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PREFACE.

rjIHE graphic History of Chemical Theory here

-*-
presented to the EngUsh reader, forms the

Introductory Discourse to M. Wurtz's ' Diction-

naire de Chimie.' Though the opening sentences

may be thought to savour too strongly of national

partiality, it will nevertheless be found that the

Author has habitually done full justice to the

labours of chemists belonging to other nations.

One or two discoveries having important bearings

on the develo'pment of chemical theory have how-

ever been passed over, and these the Translator

has endeavoured to elucidate by a few additional

notes.

LoNDOif : February 1869.
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HISTORY
OF

CHEMICAL THEORY
FKOM THE TIME OF LAVOISIER.

INTRODUCTION.

Chemistry is a French science. It was founded

hj Lavoisier^ of immortal memory."^ For ages, it

had been nothing but a collection of obscure re-

ceipts, often fallacious, used by the Alchemists,

and afterwards by the latrochemists. Yainly had a

great mind, George Ernest Stahl, endeavoured, at

the commencement of the eighteenth century, to

give it a scientific foundation. His system could

not stand the test of facts or the searching criticism

of Lavoisier.

The work of Tiayoisier is complex : he_ was at

once the author of a new theory and the creator

of the true method in chemistry ;
and the supe-

riority of the method gave wings to the theory.

* Note A, at the end.
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INTRODUCTION.

Sprung from exact observation of the phenomena
of combustion, this theory was able to embrace all

important facts known at that epoch. It had within

itself both exactness and scope ;
it has become a

system. After fifteen years of strife, its triumph
was complete, and it remained unquestioned for more

than half a century : the master found great disciples

to consolidate and develop his work. Nevertheless,

a part of the science remained beyond the reach of

their efforts, and of the system, which was more

especially applicable to inorganic compounds. Or-

ganic chemistry was at that time limited to the

qualitative description of principles extracted from

products of vegetable and animal origin. The

genius of discovery had indeed amassed a quantity

of precious materials ; but the science, which was to

co-ordinate them, was not yet born. The very ele-

ments of this co-ordination were still wanting, and

could be furnished only by the study of the meta-

morphoses of organic compounds. To discover the

atomic constitution of organic compounds, and

thereby to explain their properties, and establish

their relations, is the object of Organic Chemistry ;

and this object is attained by determining the nature

and number of the constituent atoms of organic

compounds, and by studying their modes of forma-

tion and transformation.

This great work was not really begun till about
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the year 1830
;

but from that time it has been

carried on with vigour and success. It is not yet

finished. But what a mass of facts has been accu-

mulated during this long space of time ! No

memory can at present retain them all
; and it may

be said, without exaggeration, that, since the time of

Lavoisier, the wealth of the science has been in-

creased a hundredfold. Hence, the frame in which

that great genius enclosed his system has be-

come too narrow. An enlarged horizon reveals new

points of view. Is it, then, astonishing that theories

suggested by the study of organic compounds, and

at first restricted within the domain which gave

them birth, have taken wing, and striven to clear

the bounds which separate organic from mineral

chemistry? This they have done; they now em-

brace the whole field of the science
; and, thanks to

them, it may be said that there is but one chemistry.

So great a result is not the work of one day or

the conquest of a revolution ;
it is the result of slow

and continued progress. But if we forget for a

moment the successive stages, and carry our ideas

back to the starting-point, we must avow that the

progress is immense. Compared with the science of

that time, the science of the present day appears to

us not only enlarged, but transformed and regene-

rated.

Is it complete, as regards its doctrines ;
and are

B 2



INTRODUCTION.

the new paths by which it has irresistibly advanced,

made altogether plain ? We do not think so. But

the greatness of the advance permits us to affirm

that the roads are good. We may then halt for a

moment, and, casting our eyes over the distance

already traversed, mark with certainty the point at

which we have arrived.



LAVOISIEE

I.

The system of Lavoisier has been characterised as

antiphlogistic, in opposition to the celebrated

theory proposed by Stahl, towards the end of the

seventeenth century, and known by the name of
'

Theory of Phlogiston.' This great chemist, who
was also a great physician, had found the germ of

this theory in the writings of Becher.^ Metals con-

tain a combustible principle, an
' inflammable earth :

'

such is the idea of the last-named philosopher, still

governed by the belief of the alchemists, whom also

he resembled in his restless spirit and adventurous

career. But these notions were beginning to decline,

and the stamp attached to the doctrines of Becher

was no longer a mark of favour. Thus his idea was

scarcely noticed in its origin. To bring it out and

* Johann Joachim Becher was born at Speier in 1635, and died in Eng-
land in 1682. His first ideas on the nature of the metals were published

in his Acta laboratorii chymici Monacensis, seu Fhysica subterranea, 1669.

He explained them chiefly in his last work, entitled, Aljphabetum mine-

rale, seu viginti-quatuor theses Chymicce, 1682.



LAVOISIER.

make it known, it required a powerful commentator,

and such a commentator it found in Stahl. * Bech-

eriana sunt quae profero
' was the declaration of

Stahl ; and nevertheless the idea became his own. He

gave it a clear expression and a general form ;
he

developed it into a theory."^

The inflammable earth of Becher received the name

.of Phlogiston. This, according to Stahl, was a subtle

principle, diffused through metals and in general

through combustible bodies, which lose it when they

are burned or calcined. A metal, heated in the air,

gives up its phlogiston, and is at the same time con-

verted into a dull-looking powder, a metallic calx.

The sparkling scales detached by the hammer from

red-hot iron consist of dephlogisticated iron. The

yellow powder called litharge, formed by the pro-

longed calcination of lead, is lead deprived of its

phlogiston. Incombustible bodies are bodies deprived

of this principle ;
inflammable bodies are those which

contain it in large quantity. The phenomenon of

fire is a powerful disengagement of phlogiston. A

George Ernest Stahl, horn at Anspach in 1660, died in 1734, -was

principal physician to the King of Prussia. The first in date of his

chemical writings, his Zywctechnia Fundamentalist etc., published in

1697, contains, together with an affirmation of the ideas of Becher, the

foundation of the phlogistic theory. After having published in 1702 a
new edition of Becher's Physica suhterranea, he developed his ideas

chiefly in the following works: Speciimn Becherianum, fundammta,
documenta et experimenta sisiens ; Experimenta, observationes, animad-

vtrsiones, ccc. numero, Chymica et Physica (1731).
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body subjected to the action of fire becomes decom-

posed, and tbat which remains after the combustion

was previously one of the elements of th.e combustible

body. Thus the ashes of metals, or metallic calxes,

were contained in the metals themselves in combina-

tion with phlogiston. This latter may be restored

to them by heating them with substances rich in

phlogiston, such as carbon, wood, or oil. Calcine

litharge with powdered charcoal, and you will recover

metallic lead. The phlogiston will leave the charcoal

to unite with the litharge, and form with it the revi-

vified lead.

The triumph of a theory is to embrace the greatest

number and the greatest variety of facts. Now the

theory of phlogiston was equally applicable to two

opposite orders of phenomena, and united them by a

theoretical bond. Bringing together the pbenomena
of combustion, and the facts relating to the calcination

of metals in the air, and their conversion into metallic

calxes, it explained both the one and the other
; and,

moreover, gave a very simple interpretation of the

phenomena of reduction, the inverse of the former.

But what was the part played by the air in com-

bustion ? On this point the theory was mute
;
and

nevertheless observation had gone before it, and had

long before directed attention to the importance of

this condition of the change. Jean Rey, physician,

of Perigord, had caugbt a glimpse of it as early as
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1630. Eobert Boyle, the first President ofthe Eoyal

Society of London, and likewise the first in date of

the true chemists, had confirmed the fact previously

noticed by Rey, that metals increase in weight when

calcined in the air. He added to it this important

feature, that the conversion of lead into litharge, in a

space containing a limited quantity of air, gives rise

to a diminution of the volume of this air. He knew

that the air contains a principle which is consumed

during respiration and combustion. His contemporary

and fellow-countryman. Dr. John Mayow, had sus-

pected, since 1669, that the air is not wholly formed

of one and the same substance, but that it contains

certain particles, better adapted than the rest for

supporting combustion, and that those particles,"^

removed from the air by burning bodies, are likewise

absorbed by the blood in the lungs.

All these observations, however, had remained

barren in a theoretical point of view. They were

either wholly disregarded, or were set aside by ex-

planations equally superficial and erroneous. The

increase in weight of metals by calcination was attri-

buted by Eobert Boyle to the heat absorbed. Stahl

was acquainted with it, and mentions it without ex-

planation, regarding it, in fact, as a secondary detail.

At this time chemists were exclusively occupied

with the outward appearance of facts, confining them-

* Particula nitro-derece.
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selves to the observation and description of what

might be called the qualitative side of phenomena.

The study of the relations of quantity in chemical

reactions was neglected as a luxury, useless for theory,

or at all events was altogether disregarded in relation

to it.^

n.

A NEW era opens with Lavoisier. The facts relating

to the increase in weight of metals during combustion,

confirmed by him, multiplied by a series of decisive

experiments, and illuminated by a lucid discussion,

become in his hands at once a victorious arm against

the theory of phlogiston, and the corner-stone of a

new system. Combustion is not a decomposition ;
it

is a combination, resulting from the fixation of a

certain element of the air on the burning body. The

latter increases in weight in the act of consuming,

and this increase of weight represents exactly the

weight of the gaseous body added.

The discovery of the gas eminently adapted for

supporting combustion, made by Priestley in 1774,

gave a new force to this theory. Lavoisier showed

that this gas is one of the elements of the air, and

called it oxygen. Erom this time the part played by

the air in the phenomena of combustion was clearly

established. In vain did the last defenders of phlo-

* Note B, at the end.
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giston, Cavendish, Priestley, the great Scheele him-

self, endeavour to save the theory of Stahl by mo-

difying it, and asserting that the function of the air

consists in removing phlogiston from combustible

bodies. * A gas,' said Priestley,
'
is so much the better

adapted for supporting combustion, as it contains

within itself a smaller quantity of phlogiston ;
the

air contains but little of it
;
the gaseous constituent

of the air, which is pre-eminently a supporter of com-

bustion, contains none ; the other element of the air

is saturated with it, and is therefore incapable of

supporting combustion.' These reasonings, which re-

presented an incombustible gas (nitrogen), as rich in

phlogiston, disfigured the theory instead of saving it.

Lavoisier victoriously opposed to them an argument
drawn from relations of weight.

' The whole,' said he,
'
is greater than its part ;

the products of combustion,

which are heavier than the combustible bodies, cannot

therefore be the elements of the latter, for in chemical

reactions nothing is lost, nothing is created, matter

being indestructible. If bodies increase in weight by

biirning, it is by the gain or addition of a new sub-

stance
; when, on the other hand, metallic calxes or

oxides are reduced to the metallic state, the effect is

due, not to the restitution of phlogiston, but to the

loss of the oxygen which they contain.' It was thus

that Lavoisier first established the elementary nature

of the metals, and fixed in general the notions of
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simple bodies. He recognised as such those bodies

which yield onlj one kind of matter, and, when sub-

mitted to the action of all available forces, remain

constantly the same, indestructible, undecomposible.

Having thus impressed on a large number of pri-

mordial substances the seal of a peculiar individuality,

he finally recast the ancient notions on the nature

of elements, and put an end to the hope of effecting

transmutations. This secular illusion, neither en-

couraged nor destroyed by the partisans of phlogiston,

might indeed be expected to last as long as the metals

were regarded in the light of compound bodies.

The elementary bodies thus defined are represented

by Lavoisier as endowed with the power of uniting

together, so as to form compound bodies, this union

taking place without loss of substance, and in such a

manner that all the ponderable matter of the con-

stituent bodies is found in the compound. These

great principles form the basis of chemistry. ]!!^ow

that they are universally adopted, they appear to

us so simple and indisputable that we feel compelled

as it were to admit them as axioms. But they were

not so at the time in question ; and it is the lasting

glory of Lavoisier to have proclaimed and moreover

demonstrated them. This he has done by a series of

researches strongly bound together by one dominant

idea, and rendered immortal by skill in experiment,

clearness of exposition, and rigorous exactness of
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deduction. And if anything conld vie in importance

with the discoveries of the great master, it would

be his method, that method which consists in apply-

ing the balance to all chemical phenomena, and is

his own, because he was its true promoter. Caven-

dish, Bergmann, Margraf, had made quantitative

analyses, but neither of them had thought of apply-

ing the study of ponderal relations to the solution of

a theoretical question.* This idea and this merit are

due to Lavoisier. The method which he inaugurated

is the only true method of chemical research. Not

only has it not been replaced by any other, but we can-

not even conceive the possibility of such replacement.

Having taken as his starting-point the study of the

phenomena of oxidation, Lavoisier naturally bestowed

the greatest amount of attention on oxygen and the

compounds which contain it. He showed the im-

portant part played by this gas in the formation of

acids and salts. The principles which guided him in

the study of oxygenated compounds, the most im-

portant of all, were easily extended to all other

chemical compounds. Hence there resulted a general

theory, which about the year 1775 was put forward

in opposition to the ideas of Stahl, then prevailing.

The strife was keen, and even those who, after

Lavoisier, mainly contributed to overturn the phlogis-

tic theories by their discoveries, were nevertheless to

» Note B, at the end.
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the end its most determined champions. Scheele

died in 1784, at the age of 83, if not a fully convinced

partisan of the idea of phlogiston in the sense

attached to it by Stahl, at all events an energetic

defender of the word : so true is it that habit is our

master. In the same year, 1784, when the new

doctrine hadmastered all enlightened minds in!France,

with BerthoUet at their head. Cavendish published

an elaborate and ingenious defence of the phlogistic

theory. Subsequently he withdrew his opposition,

though without actually surrendering. Priestley

never ceased to oppose the new theory. He died

in 1804, near the sources ofthe Susquehannah, having
carried into the new world his restless spirit and

his obstinacy. As to Lavoisier, cut off in the flower

of his age and the fulness of his activity, he had the

satisfaction, rare for so great an innovator, of finally

witnessing the triumph of his ideas. In 1794, on the

day when the revolutionary axe put an end to his ex-

istence, his theory had been accepted by the greater

number of men competent to judge, and the few

opponents who still dared to raise their voice, could

not retard the fall of a system already condemned.

III.

Having in the preceding pages sketched in broad

lines the work of Lavoisier, we must now enter upon
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a few details, and trace the development of his

doctrines consequent upon the discoveries which

belong: to him or to his successors.

In 1772 Lavoisier deposited at the Academy a

sealed packet. He therein treats for the first time

of the increase in weight which metals acquire

by calcination. He further shows that sulphur and

phosphorus increase in weight when they burn in the

air, and that this increase of weight is due to the

absorption of a certain quantity of air. Lastly, he

shows that the reduction of metallic calxes gives rise

to a disengagement of air.

Some of these experiments are described in detail

in a memoir published in 1774. Having kept tin for

a long time in the state of fusion in a close vessel,

Lavoisier observed, as indeed Black had done before

him, a diminution in the volume of the air. But,

more sagacious and skilful than his predecessor,

he was able to establish the fact, that the increase in

weight of the tin represents exactly the weight of the

air which enters the vessel when it is opened after

cooling. This observation amounted to showing
that the tin increases in weight because it has ab-

sorbed air : for the air which disappears from the

vessel by absorption evidently weighs as much as

that which replaces it in equal volume at the end

of the experiment.

Shortly after the discovery of oxygen by Priestley,
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in 1774, Lavoisier published a new memoir, in which

he shows that, in the calcination of metals and in

combustion, it is not the whole of the air, but one of

its elements, namely, oxygen, that is absorbed. He
at first calls this constituent vital air, or air eminently

adapted for supporting combustion and respiration.

In preparing this gas, as Priestley had done, by the

calcination of mercurial calx, he shows that the

latter is a compound of mercury and oxygen, and

concludes, by analogy, that all metallic calxes have

a similar composition. He represents them as

formed of metal and vital air (oxygen) .

Starting from the fact, already known in his time,

that metallic calxes, when heated with charcoal, are

converted into metal, at the same time that fixed air

(carbonic acid) is evolved, Lavoisier regards the

latter as a compound of charcoal and vital air. He
likewise concludes that this vital air is one of the

elements of saltpetre, which supports so vividly the

combustion of charcoal, giving off" fixed air. The

composition of this latter gas was soon afterwards

established by a brilliant synthesis. Having effected

the combustion of the diamond, for the first time

since the famous experiment of the Academicians del

Cimento, Lavoisier showed that the sole product of

this combustion is fixed air, designated from that

time as carbonic acid.

Thus inaugurated, his researches on the composi-
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tion of acids were continued in 1777 by the examina-

tion of phosphoric acid produced by the combustion

of phosphorus. After having again shown that this

latter body increases in weight by burning, Lavoisier

determines exactly the function of the air in the

phenomenon, by showing that the fifth part of this

air is absorbed by the phosphorus.

Other experiments, undertaken in the same year,

strengthen the conclusion that of the two elements

of the air, one only, namely, oxygen, is capable of

supporting combustion.

His researches on the composition of sulphuric

acid are related to the preceding. He shows that

this acid differs from sulphurous gas by containing

a larger proportion of oxygen. He points out the

same relations of composition between nitric acid

and the gaseous oxide of nitrogen discovered just

before by Scheele, and indicates, as a compound in-

termediate between these two bodies, the ruddy

vapour produced by the direct oxidation of oxide of

nitrogen. All these researches demonstrate the part

played in the formation of acids by this 'air emi-

nently adapted for supporting combustion and re-

spiration,' which, in a memoir published in 1778, he

for the first time calls oxygen.

Afterwards he returns to oxides, and passes on to

salts. Having endeavoured to determine the propor-

tions in which -

oxygen combines with metals, he
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represents oxides as essential constituents of all

salts. Before his time, the constitution of these

latter bodies was generally misunderstood. They
were represented, sometimes as formed by an acid

united to a metal, sometimes as resulting from the

union of a metallic calx with an acid, the facts then

known being invoked by turns for the support of one

or the other of these views. It was known that

litharge is capable of forming a salt by dissolving in

vinegar ; but a large number of salts were also known

to be formed by the action of an acid upon a metal.

Is not white vitriol or zinc sulphate formed when the

metal zinc is wetted with dilute sulphuric acid?

The disengagement of hydrogen which accompanies

this solution, disregarded at first, afterwards received

a false interpretation. Lavoisier showed that this

hydrogen proceeds from the decomposition of the

water which takes part in the reaction, and the

oxygen of which is fixed upon the zinc. It is not,

therefore zinc, but oxidised zinc, or oxide of zinc,

which combines with the sulphuric acid.

The action is different, but the results are analo-

gous when copper dissolves in nitric acid. In this i

case, the metal exerts a decomposing action, not on

the water, which is always present, but on a portion

of the acid itself, which gives up oxygen to it. The

copper is thus converted into oxide, which unites

with another portion of the nitric acid to form a salt.
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With regard to the portion of acid which has yielded

oxygen to the metal, it is brought, by this deoxidation

or reduction, to the state of ruddy vapour or hypo-

nitric acid, which escapes.

Such is the interpretation given by Lavoisier to

the phenomena of the solution of metals in acids,

l^henomena whose diversity had embarrassed his pre-

decessors, and whose meaning had escaped them.

The great reformer refers them to this double mode

of action: preliminary oxidation of the metal;

combination of the oxide thus formed with the acid.

Having thus recognised the part played by oxygen
in the formation of acids, oxides, and salts, he laid,

by a few very simple definitions, the foundations of

a new system of chemistry.

An acid results from the union of a simple body,

generally non-metallic, with oxygen.
•- An oxide is a combination of metal and oxygen.
A salt is formed by the union of an acid with an

oxide.

These principles, demonstrated with regard to

oxygen compounds, were capable of immediate ex-

tension to other chemical compounds.
A sulphide results from a combination of sulphur

with a metal.

A phosphide contains a metal together with

phosphorus.

The chlorides alone still remained, if not external
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to the system, at all events beyond the reach of

exact definition. In fact, chlorine having been re-

garded by BerthoUet as a compound of muriatic acid

and oxygen, the chlorides v^ere included for a long

time among oxygenated compounds. But this error,

which was afterwards corrected, could not invalidate

the new theory, which represented simple bodies as

endowed with a power of combining together without

loss of substance, and forming compounds of various

orders according to their degree of complexity.

An elementary body combines with another ele-

mentary body, whence there results a compound of

the first order. Acids, oxides, sulphides, &c. belong

to this order of combination, which is the simplest

of all.

But the acids and oxides themselves are endowed

with the power of combining one with the other, to

form binary compounds pf the second order, which

are salts.

Whatever may be the degree of complexity of a

compound, we may always discern in it two consti-

tuent parts, or proximate elements, which may
themselves be either simple or compound. Sulphide

of iron contains two constituent parts, sulphur and

iron—both elementary bodies. In green vitriol a new

elementary body is added to the preceding ;
this salt

contains, in fact, sulphur, iron, and oxygen ;
but

these elements are combined in it in such a manner,

c 2
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that the oxygen is divided between the sulphur and

the iron, producing sulphuric acid with the former,

and oxide of iron with the latter. This acid and this

oxide are the proximate elements of the salt.

Thus all chemical compounds are binary : such is

the essential character of the system. In all combi-

nations, the affinity is exerted upon two elements,

simple or compound. These attract one another,

and unite together by virtue of a certain opposition

of properties, which is neutralised by the act of

union. Such is dualism.

It is the foundation of the theory and the prin-

ciple of the language of chemistry. And this lan-

guage, so admirable for its precision, contributed in

no slight degree to the triumph of the ideas, at the

end of the last century.

lY.

There was then, at the Parliament of Dijon, an
* Avocat General ' named Guyton de Morveau, who

nobly devoted his leisure hours to the study of che-

mistry and mineralogy. He had been struck, iii

public lectures, with the inconveniences of the

nomenclature, if that term could be properly applied
'

'

to a language destitute of method and clearness—a
^ f

mere collection of uncouth words and tiresome syno--.^^

nymes. Already, in 1782, he had suggested nev'"'
^
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names, which were not accepted, though they con-

tained the germ of a new nomenclature.

To designate the composition of a substance by
its very name—such was the end of the reform

undertaken by Guyton de Morveau.

It found a powerful supporter in Lavoisier, who,
for his own part, succeeded in gaining over to the

new doctrine the author of the nomenclature. A
mutual understanding was thus established in 1787,

and, thanks to the preponderating influence of La-

voisier, and to the assistance of Berthollet and

I'ourcroy, the new language was made to adapt itself

to the new theory.

The names express composition ; but, as this is

binary, each denomination is formed of two words.

The class of oxygenated compounds served as a

model for all the others.

The simplest compounds of oxygen are acids and

oxides. These two words both indicate the presence

of oxygen ; they mark the genus of the 'combina-

tion; the species is indicated by another- Word,

generally an adjective, which recalls the name of the

simple body, metalloid or metal, combined with the

oxygen. Thus we say sulphuric acid, and lead oxi^e,

oxide of lead, or plumhic oxide.

Do we desire to express the several degrees of

oxidation of one and the same body ? The nomen-

clature is fertile in ingenious artifices : it places
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Greek prefixes at the head of one or the other of the

words above mentioned, or it adds an adjective of

variable termination. Thus it marks the several

degrees of oxidation of sulphur by the names, hypo-

sulphurous, sulphurous, and sulphuric acid. The

degrees of oxidation of lead and manganese are in-

dicated by the following denominations : protoxide

of lead, dioxide of lead ; protoxide of manganese ;

peroxide of manganese.
Two words are used in like manner to designate

salts, the one marking the genus, determined by the

acid, and the other the species, determined by the

metallic base. Thus lead sulphate, sulphate of lead,

or plumbic sulphate, signifies a compound of sulphuric

acid and lead oxide ; sulphite of potash, potash sul-

phite, or potassic sulphite, a compound of sulphur-

ous acid and potash.

The same principles were applied to the compounds
formed by sulphur and phosphorus with metals.

This, however, is not the place to insist upon de-

tails, our object being merely to illustrate the influ-

ence of the new names on the extension of the new
ideas. From the year 1790, the fundamental idea of

Lavoisier's system, that is to say, the dualism of com-

pounds, was insinuated into the mind of the reader,

whether philosopher or student, together with the^-

very names ofthe language ofchemistry ; and we know
how great, in such cases, is the power of words.
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This system, though based upon facts, was not free

from hjrpotheses. Eegarding salts as containing two

distinct elements, and assuming in them the parti-

tion of the oxygen between the acid and the base, it

pre-supposed a certain grouping of the elements,

which was not capable of direct demonstration. It

was, in reality, a hypothesis. Clearly indicated in

the language, it has been impressed upon the minds

of chemists, and transmitted, as a demonstrated truth,

from generation to generation. It possessed, in fact,

both simplicity and probability. Not only did it

account for all known facts, but it further led to the

discovery of new facts of the greatest importance :

it was good because it was fertile.

It was known at the end of the last century that

the alkalis, alkaline earths, and earths, such as

potash, lime, and alumina, possess the property of

uniting with acids to form salts, and, nevertheless,

these salifiable bases had not been decomposed. In

comparing them with oxides, Lavoisier divined their

nature, but no one had yet separated from them the

metallic radicals. Since 1790, numerous experiments,

undertaken with the object of reducing the alkalis

and earths, had ended only in failure ; and, by these

numerous disappointments, chemists had been dis-

couraged to such a degree, that the great discovery

of Sir Humphry Davy was received in 1807 with

real surprise.
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But the fact announced by tlie great English che-

mist, of the reduction of the alkalis by the current

of a powerful battery, was soon confirmed by the

very men who had at first received it with doubt,

namely, Gay-Lussac and Thenard. We know that

these chemists succeeded in reducing potash and

soda by submitting them to the action of iron at a

very high temperature. Certain earths, however,

such as alumina and magnesia, resisted these power-
ful means of reduction. But after Oersted had

shown the means of converting these earths into

anhydrous chlorides, by the simultaneous action of

chlorine and carbon at a red heat, Wohler first con-

ceived the idea of decomposing these anhydrous
chlorides by means of the alkali-metals discovered

by Davy, and had the glory of realising it. He thus

isolated aluminium, which, in the hands of H. St.

Claire Deville, has since become an ordinary metal.

All these discoveries, which have shed lustre on

the greatest names of chemistry in this century, flow

from one idea—that, namely, of the constitution of

salts, proposed by Lavoisier.

On another point, the theory had been found de-

fective. Lavoisier at first supposed that all acids con-

tained a common element, which he called oxygen,

because he regarded it as the acidifying principle or

generator of acids. This proposition, though exact

m many cases, was too absolute in its enunciation.
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BerthoUet, in 1789, demonstrated its exaggeration

by the analysis of snlpliuretted hydrogen and

prussic acid, both of which bodies are free from

oxygen, and yet possess acid properties. But one of

the most important exceptions to Lavoisier's rule is

exhibited by muriatic acid, the composition of which

was discovered at a later date.^ It is an energetic

mineral acid. It neutralises potash like sulphuric

acid, giving rise to analogous phenomena, a notable

rise of temperature, and the formation of a white,

neutral, saline substance, which, if the liquids are

concentrated, is precipitated in small crystals. In

both cases, an acid is neutralised by a base, with

formation of a salt, and yet the first of these acids

does not contain oxygen.

As it frequently happens in science, these facts,

embarrassing at first for the theory, and regarded
as exceptional, have become the starting-point of a

new generalisation.

Davy made them the ground-work of a theory of

salts, which was supported by Dulong, but rejected

by their contemporaries as contrary to established

ideas. At the present day, however, it is admitted,

and we shall have to explain it hereafter. One more

remark, to complete this part of our subject. This

great step, which consists in including within the

same order of phenomena, and explaining by the

* Note 1, at the end.
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same theory, the neutralisation of bases by hydracids

and oxacids, and has overthrown the theory of I^a-

voisier on the constitution of acids, is based on facts

discovered by BerthoUet at the very time when this

theory had just won its first triumphs. It carried,

therefore, almost in its birth, the germ of its de-

struction.
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At the time when Lavoisier laid the foundation of the

new chemistry, a German philosopher, Wenzel, was

working obscurely to enlarge and define, by exact

analyses, the notions then existing on the composition
of salts. The chemists of that time had been struck

by the fact that two neutral salts can form, by ex-

change of bases and acids, two new salts, neutral like

the first. Thus, on mixing concentrated and neutral

solutions of sulphate of potash and nitrate of lime,

there are formed, by double decomposition, sulphate

of lime, which is precipitated, and nitrate of potash,

which remains in solution. The two new salts are

neutral like the two others, and the permanence of

the neutrality was the point to be explained. Wenzel

was so fortunate as to discover the explanation. He
showed that when two neutral salts are mixed in such

quantities that the acid of the first is exactly neutral-

ised by the base of the second, it likewise happens

that the acid of the second is exactly sufficient to
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neutralise the base of the first. In other words, he

showed that when two neutral salts decompose one

another reciprocally, the neutrality is preserved, be-

cause the relative quantities of any two bases which

neutralise a given weight of a certain acid, are

exactly those which neutralise a determinate weight

of any other acid.

Hence follows the law of equivalents, which was

developed twenty years later by Richter. The quan-

tities of different bases which neutralise 1000 grammes
of sulphuric acid, are proportional to the quantities

of the same bases which neutralise 1000 grammes of

nitric acid. The former are equivalent among them-

selves ; that is to say, they can replace one another

with regard to a certain weight of sulphuric acid. It

is the same with the second quantities, which can

replace one another with regard to a certain weight
of nitric acid. If the weight of the acid does not

change, the weight of each of the bases remains con-

stant; if the weight ofthe acid increases or diminishes,

the weight ofeach of the bases increases or diminishes

in the same proportion.

The proportions by weight in which acids combine

with oxides are therefore absolutely fixed : such is the

fundamental fact, deduced from the researches which

were undertaken at the end of the last century on the

composition of salts. The law of equivalents implies

the law of definite proportions.



BALTON AND GAY-LUSSAC. 29

The theoretical consequences which are deduced

from the labours of Wenzel, and give them so high a

degree of importance, were scarcely noticed, and the

discoveries of the Freiberg chemist, completed by
those of Richter,"^ soon fell into profound oblivion.

The hour of Wenzel and of Eichter was not yet come.

Their contemporaries were engaged in discussing

theoretic ideas of a higher order. The contests and

triumphs of Lavoisier then captivated the minds of all;

and, nevertheless, the facts in question, interpreted as

they were destined to be twenty years later, would

have furnished a confirmation and support of the new

system.

But the theoretical interpretation was still wanting.

It flows from the labours of an Enghsh philosopher,

who has enriched the science with a conception, at

once the most profound and the most fertile of all

those which have arisen since the time of Lavoisier.

II.

At the beginning of this century, chemistry was

taught at Manchester by a man who joined to an

ardent love of science that noble pride of the philo-

* Eichter published some inexact analyses, and had the ill fortune

to adapt them to theories stiU more erroneous. This circumstance dis-

credited all his labours, the merit of which was not recognised till

twenty years later by Berzelius.



DALTON AND GAY-LUS&At.

sopher which, knows how to prefer independence to

honours, and the glory of solid labours to a vain

popularity. This professor was Dalton ; his name is

one of the greatest in chemistry.

]/ Having studied the composition oftwo gasesformed

of hydrogen and carbon—namely, marsh-gas and

olefiant gas
—he perceived that the latter contains, for

the same quantity of carbon, exactly half as much

hydrogen as the former. He made similar remarks

respecting the composition of carbonic acid and car-

bonic oxide, and that ofthe oxygenated compounds of

nitrogen. These researches led to general laws,which

may be thus enunciated : When a body forms with

another several combinations, if the weight of one of

these bodies be regarded as constant, the weight of

the other varies according to very simple numerical

proportions : 1 to 2, 1 to 3, 2 to 3, 1 to 4, 1 to 5, &c.

Such is the law of multiple jproportions, formulated

by Dalton.

