have shown that
the bichloride of naphthaline, and the chloride of bromo-naphtha-
line, are isomorphous. :

Latterly Rose has taught us, that nitrate of soda and red
silver are isomorphous with calcareous spar, whilst nitrate of
potash and bournonite are isomorphous with arragonite.

We know, moreover, that the argentic and plumbic sulphides
have the same form as the eupreous sulphide.

By employing the ordinary notation, we do not seize upon any
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Nitrate of soda ... Na.NO?
Calcareous spar ... 2 Ca.CO?
Red silver ... 3Ag.SbS?
Nitrate of potash ... K.NO®
Arragonite ... 2 Ca.CO?
Bournoenite (cuprosum) ... e 2 Ph.cu.SbS3,

Already these formule manifest certain approximations, and
the introduction of cuprosum assists us in penetrating a part of
tli#® mystery. For if, in the ordinary notation, the formule for
the cupreous and cupric sulphide are Cu'S and Cu®S, with
cuprosum and cupricum they will become cx* S and Cu*S. Then
we can concelve, how the sulphide of cuprosum may have the same
form as the sulphides of lead and silver, and how it may be capable
of replacing them in the grey coppers, polybasite, bournonite, and
cupro-plumbite.

Thus then 2 Cu fulfils the same functions as Cu. Do we not
recognise a precisely similar circumstance in the acetie, propionic,
and butyric acids, where 2 CH?, 3 CH?, 4 CH?, likewise fulfil the
same functions ?

May we not associate with these examples, the illustration
afforded by the bichloride of naphthaline and the chloride of
bromo-naphthaline, which substances only differ from one another
(not considering the bromine, which is isomorphous with the
hydrogen it replaces) by C1® and 2 CI*?

Do not similar conditions obtain in the nitrates of soda and
potash, calcareous spar, arragonite, red silver, and bournonite ?

We might place here the bimalate and bitartrate of ammonia,
which contain, the first—

C*H®0% H?®N,
C*HEO® H3N.O.

the second—

I cannot terminate this subject without remarking that calca-
reous spar and nitrate of soda, Ca?CO?® and Na NO? when thus
formulated, have sensibly the same atomic volume, for that of the
first is to that of the second as 187 is to 19-5.

I repeat, that by the formule I have just given, I do not
intend to explain the cause of isomorphism, but simply to indicate
certain relations of composition which exist in isomorphous bodies.

C. With a different consitution.—Here we may arrange certain
1somorphous bodies, such as the diamond and alum, quartz and
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chabasite, sulphur and bisulphate, a of potash, feldspar and bisul-
phate, B of potash, &c., in which at present we do not recognise
any similarity of composition.

This isomorphism may perhaps be only accidental. Never
theless, I cannot resist the desire to compare here the formula of
feldspar and bisulpbate of potash. In the ordinary notation, these
two salts contain:

KO. Si0® + AP0 3 Si0?
KO. SO* + H*0. SO, -

These two formule do not manifest any analogy. But if we
transcribe them on the unitary notation, we shall then have the
following relations:

KH. SOt
KAl SiOf
or, in writing silica, = Si O,

K1Al3.SP0%

IV. Isodimorphous bodies.

In this class T arrange bodies which, having the same com-
position, are also isomorphous; the isomorphism, however, being
manifested between forms belonging to different crystalline sys-
tems. Such are the two sulphurs, the two carbonates of lime,
the two arsenious acids, the two oxides of antimony, the two
bhichlorides of chloronaphthaline, the red and the yellow iodide of
mercury, &e.

Probably the mesotypes ought to be included in the sixth class,
since the variations of the angles, and the passages from one sys-
tem to the other, doubtless depend upon a greater or less replace-
ment of the soda by lime. And moreover, the passage from one
system to the other does not seem to be sudden asin the preceding
instances; but there are intermediate angles.

V. Isotrimorphous bodies.

According to Ladrey, titanic acid crystallises in three different
systems, and the three forms approach very nearly fo one
another.

VI. Paramorphous bodies.

I place in this class bodies, which having a different composi-
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tion, are isomorphous, the isomorphism being manifested between
forms belonging to different crystalline systems.

A. With similar constitution.—In this division will be placed
certain isodimorphous bodies, those only being compared which
have a different composition. Thus the octohedral arsenious acid
is paramorphous with the prismatic oxide of antimony, and pris-
matic arsenious acid with the octohedral oxide of antimony.

There 1z also paramorphism :—

Between arragonite and the carbonates of magnesia, iron, and
manganese.

Between calcareous spar and the carbonates of baryta and
strontia.

Between nitrate of soda and nitrate of potash.

Between the bichloride of naphthaline, and the bichloride of
chloronaphthaline crystallised from ether.

B. Of eomparable constitution, or similar by hypothesis.—1 may
adduce the chloride of bromonaphthaline, erystallising in an
obligue prism with a rhombie base, and the bichloride of chloro-
naphthaline erystallising in a ight prism with a rhombic base.
The formula of the first is

C°H’Br. CI?;
that of the second,
CYH'CL. 2 CI2.

There is also paramorphism between the nitrate of soda and
arragonite, and between red silver and bournonite.

C. Of different constitution.—I might adduce braunite erystal-
lising in square-based octohedra of 109° 53" and 108° 39, and
alum crystallising in regular octohedra of 109° 30. We could
find plenty of analogous examples; but in the above illustration
we do not perceive any relation between the composition of

braunite and of alum, and we can only attribute the similarity of
their crystals to accident.

VII. Hemimorphous bodies.

I give this name to bodies of which the crystals resemble one
another in part only.

If we open a book on erystallography, we may inany page of it
meet with substances having one or two angles sensibly equal, but
the remainder perfectly different. Relations of this deseription
however, do not offer anything of particular interest. But those
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I have met with another example of hemimorphism in the
paratungstates of potash and of soda. The first of these salts con-
tains 8 atoms of water, the second 9 atoms. In these two salts,
two-thirds of the angles of the one, resemble very closely those of
the other, whilst the remaining third is very different. More-
over the aspect, cleavage, and striwe, of these crystals present the

createst analogy. )
The tartrates offer other very interesting examples. I once

showed to Pasteur some crystals of tartrate of lime, the angles
of which I had succeeded in determining. I know,” said he to
me, *“ without measuring, the angle of the prism; it is of about
100°; for all the tartrates, simple or double, neutral or aecid,
anhydrous or hydrated, have prisms of about 100° and 80° but
the angles of the summits vary from one tartrate to another.”

According to Nicklés, homologous bodies present us with
‘similar facts. Thus we have with

Angle of  Angle of

_ the the
prisms.  summits,
[Formate of baryta — C H BaO? 757
‘Acetate of baryta — C?H?*Ba0? 4+ § Aq i o noo 11648’
IAcetate of lead ~ — C?HPPbO? + 3 Aq 0 116°48"
[Propionate of baryta — C*H'Ba0? 4+ § Aq 92°

We have just seen hemimorphism manifested in the salts of
the same acid, and in the salts of homologous acids, Nicklés has
shown that compounds of the same base may also be hemi-
morphous :

The sulphate and nitrate of glycocine have prisms of 123° 87,
H28° 107, 126° 15".

The oxalate and chlorhydrate of glycocine have each an angle
ibf 113°.

The oxalate of methylamine has an angle of 131° 20°, the
thlorhydrate of 132°,

We may add also, that the oxalates of methylamine and
tthylamine, isomorphous with one another, are hemimorphous
i7ith the oxalate of ammonia.

The composition of these three bodies may be represented as

bllows :—

Oxalate of ammonia ... COH?® 4 HE®N?
Oxalate of methylamine .. C*0'H? + H°N? + 2 CH*

Oxalate of ethylamine ... C?0*H?® 4 II°N® 4 4 CH2
L
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cuproso-ferrous, and argentic sulphides, erystallise in the regular
system.

Copper pyrites crystallises as an octohedron with a square base,
having an angle of 108° 40",

Mereuric sulphide gives rise to two rhombohedra, of which
one is of 92°,

All the varieties of phillipsite, the grey coppers, and ten-
nantite belong to the regular system.

The sub-sulphuret of bismuth appearsto be isomorphous with the
sulphuret, which erystallises in richt rhombohedral prisms of 91°.

Thus then, all the preceding compounds are isomorphous, or
what comes to the same thing, paramorphous. Let us now glance
at their composition, expressed in the ordinary formulz :

Oxide magnesic ... i Mg

»  plumbic e O

»  cupric s ONGE?

,» nickelie e N2
Sulphide manganous e e NInd

o plumbic . Lo SEBUED?
= Zineic ... S e
s argentic ... e S s
e mercuric ... S Eod
Sub-sulphide bismuthic o i Bt
Oxide euprous O Cu
Sulphide cuprous .. 5 Cu!
Oxide aluminie 02 Al

5 derrie (*Fe!

,»  chromie O3Crt

» anganic ... O*Mn?!
Sulphide cobaltic ... S*Co?

" bismuthic S*Bit
Copper pyritic S?Cu?Fe?
Cupro-plumbite S*Cu'Ph?

[ 5%Cu® Fe?

SCu® Fe?

SICuf Fe?

Phillipsite | S*CulFe?
S'Cu'*Fe?

StCuMFe!

\ QI 22 et

2
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Oxide cuprous

Sulphide plumbic

2

2

a

3

Lk

33

cupric
manganous
bismuthous
ZINCLC
argentic

cobaltic

bismuthie ...

mercurous....

Cupro-plumbite

Silver-copper-glance
Copper pyrites

Magnetic pyrites

Phillipsite

Magnet

veet

1’0

L RS

) Res

RS

PbCu S
AgCu S
CuFe S
FeFvﬂ S

( Cuy Fey

FeiFel

S

CuCulFel S
{ CusFet
Cud CulFel S
CuCu}Fe: S
\ E’EUU&FB} S

S

O

Spinelle, gahnite, chromic iron RR...? O*

Cuprosum replaces lead and silver in cupro-plumbite, in
bournonite, and in silber-kupfer-glanz, which substitution does not

affect the form of the combinations.

Moreover, we have shown a

few paragraphs back, that all these oxides when formulated as in

the preceding table, have the same atomic volume.

Should any uncertainty concerning the isomorphism of the

* 0=16. R orr = | the usunal atomic weight of a metal forming a teroxide,

and 3 the usual atomic weight of a metal forming a sesquioxide.

Fe'() = fe*0 = oxide of ferricum = sesquioxide of iron,

Thus

é‘-hfﬂ = sb*0 = oxide of stibicum = teroxide of antimony

.I’E or r = twice the ordinary atomic weight of a metal forming a sub-

coxide.  Thus

Cw*0 = eu0 = oxide of cuprosum = suboxide of copper—(W,0.)
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oxides R?0, R'0? and R'O still exist in the minds of chemists, I
trust it will, by the following faets, be completely dissipated.

The epidotes have been of late years, the subject of the re-
searches of several mineralogists, and prineipally of Hermann. All
the specimens of which the analyses were made, were extremely
well erystallised. These are the results arrived at :

UXYGEN.

Of Of the Of the Of all

the silica. | bases R=*(). | bases R'0? | the bases.
From Suland 100 653 302 955
Falltigel 100 64-2 33+0 979
St. Marcel ... 100 680 33-0 | 1010
100 662 330 992
Sl { 100 | 663 | 330 | 993
100 662 3340 992
Achmatowsk { 100 690 340 | 1030
Schumnaja ... 100 6940 33-0 | 1020
Arendal 100 666 350 | 1016
Burowa.._. 100 64-4 370 | 1014
Werchneiwinzk... 100 646 370 1016
Dauphiné 2 100 61-7 384 100°1
100 610 39:0 | 1000
Géier ... 100 510 458 968
Mean ... 100 642 | 355 99-7

I pass silently over a dozen more ancient analyses which lead
to the same results, and alike with the preceding, prove to us, that
the oxygen of the bases R*O diminishes, as that of the bases R'O?
increases.

In the presence of analyses so discordant, Hermann divides the
epidotes into three species, of which the following are the formulz :

a. 3(Si0%2R20) + 2(3S810% 2R 0%),

b. [3(S10%2R*0) + 2(3S510% 2R O?) ]
+[2(S10%22R*0) + (3510% 2R O?) ]
e. 2[3(Si0%2R*0) + 2(3Si0%2R 0%) ]
+ 3[2(Si0% 2R*0) + (3Si 0% 2R 07) ]

Here then is a silicate, which always presents itself’ with the
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same form, the same properties, and the same atomic volume, and of
which, mineralogists have made but one species: the chemist then
arrives, executes his analyses, and not finding any relation in the
composition of the different varieties, he immediately by the aid
of his mysterious hieroglyphics, manufactures three species, as far
removed from one another as feldspar is from granite.

But if, instead of putting the bases with one atom of oxygen
on one side, and the bases with three atoms of oxygen on the
other, we unite them in one group, and compare the oxygen
which they contain with that contained by the silicic acid, we
then discover the uniform ratio of 99-7 to 100, Could any one
require a more evident proof of the isomorphism of the oxides
R0 and R1O3?

Rammelsberg and Svanberg consider this conclusion absurd,
and prefer the preceding hieroglyphics to the formula (R r)? Si O*
which I propose.

I recollect that at one time I admired the penetration of
those chemists, who were able to preseribe formule with numerous
parentheses and numerous bracketings. I wondered how they
could discover such complicated arrangements. Since then, I have
taught a child of eight years old to construct similar formula, and
even to adorn them with one or several copule, and I am bound
to confess that in the fantasies of his constructions, he frequently
surpassed the great masters of his art !

One example of a silicate will not suffice, and I now proceed
to pass rapidly in review, the composition of the best known and
best erystallised silicates. We shall see that in the same species,
the ratio of the oxygen of the bases R*0 to that of the bases
R*'O? is very variable, whilst the sum of the oxygen of the two
kinds of bases is constant, that is to say, that within certain limits
these bases can mutually replace one another, without changing the
form of the compound into which they enter. I shall represent by
S the ratio of the oxygen in the silica to that contained in the
united bases, and by @ the ratio of the oxygen in the bases R*O
to that in the bases R'03,

It the formule of mineralogists are correct, if the bases R?0
cannot replace the bases R'0% w ought of necessity to be con-
stant in the same species.

I do not attach any great value to the formule I am about to
propose, because, as I have said before, we are ignorant of the
tormula of silica, of the exact atomic weight of silicon, of the different
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The mean of a score of analyses gives as the value of
S, 2%* consequently one single formula is sufficient, namely,
Si0? (R r H),
or by doubling,
Si20*(Rr H)* + Aq = SiO(RrH)?0 + 8i0. H? O.

Tlvaite Si0*(Fefe)* = SiO(Fefe y* O.

The protoxide and peroxide of iron exist in very variable
proportions,

Prehnite Si0*(Rr)* = SiO(Rr)? O.

i 23-2 224 224 224 222 227 227
=¥ T axgr 2350 226 225° 22¢1° 234 225

Here then is an extremely constant ratio. The following

formula, which have been attributed to this mineral, will give an
“idea of the value of @:

Si¢ R? r® Ag

Sit B »?

Si*t R r* Aq

Si? R r?

Si*RS r° Ag®

If these formule are exaet, mineralogical characters have no
1value whatever. I believe that owing to the despotism of dual-
| istic chemistry, several mineralogists have preferred returning to
t the classification of shorls, spars, and precious stones.

Chabasite Si*O°(Rr)* + 3 Aq = 4 Si0. 2(Rr)* 0 + 3 H*O.

The mean of twenty-four analyses gives the following ratio

ifor the oxygen :

5i0 : RO 4+ BYOP ¢ Aq :: 24 : 11 : 17;
uw varies from ,_;? to 4—}3
tbases is constant.

The ratios deduced from experiment being Si*(R r)**!'Aq7, 1
wenture to transform them into Si*(R r)*"*Aq" = Si'(R r)Aq®
IIf I thus lessen somewhat the ratio of the silica, I have experi-
mmental warrant for so doing, since it has been discovered, that
chabasite in its crystallisation carries down in a state of mixture,
1 sensible quantity of silica, with which it is isomorphous,

, whilst the sum of the oxygen of the
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Axinite.
The latest analyses lead to the formula
3(SPO°RY) + BO*R,
By doubling the borate, we obtain
B*0% RO = 2B 0?R.
Brewsterite S1° O7 (Rr)*+2 Aq=3Si0.2(Rr) O 42 H*O.
S = %, and there have been proposed
a. Si® Al R? Ag's,
b, Si1%-AlS RS Aqg.
Couzeranite Si* O° R'=3 8i 0. 2R*0,
= ?; nevertheless, the mineral has been supposed to con-
fist of Si° K?+6 Si? Ca+6 Si® AL, in which § = 22,
Datholite S12(*CaH + BO*Ca.
Botryolite Si*O0*Call + B 0*Ca+ 1 Aq™
Feldspar S1* O (R r)*=3 Si 0. (R r)*0.
3

8 3y C i 9-3
S ranges from = to T whilst o from 5 to

Topaz S1°0° al® +4 Fl al.
Pilnite S1°0" al® 44 Fl al.
Chondrodite 51* O° Mg® + F1 Mg.

Helvine S1P QPR+ R‘*g ':*
1

9
52

This sulphuretted silicate gives as the value of S, and is

4
307
aevertheless represented as—
3 (Mn*S. Mn*0) + (2 Si0% 3 Mn?0)
+2 (Si10% Bi'0?) + 2 (Si0% Al'O%).
Heulandite Si*O*R* 43 Aq.

= %; yet the formula Si*Ca*H?*, in which S = 5%'

Nepheline Si*O' (Rr)y*+4(Rr)? O,

According to the mean of twenty closely agreeing analyses,
14 24 .
» = oo, and the proposed formule give g{—; and z_g

Scapolite Si*O0° (R x)*=385i0. 2(R r)O.

Five analyses give as the value of S%, in the proposed

3 4 Il-!
mula = 2.
wr o) o5
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are neutral or basic. We must moreover, examine into the
question, what constitutes a neutral salt? What, for instance,
constitutes a neutral nitrate ?

We know well that there are two answers to this question,

1°. A neutral nitrate is a salt which contains 5 proportions of
oxygen in the acid, for 1 proportion in the base.

9°, A neutral nitrate is a salt which has no action upon the
colours of blue and red litmus.

We may choose which we please of these definitions, but that
is obviously the best one, which best associates with each other,
bodies partaking to a certain extent of common properties.

Now in adopting the first definition, we find, not only that all
neutral nitrates have the same composition (for that is the definition
itself’), but that nearly all of them have similar properties. Thus the
majority of them are without action upon the colour of litmus paper ;
they may be prepared easily, not only by employing one equivalent
of base for one equivalent of acid, but even in a great excess of the
latter; they are soluble salts, and can be obtained in the crystal-
lised condition, whereby we are enabled to determine their com-
position with exactitude. By double decomposition with other
neutral salts, they give rise to two new salts, which continue
neutral (as regards their composition®), and are devoid of action
upon litmus paper.

The basie nitrates contain more than one proportion of oxygen
in the base. They are usually insoluble and unerystallisable. It
is with difficulty that they can be obtained in a state sufficiently
pure for analysis, and consequently their formule are very
questionable. Such of them as are crystallisable alter in their
composition when we attempt to purify them by a second crystal-
lisation. When added to neutral salts, they undergo an irregular
double decomposition, sometimes producing neutral salts mixed
with an excess of base, sometimes neutral salts with basic salts
of variable composition, The addition of nitric acid immediately
alters the basity of these salts.

By adopting the second definition, we find that the neutral
nitrates include soluble and crystallisable salts, that is to say, some
of the salts that we have already arranged among neutral salts
according to the first definition, and also many other salts but
slightly soluble or insoluble, unerystallisable, and of irregular
double decomposition. 7%ese neutral nitrates have a very variable

* Mr. Watts and cthers make use of the term normal salts to indicate sults
which are neutral as regards their composition.—(W. 0.)
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or partially deoxidised arsenmious acid, is a matter of no con-
sequence, provided that the new salt possesses all the distin-
cuishing properties of a neutral salt. The oxides which can in
this manner remove the hydrogen from sulphuric acid, are not
necessarily bodies containing but one proportion of oxygen, but
bodies capable of eeding but one proportion, to the hydrogen set free.

In this way U*'0? As?03 Sb*03, B*03 N3 &c., may each
represent one equivalent of an oxide equivalent to K*0, but then
we shall be led into other consequences, from which fresh embar-
rassments will arise.

How do we proceed to formulate the salts of uranyle?
Having regard to the analogous salts of arsenyle, boryle, nitryle,
&c., and representing uranic oxide hy U*O? uranous oxide being
U?0, we designate U*O* by the name of uranyle, a body isomerie
but not identical with uranous oxide, having indeed twice the
atomic weight of the latter, and not possessing an equivalent sub-
stitution value, nor fulfilling similar functions. Thus far then,
we do not meet with any difficulty.

But the ferrie, manganic, chromie, aluminie, bismuthic, and
antimonious oxides — do not they comport themselves like the
uranic oxide 7 With the view of ascertaining whether the oxides
of bismuth and antimony might not be analogous to the oxide of
uranyle, Peligot has recently made some researches, and from his
results has felt himself bound to reply in the negative.

Nevertheless we meet with several salts of bismuth and
antimony, which, though basic as regards their composition, are
yet crystallisable, which redden rather than blue the colour of
litmus, and which ought to be considered as the salts of bis-
muthyle and antimonyle with as much reason as the uranic ealts
are considered to be salts of uranyle; such are the following :

Chloride of antimonyle e B?CIP 4 2 8b202 = Shy CI#
Chloride of bismuthyle ... BECI°+ 2 BitQ? = By €1

Acid sulphate of antimonyle.... 5 80° + 2 Sb*0°+3 H20 = (Sbyi Hi)?S04
Neutral sulphate of bismuthyle 80° + Bi*0® = By* 80*

Acid sulphate of bismuthyle.... 2 80* + Bi*0* +3 H20 = ByH 80* + Aqt °
Acid sulph. of arsenyle (crist) . 4 SO* + 3As°0°+ H20 = Asy: Hi SO+
Acid oxalate of antimonyle ... 2 C*0°+ 8b*0 *+ H?0 == Sby H 20+
Carbonate of bismuthyle ... C0* <+ Bi20® = By2C(?

Nitrate of bismuthyle..., e N2O® 4+ Bit0® 42 H20 = By NO* 4+ Agqgt.

* 1shall make use of the sign = to indicate that two bodies or two for-
mul@ correspond to one another, Thus P*0° = P*CI" =P(ls,

Tt T t According to my unpublished analyses.

I According to the analyses of Heintz and myself,
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What differences are there between the =alts of chromyle,
ferryle, aluminyle, antimonyle, or bismuthyle, and those of
uranvle? Scarcely one can be adduced. The former salts are
decomposable by water, the salts of uranyle arc not so. Bat this
difference is not of sufficient importance, to warrant us in con-
sidering the former salts as basic and the latter as neutral.

Nevertheless a difference does exist, not indeed in the pro-
perties of the above salts, but between the properties of iron,
antimony, &ec., on the one hand, and those of uranium on the
other; for while uranium gives rise only to salts of uranyle, and
not to a single salt of uranicum,—iron, antimony, &e., alike produce
salts of ferryle and of antimonyle, and salts of ferricum and
antimonicum.

Since salts of ferricum can exist, why may we not have basic
salts of ferricum ? and if basic salts of férricum exist, in what
will they differ from the salts of ferryle? Then if the salts of
ferryle are but basic salts of ferricum, why should not the salts of
uranyle be basic salts of uranicum?

In the midst of these difficulties I would ask, may we not
have basic salts of ferricum isomeric with neutral salts of ferryle ?

Basic salt of ferricum . T35S04, 21?0
Neutral salt of ferryle . o By a0

I appear here to give the question a hypothetical turn, so as to
avoid its real solution: but in demanding whether there may not
be aneutral sulphate of ferryle isomeric with the tribasic sulphate
of ferricum, I am leaving the whole question to experiment, for if
there are two isomeric sulphates, we are bound to render their
different properties apparent.

The subject is a very difficult one to treat of: the bodies in
question are for the most part insoluble and inerystallisable; con-
sequently their formule are very uncertain.

I shall confine myself to directing attention to some few facts,
without pretending that they are sufficient for the decision of the
question. The first point that occurs to me is the following:
we know that certain basic sulphates are insoluble, while certain
other sulphates having the same composition or even a higher
degree of basity, are soluble. Thus aluminite SO2 Al*O*.9 H20
1s an insoluble salt, but that we may obtain a similar salt in the
state of solution, is shown by the following experiment. I dis-
solved three proportions of sulphate of alumina 330% AI'O? in water,
and added thereto, drop by drop, a solution of carbonate of soda,

M
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The coagulum is translueid; water poured upon it does not
receive any coloration. If we precipitate the solution by aleohol,
we obtain a syrupy matter, which by desiccation becomes hard,
brilliant, and translueid. The salt thus dried has not lost its
solubility ; exposed to the air it attracts moisture and dissolves;
but on diluting its solution with water, or on the application of a
gentle heat, the salt becomes insoluble or decomposed.

An analogous precipitate, obtained by the action of potash and
alcohol, yielded to Soubeiran

8 SO*+2 K*O+3 Fe'O?+22 H*O
or 2 (K*0. S0%)+3 (Fel0% 2 SO*)+ 22 Aq,

or in admitting but 19 Aq (?), and supposing it to be an acid salt

of ferryle,
(K2 Fy3 H3) SO* + 2 Ag.

Then the soluble salt of ferryle would be coagulated by heat, and
become insoluble, in consequence of its being converted into a
basie salt of ferricum.

Chromie sulphate presents analogous phenomena. This salt,
in common with all other chromie salts, sometimes occurs with
a blue or violet, sometimes with a green colour. May not these
variations in colour depend upon the presence of chromicum
in some cases, and of chromyle in others ?

Chemists are not agreed concerning the solubility of sulphate
of bismuth, This is due, as I shall proceed to demonstrate, to
the existence of two sulphates, of which the one is soluble, the
other insoluble. :

When we have dissolved bismuth in beiling nitrie acid, and to
the liquid have added sulphuric acid, there sometimes is no pre-
cipitate whatever produced, and at other times a very abundant
one. If upon this precipitate we pour a few drops of water,
sometimes 1t dissolves suddenly and at other times remains per-
fectly insoluble, however great the quantity of water we may add.
Now then, for the explanation of these phenomena. If we add
sulphuric acid to the cold solution of the nitrate, taking care not
to operate upon too large a quantity, so that the mixture may not
become heated, there will be no precipitate produced. If we add
too much sulphuric acid, there will be deposited a sulphate of

M2
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bismuth, erystallised in needles, scarcely soluble in sulphurie
acid, but extremely soluble in water.

If upon this crystallised sulphate we pour a few drops of
water, or even a very large quantity, it will dissolve immediately ;
but if we heat the solution, whether the quantity of water be
great or small, little by little the sulphate of bismuth will be
precipitated, and will no longer dissolve in water either hot
or cold, nor even on the addition of a considerable quantity
of sulphuric acid. May we not then have in one case a sulphate
of bismuthyle, in the other a sulphate of bismuthicum ?

We know that one variety of arsenious acid reddens litmus
paper, while the other turns it blue. May not this latter be the
oxide of arsenyle (As*0%)O?

The natural and artificial varieties of hydrate of alumina are
soluble in sulphurie acid. Diaspore however, is insoluble therein,
but curiously enough, becomes soluble after the loss, of its water,

May there not be then an oxide of aluminicum AIEO, and a
hydrated or anhydrous aluminic acid, AI*O??

Soluble Prussian blue results from the oxidation of the pre-
cipitate, produced by the addition of prussiate of potash to a ferrous
salt. We can searcely conceive how an insoluble salt of iron can
acquire solubility by becoming basic. Let us however admit,
that oxygen, in oxidising ferrosum, transforms it into the state of
ferryle, and then, the blanco-ferric precipitate and the soluble
Prussian blue will be represented in the following manner:

Ferrocyanide of hydrogen .. ... CEN®He?. HY
Ferrocyanide of ferrosum and potas- | CONFe?, K2Fe?

sium, or the white precipitate J N X
Ferrocyanide of potassium,ferryle,and | ~snommne e

hydrogen, or soluble Prussian blue J CiiR el B Ty Hsmaa.

And this latter, instead of being a basic, will be an acid
soluble salt,

The chromie, aluminic, and ferric sulphates, present ns with
another extremely interesting fact. Jacquelain’s experiments show,
that accordingly as the solutions of these salts have been made in
the hot or cold, accordingly as they are hot or cold, accordingly as
they have been left to cool for a longer or shorter time, so are we
able by the aid of barytic =alts, to precipitate the whole of the
sulphurie acid, or only a part thereof. The liquid which is pre-
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cipitated completely and the liquid which is precipitated incom-
pletely being isomerie, may not the one contain a salt of ferryle or
of chromyle, and the other a salt of ferricum or chromicum ?

The chlorides undoubtedly present us with similar facts,
Phillips had given the analysis of a ferric chloride fourteen times
basic and yet soluble. This great degree of basity for a soluble
salt appeared to me extraordinary, and I endeavoured to repeat
the analysis myself; but in adding nitrate of silver to the solution
of the salt, the whole became milky, and yielded but a slight
precipitate, quite devoid of any clottiness in its appearance. In
attempting to filter off the liquid, even when employing four or
five filters placed one within another, the filtrate continued milky ;
by ebullition with nitric acid however, the precipitate gradually
increased. It is possible then, that Phillips had not precipitated
all the chlorine, from the salt which yielded him so high a degree
of basity.

For the reception of my hypothesis concerning the salts of
ferryle and ferricum, exact analyses will be necessary; we must
classify the salts according to their properties, and must see
whether or not salts having common properties correspond to
analyses which accord with the ferryle theory. The simplicity of
the formulae would also serve as a guide in these cases. I will
adduce as an example, a basic alum erystallising in regular
hexagonal prisms, and of which the formula is

4 SO + 2 K20 + Fe'O?® + 6 Aq.
It we represent it with ferricum, we shall have
1y o 2 K20 :
{ 480° + fe*0}+ fe!0 + 6 Agq,
which is not reducible; and adopting the ferryle theory we shall
have
4 50° 4+ Fy* O
H* O

which is equally irreducible. In consequence of this complexity
I repeated the analysis, and found the following composition

8 SO? + 3 K20 4 2 Fe'O? + 11 Aq,
which with ferricam gives the formula

3 K*O)
5 ferO)

2 K*O
+ 5 Aq,

{::: SO0? + + fe*0 4 11 Ag,
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PART THIRD.

METAMORPHOSES.

SECTION FIRST.

SYMMETRICAL REACTIONS—CLASSIFICATION OoF REACTIONS—
SUBSTITUTIONS,

SYMMETRICAL REACTIONS.

TuE study of chemical reactions is indispensable for the classi-
fication of organic substances, since a good classification ought to
be, as it were, the resultant of all the reactions.

Some of these reactions are extremely exact, and may be
explained by means of very simple equations; such for example
is the decomposition of oxamide by potash; others, on the con-
trary, are very complex, and cannot be reduced to an equation in
consequence of the numerous products which are formed; such
for instance, is the case, when sugar is distilled with lime. We
say that in the first instance there is metamorphosis, in the
second, destruction. Not that we make an absolute distinction
between these two kinds of reactions, for the second variety
probably depends upon a numerous succession of metamorphoses.
Thus the action of potash upon indigo, might equally well be
considered as a destruction or as a metamorphosis, since a very
great number of products are formed, the simultaneous appearance
of which would be difficult to explain, but the successive formation
of which may be represented by very simple equations. We
know that in this way there are produced, white indigo—isatinate,
carbanilate, and earbonate of potash—hydrogen—oxide of carbon,
—and aniline. Thus:
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stitutional reactions are represented in the form of an equation,
the second member of the equation being written underneath the
first, we perceive that to each term of the superior member, there
is a corresponding term in the inferior one, as in this example
H2S0' 4+ Z°
=20 + H
Thus there is a symmetrical reaction, when we treat a salt by
a metal, or by an oxide, a hydrate, a binoxide, an acid, an
anhydride, another salt, &c.; for there is always a tendency to
displace or give origin to another metal, another oxide, hydrate,
binoxide, anhydride, or other salt. If the symmetry does not hold
good in every case, it is in consequence of its being destroyed by a
secondary reaction, or in consequence of the body which ought to
be formed or displaced, being unable to exist in the circumstances
under which the experiment was performed. Thus when sulphuric
acid is added to a carbonate, we ought to have the following sym-
metrical reaction :
H2*S0* + K2CO?
=K*S0* + H*CO?,

But H*CO? being, under ordinary circumstances, incapable of
existing, becomes decomposed immediately into H?*O and CO?;
and as a consequence, the symmetry of the reaction is destroyed.
There is one very remarkable point connected with symmetrical
reactions, namely, that almost always the gaseous volume of the
bodies employed, is equal to the gaseous volume of the bodies pro-
duced. Since experiment manifests to us that in ninety-nine
out of a hundred cases the mclecules correspond to two volumes,
we may make use of these volumes, even for bodies which have
never been reduced to the vaporous state.

Thus in the manufacture of chlorate of potash, we employ 18
volumes of chlorine and hydrate of potash, and we obtain 18
volumes of water, chlorate of potash, and chloride of potassium

i vol. 12 vol. 2 vol, 10 vol. i vol.
3CIE 4+ 6 KHO = KCIO? + 5§ KCl + 3 H*O.

It would be useless to cite such examples of symmetrical
reactions as are afforded by the decomposition of sulphate of
potash with nitrate of baryta, &e. I prefer to select examples in
which this symmetry is not apparent, either from the interference
of secondary produets, or from the employment of dualistic
formulz. As in the following instances :
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Let us now wrife these same reactions according to the
unitary notation; then we shall have

| i Cl Ul +1[11=
]IH Cl L H(C]
e clrel +KHO +4+KHO =
{1{ 1 +KClO HHO
go oo 30l Gl +2 KHO+KHO 43 KHO=

13 K Cl +2 K Cl +KCIO?* +3 HHO

5 Cl Cl +5 HHO+HHO +1I
5 H C] +5HCl +HIO* +HIO?

H2S0# =] + HHO = :
H*S0O! +HI + HI

Il

o
aQ

6°, 3 ClCl +HIN =
3 H ClI 4+ CIEN
e 2 11 - H*N =
2 HI + HI*N
i e B B + Mn2Q? =
{ Mn2s0) LHN)Y )
(e [ C3N2CL. Cl2+ H> H'N? =
1 H2 CI24 C3N3CL N2
chlorocyanamide,
Tt e C'H5Cl1O + H*O —
{UTHE 0 +HCL

In the sixth and seventh reactions I have not taken into con-
sideration the hydrochlorate and hydriodate of ammonia which
oceur as secondary products.

In the eighth reaction peroxide of hydrogen ought to be
formed, but this body not being capable of existing in the presence
of binoxide of manganese, undergoes decomposition, and sets free
its oxygen, whence the interference with the symmetry of the
reaction,

The ninth reaction is at present symmetrical, but if we
operate at too high a temperature, the chlorocyanamide decom-
poses and gives origin to mellon, the symmetry thus becoming
destroyed.

Chlorine, bromine, and iodine, in acting upon organic sub-
stances, nearly always give rise to symmetrical equations, as for
mstance, when chlorine acts upon ether:
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CLASSIFICATION OF REACTIONS.

We have said that reactions ought to serve as the basis of
a chemical classification, but for this purpose the reactions them-
selves must be capable of being classified. Now the difficulty of
distinguishing the reactions from one another, and cf;nsequently of
classifying them, is apparent from what we have just seen con-
cerning symmetrical reactions, and particularly such of them as
resemble saline double decompositions.

This difficulty is manifested, when we examine, for instance,
the action of chlorine upon hydrogen, chlorine upon hydruret of
benzoyl, chloride of benzoyl upon water, and that of chloride of
potassium upon iodide of sodium, for we have but to express the
reactions in a similar manner, to see that they resemble one
another in the highest degree

ClCl+HH CIC“_HZHi BzCl+HE} KGI+Nu.I}
—HCI+HCI{ =HCl+BzCl{ =BzE+HCI{ =K I +NaCl

yet they are never confounded with one another. For to do as we
have just now done, to express two reactions in the form of
equations, and observe whether they correspond with one another,
term for term, is not sufficient for the purposes of comparison ; we
must show in addition that the terms have some analogies between
them. _

We are brought then, to this consequence, that to classify
reactions we must first have a classification of substances. Dut
as this latter is only to be obtained by the aild of equations, we
fall inevitably into a vicious circle. It cannot indeed be other-
wise ; or in other words, the classification of substances and the
study of reactions ought to lend one another mutual support, and
become progressively ameliorated.

Even the classification of reaetions however, would afford us
but a secondary interest, if we were unable to deduce therefrom,
the laws which preside over the reactions themselves.

Foralong time past chemists have observed, that the majority
of analogous mineral substances, when submitted to similar
reactions, give rise to new bodies which are likewise analogous
with one another. They have also recognised a similar state of
things with regard to certain organic substances; that similar
ethers, for instance, are formed by virtue of similar equations ;
that the reaction which gives rise to benzamide is similar to that
which furnishes oxamide; that the same equation is applicable to
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E.— Action of chlorine upon the alkaloids.

x 1° v B=Aupl)

{‘” B=A+4C?
S e B=A4+C—y

b. J 4° e B=A4+Cl—y
59 . B=A4C—y?;

and so on.

I.—Aetion of clhlorine upon the acids homologous with formie acid,
and upon the analogues of benzoic acid.

& .. B=A+C ==

22 :[:5::ﬂ‘L-[-'C'r:"—}"2
u i s i B=A4 0Oy
4° . DB=A+ C"—}".

I have in the above table indicated some of the principal
reactions. We might, @ priori, arrange a much more complete
table, and afterwards ascertain by experiment, whether such and
such a reaction is or is not possible. We should then compare the
properties of all the compounds produnced, in order to see which
are the equations that give rise to analogous bodies. At the
present time we know that with the same hydro-carbon A, the
equations

Be=il 0

B0
B thop (52
B”= A +C'—y?,

yield the analogous bodies B B' B” B™.
We know also that with the same hydro-carbon, the equations

B =A+C —y
B A
B” = .E"L + CE—}'E
B”=A+C'—7*, &o.,

yield for B B’ B” B” compounds which are analogous with one
another, but which are altogether different from those resulting

from the preceding equations.
We may also remark that in chloro-substitutions, the saturating

capacities of the acids, do not change.
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II.—ACTION OF NITRIC ACID.

There appear to be only two principal kinds of reactions,
produced by nitric acid.

A, Action of mnitric acid upon the alkaloids and certain neutral bodies.

(A=the acid, B=the body submitted to its action, C=the
new product, and Aq=the water set free.)

12wt w E=B+A
282 4 ... C=B+A*—Aq
37 s .. C=B+A*—Aq~
B. Action of nitric acid upon other substances.
4° ... C=B+A—Aq
e L O=B+ArAg
G50 & ... C=B+A*—Ag? &e.

In all these reactions, the saturating capacity of C,C’, C". ..,
continues invariable.

III.—ACTION OF THE ACIDS.

I shall confine myself to a glance at those reactions, in which
but a single product is formed, with or without elimination of
water.

I divide the acids into four classes, comprising respectively the
mono-, bi-, tri-, and quadribasic acids=A’, A", A”, A””. The
bodies upon which they re-act, ought also to be distributed into
several divisions, as into the acids, mono-, bi-, tri-, and quadri-
basic, the alkaloids, aleohols, hydro-carbons, &c.

Then we should be able to arrange the following table :

A. Action of monobasic acids upon the alkaloids.

1:° i B=A"4+B
2° C:AF-FB"‘*’!‘UI
3° .. C=A+B—Aq¢>

B. Adction of monobasic acids upon neutral bodics.

425 o G R
5" .. C= fh'ﬁ—H*—J\qg.
N
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This table would not lead to important results, unless we first
of all established divisions among the chlorides, classifying them
into mono-, bi-, and tribasic chlorides, or at least as corresponding
ta mono-, bi-, and tri-basie acids.

I proceed now to examine certain of the most important of
these reactions, particularly those, which like substitutions, will
serve as a basis for my classification of organic substances.

———

SUBKRTITUTIONS,

On the functions fulfilled by simple bodies in organic substances.

We maintain for our part, that an organic substance is simply
a substance containing carbon; thus marble, cyanogen, carbonic
oxide, sulphide of earbon, chloro-carbonie acid, &ec., are organic

substances.®

As on the one hand, eyanogen, carbonic acid, and acetic acid,
can combine with all the metals, and on the other hand, we have
carbon eompounds, containing sulphur, selenium, chlorine, nitrogen,
&c., it is clear that organic chemistry comprises, not only the
combinations of carbon with hydrogen, oxygen, and nitrogen, as
is ordinarily stated, but also the combinations of carbon with all
simple bodies whatever. Organic chemistry thus defined, or the
chemistry of carbon, differs from mineral chemistry, by the

* When I announced my first classification, I hesitated about associating
carbonic oxide, carbonic acid, and marble, among the compounds of organic
chemistry. I wished at first to separate the products obtained by the reactions of
the simple elements upon one another, such for instance as earbonie acid, sulphide
of carbon, &c., but then cyanhydric acid must be likewise separated, and
consequently cyanuric acid, melamine, &e. The products of the action of chlorine
upon sulphide of carbon, and consequently hyposulphomethylic acid, per-chloride
of carbon, chloracetic acid, acetic aecid, would also have to be abstracted. But
from the last mentioned substance we obtain acetone, and subsequently mesitylene,

cand we are at once in the midst of organic chemistry by the side of cumene and

‘cinnamic acid. I was forced then to replace the sulphide of carbon among
organic chemical substances, or what comes to the same thing, among the combi-
{1 mations of earbon. '

e e — e —

— R

# In connexion with the subject of the above note, see Dr. Hoffman’s intro-
tductory lecture on organic chemistry, delivered at the Royal Institution, and
jpublished in the Medical Times and Gazette, 1853.—(W. 0.)

N 2
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unlimited number of combinations which may be produced, when
but two or three simple substances are associated with carbon.

Oxygen, sulphur, and a metal, may perhaps give rise to a
dozen combinations; oxygen, phosphorus, and hydrogen, to an
equal number; whilst, at the present day, we are already
acquainted with two or three hundred combinations consisting of
carbon and hydrogen alone,— thousands containing carbon,
hydrogen, and chlorine alone,—and hundreds of thousands con-
taining carbon, hydrogen, and oxygen alone. If to these we add
the nitro-, phospho-, and metallic combinations, &e., organic
chemistry will appear to us inaccessible, from the infinite number
of substanees which it embraces, the catalogue of which will
shortly exceed that elaborated by astronomers for the stars
themselves.

But fortunately, the majority of the simple bodies play
reciprocally the parts one of another, so that it suffices (for
example) to know the preparation, properties, and composition of
the benzoate of hydrogen, in order to know the preparation,
properties, and composition of the other benzoates. By this
single fact, organic chemistry becomes at once remarkably
simplified. ILet us now see, which of the simple bodies may be
substituted for one "another, without altering the principal pro-
perties of the combinations into which they enter. We will then
ascertain whether or not compound bodies may be substituted for
simple bodies, whether or not organic chemistry may in con-
sequence be susceptible of still further simplification.

Carbon substitutions.

Carbon is perhaps the only elementary body which is without
an analogue. To prove this assertion, we shall not refer to the
important parts played by it and its compounds in the constifution
of the earth, to its indispensable existence in all organised matters,
vegetable and animal, nor to the important functions which, under
the form of carbonic acid, it fulfils in the air and water; but we
will, from a strictly chemical point of view, show that it is un-
paralleled by any other body.

In all treatises on chemistry, we find it compared, sometimes
to hydrogen, sometimes to boron and silicon, but these asso-
ciations are forced, and have reference but to one particular, the
affinities of these bodies for oxygen; in other respects there is
not the slightest analogy.
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If we examine even the most simple combinations of carbon,
its oxides, niturets, hydrurets, and chlorides,—among all other
compound bodies, we shall not find any at all resembling them.

Lastly, we are not acquainted with any compound, which can
have its carbon replaced by some other simple body, and which,
despite the permutation, will retain its principal properties. We
might indeed compare the sulphites with the carbonates, or rather
consider them as carbonates in which the carbon had been
replaced by sulphur; but, on the one hand, this would be the
only case in which the hypothesis would be admissible; and on
the other hand, the sulphites do not bear any greater resemblance
to the carbonates, than to the chlorites, to the sulphates, or to
the majority of other salts.

Carbon substitutions, therefore, have no existence.

Metallic and hydrogen substitutions.

We need not inquire, whether or not certain metals, as zinc
and potassium, can displace the hydrogen from certain acids, or
in acting upon certain chloro- and iodo- combinations, can unite
with the chlorine or iodine, and set at liberty bodies which are
designated by the term compound radicals; we need only
remember, that the majority of the metals play the parts one
of another to a greater or less degree,—that we have placed
hydrogen among the metals,—and that in our view, hydrogen is
the representative of all the metals, that it is, so to say, the metal
of organic chemistry ; and we shall have occasion to bestow but
a very secondary consideration upon the numerous metallic
combinations.

Oxygen substitutions.

Let us recall to our recollections, a primary fact, recognized in
science for a long time past, namely, that oxygen, sulphur,selenimn,
and tellurium form a group of equivalent bodies ;—of bodies which
may replace one another mutually in their ecombinations, without
altering the principal properties of the compounds into which
they enter.

But can the above bodies likewise replace other bodies 7— Are
they the equivalents of chlorine, bromine, hydrogen, &e.? All
chemists, admit this equivalence, at least for chlorine and its
analogues. Let us see if this opinion is conformable to expe-
rience.

[n comparing the phosvhorous, phosphorie, silicie, benzoie, &e.,
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chlorides decompose the alkali, the anhydrides unite with it,
producing bodies analogous to sulphammon.

Moreover, Dutch liquid has no resemblance to aldehyde.
Chloride of carbon, by the action of water, is not transformed into
carbonic oxide; in one word, bibasic water does not resemble
monobasic hydrochlorie acid :

Let us now see, if oxygen may not in some cases be substituted
for, or play the part of, hydrogen.

We have but few bodies, to which, even in a proportional
number point of view, such a supposition would be applicable.
The transformation of the alcohols into their corresponding acids,
might however be adduced.

Wood spirit...... C H'O
Formic acid . ..... ¢ H2()?
Blcohol-'v o tv Pl C2HSO

Acetic acid. . . ... . CXH*O? &e.

but as there is no analogy of properties between these acids and
their aleohols, we cannot, from their analogy of composition,
conclude that oxygen is the equivalent of hydrogen.

Oxygen being then the representative of sulphur, selenium,
and tellurium, up to this time we have only carbon, hydrogen,
and oxygen, as constituents of organic substances. :

Liet us say a few words concerning the action of oxygen upon
organic substances. About fifteen years ago Dumas, in a law
known as the theory of substitutions, endeavoured to define the
action, which oxygen and chlorine exert upon organic substances.

Dividing all of them into two classes only, comprising the
alcohols and hydrates in one division, and all the remaining or-
ganic substances in the other, he remarked, that these latter bodies
when submitted to the action of chlorine or oxygen, always
gained as many equivalents of chlorine and oxygen, as they lost
equivalents of hydrogen.

This law, written under the influence of dualistic ideas, and
at a period when but a very erude classification of bodies had
been established, cannot be sustained at the present day. Even
the examples then adduced by Dumas for the support of his law,
now bear witness against it. Thus the transformations of the
hydrides of benzoyl and cinnamyl into benzoie and cinnamic
acids, being formulated thus:
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CH_’[.]_I:I‘O! L Oﬂ = Ul-dI_I 1{103+ H'.t{)
CIEI_IIGOE 5 Oﬂ — Gwl.l]loa + '[.120,

were considered by him as cases of substitution, but are in
reality cases of addition, as seen below.

OTHEO + O = CPHOO?
CUHPO + O = CTHFO?,

whilst the aleohols, which he considered as hydrates, may, according
to ecircumstances, exchange an equivalent of hydrogen for an
equivalent of oxygen, or lose an equivalent of hydrogen without
substitution. In chlorine substitutions however, we observe the
frequent and remarkable fact, that the atoms of hydrogen set free,
are exactly replaced by the same number of atoms of chlorine;
such for example is the case with ether, which in losing 10 atoms
of hydrogen, gains precisely 10 atoms of chlorine.

Even at the present day, it is impossible to define the action
of oxygen upon organic substances. Some few remarks may
nevertheless be made upon the subject.

Oxygen appears to be capable of combining directly or indi-
rectly with certain hydro-carbons, which it transforms into alde-
hydes, and with certain aldehydes which it transforms into aecids,
The most general circumstance to be noted is, that oxygen, in
oxidising bodies, tends to acidify them, and in superoxidising them,
tends to convert them into polybasic acids.

Thus aleohols and aldehydes become changed into acids, the
former by losing hydrogen with substitution, the latter by a
simple absorption of oxygen. Camphor, in uniting with three
equivalents of oxygen, gives rize to bibasic camphorie acid ;
butyric acid, in exchanging one equivalent of hydrogen for two
equivalents of oxygen, becomes bibasic; dialuric acid, by the
absorption of an equivalent of oxygen, also becomes bibasic; it
is the same with opianie acid, which, in taking up an equivalent
of oxygen, is transformed into bibasic hemipinic acid. Lastly
there are some substances which can lose hydrogen without sub-
stitutions ; such are white indigo, hydrokinone, quinhydrone,
Borneo camphor, &e.

Chlorine substitutions.

We have seen that fluorine, chlorine, bromine, and iodine, are
the equivalents one of another, and we have refused to admit an
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equivalence between these bodies and oxygen. We now proceed
to inquire, whether among the other simple bodies, there are any
which should be associated with them.

When we cast a general glance at the metamorphosis produced
by chlorine, in its action upon organic substances, we perceive the
greatest variety.

Here, for example, are bodies which absorb 2, 4, or 6 atoms of
chlorine without any loss; there, on the other hand, are bodies
which lose hydrogen without any absorption of chlorine. Here
are substances which lose successively 1, 2, 3, 4..... atoms of
hydrogen, and acquire precisely the same number of atoms of
chlorine ; there are substances which having lost hydrogen, acquire
gometimes more, sometimes less, than an equivalent proportion
of chlorine.

But if, instead of examining organic substances in the mass,
we divide them into several classes according to the functions
which they fulfil, then we discover for some of these classes, a
remarkable reguluarity in the manner in which chlorine comports
itselt’ with them.

Let us first of all examine the action of chlorine upon hydro-
carbons, which I shall divide into hydro-carbons properly so
called, and into hyperhydro-carbons,

Action of chlorine upon the hydrocarbons.

From the experiments I have made upon this subject, I have
deduced the following conclusions:

1° There are hydro-carbons which can absorb 2, 4, or 6 atoms
of chlorine, without any loss of hydrogen.

2% The hydrogen eliminated is always replaced, sometimes by its
equivalent of ehlorine, sometimes by more than its equivalent.

Let us therefore divide the products of the action of chlorine
upon the hydro-carbons, into two classes; the first containing
the bodies in which the hydrogen lost, has been exactly replaced
by its equivalent of chlorine; the second containing the bodies,
whieh have simply absorbed chlorine, or which have absorbed a
greater proportion thereof, than they have lost, of hydrogen.

To the first class let us give the name of halydes; to the
second, that of hyperhalydes. If we take naphthaline as an example,
the composition of the products obtained, will be as follows.
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Thus, there are bromhyperhalydes, which, by distillation, lose
bromine instead of bromhydric acid, but curiously enough, a
halyde is nevertheless produced.

Let us adduce some examples of these different reactions.

Hyperhalydes. Halydes.

COH?®, CI2 toses H Cl and produces CUHCl

: CUHE.. Gl H*CI? CYHCI?

Naphthaline . CHFCIE. By H2Br® COHACIE B

\ C*HCI2. Br Br*Br? CwHSCI%

Benzine ... C°HS  CIS H2CI? Cs H3CI?
Gl 5 & SR | H Cl b G EERCH

C*H*ClL CP H Ci CrHCI?

Etherine .......4 C* H*CI% CI? H Cl C*H CP
(il B LR B H Cl1 ¢ ¢l

2 el GlR ¢l Cl | B RS

We may remark, that by treating the halydes with chlorine,
the majority of them become transformed into hyperhalydes.
But as these latter, by the influence of potash, become re-
converted into halydes, it is clear that we can obtain the two
series of halydes and hyperhalydes, from the same hydrocarbon, by
treating it successively with chlorine and potash.

I take as an example etherine, the reactions of which, when
submitted to this alternate treatment, I had pre-indicated. It is

to Regnault that we owe the experimental confirmation of what I
had advanced.*

# Immediately after my researches upon naphthaline, Regnault published a
memoir upon Duteh liquid. He shewed that this compound, by the action of
an alkali, loses the half of its chlorine, and he thence coneluded, as I had done
with regard to the chlorides of naphthaline, that the formula of Dutch liguid,
ought to be represented thus: C'H°CI*+H2(I®. Nevertheless an essential diffe-
rence separated Regnault’s manner of viewing the subject, from mine. According
to him, the first term is not (or was not) a representative or derivative of bihydro-
carbon C'I% but on the contrary, a chloride of aldehydene C'H®+CI% Liebig
having asserted that I obtained my notions concerning the naphthalic chlorides
from this first memoir of Regnault, although my researches were published before
those of this distinguished cliemist, and the majority of chemists having in their
turns copied the assertion of Liebig, without in the least troubling themselves
as to its correctness, I feel myself warranted in transeribing in this place, the
note I published in the Annales de Chemie ef de Physique immediately after
the appearance of the memoir on the chloride of aldehydene.

“In a memoir upon the combinations of bihydro-carbon with chlorine and
bromine, Regnault adduces the following experiment.”

“ Condensed bromide of aldehydene (CVHY+ Br*) was nixed with bromine in a
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All hydrocarbons do nof give rise to hyperhalydes. Turpentine
and some others, lose hydrogen only by an equivalent substi-
tution. The halydes formed in this manner, are equally unattack-
able by potash.

Action of chlorine upon the hyperhydrides.

The hyperhydrides are to the normal hydrocarbons, what the
hyperhalydes are to the halydes. Thus there exists a compound
of hydrogen and carbon, which may be represented as etherine
plus hydrogen, C*H*. H? precisely as Dutch liquid is represented
by this same etherine plus chlorine, C*H*. CI*

Let us see in what manner chlorine comports itself with the
hyperhydrides; for example, with the hydruret of etherine.

CH®  + CI® gives rise to C*H°Cl + HCI which is set free.

GEHFCL 1% o C*HACI2+ HCI )
C*H!CI? 5 CI? o C*H*CIF+ HCl S
C?HACPB 4+ CI2 3 C?H2Cl + HCl ct
C:H2CI* + CI? % C*H CI’+HCl &
C*H CI° 4 €12 5 ¢ ClE4+HCL i

Thus, from the first to the last term, there i1s an equivalent sub-
stitution. We have compared the hyperhydrides to the hyper-
halydes; this comparison is warranted by the action of potash
upon their derivatives, which are thereby converted into halydes.

I call a chloro-compound a derivative of some other body, when
its composition may be represented by that of the other body,
minus hydrogen, plus an equivalent quantity of chlorine. Thus
C2H*Cl is a derivative of C*H5,—C2CI* is a derivative of C*HY,
and chloride of benzoyl, C'TH*ClO, is a derivative of oil of bitter
almonds, C"H®0.  Since I first made use of this term, other
chemists have employed it, but in another and very loose signifi-
cation. Thus, according to them, Dutch liquid is a derivative of
etherine, picric acid a derivative of indigo, &c. I retain the
gignification which I originally gave to the term, and thus when I
say, that trichloracetic acid is a derivative of acetic acid, I mean,
that this latter has lost three equivalents of hydrogen, and gained
three equivalents of chlorine.

I ought not to close this subject without remarking, that
marsh gas CH2H? the most simple of all the hyperhydrides,
appears to comport itself differently from the rest of them. By
the action of chlorine, it gives rise to the following derivatives
CH?®*Cl, CH*CI*, CHCP, CCl'; these, like the ordinary hyper-
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It is worthy of remark, that despite the greater or less sub-
stitution of chlorine, the saturating capacities of the acids, con-
tinue unaltered.

Formic acid, the most simple of all, comports itself differently
from the rest, being decomposed into chlorhydric and carbonic acids,

CH2O*+CI2=CO*+2 HCL

Up to this time, we have not succeeded in numplét?ly dfa-
hydrogenising an acid, by substitution; thus trichloracetic acid
still retains one atom of hydrogen, as does likewise the penta-
chlorophenic acid. Tt would seem from this, that in the formation
of a salt, it is this last atom which is exchanged for the metal:
nevertheless, the impossibility of removing this last atom of
hydrogen by a substitution of chlorine, is not anywhere proved,
and we know well, that the more hydrogen a body has lost, the
more difficult is it to remove the remainder.

It would be interesting to study the action of chlorine upon
the trichloracetate of silver, to see if we should have, as with the
benzoate of silver,

C:CPAgO*+ CP=C*CI'O*+ Ag CL

In this case we might inquire, whether the quadrichloracetic acid
could be an acid. The reply would depend upon our definition of
an acid. If an acid is a body containing hydrogen, and by an
ordinary double decomposition capable of exchanging its hydrogen
for a metal, it is clear that quadrichloracetic acid could no longer
be considered as an acid. .
But if an acid is a body which can exchange one of its
elements for a metal, so as to form a salt of the metal, then
quadrichloracetic acid might well be an acid. If when put in
the presence of hydrate of potash, it gave rise to trichloracetate of
potash,
Cc*Cl* O + KHO
=(C*CPKO? + CIHO

the reaction would be similar to that afforded by trichloracetie
acid, with the same alkali,

C*CrPHO*+ KHO
=C*CPKO*+HHO,

and no one could refuse to consider it as an acid.
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with iodine: according to Anderson it produces simply an iodide
of codeine containing CSH*NO? I?, from which, codeine is re-
generated by the action of potash. I cannot admit such a formula,
firstly on account of the uneven number of its dyads, secondly,
because the reactions of the substance are inconceivable.

Action of cllorine upon the aleohols.

According to Dumas, these bodies lose at first two atoms of
hydrogen without substitution; and then, for every subsequent
displacement of an atom of hydrogen, acquire an equivalent of
chlorine. This is the same as saying, that the alcohols are firstly
transformed into aldehydes, upon which the chlorine then acts by
substitution. Despite the researches that have been made upon
this subject, we are far from knowing exactly what takes place,
when we treat with chlorine, I do not say the aleohols, but even
ordinary vinic aleohol.

For if aldehyde is formed, chlorhydric acid must be disengaged,
and this latter in the presence of aleohol, should produce chlor-
hydric ether and water. Under the influence of this water, the
chlorine might transform a part of the alcohol into acetic acid,
and consequently give rise to acetic ether. Chlorine in acting
upon all these products, ought to convert them into chlorhydric
ether, more or less chlorinated, and even into perchloride of carbon,
—into aldehyde, acetic acid, and acetic ether, more or less chlori-
nated.

Wood spirit gives produets, of which the formation is far from
being explained. Thus, according to Kane, Weidman, Schweizer
and Bouis, we may have formed; CCHCI*O?, CZH“CIQO?,
CH'"C1"0°, C*H*CIPO, C°H"CI20?, C*H2*Cl*O + 4 Aq, &c., &c.

Action of chlorine upon the ethers.

Haying had occasion to examine the action of chlorine upon
the acetate of methyl, and having seen that for each atom of
hydrogen set free, an equivalent of chlorine was absorbed, I con-
cluded that the acetate of methyl, despite its change of compo-
sition, retained its primary constitution. Since this first experiment,
Malaguti has examined the subject with much care, and has
shown, that nearly all the ethers undergo equivalent substitutions
although, according to him, pyromucic ether absorbed four atoms
of chlorine without loss of hydrogen. We can conceive, that some of
these complex combinations may occasionally divide themselves, and
thus disturb the substitutions. Acetic ether for instance, when

0
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« Let us imagine a four-sided prism, of which the eight angles
are occupied by eight atoms of carbon, and the centres of the
twelve edges by twelve atoms of hydrogen. Let us call this
prism the form or fundamental nucleus, and let us represent it by

CaH™,

«]If to the bases of the prism, we apply pyramids or atoms

of hydrogen, we shall have a hyperhydride,—if of chlorine, a
hyperhalyde,—and if of oxygen, an aldehyde or acid. We will
represent the form and composition of these pyramidal prisms
thus:

CsH!'2+ H?

CEH" 4 CI*

CEH!2+0

C*H" + 02

“ By certain reactions, we shall be able to slice away the
pyramidal portions of the crystal, that is to say, take away its
chlorine, oxygen, or excess of hydrogen, and re-obtain the funda-
mental prism.

¢ Let us suppose that chlorine, put in presence of this simple
prism, removes one of the edges or hydrogen atoms; the prism
deprived of this edge would be destroyed, unless it were supplied
with some other edge, whether of chlorine, bromine, zine, &ec.;
no matter what the nature of the edge, provided it succeeds in
maintaining the equilibrium of the other edges and angles. Thus
will be formed a new or derived nucleus similar to the preceding,
and of which the form may be represented by

C* (HC).

“ If we put this new prism in the presence of chlorine, we may
pyramidise it, that is to say, transform it into a hyperhalyde,

C* (H'C1)+CI2 ;

or we may remove from it, another edge of hydrogen. But this,
must be still replaced by an edge of chlorine, and we shall obtain
a new derived prism of which the formula will be

C* (H°CL2).

“With this prism and chlorine, bromine or iodine, we may
construct, either other derivatives, or other hyperhalydes; and
with oxygen, aldehydes, and acids. The formul® of all these new

0 2
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Unfortunately for Liebig, it was shown that all the corrections
he had made, were themselves incorrect. This was the first
check to dualism.

Malaguti then made known his excellent researches upon the
chloro-ethers. I seized this oceasion to return to the question of
substitutions, and I maintained, that the ethers in becoming chlori-
nated, still continued ethers. I do not know, said I, what the
arrangement of the atoms of acetic ether really is; whether
(C'HPO? 4+ C*H".O)or(C*HSO? + C*H? + H2O) or (C*H*O* 4 C*H®)
&e., I cannot tell; but I maintain, that be the arrangement what
it may, it continues the same in the chlorine derivatives.

In reply to the question, what is meant by the words: “ The
chloro-ether continues an ether ?” I might repeat, what 1 have
Just said, namely, that the arrangement of its atoms is the same
as that of the normal ether. But I prefer to leave hypotheses
aside, and say simply, that an ether is a body obtained by the
reaction of an acid upon an aleohol, with an elimination of water,
and that under certain circumstances the ether can be divided,
either by regenerating the alcohol and acid which gave it birth,
or by forming products which belong to the families of the aleohol
and of the acid; as if indeed the ether were formed of two
groups, the one containing a part of the elements of the alcohol,
the other a part of the elements of the acid.

Well then, certain chlor-ethers can he obtained by the re-
action of chloracids upon alcohols, with a similar elimination of
water; and nearly all these chlor-ethers when submitted to the
action of anhydrous ammonia, of an alcohol, of potash, and even
of heat, divide themselves into products belonging to the families
of the acid and of the alcohol which served to produce them.
Thus acetic ether for example, gives origin to acetamide; chlor-
acetic ether to chloracetamide, &e. Numerous examples of these
changes may be seen in a very lucid résumé, that has been
published upon this subject by Gerhardt.

The labours of Malaguti excited Berzelius to undertake the
defence of dualism. Relying upon pure hypothesis indeed, and
treating from the summit of his grandeur, the ideas which had
been emitted upon the subject, he showed, that the notion of
substitutions was contrary to common sense. In his hands, the
mono-, bi-, and tri-, chloro-naphthalines were transformed into the
chloride of icodecatesseryle, chloride of decahexyle, and chloride
of decapentyle. Chloride of benzoyl C"TH*ClO became a benzoic
oxy-chloride 2 (CHHYO?) 4 (CHH"WCI?).
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The whole of chemistry was simplified in the same fashion.

Berzelius having confounded the law of substitutions, with the
remarks, the generalities,and the theory that I had published, Dumas
took advantage of the opportunity, to reject all consistency between
his opinions and mine, by saying, that his theory was no theory at
all (which is the truth), but only an empirical law, expressive of a
simple relation between the hydrogen eliminated, and the chlorine
absorbed—mnothing more.

Nevertheless some years after, Dumas made the discovery of
trichloracetic acid. Astonished at seeing, that acetic acid and its
derivative had the same capacity of saturation, the same volume,
were decomposed in an analogous manner under the influence of
baryta, yielded each of them an ether, &c., he adopted my opinion,
saying, that in the two acids the arrangement of the atoms must
be the same, that the acids in fact, belonged to the same type.*

* T perceive in several works on chemistry, that many persons do not under-
stand the difference that exists, between Dumas’s ideas and mine concerning
substitutions, notwithstanding that they are altogether dissimilar,

The notion of substitutions, if we understand thereby, as we ought to under-
stand, the replacement of chlorine, by bromine, iodine, and fluorine, or the
replacement of silver, by copper, iron, or potassiuin, is as ancient as are the ideas
of Richter and Wenzel npon the decomposition of salts. We have known for a
long time that the simple bodies displace one another mutually from their combi-
nations, most generally by exchanging equivalent for equivalent, but not unfre-
quently in a different manner.

‘We have known that chlorine, by its action upon certain erganic substances,
as cyanhydric acid, essence of bitter almonds, wax, &c., expels a certain number
of atoms of hydrogen, which are replaced by an equal number of atoms of
chlorine. We have known that oxygen sometimes comports itself in a similar
manner, and also, that in some bodies the hydrogen set free is mot replaced by
its equivalent of chlorine.

Two questions present themselves: 1° Can we know a4 priori, whether the
hydrogen set free, will or will not be replaced by its equivalent of chlorine, and
how much of it may be liberated without substitution ¥ 2° What becomes of the
chlorine in the new chloro-compounds ; what function does it fulfil ; of what nature
are the compounds inte which it enters, either by an equivalent, or a non-
equivalent substitution ?

These two questions are, we perceive, altogether independent of each other,
We might discover the law presiding over substitutions, without knowing what
takes place within the chloro-compounds, and vice versa.

Dumas confined himself to the first question, and under the name of the
theory of substitutions (he himself remarked that he ought to have said law of
substitutions) he announced the two following propositions.

1% When we treat an organic substance by chlorine, bromine, iodine, or oxygen, these
bodies generally set free hydrogen, and for one equivalent of hydrogen liberated, there is
retained in the compound one equivalent of chlorine, broming, todine, or oxygen.
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Then Berzelius, placing the question upon its real footing,
though but for a moment, examined if the properties of the chloro
derivative, really did resemble those of acetic acid; he pro-

2°, Ifapart of the hydrogen of the organic subsiance, exists in the state of water
(as in alcohol), it will be set free by the chlorine or oxygen, without substitution,

The law is precise, and void of ambiguity : I do not purpose to inquire whether
or not it is correct (vide, what I have said concerning chlorine and oxygen sub-
stitutions in this and the preceding chapter respectively). All that I have to say
is, that I have not adopted this law, and that I have myself formulated certain
propositions which are altogether different, and are applicable, almost solely to
the hydro-carbons. I then have nothing whatever to claim in the above law of
substitutions. It belongs entirely to Dumas,

With regard to the second question, Dumas never concerned himself with it,
unless indeed, after I had done so. It is this subject that I have for a long time
had in view in my researches (vide my opinion thereon in this chapter) ; it is in
reference to it, that I have advanced the following proposition : when there is
EQUIVALENT substitution of chlorine or broming for hydrogen, the chlorine actually takes
the PLACE tha! was ocoupied by the hydrogen, and to a certain degree, fulfils the
SJunctions thereof, consequently the chioro-compound must be analogows with the compound
Srom which i was derived.