So great a discovery happily completed those of

Wenzel and Richter. Those chemists had shown that

combination between bases and acids takes place in

fixed and definite proportions. Dalton found that

•the same law holds good in combinations formed
between simple bodies. To the fact of definite pro-

portions he added that of multiple proportions. The

importance of these labours would not, perhaps, have

been fully recognised, had not the author's elevated
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and deep-thinking mind succeeded in interpreting

the facts which he had discovered, by a striking hypo-

thesis, and expressing them by a formula of great

simplicity. Reviving the idea of Leucippus and the

expression of Epicurus, he supposed that bodies are

formed of small individual particles, which he called

atoms. To this old and vague notion he attached

an exact meaning, by supposing, on the one hand, that

the atoms of each kind of matter possess a constant

weight, and, on the other, that combination between

two kinds of matter takes place, not by penetration of

their substance, but by juxtaposition of their atoms.

This fundamental hypothesis being admitted, the

fact of definite proportions and the fact of multiple

proportions are simply and satisfactorily explained.

The definite proportions in which bodies combine

represent the constant ratios between the weights of

the juxtaposed atoms.

Multiple proportions indicate the variable numbers

of atoms of the same kind, which may unite with one

or several atoms of another kind, this latter case

being that in which several compounds are formed

by the union of the same two bodies.

Now, as these multiple combinations can be pro-

duced only by the addition of new entire atoms, it

follows evidently that the numerical ratios between

these atoms must be integral, and for the most part

simple. Moreover, the ratio between the atoms of
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one element and those of another, remains constant

in any one of the compounds which they form, what-

ever may be the weight taken into account. If, then,

in compounds formed by the union of two elements

in various propol-tions, we take quantities containing

a constant weight of one of these elements, it is clear

that the variable weights of the second must be mul-

tiples one of the other, just as the atoms of the one

element are with regard to those of the other in the

ultimate molecules.

The definite and multiple proportions according to

which bodies combine, represent the weights of their

atoms—not the absolute, but the relative weights.

They are numbers expressing relations of weight.

The term of comparison is the weight of one of the

atoms taken as unity. Dalton chose hydrogen for

the unit. If the atom of hydrogen weighs 1, what

wiU be the weight of an atom of oxygen ? It will be

7, according to Dalton, who supposed that 7 parts of

oxygen are required to form water with 1 part of

hydrogen. We now know that the number 7 is inex-

act, and that water is formed of 8 parts of oxygen
combined with 1 part of hydrogen. But the point to

be established is, that the numbers 1 and 7, which

Dalton regarded as the atomic weights of hydrogen
and oxygen, represented precisely the proportions

according to which these bodies were then supposed

to combine to form water. His opponents could not
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deny this fact, but, rejecting the theoretical interpre-

tation, they refused also to accept the word. These

atomic weights of Dalton were called equivalents by

WoUaston, ^proportional numbers by Davy ; and we
see that these notions of atomic weights and equiva-

lents, which have since been separated, were originally

confounded together, and represented nothing but the

proportions by weight in which bodies combine. It

must also be observed that the numerical determina-

tions published by Dalton were far from being exact—
a circumstance which may have given rise to criticism,

but by no means impairs the firmandeur of his discovery

or the force of his conception.

The following is an important point, deduced by

Dalton himself, from the notion of atoms. If a given

compound be formed by the juxtaposition of atoms of

different nature, each having a definite weight, it is

clear that the sum of the weights of these atoms must

represent the weight of the compound; and the'

smallest conceivable quantity of this compound will

be that which contains the smallest possible number

of elementary atoms. This is what is called a mplecule *

of a compound body, and the weight of this molecule

-\vill evidently be formed of the sum of the weights

of all the elementary atoms which it contains. But

compound bodies, in combining together, follow the

same laws as simple bodies. They attract one another,

and place themselves together by entire molecules ;

D
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that is to say, all the atoms forming the molecule of

one of the compound bodies are carried as a whole

towards all the atoms which constitute one or several

molecules of another compound body. Thus, when

carbonic acid unites with lime, all the elementary

atoms which constitute the molecule of the acid are

added to the atoms which constitute the molecule of

lime, and thus there is formed a molecule ofcarbonate

of lime. It follows that such combinations must take

place, like those above mentioned, in definite and mul-

tiple proportions :

In definite proportions, because it is impossible to

conceive less than one molecule uniting with another

molecule, the two possessing, moreover, a determinate

weight.

In multiple proportions, because, when one com-

pound body is capable of forming several combinations

with another compound body, 1 or 2 molecules of the

one must attract 1, 2, 3, &c. entire molecules of the

other.

We see, then, that the law of definite proportions,

thus enlarged and interpreted by Dalton, included, as

a particular case, the laws of the composition of salts,

discovered by Wenzel and Richter. Thus we may say
that the work of the great English chemist may be

summed up in these three points :
—

The law of definite proportions confirmed and gene-
ralised.
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The law of multiple^ proportions introduced into

the science.

These two laws connected together and theoretically

interpreted by the hypothesis of atoms.

Dalton found in his fellow countryman Thomson a

convinced interpreter, but opponents were not want-

ing. The celebrated '

System of Chemistry/ in which

Thomson, in 1807, made known the discoveries and

ideas of Dalton, having been translated into French,

Berthollet placed at the head of this translation a

preface, written in 1808. In this preface he makes a

violent attack on the atomic theory, and even on the

fact of definite proportions. Both the one and the

other were little in accordance with the opinions

which he had himself put forth on the relations by

weight of elements in compounds.

The profound researches of Berthollet on affinity are

well known. All bodies possess affinity one for the

other in different degrees, but this chemical force is

subject to the influence of various physical forces,

such as elasticity and cohesion, which may modify it

deeply. When two salts are mixed together, the two

acids have a tendency to divide the two bases between

them, and two new salts have a tendency to form by
virtue of a double decomposition, that is to say, of

an exchange of bases and acids. ^Nevertheless, this

exchange is incomplete, and the decomposition stops

at a certain point, so that the two new salts remain

D 2
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mixed with a certain portion of the original salts

which remain nndecomposed. But if one of the new

salts is insoluble or volatile, the decomposition takes

place completely : for this salt is removed out of the

way by its elasticity if it volatilises, by its cohesion if

it is precipitated, and its elements can exert no fur-

ther action within the mixture. ' It is thus that

affinity, the cause of chemical reactions, is influenced,

according to BerthoUet, by the intervention of certain

physical forces, these latter forces sometimes alone

determining the formation of compounds in definite

proportions. In this manner :
—

Two bodies are in contact ; the cohesion of the one

is not overcome by af&nity until a certain proportion

of the other body is brought to bear upon the first.

/ The elements of the two bodies then unite according
to a fixed proportion by weight. Or, again, two

bodies are capable of uniting in various proportions,

but among the possible combinations one is distin-

guished by predominance of cohesion or of elasticity.

The elements of this latter body are then combined

in definite proportions, because it crystallises, or

because it is insoluble or volatile.

BerthoUet, then, admits definite proportions, not as

a general law, but as an accidental result produced
under the influence of forces foreign to afiinity.

When these latter forces, cohesion and elasticity,

balance one another, either in the component bodies
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or in the products of their combination, affinity, freed

from these obstacles, can exert itselfwithout restraint,

and is subject only to the influence of masses. Com
\

bination, and chemical action in general, may then

take place in any proportions whatever, according to

the masses which act upon one another. We may
easily understand what kind of reception the cele-

brated author of these propositions was likely to give

to the ideas of Dalton : he attacked them vigorously.

But his great authority could not prevail against the

authority of facts. The contrary view was sustained

by Proust, who combated the arguments of his adver-

sary by exact analyses of oxides and sulphides. This

discussion, commenced in 1801, was continued till

1808. The remembrance of it is imperishable, both

on account of the greatness of the results obtained,

and of the rare qualities displayed by the champions,
both of them powerful in the strife and equally

animated by respect for truth and courtesy.

The law of definite proportions, a fundamental law

of chemistry, issued triumphant from this great

debate. Since then it has been universally received;

and why should we not say that it has received a

striking confirmation in our own days ? This truth,

revealed by approximate analyses to the genius of

Wenzel, Eichter, Proust, Dalton, and WoUaston, has

recently been established by Stas, by determinations

so exact that they come very near to absolute precision.
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According to Wenzel, Eichter, and Proust, we may
admit a great law of nature ; according to Stas, we

may assert that this law is not subject to sensible

perturbations.

in.

In the first years of the present century, when the

question under consideration was being debated by
the masters of the science, a young philosopher, who

had scarcely completed his course at the Ecole Poly-

technique, was preparing himselfby earnest study and

exact work for the most brilliant discoveries. Joseph-

;

Louis Gay-Lussac,
' eleve ingenieur' in 1808, was

;^

himself about to become a great master. His re-

i searches on the volumetric proportions in which gases

\ combine together, have led to the double result of

j furnishing a new and decisive argument in favour of

j

the law of definite proportions, and of giving to the

\ atomic theory a firm support and a new expression.

Let us first recapitulate the facts.

The proportions by volume according to which

hydrogen and oxygen gases combine to form water

were not fixed with certainty. It had been supposed
at various times that this combination takes place in

the proportion of 12 volumes of oxygen to 23 volumes

hydrogen, of 100 volumes oxygen to 205 volumes

hydrogen, of 72 volumes oxygen to 143 volumes hy-

drogen. Gay-Lussac, in 1805, in conjunction with
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A. von Humboldt, showed that the two gases unite

exactly in the ratio of 1 volume of the former to

2 volumes of the latter.

Generalising this observation, he showed in 1809

that there exists a simple ratio, not only between the

volumes of two gases which combine, but also be-

tween the sum of the volumes of the combining gases

and the volume occupied by the compound itself,

measured in the gaseous state.

Thus 2 volumes of hydrogen unite with 1 volume of

oxygen to form 2 volumes of vapour of water. Two
volumes of nitrogen are combined with 1 volame of

oxygen in 2 volumes of nitrogen protoxide.

In these two cases, 3 volumes of the component

gases are reduced by combination to 2 volumes : the

ratio of 3 to 2 is simple. In other cases we observe

the ratio of 2 to 2, or of 4 to 2. Thus, 1 volume of

chlorine unites with 1 volume of hydrogen to form

2 volumes of hydrochloric acid, 3 volumes ofhydrogen
unite with 1 volume of nitrogen to form 2 volumes of ^

ammonia.

The influence ofGay-Lussac's discovery is immense.

To understand the consequences which flow from it,

let us compare it with the facts previously discovered.

/ Bodies combine in definite proportions by weight,

which express, according to Dalton, the relative

weights of their atoms.

Gases combine in simple and definite proportions



40 BALTON AND GAY-L USSA C.

by volume; that is to say, a simple ratio may be

observed between the volumes of the gases which

enter into combination.

If, then, we apply to gases the hypothesis ofDalton,

is it not evident that the weights of the volumes of

gases which combine must represent the weight of

their atoms ? Let us take an example. If 1 volume

of chlorine unites with 1 volume of hydrogen, the

weight of 1 volume of chlorine must represent the

weight of 1 atom of chlorine, and the weight of

1 volume of hydrogen must represent the weight of

1 atom ofhydrogen. But the weights of equal volumes

of gases, referred to one amongst them, are what are

called their densities. There must then exist a simple

v/- relation between the densities of gases and their

atomic weights.

This relation exists. We shall see that the densi-

ties of gases are proportional to the weights of their

atoms, or to simple multiples of these atomic weights.

We see, then, that the discovery of Gay-Lussac,
after having afforded a powerful confirmation of the

law of definite proportions, has also lent an efficient

support to the atomic theory, by showing that the

1/ densities of gases afford a means for the determina-

tion or the verification of atomic weights. And yet,

by a remarkable coincidence, these two corollaries of

the discovery in question were misunderstood, even

by those who had the greatest interest in bringing
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them to light and promoting their acceptance. Dalton

doubted the exactness of the facts advanced by Gray-

Lussac. Gay-Lussac, for his own part, was of opinion

that the fact of simple and definite proportions

between the volumes of gases which combine might
be reconciled with the opinion of BerthoUet, that

bodies in general unite in very variable proportions.^

Thus he endeavoured to save the ideas of Berthollet

at the very moment when he was dealing them a

decisive blow.

We have just noticed the existence of a simple

relation between the densities of gases and the

weights of their smallest particles. Shortly before

the date of Gay-Lussac's discovery, an Italian che-

mist had endeavoured to define this relation. In a

memoir published in 1811, Amedeo Avogadrof enun-

ciated the opinion that gases are formed of material

particles sufficiently removed from one another to be

free from all reciprocal attraction, and subject only

to the repulsive action of heat. These little masses

he called integrant or constituent molecules. In

assuming the gaseous form, matter is resolved, accord-

ing to his ideas, into integrant molecules, the numbers

ofwhich are equal for equal volumes. Hence it follows

* Memoires de la Societe d'Arcueil, t. i. p. 232.

t Essai d'une maniere de determiner les masses relatives des mole-

cules elementaires des corps, et les proportions selon lesquelles elles

eutrent dans les combinaisons. Par A. Avogadro, Journal de Physique,

t. Ixxiii. p. 58. Juillet 1811.
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that in gases, tlie weights ofthese integrant molecules

" are proportional to the densities.

Avogadro applied this proposition to all gases,

simple or compound. According to his view, there-

fore, the integrant molecules were not atoms properly

so called, that is to say, little masses indivisible by
chemical forces, but groups of atoms united together

by affinity, and set in motion by heat. In a word,

they constituted what are now called molecules.

These molecules being present in equal numbers in

equal volumes of different gases, it is evident that

heat ought to separate them equally. Consequently

the hypothesis of Avogadro, as indeed he himself

remarks, explains the fact that the same variations

of temperature and pressure produce in all gases

nearly the same changes of volume.

This conception, simple and exact as it is, appears

to have escaped the notice of his contemporaries,

either because the author did not possess the autho-

rity necessary to ensure its adoption, or because he

brought it into discredit by endeavouring to extend

his hypothesis to non-gaseous bodies. This hy-

pothesis was reproduced by Ampere in 1814."^ He

designates Avogadro's integrant molecules as par-

Lettre de M. Ampere a M. le comte BerthoUet sur la determination

des proportions dans lesquelles les corps se combinent, d'apres le nom-

bre et la disposition relative des molecules dont leurs particules int6

prantes sont compos^es {Annales de Ckimie, Ire s^rie, t. xc. p. 43
;
30

avril 1814).
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tides, and the atoms as molecules. ' I started,' says

he,
' from the supposition, that when bodies pass to

the state of gas, their particles alone are separated

by the expansive force of caloric, to distances much

larger than those at which the forces of affinity and

cohesion exert an appreciable action, so that these

distances depend only upon the temperature and

pressure to which the gas is subjected, and that, at

equal temperatures and pressures, the particles of all

gases, whether simple or compound, are placed at the

same distance from one another. On this supposition

the number of the particles is proportional to the ^

volume of the gas.'

Those particles which are moved by heat are sup-

posed by Ampere to be formed of a more or less con-

siderable number of molecules, that is to say, of

atoms. Thus Ampere was careful not to confound

particles with the atoms which compose them.

This confusion has, however, arisen at a later

date, for the word atom has often been used in the

sense which Ampere attached to the word particle.

Berzelius, the great promoter of the atomic theory,

admitted the existence of several kinds of atoms—
simple atoms and compound atoms. This last ex-

pression, which was faulty, denoted Ampere's par-

ticles. Thirty years ago, it was said that ^

equal

volumes of gases, under the same conditions of

pressure and temperature, contain equal numbers of
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atoms.' In the sense which, we now attach to the

word atom, this proposition is true only for a certain

number of simple gases : oxygen, hydrogen, chlorine,

nitrogen, &c. It is inexact if applied to all simple

substances and to compounds, considered in the state

of gas or vapour. We now know, thanks to the

researches of Dumas, that the vapours of phosphorus,

arsenic, and mercury, do not contain in equal volumes

the same number of atoms as hydrogen, oxygen,

nitrogen, &c. A similar remark applies to compound

gases. Thus, ammonia gas contains 1 atom of nitro-

gen and 3 atoms of hydrogen, that is to say, 4 atoms ;

whereas hydrochloric acid gas contains, in the same

volume, only 1 atom of hydrogen and 1 atom of

chlorine, or, altogether, 2 atoms. Nevertheless, com-

pound gases are subject to the same laws of expansion

as simple gases. Ampere and Avogadro had regard
to the one class as weU as to the other. They sup-

posed all gases to be formed, in equal volumes, of the

same number of particles placed at equal distances,

and obedient, in the same manner, to the action

of heat. Their idea was just. It foUows from the

discoveries of Gay-Lussac; adapts itself to the hy-

pothesis of Dalton; affords an explanation of the

physical properties of gases ; and yet it has never

obtained the unanimous assent of chemists. As

applied to atoms, and enunciated in the terms above

given, it was a striking but inexact formula
; and it
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is only in our own time that it has attained a cor-

rect expression and consistent development. Hence

it happened that the beautiful conception of Avogadro
and Ampere remained for forty years almost barren

as regards the atomic theory. The latter has, never-

theless, taken its upward flight ; but the impulse has

come from another side.
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Berzelius, the great successor of Lavoisier, com-

pleted his theory of dualistic chemistry. He gave

to the atomic theory, on the one hand, a solid

foundation by his determinations of atomic weights,

as exact as they are numerous, and on the other, a

new expression by the use of formulae adapted to the

idea of dualism. Moreover, he attempted to explain

dualism itself by the electro-chemical hypothesis.

Such, in few words, is the great part due to Berzelius

in the progress of ideas.

I.

Jacob Berzelius was born in 1779, at Wafnersunda,
in West Gothland. He died at Stockholm, in 1848.

In the course of a long career entirely devoted to

science, he acquired the most undisputed authority,

and exhausted all the honours which can fall to the

lot of a man of science : noble and academic titles,

a high position in Education and in the State, fortune

and public recognition
—all these rewards united to
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crown, but not to diminish in him, the taste and the

worship of science. He worked to his latest day.

Author of numerous and important discoveries, he

owed more to perseverance than to genius. That

which excites admiration in his labours is the exact-

ness of the facts observed, and the consequent rigour

of his deductions, rather than the brilliancy and the

depth of his ideas. He raised the methods of analysis

to a degTee of perfection unknown before, thus him-

self producing the instrument of his great discoveries.

He first discovered the oxides of cerium,"^ also

selenium (1818), and thorina (1828) ; he isolated sili-

cium, zirconium, and tantalum. Such discoveries

command attention by their importance, but they
have been less fruitful in connection with the progress

of theory than the researches pursued by Berzelius

during thirty years, on the determination of atomic

weights.

Dalton published, in 1808, in his ' New System of

Chemical Philosophy,' a table of atomic weights.

He chose for unity the weight of the atom of hydro-

gen. The numbers which he gave for the atomic

weights of seventeen other simple bodies, though
exact enough in some cases, differ considerably from

"the true values for the greater number of the ele-

ments. These differences are less considerable in the

* In conjunction with Hisinger, in 1803.

/
v"
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table given by WoUaston in 181 3,"^ in which, the

atomic weights, or rather the equivalents (this word

was introduced by Wollaston) are referred to the

equivalent of oxygen, which he made equal to 10.

The tables published by Berzelius are more com-

plete and likewise more exact. In them he re-

ferred the atomic weights to that of oxygen supposed

equal to 100. The quantity of a metal capable of

forming with 100 parts of oxygen, the first degree of

oxidation, was generally taken for the atomic weight
of that metal. In some cases he departed from this

rule, as for example, for certain non-metallic bodies,

and likewise for various metals. Wollaston, adopt-

ing the idea of Dalton, had assumed for the atomic

weight of hydrogen, the quantity by weight of hy-

drogen capable of uniting with 10 parts, that is to

say, 1 atom, of oxygen. In other words, the atomic

weights of hydrogen and oxygen represented the

relative proportions in which the two bodies unite

to form water, this compound resulting from the

union of 1 atom or equivalent of hydrogen with 1

atom or equivalent of oxygen. We see, then, that

the terms atom and equivalent were here used sjmo-

nymously. Berzelius, on the contrary, relying on the

discoveries of Gay-Lussac, supposed that water,

which results from the union of 2 volumes of

* Annates de Chimie, t. xc. p. 138.
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hydrogen and 1 volume of oxygen, is composed of

2 atoms of hydrogen and 1 atom of oxygen. He

accordingly took for the atomic weight of hydrogen,

the weight of 1 volume of this gas, that of 1 volume

of oxygen being represented by 100.

It is thus that the distinction between atoms

and equivalents was first introduced into chemical

science : it follows from the discoveries of Gay-

Lussac, as interpreted by Avogadro and Ampere. It

appears for the first time in the tables of Berzelius.

In Dalton's system the atoms represent the propor-

tions in which bodies combine, and the atomic weights

are the same as the equivalents. In that of Berzelius

the atoms represent gaseous volumes, and the atomic

weights are nothing else than the relative weights of

equal volumes of the gases. For a certain number

of gaseous bodies, an equivalent is formed of

2 atoms. Such is the case, not only for hydrogen, but

also for nitrogen, chlorine, bromine and iodine, these

latter being supposed to be reduced to vapour. The

atomic weights of these bodies represent the weights

of 1 volume ;
but since it requires 2 volumes of

nitrogen, chlorine, &c. to form with 1 volume of

oxygen the first degree of oxidation, it is clear that

the weights of 2 volumes of nitrogen, chlorine, &c.

represent equivalents of thesa bodies with respect to

oxygen. Berzelius supposed that the atoms of

hydrogen, nitrogen, chlorine, bromine and iodine are

E
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1/

united two by two. He called these couples
' double

atoms,' and supposed them to be indissolublj united,

so as to represent precisely the equivalents of these

gases ;
that is to say, the smallest proportions capable

of entering into combination. Thus water, according

to his views, contained 1 atom of oxygen united with

a double atom of hydrogen ; hydrochloric acid con-

tained a double atom of hydrogen united with a

double atom of chlorine ; ammonia was formed of a

double atom of nitrogen united with three double

atoms of hydrogen. In a word, no compound of

hydrogen, chlorine or nitrogen contained less than

two atoms of these elements, these two atoms being

the smallest proportions capable of existing in a

comj)Ound. This smallest proportion represents an

equivalent. Thus the idea of double atoms offered

the means of reconciling former ideas with the dis-

coveries of Gay-Lussac. The atomic weights of the

gaseous elements represented the relative weights of

their volumes, and for some of these simple gases two

atoms formed that which Dalton had regarded as a

single atom, and Wollaston had named an equivalent.

If the principles which guided Berzelius in the

determination of his atomic weights marked a sure

progress, it must be allowed, on the other hand, that

the idea of double atoms led him to inexact concep-

tions respecting molecular magnitudes. A molecule

of water certainly results from the union of 2 atoms
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of hydrogen with 1 atom of oxygen ;
but when

2 atoms of hydrogen unite with 2 atoms of chlorine,

do they form, as Berzelius supposed, a single molecule

of hydrochloric acid ? By no means. Such a mole-

cule would have twice the normal magnitude. We
know at the present day that the molecule of hydro-

chloric acid contains only 1 atom of chlorine and

1 atom ofhydrogen, and that the molecule ofammonia

contains only 1 atom of nitrogen combined with

3 atoms of hydrogen. These molecules, in the state of

gas, occupy the same volume as a molecule of water-

vapour. Such is the conception which flows from the

development consequent on the theory of volumes.

Berzelius, who was one of the first to travel on this

new road, did not reach the end of it. That honour

was reserved for Gerhardt.

But the great Swedish chemist has rendered to

theory a service of another kind. He is the author of

a notation adapted to indicate the atomic composi-

tion of bodies.

The alchemists, with the view of abbreviating

or obscuring their language, were accustomed to

substitute for names, certain symbols, of fantastic

shape. These symbols were purely conventional,

and represented nothing but words. To Dalton

is due a more rational attempt. The symbols
which he proposed represented atoms. They were

little circles enclosing marks characteristic of the

E 2
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several elementary bodies ;
those of hydrogen had

a point in the centre, those of nitrogen a bar,

those of sulphur a cross, while those of oxygen did

not enclose anything. The atoms of carbon were

black, as was appropriate. Those of the metals

had in the middle the initial letter of the name

of the metal. To represent compound bodies,

Dalton grouped together the atoms of their elements.

Water being formed, according to his view, of 1 atom

of oxygen and 1 atom of hydrogen, was represented

by the symbols of these two atoms placed side by

side. Sulphuric acid formed a group of 4 circular

atoms, 3 atoms of oxygen being disposed symmetri-

cally round 1 atom of sulphur placed in the middle.

Acetic acid contained 6 atoms, 2 black atoms of

carbon forming, as it were, the axis of the molecule,

and each being flanked by 1 atom of oxygen and

1 atom of hydrogen.

All this was very ingenious and very clear. To

acquire a knowledge of the atomic composition of a

body, it was in fact sufficient to count the number of

these atoms, which were spread out, in a manner, side

by side. The only inconvenience of this graphic re-

presentation of molecules was the space which it

took up on the paper, as soon as the composition of

bodies became a little complicated. And further,

was there not something arbitrary in the symme-
trical arrangement which Dalton endeavoured to
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give them ? Berzelius knew how to avoid these rocks ;

he conceived the idea of representing atoms by the

initial letters of the Latin names of all the elements :

signified an atom of oxygen, H an atom of hy-

drogen, K an atom of kalium or potassium, Sb an

atom of stibium or antimony. A compound formed

of two different atoms was represented by two letters

placed side by side ;
if it contained several atoms of

one and the same element, the symbol of that ele-

ment had attached to it a coefiB.cient indicating the

number.

Thus, sulphuric acid was represented by the

formula SO^, ammonia by the formula N^H^. This

system of notation, so simple in its principle, adapted
itself in application to all hypotheses respecting the

grouping of atoms, and to the interpretation of the

most complex reactions.

The dualistic theory was then predominant, and

Berzelius introduced it into his formulae. The start-

ing-point was the theory of salts. Richter had ob-

served that the quantities of different bases which

neutralise the same weight of acid contain equal

quantities of oxygen, and that, consequently, there

exists in the same class of salts a constant ratio

between the quantity of oxygen in the base and the

quantity of acid. To this exact proposition Berzelius

added a feature which rendered it complete ; he re-

marked that for each class of salts there exists a
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\/ constant and simple ratio between the oxygen of the

base and that of the acid. In the sulphates the

acid contains three times as much oxygen, in the

carbonates twice, in the nitrates five times as much

oxygen as the base. These laws of the composition

of salts are expressed in the notation in the clearest

manner. The different proportions of oxygen repre-

seat atoms in different numbers. If, then, we repre-

sent the composition of a salt by the formula of the

acid placed next to that ofthe oxide, it is clear that the

ratio between the quantities of oxygen in these two

elements will be necessarily expressed by the numbers

of oxygen atoms contained in each of them. For

3 atoms of oxygen contained in the acid of the sul-

phates, these salts must contain 1 atom of oxygen in

the oxide : hence the law of composition of salts

discovered by Berzelius is rendered evident by the

mere inspection of their formulse.

By the very arrangement of these formulse, in

which the acid appeared on one side with the train

of oxygen-atoms belonging to it, and the metallic

base on the other with the oxygen united to the

metal, Berzelius gave to the dualistic system a degree
of precision unknown before his time. He likewise

added an important development, in proving that,

just as acids can unite with oxides, so likewise can

chlorides and sulphides unite among themselves.

Thus, chloride of platinum unites with chloride of
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potassium. The double chloride thus formed is a

kind of salt, a chloro-salt ; chloride of platinum plays

in it the part of acid, the chloride of potassium that

of base. There likewise exist sulphides capable of

playing the part of acids, others which act as bases,

and the sulphides of these two classes unite together •
to form sulphur salts. In the notation the composition

of these non-oxygenated salts was expressed by two

juxtaposed formulae, the first representing the acid

element, the second the basic element. Thus, the

system grew, not only by the striking expression given

to it by the atomic formulse, but likewise by im-

portant additions.

II.

A SCIENTIFIC system is not really worthy of the

name unless it embraces every order of important

facts. Dualism was especially applicable to mineral

compounds ; it was not easy to include within it the

notions already acquired of the constitution of organic

compounds. It wa.s known that the proximate

principles which nature has diffused through the

organism of plants and animals, contain three or

four elements, carbon, hydrogen, oxygen, to which is

often added nitrogen. Among so great a number of

different substances, bodies had been observed which

played the part of acids, others which were neutral ;

and lastly, there had recently been discovered sub-
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stances possessed of basic properties, that is to say,

capable of uniting with acids to form definite salts.

With regard to the organic acids, Berzelius adopted

the ideas previously suggested by Lavoisier. Vege-

table acids contain a radical united with oxygen, and

this radical is formed of carbon and hydrogen com-

bined in such a manner as to form only a single
' base.' Vegetable acids differ from one another in

the proportions according to which the elements

are united in the radical, and by their degree

of oxygenation. As to the acids obtained from the

animal kingdom, their composition is more com-

plex : they contain radicals in which the hydrogen
and carbon are often associated with nitrogen, some-

times with phosphorus. Such were the views of

Lavoisier.^

The atomic theory and the progress of analysis

enabled Berzelius to develop these views and make
them more precise ; he first fixed the '

equivalents
'

of the principal organic acids, that is to say, the re-

lative magnitudes of their molecules, by determining
the relative quantities of those acids which unite

with one equivalent of lead oxide or silver oxide.

Organic analysis, the principle ofwhich had been indi-

cated by Gay-Lussac and Thenard, and the processes

of which had just been improved by Chevreul, taught
him the proportions of the elements in the several

* Traite de Chimie, t. i. p. 497.
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acids, and consequently the number of elementary

atoms in their '

equivalents
'
or molecules.

Grouping together the atoms of carbon and hy-

drogen, or of carbon, hydrogen and nitrogen, he

formed of them the binary or ternary radicals which

enter into the composition of acids, or in general of

oxygenated compounds of organic origin. According
to him, the radical of formic acid, which he calls

formyl, is constituted of 2 atoms of carbon and

3 atoms of hydrogen ;
that of acetic acid, which he

calls acetyl, contains 4 atoms of carbon and 6 atoms

of hydrogen. But formyl and acetyl combine with

3 atoms of oxygen to produce formic and acetic

acids respectively. We here recognise the ideas of

Lavoisier, taking the simple and precise form given

to them by the advance already made. Berzelius

extended these views to all oxygenated compounds.
'

Organic substances,' said he,
' are formed of oxides

containing compound radicals.'^

Amongst these oxides there is one which has given

rise to important researches and animated discus-

sions. This oxide is ether, the product of the action

of sulphuric acid on alcohol. It has been known for

ages, and has given its name to a numerous class of

compounds designated as ethers. The relations of

* Traite de
. Ckimie, edit, fran^aise, 1830, t. ii. p. 111. The idea of

organic radicals was developed by Berzelius subsequently to 1817, in the

second Swedish edition of his Treatise.
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this body to alcohol had been fixed since 1816 by

Gay-Lussac, who expressed them as follows : the

two substances contain 2 volumes of olefiant gas

combined, in alcohol with 2 volumes, in ether with

1 volume of vapour of water.

MM. Dumas and Boulhay have published a memoir

upon the ethers called compound, which marks an

epoch in the science. They observed that these

bodies contain the elements of an acid combined

with exactly 2 volumes of olefiant gas and 1 volume

water-vapour ;
that is to say, with the elements of

ether. Assigning to olefiant gas a function analogous,

up to a certain point, to that of ammonia, they com-

pared the ethers with ammoniacal salts. This was the

first time that in organic chemistry a series of ana-

logous phenomena had been grouped together by

theory, and that the facts relating to the formation,

composition, and transformation of an entire class of

bodies received a simple interpretation by means of

atomic formulae and equations.

To this theory of the ethers Berzelius some years

later opposed another. Comparing them with salts

properly so called, he assumed in them the existence

of an organic oxide, which was no other than ether.

This oxide contained, according to him, a radical

formed of 4 atoms of carbon and 10 atoms of hy-

drogen. In ether, this radical, designated by Liebig
as ethyl, is combined with 1 atom of oxygen. But
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this ethyl can also unite with chlorine and with

other simple bodies, thus forming a chloride or other

binary combination. Chloride of ethyl is nothing

else than the hydrochloric ether discovered long ago.

Common ether, which is the oxide of ethyl, can

combine, like metallic oxides, with water to form a

hydrate, which is alcohol, and with anhydrous acids

to form true salts, which are the compound ethers.

All these compounds are binary.^ Such are the

principal features of this beautiful conception, which

marks the most brilliant phase of the theory of

organic radicals.

This theory has been the object of prolonged dis-

cusion. It assumes, said its opponents, the existence

of numerous hypothetical bodies ; for, after all, this

ethyl, and the other numerous radicals, are merely

imaginary bodies having no real existence. They
will be discovered, replied its partisans. Has not

Gay-Lussac isolated cyanogen? has he not shown

that this compound body, formed of carbon and

nitrogen, reacts like a simple substance ? Do we not

know, on the other hand, that sulphurous acid unites

directly with oxygen, and carbonic oxide with chlorine

and with oxygen ?

These arguments were weighty. The discovery of

cacodyl by Bunsen, at a later date, gave them powerful

support. What more conclusive example could be

* Note 3, at the end.
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found to oppose to the adversaries of the radical

theory, than this body, formed of carbon, hydrogen,

and arsenious acid, possessing so extraordinary a

power of combination, capable of uniting directly and

in several proportions with oxygen, sulphur, and

chlorine, and so energetic in its affinities that it

bums spontaneously in the air, and takes fire in

chlorine like arsenic itself? And was it not a flat

denial of evidence to refuse the character of a radical

to cyanogen and to cacodyl, and not to admit in

these compound bodies a force analogous to that

which impels one elementary body towards another ?

The attempt was made, however, by regarding the

phenomena exclusively from the point of view of an-

other celebrated theory, that of substitution, ofwhich

we shall speak hereafter.

^But the theory of radicals stood its ground. It

has since even been regenerated; and the echo of these

first debates had scarcely died away, when, receiving

an unexpected development at the same time as its

rival, it formed an alliance with the latter. Let us,

however, return to the commencement, and endeavour

to estimate the aid which Berzelius drew from it to

crown the work which he had undertaken, namely,
the introduction into organic chemistry of the ideas

which prevailed in mineral chemistry. The com-

parison which he had established between ether and

the oxides of mineral chemistry was peculiarly happy.
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By assimilating alcohol to a hjdrate, and compound
ethers to salts, he gave the means of representing the

composition of all these bodies by dnalistic formulse.

A distinction was then made in chemistry between

compounds of the first order, formed by the union of

two elementary bodies, and compounds of the second

order, resulting from the union of two binary com-

pounds. Tha oxide and chloride of ethyl, analogous

to the oxide and chloride of potassium, represented

compounds of the first order ; the hydrate of oxide

of ethyl (alcohol) and the acetate of oxide of ethyl

(acetic ether) were compounds of the second order,

the first being formed by the union of oxide of ethyl

with water, the second by the union of oxide of ethyl

with acetic acid. In all these compounds there were

two elements ;
in their formulae two terms. Between

these formulae and those of the corresponding com-

pounds of potassium, there was no other difference

than the substitution of the compound radical ethyl

for the simple radical potassium. Analogies of the

same kind were noticed in the case of other bodies :

acetic acid containing acetyl and 3 atoms of oxygen
was compared with sulphuric acid, which contains

sulphur and 3 atoms of oxygen. This was the first

attempt to inaugurate that alliance between organic

and mineral chemistry which it was so desirable to

cement strongly.

The edifice raised by Lavoisier had broad foun-
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dations : it was able to support this beautiful su-

perstructure. Moreover, the founder himself had

foreseen this extension of his work. His idea

respecting organic radicals is found again, extended

and defined, in the beautiful conception of Berzelius.

But, at the time now under consideration, all

chemists did not agree about the nature of organic

radicals. Some, following Berzelius, excluded oxygen
from these radicals ;

others admitted that it might
form part of them. This last opinion was derived

from a beautiful research, published in 1828, by two

young chemists just then entering on their scientific

career, and whose efforts, sometimes united, sometimes

isolated,were destined to leave on chemistry a deep im-

/^ pression. In studying the essential oil of bitter

almonds, Wohler and Liebig discovered a certain num-

ber of compounds, exhibiting the strongest marks of

relationship, on the one hand, to this essence, and, on

the other, to an acid called benzoic acid, which had

been extracted from benzoin. These relations were

very happily expressed by the hypothesis of a common
radical existing in all these bodies, and formed of

carbon, hydrogen, and oxygen. This radical is ben-

zoyl. Oil of bitter almonds was represented as a

compound of this radical with hydrogen. When
this latter body is replaced by chlorine, the hydride

of benzoyl is transformed into chloride of benzoyl.

In contact with water, this latter body is resolved
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into hydrochloric acid and oxide of benzoyl, which,

remaining combined with the elements of the water,

forms hydrate of oxide of benzoyl, and this hydrate

is no other than benzoic acid itself. Moreover, this

last-named body is likewise produced by the direct

fixation of oxygen on the hydride of benzoyl, that is

to say, on oil of bitter almonds. All these reactions,

and others too numerous to mention, authorise the

conclusion that oil of bitter almonds and its numerous

derivatives contain, as it were, a common nucleus,

which in them is combined with hydrogen, chlorine,

bromine, sulphur and oxygen, and passes.unchanged

by double decomposition, from one compound to

another. This double property justified the consi-

deration of this nucleus as a radical, although it had

not been isolated.^

The theory of benzoyl has made its fortune. It

had the seal of a good hypothesis. It connected

facts in a simple manner, and carried within itself

the germ of great developments. Berzelius at first

received it with favour, but afterwards rejected it,

to return to his former conception of non-oxygenated

radicals, which he developed to its utmost limit.

Twenty years afterwards, the benzoyl theory was

avenged for this desertion. We find evident marks

of it in the beautiful conceptions of Williamson and

Gerhardt on the constitution of acids.

* Note 4, at the end.
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III.

The preceding developments show how dualism was

introduced into organic chemistry by the theory of

radicals. It had been firmly established in mineral

chemistry by the electro-chemical theory, thanks to

the efforts and the authority of Berzelius.

Berzelius was not the original author of this theory,

although his researches form the experimental foun-

dation on which it rests. The researches of Nicholson

and Carlisle on the decomposition of water by the

battery, and those of Cruikshank on the changes of

tint produced in vegetable colours by the passage of

the current, were isolated facts, when Berzelius and

Hisinger made known, in 1803, the decomposing
influence of galvanic electricity on a large number of

chemical compounds, especially on salts. We know
with what success Davy occupied himself with ana-

logous researches, begun in 1806. The discovery of

the alkali-metals was the brilliant experimental
result of these researches

;
a novel view of chemical

affinity was their theoretical consequence.

Davy supposed that bodies possessing chemical

affinity for one another are in opposite electrical

states, the one being electro-positive, the other

electro-negative. It is by virtue of these opposite

electrical tensions that they combine, and the energy
of this combination, which measures the affinity, is
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proportional to the degree of tlie tensions. The

force which governs electric attractions and repul-

sion is, therefore, identical with that which governs

chemical actions ;
with this difference, however, that,

in the former case, it shows itself in bodies taken in

mass, whereas, in the latter, it is exercised upon
their smallest particles. Yolta had shown that,

when two metals touch one another, they develop

electricity, each assuming an electrical tension

opposed to that of the other. Davy pointed out that

this electrical state is manifested in the contact of

all bodies possessed of chemical affinity the one for

the other, and that this tension is stronger in propor-

tion as the affinities are more energetic. Combina-

tion, that is to say, the intimate approximation of

the particles, is then the consequence of electric

attraction. The particles, having acquired by con-

tact opposite electrical tensions, place themselves

together, and, by their union, the neutralisation of

the two contrary electrical tensions is effected.

According to Davy, the heat and light developed

by certain bodies in combining, are nothing but an

electrical phenomenon, similar to the production of

the spark : they are, in fact, the evidence of the

exchange of electricities which takes place during
combination. Lastly, the decomposition of bodies

by the battery, restores to their elements the opposite

electrical states by which they were characterised

F
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before their union, and separates each, of them at the

pole of contrary name.

Such, in few words, was the first electro-chemical

theory. Berzelius adopted its fundamental idea, and

gave it a new form.

Reviving an idea previously suggested by Schweig-

ger, he supposed that the atoms of all bodies have

two poles, in which are accumulated quantities

of electricity not always equal. According to the

predominance of the one or the other electricity at

each of its poles, the atom is electro-negative or

electro-positive, and the quantities of electricity

which thus predominate at one of the poles are far

from being equal for the atoms of different bodies.

In other words, the atoms of all bodies are polarised

by electricity in various degrees, and this polarity

may vary with the temperature.

When one body combines with another, the atoms

place themselves together by their contrary poles,

and thus exchange the opposite electricities there

accumulated. This exchange produces a neutralisa-

tion more or less complete, and gives rise to mani-

festations of heat and light.

Berzelius accordingly divided the elementary bodies

into electro-negative and electro-positive
—

negative

electricity predominating in the former, positive

electricity in the latter. Bodies are arranged in

these two series according to the degree of this
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predominance. Bafciili e electrix^-oiuieii doas^noiLindi-

cate_the._.order of the -affinities?- Thus, oxygen, the

most electro-negative of all bodies, possesses greater

affinity for sulphur, its nearest neighbour in the

electric series, tha^n for gold, which is electro-positive.

Berzelius explained this fact by supposing that affi-

nity depends upon the inten^ity^ of polarisation; that

is to say, on the absolute quantity of electricity

accumulated at the two poles. For sulphur this

quantity is much larger than for gold. The positive

pole of the atom of sulphur contains a much larger

quantity of positive electricity than the positive

pole of the atom of gold; and, since the atoms

attract one another by their contrary poles, it is

evident that sulphur must exert upon oxygen a

stronger attraction than gold.

We see, also, that in the case of sulphur there can

be no neutralisation, since, on the one hand, the

positive electricity of the sulphur-atom is not suffi-

cient to neutralise the negative electricity of the

oxygen-atom ; and, on the other, this atom of sulphur

brings into the combination a notable excess of

negative electricity accumulated at one of its poles.

The product of the combination must, therefore, be

itself electro-negative. It is, in fact, a powerful

acid, namely, sulphuric acid. ThuSj acids result in

general from the union of an electro-negative body
with oxygen ; bases from the urn*on gf ()jj^9.tl

with a

F 2
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body strongly electro-positive. The alkali-metals

are at the head of the electro-positive scale. Their

compounds with oxygen are the most pov^erfal of all

bases, and the very strong affinity of these bases for

acids is due precisely to the opposition of their elec-

trical states and the intensity of their polarisation.

It is scarcely necessary to remark how firm a base

this theory supplied for dualism. Every compound

body is formed of two elements, one electro-positive,

the other electro-negative. What a striking confirm-

ation of the ideas of Lavoisier, especially of his

theory of salts ! You see, said the master, that salts

contain the elements of the acid, placed side by side

with those of the oxide, and not confounded with

them : for when we subject a salt, such as sulphate

of soda, to the decomposing action of the current,

the sulphuric acid, or electro-negative element,

goes to the positive pole, a,nd the soda, or electro-

positive element, to the negative pole. When sul-

phate of copper is decomposed under the influence

of the current, it is not the oxide of copper that is

deposited at the same pole, but the copper itself: for

the oxide is then resolved into its two elements,

oxygen and copper, the oxygen being liberated, to-

gether with the acid, at the positive pole. Thus, the

dualistic formulse of salts appeared to be supported,
not only by the facts relating to the synthesis of

these compounds, and their most ordinary mode of
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formation, but likewise by the decomposition which

they undergo under the influence of the electric

current. We now know that this argument is un-

sound, and that it may be turned against the hypo-
thesis which prevailed for so long a time respecting

the constitution of salts. We know that in the elec-

trolysis of sulphate of soda, as well as in that of

sulphate of copper, it is not the oxide, but the metal,

the sodium, that is carried to the negative pole,

and that the free alkali appears there only in conse-

quence of a secondary action, namely, the decompo-
sition of water by the sodium around the negative

electrode. We know that the facts relating to the

uniform work of the current in saline solutions are

contrary to the dualistic hypothesis, which assumes

the existence of an oxide ready formed in salts.

But this was not known in 1830, and the electro-

chemical hypothesis of Berzelius was accepted by all

chemists. The experiment of the electrolytic de-

composition of sulphate of ^oda had become classical.

It was repeated in all courses of public lectures, and

invoked in favour of the ideas then so widely diffused

respecting the constitution of salts.

The dualistic system was then at its apogee. And,
in fact, the hypothesis of Lavoisier on the constitu-

tion of salts, which is its foundation, is so simple,

and represents so well the greater number of facts

concerning the modes of formation and decomposition
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of salts, tliat it gained tlie mastery over all minds.

It reigned in books ;
it was supreme in educa-

tion
;

it gave rise to great discoveries ;
it had a his-

tory ; and, better still, it had traditions. ' The fre-

quent repetition of an opinion often gives rise to a

conviction of its truth.' Berzelius said so, and his

words may be applied to his own opinions. These

opinions have reigned so long that we have insensibly

become accustomed to take for demonstrated truth

that which is only hypothesis. In proof of this, we

may cite the general incredulity opposed to the hy-

pothesis of Davy : on the constitution of salts, a

hypothesis which was adopted by Dulong, and will

be explained further on. As to the ideas of Long-

champ, they were met, not merely with incredulity,

but with absolute contempt. And, nevertheless, Davy
and Dulong were the precursors of Laurent and Ger-

hardt
;
and if we examine attentively the formulse by

which the atomic constitution of salts is represented

at the present day, we shall find in them the trace of

the ideas of Longchamp."^

-h

IV.

At the time when Berzelius was beginning to

acquire that authority which he exercised for so long
a time, when mineral chemistry appeared complete,

* Note 5, at the end.
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and all efforts tended to fasliion organic chemistry

in the likeness of her elder sister, a young man at

Geneva was engaged in researches on various sub-

jects of physiology, which were the precursors of

discoveries destined to lead chemistry into new paths.

M. Dumas was born at Alais in 1800; he was.

scarcely twenty years old when he published, in con-

junction with Benedict Pievost, those experiments

on the blood which are regarded as classic even at

the present day. Arrived in Paris in 1821, he de-

voted himself wholly to chemistry, and was soon in a

position to undertake and publish researches of the

greatest importance. The independent development
of organic chemistry, and the reform of mineral

chemistry by the progress thus made : such is the

era which commences with Dumas. This programme
was first traced by him, but it is not yet complete.

Powerful auxiliaries put their hands to it with

him, and after him, and among these shine in the

first rank Laurent and Gerhardt, who disappeared

too early from the scene, but whose names remain

imperishable in the history of science. From the

united efforts of these three philosophers, there has

sprung a school—the new French school. Berzelius

was its adversary from the very first day : Dumas
was for a long time its head and its support. Well

known to all is the memorable discussion in which he

ventured to attack, in his most cherished ideas, the
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great promoter of dualism and of the electro-chemical

theory. It was Dumas who first sustained the shock,

and bore triumphantly the weight of a contest, to all

appearance desperate. It is right, therefore, to asso-

ciate his name with the great name of Berzelius.

Among the large number of researches which he

has published, we must limit ourselves to a citation of

those which have exercised a decisive influence on the

theoretical development of the science. Amongst
the oldest we may single out those researches on

vapour-densities, which have yielded to physics a new

method, and to chemistry rich materials for the dis-

cussion of the hypothesis of Avogadro and Ampere.
M. Dumas' most important discoveries date from

1834. At that time he was studying the action of

chlorine on various organic substances. This subject

was almost new, for our knowledge relating to it was

then limited to a single observation of Gay-Lussac.
In examining the action of chlorine upon wax, that

great chemist had discovered that the wax loses

hydrogen, and takes up, for every volume of that gas
thus removed, an equal volume of chlorine. Dumas
made a corresponding observation respecting the ac-

tion of chlorine on oil of turpentine, on Dutch liquid

(1831), ^nd afterwards on alcohol. In a memoir read

before the Academy of Sciences on January 13, 1834,

he expressed himself thus :
—

' Chlorine possesses the remarkable power of laying
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hold of the hydrogen of certain bodies, and replacing

it atom for atom.'

A new thought could scarcely be expressed in more

precise language. But, in the very memoir which

we are considering, the author was led to formulate

a restriction ;
for he had the rare good fortune and

the merit of discovering the laws of substitution, by

examining a case in which, by a remarkable excep-

tion, these laws do not come out in all their evidence.

We know, in fact, that chloral, the final product of the

action of chlorine upon alcohol, is not a substitution

product of that body. Nevertheless, Dumas was led,

by grouping together all his observations and taking

account of the last, to lay down the following

rules :
—

1.
' When a body containing hydrogen is subjected

to the dehydrogenating action of chlorine, bromine,

iodine, oxygen, &c., for every atom of hydrogen
which it loses, it gains an atom of chlorine, bromine,

or iodine, or a half-atom of oxygen.'

2.
' If the hydrogenated body contains oxygen, the

same rule holds good without modification,'

3.
' If the hydrogenated body contains water, the

latter loses its hydrogen without replacement ;
and

if, subsequently to this point, a new quantity of

hydrogen be removed from thq body, this hydrogen is

replaced, as in the preceding cases.'

These rules are purely empirical
—a point on which
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Dumas strongly insists. At the time now under

consideration, he desired simply to announce the fact

of the replacement of hydrogen by chlorine, without

preoccupying himself with the place taken by that

element in the new compounds, or with the part

which it plays there. Laurent first ventured to put

forth the hypothesis that the chlorine in these bodies

takes the place of the hydrogen, and plays the same

part. He founded his opinion On the comparison of

the properties of the chlorinated body with those of

the original hydrogenated compound. This was an

important extension of the ideas of Dumas, who at

first charged it with exaggeration, but afterwards

adopted it. At present, after the lapse of more than

thirty years since these first discussions, we can

assert, as disinterested and impartial judges, that the

first idea of substitution belongs entirely to Dumas ;

and who will fail to recognise in such a case the power
of the primitive idea, of the creative thought, of the

first start ? In the splendid picture which we now

possess, some details have doubtless disappeared : it

matters not ; the fundamental lines are ineffaceable.

For the rest, Laurent himself has recognised the

priority of Dumas. Li speaking of the composition

of one of the derivatives of naphthalene, he expresses

himself thus :
—' This composition is sufficiently re-

markable, because it fully confirms the law of substi-

tution discovered by Dumas, and the theory of
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derived radicals, of which I have already given a

slight sketch.'

Such were the first steps of a theory destined to

exercise a decisive influence upon chemical doctrines.

It took its place in the science, slowly and with diffi-

culty: for it offended established notions, and the

most influential representative of these ideas received

it with disdain. How, indeed, could the defender of

the electro-chemical theory accept this idea of

Laurent, that chlorine—an electro-negative element

—is capable of discharging in a compound the same

function as hydrogen, which is an electro-positive

element ? Such an assertion, put forth by a young

chemist, then without authority, appeared to him

unworthy of serious refutation. Afterwards, when

Dumas had adopted this idea, and dealt the first

blows against the electro-chemical theory, Berzelius,

rightly estimating the danger, entered resolutely into

the arena, and commenced a sanguinary strife against

the partisans of the substitution theory. This theory

had just received a splendid confirmation by the dis-

covery of trichloracetic acid.

We know that this acid differs from acetic acid

by containing three atoms of chlorine in place of

three atoms of hydrogen.
^ It is chlorinated vinegar,'

said Dumas
;

' but what is very remarkable, at least

for those who refuse to find in chlorine a body

capable of replacing hydrogen in the precise and com-
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plete sense of the word, this chlorinated vinegar is

just as much an acid as common vinegar itself. Its

acid power has not changed. It saturates the same

quantity of base as before, and saturates it equally

well, and the salts to which it gives rise, exhibit,

when compared with the acetates, resemblances full

of interest and generality.
' Here then is a new organic acid containing a

very considerable quantity of chlorine, and exhibiting

none of the reactions of chlorine ; its hydrogen has

disappeared and has been replaced by chlorine, and

yet this remarkable substitution has produced only a

slight change in its physical properties, all its essen-

tial characters remaining unaltered.'

' If its internal properties are modified, this modi-

fication becomes apparent, only when, through the

intervention of a new force, the molecule itself is

destroyed and transformed into new products. . . .

It is evident that, in confining myself to this system
of ideas dictated by facts, I have not in any way
taken into consideration the electro-chemical theories

on which Berzelius has generally based the ideas

predominating in the opinions which this illustrious

chemist has endeavoured to enforce.

' But do these electro-chemical ideas, this special

polarity attributed to the molecules of elementary

bodies, rest upon facts so evident that it is necessary

to erect them into articles of faith? Or, if they
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must be regarded as hypotheses, have they the power

of bending themselves to facts, of explaining and

foreseeing them with so complete a certainty as to

have afforded important assistance in chemical re-

searches ? It must plainly be allowed that this is

not the case. . .

'

This bold language plainly foretold the opposition

which the electro-chemical theories were about to

encounter—an opposition which, quickly going be-

yond its original object, was deetined to be directed

against the dualistic system itself.

Berzelius, for his own part, did not grow weary in

his vigorous defence. Being unable to deny the

facts, he explained them in his own way. This

chlorine, which enters into organic compounds in

place of hydrogen, plays therein the same part as

oxygen. Being itself essentially electro-negative, it

is united to positive hydrocarbonated radicals. A
body which contains nothing but carbon, hydrogen,
and chlorine, is a chloride. Thus, chloroform is the

tri-chloride of formyl. A compound containing

oxygen as a fourth element is at once an oxide and

a chloride, both these being binary compounds, and

forming by their union a more complex but still

binary compound. Acetic acid is trioxide of acetyl

combined with water
; trichloracetic acid has a con-

stitution altogether different. It is a compound of

sesquichloride of carbon and sesquioxide of carbon
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(oxalic acid), the whole being combined with water.

Thus these two bodies, between which Dnmas had

pointed out the simplest relations of composition,

and such evident marks of analogy, were placed by
Berzelius a long distance apart.

He did the same thing with other organic bodies

and their chlorinated derivatives. To these latter

he sometimes assigns extremely complicated formulae,

in which several molecules of a chloride are united

with several molecules of an oxide. In the construc-

tion of these formulae, Berzelius s]iows himself both

ingenious and arbitrary, every day inventing radicals,

which he joins, sometimes to chlorine, sometimes to

oxygen. As fertile in hypotheses as he had formerly

been in exact analyses and in discoveries, he pushes

his system to its remotest consequences, and ruins it

by its very exaggeration.^

A conception, new at that time, which has given

rise on several occasions to animated discussions,

plays a great part in these productions of Berzelius :

it is the idea that two substances, in combining to-

gether, may form a union more intimate than that

in which acids and oxides are found in salts. It is

observed, in fact, that, in the compounds of sulphuric

acid with various organic bodies, this acid is no longer

precipitated by baryta ; whence it had been concluded

that the union between the acid and the organic body

* Note 6, at the end.
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is so intimate tliat one of the most important proper-

ties of the former, namely, the power of forming an in-

soluble compound with baryta, isdestroyed or masked.

Gerhardt designated acids of this kind as '

copu-

lated acids
;

' the organic body intimately combined

with the acid was the '

copula.' Dumas subsequently

designated them by the more appropriate term of

'

conjugated compounds.' Berzelius, after having re-

jected the idea, and ridiculed the word, adopted both

the one and the other. He arranged in the class

of '

copulated
'

compounds a very large number of

organic bodies, the formulse of which were resolved

into two parts intimately connected one with the

other. The intimacy of this union was supposed to

account for the resistance which such compounds
offer to double decomposition. Sulphuric acid in

such compounds loses the property of precipitating

baryta ; chlorine can no longer be detected by nitrate

of silver. The very impossibility of resolving copu-

lated compounds into their proximate elements gave
free scope to the energy of Berzelius : he multiplied

at pleasure the number of '

copulas,' without taking

the superfluous trouble of supporting their existence

by experimental proofs.

And while this powerM intellect was exhausting
itself in so profitless a labour, what was going on

in the opposite camp? Discoveries. Dumas was

efficiently seconded by younger men. At the head



8o BERZELIUS.

of these stands Laurent, whose admirable researches

on naphthalene enriched the science with a large

number of compounds formed by substitution. An

equal success crowns the beautiful memoirs of Reg-
nault on the chlorinated derivates of hydrochloric

ether and of Dutch liquid, and soon afterwards those

in which Malaguti, with an exactness never surpassed,

studies the action of chlorine upon ethers.

All these researches form an epoch in the history

of the science ;
new facts come crowding together

and unite in corroborating the new theory. This

theory was at once rectified and extended; and,

amongst its most important developments, we must

particularise an idea, first suggested by Dumas, con-

cerning the substitution of groups of atoms or com-

pound radicals for simple bodies such as hydrogen.

Nitro-compounds, that is to say, compounds formed

by the action of strong nitric acid on a large number

of organic bodies, were regarded as containing the

elements of hyponitric acid substituted for hydrogen.
Such was the origin of the ideas which afterwards

became current on the substitution of compound
radicals for elements, and form a dominant feature in

the theory of types. The latter is the daughter of the

theory of substitution, which has shown itself doubly

fertile, in bringing to light, not only an immense

number of facts, but likewise a new theory. Earely
has an idea given rise to so great a movement or so



BERZELIUS, 8 1

great a controversy. Foreign philosophers, led on

by Berzelius, at first received it with mistrust, re-

garding it, if not as a dangerous innovation, at all

events as a superfluous development of a known

doctrine. It is, said they, a particular case of the

theory of equivalents; but Dumas gave to this ar-

gument an unanswerable reply ;"^ and by degrees

opposition gave way before the evidence of facts and

before the authority of advocates won over to the

new theory. Already, in 1 839, a man who has exerted

a great influence on the progress of chemistry,

namely, Liebig, declared that the interpretation pro-

posed by Dumas of the facts relating to substitution

appeared to him to afford the key of a great number

of phenomena in organic chemistry.f 'I do not

share,' said he,
' the views which Berzelius puts forth

respecting the compounds discovered by Malaguti;

I believe, on the contrary, that these bodies have

been produced by simple substitution.'^ The battle

was won. Berzelius himself ended by making con-

cessions. Melsens having succeeded in converting

trichloracetic acid into acetic acid by inverse sub-

stitution, that is to say, by again replacing the

chlorine by hydrogen, it was no longer possible to

regard these two acids as constituted in different

ways.
'

Then,' said Berzelius,
'

they are both copu-

lated oxalic acids
; only trichloracetic acid contains

*
Comptes renclus, viii. 600. (See Note 7, p. 202.)

f A7inalcndcr Chemie imdPhar^nacie, xxx\. 119. J 7Z»^'c?.xxxii. 72 (1839.)
G
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ill the copula three atoms of chlorine in place of

three atoms of hydrogen.'
* Thus, the substitution

of chlorine for hydrogen was admitted to be possible,

and to take place atom for atom, if not in organic

molecules in general, at all events, in the hydrocar-

bonated groups which they were supposed to contain

in the state of intimate combination. At length, in

short, Berzelius surrendered, merely interposing an

insignificant restriction for the sake of saving ap-

pearances. But, although he admitted the substitu-

tions which he had formerly combated with so much

force, he remained firm in his other convictions.

The development of the theory of radicals, now

strengthened by the conception of a peculiar mode

of combination which they can assume in copulated

compounds, enabled him to retain in the notation

those dualistic formulse which were the expression of

his system. At the present day, twenty years after

his death, ought our regard for his memory to make

us regret the contests which agitated his latter years

and from which he did not come out victorious ? By
no means. This great discussion has borne fruit,

and the violent opposition of Berzelius has been more

salutary than silence and repose could have been.

Thus, after having so greatly honoured science by
his discoveries, this powerful contradictor has also

served it even by his errors. Such is the beneficent

power of work.
* Note 8, p. 202.
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Among the firmest opponents of the dualistic doc-

trines, the history of science will always mention in

the first rank Laurent and Gerhardt.

These names are inseparable, and ought to be in-

cluded in a common homage, since the philosophers

who have made them famous were connected together

by their labours, their contests, and their friendships.

Laurent and Gerhardt were of the same race, and of

the same degree of importance in science. Of lofty

intellect, they attacked the most difficult questions,

and devoted their attention rather to points of theory

than to practical applications. With different apti-

tudes, they pursued the same object, lending each

other mutual support for the defence of the same ideas.

One, an acknowledged master in the difficult art of

experiment, was as skilful in discovering facts as he

was bold and ingenious in interpreting them ; the

other, less apt for the pursuit of details, shone by his

faculty of embracing phenomena in their connection.

Laurent was strong in the spirit of analysis and of

classification ; Gerhardt was superior in the spirit of

G 2
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generalisation. In the exposition of their labours

which we are about to offer, we shall endeavour to

trace the part of each, although their work, consi-

dered in its entirety, may be regarded as common to

both.

I.

Augusts Laurent was born on the 14th of November,

1807, at La Folic, near Langres. At the age ofnine-

teen he entered as a day scholar at the Ecole des

Mines, which he quitted three years later with the

diploma of '

ingenieur.' In 1831 he was appointed
'

repetiteur du cours de chimie a FEcole centrale des

arts et manufactures.' The professor was Dumas.

He received the young Laurent, and initiated him in

the processes of organic analysis. Laurent at first

occupied himself with determining the composition of

naphthalene, which he succeeded in extracting from

coal-tar. Thus, by a fortunate circumstance, he en-

countered at the outset that compound at once so

stable and so plastic, the study of which was destined

at a future time to form the favourite subject of his

labours.

In a historic point of view, the compounds of naph-
thalene exhibit a real importance, and the ideas which

Laurent put forth on their constitution in his first

labours deserve to be recorded. He had stated that

the solid chloride of naphthalene contains less hydro-
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gen than naphthalene itself, the chlorine having

removed a portion of that element in the form of

hydrochloric acid. He accordingly regarded the

chlorinated compound in question as the chloride of

a new hydrocarbon, containing less hydrogen than

naphthalene itself. The idea that a portion of the

chlorine could be substituted for the hydrogen re-

moved, and play, in the resulting compound, the same

part that the hydrogen played in the original com-

pound, did not then present itself to his mind, or, at

least, was not actually expressed in this first memoir.

The point of view therein developed is conformable

to the theory of radicals. The naphthalene, in losing

hydrogen under the influence of chlorine, is converted

into a radical which unites with chlorine, to form a

chloride in which the chlorine performs the same part

as in a mineral chloride.

Such appears to have been Laurent's first idea.*

But these views were soon modified. Two years later,

adopting the idea of substitution, he arrived at a dif-

ferent interpretation.
' In comparing,' says he,

' the

action of bromine, chlorine, oxygen, and nitric acid

in various hydrocarbons, we arrive at the following

conclusion, the first part of which belongs to M.

Dumas :
—

'
1. Whenever chlorine, bromine, oxygen, or nitric

acid exerts a dehydrogemiting action upon a hydro-

* Note 9, p. 203.
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carbon, the hydrogen removed is replaced by an

equivalent of chlorine, bromine, or oxygen.
'
2. At the same time there is formed hydro-

chloric acid, hydrobromic acid, and water, or nitrous

acid, which are sometimes disengaged, sometimes

remain combined in all the new radicals produced.'

These two propositions contain the germ of a theory

which Laurent first enunciated in 1836, and developed

in his Inaugural Dissertation, read at the Faculte des

Sciences de Paris, in 1837 : I mean the theory of

nuclei, which here deserves a short notice, although

it has played but a secondary part in the development

of modern theories. Here are its principal features.

I
The molecules of organic bodies are either nuclei

or compounds of these nuclei with other substances

\ placed without them.

The nuclei themselves are formed of groups of car-

bon-atoms united with other elements, each nucleus

:containing a fixed number ofcarbon-atoms, unitedwith

a determined number of other atoms, grouped around

the former according to an invariable order ; and

generally the number of carbon-atoms in each nucleus

bears a very simple ratio to the number of the other

atoms.