Thus there is but little analogy betwen my opinion, my propositions—and the
law of Dumas, Here is the reply of this illustrious chemist to Berzelius, by
whom he had been rendered somewhat responsible for my extravagances.
¢ Berzelius attributes to me, an opinion precisely contrary to that which I have
always maintained, namely, that the chlorine in this case® takes Tue rrace of
the hydrogen. I have never said anything of the kind, neither can anything of
the kind be deduced from the opinions I have put forward with regard to this
order of facts. To represent me as saying, that hydrogen is replaced by chlorine,
which fulfils the same functions, is to attribute to me an opinion against which I
protest most strongly, as it is opposed to all that I have written upon these
matters. The law of substitutions is an empiric law and nothing more ; it
expresses a relation between the hydrogen expelled, and the chlorine retained.
I am not responsible for the gross exaggeration with which Laurent has in-
vested my theory ; his analyses moreover do not merit any confidence.”

Dumas and I made use of the same word substitution, from which ecircum-
stance arose much of the confusion that prevails on this subject. This confusion
was still further augmented, by our employment of special terminations in ase, ese,
and ise, Ne., terminations eonceived by Dumas as expressive of the relation between
the number of hydrogen atoms liberated, and the number of other atoms retained,
but employed by me to indicate that the chloro-compound in the case of an equivalent
substitution, must still preserve the constitution of the original substance.

Thus Dumas represented the constitution of essence of canella by this
formula : C*H"“0*+H*; that of chloride of cinnamyl by this: C"H"“0*4 Cl*;

* I had just made the chlorhydrate of chloretherise, and an acetate of chloro-
methylene. I maintained that the first body had the same constitution as Dutch
liguid, and that in the second, the atoms were disposed exactly as in the acetate
of methylene, It was in veference to this opinion, that Berzelius chose to render
Dumas responsible for my errors.
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products appertaining to the families of the acids and the alcohols
from which they had been formed, that the two acetic acids have
the same capacity of saturation, &e.; and lastly, that in all com-
pounds, the chloro-derivatives retain the same volume as the
normal substances from which they were derived. DBut Berzelius
rejected all these ties of community, and persisted in arranging
normal substances, in }){}Eltlﬂ]’ls most opposite to those of their
chloro-derivatives.

About this time, Wmhlm entered the lists; but, more
courteous than his brethren in arms, contented himself with
lancing jocularities against the theory of substitutions.

He said, that by treating sulphate of manganese with chlorine,
he had succeeded in replacing successively, the manganese, sulphur,
and even the oxygen, by chlorine, and had thus obtained a chloro-
sulphate of manganese, which- contained neither manganese, nor
oxygen, nor sulphur, and which was nevertheless a sulphate.

Though less skilful than Weehler, I endeavoured to imitate
his marvellous discovery, and proceeded as follows: I treated
isatine by chlorine and by bromine; I procured derivatives which
contained from 25 to 50 per cent. of chlorine and bromine, in the
place of 1 and 2 per cent. of hydrogen. And in despite of this
enormous difference in the centesimal composition, despite the
loss of the highly positive hydrogen, and the substitution of the
highly negative chlorine, here are the changes which the isatine
had undergone :

Isatine. Chlorisatine. Bichlorisatine.

Orange red vee idem.
Erisms of L1350 .. o 1ds of 1148,
Sublimes in part without demmpumtmu it ide
Very slightly =oluble in water ... O 1
Moderately soluble in aleohol and ether s ads
Yellow solutions ... R Ti
With potash, .at first exchsmges H for K G gl
The potassic salt is of a reddish black ... id.
With silver salts, it gives a precipitate like the

dregs of wine ... id.
It is very unstable, and qumkly sheorbs. H0 to

form isatinate of potash ... '1d. chloro.
This new salt is yellow ... ) LR T [
By the action of acids, it erremn*es 151t1nc ... 1d. chloro,

Isatine decomposed by sulphlde of ammonium,
absorbs hydrogen, forming isathyde ..., . 1d. chloro,
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Isatine. Chlorisatine, Bichlorisatine,
This last body occurs in whitish scales ..., v idem,
It is transformed according { into erimegon indine. id. chloro,
to circumstances Lor into isatine ...... id. chloro.
st Pornis sk a grey umi{l.ﬂ . 1d. chloro.
EEogin {ﬂ yellow amide ... id. chloro.
: a scarlet amidic acid. id. chloro.
The isatinate of ammonia is transformed by eva-
poration into a yellow isamate... .. id. chloro.
This isamate by desiccation, furms a yellow isa-
mide ..., i id. chloro.
The isamate and 1sam1de, h_‘,r the action of u.mds,
produce either isamic acid or isatine ... id. chloro,
Isatine combines with the bisulphite of put-ﬂ.ah
to form an isato-sulphite ... id. chloro.

Ete., ete.

What thinks Weehler of all this? if not quite so marvellous
as his chloro-sulphate of manganese, it is very nearly so.

Let us see what was the reply of Berzelius to my memoir on
1satine,

I should first remark, that the discovery of chlorisatine and
bichlorisatine was made by Erdmann, who was unacquainted
with isatine.

Berzelius in noticing Erdmann’s publication, took great pains
to show, that the facts therein related, far from according with
substitutional ideas, lent a new support to dualism. Then with
his usual ability, he pointed out the real arrangement of the
atoms in chlorizatine and bichlorisatine.

Dualism was for the third or fourth time unfortunate, for at
the same moment that FErdmann published his memoir, I dis-
covered isatine, and from it procured directly its chloro and bromo
derivatives. I found their composition different from that which
had been attributed to them by Erdmann, and this new composi-
tion confirmed in an astonishing manner the ideas I had put forth
concerning substitutions.

On receiving my memoir, Berzelius took up the ironic vein,
he pitied the state of my head, and endeavoured to show, that
the chloro-derivatives of isatine; isathyde, &c., were, the one a
sus=porrindinous sub-hypochlorite, the other a fulvidinous hypo-
chlorite, and a third an acid of rubindene, &e.  One must be blind
said he, not to see this immediately, from simple inspection of” the
empiric formulze.
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A sub-hypochlorite volatile without decomposition! A sub-
hypochlorite undecomposable by sulphuric acid! A sub-hypo-
chlorite without action upon vegetable colouring matters! A
sub-hypochlorite of an unknown oxide of an unknown porrindene !
and all the compounds of isatine treated in the same manner!
It is almost incredible.

‘Worse treated than ever, I published fresh papers on naphtha-
line and phenyl, and showed, that chloro and bromo compounds
have frequently the same form as the substances from which they
were derived.

Hofmann in distilling isatine, chlorisatine, and bichlorisatine,
obtained aniline, chloraniline and bichloraniline. He announced
that these last, as I had foreseen, possessed the alkaline properties
of aniline.

In treating cinchonine with chlorine, I obtained chloro- and
bichloro-cinchonine, both of them basic and isomorphous with the
primitive alkaloid, and I found that the normal and chloralkaloids
deviated the polarised ray in a similar manner. Lastly, I prepared
from the sulphate of strichnine, a sulphate of chloro-strichnine,
and to two dogs of the same size, I administered respectively an
equal dose of each of the two salts. The animals succumbed in
the same time, and with the same symptoms of poisoning.

What more could be done to convinece the partisans of dualism ?
Colour, solubility, volatility, vapour density, crystalline form,
metamorphoses, action upon polarised light, action upon the animal
economy, all testified in favour of the theory of substitutions.

But experiments went for nothing,—dualism had sworn to
uphold its position.

Then I associated myself with Gerhardt, for the purpose of
defending and propagating our common ideas. Dualism, ashamed
of its late defeat, seized upon this occasion to revenge itself.
Having at its disposal numerous journals, Scandinavian, German,
and French, it let slip no opportunity for attacking me. It
aspersed my researches, skilfully avoided the facts that were
favorable to my ideas, bantered my style, and ridiculed my
person. I was an impostor, the worthy associate of a brigand,
&c., &c., and all this for an atom of chlorine put in the place of
an atom of hydrogen, f'c:-r the simple correction of a chemical
formula !

I fﬂr,r_-;we dualism its nbuse, but never its dishonesty. Listen
to the edifying history thereof.
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perceive, that the atoms are arranged in the same manner, and
that consequently they ought to have analogous properties.

(C2H?) €208, H?0
(C2CIF)C*0%H20

The dishonesty is flagrant. What have I to do with your
copule, your radicals, and your castles of cards? Iave I not
said over and over again, that I was unacquainted with the
arrangement of the atoms in acetic acid? Have I not everywhere
repeated, that the chloro-acid must have the same arrangement as
the normal acid? Have I not said that the analogy between
these two acids was due to this similarity of arrangement? And
do you now say otherwise? Only to disguise your defeat, you
clothe your formule with copule, and affect to understand the
real arrangement of the atoms. You may possibly be correct in
your opinion, but your penetration in this respect appears to me
as questionable as your honesty. You have too often varied in your
manner of viewing this subject, for me to accept your notions
until they are supported by proofs.

Come what may, however, the substitution of chlorine for
hydrogen is henceforth an admitted fact.

‘We shall preacntlj see, that this simple fact materially alters
the aspect of science, and enables us with ease, to classify, name,
and formulate, one half of all organic substances.

Nitrogen Substitutions.

Nitrogen, phosphorus, arsenie, and antimony, form a group of
equivalent elements, and do not appear to have any analogy with
other bodies. We may say, that they do not exercise any action
upon organic substances,—that they do not combine directly with
them,—and that they do not even displace one another mutually
from their combinations. Lastly, they all possess the remark-
able property of originating alkaloids.

Nitrogen being the representative of phosphorus, arsenic, and
antimony, we may say, that organic chemistry comprehends only
the combinations of carbon with oxygen, hydrogen, and nitrogen.

But it must be remarked, that nitrogen does not enter into the
constitution of organic substances, on the same footing so to speak,
as do the other bodies. Organic compounds seem to consist of car-
bon, oxygen, and hydrogen only ; whilst nitrogen exists therein,
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but as the representative of ammonia on the one hand, and of ni-
trous, or of nitrie acid on the other.

We affirm unhesitatingly, that the non-oxygenated orange
azobenzide, contains a residue of nitric acid, which only awaits a
favﬂuring influence to be regenerated ; and that the non-hydro-
genated cyanogen, contains a residue of ammonia, which is also
ready to redevelop itself. I shall presently return to this subject,
which enables us to establish a very important division in organic
substances,

ACTION OF COMPOUND BODIES UPON ORGANIC SUBSTANCES.
Nitro Substitutions.

Nitrie acid frequently acts upon organic substances as a simple
oxygenant. It is by its oxygen that it transforms camphor into
camphoric acid,—the fats into suberic, pimelic, and butyric
acid, &c. I do not propose to examine into these cases of oxida-
tion, of which I have said a few words while on the subject of
oxygen substitutions, but to confine myself to certain remarkable
reactions produced by nitric acid, which reactions offer the
greatest analogy with chlorine substitutions.

To bring out this analogy, I shall take examples from com-
pounds belonging to classes the most different. I shall place the
chloro and nitro reactions under one another, and shall then
demonstrate the resemblance of the chloro and nitro-products.
Let us represent nitric acid, NO*H by NO.HO=XHO, and
observe the products obtained, as well with it as with chlorine.



NITRO SUBSTITUTIONS, 207

AERHER k@ =CUWHEYC] 0 + HCl
CUH® . 4 XHO=(CYH'X + H*O
\T. 1 GUEr.  £2C1°F =YH'CI* 42 H Cl
Naphthaline ... TOOHE 42 XHO=CUH'X?  +2 H?O
CUHE. +3.C1 =CYHCP 43 H Cl
(CYH* +3 XHO=CYH’X®* +3 HO

C'H*O - +3C1* =C°H*CP® <43 HCI
{C“H“ﬁ +3 XHO=C'H3X3 +3 H*0O

CHQO* + CI* =C‘HCIO? + HCI
""{'D?H'JUI2 + XHO=CH'X(* 4 H?*0

(C'HO + CI?P =CH’CI0O + HCI
(CH'O + XHO=CHXO + H?O

Sulpho-naphthalic (SO*C*H*+ CI* =S0°CYHCl+ HCl

Phenic acid ............
Benzoie acid

Hydride of benzoyl

acid ... \SOPC®HS+ XHO=SO*CH'X + H?0
e CCH'N + CP =C°HCIN + HCI
Aviline ..o {CoN 4 XHO=CSHSXN 4 HZO

(CHMO 4 OF —CECI: + HOL
ooy _ |CrHO" 4+ XHO=C'H!X0®* + H20
Salieylate ofethyl % cupege 12 02 —CrHCO® +2 H 01

G?IIIDDE + 9 KHO p— G?HGK‘EOE + 2 HEO'

In general, substances which undergo chloro, can also
experience nitro-substitutions; nevertheless, the homologues of
etherine, and of all the compounds associated therewith, such as
aldehyde, acetic acid, Dutch liquid, &e., do not give rise to nitro
substitutions, although the number of their chloro-substitutions is
very great ; possibly nitro-propionic acid might be adduced as an
exception.

I make use of the term nifro-substitution, as if the peroxide of
nitrogen or X took, like chlorine, the place of the hydrogen set
free, and fulfilled its functions. That experience corresponds
exactly with this opinion, is shown by the following facts :—

1° That the mono-, bi-, and tri-nitro naphthalines are neutral,
like the normal, mono, bi- and tri-chloro naphthalines.

2° That naphthaline produces with sulphuric acid, a sulpho-
naphthalic acid ; and that the chloro and nitro-naphthalines produce
chloro and nitro-sulpho-naphthalic acids.

3° That there exists a basic nitraniline, analogous to normal
aniline and to chlor-aniline.
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alecoholic potash is too energetic, the reduction is complete, and we
obtain azobenzide.
{C“ H*N }
CeH°N
But by putting a stop to the operation, before this result is
arrived at, we obtain another body, azoxibenzide,
{C“I‘I"’ N }
CSHY(NO)
the composition of which manifests, that of the two molecules of
nitro-benzide ; one has been reduced completely, whilst the other
has lost but the half of its oxygen.
We have already seen in the nitro-prussiates, the nitrous
residue, or nitric oxide, replace an equivalent of hydrogen, or of a
metal.

=2 C'H? (NOH)—O*

Inverse Substitutions.

The observations I have just made concerning the action
exercised upon organic substances, by chlorine, bromine, nitric acid,
&c., enable us in many instances, to ascertain the otherwise un-
known origin of certain subgtances.

By treating with bromine, the crude oil obtained from the
distillation of benzoate of lime, I obtained a substance, bromeine,
which contained C'"HSBr', From what source was it derived ?
As it was unattackable by potash, I concluded that it was a halyde,
and that in the crude oil, there existed a hyrdocarbon, C'"H', from
which the bromeine was produced by the substitution of Br?
for H*.

If the bromeine had been attackable by potash, it would have
been a hyperhalyde. We should have discovered its fundamental
nucleus, by noticing how many atoms of bromine it ceded to the
potash, doubling this number, and subtracting the product from
the bromeine.

The residue, whether or not brominated, would have contained
as many atoms of hydrogen, or of hydrogen and bromine, as the
fundamental nucleus contained atoms of hydrogen. Thus, if
bromeine had given

CYH¢Br*=C!'"H*Br®+4 HBr,
its fundamental nueclens would have been C'YH®; but if
CUYHSBr! = C'"H'Br?* + H*Br?

it would have been C'°HE, and so on.
1.!
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In the first case, the acids simply unite with certain substances,
as the alkaloids, so as to form salts, and occasionally with neutral
bodies to form compounds which may be considered as salts, such
for instance, as the nitrates of camphor, and essence of canella,
the chlorhydrates of camphene, citrene, &e.

In the second case, the acids unite with a host of different
substances, such as the alcohols, hydrocarbons, alkaloids, starch,
mannite, lignine, organic acids, &c., water being at the same time
eliminated, probably at the expense both of the acid, and of the
substance employed.

The bodies formed in the second manner, possess very various
properties ; some are neutral, some acid, some alkaline, but they
all resemble each other in one respect, namely, that under the
influence of certain reagents, they can absorb the water they had
abandoned, and regenerate the acids, and the organic substances
from which they had been prepared. It is to such compounds
that Gerhardt has given the name of copulated bodies. These
bodies must not be confounded with others, to which Berzelius
has applied the same name. According to the Swedish chemist
and his pupils, copulated bodies are not bodies that are formed
and decomposed as above described, but simply, bodies containing
a copula, the existence of which in any particular compound,
depends entirely upon the manner in which each chemist may
figure to himself the arrangement of the atoms. Consequently,
there is no relation between the copulated bodies of Berzelius
and those of Gerhardt.

I ought also to remark, that some chemists consider as
copulated bodies, certain products, formed in a similar manner to
the preceding, but without any elimination of water; such for
example, as formobenzoilic acid.

Dumas has given the name *conjugated acid” to sulpho-
vinic, and to tartaric acid. I believe that by this name he
intends to designate, the acids which are, or which may be
considered to be complex. Thus tartaric aeid, which may be
rezarded as a combination of acetic and oxalic acids, but without
elimination of water, would be a conjugated acid.

There are indeed some compounds, which though formed
without elimination of water, such for example as sulphobenzidie
acid SOPCHY, ought nevertheless to be classified among copulated
bodies, and for the following reason : For the purpose of general-
ising the facts, I never employ in my equations the anhydrides,
but always the normal acids. Thus, when I wish to compare the

Bk
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for instance, allophanic ether, which considered as a cyanic ether,
does not accord with the law, but which considered as a combina-
tion of carbureic acid (allophanic acid), or even as a combination
of carbonie acid, urea, and alcohol, tends, on the contrary, to con-
firm it. Thus we have—

2 4+ 0 + 0 =2 = ]
H*CO?+ CH'N*0 + C*H’0 — 2 Aq= Allophanic ether.

We might also put the equation in this form, representing urea
itself, as a copulated body— :

4 + 0 4+ 0 — — 0
2 H*CO? +2 H3N 4 C*H*0—4 Aq= Allophanic ether.

Notwithstanding the existence of intermediate or limiting bodies;
notwithstanding the impossibility of always determining the exact
function of a body ; notwithstanding the theoretical interpretations
necessary, in certain cases, to render the rule applicable ; notwith-
standing moreover that in some instances the formula is absolutely
faulty, still the law of saturating capacity must be considered as
very generally true, and as a very useful means for the apprecia-
tion of certain facts. :

I shall presently attempt to show the relations which subsist,
between the values of x, y, and z, and the properties of the
copulated bodies, but we must first examine the ammoniacal
combinations.

ACTION OF AMMONIA UPON OXIDES, ACIDS, SALTS, CHLORIDES,
AND ORGANIC BUBSTANCES.

Ammonia forms with very different bodies, combinations
which, by the singularity of their properties, and the variety of
their metamorphoses, have constantly attracted the attention of
chemists, who, however, when they attempt to study these com-
pounds, are surprised at the confusion in which they find them,
and are forced to register the facts without order and with-
out method.

But from these various eombinations, they have eventually
separated a considerable number, which they have, moreover,
succeeded in dividing into three classes, containing respec-
tively the salts of ammonium, the salts of ammonia, and the
amides.

The last class comprises such heterogeneous combinations as
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What is the nature of all these compounds? Some of them
have been considered as metallic amidides, analogous to metallic
oxides and chlorides, thus:

Amidide of potassium K* Ad% cmmupfmdmﬂ' {1{3 O or K2 CI?
Amidide of mercury Hg*Ad Hg*O or Hg*CI?

Todide of nitrogen was said to be an iodo nitride of ammonia,
2 I°N?+ H°N®.

Chloride of nitrogen was compared to anhydrous nitrous
acid, to chloride of phosphorous, and to anhydrous phosphorous
acid, &e.

Those ammoniacal compounds which contained more than one
atom of metal, have been represented in very different manners,
which it would be useless to refer to here, especially as in some
instances I do not admit even the proportional composition
assigned to the bodies.

I consider all these compounds as ammonias, some of them
active, others passive. We know that there exists an aniline
which saturates chlorhydric acid completely, a chloraniline which
saturates it less completely, a bichloraniline which retains it but
very feebly, and a trichloraniline which is quite incapable of com-
bining with it.

On this account, I do not the less consider the last mentioned
body as an aniline, inactive it is true, but having the same atomic
arrangement as normal aniline, In the same manner I consider the
ammonias, one, two, or three times, platinicised, platinosed, or
mercurosed, as alkaloids capable of combining with acids,—and the
chloro- and iodo- ammeonias as inactive alkaloids, but, nevertheless,
having the same atomic arrangement as ammonia. We know,
moreover, that the iodide of nitrogen dissolves in chlorhydric acid,
and is reprecipitated by ammonia.*

From these considerations, I classify the ammonias as
follows : —

* When we pass a current of chlorine gas through a solution of chloride of
ammonium, the chloride of nitrogen is not immediately deposited ; but if no
intermediate produets are formed, this immediate deposition ought necessarily to
take place. It would be interesting to see whether, at the moment when the
chloride of nitrogen is deposited, the supernatant liquid contains a chloride of a
more or less ehlorinated ammonium. For this purpose, it would be sufficient to
abstract a portion of the liquid, to add to it at intervals bichloride of platinum, to
collect the precipitates separately, and to ascertain whether or not they contained
a constant proportion of chlorine.
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aniline. Nevertheles, to facilitate the study of my series, I gave
the preference to one place rather than the other. Thus I placed
the nitro-naphthalines by the side of naphthaline,—and nitro-
alcohol not by the side of alcohol, but along with the formic and
carbonic ethers. I placed aniline by the side of phenic acid and
benzine, althongh my formula C°H?® H*N indicated, that it might
equally well be placed by the side of ammonia; indeed it repre-
sents either benzine, in which H has been replaced by an ammo-
niacal residue, or ammonia in which H has been replaced by a
phenic residue.

Seeing that aniline remained basic like the ammonia from which
it sprung, I ought, in accordance with the prineiples I had enounced
in reference to substitutions, to have regarded it as an ammonia
with a phenic residue. This last mode of considering the subject
is the one adopted by Hofmann, who, viewing it in a particular
aspect, has drawn from it one of the most ingenious ideas ever
promulgated in chemical science. He has represented the phenic
residue C°H® as a radical analogous to ethyl, or to a metal, and,
consequently, capable of replacing an atom of hydrogen, without
affecting the basic properties of the ammonia into which it
enters,

In consequence of my having pointed out the existence of
ammonias containing 1, 2, and 3, atoms of metal, Hofmann con-
ceived the possibility of preparing ammonias containing 1, 2, and
3, phenylic, methylic, or ethylic residues; and he succeeded in
obtaining such compounds, by processes analogous to those which
had yielded me the metallic ammonias. Thus we may have,—

Mercuric hydrate HeHO+ HN=

H*O + HgH?®N.

. Aleohgl . . e { Et EﬂgiEt %:11;:
Mercuric oxide . . { Hﬁ‘?zg IHg*"II;II?T —

BT { PO LESH N,
Mereuric iodide . . { gf o E;I:’;
Ethylic iodide { g It IIi ng
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as salts of ammonium, in which one atom of hydrogen was replaced
by one atom of cupricum, mercurosum, mercuricum, platinosum,
platinicum, palladicum, &c.; and since, according to my views,
ammonias, 1, 2, and 3 times mercuricised or platinicised, are still
alkaloidg, they also ought to be able to unite not only with the salts
of hydrogen, but likewise with those of copper, mercury,
platinum, &e., to form salts of ammonium, 1, 2, 3, and 4 times
platinicised, mercuricised, &e.

Now there exist numerous combinations, which obviously are
only salts of 1, 2, 3, and 4 times metallicised ammoniums, but
which have hitherto been considered as complex salts, having no
relation with those of ammonium.

Thus, the hydrate (He*N)HO +2Aq. is considered as a com-
bination of H°®N?+44 Hg*0+2 H?0; the sulphate (Hg'N)3PSO!
+2Aq. is considered as a mercuric subsulphate combined with
the amidide of mercury.

3Hg?0.50° + Hg?Ad.

The nitrate of bimercuroso-ammonium (Ag*H*N)NO®*+ Agq,
is represented as a combination of nitrate of ammonium and

mercurous oxide,
N*H*O.N?*0° + 34470,

The i1odate of mercuric ammonium, NHgH? 10?3, is represented
as

3 Hg?0.1?°0° + Hg?Ad + N*H30.120°.
The salts of Gros and Reizet contain the three radicals,
NPtH?, N*H Pt, NZH¢PtCl,
and their chlorides are
NPtHCl, N2HPt.Cl, N?H*P+Cl.Cl.

I ought not to omit noticing, that Graham was the first to con-
sider the ammoniacal salts of copper as salts of ammonium, in
which one atom of hydrogen had been replaced by one atom of
copper. Thus he represented the ammoniacal sulphate and chloride
of copper, by these formule,

(N?HCu?) 0.80°
(N2HCu?) CI2;

But Graham did not proceed beyond this point; he did not
endeavour to ascertain, whether or not his idea was applicable to
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may also combine with the anhydrides, in some instances with, in
others without, a simultaneous elimination of water.

The compounds formed by the above methods, possess very
different properties: some of them are neutral bodies, others con-
stitute acids; some of them are real salts of ammonium, others
are simply alkaloids; and lastly, we meet with some of them
which, although neutral, can combine indifferently with acids or
alkalies.

What then is the nature of these combinations?

Some of them receive the name of amides, a name which was
first given to them by Dumas, because he supposed them to
contain a certain particular radical, amide=Ad=N*H*.  Thus,
according to him, oxamide was a compound of oxide of carbon and
amide, and was thus represented, C*O* N*H* or, C*0O2Ad.

But we should entertain a false idea of the amide theory, if
we imagined it to have an exclusive reference to the presence of
amide, imide, or some other radical. Dumag’s theory has a very
different bearing. Neglecting all hypotheses, it signifies: 1°,
that the amides are combinations formed by an acid and an
ammonia, with an elimination of water; 2° that the amides are
not salts, and that reagents do not reveal the characters of the
acids, or of the alkaloids from which they were produced. 3°, That
nevertheless, under certain influences, they are capable of regene-
rating the ammonia and the acid. 4°, That they have compositions
which may be represented by that of the anhydrous acid, minus
one equivalent of oxygen, plus one equivalent of amide.

Eramples—
Oxamide B e e NrI 2
Neetamide . = v & 4 . o . GCYEEORAL
Benzamide . . . . . . . . CHHI()2Ad.

But it is necsssary to distinguish several species of amides,
accordingly as they are produced by mono-, bi-, tri-, or quadribasic
acids. I shall distinguish them as

I v ATIdeny & i e AL e NHRS Aq.
2° Diamides . . . . A" +2NH’—2 Aq.
3°. Triamides . . . A" +3NH-—3 Aq.
4°, Tetramides . . A" +4NH*—4 Agq.

There exist a great number of other compounds, which cannot
be represented by the preceding equations; such ave for instance,
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Thus to oxamie acid, discovered by Balard, I have added the
phthalamie, camphoramie, &e., acids. It is to these hodies that 1
have given the name of amidic acids. We may give an exact idea
of their composition, by saying, that they are bibasie acid salts of
ammonium, minus one atom of water.

Sulphamic acid . (NH'H)SO* —H?0=NH?®S 0",
Oxamic acid . . (NH'H)C*0'—H*0=NH*C*0O%

There exist, or may exist, other amidic acids having the
tollowing formulze, ,
Tri-amidicacids . . . A”+43 NH*—H?*0.
Tetramidic acids . . “A"” +4 NH*—H?O.

and other varieties.

Thus, in my opinion, Jacquelain®s sulphammon would be a di-
sulphamate of ammonium, = S*()°NHAwm? (empirical formula,
N'H*S?0°= H.NH?*SO®*+ NH . NIH*S0?%), and the deliquescent
sulphammon of Rose, the same salt in a state of hydration,

S*OPNHAm? + Ag(or 2 Aq?)

The ammons may be considered as neutral salts of ammoninm.
minus one atom of water :

Sulphammon . . . . Am*S0'—Aq.
Carbammon . . . . Am?C0O’—Aq.

It is unnecessary to say, that amidie acids can give rise to
metallie salts: thus

Oxamicacid . . . H.NH2(C2?
Oxamates . . . M.NH:2(C203
Sulphocarbamic acid H.NH®C S?
Sulphocarbamates . M.NH2C S?

To the preceding divisions, I have added that of the di-imides,
which may be considered as amidic aeids, minus one equivalent of
water, or as bibasic acid salts, minus two atoms of water:

Pthalimide ... .. AmH-C?H*O0'— 2 H*0.
Camphorimide ..  AmH-CYH"“0O*'— 2 H2O.

I omit for the present, several other compounds of this deserip-
tion, and in concluding this chapter, would only remark,

1°. That the composition of all these bodies may be represented
by a salt of ammonium, minus water.

4]



226 ACTION OF AMMONIA.

2° That in all cases, the properties of the acid employed are
dissimulated, and likewise the properties of the ammonium,
excepting in the ammons, where a portion of the alkaloid s
recognisable,

3° That all these bodies, like the simple amides, can, by the
absorption of water, regenerate the acids and the ammonia from
which they were prepared; consequently all of them belong to the
c¢lass of copulated bodies.

It is needless to observe, that aniline and the other alka-
loids comport themselves similarly to ammonia, and by analogous
reactions give rise to analogous produets. Thus,

Form-anilide .... =~ ... F + An— Aq,
Ox-anilide ... Ox+2 An—2Aq,
Oxanilie acid Ox+ An— Agq,
Camphoranil (di-imide) . C + An—2Aq.

It is from the existence of these new compounds, that I
have been lead to reject the rational formula, containing amide,
imide, and such other radicals; for we should necessarily have
to imagine two or three new radicals, for each amide, imide, &e.,
of aniline, methylamine, and the other alkaloids,

ACTION OF AMMONIA UPON NEUTRAL ORGANIC SBUBSTANCES.

Ammonia exerts its action, not énly upon acidg, but also upon
certain neutral orcanic substances. In these cases, water is elimi-
nated, with a consequent production of new compounds, which are,
to a certain extent, analogous to copulated bodies. Thus, for in-
stance, the majority of them are able,by an absorption of water, to
regenerate the bodies from which they took their origin,

The reason why some of them cannot undergo this dedoubling,
when acted upon by acids and bases, is simple. I have stated
above, that in my opinion, aniline iz a copulated body, is in fact,
phenolamide. Acids, instead of dedoubling it, to unite with its
ammonia, simply combine with it; and alkalies have not any
tendeney to effect its decomposition, in consequence of phenol being
a neutral substance.

Monobasic acids, as we shall presently see, re-act upon one
erquivalent of ammonia only, to produce amides, imides, &e., for the
existence of such amides as the following is very questionable ;

2 A'+ NH?*-—x Aq
A'4+2 NH*—x Aqg.
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We shall also find, that bibasie acids do not produce amides of
the form
A" +3 NH*—x Agq
A”+4 NH*—x Aqg, &c.

Now, on the other hand, neutral bodies, bodies which have
no saturating capacity, or in which we can scarcely conceive a
capacity equal to unity, are capable of copulating themselves with
ammonia in very various proportions. Thus the essence of bitter
almonds gives rise to the following combinations : —

Benzolanilide. . . . = Ess+ NH?*— Aq*
Dibenzolimide . . . =2 Ess+ NH?*— Aq
Thiobenzaldine . . =3Ess+ NH?*~ Aqt
Hydrobenzamide . . =3 Ess+2 NH?®—3 Aq
Urea-hydrobenzamide =3 Ess+4 Urea—3 Aq.

Benzile, benzoine, isatine, and other neutral bodies, likewize
give rise to very various amides.

It is probably among these compounds, that the majority of
the alkaloids are to be found. Thus ammonia, by its action upon

Hydruret of benzoyl produces Amarine
Hydruret of nitrobenzoyl - Nitramarine
Furfurol % Furfurine
Sulphaldehyde 5 Thialdine.

I believe that amides of the form A+ B— Aq, when obtained
from either alcohols, or aldehydes, will be alkaline. Thus we should
have directly or indirectly

Aniline . . . . . . =CHO+NH* —H20
Phenol.

Base of the kakodyle salts =C*H'O+ AsH*— H*O
Aldehyde.

Methylammme . . . ., =CH'O+NH? —H?*0O
Methol.

Ethylamine v o =0HO+NH2 —H?0
Aleohol.

*® This compound is produced not from ammonia, but from aniline; this
is of no consequence as regards the result T wish to establish.

+ In this equation, the oxygen of the different terms should be replaced by
sulphur,

Q2
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as mixtures of chloride, bromide, iodide, fluoride, and cyanide of
ammonium, with new chloro, bromo, &c., amides.
We should have, for example, with the chloride RCI* and

Ammonia, .
R ClP+ NH:*— H Cl=NH2R CI*
R C2+ NH:*—2 H Cl=NH R CI
R ClP+ NH:*—3 HCl=N R
R C2+2 NH*—2 H Cl=N2H'RC(C], &e.

The chlorhydric acid, instead of being set free, would combine
with the excess of ammonia, so that a mixture of sal ammoniae
and the chloramide, having the appearance of a simple combina-
tion of the chloride with ammonia, would result.

Experiment has most completely confirmed my mode of view-
ing the subject. Thus we have with -

Arsenious chloride ... AsClF+ NH?}*— 2 H Cl=NH AsCl
Or for the mixed product AsCPP+3 NH?*—2 NH*Cl=NH AsCl
Chloride of cyanogen... CyCl+ NH?*—  H Cl=NH*Cy
Phosphoric chloride ... P CI°’+ NH?*— 3 H Cl=NP CI

The chloramides NH AsCl, NPCI%, &ec., would thus be con-
sidered as copulated bodies, from which, not water, but hydrochloric
acid had been eliminated, and which, by the absorption of water,
would regenerate, not the original chloride and ammonia, but a
compound corresponding to the chloride and to ammonia. Thus,
the ammonical phosphorous chloride by the action of water, elimi-
nates HCI, and produces phosphorous acid.