Nuclei or radicals are__of two kind^, fundamental

pr derivative . The former contain only carbon and

hydrogen. When they are modified by substitution,

they constitute derived nuclei or radicals. The ele-
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mentary bodies most frequently substituted for tbe

hydrogen of radicals are cUorine, bromine, iodine,

oxygen, nitrogen. But compound bodies, acting as

radicals, may in like manner be substituted for hydro-

gen, and enter into the nucleus. Thus, hyponitric

acid, which is anhydrous nitric acid minus an atom

of oxygen ; amidogen, which is ammonia minus an

atom ofhydrogen; imidogen, which is ammonia minus

two atoms of hydrogen ; arsidogen, which is arsenetted

hydrogen minus an atom of hydrogen ;
and cyanogen

itself: all these radicals indeed cllu replace the. hydr^::,

ffen of nuclei, q^tomfor atom. It follows that to each

nucleus or fundamental radical there correspond a

certain number of derived nuclei or radicals. In all

of them the number and arrangement of the atoms

remain the same, reckoning, however, as single atoms

the compound groups which play the part of simple

bodies.

Other elements, such as hydrogen, chlorine,bromine,

iodine, oxygen, sulphur, may group themselves around

each nucleus, to form various compounds belonging
to the same family. Thus, the family of ethylene,

or olefiant gas, comprises, independently of this body,

which is the fundamental radical, the chloride and

bromide of ethylene, formed by addition of two equiva-

lents of chlorine and bromine; an oxide, namely,

aldehyde, which is formed by addition of two equiva-

lents of oxygen ; and a monobasic acid, acetic acid,
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formed by the fixation of four equivalents of oxygen.

The bodies formed by addition of oxygen to nuclei

possess various properties, and these properties are in

relation to the number of equivalents ofoxygen which

have been added. Aldehyde, which contains but two

equivalents of oxygen, is neutral ; acetic acid, which

contains four, is a monobasic acid. A tribasic acid

is produced by the addition of six atoms of oxygen to

a nucleus. We may here direct attention to the im-

portance of this point of view, which brought out, for

the first time, the influence of oxygen on the basicity

of acids. The idea was correct, but the form in which

it was clothed is now no longer admissible.

Laurent remarks that these additions of chlorine,

bromine, oxygen, &c., always take place by even num-

bers of equivalents. In no case do we see a single

equivalent of these elementary bodies unite with a

nucleus
;

it is always 2, 4, or 6 equivalents that are

thus added. But, according to Laurent, the propor-

tion of oxygen or chlorine cannot go beyond a certain

limit, either within the nucleus or externally to it,

without producing a kind of instability, and a marked

tendency of the molecule to split up into two or more

compounds belonging to lower series. It is thus that

chloral is resolved, under the influence of alkalies, into

a formate and chloroform.

We here see, by a new example, that Laurent not

only occupied himself with the classification of bodies
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according to their constitution, that is to say, accord-

ing to the nature, number, and arrangement of their

atoms, but that he likewise endeavoured to find in

their constitution itself data for the explanation of

their properties. In the thesis read at the Sorbonne on

the 20th of December, 1837, he endeavoured to define,

by an ingenious comparison, his ideas of nuclei, and

of the atoms grouped around them as appendages.

'Let us imagine,' said he, *a right prism with

16 faces, each ofwhose bases would consequently have

16 solid angles and 16 edges. Let us place at each

angle a molecule (atom) of carbon, and in the middle

of each edge of the bases a molecule (atom) of hydro-

gen : this prism will represent the primary nucleus

Q32jj32^ Let us also suspend above each base a mole-

cule of water : we shall then have a prism terminated

by summits like pyramids, and the formula of the

new body will be O^-'W^ + 2H0.
'

By certain reactions it is possible, as in crystallo-

graphy, to cleave this crystal, that is to say, to remove

from it the pyramids, or its water, and reduce it to its

primitive or fundamental form.
' Let us now bring oxygen or chlorine in contact

with the fundamental radical : either of these bodies,

having a great affinity for hydrogen, will remove a

molecule of that element ; the prism, deprived of an

edge, would be destroyed if we were not to introduce

in place of this an equivalent edge, whether of oxygen,
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chlorine, nitrogen, &c. We shall then have a prism

of 16 faces (a secondary radical), in which the number

of solid angles (carbon atoms) will be to that of the

edges (atoms of chlorine and hydrogen) as 32 : 32.

' The oxygen or chlorine by which the hydrogen has

been removed, has united with that element, forming

water or hydrochloric acid, which may either escape

or be suspended in p}a*amids above the secondary

j)rism. By cleavage, these pyramids may be removed ;

in other words, we can, by means of potash, for ex-

ample, remove the pyramids of hydrochloric acid
;

but this alkali cannot lay hold of the chlorine which

is within the prism, or, if it can, it must neces-

sarily supply its place by another edge or another equi-

valent.

'Lastly, we may imagine a derived prism (radi-

cal), which, for 32 angles of carbon, should contain

8 edges of hydrogen, 8 of oxygen, 4 of chlorine, 4 of

bromine, 4 of iodine, and 4 of cyanogen. The shape

and formula would still be similar to those of the

primary radical.'

We have here nothing left of the dualistic system.

According to Laurent, the compound formed of a

nucleus and its appendages, constitutes a whole, like

a crystal. We see also that the theory of substitution

is the basis of the system developed by Laurent, just

as it afterwards served as a foundation for the theory

of types, which, we may here observe, is not with-
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out analogy, in its fundamental idea, to the theory of

nuclei."^

Dumas, as well as Laurent, regards chemical com-

pounds as simple edifices. Moreover, by a comparison

more profound perhaps than that employed by his

rival, he assimilates them to planetary systems, in

which the atoms are kept in their places by affinity.

The nucleus theory is the broadest of Laurent's

conceptions. It affords the means ofgrouping together

a large number of organic compounds, and its author

took care not to forget or neglect so precious a means

of classification. He arranged bodies in series—an

important notion, which now makes its appearance

for the first time. A series embraces all bodies con-

taining a certain primary radical or one of its deri-

vatives. But amongst all these bodies there are

distinctions to be made. Although they possess in

their composition a common stock, they may yet

differ by the nature of the radical, which is either

primary or secondary, and also by the number and

kind of the atoms added to it. They differ, therefore,

by the type to which they belong, and naturally also

by the functions which they are adapted to discharge.

Hence the possibility of establishing for each series a

certain number of types which are reproduced in all

the others. In the creation of types, Laurent showed

himself both acute and fertile—too fertile, perhaps.

* Note C, p. 218.
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If some of these types, which mark the functions

of compounds have survived, others have fallen into

oblivion. At the present day we still talk of anhy-

drides, amides, imides, amidated acids, aldehydes ;

but who cares to remember analcides, halydes,

camphides, protogenides, &c. ? The words have

disappeared from scientific language, because the

things which they denoted were not worthy of pre-

servation.

Laurent's classification, the bases of which we have

just recapitulated, was therefore nothing but an in-

genious experiment, just as his nucleus theory was

only a premature effort. It is true that Leopold

Gmelin, a man great by his erudition and the inde-

pendence of his judgment, has made it the foundation

of his celebrated ' Handbook of Chemistry ;' but he

has not succeeded in bringing it into general use.

Another theory, which arose about the same time,

has had this good fortune. It was at first limited,

like the theory of nuclei, and in perfecting the latter,

Laurent borrowed certain features from the other.

Moreover, both these theories rested on the same

base, namely, the theory of substitution, but the one

carried within itself the germ of important develop-

ment : we mean the theory of types, which we shall

presently have to explain.

After having endeavoured to trace the important

part played by Laurent in the theory of substitution,
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and his strife with dualism, in which he was a power-
ful auxiliary to Dumas, we have in the preceding

observations recalled the grand conceptions which

are his own.

These, however, are not the only services which

Laurent rendered to science. His labours formed a

pupil who alone was worth a whole school, and has

himself become a great master. The young Gerhardt

was attached by friendship to Laurent, whose ideas

he had adopted. Afterwards he lent him his own

ideas, their parts being to a certain extent reversed.

It would, therefore, be unjust to place either of them

below the other.

II.

Charles-Frederic Gerhardt was born at Stras-

bourg, on the 21st of August, 1816.

He soon gave proof of a distinguished mind and

independent character. After a somewhat unsettled

youth, he devoted himself to the study of chemistry
under the auspices of Liebig, at Giessen, where that

great master, then in the first blaze of his renown,

attracted young philosophers from all parts of the

world, and founded a justly celebrated school.

In the first steps of his career, Gerhardt displayed

the measure of his powerful faculties. He was more

skilful in seizing the general aspect of a question

than in following out its details by way of experiment.
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An acknowledged master in the art of grouping and

interpreting facts, he drew from them consequences

of the highest importance and the greatest utility

for theory. If Laurent excelled in measuring and

sifting phenomena by the finest analysis, Gerhardt

possessed in a higher degree the spirit of system, and,

as it were, a general intuition into things. He com-

manded his subject.

On the 5th of September 1842, he read at the

Academy a memoir, entitled : Becherches sur la classifi-

cation chimique des substances organiques, in which he

put forth new and important views respecting the

equivalents of carbon, hydrogen, and oxygen. These

views he afterwards developed in a more extended

work. They are founded on the following fact : When
an organic reaction gives rise to the formation of

water or of carbonic acid, the proportion of these

bodies never corresponds with what was then called

an equivalent, but always with two equivalents or a

multiple of this quantity. Gerhardt was struck with

this fact, which appeared strange to him, and seemed

to betray some error, either in the determination of

the molecular size of organic bodies, or in that of the

equivalents of carbonic acid and water, or rather of

carbon and oxygen. In fact, it was impossible to

admit that no reaction whatever of organic chemistiy

could give rise to a single molecule of water or of

carbonic acid. ' Of two things, then,' said he,
' one
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must be true,"^ either H'^O^ and C^O'* represent single

equivalents, or each, of them represents two.' On the

former supposition, it would be necessary to double

the formulae of mineral chemistry,
* in order to make

them agree with organic formulse:' this is what he

first proposed to do. On the other hypothesis it

would, on the contrary, be necessary to reduce all

organic formulse to one-half. It was this last device

that he finally adopted.

These organic formulae thus reduced are the atomic

formulae of Berzelius. Following the example of that

chemist, Gerhardt regards water as formed of 2 atoms

of hydrogen and 1 atom of oxygen. He returns,

therefore, as regards hydrogen and oxygen, to the

atomic weights of Berzelius, as also for carbon and

nitrogen, that is to say, for the ordinary elements of

organic compounds. With the English chemists, he

refers these atomic weights to that of hydrogen taken

as unity.

He then shows how Berzelius was led to attribute

to most organic bodies formulae double of those

which really express the composition of their mole-

cules. He reminds us that the acids were the bodies

wliose '

equivalent,' that is to say, molecular weight,

was determined in the first instance. For this deter-

mination the greatSwedish chemist had recommended

the analysis of their salts, those of lead and silver for

* Precis de Chimie organique, i. 49.
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example. The equivalent of an organic acid was,

in his view, the quantity of acid combined with a

quantity of silver oxide containing one equivalent of

silver. But Berzelius had taken for the equivalent of

silver a number double of that which is rightly

assigned to it. Consequently, the equivalent, that is

to say, the molecular weight of the organic acid,

came out twice as great as it ought to be. This

remark applies especially to the monobasic acids,

such as acetic acid. But it is immediately seen that

the formulse of the most various organic compounds
must have been affected with the same irregularity.

Thus, the formula of acetic acid having been doubled,

it became necessary to double that of alcohol, as well

as of most of the compounds related to it.

But on what argument did Gerhardt rely for the

assumption that the atomic weight of silver, as ad-

mitted by Berzelius, was twice as great as it ought
to be?

He was guided by the analogy often remarked

between protoxides and water. 'If water,' said he,
' contains two atoms of hydrogen and one atom of

oxygen, oxide of silver must have a similar con-

stitution. For 1 atom of oxygen it must contain two

atoms of silver, and the weight of one of these atoms

must be the half of that which Berzelius attributed to

the equivalent of silver in the oxide, formed, according
to his views, of one equivalent of silver and one equiva-
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lent of oxygen. This point of view was extended by

Gerhardt, not only to the alkaline oxides, but likewise

to protoxides in general. The atomic weights of the

metals were, therefore, reduced by one half.

The notation founded on this new system of atomic

weights led to formulae rigorously comparable amongst
themselves. Gerhardt rightly observes, that the double

formulae of organic compounds, as constructed by

Berzelius, were far from corresponding with tlie for-

mulae of the greater number of mineral compounds.
Those of acetic acid and alcohol, corresponding to

four volumes of vapour, were not comparable with

that of water, which corresponds to two volumes.

Reduce then the former to one half, and they will

express two volumes of vapour, like the formula of

water. The meaning of this language is easily un-

derstood. When we say that a molecule of water

occupies two volumes, we express, strictly speaking,

nothing more than the ratio of the volume of this mole-

cule of water to that of an atom of hydrogen supposed

to occupy a single volume, or the unit of volume.

Laurent and Gerhardt insisted strongly on this

point. The molecules of compound bodies are formed

ofthe atoms of simple bodies kept together by affinity;

they differ from one another in size and in weight

according to the number and the nature of these

juxtaposed atoms. For each compound body a mole-

cule is the smallest quantity that can exist in the free

H
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state, or that can enter into a reaction, or be produced

therefrom. All the molecules of any one compound

body are similar to one another. The molecules of

one compound body differ from those of another

by the number and nature of their elementary atoms,

or, to speak more generally, by their magnitude. As

the magnitudes of molecules can only be determined

relatively, it is necessary to choose a unit of molecule,

to which the molecules of all compound bodies can be

referred, just as a unit of atom is chosen, namely,
that of hydrogen, with which all others are to be

compared. According to Gerhardt, all bodies and all

reactions should have a common measure. On this

condition alone can the relative sizes of their mole-

cules be fixed with rigorous exactness.

This common measure for the determination of

molecular magnitudes is the molecule of water. With

ithis it is convenient to compare the molecules of all

other bodies, which like it should, in the state of gas

) or vapour, occupy two volumes.

This is one of the most important points of Ger-

hardt's doctrine ;
it rests in a general manner on a

truly logical development of the theory of volumes :

molecular magnitudes being rigorously deduced from

the consideration of volumes, molecular weights
determined by the comparison of the weights of equal

volumes of gases or vapours, that is to say, by the

density of these gases or vapours. This point of view

was not restricted to organic compounds. Gerhardt
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has extended it to the most varied mineral compounds.

Thus, the molecule of ammonia no longer contams,

as Berzelius had supposed, 2 atoms of nitrogen and

6 atoms of hydrogen, occupying 4 volumes
;
but it is

formed of 1 atom of nitrogen and 3 atoms of hydro-

gen, and occupies only 2 volumes. In like manner,

the molecule of hydrochloric acid, which is formed

of only 1 atom of hydrogen and 1 atom of chlorine,

occupies only two volumes. This is the quantity

which is comparable with a molecule of water, and

not the double quantity, as supposed by Berzelius.

Metallic chlorides are related to metallic protoxides

in the same manner as hydrochloric acid is related

to water, that is to say, they contain only a single

atom of chlorine joined to a single atom of metal.

From these considerations there has been deduced

a system of formulae differing both from that of

Berzelius, and from the equivalent notation subse-

quently adopted ;
and this new mode of formulation

could not, with regard to a large number of com-

pounds, be reconciled with dualistic ideas. This is an

important point, which it is useful to bring to light.

Sulphate of silver is supposed by Gerhardt to

contain 2 atoms of silver. Hydrated sulphuric acid,

being in fact bibasic, contains 2 atoms of hydrogen

replaceable by 2 atoms of metal, or, according to the

theory of dualism, it contains a molecule of anhydrous

sulphuric acid united with a molecule of water. In

H 2
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the sulphates this molecule of water is replaced by a

molecule of base
;
that of silver contains, therefore,

the elements of anhydrous sulphuric acid together

with those of oxide of silver. This oxide Gerhardt

supposes to contain 2 atoms of silver: these are

found also in the sulphate, and the formula which he

attributes to this salt agrees, as respects molecular

magnitude, with the dualistic formula, in this sense

—
that, like the latter, it contains, though without

determinate grouping, all the elements required to

constitute a molecule of anhydrous acid and a mole-

cule of oxide.

But it is otherwise with acetate of silver. The

formula assigned by Berzelius to this salt represented

one equivalent of acid and one equivalent of oxide.

The halved formula of Gerhardt, containing only one

atom of metal, made it no longer possible to regard
the acetate of silver as containing oxide of silver ; for

one '

equivalent
' * of this oxide contains, according

to Gerhardt, 2 atoms of silver. In other words, the

single atom of silver in the acetate could take, to

form the oxide, only a half-atom of oxygen and could

yield only a half-equivalent of silver oxide, a result

inadmissible and irreconcilable with the dualistic

theory of salts. This ilnQorj, in fact, supposes that

each molecule of a salt contains an entire molecule of

* Gerhardt made use of this word, here signifying molecule, and then

regarded by him in this sense.
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acid and an PTifir^ TpnlppiilA of base. The same

remark would applj to all salts formed by monobasic

acids, such as the nitrates and chlorates. Gerhardt

could no longer regard them as constituting binary

molecules, double edifices as it were.

Generalising the views proposed by Dumas and
f

Laurent on the subject of organic compounds, Ger- 1

hardt regarded the salts in question, and in general)

all the salts, acids, and oxides of mineral chemistry,!

as constituting single molecules, formed of atomsi

some of which might be exchanged by way of double-

decomposition. To the dualistic point of view, he

opposed the unitary system ; to the idea of combina-

tions resulting from addition of elements, he opposed
that of compounds formed by substitution. An acid

is a hydrogenated body, the hydrogen of which can

be easily exchanged by double decomposition for an

equivalent quantity of metal. Erom this exchange
there results a salt. What is the change which

takes place when nitric acid acts upon potash ? The

atom of potassium in this base, which is a hydrate,

goes to take the place of the atom of hydrogen in the

nitric acid ; the products thus formed are nitrate of

potassium and water : for the hydrogen, which has

left the nitric acid, is necessary and exactly sufficient

to form water with the elements of the hydrate of

potassium, from which the potassium has been se-

parated. The change which has taken place is,
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therefore, a double decomposition; two molecules

have entered into the reaction, namely, nitric acid

and hydrate of potassium ;
two new molecules have

resulted from it, namely, nitrate of potassium and

water. With acetic acid and oxide of silver the case

is slightly different; this oxide contains 2 atoms

of silver and only 1 atom of oxygen : consequently

2 molecules of acetic acid must intervene in the

formation of silver acetate. Each of these mole-

cules gives up one atom of hydrogen to the oxygen
of the silver oxide, to form water

;
and the two

atoms of silver, separating one from the other, go to

replace the hydrogen in the two molecules of acetic

acid, thereby forming two molecules of silver acetate.

From all this, it follows that acids and salts exhibit

the same constitution—the former being salts of

hydrogen, the latter salts of metal.

Such is the theory of Gerhardt on the formation

and constitution of salts. We see in it the trace of

ideas formerly put forth by Davy and Dulong, which

are so important that it is necessary to recall them

in this place.

In 1815 the great English chemist published a

memoir on iodic acid, in which he threw out the

opinion that the acid properties of this body are re-

lated to the hydrogen which it contains, in this sense,

that the hydrogen may be replaced by a metal.
'

Hydrogen,' said he, 'plays an essential part in the
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formation and constitution of acids; it is this ele-

ment which converts iodine into hjdriodic acid
;

and it, likewise, brings to the state of acid 1 equiva-

lent of iodine and 6 equivalents of oxygen, which in

iodic acid are united with 1 equivalent of hydrogen.

In chloric acid, it discharges a similar function.'

In a memoir on the chlorates, Davy had pointed

out that chlorate of potassium is a neutral salt, and

that, in giving up all its oxygen, it is converted into

another neutral salt—the chloride of potassium. Ac-

cording to his view, the oxygen in ihe chlorate is not

divided between the chlorine and the potassium in

such a manner as to constitute an anhydrous oxide

and an acid. The chlorate of potassium does not con-

tain two proximate constituents
;

it contains three

elements—potassium, chlorine, and oxygen—grouped

together in such a manner, that the potassium takes

the place occupied by the hydrogen in chloric acid.

Dulong adopted these ideas of Davy, and added

to them the feature that oxacids possess a binary

constitution analogous to that of hydracids. Like

the latter, they contain hydrogen ; but this element

is united in them, not with an elementary body but

with an oxygenated radical, which plays the part of

an elementary body. This opinion was published in

1816, in a menioir on oxalic acid. It is known that

oxalate of silver, when subjected to a moderate heat,

is quickly resolved into carbonic acid and metal, and
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that the composition of all the neutral oxalates in

the dry state is such as to represent carbonic acid

united with a metal. Dulong supposed that oxalic

acid is carbonic acid to which hydrogen has been

added, and that, in the formation of oxalates, this

hydrogen unites with the oxygen of the oxides to

form water, and is replaced by the metal. He ob-

serves, moreover, that this view may be applied to all

oxygenated acids, which he assimilates to hydracids.

If the latter contain a strongly electro-negative ele-

mentary substance combined with hydrogen, the

former contain an oxygenated group, playing the

part of a radical united with hydrogen . Liebig, in his

celebrated memoir on polybasic acids, has developed

the same view, and has pointed out that the affinity of

acids for oxides may be due to the powerful affinity

of the hydrogen of the acid for the oxygen of the

oxide, the formation of water, in the cases under

consideration, always accompanying the formation

of salts.

Gerhardt then adopted ideas which had been

enunciated before him
; but he made them his own,

not only by modifications introduced into the nota-

tion, but likewise by the very character of his

definitions, and by his unitary formulae. A salt

is no longer to be regarded as a binary compound

containing an oxygenated radical on the one side

and a metal on the other; it is a whole, a single
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group of several atoms, amongst which, are one

or more atoms of metal, capable of being exchanged

for other metallic atoms or for hydrogen.

How are these atoms grouped in the molecule ofthe

salt? Into this question Gerhardt does not enter, .

for he does not believe it to be capable of solution.

' It is supposed,' said he,
' that salts contain the

elements of an acid and those of an oxide ready

formed, and this opinion is based on the fact that

many salts are formed by the direct union of an

anhydrous acid with an oxide. The argument is

fallacious, for there is nothing to prove that the

atomic grouping of the combining elements remains

unchanged after combination ;
this is a pure hy-

pothesis.' According to Gerhardt, the arrangement
assumed by the atoms in a complex compound is

inaccessible alike to experiment and to reasoning. It

is, therefore, a vain attempt to seek to define bodies

according to their constitution ; all that can be done

is to class them according to their functions and

their transformations. To express these transforma-
,

tions correctly, it is sufficient to represent the com-
j

position of bodies by unitary formulae, rigorously 1

comparable, and conveying an exact idea of molecular

magnitude. The atomic movement which determines

the metamorphoses of bodies may then be represented

by equations containing such formulse.

Without denying the services which may be ren-
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dered by rational formulse, Gerhardt points out their

defects, and proscribes the use of them. According
to him, such formulae may express reactions, but by
no means the atomic grouping of the elements of a

compound. One and the same substance may undergo
various transformations; consequently severalrational

formulse may be assigned to it. This indeed fre-

quently happens, as in the case of alcohol, for which

six or seven different formulse have been proposed,

each author endeavouring to support by numerous

reactions his own formula, which he considers the

best, as if one could give the least idea of the grouping
of the molecules in a compound by placing such and

such a symbol on the paper, a little more to the right

or to the leffc.^ In Gerhardt's view, then, rational

formulse are hypotheses, and he inveighs with force

against the abuse which Berzelias has made of them

in organic chemistry. These complicated expressions,

in which we see hypothetical radicals without number

united with oxygen or chlorine, according to the

electro-chemical rule, appeared to him destitute of

foundation and probability.
' Let any one show us

a single one of these radicals,' cried he, denying
with conviction the possibility of their existence. In

his ardour he even goes so far as to despoil cyanogen
and cacodyl of their character of compound radi-

cals. Moreover he adapts his nomenclature to his

* Freds de Chimie organique, i. 12.



LAURENT AND GERHABDT. 107

ideas. The body resulting from the action of chlo-

rine on bitter almond oil is not chloride of benzoyl,

but chlorinated benzoilol, a name which, as well

as the unitary formula, indicates the relations of com-

position of the chlorinated body to bitter almond oil

or benzoilol, from which it is derived by substitution.

Thus, in this first stage of his scientific career,

Gerhardt admits neither rational formulse nor

radicals, this word being taken in the sense of groups
of atoms having an independent existence and the

power of entering directly into combination. But

the advocate of unitary ideas was too clear-sighted

not to perceive that, in a large number of reactions,

when compound bodies have lost one or another of

their elements, the residues, which are as it were the

ruins of the molecule, are capable of entering into

combination. This is what he calls substitution hy

residues. The idea had been suggested by Laurent

(p. 87), and was adopted by Gerhardt. It has since re-

ceived many beautiful developments, and has become,
in a measure, the connecting link between the theory
of substitution and that of radicals, itself developed
and regenerated. These residues, which Gerhardt \

admitted, are, in fact, nothing but radicals in the I

modem sense of the word.

But in 1842, Gerhardt had not reached this point.

Borne on by his opposition to the doctrines then

prevailing, and by the confidence inspired by his own
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ideas, he did not escape the danger of exaggerating

their consequences. In his Freds de Chimie organique,

which is the first cast of his ideas, and the first evi-

dence of his strong originality, he takes empirical

formulae for the sole basis of a new classification. He

ranges all bodies in an ascending progression, accord-

ing to the number of carbon-atoms contained in their

molecules, the simplest compounds forming the base,

and the most complex the summit of this scale. He
calls it a scale of combustion, because oxidation-

processes cause a body to descend in the series by
one or several ranks, by depriving it of one or more

atoms of carbon.

This principle of classification is excellent, but in

this first attempt, Gerhardt applied it too absolutely.

By relying solely on empirical formulae he was led

to make unfortunate associations : thus acetate of

ethyl accompanies butyric acid ; succinic acid, ethyl-

oxalic acid and oxalate of methyl, follow one another

closely ; and adipic acid elbows oxalic ether.

Too rigorous an order produced therefore a certain

confusion, which Gerhardt subsequently learned to

avoid ;
but the habit which he had acquired of group-

ing bodies according to their composition, and com-

paring together their empirical formulae has never-

theless borne fruit : it has contributed to introduce

into the science a new and fertile idea, that of the

homologous series.
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Schiel, a German chemist, first observed the rela-

tions of composition existing between the alcohols
;

after him Dumas constructed the series of fatty

acids, beginning with the most simple of all organic

acids, namely, formic acid, and rising by a regular

gradation up to the complex acids extracted from

tallow and wax. Gerhardt developed this idea and

fortified it by new examples. In the series which he

calls homologous, bodies are ranged according to

the regular progression of the atoms of carbon and

hydrogen, the other atoms remaining constant, and

each term differing from that which immediately

precedes or follows it by addition or subtraction of

CH^. Gerhardt adds that homology results not from"

relations of composition alone, but also from simi-

larity of chemical functions. Thus he has fixed the

idea and created the word. Through his efforts the

doctrine of homologues has become one of the most

firmly established bases of the classification of organic

substances.

The labours which we have just sketched in broad

lines have leffc a deep impression on the science, and

constitute, in great part the basis of our modern

ideas. A new system of atomic weights founded on

a logical development of the theory of volumes and

on a sound appreciation of analogies ;
a notation in

which all formulae and all reactions are rendered

comparable by a more exact determination of the
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relative magnitudes of molecules ; cliemical com-

pounds regarded as groups of atoms forming a single

whole, a simple edifice, and capable of modifi-

cation by exchange of one element for another:

these are the principal features of a doctrine which,

at the time of which we are speaking, was already

being consolidated and beginning to gain strength.

But between this first consolidation and the final

triumph a long interval was destined to elapse, and the

doctrine itself to undergo important modifications.

III.

Berzelius was no more. The theory of substitu-

tion had prevailed, but the developments evolved

from it by Laurent and Gerhardt encountered fierce

opposition. The partisans of the radical theory

had accepted the fact of substitution, but still main-

tained a hostile attitude. Dualism was always face

to face with the unitary idea. In fact, the latter, in

the hands of Laurent and Gerhardt, had been an

instrument adapted rather to correct errors than to

lead to great discoveries. The theory flourished, but

experiment rather flagged. Now, in the experimental

sciences a new doctrine never makes its way by
criticism alone. To secure its triumph it requires a

halo of discoveries. In the present case this sanction

has not been wanting. From the year 1849 various
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researches followed one another, which strongly

excited the attention of chemists and directed

Gerhardt himself into new paths : we allude to the

discovery of the compound ammonias by Wurtz and

that of the mixed ethers by Williamson.

These labours brought about a reconciliation be-

tween the theory of radicals and that of substitution,

—which theories, rivals till then, were amalgamated
into a new theory

—the theory of types. But to

understand the origin and scope of this theory, it is

necessary to go back for some time.

In 1839 Dumas discovered chloracetic acid. This

acid is derived from acetic acid by the substitution of

three equivalents of chlorine for three equivalents of

hydrogen, all the other elements remaining the same.

But what is very remarkable, this introduction of

chlorine into the molecule does not produce any deep

modification in the fundamental properties of acetic

acid. Its chlorinated derivative is, like itself, a

monobasic acid, capable of undergoing analogous

decompositions under the influence of certain re-

agents. These facts, according to Dumas, admit of

but one explanation : the chlorine, when substituted

for the hydrogen in acetic acid, takes the place of

that element, and plays the same part in the new

compound. This he expresses by saying that acetic

acid and chloracetic acid belong to the same chemical

type. He further supposes that the properties of a
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compound depend less on the nature of the atoms

which it contains than on their grouping and position

in the molecule.

These ideas are conformable to those put forth by
Laurent himself, but, being supported by new and

important facts, they possessed greater authorit}^

Moreover, the idea of the conservation of the type

after the substitution of one element for another,

in a given compound, was thereby enunciated more

clearly than by Laurent in his theory of nuclei.

Dumas then ranged in the same chemical type all

bodies containing the same number of '

equivalents
'

grouped in the same manner, and likewise possessing

the same fundamental properties. But he further

observes that these properties may be modified by
the act of substitution.

Bodies containing the same number of equivalents

but differing by their fundamental properties, may
be grouped in the same mechanical type . It is right

to add, that Regnault, in his remarkable researches

concerning the action of chlorine on Dutch liquid

and hydrochloric ether, had already directed atten-

tion to the conservation of the atomic grouping by
the fact of such substitutions.

It is thus that the idea of types was introduced

into chemical science. But under this first form it

was not susceptible of large developments. Confining

itself to expressing in a precise and elegant manner
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the relations created by substitution between a given

compound and its derivatives, it admitted as many

types as there are compounds capable of being modi-

fied by substitution, and it left these latter without

any connection. Hence, though a true and ingenious

idea, it did not seem destined to extend into a general

theory. It has, however, become such by being

modified.

For a long time, chemists, struck by the fact that

all the natural alkaloids contain nitrogen and yield

ammonia by dry distillation, had foreseen the exist-

ence of intimate relations between the ' volatile

alkali' and the organic alkalis. More lately, the

grand discovery of the amides, due to M. Dumas,

gave rise to another mode of viewing these bodies.

The alkaloids were supposed to contain, as a common

element, the generating principle of the amides,

which is called amidogen, and consists of ammonia

deprived of an atom of hydrogen.
This important question of the constitution of the

organic bases has been illuminated by the discovery

of a class of bodies exhibiting the most striking re-

lations of composition and properties to ammonia,
the same tendency to unite with acids, the same

causticity, the same solubility in water, the same

odour. In announcing the existence of these ' com-

pound ammonias,' the author expressed the opinion,

that they may be regarded either as ether in which
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the oxygen is replaced by amidogen, or as ammonia
in which, an equivalent of hydrogen is replaced by an

equivalent of an alcohol-radical."^ The idea of com-

paring them with ammonia regarded as a type, was,

therefore, enunciated in this first communication,

and, in fact, forced itself upon the mind by a sur-

prising analogy of properties. Some months after-

wards, Dr. Hofmann, guided by his brilliant discovery

of diethylamine and triethylamine, gave greater

force to the idea of types, and rendered it trium-

phant, by regarding all these bases as ammonia, in

which one, two, or three atoms of hydrogen are re-

placed by one, two, or three alcoholic groups or

radicals,t

Thus, then, the type ammonia was created : for it

was easy to extend to the other alkaloids—and chiefly

to the volatile bases, the preparation of which by

synthetical processes had already been discovered—
the point of view which adapted itself so easily to

the ethylated bases. We may observe, also, that the

theory of substitution took possession of the radicals.

Ethylamine was no longer regarded as a binary com-

pound of ethyl and of amidogen, but as ether, the

oxygen of which is replaced by amidogen, or as

ammonia, in which the radical ethyl is substituted

for hydrogen. Here the word radical is used in the

*
Com'ptes rendus, xxviii. 224

; February 1849.

t See note 10, p. 203.
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sense of a group of atoms capable of combining
with other atoms by way of substitution. There is

no longer any question of perfectly isolated radicals

ready to form binary combinations by way of addi-

tion, affecting, in a word, the behaviour of elementary

bodies
; they are, rather, Gerhardt's residues, which

pass unaltered from one combination to another. But

in so doing they do not get mixed up with the mass

of the elements, but.retain in the molecule a deter-

minate place, and a distinct individuality marked by
the formula itself. This formula is no longer an

isolated expression. It is a rational formula, clearly

indicating the relations of composition of the new

ba'^es to ammonia. Thus, at the very moment when

the theory of radicals and that of substitutions were

about to be fused together in the theory of types,

rational formulae were restored to honour, as a means

of expressing the relationships of bodies.

A new impulse was thus given, and a new dis-

covery helped to accelerate the movement. In 1851

Williamson published his beautiful researches on

etherification and the existence of mixed ethers—
researches which introduced into chemistry the

wate|i-type.
Laurent had formerly compared with water the

anhydrous oxide of potassium and caustic potash.

He had indicated by abridged and ingenious formulae

the relations of composition existing between alcohol

12
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and eth-er."^ His ideas were developed with talent

by an American cliemist, Mr. Sterry Hunt.

Williamson went further : he compared with water,

not only alcohol and the ethers, but likewise the

acids, oxides, and salts of mineral chemistry. Water

i being formed of one atom of oxygen and two atoms

of hydrogen, it is possible to replace these latter,

I

either by the atoms of other elementary bodies, or by
I groups performing the part of radicals. Eeplace in

a molecule of water one atom of hydrogen by an

ethylic group, and you will have alcohol ; and if the

second atom of hydrogen be likewise replaced by

ethyl, the product will be ether. Potash represents

water in which one atom of hydrogen has been re-

placed by potassium ; replace the other atom of

hydrogen by an acid radical, and this double substi-

tution will give rise to a salt. Thus acetate of potas-

sium is derived from a molecule of water by the

substitution of one atom of potassium for one atom

of hydrogen, the other hydrogen atom being re-

placed by the radical acetyl. Williamson even foresaw

the existence of a body derived from water by the

substitution of two acetyl groups for the two atoms of

hydrogen, and bearing to acetic acid the same rela-

tion that ether bears to alcohol. This body is acetic

anhydride, which was afterwards discovered by

Gerhardt.f

* Note 11, p. 203. t Ibid.
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All these bodies belong to tbe same type. They
all contain one atom of oxygen and two other ele-

ments, simple or compound, representing the two

hydrogen atoms of the water. Throughout all these

substitutions which the molecule may experience,

its skeleton remains, to a certain extent, the same,

and exhibits the relatively simple structure of a

molecule of water.

Such are the ideas put forth by Williamson. At

the time when Gerhardt was induced to adopt them,

the water-type was already made, as well as the

ammonia type. Gerhardt, giving fertility to an idea

which had germinated before him, added the hjdro:;

.^[^ILtype RiDfl th^ "hy^^vnp.hlnpV. a.p.iiL^feypg. He more-

over gave a new extension to the water-type by
his beautiful discovery of the anhydrous organic

acids.

He had formerly denied the existence of anhy-
drides derived from monobasic acids, and had the

singular good fortune to discover them himself. By
making the chloride of the radical acetyl act upon
acetate of sodium, he actually obtained the acetic

anhydride whose existence had been foretold by
Williamson. This body contains two acetyl groups
united with a single atom of oxygen. Just as water

contains two hydrogen atoms united with a single

atom of oxygen, so likewise do the two acetyl groups
or radicals of acetic acid play, in acetic anhydride.



1 1 8 LA TIRENT AND GERHARD T.

the part of a simple body, occupying therein the

place which the two atoms of hydrogen occupy in a

j

molecule of water. It is thus that the water-type,

created by Williamson, was enlarged by Gerhardt,

who generalised the idea of types.

With Laurent, he regarded the molecule of hy-

drogen as formed of two atoms. In the free state,

said he, this gas constitutes the hydride of hydrogen;

free chlorine is the chloride of chlorine; free cyanogen
the cyanide of cyanogen. And since oxides exhibit

a constitution analogous to that of water, the mole-

cules of metals may be compared with hydrogen;

they are formed of two atoms. The hydrogen type,

therefore, includes all the metals. In organic che-

mistry many compounds exhibit the same binary

composition. Their molecules are double, that is

to say, formed of two distinct elements, either simple

or compound, and each equivalent to one atom of

hydrogen.^

Gerhardt accordingly ranged in the hydrogen type

the aldehydes, the ketones, and a large number of

hydrocarbons; amongst others, the alcohol radicals

—
ethyl and methyl

—which were discovered by Kolbe

and Frankland, and had been the object of animated

discussions. It is a remarkable circumstance, that

the partisans of dualism had regarded these bodies

as single groups, while the defender of the unitary

idea has shown that they result from the union of
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two alcoholic radicals, and has assigned to them a

binary constitution or double formula.

The hydrochloric acid type comprised the chlorides,

bromides, and iodides, mineral and organic ;
in fact,

it was identical with the hydrogen type.

These were new ideas. The following is an impor-

tant development. The volatile organic bases were

at first the only known bodies belonging to the am-

monia type. Gerhardt included in it all the amides.

Acetamide, according to him, exhibits the same mole-

cular constitution as ethylamine, differing from the

latter only by the oxygenated nature of its radical.

If ethyl is a neutral radical, acetyl is an acid radical,

because it contains oxygen. Acetyl, like ethyl, may
be substituted for the hydrogen of ammonia

;
but

the body resulting from this substitution is neutral,

because the basic properties of the ammonia are

neutralised by the introduction of an acid radical

into its molecule.

Thus, bodies having a perfectly similar constitu-

tion, and, therefore, belonging to the same molecular

type, may, nevertheless, differ considerably in their

properties, according to the nature of the elements

which occupy a given place in the molecule. This is

an important proposition, indicating a return towards

ideas which had formerly been attacked, at the time

when a predominating influence was attributed to

atomic grouping in the manifestation of properties.
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To express in a striking manner this influence of

jthe nature of the elements on the properties of

I
bodies exhibiting in other respects the same consti-

tution, we may, with Gerhardt, arrange on the same

horizontal line all bodies belonging to the same

jtype, the basic compounds occupying the left ex-

tremity, while the neutral bodies are placed in the

middle, and the acids to the right. Take, for example,

the water type. Potash, which is a powerful alkali,

will be placed on one side, nitric and acetic acid on

the other, water and alcohol in the middle. Why
are those bodies which occupy the left extremity

strongly basic? Because they contain a strongly

electro-positive metal, such as potassium. Those

which occupy the middle are neutral, because

they contain indifferent elements or radicals ; but

those which are placed to the right are acid, in

consequence of the oxygenated radicals which they

contain.^

AccoMing to the theory of types, alcohol is water

in which one atom of hydrogen is replaced by the

hydrocarbonated group ethyl ; this group is basic,

but its basic power scarcely exceeds that of hydrogen:

consequently, alcohol is a neutral liquid, like water

itself. But suppose an atom of oxygen to be intro-

duced into the molecule of alcohol, and to take the

place of two atoms of hydrogen in the radical ethyl ;

* Note 13, p. 204.
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the radical, thus modified by substitution, will assume

an acid character, and will impress this character

upon the entire molecule. By this substitution

nothing is changed in the molecular grouping. The

two bodies exhibit the same constitution, one being

the hydrate of ethyl, the other the hydrate of acetyl;

but whilst alcohol is neutral, the acetic acid resulting

from its oxidation is a powerful acid. Such is the

influence which the nature of the atoms exerts on the

properties of molecules otherwise resembling one

another in the grouping of their atoms. This

influence is still more evident in bodies belonging to

the ammonia type. Ammonia is a strong base, and

when in this molecule, formed of nitrogen and hydro-

gen, the hydrogen is replaced by neutral hydrocarbon

groups, such as methyl or ethyl, the basic power is

preserved. We know that the compound ammonias

resulting from such substitutions are strong bases

like ammonia itself. But the hydrogen of this latter

body may be replaced, wholly or in part, either by an

electro-negative element like chlorine or bromine, or

by an acid radical ; the derivatives of ammonia thus

formed are neutral or even acid, as in the following

examples.

Aniline is a powerful base ; trichloraniline, or

trichlorinated aniline, is, according to Hofmann, a

neutral body, that is to say, incapable of combining
with acids. In like manner, as we have already



122 LAURENT AND GERHARDT.

observed, tlie basic character of the ammoniacal

molecule is effaced in acetamide by the acid nature

of the oxygenated radical which is therein substituted

for hydrogen.

Most amides are neutral like acetamide, but we

are acquainted with a few which are decidedly acid.

Gerhardt, in one of his most beautiful memoirs, has

described amides resulting from the substitution of

two oxygenated radicals for two atoms of hydrogen in

ammonia, and in which, owing to the preponderating

influence of these oxygenated groups, the character

of the ammoniacal molecule is modified to such a

degree that it forms salts, not with acids but with

bases."^

The preceding developments afford an answer to

one of the objections which have been raised against

the theory of types. Lavoisier, it was said, insisted

I
so strongly on the fundamental differences between

\ acids, oxides, and salts. Is it allowable to confound

; these bodies together, as is done in the theory of

types ? What ! is it possible that caustic potash and

hypochlorous acid, so dissimilar in their properties,

can be cast in the same mould, and, what is more,

assimilated to hypochlorite of potash, the product of

their combination ?

The fact is, that these bodies may be compared to-

gether without being actually confounded,f They

* Note 12, p. 204. t Note 13, p. 204.
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are distinguislied by their properties, assimilated by /

their atomic constitution. These two points of view 1

are totally different. Lavoisier insisted on the first

when he opposed oxides to acids. The second he

was unable to approach, because in his time the

atomic theory was not yet born ; he could not, there-

fore, occupy himself with the grouping of atoms.

Every one will allow that compound bodies contain-

ing atoms grouped in the same manner mayjpossess

different properties if these atoms differ among them-

selves.

Do we confound hypochlorous acid with caustic

potash, when we say that these two bodies contain an

equal number of atoms grouped in the same manner,

but that the one contains chlorine just in the place

where the other contains potassium ? Does not this

fundamental difference in their composition explain

the opposition of their properties ? They do not, in

fact, differ from one another more than chlorine differs

from potassium.

The objection just discussed is therefore without

weight. Kolbe has raised another and a more im-

portant one, for it seems to go to the root of the

matter. 'Your three or four types^' said this chemist,

'are nothing but a vain artifice. Why are we to

suppose that nature has restricted herself to forming
all bodies on the models of hydrochloric acid, water,

and ammonia ? Why on these models rather than
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'

upon others ? To consider only organic bodies : would

St not be more rational to refer tbem to carbonic acid?

It is, in fact, from this gas that they are formed in the

vegetable kingdom. The carbonic acid type must

therefore exist in the very nature of things, and it

seems logical to refer all organic compounds to this

type, since they are all in fact derived from it.'

To this it may be replied, in the first place, that

water and ammonia are agents as indispensable as

carbonic acid in the processes of vegetable life. To

assimilate hydrogen and nitrogen, plants must decom-

pose water and ammonia, just as they decompose car-

bonic acid to assimilate carbon. This great work of

the elaboration of organic matter requires, therefore,

' the concourse of three mineral compounds, and if we

would base the idea of types on the question of origin,

there is no reason for excluding water and ammonia

\
in favour of carbonic acid. Moreover, it is easy to

j
show that the carbonic acid type may be reduced to

I

that of water. If water is the oxide of hydrogen,

carbonic acid gas is the oxide of carbonyl, that is to

I

say, the oxide of the radical carbonic oxide.

Oxides, presenting a similar constitution, may
therefore be referred indifferently to one or another

of these bodies. It must, however, be added, that it

is more convenient to compare them with water, be-

cause, as this latter body contains two atoms ofhydro-

gen, each of these atoms may be replaced by another
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simple body, or by a radical. The number of elements

and radicals being very considerable, the cases of

substitution may be varied almost to infinity. There

exists, therefore, an immense number of compounds
which may be compared with water, if we admit that

the hydrogen in this body may be wholly or partially

replaced.

But does this hypothesis of elements or radicals

substituted in so large a number ofcases for the hydro-

gen of water rest upon a solid base ? Is it founded

upon facts, or is it merely a vain supposition P It is

time to answer this question.

Let a piece of potassium be thrown upon water : it

wiU decompose the water with such violence that the

evolved hydrogen will be set on fire by contact with

the globule of metal. In the molecule of water

decomposed, the hydrogen wiU be replaced by potas-

sium, and caustic potash will be formed. It is this fact

which the theory of types expresses, by saying that

hydrate of potassium is water in which an atom of

hydrogen has been replaced by an atom of potassium.

Now let us take the organic chloride which Ger-

hardt obtained by distilling acetate of soda with

perchloride of phosphorus, namely the chloride of

acetyl. This body placed in contact with water, de-

composes it immediately, its chlorine taking hold of

an atom of hydrogen forms hydrochloric acid, and the

radical acetyl just separated from the chlorine takes



126 LAURENT AND GERHARBT.

the place of this atom ofhydrogen just separated from

the water. Acetic acid is thus formed by an inter-

change of elements between chloride of acetyl and

water; the water is therefore actually transformed

into acetic acid by substitution of the radical acetyl

for an atom of hydrogen. The theory of types ex-

actly expresses this fact, in attributing to acetic acid,

that is to say, to hydrate of acetyl, a formula of ex-

treme simplicity, and formed, as it were, on the model

of that of water."^

This formula expresses nothing more than the

reaction just considered ; it represents one of the

modes of formation of acetic acid ; it supposes this

acid to contain a radical capable of passing undecom-

posed from one combination to another by way of

double decomposition ; it reminds us, in the simplest

manner, of the relations existing between acetic acid,

chloride of acetyl, aldehyde or hydride of acetyl,

acetone or methylide of acetyl, acetamide, acetic

anhydride, and, in general, all the compounds which

contain the radical acetyl. Here is a numerous re-

lationship, a large family, all whose members exhibit

a certain degree of resemblance, and possess a com-

mon base, namely, the oxygenated radical of acetic

acid.

It is the same with all typic formulae. Founded

on the attentive study of reactions, they reflect faith-

* Note 11, p. 203.
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fully the image of those reactions, and represent

clearly the relations of derivation which they create

between bodies. And these reactions are generally

double decompositions, which do not compromise the

existence of the radicals, these latter remaining un-

altered, and being carried, by way of exchange, from

one compound to another. Nothing can be simpler,

nothing can be clearer, than the representation of

these metamorphoses in the typical notation. This,

indeed, was the chief advantage of the beautiful

conception of types. To mark their true character,

Gerhardt called them types of double decomposition.

Typical formulae, therefore, express reactions, and

it is from the facts themselves that the idea of types

derives its origin, and its mode of being. Do we then

mean to say that this theory can give an account of

all facts, and that its typical symbols and equations

are adapted to the expression of all possible reactions ?

It could not be so. Among the large number of :

metamorphoses which organic bases are capable off

undergoing, the theory of types had limited itself to
\

selecting the most simple ; those, namely, which, j

while they modify the external form of the chemical,

molecule, and the nature of its appendages, do not!

touch the body of the substance, that is to say, its

compound radical. But there are reactions in whicM

this radical itself is modified or decomposed ;
in which!

indeed, instead of passing unchanged into another
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compound, it gives way. These deep metamorplioses

do not for the most part consist of double decompo-

sitions, and cannot be represented by the compara-

tively simple formulse which express the latter.

Thus, having traced the theory oftypes in its origin

and its developments, we have at length arrived at its

limits. It had taken from the radical theory the idea

of those groups of atoms which act like simple bodies
;

but instead of representing them as bodies possessing

a real existence, and the force of combination which

characterises the elements, it regarded them as resi-

dues, capable of being substituted for simple bodies,

and thus forming a great number of combinations

belonging to a small number of types. Berzelius had

imagined a host of radicals, saying: 'they will be

isolated some day.' Gerhardt said :
'

they are residues

of molecules which cannot exist in the free state, but,

nevertheless, can be substituted for simple bodies in

the compounds in which they exist.' It was thus that

the theory of types appropriated to itself the idea of

radicals, regenerating it by the idea of substitution.

By adapting these two notions to theories hostile till

then, it put an end to the opposition.

But though it admitted radicals, it did not seek to

penetrate their constitution. It represents them in

any single formula as groups of atoms intimately

united together; it exhibits their evolutions when

they pass from one compound to another ; but when
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tliey are themselves decomposed, it is for the most

part powerless to depict this deep transformation

which reaches the very substance of the organic

molecule, for it takes no account of the manner in

which the radicals are made up.

A theory is good when it succeeds in grouping facts

together in logical order ;
it is fertile when it gives

rise to discoveries, and bears within itself the germ
of important advances. Neither of these advantages

has been wanting to the theory of types. From its

latest developments there has sprung a new conception

more general and capable of supplying the deficiency

just pointed out. We speak ofthe theory of atomicity.

This, however, is not the place to explain it, and we

must confine ourselves to indicating that it has its

roots in the theory of types. The latter, by a final

evolution, had established condensed and mixed types.

Williamson had referred sulphuric acid to two mole-

cules of water in which two atoms of hydrogen are

replaced by the bibasic radical sulphuryl. This radical

being able to substitute itself for two atoms of hydro-

gen taken from two molecules of water, joins together

the residues of these molecules, and rivets them to-

gether into a single condensed^ molecule. Such is the

origin of the doctrine of polyatomic radicals, to which

Gerhardt, following Williamson's example, referred

* Note 14, p. 206.

K
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tlie acids analogous to sulphuric acid, and capable, like

it, of saturating several molecules of base.

These polyatomic radicals play a similar part in

mixed types. Consider a molecule of water placed

side by side with a molecule of hydrochloric acid.

You may imagine the atom of hydrogen of the latter,

as well as one hydrogen atom of the neighbouring
molecule of water, to be replaced by a bibasic radical,

sulphuryl for example. This radical will then join

the molecule of water which has lost an atom of

hydrogen to the molecule of hydrochloric acid, which

has likewise lost its hydrogen, and thus these two

molecules will be riveted together by means of this

bibasic radical. This is what Dr. Odling calls a

mixed^ tyj^e-^

Such are the last developments of the theory of

types. They mark the origin of a new period into

which the science is about to enter, and is at this

moment actually going through. We shall, therefore,

have occasion to return to them in explaining the

theories of the present day.

Gerhardt, though he had the satisfaction of wit-

nessing the triumph of most of his ideas, did not live

to see the fruitful transformation which they have

undergone in these latter years. He died at the age
of forty, soon following to the grave his friend and

predecessor, Laurent.

* Note 14, p. 206.
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Both died young, exhausted by a vast amount of

work, and without having gained that popular favour

which leads to honours. They did not seek it. Loving
science for its own sake, they approached her by paths

inaccessible to the greater number. Independent in

spirit, they shook off the dust of the schools ; ardent

of heart, they did not shun the strife, meeting rather

with opposition than with serious refutation, and re-

sisting with firmness the most powerful of their

opponents, Berzelius. In spite of the insufficiency

of some of their ideas, and of certain exaggerations

of language, they came out victorious from these

discussions, bequeathing to their successors a great

example, and to history two inseparable names.

K 2
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The theory of types embraced an immense number

of compounds, both mineral and organic, which it

classified by comparing them with a small number of

very simple combinations. It overthrew the barriers

which custom had raised up between mineral and

organic chemistry ; it classified and compared a mul-

titude of bodies of very various nature, without dis-

tinction of origin. Giving up the idea of discovering

the constitution of bodies, it grouped them according

to their metamorphoses. It created a notation which

was incomparable for clearness ofexpression, and has

been the instrument of numerous discoveries, by en-

abling us to seize, at the first glance, on analogies or

bonds of relationship. In a word, it possessed all the

characters and all the advantages of a good theory.

But it did not go to the root of things, and even its

principle seemed to have somewhat of an artificial

character. It admitted typical combinations without

explaining their mode of existence. What did the

types hydrogen, water, and ammonia represent?
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and what reason was there for choosing these rather

than others ? This is an important question, which

was not mooted, in the first instance, by the theory

of types, but which is now resolved. These types

represent various forms of combination which are

related to a fundamental property of atoms called

atomicity. This is a new idea which now forms the

very basis of the science. We proceed to explain its

origin and progress.

I.

Beezelius, in his memorable researches on the com-

position of salts, was led to confirm and define an

important proposition, first enunciated by Eichter,

namely, that the capacity of saturation of an oxide

depends on the quantity of oxygen which it contains. '

There exists in all neutral salts a constant ratio

between the quantity of oxygen in the oxide and the

quantity of oxygen in the acid. Such is the formula

of Berzelius.

This proposition, first enunciated in 1811, gave a

new point of support to the atomic theory, which was

then beginning to gain ground. It may indeed be

said to be a consequence of that theory. In fact,

since the combination of an oxide with an acid always
takes place according to the same proportions, and

since the smallest quantities of the oxide and acid
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that can unite together contain a determinate number

of oxygen atoms, it is clear that the ratio between

the oxygen of the oxide and that of the acid must be

invariable.

The smallest quantity of calcium oxide that can

exist contains 1 atom of oxygen ; the smallest quantity

of anhydrous sulphuric acid that can be conceived

contains 3 atoms of oxygen. This is what was then

called an equivalent of that oxide and that acid. It

is these equivalents which combine together. Cal-

cium sulphate contains, therefore, one equivalent of

sulphuric acid and one equivalent of calcium oxide,

and all sulphates whose oxides, like lime, contain one

atom of oxygen, have a similar constitution.

Now, Berzelius first perceived that aluminium

oxide, or alumina, the earth which exists in clay, and

may be extracted from alum, contains 3 atoms of

oxygen to 2 atoms of metal."^ Applying to sulphate

of alumina the law of composition which he had dis-

. covered for the sulphates, he concluded that this salt

contains 3 equivalents of sulphuric acid to 1 equiva-

lent of alumina. In fact, in order that the ratio of

1 to 3 may be preserved in such a sulphate, the oxide,

which contains 3 atoms of oxygen, must find 9 in the

acid; it must, therefore, take up 3 equivalents of

sulphuric acid. Eerric, chromic, and manganic oxides

have a composition analogous to that of aluminium

* Note 15, p. 206.
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oxide, and combine, in like manner, with, three equi-

valents of sulphuric acid.

The composition of the various sulphates indicates,

therefore, a fundamental difference in the properties

ofthe two classes of oxides, ofwhich lime and alumina

are the representatives.

Whilst 1 molecule of the former combines with only

1 molecule of sulphuric acid, 1 molecule of the latter

unites with 3 molecules of the same acid. And yet,

by a singular confusion of ideas, the molecule of lime

was regarded as equivalent to the molecule of alumina,

although, the latter was known to combine with a

quantity of sulphuric acid three times as large. This

inconsistency did not escape the acute mind of Gay-
Lussac ;

and those who attended the lectures at the

Ecole Polytechnique forty years ago, may remember

that be noticed and corrected it. To bring the for-

mula of sulphate of alumina into accordance with

that of sulphate of lime, he divided the molecule of

alumina into three parts, supposing it to contain an

atom of oxygen and f of an atom of aluminium, this

proportion of oxide being joined in the sulphate to a

single molecule of sulphuric acid. By this proportion

of oxide, he indicated the true equivalent of alumina

compared with, lime : for it is clear that only those

quantities of oxide can be regarded as equivalent

which unite with equal quantities of acid.

But Gay-Lussac's formulae were not received ; and
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chemists have maintained, instinctively as it were,

those of Berzelius, which, in fact, expressed the true

molecular magnitudes, and marked a decided dif-

ference in the combining capacities of two classes of

oxides, the one mono-acid, and the other tri-acid, if

we may so express it.

A difference of the same order was subsequently

pointed out for acids. Everybody is familiar with

the beautiful discoveries of Graham, who introduced

into chemistry the notion of polybasic acids, parallel,

to a certain extent, to that of the polyacid bases just

mentioned.

Chemists had been struck with certain differences

of character presented by phosphoric acid in solution,

accordingly as this solution has been recently pre-

pared with the anhydrous or the vitreous acid, or has

been kept for some time. Berzelius, supposing that

the compound of oxygen and phosphorus existing in

these solutions is always the same, sought for the

cause of these differences in a peculiar state of the

substance, that is to say, in a variable arrangement

of the atoms. He was the first to suppose that

bodies which exhibit the same composition may have

different properties, if the same elements are com-

bined in them in different ways. It was these facts

and others, which need not here be mentioned, that

introduced into the science that notion of isomerism

which at present holds in it so important a place, and
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lias so much exercised the sagacity of chemists.

But it has happened, by a singular coincidence, that

the different phosphoric acids do not belong to the

class of isomeric bodies : they do not indeed exhibit

the same composition. Doubtless they all contain

that compound of oxygen and phosphorus which

Berzelius supposed to exist in them. But this oxy-

genated body, this anhydrous acid, is united therein

with different proportions of water. Graham, in his

classical memoir, has pointed out the existence of

three compounds of water and anhydrous phos-

phoric acid. For 1 molecule of this anhydrous acid,

the first of these hydrates contains 1 equivalent of

water, the second 2 equivalents, the third 3 equi-

valents."^ These are the true phosphoric acids, and

it will be seen that they differ in composition.

Graham, therefore, designated them by different

names, which they have retained, and nobody at the

present day thinks of regarding them as isomeric.

Their salts are analogous in composition to the

acids themselves. The monohydrated acid takes up
1 equivalent of oxide, the trihydrated acid takes up
3 equivalents. The former gives with nitrate of

silver a wbite, the latter a yellow precipitate. These

differences, which had struck the first observers,

exhibit nothing abnormal, for they are due to dif-

ferences of composition. The white precipitate, or

* Note 16, p. 206.
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metaphosphate of silver, contains 1 atom of silver ;

tlie yellow precipitate, or ordinary phosphate of silver,

contains 3 atoms. This is expressed by saying

that metaphosphoric acid is monobasic ; ordinary

phosphoric acid, tribasic.

We have thus arrived at the point which we wish

to bring to light. There are some acids whose mole-

cule is so constituted as to require for saturation

only one '

equivalent
'
of a certain base, whereas other

acids take up two equivalents, and others again re-

quire three. Have, then, the molecules of these acids

the same value ? and are they equivalent among
theinselves ? By no means, since their capacity of

combination, expressed by the proportions of base

which they saturate, varies as the numbers 1, 2, and 3.

Let us compare together nitric, sulphuric, and

phosphoric acids. To form a perfectly saturated salt

the first combines with one molecule of potash, the

second with two, the third with three molecules ;
and

if we regard as equivalent the molecules of acids

which saturate the same quantity of base, we shall

be obliged to admit that 1 molecule of sulphuric acid

is worth two molecules of nitric acid, and that one

molecule of phosphoric acid is worth three molecules

of nitric acid.

Such is the important notion of polybasic acids. It

exhibits the same signification and the same scope as

the fact of polyacid bases, and yet for twenty years
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nobody perceived any connection between the two.

The two notions remained isolated in the science and

lost, as it were, for theory: their connection has,

however, been brought to light by recent discoveries.

That which Berzelius admitted in the case of alu-

mina and ferric oxide, which he represented as satu-

rating three molecules of acid, Berthelot has shown

to exist in the case of glycerin, which he regards as

requiring three molecules of an acid to form a

perfectly saturated neutral fat. It was known before

his researches that glycerin plays the part of an

alcohol, that is to say, of an organic hydrate capable

of forming compound ethers by combining with acids.

Fifty years ago, at a time when organic chemistry
was in its infancy, Chevreul, in his admirable re-

searches on the fatty bodies, had compared the neutral

proximate principles contained in oils and fats with

compound ethers. This was a great and powerful

idea, a ray of light in the midst of profound darkness.

This idea was brought to light by careful study of

the phenomena of saponification, and gave rise to

the following comparison : just as compound ethers

are resolved, under the influence of alkalis, into alco-

hols and alkaline salts, so likewise are neutral fatty bo-

dies decomposed, under the influence of bases, into

glycerin and salts called soaps. Glycerin plays, there-

fore, in neutral fatty bodies the same part that alcohol

plays in ethers. It is an alcohol.
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But, whereas common alcohol unites with only one

molecule of a monobasic acid to form a compound

ether, glycerin takes up as many as 3 molecules

of such an acid to form a neutral fat. Thus, stearin,

which enters into the composition of most animal

fats, contains the elements of 3 molecules of stearic

acid combined with a single molecule of gly-

cerin, and this union is attended with the elimination

of 3 molecules of water. This tristearic ether is

not, however, the only compound that glycerin can

form with stearic acid; instead of combining with

3 molecules of that acid, glycerin can take up

only 2, with elimination of 2 molecules of water ;

it may also take up only 1 molecule of the acid,

with elimination of one molecule of water. There

exist, then, three definite compounds of stearic acid

and glycerin, containing respectively 1, 2, and

3 molecules of stearic acid. All three are neutral

to test-paper, but only one of them can be considered

as saturated with acid, namely, that which contains

3 molecules of the acid. These facts were discovered

by Berthelot, and described by him in a justly cele-

brated memoir, published in 1854. Their theoretical

importance was not overlooked by their discoverer,

who expressed himself thus :
— ' These facts show us

that glycerin exhibits, with regard to alcohol, exactly

the same relation that phosphoric acid exhibits with

regard to nitric acid. In fact, whereas nitric acid
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produces only one series of neutral salts, phosphoric

acid gives rise to three series of neutral salts, ordi-

nary phosphates, pyrophosphates, and metaphos-

phates. These three series of salts, decomposed by

strong acids in presence of water, reproduce one and

the same phosphoric acid.

' In like manner, whilst alcdhol produces only one

series of neutral ethers, glycerin gives rise to three

distinct series of neutral compounds. These three

series, when completely decomposed in presence

of water, reproduce one and the same body—
glycerin.^

The double comparison which Berthelot here es-

tablishes between alcohol and nitric acid on the one

hand, glycerin and phosphoric acid on the other, is

exact only on condition that the acid compared with

glycerin is tribasic phosphoric acid. To saturate

it, this acid requires 3 molecules of a base like

caustic potash. But it can also take up only two, or

even only one : whence arise three series of phos-

phates with 1, 2, or 3 equivalents of base, corre-

sponding to the three series of glyceric compounds

containing 1, 2, and 3 equivalents of acid
; and

just as these three series of phosphates contain

only a single acid—tribasic phosphoric acid—so like-

wise do the three series of glyceric compounds con-

tain only a single base, namely, triatomic glycerin.

* Annales de Chimie et de Physique, 3^"ie serie, xli. 319.
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It was, therefore, inexact to compare the glyceric

compounds containing two equivalents of acid with

the pyrophosphates, and the glyceric compounds con-

taining one equivalent of acid, with the metaphos-

phates. These three acids, with regard to their

capacity of saturation, exhibit fundamental diffe-

rences. If triatomifi glycerin, as we now say,

resembles tribasic phosphoric acid, it cannot be

compared, with regard to its combining capacity, with

bibasic pyrophosphoric or monobasic metaphosphoric

acid. To compare glycerin at the same time with

a tribasic, a bibasic, and a monobasic acid, would

be to attribute to it at once the characters of a

triatomic, a diatomic, and a monatomic alcohol.