The ammoniacal phosphorie chloride by the action of water,
eliminates HCI, and produces phosphoric acid.

By the action of ammonia, several chlorides transform them-
selves into non-chlorinated amides, identical with those which are
obtained from the oxisalts of ammonium by the elimination of
water. Thus chloride of benzoyl gives rise to benzamide, and the
phosphorie chloride to phosphamide.

At present, it would be impossible to indicate the relations
which exist between the properties of the chloramides and the
equations representing their formation. To attain to this know-
ledge, the chlorides would have to be divided into the mono-, bi-,
and tri-basic varieties; and then, according to the amount of
amimonia absorbed, and chlorhydric acid eliminated, we might
establish the following category :
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and stannicised ammonium, =snCl4+ NH%nCl, Morcover, we
know, that stannic chloride unites with chloride of ammonium,

to form the following combination :

2 snCl. + N H'CI,

SECTION THIRD.

Ox THE RELATIONS EXISTING BETWEEN THE KQUATIONS
AND PROPERTIES OF THE DIAMERLIDES,

HaviNg thus examined the products obtained by the action of
acids, chlorides, ammonia, &e., upon organic substances, we will
now refer to them in a general manner, for the purpose ot ascer-
taining what relations exist between their properties, and the
equations representing their formation.

One and the same body may be obtained by several different
processes: consequently, if we do not make some systematic choice
of reactions, we may readily overlook all the analogies existing
between the properties and the modes of preparation of the products
under comparison. Thus, for instance, the benzoic and acetic
nitryles might be obtained in the following ways:

C™H*O*+NH?* —2 H?*0O=DBenzoic nitryle,
CN H +CH'O— H?20O=Acetic nitryle;

and then, despite the analogy of their properties, we should not
recognise any relation between their modes of preparation. Very
different would it be, however, it for the latter of the preceding
equations, we were to substitute the following :

C*H'O? + NH*—2 H*0 = Acetic nitryle.

Thus we see the necessity of making some choice in our
reactions. For the amides, anilides, &c., I always adopt equations
having reference to the acids, and to ammonia, or aniline ; for the
ethers, equations having reference to the acids, and to the aleohols,
When possible, I remove sulphuretted hydrogen, and chlorhydric
acid, as terms of an equation, and replace them by water, If, fur
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most striking characteristics of bodies of the second class,—of the
ethers for example—are, the dissimulation of the properties of the
bodies from which they were produced; their incapability of
undergoing an ordinary saline double decomposition ; and their
capability of splitting up into two or more products, which are
precisely the bedies that were employed to produce them. In
these respects then, formobenzoilic acid is a genuine copulated body.

But to aveid confusion of names and definitions, I shall at first
consider all metallie, ammoniacal, anilie, &e., =alts, as varieties of
their acid, with which Ishall accordingly arrange them; then I shall
divide all compound bodies, into two classes, namely,

Aplones, or simple combinations. IDiamerones, or complex or
divisible® combinations,

The aplones include carbonic oxide, ammonia, acids (nitrie,
chlorhydrie, formic, acetic, &c.,) and their salts, the majority of
the hydrocarbons, the halydes, and aldehydes, &ec.

The diamerones include all products formed by the action of
the aplones upon one another, with or without elimination of water,
or chlorhydric acid; which products do not undergo ordinary
=aline double decomposition, and behave as if formed of two or
more groups, susceptible of being separated from one another.,

I divide the diamerones into diamerones A, which are formed
with elimination of water, sulphydrie, chlorhydric acids, &e.,
and diamerones B, which are obtained without elimination.

I shall pay no further attention to the last division, which
contaigs such compounds as

Formobenzoilic acid CH?02%C7HS0,

— kakodyle, compounded, as I have shown of two identical
groups, Kk and Kk, which are susceptible of division under the
influence of chlorine, 2KkCl being produced ; also

* I do not deem it necessary to enter into greater detail concerning these
definitions. ‘Without doubt the aplone, sulphuric acid, is divisible ; but we speak
here of a relative divisibility ; thus, sulphanilide is a diamerone.

t Bodies formed with simultaneous disengagement of water, sulphydric or
chlorhydric acid, &c., are not necessarily copulated bodies: thus, hydruret of
benzoyl gives the following reaetion with sulphhydrie acid: C'H"0+H*8=
C'H*S + H*O.  But, in this case, there is a simple substitution of sulphur for
oxygen. Also when sulphuric acid acts upon common salt and sets free chlor-
hydric acid, there is but a simple substitution of sodium for hydrogen. But the
gentle reader will allow me to pass rapidly over explanations of this deseription.
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Putting aside the diameraies as being too little known, I
arrange the remainder in one great table.

The table is divided into 16 compartments, and each of the
compartments into 4 squares, or the whole into 64 squares. Each
of these 64 squares is labelled with its typical equation. All
bodies formed according to one and the same typical equation, are
placed in the particular square to which that equation belongs.

16 squares are devoted to the monobasic acids .= A’
16 squares are devoted to the bibasie acids.... —
16 squares are devoted to the tribasic acids e
16 squares are devoted to the quadribasie acids ... = “A”,

I place in a supplementary compartment, the diameracids
resulting from the action of two acids upon one another.

I confine myself to those diamerides, in the formation of which
from 1 to 4 atoms of water are eliminated, and from 1 to 4 atoms
of neutral or alkaline matter employed. We know but two or
three equations in which more than 4 Aq are eliminated, or more
than 4 B employed.

A glance at the following table will at once manifest the plan
of its division, and render any explanation unnecessary. The
isolated figures preceded by the sign —, indicate the number of
atoms of water eliminated ; the figures preceded by the sign =,
indicate the saturating capacity of the diamerides.

We have now to assign names to the sixty-four kinds of
diamerides.

Let us represent the figures 1, 2, 3, and 4, by the vowels a, e,
i, and o; and for the present neglecting the acid, let us designate

The square B— Aq by aa
The square B—2 Aq by ae
The square B—3 Aq by ai
The square B—4 Aq by ao
The square 2 B— Aq by ea
The square 3 B—2 Aq by ie
The square 4 B—3 Aq by oi
The square 4 B—4 Aq by oo,

and so on, the first vowel having reference to the organic matter
employed, and the second to the water eliminated.

For the sake of euphony, let us add to these pairs of vowels,
arbitrary consonants and terminations; then we shall call ;
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Anams or anamides ... A'+B— Aq
Aleses or alesides ... A'+B—2 Aq
Aziles or azilides .. A’4+B—3 Aq
Anoses or anosides ... A’+B—4 Aq,
and so on.
To distinguish from one another, the respective products of
mono-, bi-, tri-, and quadri-basic acids, we shall say :

Anamides e A +B —Aq
Dianamides ... A” +B —Aq
Trianamides ... A” +B —Aq
Tetranamides ..."A" +B — Aq
FEmonides . A +B*—Aq*
Diemonides ... A” +B*—Aq*
Triemonides ... A” +B*—Aqg*
Tetremonides ... ”A” +B?*—Aq!

Supposing we wish to designate the varieties; let us take at
first the ammoniacal combinations, which will serve us for a type.

We shall say :

Acetalese ... ... A’ +B—Aqg?
Sulphalese e e
Phosphalese ... A”+B—Aq?®

Pyrophosphalese “A” +B—Aq®

Lastly, let us vary B by substituting methol, alecohol, or phene,
- for ammonia. We shall say:

Acetanamide etholic ... A’ +B —Aq
Formialese metholic ... A’ +B —Aq?
Sulphenelide phenic ... A" +4B*— Aq*

Let us establish two exceptions :
1° In order to retain a name consecrated by custom, we will
give to the following compounds, the names of

Amides .... ... A'+B —1'1..{] =acetamide
Diamides ... A" + B?*— Aq*=sulphamide .
Triamides ... A"+ B*— Aq*=phosphamide

Tetramides ... “A” 4 B'— Aq'=ailicamide.
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2°, We will designate the diameracids by these names :

Sulphamie ... . 1 Ak

Sulphometholic ... 5 " o
Phosphamic ... .. A"+B —Aq
Phosphodiamic ... A"+ B*- Aqg®

Pyrophosphamic ... “A” +B - Aq
Pyrophosphodiamic  “A” +B?- Aqg®
Pyrophosphotriamic  “A” 4+ B*— Aq®.

I proceed now to review all the squares seriatim; and as a
means of controlling the results arrived at, I shall admit that in
those cases where but one atom of water is eliminated, the satu-
rating capacity of the diameride is equal to the sum of the
saturating capacities of the bodies employed, diminished by one
unit,

It may be asked, whether the above rule is a mere empirical
formula, or a result of observation. This question is the more
natural, inasmuch as the rule seems to indicate, that the nafure
and guantity of B have no influence upon the saturating capacity
of the hydrodiameride.

Chemistry presents us with two orders of facts, some that are
estimated by means of fizures, measures, and balances; others
that can neither be weighed, nor measured, but simply appreciated.
Thus, if we require to determine the saturating capacity of an
acid, a balance will sufice ; but when we seek to ascertain whether
a body is an acid, an alkali, a salt, an alcohol, or an alloy, we find
ourselves beset with innumerable difficulties, and are induced to
imquire, whether or not aleohols, alloys, and metals, may all of them
be salts. I freely admit, that it requires a sort of instinct or gift
of second sight to guide us through these difficulties; and that,
even with this undefinable assistance, we frequently run the risk
of falling into error.

To apply the preceding rule, let us suppose that B represents
ammonia. Is this body a base or an acid? In the latter case,
what is its saturating capacity ? This question seems absurd;
but is not ammonia, like a tribasic acid, capable of exchanging
I, 2, and 3 atoms of hydrogen for 1, 2, and 3 atoms of a metal ?
Moreover, does it not, like phosphoric acid, form with aleohol,
mono-, bi-, and tri-, ethylic combinations ?
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Do not the following bodies alike constitute salts ?

MONOBASLC. BIBABIC, T“IH_J:_S]C.
Chlorides.  Bulphides. ~ Phosphides Nitrides.
CIH SH? PH2 NH?
C1M. SHM PH*M NH*M
SM2 PHM? NH M?*
B2 MET N WS,

Are there not also corresponding ethers?

ClEt. SHEt PEt*. NH?Et
SEt?, NH Et®
N Et3.

I will not further pursue this parallel, which leads ns to con-
sider ammonia as a tribasic acid. But if we adopt this conclusion
in our rule of control, we shall have

A+ Am™”—Aq=3,
Acetic acid, Acetamide ;

that is to say, that acetamide, which is neutral, ought to be a
tribasic acid.

If on the other hand, we say, with the rest of the world, that
ammonia is devoid of any capacity of saturation (metallic), then
by making use of this conclusion in our formula, we shall have

Aspartic acid. Asparamide.

and yet asparamide forms salts with potassium, calcium, copper,
zine, silver, &ec.

Nevertheless, no one would consider acetamide and aspara-
mide as forming exceptions to our rule. And why? Because
while we acknowledge that ammonia possesses the most important
character of an acid, namely, the capability of exchanging hydrogen
for a metal, or for ethyl,—we are, at the same time, firmly persuaded
that it is not an acid, but, on the contrary, a body precisely
opposed to an acid, that it is to say, an alkali. But if, even in
this extreme case, we were asked to define exactly, without am-
biguity or subterfuge, the reasons of our persuasion, we should be
more embarassed than we perhaps imagine: unless indeed, we gave
a definition of this description:— An acid is a body which
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reddens the colour of litmus, and an alkaloid is a body which
restores the blue colour of litmus that has been reddened by an
acid,” But we know to what conclusions such definitions would
lead us.

I have entered into this discussion simply for the purpose of
showing, that our rule of control differs from a mathematical for-
mula; inasmuch as the terms of our equations have not an absolute
value, and that consequently, we shall be obliged to appreciate,
without measures and without balances, the results to which they
conduet us.

With regard to the origin of this rule, it is one case of the
cgeneral formula of Gerhardt; it is the frut of ohservations
which have proved its applicability in from ninety-seven to ninety-

eight instances out of every hundred.
To return to our table. We see immediately that by drawing

the diagonal, or rather the staircase X Y, all that part of the table
on the right of the division is empty,while that on the other side is
all but completely full.

The fourth horizontal series of compartments presents us with
several voids, but this is in consequence of our being acquainted
with only a very few quadribasie acids, and our not having endea-
voured to transform them into hydrodiamerides. The empty
squares are marked with an asterisk.

In addition to the sixty-four principal squares, we perceive
four horizontal bands AA, BB, CC, and DD. They contain the
salts of ammonium. We perceive that the monobasic acids form
but one; the bibasic two, &ec.; to which we may compare the
diamerides.
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which may be subdivided into metholamides, etholamides, valerola-
mides, §e. 3% IIYDROCARBURAMIDES. 4°, ALDEHYDAMIDES, &e.
For the present, I shall not proceed any further with these divi-
sions, nor with those of the other diamerides ; the examples above
cited, are sufficient to explain the general course to be pursued.

Let us now examine the saturating capacity of the anamides.
Conformably to our rule, which in fact was deduced from obser
vations made upon them, they are neutral. Nevertheless, out of
a hundred cases, three or four exceptions may be adduced. Iere
it is that we have to estimate or interpret the results, so as to sce
whether these exceptions are real or apparent.

The essential ol of Gaultheria procumbens, is a true methylic
ether: as such, it comports itself with reagents, and moreover,
it may be produced artificially according to the following
equation ;

A’ + B —Aq.=Salicylate of methyl.
Salicylic acid Methol

according to which it should have no saturating capacity. Never-
theless, experiment shows that it combines with all bases, to form
salts which bear the names of gaultherates. Ought we then to
consider the essence in question as constituting a real exception?
Is it, indeed, a genuine acid? In the first place, if we except its
aptitude for forming salts, the salicylate of methyl possesses all
the characters of the ethers; it does not combine with ammonia,
neither can it, like ordinary acids, form ethers with the aleohols,®
nor amides with ammonia. If then, we consider 1t as an acid, we
shall trench upon the same kind of reasoning, that would induce us
to regard ammonia itself, as a tribasic acid. '

Gilycocol is a neutral body, which, nevertheless, combines with
acids, salts, and bases. Considered as a neutral body and destitute
of any saturating capacity, it would give rise to anomalies in its
amides. Thus, hippuric acid, which is glycolic benzamide, ought to
be a neutral body, according to the equation

A‘l + GI—AI]' - Dt
If, on the contrary, we consider glycocol as a monobasie acid,

* According to the experiments of Gerhardt, and of Cahours, gaultheric acid
does form ethers ; gaultherate of methyl, for instance, which may be considered
as salieylic acid C*H*0? in which two atoms of hydrogen are replaced by methyl,
CTH*(CH*)* 0% Salicylic acid appears to stand upon the border land of bibasity,
(W.0.)
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that exerted by their nature. DBut in the lowest series, the nature
of the material will often overbalance the order of the arrange-
ment, and consequently exercise a great influence upon the
properties proceeding therefrom. Thus it is that we meet with
eyanhydrie acid, eyanic acid, and chloroform, bodies which in their
properties are not analogous to the corresponding terms of the
superior series, though formed by virtue of similar equations.

It will be observed that up to this present time, the alesides
have been produced exclusively from ammonia, (the most remark-
able of them, nitraleside or nitrous oxide, must not pass
unnoticed) we do not know of any that can be obtained from the
aleohols. It would be interesting to see, whether it would not be
possible to procure some of them, by acting upon certain ethers
with anhydrous phoesphoric acid.

Out of the 16 squares devoted to the monobasic acids, two only
arve filled. To them we may add the term A +B—0, or the salt
of ammonium, as represented in the horizontal band A A, precizely
underneath which term the two full squares are situated. Upon
what does this relation depend? Is it due to chance, or can no
other combination exist? If it were allowable to express an

opinion upon the matter, I should say that it is impossible
to obtain diamides with A4 B? or B? or B', in consequence of
the monobasic acids being incapable of combining with more than
a single atom of ammonia, and in consequence of the diamerides
always corresponding to ammoniacal salts, whence it happens, that
where the square of the ammoniacal salts is empty, the vertically
inferior squares are also empty.

It would appear, nevertheless, that there exists one diameride
of the form A"+ B?—Aq?% namely, the pyromucic biamide. But
several observations may be made concerning this compound.

In the first place, it has not been obtained from pyromucic acid,
but from the distillation of mucate of ammonia, and we do not know
whether or not mucie acid, when combined with bases, is trans-
formable thus, into pyromucie acid, and consequently, we do not
know, whether or not the body in question is really a species of
amide of pyromueic acid.

We might also inquire, whether this latter acid is mono, or bi-
basie, though the latter opinion appears indeed the less probable.
At any rate we see, that pyromucic biamide ought not to be con-
sidered as an authentic exception.
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soluble in ether. Lignine contains CH20Y* and we know that
under various influences it can absorb H'O? to give rise to glu-
cose or its isomerides. When treated with nitrie acid it produces
at first the xyloidine of Pelouze C"H'"X®0'", then the xyloi-
dine of Braconnot C?HX*0', If we admit then, that after this
point the lignine absorbs H‘O?, then it would give by a con-
tinuance of the action of the nitric acid, sexnitro-glucose=
GI‘IHIEKEOIE

In other words, the reaction is not 6A’+B—4Aq, but
6A’+B—6Aq, only that the sexnitro-lignine instead of allowing
the six atoms of water (formed at its expense and at that of the
nitric acid) to be disengaged, retains two of them, so as to trans-
form itself into sexnitro-glucose, or a sexnitro compound of some
body isomeric with glucose.

Since we associate all nitro compounds with their normal
congeners, we no longer have any monobasic diameride not
ineluded in our table. Nevertheless, one compound might be cited,
namely, opiammon, of which the formula would be :

2 A’+B-—2 Agq.

I must here make a reservation, not as to the interpretation,
but as to the fact. I demand whether the analysis of opiammon
is exact, or rather whether the body is not a mere mixture. By
the agency of heat, opianic acid undergoes on isomeric modifica-
tion and becomes insoluble in water, and even in potash.
Opiammon is made by heating opianate of ammonia; ammonia
is disengaged, and the residuary insoluble powder receives the
name of opiammon. But as a result of the liberation of ammonia,
opianic acid ought to be formed, which being modified by the
action of heat, would remain mixed with the real opiammon or
opianamide, the formula of which ought to be:

A’+B—Aq.

This view is rendered more probable by the fact, that when
opiammon is treated with alcohol, it deposits a mixture of opianic
acid, and it is said, of opiammon. But this is impossible, for if
opiammon were a pure combination it might indeed bedouble
itself into opianic acid and opianamide, but not into opianic acid
and opiammon. Probably however, it is a mixture of modifieq

* These and the succeeding formule ought probably to be halved, so as to
accord with the other two volume formula.—(W. 0.)
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f}pia.nic acid and opianamide, and by crystallisation separates
to revivified opianic acid and opianamide, which has been
mistaken for opiammon. Lastly, what contributes singularly to
throw a suspicion upon the formula of opiammon, is, that when
treated by potash it givesrise to opianic acid, and to a non-analysed
xanthopic acid.

In conclusion, with the exception of the nitro combinations, we
have no authentic proof of the existence of other monobasic diam-
erides, than those expressed by the two formule

A’+B—Aq and A’+B—Ag2
DIAMERIDES OF THE BIBASIC ACIDS.

We observe at starting that the horizontal band BB contains
two salts of ammonium A”+B—0 and A"+ B2—0. Since the
diamerides should correspond to the ammoniacal salts, we compre-
hend why the squares not situated underneath these salts remain
empty.

Diameracids, properly so called, A”+B—Aq.

In accordance with our rule, we find all these bodies to be
monobasie acids. Ammonia, and the other alkaloids, the aleohols,
hydrocarbons, &e., give rise to acids, which, like all the hydro-
diamerides, are capable of regenerating the acid, and the organic
matter from which they were produced. Nevertheless, it must be
observed that the hydrocarbon diameracids, and even the other
diamerides thereof, regenerate the organic matter with extreme
difficulty, and with a partial destruction. Thus nitro-naphthaline,
and sulpho-naphthalic acid, in order to repro?iuce naphthaline,
require to be very strongly heated with a hydrated alkali.

There is a fact which I have already pointed out, and to which
I would again call the attention of chemists, namely, that diamer-
acids always give rise to soluble salts of baryta, lead and silver.
Frequently they are so soluble, that in order to isolate them from
their solutions, we are compelled to precipitate them with absolute
alcohol. Thus the sulphamates, sulphocarbamates, oxamates, cam-
phoramates, &c.,the sulphovinates, sulphocarbovinates, oxalovinates,
camphovinates, &c., the sulphobenzidates, sulphonaphthalates, &e.,
of baryta, lead, and silver, are soluble. There are indeed, cases in
which this solubility is influenced by an evident cause; this how-
ever, does not at all destroy the generality of the remarks I have
just made. Thus, the sulphonaphthalates are soluble, the sulpho-
chloronaphthalates are less so, the sulphotrichloronaphthalates
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still less, and the sulphoquadrichloronaphthalates scarcely at all,
so little so in fact, that a solution of chloride of potassium is preci-
pitated by the sulphotri-, and sulphoquadri-chloronaphthalic acids.

The diameracids form one of the most natural groups to be
found throughout chemistry, and nevertheless, by the employ-
ment of dualistic formule, they are separated very widely from
one another; their constitution being represented in the following
manner :

Sulphovinic acid ...  Et?0.S 0* + H20. SO
Sulphamic acid .. NZHA.S 02 + H20. 80O?
Sulphobenzidic acid -  C*H'".8?0° + H*O.

The first appears as a combination of sulphate of ethyl with
sulphuric acid, the second as a combination of sulphamide with
sulphurie acid, and the third as a eopulated hyposulphurie acid.

How is it, then, that oxamic and sulphamic acids form soluble
salts with lime? Dualism is not to be confounded by such a
trifle ; it is because the constituent sulphuric and oxalic acids are
copulated bodies.

I have a few words to say concerning aspartie, or malamic
acid. Aspartate of silver, from the composition of which we
should be led to consider aspartic acid as bibasic, is the only
known insoluble aspartate. I believe in the existence of another
and soluble aspartate of silver, which will be the real neutral salt.
Indeed, when we mix aspartate of ammonia with nitrate of silver,
no preeipitate 1s produced; but on the addition of alcohol, we
obtain a deposit of neutral and monobasic aspartate of silver.
I say neutral, for if to its aqueous solution we add but a slight
excess of ammonia, not the biargentic aspartate, but the brown
oxide of silver is produced. DBut by ebullition, or, in the course
of time, the soluble neutral aspartate is reduced by the oxide of
silver (as are the tartrates by oxide of antimony at 200° C). and
we obtain a biargentic salt. This salt, however, does not indicate
the real saturating capacity of aspartic acid, any more than the
heated emetics indicate that of tartarie acid. It is to be observed,
in addition, that the other aspartates, with two atoms of metal,
have a very powerful alkaline reaction, and are reduced to the
neutral state even by carbonic acid.

There exists an amidic acid, the isamic, which does not belong
to the class we are now considering. It corresponds to isatinic
acid, which is itself, very probably, a diameride. The compli-
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We come now to consider the influence exercised by the
quantity of B. According to our rule, the quantity of B ought
not to exert any influence upon the saturating capacity of the
diameride ; and, nevertheless, we know that the compound
A” + B— Aq is an acid, whilst the compound A" + B* — Aq
is a neutral salt. But for all this, there is no contradiction
between the experimental results, and those deduced from our
rule.

When we say that the saturating capacity of acetic acid is
equal to unity, we mean to affirm, that acetic acid is a salt of
hydrogen, and that it can exchange one atom of hydrogen, for one
atom of ammonium, potassium, copper, zine, &ec.; consequently,
the acetate of ammonium has also a saturating capacity equal to
unity, because it can exchange one atom of ammonium, for one
atom of potassium, copper, zing, or even of hydrogen.

Hence we ought not to say, that the saturating capacity of
sulphurie acid is equal to two, but that the saturating capacity of
every sulphate is equal to two. To insist further upon this point
would be useless.

The dialesides A"+ B — Aq® may be considered as mono-
basic acids, deprived of an atom of water. Consequently, they
ought to be, as indeed they are, neutral.

Nevertheless, some of them—such as succinimide, phthalimide,
&c.,—are capable of exchanging hydrogen for a metal; though,
with the exception of carbaleside, or cyanic acid, they are none of
them considered as acids.

And this exceptional body, what a singular acid does it con-
stitute! We remark, in the first place, that, like cyanhydric
acid, it belongs to the simplest series: then, that with ammonia
it does not form a cyanate of ammonium,* and that with alcohols
it produces not cyanic but allophanic ethers. —Moreover, the
cyanates form compounds which are usually regarded as me-
thylic, ethylic, &ec. cyanates, but which, in my opinion, are
rather carbimides, or carbalesides of methylamine, ethylamine,
&e. Lastly, cyanic acid, by its action upon the alkaloids,
produces not salts, but ureas or diamides.

Thus the anomalous compounds that from time to time pre-

* The white powder obtained by condensing the vapours. of cyanurie acid in
ammoniacal gas, is probably only a mixture of carbamide and urea, the first of
which bodies is capable of an isomeric transformation into the second. Fide
further on, some remarks on the alkaline diamides.
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men of dualistic formulse, or to show that by their employment,
it would be impossible to associate the following diamides with
one another ;

Sulphanilide ... H2SO'4+An? —Aq?
Sulphate of ethyl ... . HASOA ALY —Agd
Sulphobenzide ... i .. H3SOA4+Bz2 ‘—Ag?
Sulphomethylane ... ... H280'+ Am Me—Aq?,

All the diamides are neutral, or at any rate, not acid; and
should be considered as simple amides of amidic or aleoholidic acids.
Some of them, however, as asparagine, are capable of combining
indifferently with acids, oxides, and salts.

Three curious observations may be made wunpon these
compounds :—

1°. That with the exception of some diamides, none of the
diamerides constitute alkaloids,

2°, That these exceptional diamides are capable of existing in
two isomeric conditions; in the one case they are neutral, in the
other, alkaline.*

3° Hitherto the alkaline diamides have been met with among
the carbamides only.

Thus we are acquainted with

Carbamide and urea ;

Flavine and carbambhide;

Neutral and alkaline carbanil-ammonide.

Melam and melamine.t

The methylaminie, ethylaminic, amylaminie, methylethyla-
minic, &ec., carbamides, are alkaline.

Sinamine (7) thiosinamine, and sinapoline, are in my. opinion
thecarbamides of a new alkali. ( Vide tables.])

The alkalinity of the carbamides, naturally induces us to
ask, whether among the natural alkaloids such as quinine, there are
any which may be considered as carbamides, and which conse-
quently may afford us a chance of preparing them artificially.
With the exception of sarcosine, they have all of them ecompo-

* Other hydrodiamerides obtained independently of acids, also present them-
selves with two modifications, such ave, for example, hydrobenzamide and
amarine, hydro-nitrobenzamide and nitramarine, furfuramide and furfurine.

t These two bodies are not diamides but cyanurie triamides  Nevertheless,
there is this remarkable point in connection with them—that they may be con-
sidered as varieties of amides of carbonic acid = 3 (H*CO*+2NH—3 Aq.).

+ I have not seen the tables to which Laurent makes such frequent refer-
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The diemonides A” + B*—Aq' have up to this time but one
representative, namely, eyanogen, or oxalemon.

DIAMERIDES OF THE TRIBASIC ACIDS.

I shall devote but a brief consideration to these compounds, of
which but very few are known to us.

The horizontal band CC has three of its squares filled respec-
tively by an acid ammoniacal, an acid bi-ammoniacal, and a neutral
tri-ammoniacal salt. To each of these compounds there are corres-
ponding diamerides.

The diameracids of the form A" 4+ B—Aq, ought to be, and
are, bibasic. We may adduce as examples the phosphovinic and
sulphoxiphosphovinic acids; H*PO* + C*H*0—Aq, and H?*PO?*S
+ C*H*0—Aq.

Ought we to place in this division, sulph-hydromellonic acid
and ammelide? These two compounds of the same type, are
tormed according to the equations

C*H*N30®+ NH*—H?0,
C3H3N?® 5° + NH*—H?*S,

and should consequently be bibasie, whilst in reality they are simply
monobasic. But we should scarcely be warranted in comparing
the diamerides of eyanuric acid, already a very complex amide,
with the diamerides of the simple acids.

Compounds of the form A" +B—Aq® Seeing that the pre-
ceding acids are bibasic, we should conclude, that, like all other
bibasic acids, they would by the loss of H20 entirely lose. their
saturating capacity. DBut according to the formule of Gerhardt
and Strecker, they ought to be monobasic.  'We are aequainted
with but one compound belonging to this class, namely, citro-
monanilic acid, which saturates an atom of silver, or of aniline.

Such being the case, the anilic salt of this acid (A" +B—
Ag®)+ B ought to have the same composition as citrobianilic acid,
A"+ B*—Aq? which is at present unknown.

It seems to me, that there is one very serious ohjection to be

that he arrived at this formula ; such a process, however, cannot be exact, for the
reaction takes place only in the presence of water, which necessarily dissolves and
destroys the cyanogen. By an analysis of the crystals I arrived at the formula I
have given ab8ve ; only that the oxygen must he replaced by sulphur.

by
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We should then have,

Citromonanilic acid ... e GRS NOY,
Neutral silver salt ..., v CHEHMACNOE,
Hydrobasic salt . CPHY“AgNO®+HAgO.

But the great rarity of basic salts of silver, forbids us to
accept such a result without a double or triple proof, and we are
led to ask, whether the above salt may not contain an atom of
water, or whether there may not be an error in the analysis.
Then its formula would become, '

CHYAgNOS + H20 ?*

I have founded the above remarks upon the assumption, that
citromonanilic acid was prepared from aconitic acid, which is not
the case. But Pebal, having prepared his acid by heating the acid
citrate of aniline to 150°, is it not possible, that the citric acid may
have passed into the state of aconitic acid, or preferably into the state
of aconito-monanilicacid? We ought therefore to ascertain, whether
this last compound can regenerate, aconitic or citricacid. Be this as
it may, the table I have given, will serve to control our rules, and
to show whether or not they are conformable to experiment.

The #riazilides A"'+B—Aq® have up to this time but
one representative, namely, phosphorazile or biphosphamide,
=H*PO'+ NH*—Aq? which body might also be considered
as a metaphosphoric nitryle HPO? + NH?*—Aq% With regard to
the difficulties springing from this consideration, I shall say a
few words further on.

The compounds of the form A" +B*—Aq are acid salts of
ammonia, aniline, &e., having for their acid the formula
A" +4+B—Aq. Acid phosphovinate of ammonia may be taken

as an example. Of the substances represented by B2, one must
be an alkaloid.

* I believe that this, and the preceding formuls, are incorrect. They should
be as follows :

Citromonanilic acid (unknown). Aconitomonanilie acid (known as citromonanilic.)

ClEHBNQOe GETHHPEGS

Acid silver salt (unknown). Acid silver salt (known).
G“I'IWAEND' G“H'“‘Agﬂﬂ:‘

Neutral silver acid ? Hydrated neutral silver salt ?
CW]’-lllng‘!Hnﬁ- C‘”I'I“J!l.g-"l\"ﬂ"-k 1120}

or CPHYAgNO" + HAgO,
The composition of Pebal’s salt accords with each of the lowest three
formule.—(W, 0.) '

g 2
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The compounds of the form A”' 4 B*—Aq are neutral ammo-
niacal, or anilic salts of the same acid as the preceding, namely,
A”+B—Aq. Of the substances represented by B3, two at least
must be alkaloids.

We may say then, that the three formula

Am e B == Qs
A" +B*—Aq,
A L Bi—A Qs

represent the acid, and the acid and neutral salt, and are, despite
the contrariety of their appearances, but three varieties of the
same type.

Compounds of the form A" +B*—Aq*® ought to be monobasic
acids. We have seen that A” + B—Aq represents a bibasic acid,
and we know that if to such an acid we add B, and abstract Aq,
it loses an unit of its saturating capacity.

We may adduce as examples the phosphodivinie, arseniodivinic,
and eyanurodivinic acids. Ammiline, which would be the cyanu-
rodiamic acid, is it acid or alkaline? We cannot say. It forms,
however, a monobasie salt of silver.

Compounds of the form A" +B*—Aq?® are ammoniac or anilic
salts of the preceding monobasic acids.

Of the bodies represented by B® one at least must be an alka-
loid. As an example of this class of bodies, we may cite the
phosphodivinate of ammonia.

The triclisides A" +B*—Aq*® ought to be neutral, since they
represent the monobasic acids A*+ B*—Aq* minus one atom of
water. We are acquainted with but two examples—phosphorelise
or phosphamide, and anilic citronelise, or citrobianil.

 The triemonides A + B*—Aq* have but a single representative,
namely, phosphoremon or phospham.

The triamides A +B*—Aq* ought to be neutral, since they
represent the simple amides of the monobasic acids A™ + B*—Aq®.
We may adduce the neutral phosphorie, eyanuric, and eitric
ethers, — the boracic ethers H*BO? + 3 CH'O — Aq®% and
H*BO?+ 3C*H*0O—Aq*—and melamine as examples.

The triamides ought to comprisé a very great variety of com-
pounds, for B? may represent three atoms of the same alkaloid, the
same alcohol, or the same hydrocarbon; or three atoms of dif-
ferent alkaloids, or of different alcohols, or of different hydro-
carbons; or of the three atoms, two may be alkaline or alcoholie,
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&ec., and the third atom belong to a class different from that of the
other two; or of the three atoms, one may be an alkaloid, one an
aleohol, and one a hydrocarbon.