There was in this a confusion of ideas which did not

exist in the facts themselves : for Berthelot's experi-

ments were exact, and they ma,rk a very important

step
—the discovery of polyatomic alcohols.

The true interpretation of all these facts was given

some months afterwards by Wurtz, in a note entitled

Theorie des comhinaisons glyceriques. Glycerin is

there represented as a tribasic alcohol containing

3 equivalents of hydrogen replaceable by 3 groups

or compound radicals. The three series of glyceric

compounds obtained by Berthelot are regarded as

derived from this tribasic alcohol by the substitution

of 1, 2, or 3 radicals, for 1, 2, or 3 atoms of hydro-

gen. Thus tristearin appears as glycerin in which
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three atoms of hydrogen have been replaced by three

radicals of stearic acid (stearyl) .

It would be unnecessary to mention this interpre-

tation of the formula of glycerin proposed on this

occasion, had it not given rise to an important de-

velopment of the theory of radicals. This we proceed

to explain.

II.

The theory of types had just been regenerated by
Williamson and Gerhardt. Mineral and organic

bodies were represented as derived from a small

number of typical compounds by the substitution of

radicals for the hydrogen of these types. Williamson

was the first to point out that sulphuric acid might
be represented as derived from two molecules of

water by the substitution of the bibasic radical of

sulphuric acid (sulphuryl) for two atoms of hydrogen.

Applying this idea to glycerin, the author represented

this body as derived from three molecules of water,

by substitution of the tribasic radical glyceryl for

three atoms of hydrogen taken from three molecules

of water. But he did not stop there. Making a

new step, he endeavoured to give the theoretical

reason of this remarkable property of the radical of

glycerin to lay hold, as it were, of 3 molecules of

water, by substituting itself for an atom of hydrogen
in each of them. He remarked that the radical
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glyceryl, formed of 3 atoms of carbon and 5 atoms

of hydrogen, contains 2 atoms of hydrogen less

than the radical propyl, which can take the place

of only 1 atom of hydrogen. In fact, in propylic

alcohol the propyl occupies the place of 1 atom of

hydrogen belonging to 1 molecule of water. The

loss of 2 atoms of hydrogen, which has transformed

the propyl into glyceryl, has, therefore, augmented

by two units the capacity of substitution of former

radical; in other words, the monobasic radical has

become tribasic by giving up 2 atoms of hydrogen.

This point of view was new, and has led to important

consequences relating to the saturating capacity of

radicals : their capacity of saturation, which has been

called atomicity, was thereby connected with their

composition itself. It depends on the number of

hydrogen atoms which they contain and increases by

unity for each of those atoms removed from a hydro-
carbon. These ideas soon received an experimental

confirmation, which has contributed to diffuse them.

To form a neutral ether, alcohol takes up only one

molecule of a monobasic acid
; glycerin may take up

as many as three molecules. There should therefore

exist bodies intermediate between alcohol and gly-

cerin capable of etherifying two molecules of an acid.

Such is the reasoning which led to the discovery of

the glycols or diatomic alcohols. There was no known

body which exhibited the properties of this class of
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alcohols, and after their existence had been theoreti-

cally conceived, it became necessary to think of the

means of creating them. This end was attained by
the considerations above developed, respecting the

functions of the radical glyceryl.

Diatomic alcohols might be expected to contain a

diatomic radical, and olefiant gas, or ethylene seemed

to fulfil the conditions of such a radical. It contains,

in fact, one atom of hydrogen less than the mon-

atomic radical ethyl. It must, therefore, be diatomic.

In fact, it unites with two atoms of chlorine to form

dichloride of ethylene or olefiant gas. If, then, to

the chloride of ethyl or hydrochloric ether there cor-

responds a hydrate of ethyl, which is alcohol, there

should also be a dihydrate of ethylene corresponding

to the dichloride of ethylene. Wurtz effected the

formation of this body by causing the di-iodide or

dibromide of ethylene to act on two molecules of

silver acetate, and decomposing by potash the diace-

tate of ethylene which is produced by this double

decomposition, together with bromide of silver.

The synthetic process just indicated presents the

character of a general method, and has been applied

without difficulty to the preparation of bodies analo-

gous to glycol in their composition and properties.

The author has named them glycols, characterising

them as diatomic alcohols,"^ to indicate their com-

* Note 17, p. 206.

L »
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bining power, which is double that of common

alcohol, and is moreover in proportion to the greater

complexity of their molecule.

At the time of which we are speaking, the theory

of types reigned supreme in chemical science. We
have already observed how the author was led by it

to give the true interpretation of the facts concerning

glycerin. The same theory was also the clue which

led him to realise the discovery of glycol.

This body was referred, like all its analogues, to the

water type, but to a condensed type formed of two

molecules. The radical ethylene, which combines

with two atoms of chlorine and bromine, may also be

substituted for two atoms of hydrogen taken from

two molecules of water, which it rivets together, be-

cause it is itself indivisible. Such is the idea enun-

ciated by the author respecting the function of the

radical ethylene in glycol, and expressed by the typic

rational formula which he assigned to that body.*

Here, however, follows an important development.

To the glycols thus constituted the author has been

able to refer, not only the neutral compounds which

they form with acids, and in which their diatomic

radical remains intact, but likewise the acids which

result from their oxidation, and in which their dia-

tomic radical is modified by substitution.

Alcohol, when oxidised under the influence of

* Note 18, p. 207.
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platinum black, exchanges two atoms of hydrogen for

one atom of oxygen, and becomes acetic acid. The

radical is modified by substitution and converted into

acetyl.

Under the same circumstances, and by a perfectly

similar reaction, glycol is converted into glycollic

acid ; but whereas alcohol by oxidising forms only

one acid, glycol can form two. Under the influence

of powerful oxidising agents, it exchanges 4 atoms

of hydrogen for 2 atoms of oxygen, and is converted

into oxalic acid. Two acids are therefore derived by
oxidation from glycol, the radical of which can be

twice modified by substitution, exchanging 2 or

4 atoms of hydrogen for 1 or 2 atoms of oxy-

gen. This substitution takes place in the radical

ethylene, which becomes successively the radical

glycollyl in glycollic acid, and the radical oxalyl in

oxalic acid. Both these acids are diatomic, for they

belong to a diatomic alcohol ; but, whereas one of

them, namely, oxalic acid, is bibasic, the other, gly-

collic acid, is only monobasic* The author, to whom
the discoveries of these reactions is due, was the first

to remark that the basicity of acids increases with

the number of oxygen atoms contained in their

radical, and that the terms polyatomic and polybasic

are not rigorously synonymous, when applied to acids.

He immediately extended these reactions to the other

* Note 19, p. 208.

L 2
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glycols, the higher homologues of ordinary glycol,

which he had obtained by means of hydrocarbons, the

higher homologues of ethylene, and amongst which

he had particularly studied propyl-glycol and amyl-

glycol. The former by oxidation yielded lactic acid,

the second a new acid of the lactic series.

It was thus that the polyatomic and polybasic

acids were connected with the polyatomic alcohols,

just as the monobasic acids, analogous to acetic acid,

had previously been connected with the monatomic

alcohols.

In connection with the classification of organic

substances, these facts appear highly important; it

may indeed be maintained with good reason that

they have been the occasion and the origin of a new

mode of exposition in organic chemistry. They

have, in fact, afforded the means of forming into a

separate group the polyatomic alcohols, with the

whole train of compounds belonging to them, such

as the hydrocarbons which form their radicals, and

the polyatomic acids resulting from their oxidation,

with which also may be joined the aldehydes. All

these bodies may be grouped together under the

name of polyatomic compounds, and definitively sepa-

'rated from the monatomic alcohols and acids, and all

the bodies thereunto related. We see, then, that the

alcohols of different atomicity have become to a

certain extent the base of the classification, and this
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base has been greatly enlarged bj the beautiful

experiments of Bertlielot on mannite and the saccha-

rine substances. These bodies have been characterised

as hexatomic alcohols. They require for saturation

six molecules of a monobasic acid, whereas glycerin

requires only three, glycol takes only two, and

common alcohol is contented with one.

To appreciate the value of this service rendered to

classification, it is sufiicient to remember the mode of

exposition adopted in courses of organic chemistry

twenty years ago. After a few preliminary remarks

on the composition and analysis of organic sub-

stances, it was usual to commence with the neu-

tral proximate principles furnished by the vegetable

kingdom, such as cellulose, starch, and saccharine

substances. With these, also, were often connected

the neutral substances of the animal organism,

namely, albumin and its congeners. Thus the

course was begun with the most complex substances,

the constitution of which was absolutely unknown ;

and these were followed by the simpler substances

resulting from their decomposition, the order of

this exposition being determined solely by the for-

tuitous coincidence of certain general properties,

such as neutrality, acidity, and alkalinity
—never by

the consideration of bonds of relationship or deriva-

tion. All the acids were grouped together by the

single circumstance that they redden tincture of
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litmus
;
all the alkalis were grouped together because

they change it back again to blue. This was the

infancy of the art. At the present day, bodies are

grouped according to the increasing order of their

molecular complication, beginning, with the simplest,

and rising progressively in the series in proportion

as the molecules become more complex.

But, what ! Is this complication of the molecule to

I

be determined strictly and solely by the number of

;
carbon atoms that it contains ? and are we to recur

( for a principle of classification to Gerha,rdt's scale of

combustion (p. 108) ? By no means. A new element

enters into the considerations by which the molecular

complication is determined, namely, the atomicity or

combining capacity of the molecule, which may be

expressed by referring the molecule to a type more or

less complex in proportion to the atomicity or satu-

ration of the radical contained in that molecule.

From this point of view, oxalic acid, though it con-

tains only 2 atoms of carbon, belongs to a higher

type of combination than stearic acid, which con-

tains 18 carbon atoms. The former is diatomic, and

is related to a diatomic alcohol ; the latter is mon-

atomic, and related to a monatomic alcohol. It

follows, therefore, that the principle of classification

now generally adopted is derived from atomicity.

I
Bodies of equal atomicity are placed together as

i forming great classes. The properties of all these
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bodies differ from one another according to the nature,

number, and arrangement of the elements which

thej contain. Hence the facility of establishing

subdivisions in these great classes, and of grouping I

bodies of the same class by series and by families. '

The series includes those which, possessing similar /

molecular structure and analogous properties, exhibit

regular variations in their composition, so that the

difference observed between two neighbouring mole-i

cules is reproduced in like manner for all the others

All bodies of the same series belong to the same type

The family comprises all bodies having in their
^

composition a common element, which is the radical ; !

this may enter into the most various combinations.

Hence result compounds belonging to different types

and possessing dissimilar properties, although they

all contain the same nucleus.

In the series of alcohol are placed all those bodies

which exhibit with alcohol certain relations of com-

position and properties.

In the family of alcohol are grouped all bodies-

containing the same radical, namely, ethyl. /

Such are, in a few words, the principles of classifi-

cation now adopted in organic chemistry. It wiU be

seen that atomicity, that is to say, the combining

capacity of bodies, enters in these considerations as

a dominant element. It is proportional, as above

stated, to the atomicity of the radicals which the
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compounds contain. It remains to explain the ideas

which have been started concerning the mode of

generation of these radicals.

The discovery of the polybasic acids had pointed

out differences in the saturating capacity of acids ;

that of the polyatomic alcohols had indicated differ-

ences of the same order in the combining capacity of

alcohols. It is doubtful whether any general notion

could have been deduced from these facts, had. not

the theory of types sought to refer the observed

variations in the combining capacities of acids and

alcohols to corresponding differences in the satura-

tion of the radicals which they contain.

It was said : Triatomic glycerin contains a radical

which is triatomic, because it wants three atoms of

hydrogen to bring it to the state of saturation.

Diatomic glycol contains a radical which is diatomic,

because it requires two atoms of hydrogen to bring

it to a state of saturation.

The atomicity of radicals containing hydrogen and

carbon was thus related to their richness in hydrogen,

to their state of saturation so far as regards that

element. This proposition, enunciated for the first

time by the author in the note cited on page 142, has

been developed by various chemists. We must here

explain it with a few details.

One atom of carbon in marsh gas, or protocar-

buretted hydrogen, is combined with 4 atoms of
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hydrogen, and no one has yet succeeded in obtaining

a compoTind of carbon and hydrogen richer in hy-

drogen than this. Marsh gas is, however, not the

only compound of its kind. It is the first term of a

series of hydrocarbons, which are all saturated with

hydrogen, and exhibit in their composition a regular

progression of carbon and hydrogen atoms, so that

each one differs from its neighbour by 1 atom of

carbon and 2 atoms of hydrogen.

This is what is called the homologous series of marsh

gas. Amongst all the hydrocarbons, the compounds

belonging to this series are the richest in hydrogen.

They are saturated with it, and incapable of taking

up any more. But what is more remarkable, they

are just as incapable of directly taking up any other

element as of taking up hydrogen ; and in order that

another simple body, such as chlorine, may be able
toj

find a place in their molecules, it must begin by ex-

pelling the hydrogen. In a word, these saturated

hydrocarbons appear to be incapable of entering

directly into combination—they can only be modified

by substitution. It appears as if all the afi&nities

residing in the carbon were satisfied by those which

reside in the hydrogen atoms, the whole forming as

it were a neutral system. A body thus constituted is

called a saturated hydrocarbon,

Now, suppose such a hydrocarbon to be deprived of

one atom of hydrogen ; the affinities residing in the
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carbon atoms will no longer be satisfied, and conse-

quently the residue or incomplete molecule, differing

from the saturated compound by one atom of hydro-

gen, will exhibit precisely the combining capacity

which resides in this atom of hydrogen. This residue

is capable of combining with one atom of chlorine, or

of replacing one atom of hydrogen; in a word, it plays

the part of a monatomic radical.

Now let two atoms of hydrogen be removed from a

saturated hydrocarbon : the remainder of the mole-

cule will tend to reo-ain the affinities which resided in

\ these two atoms of hydrogen. The incomplete mole-

j

cule will be able to take up two atoms of hydrogen

I or two atoms of chlorine ; or, again, to take the

\ place of two atoms of hydrogen or of chlorine.

These are the attributes of a diatomic radical. Lastly,

the subtraction of three atoms of hydrogen from a

saturated hydrocarbon will convert this compound
into a triatomic radical, and so on.

These principles being established, so far as regards

the generation of hydrocarbon radicals derived from

saturated hydrocarbons, it became easy to apply them

to all compound radicals, whatever might be their

nature. In fact, any radical whatever may always be

connected with a saturated compound, from which it

is derived by the loss of one or of several elements,

and the degree of its atomicity is marked precisely

by the amount of this loss, which corresponds to a
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greater or lesser number of hydrogen atoms. It is

thus that the atomicity of radicals has been referred

to their state of saturation : an important step, since

it has established a relation between the functions

of radicals and their composition. To extend this

notion of saturation to the elements themselves re-

quired but one step more.

We see, then, that in historic order the notion of

atomicity has been introduced into the science by

degrees, and in three steps, so to speak.

First, polyatomic compounds were discovered.

Secondly, their polyatomicity was referred to the

state of saturation of their radicals.

Thirdly, the notion of saturation, which was first

applied to the radicals, and from which their atomi- !

city follows, as a necessary consequence, was ex-
j

tended to the elements themselves.

In fact, just as compound radicals differ from one

another by their capacity of saturation, so likewise

do the atoms of elementary bodies exhibit differences

as regards their combining capacity. There are-

degrees in this fundamental property of the atoms,

and these degrees are marked by the atomicity.

One metal is incapable of uniting with more than

one atom of chlorine ; another takes up two ; a third

combines with three atoms of chlorine ; a fourth

requires four atoms to form a saturated chloride.

Such inequalities in the combining capacities of the
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metals for chlorine are inherent in the nature oftheir

atoms, and it is for this reason that they are de-

signated by the name of atomicity.

This theoretical notion now governs the whole

science, and it is important to inquire carefully into

its origin and to trace its development.

m.
Let us return for an instant to the theory of types.

Laurent having compared metallic protoxides and

their hydrates with water. Dr. Odling pointed out

that the trioxides and their hydrates may be derived

from several molecules of water. Remembering that

hydrated sulphuric acid had been regarded as derived

from two molecules of water by the substitution of

the radical sulphuryl for two atoms of hydrogen, the

learned and ingenious friend of Dr. Williamson

showed that hydrate of bismuth may be derived from

three molecules of water by substitution of the metal

bismuth for three atoms of hydrogen ;
and this value

of substitution, or combination, was indicated by three

dashes placed above the symbol. This notation,

introduced by Odling, has stood its ground, and the

principle which it laid down, the non-equivalence of

the atoms of elementary bodies, has since been

generalised.

Atoms are not equivalent, but exhibit among
themselves differences of the same order as mono-
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basic, bibasic, and tribasic acids. In a memoir

published in 1855 the author characterised nitrogen

and phosphorus as tribasic elements."^ He even

endeavoured to account for this capacity of combina-

tion by supposing that each atom of these elements

was formed of three sub-atoms indissolubly united

together, and each capable of replacing one atom of

hydrogen. This substitution taking place in three

molecules of v^ater, the atom of phosphorus thus

formed a link between these three molecules of water,

which it riveted together in such a manner as

to form phosphorous acid. Thus, not only was the

atomicity of phosphorus and nitrogen clearly pointed

out, but an attempt was even made to account for it

by a h3rpothesis which has since been reproduced.

Such was the origin of the theory of the atomicity

of elements. In 1858 this theory made a decided

step forward.

Kekule, in an important memoir upon radicals,f

broached the idea that carbon is a tetratomic radical ;

he was led to it by the consideration that in the

simplest organic compounds, one atom of carbon is

always united with a sum of elements equivalent to

four atoms of hydrogen. It is thus in marsh gas, in

perchloride of carbon, and in all the intermediate

compounds containing both hydrogen and chlorine.

* Annales de Chimie et de Physique, 3^™^ serie, xliv. 306.

t Annalen der Chemie U7id Pharmacie, cvi. 129 (1858).
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These two elements are equivalent, since they replace

one another atom for atom. In the compounds in

question their sum is always equal to four. Similarly,

I

ill carbonic acid, the two atoms of oxygen combined

I
with a single atom of carbon are equivalent to four

' atoms of hydrogen ; for each of them has the power
of uniting with or replacing two atoms of hydrogen.

But, it will be said, one atom of carbon can content

itself with a single atom of oxygen, as indeed it does

in carbonic oxide. It is true, indeed, that this body
contains only a single atom of oxygen, but then it is

not saturated. The affinity which resides in the

atom of carbon is not satisfied by its union with the

single atom of oxygen. This is why carbonic oxide

can unite directly, either with a second atom of oxy-

gen, when it is transformed into carbonic acid, or

with two atoms of chlorine, whereby it is converted

into phosgene gas.

In both these compounds the carbon has exhausted

its affinity in taking up a sum of elements equivalent

to four atoms of hydrogen. By being saturated, it

jhas
become tetratomic. It is thus that the notion of

j
saturation enters into the determination of atomicity.

It has likewise entered into another consideration

developed by Kekule in the memoir above cited.

In the series of saturated hydrocarbons, the num-

ber of hydrogen atoms is equal to four times the

number of the carbon atoms, only in the first term, or



THEORIES OF THE PRESENT DAY. 159

marsh gas, which, contains bnt one atom of carbon.

How does it happen that in the following term twoi

carbon atoms are united with only six atoms of

hydrogen, instead of eight ? Keknle accounts for

this fact by supposing that each of the two carbon

atoms loses one atomicity in soldering itself to the; (/

other, or rather in combining. Having thus ex-

changed two atomicities, these carbon atoms keep

only six of the eight which they formerly contained,

and can now ^^ only six atoms of hydrogen. It

is the same with the other terms of this series,

which contain 3, 4, 5 atoms of carbon. These

latter are soldered together, thus forming a chain,

the links of which are riveted by a part of the force

of combination. Another portion remains to a certain

extent disposible, and serves to attract and fix other

elements which group themselves round the atoms of

carbon. These constitute the nucleus of the combi-

nation—its solid framework ;
the atoms of hydrogen,

chlorine, oxygen, &c., which attach themselves to it,

form its appendages."^

This is a great idea, for it explains the fact of the

complication of organic molecules, and serves to

account for their structure.! Why, indeed, do thet

* See the end of note 20.

t It should not be forgotten that Couper has developed analogous
ideas without previous knowledge of the propositions enunciated by
Kekule, which have exerted so great an influence on the latest develop-

ment of organic chemistry.
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atoms of carbon exhibit this singular tendency to

accumulate in large numbers in organic molecules?

Because they possess the property of combining to-

gether, of riveting themselves one to the other.

This important property gives to the innumerable

compounds of carbon a peculiar stamp, and to or-

ganic chemistry its physiognomy, its mode of

being. No other element possesses this power in the

same degree. Doubtless hydrogen can combine

v^ith itself, as recognised by G-erhardt ; but, as an

atom of this body exhausts its combining capacity by
its union v^ith a second atom, no other element can

be added to this couple, the saturated molecule of

which is reduced, as it were, to its simplest expression,

being formed of two atoms.

The polyatomic elements alone, after having ex-

pended part of the combining capacity which resides

in them, in riveting themselves one to the other,

can retain another part to fix other elements. This

power is possessed by the atoms of carbon, and like-

wise by the atoms of oxygen. The latter are di-

atomic, and can exchange their atomicity two by two.

It is supposed that this is the case in free oxygen,

which is formed oftwo atoms, occupymg two volumes,

if one atom of hydrogen occupies one volume. These

two atoms possessing four atomicities, have ex-

changed them by fixing themselves one upon the

other. But if each of them can lose two atomicities,
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by a complete exchange, they can also, by a simple

exchange, lose only one, each retaining an atomicity

disposible, as it were, and serving to fix an atom of

hydrogen or of chlorine.

Suppose two atoms of hydrogen to ^n themselves

in this manner on a couple of oxygen atoms united

by the exchange of a single atomicity : the result of

this combination will be the peroxide of hydrogen,
formed of two atoms of oxygen and two atoms of

hydrogen. The fixation of two chlorine atoms on

this couple of oxygen atoms will give rise to the

peroxide of chlorine
;
that of one hydrogen atom and

one chlorine atom, to chlorous acid.*

From the considerations just developed, it is easy

to deduce the molecular structure of the oxygen-
ated compounds in question. It is evident that the

oxygen atoms in hydrogen peroxide or chlorine

peroxide, being riveted one to the other, each of

them is united with one atom of hydrogen or of

chlorine. Such are the relations existing between

the atoms in these comparatively simple compounds.
These relations mark the structure of the molecule.

They are discovered by induction, based upon the

double notion that the atoms of oxygen are diatomic,

and that they are capable of soldering themselves

together.

Facts and arguments of the same kind may be

* Note 20, p, 208.

M
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invoked when we liave to determine the grouping of

the atoms in more complex compounds, especially

in the compounds of carbon, that is to say, organic

compounds.
The ordinary elements of these compounds are

carbon, hydrogen, oxygen, and nitrogen. The te-

tratomic carbon atoms being soldered together, and

forming, as above mentioned, the nucleus of the

combination, the other elements of various atomi-

city group themselves around the former, satu-

rating, by their atomicities, those which have re-

mained free in the chain of carbon atoms. Now,
in a system of this kind, the grouping of the

atoms is often necessarily determined by their num-

ber and their nature. In fact, in organic compounds
said to be saturated, all the atomicities are satisfied,

and this they can be only on condition that the

atoms are grouped in a certain manner. Let us take

an example to define the sense of this proposition,

and show its importance.

We are acquainted with a gas formed of 2 atoms

of carbon and 6 atoms of hydrogen. It belongs to

the series of hydrocarbons, the richest in hydrogen
of any that are known. In this compound the

2 carbon atoms are soldered together, and, in thus

uniting, each of them has exchanged and lost

one atomicity. Each, therefore, retains 3 atomicities,

and fixes 3 atoms of hydrogen. Here, then, is
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a very simple system, in which, the 6 atoms of

hydrogen are grouped symmetrically round the

2 atoms of carbon. This is the gas called hydride

of ethyl. The compound is saturated, for all the

atomicities are satisfied. It cannot, therefore,

attach to itself any other atoms, but can only be

modified by substitution. Thus, it can give up an

atom of hydrogen and take another atom in its place.

Suppose an atom of chlorine to present itself in this

manner : there will be formed a chlorinated com-

pound, the chloride of ethyl, which is saturated, like

the hydrogen compound from which it is derived:

for the atom of chlorine which has entered it, is of

the same value as the atom of hydrogen which has

gone out."^

Suppose one hydrogen atom of the ethyl hydride

to be expelled by an oxygen atom : it is clear thati

the latter will fix itself by one of its atomicities on"'

the carbon atom, to which was attached the atom of'

hydrogen which it replaces ; but, being possessed of
j

two atomicities, it retains one of them, which is dis-t

posible. It tends, therefore, to saturate itself by/

fixing another atom, an atom of hydrogen, for

example, which it draws, as it were, into the com-,

bination. The result is, therefore, the same as if a

hydrogen atom of the ethyl hydride were replaced by a I

group formed of one atom of oxygen and one atom of

* Note 21, p. 209.

M 2
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hydrogen ; and this group, now called oxhydryl, or

hydroxyl, is nothing else than water which has lost
i^

an atom of hydrogen. Such a residue is monatomic, )

and can take the place of an atom of hydrogen.
It is thus that ethyl hydride is converted into

ethyl hydrate, which is alcohol. The part here

played by the oxygen is easily understood: it is

attached by one of its atomicities to a certain atom

of carbon, by the other to an atom of hydrogen,

which it joins to the ethylated molecule. The latter

is the nucleus ;
the atom of hydrogen drawn into it

is the annex; the atom of diatomic oxygen is the

medium, attached on one side to the nucleus, on the

other to the annex.* Such is the function of oxygen in

the molecule of alcohol, and such is the distribution

of the atoms in this somewhat complex molecule.

By similar reasonings we may discover the rela-

tions" between the atoms in more complex derivatives

related to hydride of ethyl. Suppose an atom of

hydrogen in this compound to be replaced by an

atom of nitrogen : the latter will fix itself by one of

its atomicities to the atom of carbon to which this

atom of hydrogen was attached. But since the atom

of nitrogen possesses 3 atomicities, it tends to draw

into the combination other elements which can

satisfy them, 2 atoms of hydrogen, for example.

Thus in the azotised compound called ethylamine,

* Note 21, p. 209.
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the nitrogen has become the connecting link between

the ethyl residue and the two annexed atoms of

hydrogen.^

Such is in general the function of polyatomic

elements in organic compounds. United, in a chain

of carbon atoms, to one of them, they draw in their

train other elements capable of satisfying the atomi-

cities which have remained free. It is thus that

oxygen, nitrogen, and carbon itself, may serve as

bonds between a residue of a molecule, such as ethyl,

and the annexed atoms, or between two residues,

two fragments of molecules, which they solder to-

gether ; and in this manner organic molecules grow,

not only by carbon soldering itself to carbon, but also

by means of oxygen and nitrogen, which solder

themselves together or to carbon, each of these poly-

atomic elements drawing in its train a series of atoms

more or less considerable.

These developments may suffice to show the im-

portance of the notion of the atomicity of elements

for the solution of one of the most important ques-

tions that have occupied the attention of chemists,

namely, the constitution of organic compounds.

Starting from the fact that the four elements,

carbon, nitrogen, oxygen, and hydrogen, differ in

their capacities of combination as the numbers

4, 3, 2, 1, we can determine, in a large number

* Note 21, p. 209.



1 66 THEORIES OF THE PRESENT DAY.

of cases, their grouping in a given compound, if we

combi^^e these notions with those which are furnished
j

by its reactions.

What was the method formerly adopted to fix the

constitution of a compound body, and construct a

rational formula adapted to express it ? The method

consisted in studying its metamorphoses and endea-

vouring to penetrate the grouping of the atoms, by
the various evolutions impressed upon them by the

transformations of the molecule. The task was

difiicult, for the means were insufficient. Is it ne-

cessary to recall the opinion of Gerhardt on this

point ?
' It is a vain attempt,' said he,

' to construct

rational formulse, inasmuch as each body can have as

many of them as it exhibits reactions.' The state-

ment was too absolute, and was corrected by the

author himself towards the close of his short and

brilliant career. Has he not constructed the most

elegant of all rational formulae, namely, the typical

formulae ?

These he based on the study of metamorphoses.

To this method he would now add inductions deduced

from the atomicity of the elements. In short, if the

study of reactions yields data for the djTiamics of

atoms, considerations relating to their combining

capacity furnish the elements of molecular statics.

Here, then, are two methods, each of which serves as

the complement and verification of the other.
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What can we do at the present day ? and what is

it that we have just been doing ? Wishing to deter-

mine the relations existing between the atoms in

certain ethylated compounds, we have sought out the

points of attachment of the affinity for the poly-

atomic elements, carbon, nitrogen, oxygen. The
1

presence of these elements in a saturated organic!

compound entails, in fact, certain views respecting!

its molecular arrangement, which are subsequently ,

corroborated by considerations drawn from the mode \

of formation and the metamorphoses of that com- !

pound. The synthetic process which we have em-
;

ployed is applicable in a large number of cases, and .

leads to trustworthy results when combined with the
j

analytical data furnished by the study of reactions,
j

This is an important step, which follows naturally

from the great idea enunciated by Kekule and

Couper.*

Considerations respecting atomicity being thus

applied to the study of atomic constitution, and of

the internal structure of molecules, chemists have

been able in a great number of cases to attempt the
:

explanation of phenomena which formerly defied

interpretation : we allude to the numerous cases of

* Amongst the chemists who have most largely contributed to

develop the principles at present invoked to determine the composition

of organic compounds, it is proper to mention MM, Buttlerow and

Erlenmeyer. The appropriate expression
' molecular structure

'

is due

to Buttlerow.
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isomerism. Here are two bodies exhibiting the same

\ composition, but different properties. It was always

\ supposed that this dissimilarity was due to differences

I

in the arrangement of the atoms, but nothing exact

j

was known in this respect. At present we can go

I further, and without endeavouring to assign to each

I atom its absolute posiiion in space, we may often

succeed in determining its relations to the other

atoms, and consequently* in discovering the structure

of the molecule. Given two bodies which, though

differing by their properties, contain the same atoms,

and in equal number, we can, by grouping the

atoms in different ways, succeed in constructing with

identical materials two molecules distinct by their

form
;
and these differences of structure account for

differences of properties. Thus we no longer content

ourselves with establishing the fact of isomerism ; we

can now discover its origin and explain it.

IV.

Let us stop here for a moment, and mark the point

of view attained.

Experiment had established the fact that the

molecules of bases, acids, and alcohols, are not all

equivalent to one another in their combining capa-

cities. Theory, after having sought the explanation

of this fact in the state of saturation of the radicals,
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has transferred this notion of saturation to the

elements themselves.

The atoms of elementary bodies carry into the

combinations which they enter the combining capa-

city which they possess in various degrees. In most

cases affinity is exerted between different atoms, but

it may also be manifested between atoms of the same

nature. It is thus that the atoms of carbon have a

certain affinity one for the oiftier ; and ttis property,

which they also share with otqjpr elements, accounts

for the complexity of organic molecules, just as the

capacity of saturation of the elements accounts for

the structure of the molecules. Such is the develop-

ment of the theory of atomicity:
—the constitution

oforganic compounds unveiled ; isomerism interpreted

in a large number of cases; a system of rational

formulae, founded both on the reactions ofcompounds
and on a fundamental property of their atoms : these

are the great results attained.

This is not all : this horizon, so vast, has yet been

enlarged. The new theory, in developing itself, has

cemented the alliance between organic and mineral

chemistry, that alliance which had been foreseen and

proclaimed by great minds, and is now firmly estab-

lished by the notion of atomicity. It is time to show

how this notion has penetrated into mineral chemistry.

Is this fundamental property of exhibiting a ca-

pacity of multiple combination limited to the atoms
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of carbon, nitrogen, and oxygen, which constitute,

together with hydrogen, the ordinary elements of

organic compounds ? By no means. It exists also

in other atoms.

We know that those elementary bodies which are

called metalloids, to distinguish them from metals,

have been grouped in families. In this attempt at

classification, Dumas took account of the natural

;

affinities revealed to us by the atomic formulse of

compounds. He united in a single family chlorine,

bromine, and iodine, because they unite with hy-

drogen atom for atom. Another family was composed
of oxygen, sulphur, selenium, and tellurium, elements

each atom of which unites with 2 atoms of hy-

drogen. Nitrogen has become the key of a third

family, including also phosphorus, arsenic, and

antimony, the members ofwhich unite with hydrogen
\ in the proportion of 1 atom to 3

;
with oxygen in the

\ proportion of 2 atoms to 1,3, and 5 atoms of that

gas. We see, then, that this attempt at classifica-

tion was founded on the combining capacities of the

.elements. In reality, M. Dumas grouped the elements

/according to their atomicities.

But what ! Are the metals themselves all cast in

the same mould as regards their capacities of com-

bination ? Must we still admit, with Gerhardt, that

they can all be substituted for hydrogen, atom for

atom, and that their protoxides have the same
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constitution as water, that is to say, that they all

contain 2 atoms of metal to 1 atom of oxygen ?

Such a view is no longer admissible.

The metals diflPer in their capacities of combina-

tion, as much as the metalloids themselves, and may
be grouped according to their degrees of atomicity.

The alkali-metals, such as potassium and sodium,

with which we may also associate silver, exhibit the

same combining capacity as hydrogen itself; like the

latter, they are incapable of fixing more than one

atom of chlorine or bromine. An atom of oxygen is

too much for them ; they unite in pairs to saturate

it : their protoxides and hydrates therefore resemble

wat^r, the atomic constitution of which they exhibit.

These metals are monatomic.

But calcium, barium, strontium, lead, and many
others, take up two atoms of chlorine to saturate

themselves, and cannot be satisfied with less. They
are diatomic among metals, like oxygen among
metalloids. This idea of diatomic metals was first

proposed by Cannizzaro, who based it on physical

data; it was maintained and propagated by the

author, who endeavoured to support it by chemical

arguments. Amongst these latter we may cite chiefly

those which are drawn from the analogy of these

metals to diatomic radicals like ethylene, the func-

tions of the one and of the other in combinations

being the same. Without dilating further upon this
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subject, we may say that Cannizzaro attributed to

the metals in question atomic weights double of

[ those which had been assigned to them by Gerhardt,

an innovation which has introduced important

changes into the notation of the last-mentioned

chemist. In fact, there has thence resulted a new

system of atomic weights, which is in perfect har-

mony with the physical data above mentioned.

These latter are deduced from the laws formerly

discovered by Dulong and Petit, and by Avogadro
^ and Ampere.

The law of Dulong and Petit may be thus enun-

/ ciated :
—The atoms of all elementary bodies have the

same specific heat. This law is true only on condition

that the atomic weights usually assigned to a certain

number of the elements shall be doubled. We appear,

indeed, to be justified in adopting these double

atomic weights for the sake of bringing a certain

group of the metals within the scope of so simple and

general a law. It does, in fact, exhibit this character

of generality : for the three or four exceptions to it

that have been noticed relate to elements which ex-

hibit peculiar phenomena of allotropy, that is to say,

their particles are capable of assuming several modi-

fications, passing through different physical states,

and grouping themselves in various ways. Such

i is the case with carbon, boron, and silicium. Are

we not justified in supposing that, in the diamond.
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for example, the particles of carbon exhibit an ar-

rangement different from that which they have in

wood-charcoal ? And when such a body is subjected

to the action of heat, may not a movement take place

in its particles, an internal work, by which heat may
be evolved or absorbed ? It is just this quantity of

heat evolved or absorbed by internal work that

accounts for the slight exceptions and inaccuracies

exhibited by the law of Dulong and Petit.

We may, then, conclude that this law is charac-

terised by great generality, and affords a satisfactory

verification of atomic weights : for it is evident that

of two numbers which are multiples one of the other,

and equally capable of satisfying chemical data, that

one is to be preferred which is in harmony with the

law of the specific heats. This has actually been

done in the case of the metals under consideration.

It must further be added that the atomic weights

thus deduced from the law of Dulong and Petit are

identical with the ' thermic equivalents
'
of Eegnault.

They are, in fact, the ponderable quantities which,

in absorbing equal quantities of heat, undergo equal

elevations of temperature, and are therefore equi-

valent with regard to thermic effect.

We have already explained the hypothesis of

Avogadro and Ampere. It is founded on the relations

discovered by Gay-Lussac between the densities of

gases and vapours and their molecular weights. It



174 THEORIES OF THE PRESENT DAY.

may be thus expressed :
—If an atom of hydrogen

occupies one volume, the molecules of all bodies in

the state of gas occupy two volumes, and consequently

the weight of these two volumes will express the

weight of the molecule, referred to the weight of one

volume of hydrogen taken as unity. But these

relative weights are nothing else than the densities,

on condition that the weight of hydrogen be taken

as unity. In other words, if the densities of all

gases and all vapours be referred to hydrogen, the

double densities of these gases or vapours will express

the weights of their molecules. Hence we have a

very simple method of determining and verifying the

relative weights of atoms.

Now, the system of atomic weights which tends to

prevail at the present day, is in accordance with this

very simple law. In particular it may be said that

the double atomic weights applied to the metals

according to their specific heats, may likewise be

deduced from the molecular weights of their volatile

compounds.
In speaking of the law of Avogadro and Ampere,

it is necessary to make a restriction which leads to

important consequences. We are acquainted with a

certain number of bodies which seem to form ex-

ceptions to this law. Their molecules, in the state of

vapour, occupy not two, but four volumes, so that

for these molecules the double vapour-density would
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give a weight which, would be only half of the true

molecular weight. Let us take an example.

Everything leads to the conclusion that a molecule

of sal-ammoniac is formed of one molecule of hydro-
chloric acid and one molecule of ammonia gas. The

two component bodies have united all their elements

into a more complex molecule ; and if the combi-

nation is stable, if it can remain undecomposed at

the temperature at which sal-ammoniac passes into

the state of vapour, the molecule of this vapour

should occupy two volumes. But it really occupies

four. The same is the case, not only with all com-

pounds analogous to sal-ammoniac, but also for

hydriodide of phosphoretted hydrogen, pentachloride

of phosphorus, sulphuric acid, and other compounds.
Here we have a rather large number of exceptions

to the law of Avogadro and Ampere. They have

often even been cited as arguments tending to upset

this law. And they would indeed be capable of

embarrassing its advocates, if they were not suscep-

tible of a very simple interpretation, which deprives

them of all demonstrative force in the question.

There is, indeed, nothing to prove that the compounds
in question can really exist in the state of vapour

without undergoing more or less complete decompo-
sition ;

their boiling points are generally high enough
to render such a supposition very probable.

To resume one of the examples above cited, let us
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consider sal-ammoniac. Doubtless when the ele-

ments of this salt are brought together at ordina-ry

temperatures, they combine, with considerable evo-

lution of heat ; under these conditions the affinity of

hydrochloric acid gas for ammonia gas is con-

siderable ;
but it is much less, and the gases unite

but partially, and with only slight development of

heat, when, as in the experiments of H. Sainte-

Claire Deville, they are brought together at the

high temperature at which mercury boils. At this

temperature the greater portions of the gases which

are brought together remain uncombined in the state

of simple mixture. Now, we cannot reduce sal-am-

moniac to the state of vapour and take the density

of this vapour, excepting at elevated temperatures,

at which the affinity of the component gases is very

much weakened, and these gases, which are combined

together in solid sal-ammoniac, separate from one

another, each of them resuming its individual ex-

istence. Under these conditions, a molecule of sal-

ammoniac, which, if it remained intact, should occupy

two volumes of vapour, is wholly, or almost wholly,

resolved into two other molecules which remain

simply mixed, each of them occupying two volumes

of vapour. It is not, therefore, the molecule of sal-

ammoniac that occupies four volumes of vapour, but

the products of its decomposition by heat. Every-

thing leads to the conclusion that the molecules of
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the other bodies above mentioned, as furnishing

exceptions to the law of Avogadro and Ampere,

undergo, when heated, decomposition analogous to

that which is experienced bj the molecule of sal-

ammoniac. They are resolved, more or less com-

pletely, according to the temperature, into their

component molecules, which then occupy a volume

double of that which the more complex molecule

would occupy if it remained undecomposed.

But it may be said, why do we not find the trace of

this decomposition when the vapour is recondensed and

the body has returned to the ordinary temperature?

In the flask in which you have converted the sal-

ammoniac into vapour, and in which this vapour has

been decomposed, you actually, after condensation,

again find unaltered sal-ammoniac. It could not be

otherwise. When the temperature falls, the separated

elements of the sal-ammoniac again exert their

affinities, and reproduce the molecule of that salt, so

that there remains no trace of the temporary decom-

position which it had undergone.

One of the best arguments that can be adduced

in favour of this interpretation is that which is drawn

from the vapour-density of hydrobromide of amylene.

This body is a liquid compound of the hydrocarbon

amylene with hydrobromic acid. When raised to a

temperature a little above its boiling point, it exhibits

a vapour-density which may be called normal, because
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it corresponds to two volumes of vapour for one mole-

cule of the compound. At this temperature the

vapour is intact ; but when it is further heated, it

experiences a decomposition more or less complete

accordingly as the heat applied is more or less con-

siderable. Like sal-ammoniac, it is resolved into its

elements, hydrobromic acid and amylene. But this

decomposition is gradual ; it is completed, not at

a fixed degree, but between rather wide limits of

temperature, so that the vapour, unaltered at a cer-

tain degree of heat, becomes mixed at higher degrees

with more and more considerable portions of its

products of decomposition, until at length, at a still

higher temperature, the decomposition becomes com-

plete. At this moment the density of the vapour is

reduced to half its original value. Are we then to

conclude that hydrobromide of amylene exhibits

two different vapour-densities ? Evidently it cannot

be so
;
and it is natural to suppose that the true

vapour-density. is that which has been determined at

a temperature low enough to justify us in supposing

that the molecule still remains undecomposed, and

that, if this density decreases as the temperature

rises, the alteration is due to the decomposing action

exerted by heat upon the vapour.

There is then reason for believing that the other

exceptions to the law of Avogadro and Ampere which

have been noticed are due to similar causes, and that
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this law, one of the foundations of modern chemistry,

subsists in all its generality. Let us not forget that

it has been verified in so large a number of cases

that the contrary facts undoubtedly assume the

character of exceptions, and for that very reason

demand careful examination. Moreover the interpre-

tation given to them, which is now accepted by the

majority of chemists, is entirely conformable to

the current ideas upon affinity. Two molecules,

each capable of assuming the gaseous form, are

united by affinity into a more complex molecule. It

may happen that the boiling point of this molecule is

so low that the heat supplied for converting it into

vapour does not restore to the two primitive mole-

cules the heat which they had lost by combining:

they therefore remain combined. But can we expect

that it wiU be always so ? And cannot the affinity of

two bodies one for the other be so feeble, or the com-

pound which they form so little volatile, that the point

of decomposition may be situated below the boiling

point? This is just what happens in most of the

cases above cited ;
it is certain that a large number of

chemical molecules are incapable of assuming the

gaseous form without undergoing decomposition more

or less complete.

It is very important to study the progress of this

decomposition.

The phenomenon is simple enough when the pro-

it 2
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ducts once diseBgaged and separated one from the

other can no longer unite du^ectly so as to recon-

stitute, by an inverse action, the compound which

has just been decomposed. Suppose that the body is

solid, and that the products of its decomposition can

disengage themselves freely. All the molecules which

constitute the mass of the decomposing body are then

subject to the same conditions during the whole

course of the decomposition. They are all influenced

in the same manner by the heat, and all decomposed
at the same temperature as soon as the quantity of

heat added to them has restored to their elements

the.working force which these elements had lost in

combining. Under these conditions the decomposi-

tion takes place at a fixed and definite temperature.

But it is not the same when the products of decom-

position, remaining mixed with the compound which

has furnished them by its resolution, are capable of

reuniting so as to reproduce this compound. The

tendency of the latter to be decomposed under the

influence of heat, or to be dissociated, according to

the felicitous expression of Deville, is then counter-

balanced by the contrary tendency of the liberated

elements to reunite under the influence of affinity.

Thus there is established a kind of mobile equilibrium

between the molecules of the original compound,
which remain intact, and the products of its decom^

position, which tend to reunite. In proportion as
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the mass of the latter increases in the mixture, the

sum ofthe affinities likewise increases, and to counter-

act these increasing tendencies to '

recomposition,' |

it is necessary to supply the molecules still to be I

decomposed with increasing quantities of heat. The
|

decomposition is, therefore, a continuous pheno-j

menon, which, far from being completed at a fixed
|

point, takes place between certain limits of tem-j

perature. This is what is now called ' dissociation.
'|

Every one is acquainted with the beautiful experi-

ments of M. Henri Sainte-Claire Deville on this

subject, to which we can here only refer. We will

merely remark that the facts under consideration are

not isolated in chemical science, and that they are

related to other manifestations of affinity, especially

those inverse actions produced under the influence of

masses, which were formerly studied by BerthoUet.

It is affinity which comes into play in all these

phenomena; and though we are ignorant of the

intimate nature of this force, we are at least ac-

quainted with its relations to heat. We know that

affinity cannot be overcome without evolution of heat
;

that it cannot be restored without absorption of heat:

there is, therefore, a correlation between these forces,

and they may be measured one by the other. Chemi-
j

cal force is supposed to reside in the atoms of bodies.

It consists perhaps in a particular movement of the

atoms. On this point we have no exact knowledge ;
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but we know that chemical force is not destroyed when

the atoms in which it resides have met together and

united. By the fact of this union the affinity is ex-

tinguished ; it is satisfied, at least in part ;
but the

portion of energy thus withdrawn from the atoms is

;not destroyed, for it reappears as heat at the very

[moment of combination ; and the intensity of the heat

jevplved measures the energy of the affinity.
'

Is there, however, nothing in this force but the

energy with which it acts ? Is it uniformly exerted

on all atoms with the sole difference of its intensity,

just as gravity attracts all bodies indifferently ac-

cording to the same laws ? No : chemical force is of

a more complex nature. There is in it something
which appears to be independent of the intensity

itself. There is that elective action which was

studied and defined by Bergman long before chemists

had admitted the existence of those atoms of which

it is an attribute. How does it happen that chlorine,

rwhich possesses so powerful an affinity for hydrogen,
can annex to each of its atoms only a single atom of

thisbody, whereas nitrogen can unite with three atoms

of hydrogen ? Why is phosphorus, which is so nearly

allied to arsenic, and like the latter can unite with

three atoms of hydrogen or three atoms of chlorine,

capable of fixing as many as five atoms of chlorine in

the perchloride of phosphorus ? It is that the atoms

/ of elementary bodies are not all made alike. Inde-
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pendentlj of the differences in tlieir relative jp.asges

and in tlieir energies, "we may suppose tliem to

possess differences of form, movement, and structure.

in consequence of which, they are not capable of

acting equally upon each other. This is doubtless

one of the conditions which govern the elective actionsj

of atoms and their unequal capacities of combination

Here we return to the notion of atomicity ;
we

meet with it again at the very foundation of the

science, as one of the manifestations of chemical

force. Each atom carries into its combinations two

things : first its own proper energy ;
and secondly the

faculty of expending this energy in its own way, in

attaching other atoms to itself, not all indiscrimi-

nately, but certain atoms, and in definite numbers.

Atoms differ, then, not only by the force of their

af&nities, but by their combining capacities, by that

power which they possess of selecting, to form those

unions called compounds, a certain number of other

atoms adapted to the peculiar nature of each. This

is atomicity.

This fundamental property governs the forms of

compounds, marks their degrees and their limits. It

appears in the law of multiple proportions, shows

itself in the fact of saturation, explains the functions

of those incompletely saturated groups called radicals^

and exhibits the fundamental meaning of the idea of/

types.
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Why have we admitted a water-type?—because

there exists a diatomic element, oxygen ;
and why

does there exist an ammonia-type ?—because there

is a triatomic element, nitrogen.

We have already seen how this fundamental pro-

perty of atoms is invoked in considerations relating

to the atomic constitution of bodies; how the ten-

dency of atoms to saturate themselves marks, as it

were, the points of attachment of affinity, and indi-

cates the mutual relations of atoms in compounds.

To exhibit by a final development the grandeur

aud the wide scope of this notion of atomicity, we

have still to show how it explains chemical reactions.

Considered in a general point of view, and without

reference to the phenomena of isomerism, these re-

actions may be included in one or other of the three

following cases :

Formation of compounds by addition of atoms or

of molecules.

Resolution of complex molecules into more simple

elements.

Substitution in a compound of certain elements

for others.

The dualistic system rested chiefly on the first two

orders of chemical phenomena. Taking for its start-
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ing point the ideas of Lavoisier upon salts, it

represented all compounds as formed bj addition of

two elements ready to separate again. Dumas,

relying on the phenomena of substitution, first re-

garded a chemical molecule as forming a complete

whole, the different parts of which were united by

affinity. Gerhardt adopted this idea. He moreover

supposed that all chemical reactions take place be-

tween entire molecules by way of exchange between

their elements. '

Everything is double decomposi-

tion.' Such is the formula by which he expressed all

chemical transformations, exaggerating the point of

view brought to light by the theory of substitution.

We now know that he went too far in his reaction

against ideas which had formerly been exaggerated

by Berzelius;

All is not double decomposition : there are such

things as fixation and abstraction of elements ; there

are molecules susceptible of increase by a direct addi-

tion of atoms ; others again which can break up and

resolve themselves into independent fragments.

All these reactions are explained by the notion of

atomicity.

We know indeed the tendency of atoms to satisfy

their combining capacities, and the law of multiples

shows us that this tendency can be satisfied by de-

grees. Whenever any given compound contains a

polyatomic element incompletely saturated, this com-
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pound tends to attach, to itself new atoms, in order

to arrive at that state of saturation characterised by
the interchange of all the atomicities.

We may thus distinguish in chemical compounds
two different states : in saturated molecules, equili-

brium of the atomicities ;
in incomplete molecules,

instable equilibrium, and a deficit requiring to be

filled up.

Why can olefiant gas fix two atoms of chlorine,

like mercury or zinc, and thus play the part of a

radical ? Because the two atoms of carbon which it

contains can, without ceasing to be united, each

take up three monatomic elements, while in the gas
itself each of them fixes only two atoms of hydrogen.

Thus the molecule increases by this addition of two

atoms of chlorine, and it then arrives at a state in

which it is incapable of fixing any more atoms by
direct combination. Does this amount to saying that

the new molecule, which now constitutes chloride of

ethylene, must in future be incapable of modification,

that it has become indifferent, and, as it were, in-

sensible to the action of other molecules ? By no

means. The chloride of ethylene can either break up,

or exchange some of its elements for other elements.

Let the chlorine which it contains be exposed to the

action of powerful affinities : it will either separate

purely and simply, or be replaced by other atoms.

[We must observe also that, in this latter case, each
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atom of chlorine will be replaced by an element which,

will fulfil exactly the same function as itself in the;

new compound resulting from the substitution. This!

is equivalent to saying that the new element will be '

united by one atomicity to the atom of carbon, to

which the above-mentioned chlorine atom in the

chloride of ethylene was previously attached. If this

new. element is monatomic, like chlorine, the substi

tution will take place atom for atom, and the new

compound will have the same molecular structure as

the chloride of ethylene. In the contrary case, ifthe

element substituted for the chlorine is polyatomic, it

will carry into the new compound a number of ato-

micities larger than that which is required to satisfy

those of one of the carbon atoms, as was done by the

chlorine. Taking, then, the place of the latter, it

wiU likewise draw into the compound other atoms

capable of satisfying its still disengaged atomicities.

The molecule will still increase, no longer by direct

addition of new elements, but by the substitution of a

group of atoms of a compound radical for a simple

body.

It is thus that the theory of atomicity accounts for

the functions of radicals, which in so large a number

of reactions are substituted for elementary bodies ; it

is thus that it explains and enlarges the celebrated

proposition enunciated by the first authors of the

substitution theory, and applied in the first instance
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to chlorine, namely, that elements which in com-

pounds already formed are substituted for other ele-

ments, take the place and play the part of these latter.

They replace them by their capacity of combina-

tion ; they place themselves in the new compound

precisely in connection with the atom which in the

old compound was saturated by the elements that
'

have disappeared. Does this amount to saying that

by such substitutions the properties of bodies ought
not to suffer any modification? that the elements

which have entered by substitution should replace

those which have gone out in all their attributes ?
'

and that consequently it is indifferent, so far as pro-

perties are concerned, whether a compound contains

hydrogen, chlorine, or oxygen, substituted one for the

i other, provided only that the substitution takes place

in equivalent quantities according to the rule of ato-

micity ? No
;

it is not thus that we must understand

1^

the function of elements in cases of substitution. If

I

those of similar atomicity can replace each other

iwith equal value so far as regards their capacity of

combination, they cannot replace and balance one

another with respect to their properties ; for each of

them brings into the combination its own proper

nature, its energy, and its special affinities.

To account for the properties of compound bodies,

a preponderating influence has by turns been attri-

buted, either to the nature of the elements or to their
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mode of grouping. It is more correct to say that the

properties ofbodies depend at once on these two con-

ditions, each of which exerts considerable influence.

Considerations of this nature must be invoked to

account for the properties, or, more properly speaking,

the functions, which have most strongly attracted the

attention of chemists : we allude to the acid and

basic functions which show themselves in the neutra-
;

lisation of acids by bases in the formation of salts,
j

Why are certain bodies possessed of acid properties?!
*

Because,' said Lavoisier,
'

they contain a large |

quantity of oxygen.' The reply was good, but not-

sufficient. We now know that the neutralisation of

acids by bases takes place by exchange of the hy-

drogen of the one for the metal of the other, and thatj

this hydrogen becomes ready for such exchange only

when it is in connection with one or more elements

possessed of strong electro-negative energy. An
atom of chlorine, bromine, iodine, or even sulphur, is i

sufficient to bring the hydrog'en intothis peculiar state.
|

Hydrochloric, hydrobromic, and hydriodic acids are

powerful acids
; sulphydric acid is a feeble acid. A

single atom of oxygen is not sufficient to bring the hy-

drogen into the condition favourable to the exchange
under consideration. This oxygen must be united

with other elements, and sometimes with other atoms

of oxygen, to render it capable ofimparting the basic

property, that is to say, the faculty of exchanging
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itself for a metal, to tlie hydrogen placed in the

neiofhbourhood of all these atoms. It is here that

the notion of atomicity enters into the explanation of

these fundamental reactions. Atoms assume parti-

cular properties by the contact and neighbourhood of

jother atoms, and their mutual relations, determined

by considerations deduced from atomicity, exert a

manifest influence on the properties of bodies. Let

lis take a single example to define this idea.

\ Hydrocarbons are formed, as already mentioned, of

a chain of carbon atoms surrounded by hydrogen
atoms. Suppose now one of these hydrogen atoms,

belonging to a certain atom of carbon, to be replaced

by the residue called oxhydryl, which consists of

water less one atom of hydrogen : there will result

from this substitution an alcohol, that is to say, a

neutral body. The hydrogen of this residue does not

exhibit any tendency to exchange itself for a me-

tal. But when another atom of oxygen attaches

itself to this residue, united, like itself, to the

same atom of carbon, the hydrogen of the ox-

hydryl, now finding itself in the neighbourhood of

two atoms of oxygen united with the same atom of

carbon, will have changed its character or its function.

In connection with a single oxygen atom, it was

neutral ; in the neighbourhood of two oxygen atoms

it becomes basic ."^ In fact, all organic compounds

* Note 22, p. 209.
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in which one of the carbon atoms is in connection I

with an oxygen atom and the group oxhjdryl are!

acids ;
and we see that the acid function is here,

determined, not only by the nature of the atoms which

are united, but likewise by their number and their

mutual relations—by those relations, indeed^ which- _

arerevealed to us by the notion of atomicity. We
see also that if, to go to the root of the matter, we

were to ask in what manner the properties of atoms

are thus influenced by their mutual contact, and why
these exchanges of hydrogen for a metal are so much

facilitated in compounds in which this hydrogen is

connected with one or more atoms endowed with

great electro-negative energy, we should doubtless

have to content ourselves with the reply that these

reactions, these saturations of acids by bases, these

interchanges of elements, are in reality connected

with thermic phenomena.

Bodies, in acting on one another, expend, in the

form of heat, a portion of their chemical energy, and

the reactions of which we speak, like many others,

proceed in a determinate direction, according to the

greater quantity of heat evolved. It is the peculiar

energy of the atoms, as manifested in their heat

of combination, that comes into play in all these

reactions; and when they are accomplished, the

greatest possible quantity of energy has quitted the

atoms in the form of heat, or, in other Avords, the
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affinities have received the greatest possible satis-

faction.

Is this all ? Bo all these mutual actions of acids

and bases, which Lavoisier studied so deeply, making
them the foundation of his system, range themselves

in the order of facts just defined ? and are thev at

bottom nothing but particular cases of the theory of

substitution ? It would be an error to think so, and

it is proper to point out a particular case which may
occur, and of which the advocates of the dualistic

theory might avail themselves as an argument against

the new theory.

1/ Anhydrous acids can unite directly with anhy-
drous oxides to form salts. Does not carbonic acid

gas unite directly with lime ? and does not anhydrous

sulphuric acid combine with barium oxide with such

violence as to give rise to vivid incandescence ? In

this case there is no interchange of elements, no

substitution of a metal for hydrogen : for the acid is

anhydrous, and does not contain that element.

This is true ; but it must be observed that the satura-

tion of barium oxide by sulphuric anhydride is a phe-

nomenon of a different order from the neutralisation of

barium hydrate by sulphuric acid. This latter reac-

tion is a double decomposition or substitution, as

above explained ; the other results from the addition

ofelements, two molecules, both saturated, but formed

of polyatomic elements, being riveted together in
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consequence of an exchange of atomicities. In ba-

rium oxide the atom of barium and the atom of

oxygen exchange all their atomicities ;
in barium

sulphate they exchange only half; and the two

atomicities which have become disposible, serve, as it

were, to fix the elements of the sulphuric anhydride.*

There is, therefore, an addition of atoms by displace-

ment of atomicities ; in other words, the atoms of the

two bodies, in order to enter into combination, have

changed their positions, and then joined themselves

together in a certain manner; and this change of

position, followed by an exchange of atomicities, has

caused them to lose a portion of their energy : hence

a disengagement of heat. Thus this particular case

of the saturation of acids by oxides falls into the

general line of reactions, which are foreseen and

explained by the new theory of atomicity.

Here, then, we arrive at the end of this long expo-

sition. Having taken up the doctrines of chemistry
at their very birth, we have followed them through
their successive evolutions. We have seen partial

theories emerge and raise themselves against one

another, then, after having fought, lend each other

mutual aid, and subordinate themselves to a more

general theory. We have seen the progress of ideas

following closely on the march of discovery, and ar-

* Note 20, p. 208.
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riving, through many variations, at <the same funda-

mental idea, that, namely, which consists in seeking
the first cause of chemical phenomena in the diversity

of matter, each primordial substance being formed of

atoms endowed with a certain energy, and with a

peculiar aptitude for expending that energy. These

two properties of atoms, distinct from one another,

render an account of all chemical phenomena, the

former measuring their intensity, the latter denoting

^ their manner. Affinity and atomicity are, therefore,

the two manifestations of the force which resides in

the atoms, and this hypothesis of atoms forms at

present the foundation of all our theories, the solid

base of our system of chemical knowledge. It gives

a striking simplicity to the laws relating to the com-

position of bodies ;
it enables us to look into their

intimate structure ; it intervenes in the interpretation

of their properties, reactions, and transformations
;

and will doubtless at some future time furnish points

of support for the science of molecular mechanics.

It was, therefore, a grand idea that was originated

by Dalton, a,nd it may with good reason be asserted,

that amongst all the advances that chemical doctrines

have made, since the time of Lavoisier, this is the

most important; it has changed the face of the

science : for the latest developments that have sprung
from it have substituted for the old ideas on the

mode of action of affinity, and on dualism in combi-
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nation, a broader conception, wliich. now includes, as

particular cases, the reciprocal action of acids and

bases on which, the system of Lavoisier was founded.

The dominant idea of that system, the dualistic con-

stitution of salts, already questioned by great minds

fifty years ago, is no longer acceptable at the present

day, and the attempt to keep it up would be vain.

Ought we to regret it for the sake of the teaching of

the science, in which this theory, so beautiful in its

simplicity, reigned undisputed for sixty years? We do

not think so. The contrary hypothesis proposed by

Davy and Dulong, and rendered triumphant by Lau-

rent and Gerhardt, accounts for the facts with exact-

ness and clearness, and embraces a greater number of

them. As to Lavoisier, his glory remains in all its

brightness. His work consists in his immortal dis-

coveries, in his method, in the principles of eternal

truth which he laid down on the nature of elementary

bodies and on chemical combination, not on a formula

relating to the composition of salts. The dualistic

hypothesis employed by him to express that consti-

tution, and extended by his successors to the whole

range of chemistry, has had its day. To those who,

from system or from habit, would still wish to retain

it, seeking to shelter it under the great name of

Lavoisier, we are tempted to recall the maxim of

Bacon :
—' Truth is the daughter of time, and not of

authority.'

o 2





NOTES.*

Note 1, Page 25.

Lavoisier and BerthoUet regarded hydrochloric (muriatic)

acid as containing an unknown radical combined with oxygen.
It is known that chlorine decomposes water in presence of

light, with formation of hydrochloric acid and disengagement
of oxygen. By this fact Berthollet was led to suppose that

chlorine is a compound of muriatic acid and oxygen. He

supposed that the unknown radical of muriatic acid can form

with oxygen various compounds, namely :

With a small quantity of oxygen, muriatic acid.

With a larger quantity, oxymuriatic acid (chlorine).

With a still larger proportion, hyperoxymuriatic acid (the

acid of chlorate of potash).

This theory was in accordance with the ideas of Lavoisier.

It included the chlorides (muriates) in the class of oxygenated
salts. It prevailed till 1810, when Davy showed that the

simplest interpretation of the facts relating to the yellow

gas discovered by Scheele consisted in regarding this gas as

an elementary body, to which he gave the name of chlorine.

* The author's notes are distinguished by numbers ; those added by
the translator, by letters.
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Note 2, Page 54.

In the forniTilas of oxygenated compounds Berzelius con-

tented himself with expressing the atoms of oxygen by super-

posed points. Thus he wrote

Sulphate of lead

Nitrate of potash

SO» + PbOorSPb

5^05 +KOorM

In this notation we see clearly that the sulphate contains

the elements of a sulphide plus 4 atoms of oxygen, of which

3 are attached to the sulphur and 1 to the metal. The

ponderal relations between the metal and the sulphur are the

same in a sulphide and a sulphate; this is as it should be,

since the proportions by weight represent atoms whose weight
is invariable. Berzelius proved this, thus verifying by expe-
riment the consequences of the atomic theory, and giving to

this theory a solid foundation by his numerous and exact

analyses.

Note 3, Page 59.

To explain the fmiction of ethyl as a radical, we here give
the formulse assigned by Berzelius to the ethylated com-

pounds, placing side by side with them the corresponding

compounds of a metal such as potassium. In these formulas

the barred letters represent double atoms :

Compounds of Ethyl

C*W radical ethyl

C*H*.G1 chloride of ethyl

C^iP.O oxide of ethyl (ether)

C*H».0 + HO hydrate of oxide of

ethyl (alcohol)

C'iP.O + C^ffO* acetate of oxide

of ethyl (acetic ether)

Compounds of Potassium

K radical potassium
KOI chloride of potassium
KO oxide of potassium
KO + if hydrate of oxide of po-

tassium (caustic potash)

K0 + C<H30» acetate of oxide of

potassium
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Note 4, Page 63.