I take this opportunity of showing, how liable we are to mis-
take apparent for real anomalies, Tribasie eitric acid by the loss
of an atom of water becomes changed into aconitic acid, which is
also tribasic. Suppose that in attempting to make citralese, or
citramic anhydride Ci”"+Am—Aq? we were to obtain a bibasic
acid. This compound might be a diameride, not of citrie, but of
aconitic acid, in which case its saturating capacity would
correspond with the rule, in accordance with the formula
A" (aconitic) + Am—Agq. Similar observations are applicable to
certain diamerides of phosphoric acid.

DIAMERIDES OF QUADRIBASIC ACIDS,

The horizontal band DD presents us with four ammoniac salts,
to each of which correspond four classes of diamerides.
The diamerides of the form “A” 4+ B—Aq ought to be tribasic.
I can only adduce one example of this kind, namely, Glad-
stone’s azophosphoric aecid, or rather pyrophosphamic acid
=H'P*0"+ NH?*— Aq. Gladstone’s formula, which differs consi-
derably from this, is inadmissible. ( Vide my observations in the
Tables.)
The compounds of the forms
"A" 4+ B'—Aq,
“A" 4+ B*—Aq,
"A” 4+ Bi*—Aq,

are the three ammoniac, anilic, &c., salts of the preceding tri-

basic acid. We ought to obtain with pryrophosphamic acid
= PhB)

The aerd=s- = | H2 {ThB)
Two acid salts..., {gﬂgﬁigﬁg-}
The neutral salt B(PhB)

One atom of B may be an alcohol, an alkaloid, a hydro-
carbon, &ec. (this is, so to speak, the dissimulated or copulated
B}, but the remaining three atoms must be alkaloids. We per-
ceive that no matter what the quantity of B, these four compounds
belong to the same type, and have the same. saturating capacity.
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carbyle, doppeltsulpheethyl-schwefelseure,* and terepthalic or
dicarbenzidic acid (for all the above compounds vide my observa-
tions in the tables).

Diameracids of the form 2 A" +B*—Aq*? I believe that the
erythrie, gyrophorie, usnic, and evernic acids enter into this cate-
gory. They may also be considered as anhydrides of the mono-
basic erythrilinie, everninie, &e., acids. ( Vide Tables.)

TABLE THIRD, COMPRISING THE FPRODUCTS OF THE ACTION OF
THE ACIDS TPON ONE ANOTHER.

Let us first of all remove the products obtained by the action
of nitrie acid, as represented in the following equations:

A'+A4—Aq
2A+A4—Aq?
3 A'+4A—Aqg?

4 A'+.4—Aq",
The saturating capacity of all these products is the same,
that is to say, precisely equal to that of the acid 4" employed.

sometimes SO%.H*N* (Rose), sometimes 280°H*N? (Jacquelain gives a different
formula) ; with naphthaline we have sometimes S0%Np, sometimes 250% Np,

Magnus® sulphate of carbyle absorbs water, and produces ethionic acid
which is bibasic, 2H*S0.C*H'* The rule of saturating capacity appears here to
be really at fault, for 2H*S0' in combining without elimination of water, with
C?H*, ought to retain a capacity of saturation = 4. Nevertheless, there is no
real anomaly. A metamorphosis has, indeed, taken place, and we are no longer
dealing with a combination of etherine C*H*, but with a combination of alcohol
C*H'.H*0. Consequently we must write the equation thus :

2H*S0'+ C*H*0—2 Aq. Ethionic bibasic.
‘We ought to have :

Sulphethenic acid (Regnault) ... H*S0'+CH' — Aq. Monobasic.
Eufp‘]lu"’j-niﬁ Mid-l BiEEdERdEaanraneanasnan tat H':EU“" + UEHﬁD_ ﬂqi 35
Disulphethenic acid (Magnus) ... 2H*S0'+(C*H' —2Aq. Bibasic.
Disulphovinic or ethionic acid .... 2H*S0*+ C*H*0—2Aq. &

The acid of Magnus transforms itself into ethionic acid ; will that of Regnault
produce sulphovinic acid, or an isomeride ! Lastly, pardon the supposition, may
not one of the so-called isomerides of sulphovinic acid be no other than sulphe-
thenic acid.

* Vide the series C*. Ethionic, disulfit-etholic acids, &c.

T This formula for ethionic acid is incorrect. The succeeding paragraph is
consequently inapplieable, but the remainder of the note is unaffected, inasmuch
as with C*I1* the calculated saturating capacity of ethionic acid would equal 3,—
(W.0.) '
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Compounds of the form 2 A"+ A'—2 Aq. By effecting the
reactions at two operations, we shall see that the product ought
to be tribasic. 1 scarcely dare cite meconic acid as an example.

C'H!0?=2 H*CO*+ C*H'O*—2 Aq.

Pyromeconie,
We have as the first step,
H:CO'+ CPH'O%—Aq=C°H'O’

Comenic bibasic.
H:CO*+ CSH'O"—Aq=CTHO",

Meconic tribasic.

SUMMARY.

Let us now recapitulate the principal observations we have
made, on the compounds comprised in our table.

1°. o analogous equations there correspond analogous bodies.
This is the principal result we have endeavoured to arrive at, in
our study of the action of bodies upon one another.

2°, The diamerides always correspond to the ammoniacal salts
placed in the horizontal bands A4, BB, CC, and DD; hence we
understand why the compartments to the right of the staircase
line XY, are empty.

3% The “quality” of B but very rarely exerts any influence upon
the saturating capacity of the diamerides.

4°, The * quantity” of B does not exert any influence. upon this
capacity.

5° In every case where B exceeds Aq, the product is an ammo-
nigeal® sall,—and the difference between B and Aq, indicates precisely
the quantity of ammonia which is in the state of ammonium, in the
diameridic salt.

6°. When B represents an alcohol, « hydrocarbon, §c., it never
exceeds Aq, but is either equal or inferior thereto.

7% In the diameracids B is equal to Aq, but must always be inferior
to the number representing the saturating capacity of the acid
employed. The difference between this number and that of the atoms
of B, represents the saturating capacity of the diameracid produced,

8% The diameracids and their ammoniacal salts are situated on

* For the sake of greater simplicity, I have applied the chief part of the
reasoning to ammonia.
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PART FOURTH.

ATOMIC THEORY,.

SECTION FIRST.

ARRANGEMENT OF Atoms.—(CompoUND RADICALS AND
Tyres.—THEORY OF RESIDUES,

ARRANGEMENT OF ATOMS.

IN the first part of this work, we endeavoured to prove, that
the atoms of compound bhodies are not arranged in accordance
with the dualistic theory, and we pointed out the incompatibility
of this system, with the equivalents that we employ.

Before proposing another system, we ought, in the first place,
to resolve the following question :—In compound bodies, is there
any predisposition in the arrangement of the atoms, from which
arrangement the chemical properties result 7—and if so, are we
capable of ascertaining what this predisposition really is ?—or, in
seeking to discover this arrangement, are we not pursuing a
chimera, and may not the atoms be simply disposed in a symmetri-
cal manner, having relation to the crystalline form of the body ?

I have often sought for the reasons that have induced the
majority of chemists to oppose this last system, but I have seldom
found any other than the following one; namely, that we should
then be obliged to represent the composition of alum by the
formula of H*™O"S'K*Al, and that the tendency of such formulae
would be to throw everything into the greatest confusion.

The point, however, that we are endeavouring to ascertain, is
not whether the empiric formula of alum will lead to greater or
less embarrassment, but, on the contrary, whether the atoms are
really disposed in such or such a fashion: whether for the purpose
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the one obtained by the action of nitric acid detonates when
heated in close vessels. This simple detonation is insufficient to
determine, whether the nitrogen of these compounds exists in the
state of nitrous, hyponitric, or nitric acid; we may readily, however,
restrict our suppositions. When HNO? is put in the presence of
CSHS,—H?0O is separated. Now in this case, all the oxygen of the
water is furnished by the nitric acid ; one part of the hydrogen is
necessarily furnished by the benzine, and it remains to be ascer-
tained, whether or not the nitric acid has supplied the remainder.
In the one case we shall have the two groups C°H® and NO? and
in the other, the two groups C°H' and HNO? The mode of
arranging the two groups in respect to one another is unimportant.
We reject the latter supposition, as being opposed to reasons
deduced from the isomorphism and analogy, which exist between
normal. bodies and their nitro-derivatives. ( Vide article, Nitro
Substitutions.) In the first case, we may ask in addition, whether
one only of the two atoms of oxygen is combined with the nitrogen
go ag to form nitric oxide, and whether the combustible property
is not due to the presence of this compound. Such a supposition
is, however, inadmissible ; for we find that sulphuretted hydrogen
seizes upon both of the oxygen atoms of nitro compounds, while
it never acts upon the oxygen of ordinary organic compounds,
except in some very rare eases in which a substitution of sulphur
for oxygen is effected,—a result never produced with detonating
bodies. In conclusion then, we are econwvinced that these nitro
compounds contain a nitric group, which most probably corresponds
to the red peroxide of nitrogen vapours.
Second argument. We have here a list of different bodies ;

1°. C"H®N 0°Cl
20' CITHEHNEDE’
3°. CSH2N 07,
4°. CHHOON?QVS,
5°. C1UHN 07,
ﬁ'ﬂ' G‘MHEEN&DIEJ

the composition of which presents us with very great differences.
Nevertheless, when acted upon by the same re-agent—ammonia
for example—they are all transformed into a certain particular pro-
duct containing C'"HYNO?: all of them, including this last produet,
when treated with bichloride of platinum give rise to the same
compound, C"H*NOPCFPt: all of them act in a very special and
characteristic manner upon the animal economy as violent poisons ;
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Now by the action of this same re-agent upon the great majority
of anilic compounds, even upon those which like the anilides con-
tain but an incomplete aniline, do we likewise find this transforma-
tion into chloraniline to obtain, as if all of the compounds in question
contained, if not a perfect aniline, at least its dismembered trunk.

We combine a bibasic acid, the carbonic for example, with two
equivalents of alcohol; the resulting ether can dedouble itself and
regenerate the two identical compounds from which it sprang.
Thence we conclude that it probably contains three groups
C, C% and C% This probability becomes a certainty, when we
examine the products of decomposition afforded by its chloro-
derivative. This body, when submitted to the action of heat,
potash, aleohol, ammonia, &e., is decomposed into various products,
which belong, one to the carbonic family C, and two others to the
aleoholic family C% Lest these results should be looked upon as
the effects of chance, or of affinities, we will adduce in addition,
the oxalates of methyl and chloromethyl; of ethyl and chloro-
ethyl, which comport themselves in a similar manner. The first
named bodies give rise to a product corresponding to oxalic acid
(%, and two other produets corresponding to methylic aleohol C,
the second to a product corresponding to oxalic acid C? and two
others corresponding to ethylic aleohol, C2

The perchlorinated and nonchlorinated bibasic suceinic ethers,
ought, for the same reason, to contain their carbon in three groups.
One C* gronp depending upon the succinic acid, and two C? groups
depending upon the aleohol ; hence these two ethers, when acted
upon by heat, potash, alcohol, ammonia, &e., are decomposed into
a product containing C% and two others containing C2% Only it
must be remarked, that the chloro C* products (chlorazosuceic
acid, for example) are very unstable, and are readily decomposed
into a C? product, and carbonic acid, which results, may render
the reaction apparently anomalous.

I do not know what are the three groups that exist in succinie
ether, what their position, &c.; but certainly the carbon exists in
three forms, or, rather, once as C!, and twice as C%. Were it
otherwise, there would be a thousand chances to one against our
obtaining the known reactions of this ether.

Third Argument.—If we add a single equivalent of hydrogen
to indigo, isatine, alloxan, or kinone; an equivalent of oxygen* to

* H=1= the atom of hydrogen; H?=2= the equivalent of hydrogen ;
O=]16= the atom and equivalent of oxygen.—(W. O.)
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But if we add to this hydrated eyanogen, a fifth atom of water,
then the properties of the quinque-hydrated compound resemble
entirely those of the quadrihydrate. In these two cases, the
water does not fulfil the same functions, and the fifth atom ought
certainly to form a separate group C*N*H*O* + Aq, no matter
what the arrangement of the remaining atoms of the oxalate.

The sulphuric anhydride can combine successively with 1, 2,
Scdinicany atoms of water. The first combination, SO? 4+ Agq,
does not in the least resemble the anhydride SO?®; whilst it
resembles in the highest degree the compounds SO? 4+ Ag?, SO? +
Ag®, SO+ Aq'. Thus ammonia, when put in the presence of
the anhydride, instantly gives rise to sulphammon; whilst with
each of the hydrated terms, we constantly find, that sulphate of
ammonia is produced. Hence, is it not natural to consider the
first term as a nonhydrated combination H*SO?Y, eapable of
forming the respective hydrates H*SO'+ Aq, Aq% Aq®?

Almost up to this present time, alloxan has been regarded as a
perfectly neutral body, incapable of combining with bases, and
not having any relation, either with the sulphuric anhydride, or
with the so-called hydrated acids. Latterly it has been ascer-
tained, that this alloxan, an &someride of allovanic acid, is no other
than the anhydride of alloxanic acid, combined with one atom of
water of erystallization, that may be eliminated at a temperature
of from 100° to 150°C. If this water did not form a group apart,
it would be impossible to conceive, why hydrated alloxan should
differ from alloxaniec acid. Under certain circumstances, the
hydrated alloxan C'H?*N*0'4 Aq absorbs, so to speak, its water
of crystallisation, and becomes metamorphosed into the so-called
hydrated alloxanie acid, H2C*H*N?0?,

I seize the occasion here afforded me, to again point out, that
the so-called hydrated acids do not contain water; for if so,
alloxanie acid would be identical with monohydrated alloxan.

Fourth Argument.—I confine myself to referring the reader to
the chapter treating of chloro-substitutions, and of re-instancing
to him, the chlorhydrate of bromocinchonine, which, when acted
upon by potash, gives rise to chlorhydric acid; whilst its iso-
meride, the bromhydrate of chlorocinchonine, gives rise, under
similar circumstances, to bromhydric acid, If the atoms of these
two salts were arranged according to their affinities, or according
to the crystalline form of the compounds, then, under the in-
fluence of potash, they ought necessarily to comport themselves in

an identical manner.
T
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namely, that all these bodies possess this much in common, a cer-
tain grouping of atoms, and that to this grouping they owe their
uniformity of properties.

Resting on the preceding arguments, I propose to show, that
we are singularly advanced in the question we are now agitating,
although, perhaps, unable to adduce a single body of which the
atomic arrangement is known to us.

The formula of a certain compound is expressed by
CBHBN?0". The compond has not hitherto been produced,
though everyone will allow, that it, and a hundred other analogous
bodies are instantly producible. It isa hydrated salt, formed by
an acid, the nitrophtal-nitranilic, and an alkaloid, methylo-ethylo-
nitrophenylamine. In accordance with our third argument, we
may directly alter its formula into C*H*N*O° + H?O.

In accordance with our second argument, we may arrange the
two following groups, or two others similar to them :—1°, nitre-
naphthal-nitranilic acid C*H?N?Q7 :—2°, the alkaloid C*H"N*0"

By referring to our observations upon ammonium salts, it will
be seen, that some uncertainty may exist, as to whether our salt
contains a body analogous to ammonium, amidogen, or imidogen,
&e.

The nitrophthal-nitranilic acid, as deduced from our second
argument, contains a group corresponding, more or less, to nitro-
phthalic acid, and another group corresponding with the remainder
of the elements, or more or less closely to nitraniline. Each of
these two bodies, in conformity with our first argument, contains
two other bodies, one of each pair being a nitro compound. The
alkaloid itself is constituted of at least three principal groups,
namely, of methylene or of methyl, and of etherene or of ethyl, and
of nitrophenyl or of nitraniline. The last group, in accordance
with our first argument, certainly contains a nitric compound.

Nothing hinders us from preparing a still more complicated
salt, for example, a hydrated nitrochloropthal-nitrebromanilate of
methylo-ethylo-amylo-nitroiodo-phenylium.

We could still indicate the situation of the chlorine, bromine,
and iodine in this compound, though we could not positively say
which were the constituent groups, nor how they were arranged
with respeect to one another.

By means of two salts similar to the preceding, one of which
should contain bichlorocinchonine, we might be able to prepare a
double salt. Could we not say, @ priori, that the salt would lose
water by desiccation, that it would be yellow and detonating,

T 2
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visional division of the radicals, according to the functions they
fulfil.

In the first division, we will place the alcinyles, ov alciniwms,*
which, like ammonium and kakodyl, are capable of playing the
part of metals, and of giving rise to diabasict salts.

In the second division, we will place the basylides, which have
a constitution analogous to that of uranyle. Some of them, as
uranyle, ferryle, and antimonyle, do produce diabasic salts ; others,
as nitryle, nitrosyle, boryle, and arsenyle, do not. Thus, in the
nitroso-ferrocyanides, the nitrosyle cannot be replaced immedi-
ately by any other radical, simple or compound.

The third class will comprise the metoyles (metal), or radicals
which play the part of metals, but which do not give rise to
diabasic salts, Such bodies, for example, as ethyl.

In the last class, we will place the rhyzonyles, or radicals
analogous to the non-metallic simple bodies; such, for example, as
cyanogen, sulphocyanogen, mellon, &e.

Dydimic ¢ Aleinyles } Jiabasia
and Basyles
dioie Metoyles

radicals. Rhyzonyles.

d ! } Pseudo-metals.
} non diabasic

Aleinyles.—1I shall not- enter here into the well-known argu-
ments for or against the theory of ammonium. T shall, however,
advert to the following one, for the purpose of showing, that,
with reference to the arrangement of atoms, the arguments we
believe to be most solid, have frequently but little foundation.

It is impossible, say some chemists, to admit the theory of
ammonium ; for we should then admit that ammonia, a body
which so readily cedes its hydrogen to chlorine, oxygen, and
even to sulphur, was, notwithstanding, capable of abstracting
hydrogen from chlorhydric acid, in order to form ammonium.
And we should, moreover, have to admit, that all the alkaloids, as
quinine, morphine, &ec., could equally remove this hydrogen, in
giving rise to quinum and morphum, &e.

The argument, when presented in this manner, has an appear-

* Bodies analogous to ammonia receive the name of alkalies or alkaloids,
although they have nothing in common with the alkalies, potash, and soda, I
propose to designate them by the term aleines, and bodies analogous to ammonium
and kakodyl, by the term alvinyles or alciniums.

t (amfaziz transitio), salts which undergo ordinary double decomposition,
such as those of potash and baryta.
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Nevertheless, the composition of the oxichlorides of kakodyl
and tellurethyl, of kakodylic acid, of kakodylic oxyifluoride,
&e., has been, up to this time, considered as discordant with the am-
monium theory. DBut we shall presently see, (series C*H', group
kakodylic) that though as regards the salts of the oxide of kakodyl,
the existence of kakodyl is admissible, yet, is it otherwise as regards
kakodylic, and fluo- and chloro-kakodylic acids, and we then find
the facts completely contrary to the theory of kakodyl.

Another very powerful argument has of late been put forward
in favour of the ammonium theory. We know, that stibethyl is
procurable, and that this radical decomposes chlorhydrie acid, and
expels the hydrogen therefrom. Iet us see if it be not possible
to explain this fact on the theory of ammonia.

The aldehydes and aleohols appear to be capable of forming
alkaloids, which differ from one another as do the aldehydes from
the alcohols, namely, by two atoms of hydrogen. Thus we have
arsine, or kakodine, or arsenamide of aldehyde,= As.C*H?, whilst,
ethylamine or the amide of aleohol= N.C?*H?® 4 H?: we find the same
relation between stibethine, the ammonia of the salts of stibethyl,
=5b.C*H" and stibethyl itself=Sb.CSH" 4 H?, which last, instead
of beinga radical, may be only a very unstable alkaloid of triethylo-
stibamine, 3 C*H*+H?*Sh. It would be scarcely allowable for us to
consider triethylamine both as a radical, and as an alkali ; yet this
i the result to which we should be driven, were we to consider tri-
ethylostibamine as a radical; or what would be equally contra-
dictory, we should have to admit, that triethylamine was an alkaloid,
whilst the same triethylamine with a substitution of antimony for
nitrogen, was a radical. Hence, let us consider triethylostiba-
mine as an unstable alkaloid, capable under the influence of
chlorhydric acid of losing two atoms of hydrogen, and being con-
verted into stibethine, which remains united with the chlorhydric
acid. In this manner, the hydrogen would be disengaged, not
from the acid, but from the triethylo-stibamine. Besides, stibethyl
considered as a radical, would by its constitution be altogether
separated from ammonium and kakadoyl. We have already
shown, that if ammoniais H*N, ammonium ought to be twice II*N,
together with H?; that if kakodine is C*II°As, kakodyl ought to
be twice C’H°As, together with H% But stibethine being
CH'™Sb, its radical or stibethyl ought to be twice CSTI'3Sh,
together with H?, whilst the stibethyl known to us, is but once
CSH'Sb, together with H?2,

The difference between the composition of its salts, and those
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alcoholic solution of bichlovide of platinum, so as to ascertain
whether or not salts of the real stibethyl are capable of existing.

Tellurethyl is evidently a dioic radical, formed, perhaps, of
(Eiill:l‘) In this form, like hydrostibethyl, it combines with
two atoms of chlorine. We are thus led to inquire, whether all
the dioie radicals ought not to combine with two atoms of chlorine,
or rather, whether the biacid bases (the neutral salts of which
contain two molecules of a monobasic acid) are not biacid, in
consequence of their being dioic. Thus, tellurethyl, hydro-
stibethyl, stannethyl, would be dioic, and consequently, biacid
radicals. These bodies must not be confounded with the didymic
radicals of semibenzidam, and flavine, &e., which likewise give
rise to biacid salts, for these latter salts are probably acid salts,
like the bichlorhydrates of quinine and cinchonine, and not neutral
salts, like the bichloride of tellurethyl.

According to Hofmann, triethylamine and trimethylamine are
only ammonias, in which three atoms of hydrogen are replaced by
three atoms of ethyl or of methyl. We may, however, represent
triethylamine as ammonia, in which each atom of hydrogen is
modified by the presence of etherine, and, consequently, formu-

; : H \?*
late it thus: N Et) .

Ethylamine, diethylamine, triethylamine, &c., being modified
ammonias,—ammonium, ethylammonium, kakodyl, stibethyl, &e.,
are modified hydrogens.

The modified ammonias retain the basie characters of ammonia,
and the modified hydrogens likewise retain the metallic characters
of hydrogen, so that as I have before observed, hydrogen is the
metal of organic chemistry.

This manner of regarding the constitution of ammonium,
namely, with one atom of hydrogen situated differently from the
other three, enables us to understand the singular anomalies
which exist, between the galts of mono, bi, and triethylammonium
and those of tetrethylammonium. We have in this way, no neces-
sity for considering the first mentioned compounds as salts of
ammonia, and the second as salts of ammonium.

In conclusion, the theory of ammonia appears to me to be
equally true with that of ammonium, and ammoniacal salts appear
to have their atoms disposed in such a manner, that it is inipossible
for us to say, whether they contain ammonia rather than ammo-
nium. Hence, the manner in which we formulate these salts,
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matters but little; we have only to consider simplicity, conve-
niency, and analogy.

Basyles.—1I have divided these compounds into two classes, the
diabasic and the non-diabasic. 1In the first class we find uranyle
which can be transported from one salt to another by the method
of ordinary double decomposition, and in the second nitryle,
or X, or NO? which plays the part of hydrogen, but cannot be
transported from one salt to another by the method of ordinary
double decomposition.

It may appear singular, to arrange, in the same class, uranyle,
antimonyle, ferryle, &ec., and nitric oxide, peroxide of nitrogen, and
arseniosyle As O, or what comes to the same thing, to put into the
same class, the basyl-oxides comprising :

Oxide of uranyle .... ... (U® 0)0
Oxide of ferryle ... .. (Fe*0)0
Oxide of aluminyle .. (AIPO)*O

Oxide of antimonyle ... (Sh O)*0
and the basyl-acids comprising ;

Oxide of arseniosyle (AsO )*0, or arsenious anhydride
Oxide of arsenyle . (AsO?)0, or arsenic anhydride
Oxide of nitrosyle (N O )0, or nitrous anhydride
Oxide of nitryle . (N O*)?0, or nitric anhydride
Oxide of boryle . (B O )*0, or boric anhydride.

I acknowledge that I have felt some degree of hesitation in
publishing these relations for the first time. But the composition
of the nitroprussiates, and the arseniosylic and antimonylic sul-
phates, does not permit me to doubt the analogy which exists,
between the oxide of nranyle and the oxide of nitryle. And, more-
over, in what part of the list I have just given, are we to establish
the line of demarcation? We should be disposed to locate it
between the bodies which play the parts of bases, and those which
play the parts of acids, and, consequently, between teroxide of
antimony and anhydrous arsenious acid, or precisely between two
bodies which have the greatest resemblance to one another, between
two bodies which are isodimorphous. Hence, any separation of
the first term from the last, appears to me to be an impossibility.

We have seen above, that the salts of uranyle have all the pro-
perties of neutral salts, and as we desire to employ a notation which
shall accord analogous formul® to analogous bodies, we are obliged
to consider uranyle as a radical, that is to say, as a body which like
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potassium, may be transported from one salt to another, without
effecting any change in the neutrality of each. Trueit is, that by
the adoption of this view, we should make the protoxide of
uranium play the parts both of a metal and of an oxide; a result
which would be considered as somewhat improbable. Recollecting,
however, that one and the same simple body may have several
equivalents, according to the several functions that it fulfils, we
may regard the free protoxide of uranium as an oxide of uranosum
=10, and the uranic oxide as an oxide of wran=(U*0)* 0, so
that the oxide of uranosum, U®0, would be isomerie, but not
identical with uranyle (U*O)%

We have equally seen, that nitryle (NO?)? is very frequently
substituted for hydrogen H? and ought equally to be considered
as a radical ; that it is the same with nitrosyle (NO)? and, conse-
quently, with ferryle, boryle, antimonyle, arseniosyle, &e.

It is to be observed, that all these radicals are dyadic like the
hydrogen whose part they play. In combination, they are

H, me NO,NO%U®0, &ec., and when set free they become

e, (4, ) (NOR(NOY, U0y ke,

From nitryle and uranyle I have argued up to ferryle and
arsenyle; Gerhardt has proceeded very much further, and from
nitryle and the oxide of nitryle, or anhydrous nitric acid, has
drawn conclusions with regard to all the monobasic anhydrous
acids.

Thus, according to him, anhydrous acetic acid would be the oxide
of acetyl (othyl) (C*HPO)*O didymic,—anhydrous benzoic acid,
the oxide of benzoyl (C"H*O)*O didymie, and the aceto-benzoic
anhydride as a double oxide of benzoyl and acetyl (othyl)=

€O 0,* dioi
{C?I_IE,DI' s 01C.

I am far from denying either the analogies, or the deductions
that Geerhardt has drawn therefrom, deduetions which would compel
us also to adopt Williamson’s opinion, concerning the constitution
of the hydrated acids.

But as in this work, I have proposed to avoid hypotheses, and
to see if it be not possible to construct a rational system based
only upon experimental laws, I shall not proceed any further with
this discussion on the nature of radieals, but shall show how

¥ Gerhardt’s formule were not, I believe, deduced from the above course of
reasoning.—( W, 0.)
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the acetie and nitrous anhydrides ; and as I represent the latter
by (NO)* + (), 20 must I represent the former by (C*IH*O)2 4 O.

Metoyles.—Dumas has summed up his opinion concerning the
constitution of the ethers, by comparing them to ammoniacal
salts ; or, in other words, if sal-ammoniae is a hydrochlorate, so
also 18 chlorhydric ether; but if the former body is a chloride of
ammonium, then is the latter a chloride of ethyl. All chemists
have adopted this opinion of Dumas; but some have considered
with him, that the ethers are salts of etherine; whilst others,
with Liebig at their head, have preferred the doctrine of ethyl.

I might repeat here the remark 1 have made in reference to
sal-ammoniae, to the effect, that chlorhydric ether may be but a

chloride of etherened hydrogen Cl + (]Ig), and free ethyl but

: H \?
hydrogen modified by etherene (E )

But another question ought, first of all, to be resolved;
namely, do the ethers constitute salts?

Were we to put aside all kinds of theoretical considerations,
and confine ourselves to an examination of facts, it would be
very difficult to find any analogy between ethers and salts.
What relations are there between their respective physical pro-
perties? What relations are there between ethers which are
not, and salts which are, obedient to the law of ordinary double
decomposition, and directly decomposable by acids, bases, and
salts?

How can we admit, that the soluble sulphovinate of baryta is
an association of sulphate of baryta, insoluble in all re-agents,
and of sulphate of ethyl, which is incapable of dissolving the least
trace of sulphate of baryta ?

By what caprice does it happen, that the sulphovinates, phos-
phovinates, carbovinates, and oxalovinates of potash, do not pro-
duce any precipitates with salts of barium, strontium, caleium,
and lead ?

It may be ureed, that by ebullition, or in the course of time,
we may convert sulphovinate of baryta into sulphate of baryta.
True, but may we not, in the same manner, transform oxamide
into oxalate of lime, or into oxalic acid and ammonia, although it
contained neither acid nor ammonia? The conclusion may be
easily enough deduced.

We attack benzine by nitrie acid,—water and nitrobenzide are
produced ; here the oxygen of the water must have been fur-
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We treat ammonia, aniline, benzine, naphthaline, wood gpirit,
aleohol, potato-oil, &e., by sulphuric acid. We obtain, on the
one hand, sulphamide, sulphanilide, sulphecbenzide, sulpho-
naphthalide, sulphurie methol, sulphuric aleohol, sulphuric amylol,
&e.; and on the other hand, sulphamie, sulphanilie, sulphoben-
zidie, sulphonaphthalie, sulphomethylie, sulphovinie, and sulpha-
mylie, &e. acids,

The same reactions obtain throughout :

Sulphamide ... v HESOP4+2HN —2 Aq
Sulphanilide ... ... H2SO'42CH'N —2 Aq
Sulphobenzide . H2ESO0'4-2C°H® —2 Aq
Sulphonaphthalide ... H*SO'+2 C*H* —2 Aq
Sulphomethylide . H*S0'+2CH'O —2 Aq
Sulphethylide . H2501 +2 CCHO —2 Aq
Sulphamylide e HESO+2 CPHM2O —2 Ag,

¢ Sulphamic ... HSO0'+ H:N — Aq
Sulphanilic ... H®S0'+ C°H'N — Aq
Sulphobenzidic .. H2SO0'4+ CPHE  — Agq
Acids. { Sulphonaphthalic ... H*SO'4+ C"H® — Agq
Sulphomethylic ... H*SO0'+ CH'O — Agq
Sulphovinie .. HESO'+ CHHPO — Agq
L Sulphamylie .. H2SO0'4+ CH"O-— Aq.

The sulphamie, sulphobenzidie, sulphovinie, &e. acids, the
oxamie, oxalanilie, oxalovinie, &e, acids, and the carbamie, car-
banilie, earbovinie, &e. acids, are all monobasie, decomposable by
distillation, capable, under certain circumstances, of absorbing
water, and regenecrating the bodies from which they sprang,
susceptible, under certain circumstances, of being transformed
into sulphamide, sulphobenzide, sulphovinide, &c.,—oxamide, ox-
anilide, oxalovinide, &e.,—carbamide, carbanilide, carbovinide, &e.,
—having the property of forming with baryta, strontia, lime, and
lead, soluble sulphamates, sulphovinates, oxamates, oxalovinates,
earbamates, and earbovinates, &ec.

We cannot admit that sulphobenzidie acid is an acid sulphate ;
why then, should we admit such a conclusion with regard to
sulphovinie acid ?

All these bodies appear to have the same constitution. Never-
theless, according to the theory of radicals, they must be formu-
lated as follows (Dualistic notation, Berzelius equivalents):
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we must not only léarn, whether or not they are salts, but must
mount a step higher, and determine rigorously, what we under-
stand by the word salt. How far we are from being agreed upon
the signification of terms, about which the whole of chemistry
revolves !

A salt is usually said to be the product of the union of an acid
with an oxide; yet Baudrimont affirms, that the metal lead is a
salt. Such an opinion may be considered unworthy of refutation.
We may remark in the first place, that the preceding definition
is applicable neither to chlorides nor to sulphides. The follow-
ing would however, be more general. “ A salt is a molecular
type, which contains a metal or hydrogen: a mefal that is capable
by means of a double decomposition of being replaced immediately
by some other metal, or by hydrogen;—hydrogen which may be
replaced by any metal whatever,”  Consequently, sulphate of
potash, chloride .of hydrogen, sulphide of potassium, and sulphide
of hydrogen ave alike salts. That, despite their metallic appearance,
the sulphides of antimony, lead, and iron, are salts, is incontestable,
The phosphide of antimony, and consequently the arsenide of
antimony, are also salts. In what does the arsenide of antimony
differ from an alloy of antimony ? Thus, the alloys are salts.  If
now, in the arsenide of antimony, we replace the arsenic by an
analogous body, by antimony itself, we shall have an antimonide
of antimony ; hence metallic antimony isa salt; and by the action
of arsenic thereupon, we have a double decomposition produced,
as seen below,

Sb Sb4 As As=5Sb As+ Sb As.

Have we not arrived at the same conclusion with respect to
the dyads? Have we not seen, that hydrogen is a hydride of hydro-
gen ; chlorine, a chloride of chlorine, &ec. ?

If the posphides, arsenides, and sulphides are salts, are not the

nitrides likewise? Is not the trimercuric nitride Hg®N a salt ?
Is not the bimercuric Hg?HN, is not the monomercuric HgH?N,
and consequently is not their correspondent the trihydrie nitride
H*N ? Thus, as we have already said, ammonia is a salt of hydro-
gen, and consequently a tribasic acid. Who will dare to settle the
question by saying, this which is to the right is a salt,—this which
15 to the left is not so? '

In conclusion, if the nitrate of ethyl is a salt, its formula should
accord with that of the nitrates; if it is not a salt, it ought to be
noted as a diameride. Thus for my part, the question that I agitate,

U
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18 not one of theory but of experiment. Are the ethers salts? Their
notation, their classification, their nomenclature, all depend upon the
solution of this question. If the possible existence of non-diabasic
salts could be proved, the objections that I have made as regards the
solubility of sulphovinate of baryta, would immediately fall to the
ground ; for after that, it would be easy to prove, that the sulpho-
vinate of baryta ought to be soluble, that it ought not to be
decomposable into sulphate of barium, and sulphate of ethyl; and
lastly, that sulphate of soda ought not to form in a direct manner
a double salt with sulphate of ethyl.

Rhyzonyles.— Among these radicals, we arrange cyanogen,
sulphoeyanogen, ferrocyanogen, mellon, the radicals of Davy,
such as SO3, SO4, &e.

There exists a multitude of chemical types, binary, ternary,
quaternary, &c., that can exchange the metals they contain for
some other metals; these are my saline types, or salts. When we
put two types of this deseription into contact with one another, as
for instance the ehloride of barium, and the margarate of potassium,
the two metals reciprocally replace one another, and we obtain a
chloride of potassium, and a margarate of barium. From this
fact, most chemists deduce these two consequences; firstly, that
potassium is analogous to the barium which it replaces; secondly,
that margarogine or C'"H*0? is analogous to the chlorine which
it replaces, This latter consequence appears to me to be about as
correct as the following ; supposing that we have two polyhedrons,
the one with four, the other with a hundred faces. We remove an
angle from each of the figures, and we put the angle of the first in
the place of the angle of the second, and reciprocally the angle of
the second in the place of the angle of the first.

The two exchanged angles fulfil the same functions, and we
thence conclude, that the two mutilated polyhedra, each minus an
angle, are analogous to one another,

Such in effect is the theory of Davy, which, if it be not
admitted by all chemists in every circumstance, is applied by
nearly all, to the cyanides, sulphocyanides, mellonides, &e.

For my part I confess, that I do not understand this distinetion;
I do not see in what the sulphocyanides differ from the eyanates,
the mellonides from the eyamelurates; still less do I understand the
establishment of a distinetion between the sulphoeyanides and the
cyanates, while none is established between the sulphocarbonates
and the earbonates. '

All the reasonings that have been put forth for the admission
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of radicals of this kind, are about as solid as the lollowing :—We
have a molecular group PO'M?, representing a phosphate; and as
M? is capable of being replaced by K?, Fe?, Mn? &e., we conclude,
that the atoms have this disposition

PO+ M3,

and, consequently, that PO* is a radical analogous to nitrogen,
which also gives rise to tribasic salts N + M2

But as we may also replace O* by 5%, Set, we onght to acknow-
ledge the existence of the following grouping :

PM3 4 O,

and as on the other hand we may replace PM?* by SM? so as to
form a sulphate, we must admit that PM? is analogous to SM*

We may yet replace the phosphorus by arsenic or antimony,
and ought thence to represent the phosphate by,

P 4 M2O-.
Whether the cyanides are represented thus, CN +M, or thus,

CM + N,or thus, NM + C, or thus, I\'CI_.,.;[’ the action of metals, oxides,

acids, or salts upon them, will not become more clear, neither will
the phenomena be more comprehensible.
I can, indeed, understand why margarie acid should be repre-
sented by
CITHEHD'& + H -

because out of the 34 atoms of hydrogen, there is one that com-
ports itself differently to the rest. But in the cyanides, I do not
see any motive for separating the hydrogen or metal from the
carbon and nitrogen.

It may be urged in reply, that cyanogen exists in the free
state, and is analogous to chlorine. The analogy that we
remark between these bodies, is of the same order as that which
exists between chlorine and margarogine.

In what point does chlorine comport itself like eyanogen ? Does
it, in the presence of water, give rise to a compound analogous to
oxamide, or to oxalate of ammonia? Does it combine with sulphu-
retted hydrogen? Are the cyanates or the fulminates analogous
to the hypochlorites, or the chlorates? How can the fulminates be
combinations of cyanogen, since they are prepared by the action
of nitric acid upon aleohol, since they fulminate like the picrates,

U 2
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the part of O, or one volume; a circumstance of which we have no
example throughout chemistry.

I shall not stop to examine, whether or not the thousands of radi-
cals and of copule that are admitted in the school of Berzelius (vide
his last * Traité de Chimie,” that of Leewig, &ec.) ought to be
considered as such. Prior to their receiving the right of an asylum
in science, I hope that eurkyzene will first of all enjoy the
privilege.

Some years back I made the following announcement :

“T have just discovered a radical which I shall call eurhyzene,
and which I shall represent by Eu® analogous to Cl% For the
present I shall pass over its composition, and confine myself to
indicating its preparation and principal ecombinations. We may
obtain it, by treating eurhyzhydric acid by peroxide of manganese
and sulphuric acid: we have the following reaction:

“ Mn?0? + SO? + En?*H?= Mn*0.S0? + H*O + Eu®

* Kurhyzene put into contact with potassium, gives rise to the
eurhyzide of potassium KEu, and this salt treated with sulphuric
acid, sets free eurhyzhydric acid:

“H*504+2 KEu=K?*50*+2 HEu.

¢ This acid when acted upon by potassium, disengages hydrogen
and forms eurhyzide of potassium,.

“ When we add to chloroform a small quantity of water and of
eurhyzhydric acid, we obtain a chloro compound analogous to
chloroform :

« CHCP + H?0 + HEu=CH { ?u +3 HCI,

“namely, the eurhyzidoformic acid.

“If we treat chloroform by eurhyzhydric acid only, we obtain
an eurhyzide of carbon, analogous to the formylie chloride of
carbon : G

“ CHCI*+ H*Eu*=CEun®+3 HCI.

“Potassic eurhyzide forms with benzoic chloride a potassic
chloride and a benzoic eurhyzide. We may obtain similarly the
curhyzides of methyl and ethyl, &e. Burhyzene can, by a direct
action, remove the hydrogen from a very great number of organic
substances, and its resemblance to chlorine is carried so far, that it
forms with sulphurous acid, a body analogous to sulphuric oxi-
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know the atomic arrangement of compound bodies, which we
ought, therefore, to represent by empiric formule. We must
regard these residuary formulwe, simply as destined in certain cases
to facilitate a manifestation of analogies, and a comparison of
reactions.

Moreover, by considering the residuary formule as the ex-
pression of a theory concerning the arrangement of atoms, we
should fall immediately into the same difficulty as we have encoun-
tered with regard to copule and radicals. The same questions would
be again raised; only, instead of asking which are the copul,
and which are the radicals, we should have to ask, which are
the residues that exist in such and such a body? what functions
do they fulfil? can they exist in the free state ?

I will take benzamide as an example. We may prepare it
firstly, with chloride of benzoyl and ammonia, when we have
for the residues

C'H?0 Cl+ H3N
—Cl—-H
CH'0O +IN;

secondly, with benzoic acid and ammonia ; when we have for the
residues
C"H®0?+ H3N
— 0 —H?
IO +HN;
that is to say, that, in the first case, the two residues are benzoyl
and amide ; in the second case, hydride of benzoyl and imide.

As another example, we will take sulphonaphthalic acid;
when prepared by the aid of sulphurie aecid and naphthaline, it
ought to contain two residues, according to the equation :

H*SO*+ C'"H*
=0l
H*502 4 C'°HS.

We may, also, prepare this acid by means of sulphurie anhy-
dride and naphthaline ; in which case the sulphonaphthalic acid is
not a residuary compound, but is the result of a simple union of
the anhydride and naphthaline. Thus we see that the guestion is
quite as intricate as that of radicals.






CHEMICAL TYPES. 297

types, is to establish a chemical classification, based upon the
number, nature, functions, and arrangement, as well of simple, as
of compound atoms,

Supposing that the question be put, as to whether oxides and
chlorides belong to the same type. A more simple question
cannot be proposed; nevertheless, some chemists, representing
the above bodies by the formule MO and MCI, admit the
identity of types; whilst others, representing them by MO and
MCI2, or, as does Gerhardt, by M*0 and MCI, reject this
identity.

There is, moreover, a difference of opinion even among the
chemists who make use of the same formule MO and MCI; for
according to some of them, oxygen and chlorine play the same
parts, while according to others, they do not: so that among the
former set, the identity of type is admitted, and among the latter,
denied.

The case will be rendered more evident by the following
example: we are asked, whether the cyanates and the sulpho-
cyanides belong to the same type. There will be no hesitating for
areply among the chemists who consider oxygen, sulphur, selenium,
and tellurium, as equivalent bodies.

But we know that opinions are divided in reference to the
above question, and that in general, the type M?0.Cy?0 is attri-
buted to the cyanates, and the type M®:Cy*S* to the sulpho-
cyanides. If to the chemists who admit the functional equi-
valence of the simple bodies I have just mentioned,—who consider
the sulpho, bisulpho, and trisulpho carbonic ethers as belonging to
the same type,—if to them we were to put the question, do the
pentasulphide, hyposulphite, and sulphate of potassium, belong to
the same type, the reply would certainly not be unanimous.

0 0
E.CO° EeC{g EeC{g  EuOS:
2
RGBS K s o B

I have said, that the idea of chemical types appears to be
independent of all theory concerning the arrangement of atoms.
This is perfectly true, up to a certain point. Dut if it is not
necessary to know the atomic arrangement of the two bodies
that we compare, nevertheless we must know, whether it is the
same for one as for the other, be the arrangement what it may.
The question thus put (and the actual state of our knowledge
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to them, for the purpose of showing the new difliculties in this way
called forth. I presume that others will agree with me in
admitting, that chlorine by its substitution for hydrogen in the
molecule of carbonic ether, does not change the type of the
compound. Then do I ask, is it not the same in all other cases?
for example, when Dutch liquid and chloro-hydrochloric ether
(C*H*CLCI) become completely chlorinated. If an affirmative
reply be given, a difficulty of a new kind will immediately oppose
itself.

Chloro-hydrochloric ether and Dutch liquid being isomeric,
cannot have the same atomic arrangement, cannot belong to the
same type. Hence, if in becoming per-chlorinated, each of the
two bodies preserves its atomic arrangement, we ought to obtain
two isomeric perchlorides of carbon, C2*CI% one possessing the
arrangement of hydrochloric ether, the other that of Dutch
liquid. Such, however, is not the case; for the two chlorides of
carbon are identical, and consequently, at some time during the
process, the type of one of the bodies employed, was destroyed,
and replaced by that of the other.

In addition to this modification, I have introduced two others,
which are far from being adopted by chemists. I confine myself
to recalling them to the recollection of the reader. The first
consists in reducing ferrous and ferric, manganous and manganic
salts to the same type; and the second, in attributing certain
simple bodies to the same type as certain compound bodies, as
instanced with chlorine, hydrogen, and chlorhydric acid.

Dumas, has in his turn, proposed new modifications of the idea
that we had of chemical types. But having treated this subject
rather as a poet, than as a philosopher, it is not easy to comprehend
his exact meaning, and we might even draw from his theory, de-
ductions that he would be the first to repudiate. Dumas admits that
niot only chlorinated, but even oxidised bodies, belong to the same
type, as the hydrogenised bodies, from which we may derive them
by equivalent substitution. Thus, according to him, aleohol and
acetic aecid, despite the difference of their properties, belong
to the same type; consequently, carbonic acid, CO? should
belong to the type of Marsh gas CHY, alcohol C*H®O, to the type
C*H®. Tartaric acid, C*H®0", to the type C'H', &c. Never-
theless, a little further on, he has admitted an aleoholic type, and
an acetic acid type, differing one from the other.

No matter what the material, says Dumas ; no matter whether
the statue be of bronze, or marble, or ivory, it is always the same
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The third division, by a nucleus, plus 1, 2, or 3, molecules of
one of the following monades O, S, Se, Te;

And the fourth, by a nueleus, plus H*O, H?*S, H*Se, or H*Te,

To this series we must yet add another division, that shall com-
prise the anhydrides, the composition of which may be represented
by a compound of the third division, minus }, 1, or 2 atoms of
water. We shall arrange these bodies under two heads:

1°, Into anhydrides, properly so called, or bodies of the third
class, minus that quantity of water which precisely represents their
saturating eapacity ; and

2°. Tnto dianhydes, or bodies of the third class, minus a quantity
of water that represents the double of their saturating eapacity.

Thus monobasic acetic acid gives rise to an anhydride
C*H'O*—L Aq, or 2 C*H*O*—Aq ;* monobasic formic acid to a
dianhyde CH?0*—Aq; bibasic carbonic acid an anhydride,
CH20?—Aq; and Dbibasic lactic acid, an acid of an entirely
different class, gives rise both to an anhydride and a dianhyde

CH"™0°—Aq, and —2 Aq.

These are the principal divisions comprised in the first part of
the series, or that devoted to the aplones.

The second part contains the diamerones; these bodies arve
formed by the union of aplones belonging either to the same, or to
different series, and with or without elimination of water and
chlorhydric acid. Confining ourselves to the best known instances,
we have said, that the halo and hydrodiamerides contain the resi-
dues of the body which have served to form them.

- If there were but one single general process for the prepara-
tion of these diamerides, it would be very easy for us to construet
a hypothesis concerning their residues, and to employ it as a
means of classification. But we know, that one and the same body
may be prepared according to several different processes, so that
we cannot admit the invariable existence of any one particular
residue, even of any residue at all. Sulphobenzidic acid, for
instance, being prepared by the direct union of sulphuric anhydride
and benzine, without any elimination of water.

Nevertheless by having recourse to a very simple convention,
we may readily resolve the above difficulty.

*# The monobasic anhydrides should, properly, be placed among the diame-

rides, but in deference to custom, or as a provisional arrangement, we may leave
them among the other anhydrides.
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ing example which represents the formation of ehlorophosphide of
nifrogen:
PO‘H® + {Si1i } —4 Aq=PCEN.

A much simpler method, however, is to refer the formation of
this body to the action of phosphoric chloride, and to make a
separate class of the halodiamerides.

Having thus reduced the preparation of the hydrodiamerides to
a single process, it will be easy for us to classify them, or rather
our classification is already made, for we have but to transport
hither our great table of the diamerides (vide page 240) and then
to arrange each compartment in a line with its label, which will
serve to designate the bodies contained.

To this table we will yet attach certain other divisions as seen
below :

DIAMERONES.

[  Diamerines or -
AtrBor B4+B
slkelods § by A+B or B

1. Hydrodiamerides Diameramides by A+ B

il Bt (o) P D tlermcsds. B A (AVGR)
Diameraies ... by B4+ D’
Syndiamerides by n(A + B).

I1. Halodiamerides.

diadelphi
Adelphi ..{ triadelphi

I111. Paradiamerides . ... ;
polyadel 1}]11

Synheteres.

The diamerines are alkaline; the diameramides, neutral; the
diameracids, as their name indicates, acid; the diameraies neutral ;
and the syndiamerides (which are bodies formed by the condensa-
tion into a single molecule of several molecules of the diamerides)
may be neutral, acid, or alkaline. Thus the eyanurie, cyamelurie,
mellonhydrie acids, &e., are syndiamerides.

The paradiamerides are bodies but little known ; I divide them
arbitrarily into adelphi, or compounds formed by the union of

* I make use of the name diameride to designate such of the hydrodiame-
rides as are prepared by means of at least one acid.
A and A’ designate the acid, T3 and B’ the non acid bodies.
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But when I published my first series, I relied with confidence
upon the following principle :—

If two analogous bodies undergo the same metamorphoses, the pro-
duets will still be analogous.

This is the principle of analogy; that which guided the
chemists to whom we owe the discovery of the second alcohol, the
second amide, the second amidic acid,—that which enabled them
to predicate the metamorphoses, as well as the composition of
the products to which they gave origin.

But how far may we follow this guide without falling into
error? how far may we make use of it as a means of classi-
fication ?

We have two analogous bodies, formie, and acetic acid; from
each of them we abstract H20?% and substitute instead NI ; one
of the products thus obtained is acid (cyanhydric acid), the other
is neutral (acetonitryle). We have here two other analogous
bodies, the bicarbonate and bicamphorate of ammonia ; from each
of them we subtract H*O? and the one product is cyanic acid,
and the other camphorimide. Citric acid, which is tribasic, con-
tinues so after the loss of H*O. And, in the same circumstances,
tartaric acid, from being bibasic, becomes monobasic,—whilst
alloxanic acid, from being bibasic, becomes changed into a neutral
body.

Let us take the two bibasic aecids, eamphoric and alloxanie,
and let us submit them to the action of the same reagents.
The one gives rise to a diamide, an amidie acid, and a di-imide,
&ec.; whilst the other produces mycomelinic acid, uramilie acid,
uramile, murexid, murexan, and many other bodies, which do not
appear to offer any analogy with the products obtained from
eamphorie, or from any other bibasic acid.

I conceive, that in the presence of such facts, chemists may be
very guarded, and may consider analogy as only a somewhat
questionable index.

Nevertheless, I have always felt great confidence in this
principle, and have been disposed to consider the exceptions as
only apparent anomalies, which would, sooner or later, receive
their explanation, and accord with the rule. Thus, as has been
seen, I have raised doubts concerning the nature of the functions
usnally attributed to the cyanhydriec and cyanie acids ; and it will
be seen further on, that the alloxanic and dialuric acids, despite
the contrary appearance, do comport t]‘l?l’nSEl‘FES exactly as does
the eamphoric acid.

X
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On- the other hand it is possible, that the characters npon
which we rely for the determination of analogies, have not the
values that we attribute to them. Thus, at one time, naturalists
attached a great value to the exterior forms of animals, and to the
medium in which they lived; and, consequently, they arranged
whales and seals among fishes. At the present day, when less
value ig accorded to the medium, and more to the interior form,
the preceding animals are classed among the lower ranks of the
mammalia. There are even some naturalists, who, from an
attentive examination of the intelligence, and the hand of the
seal, are disposed to give it the first place after that of man.

Formerly, metallic aspect had a great value, and tellurium
was placed among the metals. Solubility and taste were not less
influential; so that boric acid was placed among the salts, and
carbonate of lime excluded therefrom. _

At the present day, the greatest importance is attributed to
electro-chemical characters, and, consequently, the neutral trichlor-
aniline is separated from the basic bichloraniline, and cyanhydric
acid from neutral acetonitryle.

For our part we attach but a secondary value to these charac-
ters; since we know that one and the same body, as glycocine,
may play the parts of an acid, of a base, and of a neutral
body.

If we glance at the general aspect of our series, we shall
recognise a remarkable agreement between the composition and
the functions of corresponding terms; and if here and there we
meet with some irregularities, this will not be a sufficient reason
for our displacing the bodies in which they are manifested, any
more than we should be justified in separating the white lily
from the bulbiferous lily, in consequence of the latter, instead of
bearing its bulbs upon its roots, bearing them upon the axis of
its leaves.

Several methods present themselves to us for the classification
of the series; or, what comes to the same thing, for the classifi-
cation of the hydrocarbons.

We may remark, in the first place, that there are not any
hydrocarbons which contain a greater number of molecules, or
equivalents of hydrogen, than of molecules of carbon, with the
exception of certain hyperhydrides, in which the number of
hydrogen molecules exceeds the number of carbon molecules by
one unit only (CHZH? C*H*H? C°H®.H? &c.); but at present
we need not oceupy ourselves with this deseription of carbides,
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The following are the means afforded to us for the classifica-

tion of the series.
Firstly.—We might associate, in the same order, all the car-

bides that contain the same quantity of carbon, and subdivide
the orders into series, according to the number of the molecules of
hydrogen. We should then have the following divisions : —

FIRST ORDER, C.
First Series.
(H>
SECOND ORDER, C2
First series. Second .aeries.
C*H? C2H*
THIRD ORDER, C3.
First series. Second series. Third series.

18 C*H\ CHS.

I shall revert to this method presently.

Secondly.—We might associate in one and the same order, all
the hydrocarbons which present the same relation between the
carbon and the hydrogen; and subdivide the orders into series,
according to the number of the molecules of hydrogen, thus:—

FIRST ORDER. nCH?2
1st series.  2nd series.  3rd series.  4th series.  5th series.
CHz=. C2H-*. CEHE. CiHE, CEH™,
SECOND ORDER, nC2HZ
st series.  2nd series.  3rd series.  4th series. 5th series.
OEI{E. C-i l.i'l._ CE [-IE+ G-HHH' C 1 HHI El-_
THIRD ORDER, nC*H?2 -
lst series.  2nd series.  3rd series.  4th series. 5th series.
CSHE C‘EH‘ CHH’E GIEI_IE CLTIIHW-_
FOURTH ORDER, nC*H*.

lst series.  2nd series.  3rd series.  4th series. 5th series.
CeH-, CFHE COH2 U] 16 OIS0,
X 2






CLASSIFICATION OF THE SERIES. 309

will be both analogous. and homologous; that if from C'H"O?
and CSH20?, we abstract CO? the two residues C'I1', and C°H"
will be both analogous and homologous ; and that if from the ana-
logous and homologous, ecarbonates of methyl and of ethyl
respectively, we subtract CO?, the two residues, methol and ethol
would be still analogous and homologous; and that if from
2C*H'Q% and from 20'H*0? we abstract CO%H®O, the two
residues, acetone and butyrone, will still be analogous and
homologous.

My principle then, pushed to these last subtractions, ought to
have led me to the consideration of homology. But somehow, I
do not know why, it never occurred to me to apply my principle,
in the cases where the two bodies compared, lost or gained:
carbon.

It was not from any development of this principle, that Ger-
hardt arrived at the relation of homology ; but simply from com-
paring the properties of the bodies themselves. '

If homologous bodies did not present an analogy of properties,
we should have to reject this classification; but that they do
present this analogy, is obvious from a glance at the homologous
compounds of the series CH? C2HY, C*H% &e. It is troe that
these series have been already associated without the aid of homo-
logy, and that their analoey might be attributed to the geome-
trical relations which I have indicated.

But in addition to this series, we meet with others in which
the members are also analogous and homologous; such are, for
example, the pyridie, phenie, toluie, xylenie, mesytie, and cymenic
series.

Nevertheless I ought to remark, that there is sometimes an
analogy between two series without there being any homology ;
as in the benzoic and cinnamic series. I propose to classify the
homologous series in the following manner. To determine the
order of a hydro-carbon, I take the figure which represents the
difference between the number of the molecules of carbon, and the
number of the molecules of hydrogen, which figure I augment by
one unit. .

It must be remembered that two atoms of hydrogen or H?
represent but one molecule, then:
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not contain more than two atoms of oxygen in the monobasic, or
more than four atoms of oxygen in the bibasic acids:

2°, The polyoxides, of which the monadides contain more than
two atoms of oxygen in the monobasic, and more than four atoms
of oxygen in the bibasic acids,

Oligoxides,

A I

Polyoxides,

I then divide both classes by a single vertical line, so that all
bodies will be distributed in a square of four compartments.

The first compariment contains all the compounds which
belong to the series CH2 C*H*, C*HS &e.; that is to say, to
methylene, etherene, propylene, butyrene, &ec. These compounds,
in addition to the analogies which I have already pointed out,
manifest the following very remarkable peculiarity. The mem-
bers of the superior series are capable of passing successively
into the inferior series; as, for instance, when, by oxidation,
wax and the margarie, stearie, and cetic acids, become succes-
sively converted into suberie, enanthylie, pimelie, adipie, caprylie,
valerie, butyrie, suceinie, and acetic, &c. acids; and the members
of the inferior series are capable of entering regularly into the
superior series, as when the cyanide of methyl passes into the
ethylic, and the cyanide of ethyl into the propionic series, &e.

The second compartment contains all the other series of the
oligoxides. Among these there is a very considerable number of
bodies, which are possessed of the common property of passing
from one series into another, and of finally transforming them-
selves into various compounds of the phenic series. Thus the
members of the naphthalie, alizarie, phthalie, ereosotic, cinnamie,
terebie, coumarie, anisie, indigotic, salycilie, and benzoic series,
transform themselves into benzine, aniline, phenol, picric acid,
and chloranil; as if all these members contained a phenic nucleus,
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Salicylic Series CTHS,

Salieylal 1210 = LA O L
Chloro-salieylal CTH?® CLO?
Nitro-salicylal .. ° .. CO'H* X.0?
Sulpho-salicylal C'H¢ .08
Salicylic acid AT ) s GO O
Chloro-salieylic acid C™H* CLO?
Nitro-salicylic acid ... C"HS X.0°
Hydro-salicylamide ... vl SSHETHEDS S ORI
Nitrohydro-salicylamide ... 3 C7H? X.0 N*
Salicylamide o o GTHS ONNE &

This singular discordance induced me to think, that the atom
of oxygen in excess might indeed belong to the nucleus. Let us
then agree to refer the atom of oxygen in excess to the nucleus,
as if the saliecylic compounds contained C'H®O derived from
CTHS.

According to this convention, the two series would be formu-
lated as follows :

Benzoic series.

Benzene .. B4 5 L
Benzal (OIHSE 26
Chlorobenzal s i C"H*CLO
Nitrobenzal C™H2X.0
Sulphobenzal e e GUELS L S
Benzoice acid C™He .0
Nitro-benzoie acid C'H*X.0?
Benzamide (C'™H¢ .0 .NH
Benzhydramide ... orted SALIETS - N R
Salicylic series.
Toluene ... CTH®
Salycene .. CHO
Salicylal .. C'H®E 0.0
Chlorosalicylal ... A0 C'H°CL10.0
Nitrosalicylal st METEIXE RO
Sulphosalicylal ... e AEEHSE GES
Salicylic acid i L EEIERS ) @07
Nitrosalicylie acid o UG CRTO TR (0)1()2
Salicylamide e WGTHE 0.0 NE

Salicylhydramide ... veent s U GRS, () N2 &
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atoms of oxygen, and bibasic acids, which contain four, and which,
in :rnns.l_".:'{uc!‘nﬂﬂ, ought to be associated with the polyoxides. But
by having reaard to the distinetion I have just made, we may leave
these acids among the olizoxides, since the oxygen of the nucleus
ought not to be taken into account, as regards the monalides, deute-
rides, and tritonides.

Thus butyric acid C'H®0? which is a deuteride, becomes
changed by oxidation into bibasie succinie acid C'H 0.0, which
is a tritonide and not a 4-ide.

v. Having thus classified the above seriated bodies, there yet
remain others, which are unattached to the preceding by any rela~
tions, which are quite isolated therefrom, and of which we know
neither the functions nor the metamorphoses. It is evident that
such bodies cannot find a place in our classification: it would be as
reasonable to desire the classification of a plant, whose stalk or leaf
only is known to us.

Lastly, there are others which fulfil, perhaps, new funetions,
and which have no analogies among the bodies hitherto known ;
we must, therefore, wait for the discovery of other bodies enjoying
the same properties, when they will readily find a place in a new
family or in a new genus.

For the present, I make a general appendix of all these bodies,
and establish the following divisions among them :

1°. ALKALOIDS.
2°. VEGETABLE SUBSTANCES,
a. Acids
b. Neutral prineiples
c. Hssential oils
d. Resins
e. Colouring matters.

3°% ANIMAL SUBSTANCES.
a. Urie combinations,
(these are seriated in respect to one another, but I am unable to
localise the series.)

b. Various.

4° INCRYSTALLISABLE SUBSTANCES,
Fibrin, albumen.

The alkaloids must sooner or later become classified in the
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those which are ordinarily admitted. Myricine would then contain
Co2H# 0", and would be composed of 1 molecule of anhydrous
cetic acid, and 1 molecule of oxide of melissyl.

These two latter bodies, C¥*H#0%0, and C*H'"%.0, would not
be susceptible of any further simplification, in consequence of
the numbers 62 and 122, or in equivalents 31 and 61, being
indivisible.

When fifteen or eighteen years ago, I first put forward this
principle, it was very far from being adopted; and even at this
present day, I do not know of any one who is disposed to entirely
recognise its justness. Moreover, at every step we meet with
inacceptable formule and equations, such as the following :—

Proteine o B A e s

Fibrine .... b, RIOCHIEISENIOCY A SRS

Fibroine ... C¥EHeN2)7,

Sponge ... e 20C¥HENZ0V -+ IPPUS?,

Bromate of cobaltammon 6 B20%+ Co*0?+ 14 H3N + 12H?0,
Anorthite .. (3810*+ 9 R*0)+ (8 S10°+ 8R'0%.)

Action of carbonic acid upon a carbonate of magnesia.

11( 8 CO% 9Mg?0.5 H2O)+ 2CO02,
=9(10 CO%.11Mg*0.5 H?O)+ 10 H?O,

Action of potash upon a chlorinated product of methol.

3 CH'SCI"0°®+ 9 K*O + 8 H*O
=18 CIK +4 CH?*0?+ 6 C*H*O? +2 C'H'CI’,

Decomposition of rubian by acids.

—4 QU0 14 H*O;
SIS G '{ = gungﬁli 92 CUH20* 4 12H20.

Decomposition of ruberythric acid by acids.
CPHR0¢ = CPHB0Y 4+ C?H*0' + 9H?O.

Certainly chemists have perceived for a long time past, that
combinations and reactions not unfrequently take place in very
simple relations; but, from the preceding formule and equations,
it is clear, that they never thought of adopting the principle 1 have
just adduced.

2° I admit with all chemists, that the properties of compound
bodies depend upon the nature, the number, and the arrangement of the
atoms. But I admit moreover, that order or arrangement has fro-

X
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In studying the nature of substitutions, we have seen, that
however numerous were the simple bodies that entered into an
organic compound, we might always reduce them to the three fol-
lowing,—carbon, hydrogen, and oxygen; nitrogen being added
thereto as a representative of ammonia, or of nitrous or nitric
acids,

I put aside silicon, tantalum, titanium, &c., to which at this
present time I am unable to assign a suitable place: consequently,
when we meet with a compound of this deseription, C*CI'KPS, by
having regard to the functions which each of the constituent
simple bodies fulfils, we readily reduce it to the normal type,
C*H’NO. It must however be well understood, that we except
from this rule, those cases in which a mineral acid is united, for
example, with an alkaloid or an alcohol, to form a salt, an amide,
an ether, &c. Thus, the sulphate of ammonium SO‘H*N*H"
ought not to be reduced to the type H*N?0° nor sulphanilide
SO*CHN? to the type CY2H!N?0% nor chloric ether
CIOSH.C*H! to the type C*H®0?, &c.

4.° The relations which exist between the nuinber of the atoms of
earbon, and the number of the atoms of hydrogen, of oxygen, of
nitrogen, §e., evert such an influence upon compound bodies, that any
two bodies which manifest similar relations, are lkewise possessed of
similar properties.

Up to this time we have been satisfied with affirming, that any
alteration of the number of the atoms which enter into a com-
pound body, effects an alteration in the properties of that body.

This result flows naturally from the principle, that the number
of the atoms exercises an influence upon the properties of the
compound. Thus, oxide of carbon has no resemblance to car-
bonic aeid.

In my first attempts at classification, I pointed out the relations
which exist between the earbon and hydrogen, (n CH?) of methy-
lene, etherene, butyrene, cetene, &ec.; between the carbon and
- hydrogen, (n CH?) of formic, acetic, butyrie, cetic, margaric, &c.,
acids, ; between the carbon and the hydrogen of (nC2H!+ H2),
of the radicals methyl, ethyl, amyl, &ec., between the carbon and
hydrogen (nC*H*—H?), of the anhydrous formie, acetic, stearic,
&ec., acids; and between the carbon and hydrogen (nC°HY) of
the citrenic, terebenic, eamphorie, pinie, and sylvie, &e., combi-
nations. It was from a reliance upon these ratios, that I considered
myself justified in placing, contrary to the received ideas on the
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in benzoic ether: although I cannot, in any one of these cases,
say what the arrangement really is.

6°. To determine in a classification, the place that any particular
body ought to occupy, regard must be had, not only to the nature,
number, and arrangement of s constituent atoms, but also, and
chiefly, to its metamorphoses, or its generation.

I shall revert to this subject presently.

As a summary of the preceding observations it is evident, that
in a perfect classification regard must be had,

To simplicity of composition ;

To simplicity of equations ;

To the relations which exist in the numbers of the atoms

To the nature and number of the elements ;

To their functions, and to those of the compound bodies;

To the arrangement of the atoms ;

To all the metamorphoses ;

To analogy, gaseous volume, density, isomorphism ;

To the boiling point, quantity of heat evolved by combustion,
&e.

If bodies were well classified, we should have, at one and the
game time, a classification of their funections, vapour densities,
metamorphoses, &e.

I will explain myself by an example: the hydrocarbons
nCH? are upon the same level in my classification. The
density of their vapours increases according to the numbers
1, 2, 3, 4; their boiling points increase progressively according
to a certain law, the quantity of heat developed by their com-
bustion also follows a regular law ; their metamorphoses resemble
one another; the number of atoms increases progressively,
although the simplicity of the formul® remains the same :

CH?, B & L B Bl

and lastly, they would probably present an analogy in their forms, at
least if we may judge from the analogy which exists between the
formate, acetate, propionate, and butyrate of copper, and between
certain methylic and vinic ethers,

The only difficulty to be guarded against is the following,
namely, the possibility of the principles and characters upon
which we rely contradicting one another, and thus throwing our
classification into confusion. It will not do for us to have one
class based upon functions, and another based upon composition, or_
upon atomic arrangement; for then we should fall back into the
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class into nearly as many families as there are simple bodies,
Among these families, that of carbon, or of organie compounds,
takes its place. This family I split up into horizontal layers, and
thus obtain divisions deduced from the functions of the members,
and then I separate it anew into vertical sections, and thus obtain
series deduced from the prineciple of generation ; concerning which
series I propose to enter more into detail.

The dominant principle made use of in the natural sciences,
for the purposes of classification, consists in the association c:f
bodies according to their resemblances.

Let us see whether or not this principle is applicable to a
chemical classification,—whether or not we ought to place side by
side, those bodies which most resemble one another. Clamours
will, without doubt, be raised, at the idea of separating bodies
which manifest analogous properties, but the alarm will be
unnecessary ; for I hope, by setting out from a more elevated
point of view, to show, that although placing together bodies
which are devoid of resemblance, it is at the same time possible
for me to associate into one class, those bodies which most resemble
one another.

The majority of chemical substances have, so to speak, several
faces, and according to the face which we take as the term of
comparison, o are we forced to refer the body to totally opposite
classes. Let us take oxalic ether as an example. Regarded
as an oxalic compound, it ought to be placed along with the
oxalates and oxamide ; regarded as an ethylic compound, it must
be arranged along with the sulphurie, carbonie, and camphoric
ethers; and under another point of view, we ought to place
it with the oxalates of methyl, butyl, amyl, cetyl, &ec.

In any of these ecases, it would be removed from bodies,
to which it presents many similarities.

These considerations have led me to demand, whether the
character of resemblance is really that which possesses the greatest
value in chemistry.

Supposing, for an instant, that the various species of the
vegetable kingdom, were fractioned in such a manner, that their
different parts, such as roots, stems, buds, leaves, petals, stamens,
and seeds, were found variously disposed upon the surface of the
globe ; would a botanist collect all the roots into one class, all the
leaves into another, all the stamens into a third? Certainly
not: for observation and cultivation would show him, that certain
stems engender certain buds and certain leaves; that these leaves
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Therefore, in default of the preceding, we must have recourse to
other characters, when we would learn, whether two bodies belong
to the same series.

If several compounds, without loss of carbon, metamorphose
themselves into one and the same body, we may arrange them in
one single series ; and we may conclude, that sooner or later, we
shall be able to metamorphose them into one another. Thus I
arrange in the same series, phenic acid, benzine, kinone, and
aniline, each of which may be transformed into chloranil without
loss of carbon.

But in addition to the character I have just given, there
is still another property which is common to all the compounds of
the same group, and which enables us to trace the limits of the
group. I propose to explain this circumstance, first of all, in a
theoretical manner; but as in the first page of this work, I
undertook to base none of my views upon hypothesis, I shall give
the theory in a separate chapter, and then immediately revert to
facts as the only solid basis of a good classification.

THEORY OF DERIVED NUCLEI (CARENIDES)

If I may be permitted to follow up the comparison which I
have just instituted, I would ask, if a botanist might not be able to
ascertain, independently of generation, or metamorphosis, whether
two isolated parts, a leaf and a petal for example, belonged to the
game plant? The thing would, without doubt, be difficult in our
present state of knowledge; but is it not conceivable, that by the
aid of a more perfect dissection, we might some day succeed in
discovering, that all the parts of the same plant contain something
in common, an embryo, a mother cell,—the presence of which,
in all the organs, will enable us to understand why they are
all capable of transforming themselves into one another?

Be this as it may, I have endeavoured to ascertain, whether
there is not in all the different parts of our chemical tree, some-
thing analogous to this mother cell ; in one word, a nueleus common
to all the compounds of the same series, a nueleus which would
enable us to understand, why all these compounds can reciprocally
engender one another.

On several occasions I have insisted strongly upon the stability
of the halydes,—of these molecular groups, which incessantly
re-appear in our reactions ; and I have also called attention to the
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the hydrogen, in the ratio of molecule to mulecule, or of one atom
to two atoms, whilst these simple ratios become irregular, if we
suppose that in the above compounds, a part of the hydrogen,
constitutes a hydrate or hydruret, as seen in these examples;
C&HﬂOJ +IIEO, UIIII.IIEOH+I[IO, CEDH:!EOS'{'I-IEO; UHUI-I'I.IHD.'I+I_IED:
or indeed, COH"80!+H?, &e,; and lastly, recollecting the rela-
tions which exist between the forms of the halydes, and those of
the hyperhalydes of naphthaline, relations somewhat obscure it is
true, but still sufficient to indicate, that in the atomic arrangement
of both classes there is a certain something in common ; I draw
the following conclusions:

1°. That the hydrocarbons and their halydes, form analogous
groups or nuclei,—stable as regards the number and arrange-
ment of the atoms, but variable as regards their nature. Thus, we
may have hydrogen, chlorine, bromine, peroxide of nitrogen, or
other bodies, occupying the place of hydrogen.

2° That the hyperhalydes, and the corresponding aldehydes,
and acids, all contain a hydroearbon, or halyde, which constitutes a
separate group.

In a word, I conclude, that the combinations of etherine, or
bihydrocarbon, have the following arrangements ;—

Halydes, Hyperhalydes. Aldehydes. Acids.
22 Gqu 'HE 13 2
C2H* CeHt  .CIe C:Ht .0 CiH: .2
C*H3Cl C#*Cl.C12 C*H*Cl1.0 C*HACL.0?
C*H*Cl* C*H*CI%.CI? C*H*C1L.0O CIH*CI..0?
C*H CI? C2H C13.C1# C*H CI.O C*H. C13.0?

C: Q1| ¢ CleB .| ¢ . c1Lo A

In applying the same reasoning to the combinations of methy-
lene, propylene, butyrene, amylene, cetine, and
melissine ; to the combinations of benzene, phene, toluene, cymene,
&e., in placing side by side, their halydes, hyperhalydes, aldehydes,
and acids, and observing the harmony, the elegance, and the
extreme simplicity of their formulw, I cannot help considering the
above, to be a representation of the real arrangement of the
atoms.

Following out these ideas, let us construet a tree, or a series,
with any hydrocarbon whatever, taken as the nucleus, say for
instance C''H™.  For this purpose, let us bring together all the
bodies which mutually generate one another, and contain the
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Let us recollect that chlorine, iodine, bromine, fluorine, the
nitric residue X, and the nitrous residue Y, may be substituted
for hydrogen, and, to a certain extent, fulfil its funetions. Conse-
quently, let us take the fundamental nucleus of the preceding
table, and let us effect in it various equivalent substitutions; that
is to say, let us set free 1,2, 3, . . . 10, atoms of hydrogen,
and replace them by the same number of atoms of chlorine, bro-
mine, iodine, fluorine, X and Y, we shall thus obtain a great
number of compounds, which we will call nuclenides, or derived
nuelei, and which, we will arrange immediately after the funda-

mental nueclens.
Let uws now introduce into the dyadides, monadides, and

monodyadides, these derived nuclei, in the place of their con-
stituent fundamental nucleus; then we shall have a host of
derived dyadides, monadides, &e.

Lastly, we shall augment considerably the compounds of the
same series,—on the one hand, by replacing the hydrogen by
metals, in those bodies which are capable of undergoing this
kind of transformation, as are the deuterides and tritonides,—and
on the other hand, by replacing the oxygen of the monadides and
monodyadides by sulphur, selenium, or tellurium.

Our original series, in being thus enlarged, will not become
more complicated; it will then present the following appear-
ance :—
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This table, we perceive, does not in any way resemble those
which are ordinarily employed. It contains 30 or 40 bodies,
which, in the system of Berzelius, would be separated from one
another, and be distributed in a dozen different classes. Ifwe replace
COH"® by C*HY, we shall have the compounds of the bi-hydro-
carbon series, which comprises Dutch liquid, perchloride of
carbon, chloride of acetyl, aldehyde, acetic acid, chloracetic acid,
alcohol, ether, &e.

Chemists have known, indeed, for a long time past, that the
bodies I have just adduced, metamorphose themselves into one
another; but, pre-occupied with the theory of radicals, they
never thought of associating them in the above deseribed manner.
Thus Liebig places aleohol and ether in one class, because he
supposes that they both contain the same radical ethyl; whilst
aldehyde and acetic acid he places in another class, as both
containing acetyl; I do not know where he places the chloro-
compounds. Dumas unites in the same class, all the bodies in
which he supposes the existence of the compound C*'IH®: hence
he includes etherine, Dutch liquid, alecohol, and ether; but he
rejects acetic acid, in which he supposes, or did suppose, the
atomic arrangement C'HSO%H20. He also excludes aldehyde,
perchloride of carbon, &e.

The series C'YH', such as I have just represented it, is far
from being completed. We do not perceive amides, ethers,
amidic acids, nor, in one word, any diamerone; the preceding
compounds constitute the aplones only. I proceed now to con-
sider this second part of the series, first of all regarding it in a
theoretical point of view.

THEORY OF THE DIAMERIDES.
On the Existence of Radicals.

In examining the compound radical theory, I put aside the
important question, concerning the capability or non-capability of
these radicals, to exist in the free state. As this question is
intimately connected with the theory of the diamerides. I pro-
pose now to make it the subject of our consideration.

In the presence of cyanogen, kakodyl, ethyl, benzoyl, &e.,
which have been isolated, it may appear somewhat strange to
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ask, whether or not compound radicals can exist in the free state.
My question is, without doubt, badly proposed: I ought to have
asked, whether the free cyanogen, ethyl, kakodyl, &c., are indeed
the bodies, the existence of which is admitted respectively in the
cyanides, ethers, kakodylic salts, &c.; and whether there is any
possibility of our being able to isolate the radicals of the sulpho-
cyanides, persulphocyanides, or of the acetic, butyrie, and citric
acids.

This question may appear to be of too subtle a character, but
in order to show that the question may be proposed, and ought
to be resolved, I may adduce benzoyl, which no one considers as
the radical of the benzoie combinations ; also peroxide of nitrogen,
the existence of which in nitro compounds is not admitted by the
partisans of copula; also free ethyl, analogous to marsh gas, and
not to a simple body.

Having then to study the products which result from the
action of compound bodies upon one another, I shall, for the
better examination of the subject, recede some few steps, and
inquire into the action of a simple upon a compound body.

Chloronaphthaline was, at one time, considered as a chloride
analogous to the chloride of acetyl, and containing C'H7+ CL
At that time T made the following observations. This com-
pound is not a combination of chlorine with the radical C'"H7,
but is the representative of naphthaline C'"H®, of which indeed
it is but a variety. Naphthaline, submitted to the action of
chlorine, can lose an atom of hydrogen; the residue, or C'"H7,
deprived of the hydrogen atom, would be destroyed, were it not
for some other atom taking the place of the hydrogen which
was set free. In this instance, it is the chlorine which occupies
the place in question ; and the naphthalic edifice being thus sup-
ported, conserves its arrangement. C'"H7 is an incomplete body ;
is a polyhedron deprived of one of its edges, and would be
destroyed but for the substitution of some equivalent edge in
its place.

I say now, in addition, that C'"H" cannot exist, in con-
sequence of the uneven number of its atoms.

In order to avoid its destruction, some dyad atom, such as
chlorine or bromine, must be introduced, so as to fill up the
void otherwise presented, and form a new body with an even
number of dyads.

Naphthaline, submitted to the action of nitrie acid, still loses
an atom of hydrogen; and the same residue C'"H" unites, not
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indeed with a simple body, but with the remainder of the
elements of nitric acid, or NO?, which thus replaces the missing
atom of hydrogen. ‘

But reciprocally, we might say, that nitric acid HNO?® is
a complete polyhedron; and that naphthaline, in removing
therefrom the elements HO, has left a residue NO?, which cannot
exist in consequence of its uneven number. Hence the residue
of the elements of naphthaline would have to fill up the void
presented by the residue NO? and form a new complete poly-
hedron, C'"H'NQ?, with an even number of dyads.

Ammonia is a complete polyhedron; we cannot remove from
it an angle of hydrogen without destroying it.

Amide, or amidogen, NH? cannot exist, in consequence of
its uneven number of atoms.

Chloride of benzoyl is a complete polyhedron, a variety of the
essential oil of bitter almonds. We cannot remove from it its
edge of chlorine without destroying it; for the residue, or
benzoyl, in consequence of its uneven number, is incapable of
existing. But if ammonia and chloride of benzoyl be placed
in contact with one another, the first will lose H, and the second
Cl; and the two residues, being incapable of existing separately,
will reciprocally serve as angles for one another. NH? will fill up
the void occasioned by the abstraction of Cl, and CTH?0O will
fill up the void occasioned by the abstraction of H. To render
this reciprocal replacement of the two residues intelligible, 1
will suppose, that in ammonia and chloride of benzoyl the atoms
are arranged so as to form hexagonal figures.

Fig. 1. Fig. 2, Fig. 3.
7T M1/
i B \/

Bz and A, fig 1, represent chloride of benzoyl and ammonia
at the moment when they react upon one another,—the face ¢
being opposed to the face £, which is to be set free. Bz and A,
fig 2, represent the two residues during the reaction, and B, A,
fig. 3, the two residues after the reaction having reciprocally filled
up the two voids formed in A and B. :

Fig. 3 represents a diameride, or a figure capable of being
divided into two parts B and A, on the sole condition, however,

z
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of B having its missing face restored to it, either by hydrogen or
chlorine, and A also having restored to it, its missing face, or an
equivalent thereto.

Under a certain point of view chloronaphthaline CYHC]
might be compared to the diameride fig 3. B would represent
the naphthaline and A the chlorine. This diameride might split
itself up into B and A, but only on the condition of restitution.
It would seem at first sight, that while B or the naphthalic residue
must of necessity take up the angle which is wanting to it, that
A, or chlorine, being a simple body, need not do so. But it must
not be forgotten, that chlorine isa dyad, and when free it consists
of CI2

If in benzamide, the atoms are disposed as in fig 3, can we
say, that this compound contains two separate groups or radieals,
benzoyl and amide; and can we hope to isolate them? This
figure does not present two isolated groups, it contains neither
benzoyl nor amide ; thereis a certain predisposition in the arrange-
ment of the atoms, so that we are enabled to conceive the possi-
bility of dividing the figure into A and B, but only on the condition
of rendering these two parts in accordance with the law of even
numbers, for we repeat, neither benzoyl nor amidogen, in conse-
quence of their uneven numbers, are capable of existing. If we
replace ammonia by aniline we shall have benzanilide with a
grouping analogous to that of fig 3. In this grouping there is
neither benzoyl nor anilic amide, but there is a something apper-
taining to benzoic acid or chloride of benzoyl, and a something
appertaining to aniline.

These two proxies, so to speak, will not be intermingled with
one another ; but the carbon will exi:t under two forms, ready to
regenerate chloride of benzoyl and aniline.

Nevertheless it will be said, that benzoyl does exist in the free
state, and that were it not for its properties which do not resemble
those of a simple body, we might very well conceive of its exist-
ence in the benzoic combinations. Liet us examine the value of
this objection. Supposing we attempt to abstract water from
acetic acid C*H*O?, in order to obtain the anhydride; were it to
yield H?0, we should obtain C*H?0, which is not the anhydride.
To procure the anhydride we must either abstract § H*O, whichis
impossible, or else two atoms of the acid must unite with one
another, Then we shall have

2 C*HAO*—H2*0 =C'H 0,



TIEORY OF DIAMERIDES, AND COMPOUND RADICALS. 33Y9

Can we therefore say, that acetic anhydride existed in the acetic
acid from which it was obtained? That would be to say, that the
containing, is smaller than the contained substance. True it is, that
we may attribute to acetic acid the formula

C*H*OY,

and, consequently, suppose therein the existence of the anhydride.
But this would not serve to remove the difficulty, for if C'H*0’
were the formula of acetic acid, C*H'20° would become that of
the anhydride.

I believe that I have shown, with a superabundance of proofs,
that if the cyanides, and the kakodylic, and ethylic chlorides con-
tain CNM, CIC?H®As, CIC*H’; then cyanogen, kakodyl, and
ethyl, in the free state must contain C*N?, C'H'"As? and C*'H".
May we not then conclude, as for the acetic anhydride, that these
radicals are incapable of existing in the combinations from which
they were extracted.

We may remark in the first place, an essential difference
between the composition of acetic anhydride and that of the radi-
cals, the formula of the first being indivisible whilst those of the
radicals are always divisible into two equal parts, thus kakodyl
=2 C*H°As, cyanogen 2 CN, and ethyl 2 C*H°. But as free
hydrogen, or H? divides itself into two parts to form the chloride,
bromide, and nitrate of hydrogen, HCI, HBr, HNO? may we not
admit from analogy, that the radicals are binary, and that they
dedouble themselves to form cyanides, chlorides, and nitrates ?
This is the point we will now proceed to examine.

When zinc is made to act upon chloride of kakodyl, chlorine
is abstracted and kakodyl set free. This reaction can only take
place upon the condition of 2 molecules of kakodyl taking part
therein. The reaction is not

Zn + C*HPAs.Cl=ZnCl+ C*H5As,

for in the first place, zinc is a dyad, and can only be made use of
in the entire state, or Zn*; and secondly, C*H°As in consequence
of its uneven number is incapable of existing.

Therefore, we must have

Zn®+2 C*HSAs.Cl=2 ZnCl + C'H'2 As2
It remains then to be known, whether kakodyl is C'H"As?, or
indeed (C*HPAs)? analogous to H? or Zn®
Let us return to our hexagons, let A and A, two equal hexa-

gons, represent two molecules of chloride of kakodyl, the two
z 2
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To decide this question, we treat ethyl with chlorine, it behaves
itself as does naphthaline, bihydrocarbon, or, better still, as does
marsh gas, which is indivisible ; it undergoes chlorine substitu-
tions, but it does not dedouble itself so as to regenerate the
chloride of ethyl. 'We must hence conclude, that it is not a radical,
and that it does not exist in the ethylic combinations, any more
than does acetic anhydride in the acetic combinations.

If the ethers do contain ethyl, if this ethyl should some day be
set free, its formula will be represented by (C*H®)%. An isomeride
of the ethyl with which we are acquainted, it ought under the
influence of chlorine to be able to divide itself into two parts,
and regenerate chloride of ethyl.

We may admit, that certain radicals exist as such in certain
combinations, but that once set at liberty, they comport them-
selves quite differently from simple bodies. Such is, for example,
the case with peroxide of nitrogen, which exists in nitro-
compounds in the incomplete form NO? but when set at liberty,
it doubles itself, and gives rise to the compound (NO?)?, which
does not manifest the properties of a simple body. Thus when
we cause chlorine to act upon nitronaphthaline, NO? is set at
liberty, not according to the equation

CYH'X +Cl=C"H'Cl+ X

(for we know that a demi-molecule of free chlorine cannot exist)
but according to the equation

2 CYH'X + CI*=2 C"H'Cl + X2

What I have just said with regard to peroxide of nitrogen,
may, without doubt, be applied to other bodies, which, though
incapable of existing free, may in certain combinations occupy the
place of a simple body.

Such may be the case with uranyle, amidogen, and even
sometimes with ethyl itself. These bodies would seem to act,
by their mass, as occupants of the voids occasioned by the
departure of the simple bodies; but they do mnot fulfil the
functions of these latter, and they modify, to a greater or less
degree, the properties of the compounds into which they enter.

This reasoning might also be applied to the cyanogen of the
cyanides, and of chloride of cyanogen,—in which bodies it does
not form a separate entity.

Let us admit for an instant, that these two bodies have the
constitution shown in the formule CMN, CCIN. We know,
that when the latter of them is put in the presence of aniline,
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In acting upon one another, they may lose successively the faces
k and e, then A* and ¢% 2° and ¢ &oc., thereby giving rise
successively to the halo-diamerides, represented by the figures
8, 9, and 10.

Fig. 8, Fig. 9
Jfg W\\\ / e |
| A B J N B )
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We see that the residues are neither separated nor con-
founded; and that, as a consequence of their construction, they
are predisposed to division into A’ and B, A” and B”,
&c., but always upon the condition of having restored e ¢* ¢?, &ec,
o b* 12, &e., or of equivalent indemnities.

Thus with the perchloride of phosphorus and ammonia, we
may have successively

PCIP + H*N —HCI=(PCI'.H*N)
(PCl. H*N)—HCI=(PCIE.H N)
(PCPP. HN)—HCI=(PCI* N).

I do not admit, then, that in the three new compounds there
are the radicals H:N, HN, N; PClY, PCE, and PCI®. Never-
theless, the two residues are not confounded; in each of the
three compounds there is a something indicative of ammonia, and
a something indicative of perchloride of phosphorus, or what
comes to the same thing, of phosphoric acid. In treating these
three compounds by water, ammonia, chlorhydric acid, potash,
heat, &e., we shall obtain a great number of new combinations,
each, however, containing two representatives, always ready at
the call of the chemist, to regenerate,—the one ammonia, and the
other phosphoric acid.

Let us take the compound PCI®N, or the chlorophosphide
of nitrogen, and instead of the 3 HCl which it has lost, let us
give to it an indemnity of another nature: for example, by means
of ammonia. Then we shall have

PCI*N + H*N — H*C1?>=PHN?* phospham ;
phospham treated by water will give
PHN?+ H*0=PH?*N?0 phosphamide ;
and phosphamide, by heat, will give off ammonia, and produce

biphosphamide: :
PH*N*QO—H*N=PNO.
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We might also imagine a triamide formed (fig. 12), 1° by a
residue of ammonia Am, 2° by one of nitrochloraniline An X Cl,
and 3° by one of ethylamine, or ethylic ammonia AS. This dia-
meride, according to the nature of the reagents, might divide itself
in a variety of ways. Thus, it might regenerate the four com-
pounds from which it was produced, or the nitro chloraniline, and
ethylamine might be disengaged with a simultaneous production of
phosphamic acid. By the action of sulphuretted hydrogen, it
would be capable of transforming itself by an exchange of Ad for
X, into another triamide, with a chloro-semibenzidam residue.
These diamerides might be compared to an agglomeration of soap
bubbles, but with the separating planes removed, so that the two
bubbles having lost a portion of their walls, could not be removed
from one another, except by the filling up of the two voids left by
their separation. We might imagine several bubbles thus agglom-
merated with one another.

We can conceive, that such an edifice, under the influence of
a too violent shock, might divide itself in directions not indicated
by any of these vacuous planes, so as to produce phosphorie, car-
bonie, and chlorhydric acids, nitrogen and hydrogen.

If we had all the diamerides under our inspection, and could
see their respective arrangements, it would be easy for us to classify
them; but this not being the case, I hasten to abandon hypotheses,
and once more to resort to experiment.

SYNOPTIC FORMUL.E.

For the representation of compound bodies, two systems are
offered for our choice, namely, that of empiric, and that of rational
formule. By the adoption of the former method, we should be
obliged to represent the sulphate of quinine by

CBHSNASOS,

I shall pay no further consideration to this plan, ginee it is not

followed by any chemist, to its ulterior consequences.
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santly to divide, subdivide, or in one word, seriate the objeets of
its studies, so as to assist the memory by the establisliment of
generalities for each division and subdivision? Do not the majority
of chemists, without perhaps being aware of it, seek simply by the
aid of their divided and subdivided formulee, for a means of
retaining the composition and the functions of the bodies to which
these formule apply ? If so, the problem, the solution of which
we are seeking, namely, the arrangement of atoms in compound
bodies, will be reduced to the following :

Required a conventional system, by the aid of which we may
readily retain the composition of bodies, and give to analogous bodies,
analogous formule.

We should in this way have the advantages of both empiric
and rational formuls, without their inconveniences.

In occupying myself with the resolution of this problem, I
have not concealed from myself the difficulty of the task, and I am
far from thinking that I have effected its solution in a satisfactory
manner. Nevertheless, I believe I am justified in giving the
result of my researches, because they may perhaps direct the
attention of other chemists to the perfectioning of my method, or
to the production of a better one.

This will be particularly desirable at this present time, in con-
sequence of systems concerning atomic arrangement, having
received a new impulse. As it is not probable that the present
theories will endure for any length of time, it would be advan-
tageous for all the world to have a neutral ground, upon which
errors may be acknowledged, and agreement be arrived at.

I employ synoptic formule, by the aid of which, I endeavour to
manifest certain numerical relations presented by seriated bodies,
and to give to analogous bodies analogous formulm. Thus, if I
accorded to the sulphates this formula,

SM?2 404,

and if I considered sulphatic ether as a sulphate, I should repre-
sent it also by

SEt2+ Of,

but if, on the contrary, I regarded itas a diamide, I should give to
it the formula of the diamides. Be the formula that I employ
what it may, for example that of the diamides, it might be con-
sidered as a hypothesis; for it is not demonstrated to the satis-
faction of every one, that this ether really is a diamide.
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RBibasie acids of sulphur, &e.

H:0 | 1S 82, 0°H? SH:4+ O | Sel240* | TeH:40»
0 | H8® SEROLIEE SH*4+ O i SeH? 4+ 04 TeH? 4 O
Hs S4.0H? £ e
s | seom: | SIOF %s |
]_-l'lslﬂ
Avcids of phosphorus, arsenic, §e.
PH? As H?
Monobasic ... v PHY+0F
Bibasic ... ... PH340? As H* 407
PH?* +0* As H?* 4 04
Tribasic ... PH*+8¢ As T+ 8¢
PH*+ 0% | As H*4 078,

As we are ignorant of what constitutes a neutral horate or
silicate, and as we do not know, whether or not there are para-
meta-, &c., boric, and siliciec acids, the best we can do, until we
become better instructed on these points, is to represent the
acids by BHO? and SiH?*O%t

With regard to the pyro-, meta-, para-, iso-, &ec., phosphorie,
arsenious, arsenic, titanie, stannic, tungstic, silicic, &ec. acids, the
ratio which exists between the anhydrous acid and the base
being wvariable, ought to be expressed. Unfortunately, we are
ignorant of the composition of the majority of these salts, for we
do not know, whether the water they contain is or is not essential
to their constitution. Empiric formule are, in these instances,
the best, for the ratio of the acid to the base is rendered as
apparent by them, as by dualistic formulz.

The composition of the acids being known, that of the anhy-
drides, chlorides, and salts, is readily deduced therefrom, especially
that of the latter class of bodies; for it is sufficient to remark,
that the basic hydrogen may be exchanged for its equivalent
of any metal whatsoever. We have previously shown, that from
a knowledge of the composition of the anhydrides only, we
cannot deduce the composition of salts. Thus, who would imagine

# Whether or not this acid really exists is a matter of no consequence, it is
sufficient that we have a quinque sulphide of potassium and of ammonium.
Similarly with regard to carbonic aeid CO'H? it is sufficient for us to have
metallic carbonates. These formulse of the acids represent saline types. (L.)

T Making silicic acid tribasic, and dividing the usual equivalent of silicon by
three, we shall have :

8i0°, 3H20 = Si*0*.3H0 = Si*HQ* = EiI-I'*'{)'.’,

I believe that the above formula of horic acid is misprinted, it should be

BHO?, thus :
B H*0 = B*H*(#* = BHO>
(W.0)
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R R’
Rt CR R’ +Cl2
R+CHt R’ 4 Cl*
R+ CI8 R’ + CI®
R+0 R'+0
R+0? R +0?
R+0? R+ 0?
R+ H20 R+ H?O

RO*—1&1Aq RO™—1&1Aq,
RO°—1&2Aq RO°-1&2Aq,

and so on for R” R R, &e.

If attention be then paid to the ratios I have pointed out,
between the carbon and hydrogen of the different orders and
series, it will be seen, that two or three minutes suffice for the
reception of a perfectly clear idea of the half of organic sub-
stances, and for the retention of their composition.

With regard to the diamerones, or rather to the diamerides;
by means of the names I have given to them, nothing is more
easy than to retain their composition, and even to represent
it by formule, which, at the same time, indicate their functions.
Thus we might represent

Acetamide ... C'H'0*+ H:N— H?20
Acetalese ... C*H'O*+ H*N-—-2 H20
Oxamide ... CH20'+4+2 H*N—2 H20.

But these formule indieate an operation to be performed,—
we must substitute for them others in which the operation has
been effected. For this purpose two methods present them-
selves ; the one founded upon the notation for salts of ammonia,
the other upon the notation for salts of ammonium. In the first
case we have only to write the alkali, alcohol, or hydrocarbon, &e.,
after the acid, with an intermediate septum ; then, by abstraction
of water, taking the oxygen from the acid, and the hydrogen
from the other compound, the residue, without making any
re-arrangement in the letters, will give ‘the synoptic formula of
the diameride. Thus :—
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(51 1 g S R UL 8 {_i-I“N) (-}IIEN
Ir" anil-ammon . C*0? {C“H“N ) ( I*N)
Oxamides .3 ethyl-ammon C*0? (C H*"O) (II’N
Imleth}'l-eth}'l 02 (C H‘*O) (C“H‘O}

Amidic acids.

The acid oxalate of ammonia being

C*0! (H'N) H,
we ought to have
Oxamic aeid, ooy 1200 (H“I} H
Oxamates . it BEP [\H“{) M
Carbamicacid .................... 0g (H“ﬁ) H
Carbanilic acid ............... C 02 (C°HEN) H.

By the action of chlorhydriec acid upon aleohol, there is
produced, as in the formation of the oxacid ethers, a species
of combustion, of which water is the result; but in this case, the
acid yields hydrogen,—and the aleohol, oxygen, and a portion of
the hydrogen. Hence, to formulate chlorhydric ether in such
a manner as to indicate the analogy of its formation with that of
the other ethers, we must proceed as follows:—

CIH | C*H°O
H HO

Cl TICEH“", -chlurhyd ric ether.

We have seen that when nitric acid acts upon alcohol it
behaves in a similar manner, that is to say, it furnishes for the
combustion, the whole of the oxygen and a part of the hydrogen,

whilst the remainder of the hydrogen is supplied by the organic
matter :—

NHO? | C*H®*0O
HO H

N 0| C*H?O.

It will be remembered, that we have already agreed to repre-
sent mitric and nitrous prnducts as derivatives of a hydrogenised
type, by the replacement of X or Y for H; consequently, we may

2 a
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letter to indicate respectively ferrosum and ferricum. When we
have to deal with copper, chrome, or even manganese, this notation
becomes inconvenient. I prefer indicating by particular signs the
state in which the metal 1s found. Thus, I surmount the initials
of ferrosum, manganosum, and cupricum, by the sign A, which
sign I reverse for ferricum, manganicum, &e.

With regard to the atom of manganese in the manganates and
permanganates, and the atoms of the metals which form the simple
radicals manganyle, ferryle, uranyle, antimonyle, &c., I surmount
the initials by the sign +. Thus I shall write

: Re20). Mn2) Pl
Oxides {Fermua, manganous, platinous, Fe*0, Mn*0, Pt*0

Ferric, manganie, platinic .... f‘e”D, I:in*(), P20
Ferrates, manganates.... ﬁ'eI{ED‘,E&InKEU‘
Permanganates fh-“InK(;l“*

Oxides of uranyle, ferryle, &e. ﬁ“ oL ﬁ‘e‘iﬂ“ S+hED3
or Uy*0 Fy*0O Sby20
Chlorides of uranyle, &e. ... ﬁOGl f‘ﬂUUl ghDCl’[

or UyCl FyCl. SbhyCl.

Sometimes I employ the syllable Am to designate ammonium ;
then I represent : 3

e A
Platinoso ... L PAF
- * - L) ) . T bt .
Ammonium Biplatinico ... e AT
Quadrimercuroso ... Am

Phosphate of cuprosum, cupricum, and
bicuprosammonium

} PO O A

Phosphate of ferrosum, ferricum, and

e } PO' Fe Fe Fy

* Strictly spenking, the maganese of the manganates ought not to be represented
b;,r the same sign as the manganese of the permanganates ; for in the rnn.nr-n:mlcua,

Mn 15 a monad like the sulphur it replaces, whilstin the permnngnnatea Mn isa
demidyad, like the chlorine it replaces, but if two different signs were used, they
would have to represent the same weight.——-(L}

t 0= ]E.Fe—ﬂﬂ Fcﬁ 18.66. Fe_bf‘
The :mtnncrn}r of antimonyle need not be marked with a + inasmuch as its weight
is unaltered, and so for the other basylic teroxides.—(W. 0.)

242
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That I have not myself rendered it more perfect, 1s due to the
circumstance, that during the time I was occupied with its con-
struction, I could not divest myself of the idea, that it would be
almost impossible to persuade chemists to abandon their present
nomenclature, and to adopt a new one in its stead, and that, con-
sequently, it was useless for me to devote much attention to the
subject. I believe now, that this reasoning was erroneous; and
that it may happen that my present nomenclature, such as it 1s,
will be rejected ; whilst if I had succeeded in disembarrassing it of
certain defects, it might have been accepted.

I, therefore, present my nomenclature, as well as my classifica-
tion and notation, and submit them to the judgment of chemistsas
attempts only,—capable, however, of being further perfected,
should they chance to be adopted.

Nomenclature of the series.

I employ two different names, or two monosyllables, with which
to construct the names of compounds belonging to one and the
same series. Let us take for example the series of etherine; I
make use of the two roots deut and eth, the first serves to designate
etherine C*H*, and the second hydro-etherine, or C*H*+ H* The
termination ene is applied to the two hydrocarbons, and to all their
derivatives. :

The root deut, serves for the monadides and anhydrides; the
root eth, for the dyadides and monodyadides ; or rather, the dyadides
have ad lilitum one or other root without any kind of inconvenience
resulting therefrom.

When a body undergoes a chloro- nitro, &e., substitution, I add
to its name the words mono, bi, tri, &e., chloro, nitro. So also
with the sulphur compounds; but it must not be forgotten, that
the word bicklore signifies, that the compound has lost two atoms
of hydrogen and gained two atoms of chlorine ; whilst the word
bisulphuro indicates, that the compound has lost two atoms of
oxygen, and gained two atoms of sulphur.

With this nomenclature, we cannot always avoid the use of
names of extreme length, such as that of #risulphuro-carbonate of
ammonia and nitrochloraniline. :

The inconvenience, howéver, is not very great ; for these names
have reference to such bodies only as are but little known, and in
the above instance, to a variety of the carbonate of ammonia and
aniline. The same circumstance obtains in natural history, where
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REMARKS.

A. The words chlorides, tetrachlorides, &e., have the defect of
recalling the functions of chloride of potassium, chloride of ammo-
nium, &c. Some other termination would be preferable.

B. The names of the monAlides, which contain one atom of
oxygen, are terminated by the first vowel a;

The names of the deutErides, which contain fwoe atoms of
oxygen, are terminated by the second vowel ¢ ;

The names of the tritOnides, which contain three atoms of
oxygen, are, nevertheless, terminated by the fourth vowel o, since
¢ is reserved for the alkaloids.

C. The terminal consonants are arbitrary, excepting for the
udQLides, which form methol, ethol, valol, &e.

We may say then:

Deut-al, deut-ase, deut-am, &ec. ;
Deute-ric, deute-sic, deute-tic, &e. ;
Deuto-nie, deuto-die, deuto-sie, &c.

Only, to avoid too great a resemblance in the words, we must
employ, where possible, different consonants for the monalides,
deuterides, and tritonides.

D. T reserve the consonant n as much as possible for the hydro-
carbons and the alkaloids. Consequently, I do not say deutenic,
protenic, benzenic, &e., acids, nor deutane, protane, benzane.

E. Parallel to each series I place a second one, of which the
nucleus represents that of the first series, minus a molecule of
hydrogen, plus a molecule of oxygen. Let us designate this second
series or second branch, by the two roots ox and the variable, then
we shall have :

Oxal ... ... C*H*0+0,
Oxedate e CEHEO 403,
Oxolate e YOGS

It now remains for us to give names to the diamerones, but we
have already done so at least for the diamerides. We have only
to transport hither our great table, and to complete the list of the
names of the genera.
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If the rules I have given concerning the acid and neutral
characters of the diamerides, did not present any exception, several
of the preceding names would never have to be made use of, such
as those of osalide, omelides, onilide, oronide ; for from what we
have previously said, these names can only apply to the diamerides
of the quadribasic acids.

But,

"A”4+Bt—1=("A"+B—1)+3 B.

This then is a salt of ammonium, and the guadribasic acid
being supposed to be the dentonic, the salt must be denominated
the deutonamate of ammonium,

F.’A-I'f + B.i_z =(J’J’A.ﬂ' + Bg_.‘.?) + 2 B.
This will be another salt, the deutodiamate of ammonium.
.ﬂ"Ahr + B_“_.E‘ = (.’.I' AJ’J’ + BS_._'j ) + B'

This will be another salt, the deutotriamate of ammonium.

With regard to the oronides, we made an exception for them,
and have given to them the name of tetramides. Deutonamide
would thus have for its formula:

"A” 4 Bi_4.

I have supposed, that both the monalides and udolides may give
rise to alkalies by an exchange of NH for O. Consequently, the
diamerines contain both monalines and udolines ;

Deutal .. C*H*O + H*N—H?0 would give rise to deutine,
Ethol ...C*H*0+H*N—H*0 would give rise to ethine.

For the diameraies we might imitate the names of the diame-
rides, and say for example,

Deutal-amide (supposing it not to be
alkaline) ... . CH'O+H3N— Agq;
Deutal-alese ... C:H'O+H3N—2 Aq.

But we have already remarked, that non-acid bodies, which are
without any saturating capacity, can combine with the alkaloids in
several proportions; consequently, for the azilides, alesides, &e.,
we are obliged to make use of the words bi, tri, quadri, &e., to
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Series octo-tragolic O S

» Tovo-pelolic o o RIS

,, dece-rutolic e G

. ende-rutolic S 2R

s  dyode-laurelic ... C"ZH*
s jalep oo GBI

,»  fato-leevolic e GUHS3S

»  myro-levolic R (L ©

s, haleno a, 8, v, 0, e... CEHY

s  ceto-cepholic Sy TR

,»  Inargaric ... e FGME

: (250 5 L

s bassic ay@, o, 00 L C19F

- CoH

1 iﬁﬂ-?igﬁlm, L {CEIH{E

2] 44

»»  behno-morolic ... gﬂgﬁ

Cﬂa‘nll-lﬂ

»  hore-sorolic S E B0

Q2652

»»  cero-photolic . CHH™

: . (28I

»»  phebe-dianolie ... C29H5

,»  men-apiolic o IGES

DEFINITIONS AND OBSERVATIONS *

The NUCLENIDES, or NUCLEI, of each series, contain a constant
number of atoms of hydrogen, haloid bodies, or compound radicals,
such as peroxide of nitrogen.

At present we do not know of any bodies which contain a
fewer number of atoms than the nuclei. The deuteric dianhyde
C*H?0, putting the carbon on one side, contains but three atoms,
whilst in the nuclenides there are four; but in this case the atom
of oxygen counts for two atoms or one molecule of hydrogen.

The nuclenides combine neither with acids nor with bases.
By the action of bibasic acids, they may give rise to diamerides.

* I should like to have added to these definitions an account of the proper-
ties of the genera under examination, I should like to have compared the
fusing and boiling points, the atomic volumes, the quantities of heat disengaged
by combustion, &c¢., of the hydrocarbons, the monalides, deuterides, udolides, &e.,
but the materials for the carrying out of such a work are wanting.
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produces C?*I*+ HCI, and C*H*'+CI®. This last compound being
onseous is certainly not identical with Duteh liquid.

The fourth, by the action of chlorine, ought to give rise to
the following reaction

2 C*H\.H? + Cl*=2 C*H*C],

that is to say, it ought first of all to form ethylic chloride, and
subsequently the compound C*H*C]* isomeric with Dutch liquid.

2°. Halydes. Very stable compounds, which are decomposed
neither by distillation nor by an alcoholic solution of potash. ( Vide
page 185, Art. CHLORO-SUBSTITUTIONS. )

3° Nitrides. Compounds which are ordinarily red or yellow,
and are capable of being volatilized without decomposition.

But if they require a high temperature to enter into ebul-
lition, or if they are heated too suddenly, they inflame and
detonate in closed vessels.

By the action of sulphuretted hydrogen, of sulphurous acid,
or of certain combustible bodies, they may be deoxidated more or
less completely. The mononitrated compounds, when submitted
to the action of sulphuretted hydrogen or sulphurous acid, lose all
their oxygen O% and absorb only one molecule or two atoms of
hydrogen, in this way giving rise to alkaloids. When this change
is effected by the agency of sulphurous acid, which thereby
passes into the state of sulphuric acid, diameracids are produced.
The binitrated compounds either undergo a partial reduction, one
X only being replaced by Ad, when a nitro-alkaloid results—or
they undergo a complete reduction, and give rise to a biamidic
alkaloid (semibenzidam). By the action of an alcoholic solution
of caustic potash, they are decomposed into products which have
not yet been sufficiently studied. We only know, that from
nitro-benzide there are produced in the first place azobenzide,
and subsequently azotobenzide, the composition of which bodies
may be represented by nitro-benzide minus oxygen. It is re-
markable, that azoto-benzide iz of an orange colour, like the
nitro-compounds, and that, like them, it gives rise to an alkaloid
(benzidine) by the action of sulphuretted hydrogen.

Hitherto, the carbhydrides of the first order, »CH?, have not
furnished us with a single nitride,

4° The halonitrides partake of the properties both of the
halides and the nitrides. By the action of sulphuretted hydrogen
they would probably give rise to ehloro- and bromo-alkaloids,

The Dyapipis, of which the composition may be represented
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by a nucleus, plus 1, 2, and 3 molecules of the following
dyads—H?, CI%, Br?, 1%, F?, and even M2, are divisible into:

15 Hyperhydrides.—These are hydrocarbons, which when
treated with chlorine, comport themselyes differently from the
carbhydrides. By the action of this reagent they undergo
equivalent substitutions, but the products thus formed are at-
tackable by alkalies, whilst those furnished by the carbhydrides
are not so,

We do not know, whether the hyperhydrides, like the earb-
hydrides, are capable of producing diameracids with sulphuric
acid. There are, indeed, many acids of which the composition
may be represented by SO? plus a hyperhydride: such are
the hyposulphomethylic SO* + CHY, the hyposulphethylic
SO* + C*HS and the hyposulphamylic SO* + C°H'®, acids.
But we are ignorant as to whether these acids are products of
sulphuric or of sulphurous acid: on the second hypothesis, they
will be respectively the sulphomethylous, sulphethylous, and
sulphamylous acids. Hitherto, we are not acquainted with any
hyperhydride containing more than two atoms of "hydrogen in
excess of the nucleus. The members of this class appear to be
capable of producing certain metallic varieties, such as zine-methyl
CH? + ZnH, and zine-ethyl C*H* + ZnT.

The trichloro-hyperhydride of the methylic series, forms an
amide with chlorosulphalic acid; this is Berzelius's and Marcet’s
compound, the composition of which may be represented by

SOHCI + CCPH—Aq.

2°. Dihalides.—These bodies contain one dyadic molecule in
excess of the nucleus. This molecule may be homogeneous, that
is to say, formed of 2 halogeneous atoms, or heterogeneous, that is
to say, formed of 1 atom of hydrogen and 1 atom of a halogen, as
instanced in the two following bodies :

C*H* + HCI, C*H! +Cl3,

which represent, the one an isomeride of chlorhydric ether, the
other of Dutch liquid. Concerning their properties, vide page
185, Art. CHLORO SUBSTITUTIONS.

3°, Tetrhalides.—These bodies contain 2 dyadic molecules, or
4 atoms in excess of the nucleus. These atoms may be of different
natures, as in the following examples :—C'"H*+4 CI*Br®. With
regard to their properties Vide pagel83, Art. CHLORO SUBSTI-
TUTIONS,
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I will add one word only, concerning the manner in which
they comport themselves with sulphuric anhydride. The carb-
hydrides and halides combine directly therewith, giving rise to
diameracids. The tetrhalides, at least those of naphthaline, are
decomposed with elimination of chlorhydric and formation of a
diameracid, probably in accordance with the following reaction :

CYHE,Cl 4+ SO*= SO0 C'*H*C]* + H*CI?,

that is to say, that a halyde is formed, which then unites with the
sulphurie anhydride.

Hitherto, the carbhydrides and the hyperhydrides of the first
order, nCH?* and nCH*+H? have not given rise to a single
tetrhalide.

4°, Hexalides.— These bodies contain 3 molecules, or 6 dyadie
atoms in excess of the nucleus. Like all other hyperhalydes, when
submitted to the action of potash, they yield chlorhydric acid, and
give rise to halydes.

Certain hyperhalydes, when submitted to the action of ammonia,
have either not undergone any alteration, or have simply yielded
chlorhydrie acid.

The MONADIDES, of which the composition may be represented
by a nucleus plus 1, 2, and 3 atoms of the following monads:—
0, S, Se, Te, are divisible into :

1°. Monalides, which as a rule correspond to the compounds
ordinarily designated by the name of aldehydes. They are neutral
bodies ; but very many of them are capable of exchanging 1 atom
of hydrogen for 1 atom of potassium, and certain other metals.
These species of salts are generally very unstable, and are decom-
posable by water. Nevertheless salicylic aldehyde, or salicylous
acid combines readily with the majority of the metals. So also do
the nitro-derivatives of phenylic aldehyde (bi- and tri-nitrophenic
acids ).

By the action of ammonia, the monalides undergo very various
metamorphoses. The most simple case presented to us, is that in
which 1 equivalent of ammonia and 1 equivalent of an aldehyde
react upon one another to produce an alkaloid. Thus we have
with

henyliec ... C°H°0O+H*N —Aq=aniline
Aldehyde { 0 iV " CRHAO 4 H*As—Aq— kakodine.

With other proportions, either various neutral bodies are produced,
or else alkaloids, as seenin the following examples :
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ordinary sulpho 3C*H* S+ H*N— H®S =thialdine
Aldehyde E;nn:r,um .. 3CH®* 0O-+42H3N—3 H*QO=amarine
furfuric ... 3C*H'0.0 +2 H*N—3 H?0 = furfurine.

Under the influence of oxygenants, the monalides pass into the
state of deuterides (acids), and their mono-chloro-varieties, when
submitted to the action of water or alkalies, pass into the same
state. Thus we have with

benzoie ... C'H* O+ O=benzoic acid
R e SR L 20 S ezt acid L 0]

The monalides have certain relations with the aleohols. We
might say, that the former are to the carbhydrides, what the latter
are to the hyperhydrides :

Deutene C2H* Ethene C*HA.H?
Deutal C*H*40 Ethol C*HYH?*+ 0.

Moreover several monalides are capable of giving rise to combina-
tions analogous to the ethers and vinic acids. Thus we are
acquainted with a considerable number of acids, formed from sul-
phurous acid, and the benzoie, salicylie, cuminie, anisic, caprie,
eenanthylie, &e., aldehydes, in virtue of the equation :

H?SO%+ Aldehyde—Aq.

2°, Deuterides, which are monobasic acids.

We have already said, that the acids are salts of hydrogen, or
hydrogenised molecular types, of which one or several atoms of
hydrogen may be replaced by any metal whatsoever. This defini-
tion, though based upon the fundamental character of the acids,
does not yet suffice to isolate these bodies from all others; for we
meet with many compounds which possess this character to a
greater or less degree, and which, notwithstanding, are never
accounted acids; such a body for instance is ammonia, which is
capable of exchanging 1, 2, and 3 atoms of hydrogen for an equal
number of atoms of certain metals. To the above mentioned
character then, we must add the following: acids redden the colour
of litmus, effervesce with carbonates, destroy the alkalinity of bases,
and are capable of forming ethers. But on a more close examina-
tion, we perceive, that all these characters are but varieties of the
first or fundamental one; for the appearance of the red colour
of litmus, indicates to us, that the acid under examination has
exchanged its hydrogen for the metal of blue litmus; the disen-



DEFINITIONS AND OBSERVATIONS. 369

gagement of carbonic acid shows, that the metal of the carbonate
has taken the place of the hydrogen of the acid; the destruction
of alkalinity is also due to the exchange of hydrogen for a metal;
and, lastly, the formation of an ether may be regarded as the
exchange of hydrogen for a compound body which fulfils the func-
tions of a metal.

Nevertheless, there exist bodies which neither redden the
colour of litmus, nor produce effervescence with carbonates, and
which are yet considered as acids, This may be easily understood
by an inquiry into the cause of the alteration of the litmus colour,
and of the effervescence of the carbonates. These two phenomena
prove, that the acid under examination is capable of displacing the
red acid of litmus, and the gaseous acid of the carbonates, or as is
ordinarily said, it is more powerful than these two acids. But
there may exist bodies more feeble than the two latter, which will,
nevertheless, be classed among acids. Lastly, we are acquainted
with insoluble acids, which, on that account, are without action
upon test paper.

Certain differences, however, do exist between phosphuretted
hydrogen, ammonia, pthalimide, succinimide, isatine, &c., on the
one hand, and acids on the other. The first mentioned bodies com-
bine only with certain metals, they do not unite directly with
oxides, except in a very few cases, and the species of salts which
they form do not, as a rule, yield themselves to ordinary double
decomposition: whilst the acids, properly so called, combine with
all the metals, unite directly with metallic oxides, and, together
with all their salts, participate in double decompositions with the
oreatest ease. But even these characters are not absolute, for
though phosphuretted hydrogen and ammonia do not with oxide of
sodium form directly a phosphide and a nitride—though argentie
pthalimide with chloride of barium does ggot produce barytic
pthalimide—neither does carbonic acid combine directly with
alumina and ferric oxide ; nor does carbonate of potash, when added
to a salt of gold or platinum, precipitate the carbonates of these
metals. ;

Thus then, the acids are not possessed of exclusive characters,
by which they can be completely separated from all other bodies.
Nevertheless, by having regard to their composition, and to their
relations with certain bodies, I believe it will be extremely difficult
to misunderstand their nature. I will explain myself by an
example :—We are acquainted with the remarkable relation which
exists between the homologous aldehydes »CH?+ O, and these

2B
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may remark, that it has also been designated by the name of
pyrocatechine, whence we should conclude, that its acid properties
are not well marked. We ave acquainted with its lead salt only,
and we know that with certain neutral bodies, and with feeble
acids, lead frequently gives rise to salts containing an excess of
oxide. DBut I leave this last objection on one side, since there
exists a derivative of oxyphenic acid, namely, the oxypicric
CSHPX34O? (if, indeed, it does not contain O instead of OF),
which gives rise to bibasic salts.

That the acid in question constitutes the real phenic deuteride,
appears to me to be very doubtful, inasmuch as St. Evre has
obtained from benzoic acid (the intimate relations of which with
the phenic series are well known to us) two acids, namely, the
chlorophenylic and nitrochlorophenylic, which are respectively
represented by C°H°Cl+ 0 and C°H*X Cl+ 0% and are mono-
basic. And since the rule, that every acid, no matter what its
degree of basity, conserves that degree of basity when undergoing
chloro- and nitro- substitutions, is hitherto without exception; we
thence conclude, that the chloro- and nitro-chlorophenylic acids are
derived from a monobasic acid C°H® 4 0% which is indeed the real
phenic deuteride. With regard to pyrocatechine, it has obviously a
relation of propinquity with the phenic series; but we are unable
at the present time to determine its functions with certainty.

We have now to consider the saturating capacities of the
acids.

The weight of the molecule of an acid being known, how are
we to ascertain its saturating capacity ?

Nothing i1s more simple in appearance; we determine the
quantity of hydrogen which can be replaced by its equivalent of
metal : if 1 atom of hydrogen is replaced by 1 atom of metal, the
acid is monobasic; if 2, 3, &e. atoms of hydrogen are replaced by
2, 3, &c. atoms of metal, the acid iz bi-, tri-, &c. basic. =Never-
theless there are cases in which somewhat serious difficulties
present themselves. We do not require to know, whether
tartaric acid, for example, is mono- or bi- basie, that is to say,
whether or not its formula ought to be doubled, for we have
already examined this question in all its details ; but representing
the acid by C'HSO% we require to know, how many of its
hydrogen atoms, it is capable of exchanging for an equal number
of metallic atoms. It is generally admitted, that two atoms of
hydrogen may be exchanged for 2 atoms of any metal whatever.
I would ask, whether we are perfectly sure, that the acid is

2382
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unable to yield up 3, 4, 5, and even 6 atoms of hydrogen, in
exchange for an equal number of atoms of a metal ?

Since we have considered hydrogen as a metal, it would seem,
that an acid ought to be as many times basic as it contains atoms
of hydrogen; that the acetates ought to be quadribasic, and the
tartrates sexbasic. Is this deduction, then, completely contrary
to experience ?

We know that when trichloracetic acid is treated with potas-
sium, there is formed a salt, which, by the action of water, is
transformed into ordinary acetic acid.

The emetics heated to 200° C contain only 2 atoms of hydro-
gen, and the 4 atoms eliminated are shown to be replaced by their
equivalents of two meials; whence we ought to conclude, that
tartaric acid is quadribasic.

Gallie acid CTHE()® is bibasie. Nevertheless the gallate of tin
containg C'H*Sn'O% and the gallate of lead CTH2PL*O?,

Isotartridic acid CAIT*0°, which is monobasic, loses at least 2
atoms of hydrogen when heated with an excess of litharge.

Succinie acid, which is bibasic, seems to form two lead salts,
which contain respectively C*H*Pb*0* and C*H*Pb*0O* + Ph?0.

Marsh gas, which has no saturating capacity whatever, can,
nevertheless, in certain circumstances, exchange 1 atom of hydro-
gen for 1 atom of zine.

I't appears to me, that by strongly heating certain basie salts of
lead, we may succeed in eliminating a quantity of hydrogen greater
than that which corresponds to the basity of the acid. Thus, the
precipitated gallate of lead is probably in the first instance
a basic salt = CTH'Pb20°+Pb?0, and not C'H2PH*O®+ H?0.
‘When this salt comes to be heated, it disengages, not water
" which existed in the salt, but water formed at the expense of
the hydrogen of the acid and the oxygen of the oxide of lead in
excess.

It would seem then, from what I have just said, that under
certain circumstances a monobasic acid may exchange more than
1 atom, and a bibasic acid more than 2 atoms of hydrogen; in a
word, that the basity of an acid is rather a habitual than an abso-
lute property.

Nevertheless, if we compare the properties of the monobasie,
with those of bi, tri, and quadribasic acids; if we attend to the
number of amides and ethers formed by these acids ; if we recollect
that monobasic acids do not give rise to ethers with 2 atoms, nor
bibasiec acids to ethers with 3 atoms of ethyl; and if we have



DEFINITIONS AND OBSERVATIONS. 373

regard to the rarity of ultrabasic salts, and to the circumstances
under which they are forined, we need never be long in doubt con-
cerning the basic measure of an acid.

These reflections were suggested to me by aspartic or malamic
acid, which in its quality of amidie acid of bibasic malic acid, ought
to be monobasie, whilst we know that in reality it exchanges 2
atoms of hydrogen for 2 atoms of metal,

I have previously remarked, that the properties of the salts of
this acid would lead us to consider it as monobasie, and that its
bimetallic salts ought to be viewed as ultrabasic. Thus, then, the
composition of the aspartates proves to us, that in this case a single
character iz not =ufficient to define the basic measure of an acid,
but that we must have regard to several characters, and that
sometimes the principal character may lead us into error.

The word bibasic has several different significations ; thus, we
say, that C*H'PbL?0° is a bibasic tartrate of lead, and that
C*H'Pb?0°+2Pb?0 is also a bibasic salt. To avoid this confu-
sion, I shall designate the different neutral, acid, basic, and ultra-
basic salts of the same acid, as follows:

Tartaric acid ... s NIETHEE

(potassic.... .. .. .. CHK O
bipotassic o TR )
biplumbie e ks e AR LA
hydrobasic plumbie ... .. CHPH?O°+TPHHO

Tartrates/ Pibasic plumbic ... CHPHO*+ TPbh0O

quadribasic plumbic ... ..  CHPL*O +2 Pb?O
quadriplumbic ... e GSEHY PG
quadribasic-quadriplumbic ... C'H2Pb*O°+ 2 PL2O
antimonylo-potassic ... ... C'H'SbyK OF

| tristibico-potassic ... C'H%bK O°,

3°. Tritonides, which are bibasic acids.

The composition of the tritonides may be represented by a
carbhydride plus 3 molecules of oxygen, or by a carbhydride minus
1 molecule of hydrogen plus 4 atoms of oxygen. Thus with
C'"H" we may have both C**H'" 4 O3 and C*H?*O + O3,

Carbonic acid (CH?+ O?) is perhaps the only tritonide which
contains but 3 atoms of oxygen. Homologically, we should be led
to admit the existence of other analogous acids C2H*-- 03,
CI° + 0% &e.  Of these bodies but one very doubtful example
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Oxalie ... e CFH20408
o CSHAOS08
Suceinic v BYHS O 408
Pirotartric ... C°HEO-+4+0?
Adipic ... . CYHYO 408
Pimelic e COTHRO 403
Suberie el ICBEMG) LB
Sebacie TR [P i
Tpomie ... }{’I H"0 +0
UEDI-[3H.0+03'*

It is worthy of note, that all these acids may be obtained
by the action of nitric acid upon the monobasic acids of our first
order. Oxalic acid itself may be obtained by the action of moist
chlorine upon acetic acid ; we have in this case the equation

C*H'O*+ 0*=C"H*0O' 4 H*0,
similarly to that of butyrie acid:
CH*0?+ 0= CHO* + H?O.

Of tritonides belonging to the other orders, we are acquainted
with the following :—

Mellie TR Bl T R
Maleie WL AT TR E
Fitracnnic

taconic ..., | (e -
Mesaconic ... C* H 0+0°
Lipie
Chloranilie ... e (CEHRCIR O 08
Ehtalics v a
Terephtalic e } CTH? OTI_D
Nitroterephtalic ... e JOVHE X Q08
Camphorie i (CEE Q408
Chrysamic v CMH* Xt O+0?
Aloeresinie . CUHEX! 0405

It is observable, that the majority of these last tritonides are
also obtained by the action of nitric acid.

The deuterides are volatile without decomposition, and the
tritonides very nearly so. I say nearly so, since the majority of

# Phycic acid probably contains C*H*NOQ32. Supposing it to be an amidie
acid, by abstracting H*N and adding 1?0, we should have C¥*H*0 4+ 0° bibasic.
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them, when volatilising, undergo a partial decomposition, and give
rise to anhydrides; this is never the case with the deuterides.

I need not revert to the properties of bibasic acids, having
entered into considerable details, upon the subject in a former part
of this work.

The anhydrides have a composition which may be represented
by a deuteride or a tritonide, minus the elements of water. We
shall divide them into two principal classes:

1% Monanhydrides, or the anhydrides of the monobasic acids.

For their formation the presence of 2 atoms of acid is required, as
in the example:

2 C?H'0?=C*HSO? + H2O.
Acetic acid. Acetide,

Hitherto, it has not been possible to obtain bodies of this class,
either by heating the denterides, or by treating them with hodies
having a powerful affinity for water. We have elsewhere indi-
cated their mode of preparation.

From their properties and constitution, these bodies ought to
be placed among the diamerones, for they are evidently complex
bodies formed of two groups. When produced from one single
acid they are didymic, when from two different acids dioic.

Thus, according to Gerhardt,

2 CZHYO*  would give {CEHHO} 0 + H0

C*H?*0
TFT4()2 TEO) )
gqgﬁgg} would give -{g;,ﬁ&g} 0O + H2O

When added to water, they do not mix therewith, but dissolve
more or less gradually, and regenerate the monobasic acids.
With ammonia, they do not give rise to amidic acids, but te
amides. ,

I have previously shown, that the anhydrides N203, N207,
Sh20?, B*0?, As?0%F can in certain cases play the part of oxide of
uranyle. It remains to be shown, how far the acetie, butyric,
benzoic, &e. anhydrides, resemble the ahove-mentioned bodies.

2°, Dianhydrides, or anhydrides of the bibasic acids. The
majority of these compounds may be obtained directly by

* The arsenious, borie, phosphoric, &c., anhydrides, may be considered as
mono- bi- or tri-basic anhydrides, Thus P*0° is the anhydride of metaphosphoric,
phosphorie, and pyrophosphoric, acids ; B*0may be the anhydride of a boric type
containing BOAL1.
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de-hydrating their acids.” We have described their properties
elscwhere.

In addition to the above two classes, we might yet establish
two others which should comprise respectively :

3% dAnhydroses, the composition of which may be represented
by 1 molecule of a monobasic acid, minus 1 molecule of water:
thus formic acid CH*O*—H*O=CO carbonic oxide or formiose.
But very few of these bodies are known to us; pyromargarol and
pyrostearol may, however, be adduced as examples. The mono-
basic acids which do not belong to the class of deuterides may
also give rise to anhydroses; as for instance, isatinic acid which
forms isatine, and benzilic acid which forms benzile. Isatine
and benzile have indeed but very little analogy with carbonic
oxide, pyromargarol and pyrostearol. It is clear, that the class of
anhydroses must be separated into several divisions, if' all these
different bodies are to be retained in it.

4° Dianhydroses, the composition of which may be represented
by a bibasic acid, minus 2 atoms of water. The tritonides do not
furnish a single body belonging to this class. From among the
other bibasic acids I can only adduce lactic acid, which gives rise
to dilactide or lactose, ;

The MoNopYADIDES comprise but a single group, that of the
udolides, of which the composition may be represented by a
carbhydride, plus a molecule of water. To this division are
referred the aleohols properly so called, or the aleohols of the first
order, nCH24 H2(Q.

Among the other orders, there may be found bodies which
have analogous compositions, but of which the properties are
not well known. .

Thus, thiosinamine, when heated with potash, gives rise to
a product which is probably the acroleic aleohol C*H*+4 H20.
Assafewetida, appears to contain a homologous sulphur aleohol
CoH®+ H*S.,  Oreoselone would be an aleohol = CTH*O4 H20 ;
oreoseline, the ether, = 2 C"H'O+ H?0; and athamantine, the
valerianate. We might regard saligenine as a salicylic aleohol
= O"H* O+ H?*O; peruvine as a einnamic aleohol = C*H®+ H*0 ;
and essence of peppermint C'"H®+ H*(O), also as an aleohol.

I have previously considered the ethers as hydrodiamerides;
on the other hand, all chemists regard the ethers, including ether
properly so called, as forming with their aleohols but a single
oroup of analogous compounds.

Iieplacing aleohol among the aplones, and its ethers among
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sulphatic precipitate with chloride of strontium. But the sulphate
of strontium, which in this manner serves as the term of compari-
son, would, by this definition, be excluded from the class of sul-
phates, since its solution does not give a precipitate with the solution
of chloride of strontium. It would be the same with sulphate
of barium, were we to take it as the term of comparison.

In conclusion, aleohol being indivisible under the influence of
water, may be placed among the aplones; being, however, divisible
under the influence of sulphydric and chlorhydrie acids, it ought
to be placed among the diamerones, along with the amidic acids,
and by the side of sulphydrovinic acid, to which it corresponds,
constituting, as it does, ox-hydrovinic acid. I leave it among the
aplones, only for the sake of convenience, since we must be
acquainted with its properties before we can study those of the
ethers, in the midst of which bodies, however, would be its proper
position.

At the head of the prameroNES 1 have placed the RADICALS ;
these I have divided into mefoyles and alcinyles. As with two or
three exceptions only, these bodies are purely hypothetical, I shall
not add anything to what I have previously said concerning them.

‘We now come to the ALcINIDES, or alkaloids. This class is
not in harmony with the others; for its establishment I make
use of a property, for that of the others I have relied constantly
upon composition. Thus, the establishment of this new class
throws our classification into a certain confusion, of which it is
well to be forewarned.

The hydrodiamerides come after the aleinides, but among these
last mentioned bodies will be found urea, flavine, and many other
alkaloids which are also hydrodiamerides. I could indeed have
comprised these bodies in the class of hydrodiamerides, which I
might have divided at first according to composition, and then sub-
divided according to properties; thus, the diamides might have
been subdivided into neutral diamides, and into alkaline diamideg,
such as urea and flavine. The following consideration prevented
me from adopting this plan.

In the first place I was embarrassed by eyaniline, and the
other eyanoc-alkalies which, though they may be easily considered
as hydrodiamerides, could not without some difficulty be located
in any of the established subdivisions; and, moreover, there exist
alkaloids (such as those corresponding to tellurethyl and stanne-
thyl) which it would be difficult to consider as hydrodiamerides.

Lastly, another motive of convenience deeided me upon placing
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the alkaloids apart, and at the head of the diamerones, for nearly
all’of these lutter bodies are obtained by means of the alkaloids,
and it is obviously advantageous to place these bodies in advance
of their combinations. This order must, however, give place to a
better one, when we become better acquainted with the generation
and metamorphoses of the alkaloids. |

The alkaloids may be subdivided into

1°. Monalines, which proceed from the action of ammonia u pon
the monalides, according to the equation

A +B—Aq.

5 G - L ] - " L]
2", Udolines, which may be considered as products of the action
of ammonia upon the udolines, according to the cquation

A+ B—Aq.

3°. Alkalpidsanalogoustosemi-naphthalidam and semi-benzidam.
The monalines may be considered as earbhydrides which have
exchanged 1 atom of hydrogen for 1 atom of amidogen ; the alka-
loids of this division may be considered as carbhydrides which
have exchanged 2 atoms of hydrogen for 2 atoms of amidogen.

4°, Cyanaleines analogous to eyaniline, dicyanomelaniline, &e.

5% Ureas, as urea properly so called, flavine, &e.

6° Alkaloids analogous to tellurethine and stannethine.

7% Alkaloids analogous to quinine, &e.

8% Hydralcines analogous to amarine, furfurine, thialdine, &e.,
which proceed from the action of ammonia upon the moenalides,
according to various equations.

Although the alkaloids would appear to form a well
characterised class (by the property they possess of being able to
unite directly with acids so as to form salts), nevertheless, as with
the acids and many other bodies, we are sometimes embarrassed
when called upon to decide, whether such and such a compound is
or is not an alkaloid. We need only refer to glycocine, leucine,
asparagine, &c., and even to trichloraniline. With regard to this
last substance mno hesitation can possibly be required, since it
lacks the fundamental property of the alkaloids, since it does not
~ gombine with aﬁy acid whatever. We might compare aniline and
its chloro-derivatives to a magnetised bar, capable of sustaining a
certain number of indivisible balls of iron, which bar, by a gradual
loss of its magnetic power, would be able to support only 4, 3, 2,
and 1 ball, and at last be incapable of supporting even a single ball,
although in this last case it would still remain magnetised. In the
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same manner, when aniline gradually becomes chlorinated, so does
its affinity for acids l]lmnn-h' bichloraniline retains Lh]ﬂlh}'{irlu
acid but very feebly, and trichloraniline is no longer able to unite
therewith. Nevertheless it seems to me, to be impossible for us
to separate these two anilines from one another, and consequently
trichloraniline must be left among the alkaloids. In this case, as
for the acids, aldehydes, amides, &e., we must have regard, not
only to the properties, but to the relations of composition, mode of
formation, and of propinquity, which exist between one body and
those which surround it. ;

I divide the HYDRODIAMERAIES into two prineipal classes,
the one comprising the diamerides formed by one or several acids,
and the other, the diameresides formed by the union of non acid
bodies.

I have already entered into abundance of details concerning
the hydrodiamerides (vide page 240, Table of 64 divisions); and
have nothing further to add upon the subject.

So also with regard to the Aalodiamerides, which are to the
h yﬂmdinmeridﬂs, what the chlorides are to the oxides and acids.

It remains for me to say some few words concerning the
PARADIAMERIDES, which I have already divided into polyadelplides
and synheterides, and which form a sort of appendix, com-
prising bodies that are but little known, and that will eventually
be divided in a more convenient manner, and even possibly be
referred to some of the preceding classes,

The polyadelphides are formed by the union of several
molecules of compounds belonging to the same series, the
synheterides by the union of several molecules of compounds
belonging to different series.

Among the paradiamerides we shall necessarily meet with
every variety of compound: hydrocarbons as stilbene ; aldehydes
as benzoine; acids as the benzilic ; anhydroses as benzile ; amides
as benzilam and benzilime, &c., whence will arise fresh analogous
subdivisions.

At the end of each series I shall place an appendix, containing
hodies of which the nature is not well determined.

After the bodies divided by regular order and series, will
come

1°. Polyoxides, among which will reappear mono-, and poly-
basic acids, anhydrides, amides, amidic acids, &e.

2°. Certain vegetable and animal matfers, among which we shall
establish divisions analogous to the preceding.
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