The celebrated hypothesis of benzoyl, due to Wohler and

Liebig, marks a considerable progress in the radical theory.

The following formulse, borrowed from the notation of Ber-

zelius, may serve to throw light upon it :

C'^S^02 benzoyl
C'*H^02.5 hydride of benzoyl (bitter almond oil)

C'^H^O^.Gl chloride of benzoyl

C'*iPO-.0 oxide of benzoyl (anhydrous benzoic acid)

C>^S*02.S sulphide of benzoyl

C'^a^O^.O +HO hydrate of oxide of benzoyl (hydrated benzoic

acid)

C'«a*02.0 +KO benzoate of potash

Note 5, Page 70.

Berzelius, and all the partisans of Lavoisier's theory of

salts, supposed that hydrated acids contain the elements of

anhydrous acids, together with the elements of water, and

that salts contain the elements of an anhydrous acid together

with the elements of an oxide. Thus, in the notation of

Berzelius, sulphuric acid and the sulphates of potash and lead

were represented by the following formulae :

Sulphuric acid or Sulphate of water . , SO* + H^O

Sulphate of potash SO^ + KO
Sulphate of lead SO' + PbO

This notation shows that the elements of water, oxide of

potassium, and oxide of lead are simply added to the elements

of the anhydrous acid without being mixed up with them.

Longchamp supposed, on the contrary, that this oxide re-

moves an atom of oxygen from the anhydrous acid, being

thereby converted into a peroxide, which remains united to
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the deoxygenated acid. Thus, he represented the constitution

of the preceding compounds by the following formulae :

Sulphuric acid . . . SO^+H^O^

Sulphate of potash . . . 80^ + KO^ ,

Sulphate of lead . . . SO' + PbO^

The formula SO^ + PbO^ was based on the fact of the for-

mation of sulphate of lead 'by the action of sulphurous acid

gas on peroxide of lead.

We now know that the two atoms of hydrogen in sulphuric

acid,

S0*H2 = SO^.O^H^

are each in connection with an atom of oxygen, and that these

two atoms of oxygen discharge a function different from that

of the other two, which are contained in the radical sulphuryl
SO^. This radical is diatomic

;
it combines with 2 atoms of

chlorine, and the resulting chloride of sulphuryl, by reacting

with water, forms sulphuric acid.

soM«
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Note 6, Page 78.

We have observed that Berzelius regarded acetic acid and

its analogues as oxides of hydrocarbon-radicals, combined with

the elements of water. Acetic acid was the hydrate of the

trioxide of acetyl. As to trichloracetic acid, he regarded it as

a conjugated compound of oxalic acid and chloride of carbon,

united to the elements of water. We see then that acids,

between which the substitution theory pointed out relations

of so much simplicity, were, for Berzelius, compounds of very
different orders. These divergences are exhibited by the fol-

lowing formulse :
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Note 7, Page 81.

The following are the terms in which Dumas discusses the

opinion which consisted in regarding the theory of substitu-

tion as a particular case of the theory of equivalents.
* Berzelius is willing to accept these facts as doubtless a

particular case of the theory of substitutions. In this respect

he shares an opinion frequently advanced in Germany, which

I have never thought it necessary to refute, namely, that the

theory of equivalents was sufficient to teach us that hydrogen
could be replaced by its equivalent of chlorine or of oxygen.
I cannot say who was the first to make use of this objection

against the theory of substitution, but I have never believed

that it would make any impression on the minds of chemists.

Is it not evident, indeed, that if a body contains, for example,

8 volumes of hydrogen, the theory of equivalents will be

satisfied if chlorine has removed without replacing them
;
that

it will be no less satisfied if they are found to have disap-

peared, and that 2, 4, 6, or 8 volumes of chlorine have re-

mained in their place, or, even, 10, 12 or 20 volumes of

this gas ? in a word, provided that the quantities of chlorine

and of hydrogen which the compound loses or retains may
be expressed by any equivalents whatever, the theory of

equivalents would be satisfied therewith. It is not thus with

metalepsy.' . . .

Note 8, Page 82.

Berzelius, having at first regarded trichloracetic acid as a

copulated compound of oxalic acid and sesquichloride of car-

bon, afterwards extended this hypothesis to acetic acid itself,

supposing that this acid contains as copula the group C^H^ :

Trichloracetic acid . . . C^GP.C'O' + HO
Acetic acid .... C^iP.C^O'' + HO
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Note 9, Page 85.

In a memoir on the chlorides of naphthalene {Annales de

Chimie et de Physique, 2™® ser., t. lii. p. 275, 1833), Laurent

describes two compounds of naphthalene
—a solid chloride,

Ch^-f C'^H^, and an oily chloride, to which he attributes a

more complicated composition. This is how he expresses

himself with regard to the solid chloride (p. 281) :
'

By the

formula Ch^+ C'^H^ one might give the theory of the forma-

tion of this compound by saying that 3 volumes of chlorine

acting on 1 volume of naphthalene, C^^H*, convert it into

a peculiar chloride, Ch^+ C^^H^, and evolve 2 volumes of

hydrochloric acid. The body Ch^-j-C^^H^ is therefore the

solid chloride of a peculiar hydrocarbon.'

Note 10, Page 114.

The following formulae express the relations of composition

existing between ammonia and the ethylated ammonias :

(H fC^H* fC^Hs fC^Hs

(h (h (h [C'W
Ammonia Ethylamine Diethylamine Triethylamine

Note 11, Pages 116 and 126.

The following formulse represent Williamson's ideas on the

constitution of acids, oxides, and salts referred to that of

water :

^)0 water



204 NOTES.

. Note 12, Page 122.

In their memoir on the amides (Comptes rendus, t. xxxvii.

p. 86), Gerhardt and Chiozza have described primary, secon-

dary, and tertiary amides formed by substitution of 1, 2,

and 3 acid radicals for 1, 2, and 3 atoms of hydrogen in

ammonia :

Tertiary amide

C'H^O N

Dibeiizoyl-sulpho-
plenamide

They observe that the secondary amide, benzoyl-salicyl-

amide, in alcoholic solution, reddens litmus, and easily ex-

changes 1 atom of hydrogen for 1 atom of metal, like an acid

properly so called.

rimary amide

hIn
h)
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hydrate of potassium, but rather as analogous to water, as re-

gards its neutrality. In a table published in 1852, and repro-

duced in the memoir on anhydrous organic acids, Gerhardt

had placed alcohol at the left or posterior extremity. On
account of its historic importance we think it advisable to re-

produce this table.
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Note 14, Page 130.

The following formulge explain the idea of condensed and

mixed types, and the functions of polyatomic radicals in com-

pounds referred to these types :

H ! (sot}o'=(s°;i:}o' I^ (sotIo

2 molecules of water 1 molecule of sul- 1 mol. water and Chlorosulphuric
(condensed type) phuric acid 1 mol. hydrochlor. acid

acid (mixed type)

Note 15, Pjlge 134.

According to the system of atomic weights which he had

adopted in 1815, Berzelius at first regarded ferric oxide and

alumina as containing 1 atom of metal and 3 atoms of

oxygen. Afterwards (1826) he modified this opinion, as-

signing to iron and aluminium smaller atomic weights, and

to their oxides the formulae Fe^O^ and Al^O^, which are still

Note 16, Page 137.

The following formulae represent the composition of phos-

phoric acid in equivalents ;
the atomic formulas are also given

for the sake of comparison :

Equivalent formulas Atomic formulae

Phosphoric acid . . . P0^3H0 H^PO*

Pyrophosphoric acid . . P0*,2H0 H^P^O^

Metaphosphoric acid . . POSHO HPO«

Note 17, Page 145.

The word polyatomic was scarcely used before the time

when Wurtz's first note,
* Sur le glycol ou alcool diatomique,'
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was published, although it was not absolutely new. In a

memoir published in 1845 {Annales de Chimie et de Physique,

3™^ ser. t. xiii. p. 142), M. Millon had established a distinc-

tion, on the one hand between monatomic and polyatomic

bases, on the other between monatomic and polyatomic acids,

these latter likewise resulting from the union of several mole-

cules of greater simplicity. I may add that M. Malaguti, in

his excellent Legons elementaires de Chimie, 1853 (p. 331),

had substituted the denominations of monatomic, diatomic and

triatomic acids for the more generally used terms, monobasic,

bibasic and tribasic acids.

Note 18, Page 146.

The following formulae explain the formation of glycol, and

the idea enunciated by Wurtz concerning the functions of the

radical ethylene :

C^H'O

Ethylene fS
iodide C'H'O

2 molecules of

silver acetate

We see that the two molecules of silver acetate, losing

2 atoms of silver, take in their place the diatomic and indivisible

radical ethylene, and are thus riveted together into a single

molecule of ethylene-diacetate.

This latter compound, treated with potash, yields glycol :
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Note 19, Page 147.

The following formulje express tlie relations between alcohol

and glycol, and the acids resulting from their oxidation :

C'H'jo C'H'Ojo (CWjo, (CW)o. (C'OT}o.
Alcohol Acetic Glycol Glycolllc Oxalic

acid acid acid

Note 20, Pages 161 and 193.

Free oxygen is formed of two atoms of oxygen, supposed to

be riveted together by the exchange of two atomicities. This

exchange is indicated in the following formulae by single or

double connecting bonds :

= H-O-H H-O-O-H Cl-0-O-Cl Cl-O-O-H Cl-0-O-O-H
Free oxy- Water Hydrogen Chlorine Chlorous Chloric

gen peroxide peroxide acid acid

We here see that the oxygen-atoms can link themselves

together to form a chain, at the extremities of which a single

free atomicity is satisfied by a monatomic element, such as

chlorine or hydrogen. This is what is called an open chain.

The chain may be closed when all the polyatomic elements

which form it are soldered together. This is the case in cer-

tain peroxides, and in all probability in sulphuric anhydride,

barium sulphate, &c.

r^ S-O 0-S-OuBa-O 0-0 0-0 O-Ba-0
Barium Barium per- Sulphuric Barium sul-

oxide oxide anhydride phate

In this kind of notation, the atomicity of an element is

reckoned by the number of connecting bonds which surround

its symbol in the formula.
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The following formulse, in wliicli carbon appears as tetra-

tomic, indicate the constitution of the saturated hydrocarbons,

homologous with marsh gas :

H HH HHH HHHH
I II III I I I I

H-C-H H-C-C-H H-C-C-C-H H-C-C-C-C-H

H HH HHH HHHH
Marsh gas Ethyl hy- Propyl hydride Butyl hydride

dride

Note 21, Pages 1G3, 164, and 165.

The following formulae indicate the relations between the

atoms in the derivatives of ethyl hydride :

HH HH HH HH
H-C-C-H H-C-C-Cl H-C-C-0"H H-C-C-N'"H^

HH HH HH HH
Ethyl hydride Ethyl chlo- Ethyl hydrate Ethylamine
(saturated hy- ride (alcohol)
dro-carbon)

Note 22, Page 190.

The substitution of the group OH (oxhydryl or hydroxyl^
for one atom of hydrogen in a hydrocarbon produces an

alcohol
;

that of an atom of oxygen and of an oxhydryl group
for three atoms of hydrogen produces an acid. An acid is,

therefore, a body containing one or several groups of CO^H

(carboxyl or oxatyl).

H^'C-CH'*
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Note A, Page 1.

The statement tliat chemistry, as a science, was founded by
Lavoisier, requires some qualification. The first great generali-
sation of the facts of chiemistry was, undoubtedly, the phlogistic

theory of Stahl. Now, this theory took no account of the rela-

tions of weight between a combustible body and the products
of its combustion, directing attention exclusively to the visible

phenomena, the evolution of light and heat, attending the

process ;
and it was, perhaps, by a natural reaction that, when

the real nature of the change, and the great importance of the

increase of weight experienced by the burning body, had been

brought to light by the discoveries of Lavoisier, the attention

of chemists should, for a considerable time, have been chiefly

directed to these ponderal relations, and that even the good
and valuable points in the phlogistic theory should have been,

for the most part, overlooked.

But on viewing these phenomena by the light of recent

investigations, it must be admitted that the thermal changes

attending the process of combustion are quite as important as

the ponderal changes. Indeed, as Dr. Crum Brown * has ob-

served, in an ingenious paper on the phlogistic theory, a

combustible body does actually, as the phlogistic chemists

asserted, lose something in burning ;
and this something, which

they called phlogiston, we now know to be the power of emit-

ting a certain quantity of heat, or, in other words, a certain

amount of potential energy. The importance of this change in

the thermal condition of a burning body did not escape the

sagacity of Lavoisier, who, indeed, speaks with admiration of

the great discovery of Stahl, that the property of burning,
that is, of being inflammable, may be transferred from one body
to another

;
as when vitriolic acid, an incombustible body, is

*
Proceedings of the Koyal Society of Edinhurgh, vol. v. p. 328.
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converted into combustible sulphur by contact with charcoal,

which is itself a combustible body, the charcoal at the same

time becoming incombustible.* Lavoisier himself regarded
vital air, or oxygen gas, as a compound of a ponderable base,

called oxygen, with the imponderable element caloric, or

heat, and supposed that in the process of combustion the

ponderable oxygen unites with the combustible body, while

the caloric is set free. He further regarded all elementary
bodies as compounds of ponderable bases with caloric, the

same body being supposed to contain more of that imponder-
able element in the liquid than in the solid state, and still more

when in the state of gas. In accordance with these views he

observes that greater heat is evolved in the combustion of

hydrogen gas than in that of phosphorus, because, in the

former case, a large quantity of caloric is given off by the com-

bustible gas, as well as by the oxygen gas ;
and that less heat

is evolved in the combustion of charcoal, because the product
of this combustion is carbonic acid gas, or fixed air, which

retains a certain quantity of caloric to keep it in the gaseous
state. I

According to this theory, the evolution of heat in combus-

tion is attributed mainly to the liberation of the latent heat,

which retains a body in the gaseous state. But the insuffi-

ciency of this mode of explanation soon became apparent,

when it was observed that great heat may be evolved in cases

of combustion, where no condensation of a gaseous body to

the liquid or solid state takes place, as in the combination of

sulphur with copper or iron
;
and even when gaseous products

are formed from solid bodies, as in the explosion of gunpowder

* CEuvres de Lavoisier, publiees par les soins de Son Excellence le

Ministre de I'lnstruction publique et des Cultes, Paris, 1862, tome

ii. p. 625.

t Methode de Nomenclature chimique, par MM. de Morveau, La-

voisier, BerthoUet et de Fourcroy, Paris, 1787, p. 296.

P 2
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or fulminating silver. To meet the necessities of these and

similar cases various theories of combustion were from time

to time proposed,* in particular the electro-chemical theory of

Davy and Berzelius (p. 64), w^hich attributed the heat and

light evolved in combustion to the combination of the opposite

electricities supposed to reside in the atoms of the combining
bodies. This theory, how^ever, like the others above alluded

to, was never reduced to quantitative expression ; and, indeed,

it is only of late years that, by the researches of Favre and

Silbermann, Andrews, and others, the quantities of heat

evolved in various forms of chemical action have been deter-

mined with sufficient accuracy to be made the foundation of

any exact theory of the phenomena.
The most general result yet arrived at, respecting the

thermal phenomena of chemical action, is that the evolution or

absorption of heat in any given reaction depends upon the re-

lative stability of the system before and after that reaction.

This subject has been treated with remarkable clearness by
Dr. Odling, in a lecture on ' Reverse Chemical Action,'

recently delivered at the meeting of the British Association at

Norwich. In this discourse, it is shown that the passage
from a less stable to a more stable arrangement of matter is

always attended with evolution of heat, whether the said

change be what is commonly called combination, or what is

called decomposition. Thus, not only is heat evolved in the

combustion of zinc or phosphorus in oxygen, or in the com-

bhiation of phosphorus with iodine, but likewise in the de-

composition of iodide of nitrogen, or of gun-cotton. These

and other instances of direct chemical action, that is, of

action taking place spontaneously as soon as the acting sub-

stances are brought under certain conditions of temperature,

&c., may be compared to the falling of a weight to the ground
as soon as the support which keeps it up is removed. In the

* See Gmelin's HandhooTc of Chemistry, English edition, vol. ii. p. 36.
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one case we have an unstable mechanical equilibrium, the

conversion of which into a more stable equilibrium is attended

with a certain expenditure of actual motion
;

in the other, we
observe that the conversion of an unstable chemical equi-
librium into a stable chemical equilibrium is attended with an

expenditure of heat, which is interstitial motion. Now just

as to reverse the mechanical change above mentioned, that

is, to lift a weight from the ground, a certain degree of me-
chanical force must be expended ;

so likewise to undo a direct

chemical action—as, for example, to separate hydrogen from

its combination with oxygen, or, in other words, to unburn

it, a certain amount of heat, or its equivalent in mechanical

or some other form of force, must be expended
—the potential

energy (the phlogiston of the old theory) which the bodies

have lost by combination must be restored.

When hydrogen combines with oxygen to form water, there

are evolved, for every 2 grammes of hydrogen combined

with 16 grammes of oxygen, 68 units of heat ;* and in order

to separate or unburn the hydrogen, these 68 units of heat

must be restored. This may be effected by burning or oxi-

dising a more calorifacient substance, such as zinc, in contact

with the water. When zinc burns in the air or in oxygen

gas, for every 65 grammes of zinc which enter into combination

with 16 grammes of oxygen, 86 units of heat are evolved.

Now when zinc is acted upon by acidulated water, it dissolves,

and is oxidised at the expense of the hydrogen, which is scl

free as gas ;
and this unburning of the hydrogen is attended

with the evolution of a considerable quantity of heat, namely
of 18 heat-units, which is the difference between the 86 units

that would be evolved by the direct combustion of the zinc,

and the 68 units which constitute the potential heat of the

escaping hydrogen. This action may be compared with the

^\>t«Tt-
* The unit of heat is the quantity required to raise the temperature

of one kilogramme of water, by 1° Centigrade.
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lifting up of a weight by means of a heavier weight connected

with the former by a string passing over a pulley, the falling

motion of the heavier weight being diminished by the potential

falling motion transferred to the lighter one. The unburning
of the hydrogen might also be effected by the application of

muscular effort to the handle of a magneto-electric machine,

the current of which, when passed through water, will effect

the separation of the oxygen and hydrogen. In this case tlie

actual motion, which might be produced by the muscular

effort expended, is diminished by the potential energy, or

quasi-motion, of the separated hydrogen.
But the most direct method of effecting the unburning of

the hydrogen consists in exposing water to a very high tem-

perature, as by bringing it in contact with white-hot platinum,

a mode of decomposition discovered about twenty years ago

by Mr. W. E. Grove. When vapour of water is passed

through a coil of platinum tube intensely heated by the flame

of the oxyhydrogen blow-pipe, it is resolved into oxygen and

hydrogen gases, which escape at the open end of the coil, and

may be collected over water. Here we may say that the

molecular motion generated by the burning of the hydrogen
outside the tube is directly transferred to another portion of

hydrogen, previously in combination with oxygen, and effects

its separation.

In all such cases, the process of separation, or unburning,

requires that the elements which separate shall be supplied
with a quantity of heat or potential energy equal to that

which they have lost by the act of combination or com-

bustion— truly a very near approach to the languag^e of the

phlogistic theory. The exact study of these relations may be

said to be in its infancy, on account of the great difficulty of

obtaining precise experimental data respecting the quantities

of heat evolved in chemical reactions
;
but it opens out a wide

field of discovery, and will doubtless occupy a very prominent

place in the chemistry of the future.
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Note B, Pages 9 and 11.

Among the investigations belonging to the epoch imme-

diately preceding Lavoisier, there is one which stands out in

marked contrast to the rest, with regard both to the manner

in which it was conducted, and the important influence which

it exerted on the subsequent development of the science.

This is the investigation, by Dr. Black, of Edinburgh, of the

difference between mild and caustic alkalis—a research which

may be regarded as the inauguration of the quantitative

method in chemistry, and as the lirst instance in which the

nature of chemical combination and decomposition was clearly

pointed out.

The mild alkalis (carbonates) were at that time regarded as

simple substances, which became caustic by combination with

a so-called fiery matter
;

lime was also supposed to take up
this same fiery matter in the process of burning, and to be

capable of transferring it to other alkalis. This hypothesis
further explained the fact that lime, after having been used to

render a mild alkali caustic, is no longer itself caustic, having
transferred its own fiery matter to the alkali.

Black appears, in the first instance, to have shared these

notions
;
but having found by observation that caustic lime,

when exposed for some time to the air, became heavier at the

same time that it lost its causticity, instead of becoming

lighter, as might have been expected if the change were really

due to the escape of the supposed fiery matter, he perceived in

this fact suflScient ground for rejecting the received doctrine

of a ponderable caloric or fiery substance. He next ascer-

tained that the loss of causticity and increase of weight were

accompanied by a considerable absorption of air. On extend-

ing these observations to magnesia, he found that ordinary

magnesia (magnesia alba) effervesced with acids
;
that it lost

weight by ignition, and then no longer effervesced with acids,
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though it still yielded with acids the same salts as the mag-
nesia that had not been ignited. He then sought to ascertain

what was separated from the magnesia by ignition, and with

that view he heated a weighed quantity in a retort. Some

water was thus obtained, but not sufficient to account for the

whole loss of weight by the magnesia. This led him to sus-

pect that air was disengaged from the magnesia by ignition ;

and to determine this point, he dissolved a known weight of

ignited magnesia in sulphuric acid, and precipitated it by
means of a mild alkali (carbonate of potash) ; whereupon,
after washing and drying the precipitate, he found that it had

increased in weight as much as the magnesia had lost in

weight by ignition, and that it had recovered the power
of effervescing with acids, and all the other properties which

the magnesia had lost by ignition. Hence he concluded that

the loss of weight and alteration of qualities presented by

magnesia on ignition were due to the separation of air, and

that the restitution of those qualities, and the increase of

weight when ignited magnesia was dissolved in acid and pre-

cipitated by a mild alkali, were due to its recovery from the

alkali of the air that had been expelled by ignition. In this

latter conclusion he was guided by a previous observation

made by Hales, that fixed alkali contains abundance of air.

He then examined the gas eliminated by acids from mild

alkalis, or lime, or magnesia alba, and collected it in a vessel.

He named this gas
* fixed air,' and soon afterwards showed

that it is identical with the gas evolved in fermentation.

Thus was Black led to the conclusion that effervescing

earths and alkalis contain, as one of their essential constituents,

a gas which can be expelled by heat from the former, but not

from the latter—from both, however, by acids
;

that the alkalis

and earths, when freed from this gas, become caustic, and,

therefore, that their causticity does not depend on the presence
of a peculiar substance, but belongs to them in their perfectly
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pure state
;
that they are made caustic by the separation of

this fixed air
;
and that caustic lime renders mild alkalis

caustic, not by imparting to them any caustic or fiery prin-

ciple, but by abstracting the fixed air which they contain. He
further observed that this gas or air, to a certain extent,

neutralises the alkalis, that is to say, weakens their caustic

properties in combining with them.

On reviewing this admirable investigation, we see "plainly

that the difference betAveen Black's explanation of the relation

between mild and caustic alkalis, and that which attributed

their diverse qualities to the presence or absence of fiery

matter, is precisely analogous to the difference between the

explanations of the phenomena of combustion afforded by the

phlogistic and antiphlogistic theories. It is true that Black

himself did not perceive this analogy ;
that is to say, he did

not perceive that the change which a metal, for example,

undergoes in calcination, consists, like the conversion of a

caustic into a mild alkali, in its combination with a ponder-
able substance—the fixation of a kind of air. Having been

educated in the ideas of the phlogistic school, he maintained

the doctrines of that school, so far as the phenomena of com-

bustion were concerned, during the greater part of his career,

though he ultimately became a convert to Lavoisier's views
;

but there can be no doubt that his investigation of the differ-

ence between mild and caustic alkalis was the first that showed

the importance of quantitative relations in the interpretation

of chemical phenomena ;
and that his demonstration that the

conversion of a mild into a caustic alkali, or the contrary,

is due to the abstraction or addition of a ponderable sub-

stance (carbonic acid), was the inauguration of those ideas of

chemical combination and decomposition, which were after-

wards extended by Lavoisier to the whole range of chemical

phenomena.
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Note C, Page 91.

Isomorphism.—Intimately related to the law of substitu-

tions, is the important fact, discovered by Mit>scherlich, that

bodies having a similar chemical constitution have also the

same crystalline form, as determined by the measurement of

their angles
—

or, in other words, that analogous elements and

groups of elements may replace one another in composition
without essential alteration of crystalline form. Mitscherlich's

first observations, communicated to the Berlin Academy of

Sciences in 1819, related to the phosphates and arsenates,

and showed that these salts, when they contain the same

base, united with equivalent quantities of phosphoric and ar-

senic acids, and are further united with equal numbers of

molecules of crystallisation-water, exhibit perfectly identical

crystiilline forms, agreeing with one another even in

the secondary modifications. He established this fact for

the most various salts of those acids containing potassium,

sodium, ammonium, barium, lead, &c.
;
and likewise for

their double salts containing potassium and ammonium, and

thence concluded that the elements arsenic and phosphorus
are capable of replacing one another, atom for atom, without

alteration in the crystalline form of the resulting compounds.
Bodies thus related to one another were designated by Mit-

scherlich as isomorphous bodies
{l(T6f.L()p(poQ^ similarly

shaped).

This law, that compounds containing isomorphous elements,

and similar to one another in atomic constitution, always
exhibit similar crystalline forms, was soon afterwards demon-

strated by Mitscherlich for a large number of other compounds.
He showed that nickel oxide, zinc oxide, and magnesia, neu-

tralised with sulphuric acid, and combined with equal numbers
of molecules of water, likewise form salts identical in crystiil-

line form, and that the same law holds good for the cobaltous
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and ferrous salts. From the fact that the protoxides of calcium,

magnesium, zinc, manganese, and iron, in combination with

carbonic acid, crystallise without essential difference of form,

IMitscherlich concluded that these bases are isomorphous, and

that their compounds with sulphuric acid, for exam.ple, should

also crystallise in similar forms
;
he found, indeed, that such

is always the case, excepting when the atomic constitution of

the salts is altered by combination with different quantities of

water. Mitscherlich likewise showed, as, indeed, had been

previously pointed out by Leblanc and Beudant, that when

two such salts (e.g. ferrous sulphate and zinc sulphate) of

different crystalline forms (and containing unequal quantities

of water) crystallise together, and take the form peculiar to

one of them, the other salt likewise takes up the same quan-

tity of water as the former
;
so that in a complex salt of this

nature, the two component salts have the same atomic consti-

tution, although, when they crystallise separately, they may
differ in their amounts of water of crystallisation. He further

showed that all these salts, when they combine with the

neutral sulphate of potash or ammonia, form double salts

resembling one another exactly in atomic constitution and

crystalline form. Another remarkable case of isomorphism,

subsequently established by Mitscherlich, was that of the cor-

responding salts of sulphuric and selenic acids, from which it

was inferred that sulphur and selenium are isomorphous

elements, and form compounds of similar atomic constitutions.

In this manner Mitscherlich demonstrated the existence of

groups of isomorphous bodies, that is, of bodies which, when

united in similar atomic proportions with a third, of any
constitution whatsoever, produce compounds similar in crys-

talline form. He established, in fact, the
' law of isomorphism,'

which since the year 1820, in which it became generally

known, has been received as one of the most important gene-

ralisations of theoretical chemistry. It has afforded valuable
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assistance in the classification of the elementary bodies,' and

in the determination of the atomic constitution of compoimds,
and consequently in the numerical estimation of atomic

weights, as in the well-known instance of aluminium, which

V^was inferred to form a sesquioxide Al^O^, and corresponding

salts, from the isomorphism of the alumina compounds with

the corresponding compounds of ferric oxide, Fe^O^. A more

recent and very remarkable instance of this application of the

law of isomorphism is afforded by Professor Roscoe's re-

searches on vanadium. This metal was formerly supposed to

form compounds analogous to those of chromium and tungsten,

its highest oxide being regarded as a trioxide VO3, analogous
to anhydrous chromic and tungstic acids. But, guided by the

isomorphism of the vanadates withthe phosphates and arsenates,

Koscoe has succeeded, by a careful and elaborate examination

of the vanadium compounds, in showing that this metal is a

pentad ;
that the formula of anhydrous vanadic acid is V^qs^

and that the vanadates are analogous in composition, as well

as similar in form, to the phosphates and arsenates.

In connection with this subject, however, it must be ob'-

served that isomorphism between the corresponding com-

pounds of two elements must not be supposed to afford a

perfectly sure indication that those elements are of equal

atomicity, for Marignac has shown that the nioboxyfluorides

are isomorphous with the stannofluorides, titanofluorides, and

tungstofluorides, whereas niobium is a pentad, tin and titanium

are tetrads, and tungsten is a hexad. Generally, it may be

said that similarity of atomic constitution between compounds
of isomorphous elements, necessarily produces similarity of

form, but that this latter relation may likewise exist, and often

does exist, between compounds not similar to one another in

atomic constitution.
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Professor of Physiology in the University of Cambridge, Fellow

of Trinity College, Cambridge, and the late Francis M. Balfour,

M.A., LL.D,, F.R.S., Fellow of Trinity College, Cambridge,
and Professor of Animal Morphology in the University. Second

Edition, revised. Edited by Adam Sedgwick, M.A., Fellow

and Assistant Lecturer of Trinity College, Cambridge, and

Walter Heape, Demonstrator in the Morphological Laboratory

of the University of Cambridge. With Illustrations. Crown 8vo.

lo^y. 6.7'.
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Frankland.—AGRICULTURAL CHEMICAL ANALYSIS,
a Handbook of. By Percy Faraday Frankland, Ph.D.,
B.Sc, F.C.S., Associate of the Royal School of Mines, and Agri-
cultural Demonstrator of Practical Chemistry in the Normal School
of Science and Royal School of Mines, South Kensington Museum.
Founded upon

" Leitfaden fiir die Agricultur-Chemische Analyse,"
von Dr. F. Krocker. Crown 8vo. ^s. 6d.

Galloway.—Works by Robert L. Galloway, Mining Engineer.
THE STEAM ENGINE AND ITS INVENTORS. A Historical

Sketch. With numerous Illustrations. Crown 8vo. los. 6J.

THE HISTORY OF COAL-MINING IN GREAT BRITAIN.
Crown 8vo. 7^. ()d.

Galton.—Works by Francis Galton, F.R.S.

METEOROGRAPHICA, or Methods of Mapping the Weather.
Illustrated byupwardsof 600 Printed LithographicDiagrams. 4to. 9^.

HEREDITARY GENIUS : An Inquiry into its Laws and Con-

sequences. Demy Svo. 12s.

The Times calls it "a most able and most interesting book."

ENGLISH MEN OF SCIENCE; THEIR NATURE AND
NURTURE. Svo. 8j. 6d.
** The book is certainly one of very great ijttei'est,"—Nature.

INQUIRIES INTO HUMAN FACULTY AND ITS
DEVELOPMENT. With Illustrations and Coloured and Plain

Plates. Demy 8vo. i6s.

RECORD OF FAMILY FACULTIES, consisting of Tabular
Forms and Directions for Entering Data. Wt:h an Explanatory
Preface. Also contaifiing an offer ofFrizes to the amount of£^00.
4to. 2J. 6d.

LIFE HISTORY ALBUM ; containing Tabular Forms and

Explanations. Pi-epared by Direction of the Collective Investi;za-

tion Committee of the British Medical Association, and Edited by
Francis Galton, F. R.S., Chairman of the Life History Sub-
Committee. 4to. 3J. 6d. ; or with Card of Wools for testing
Colour Vision. 4^. 6d.

Gamgee.—A TEXT-BOOK OF THE PHYSIOLOGICAL
CHEMISTRY OF THE AiNIMAL BODY. By Arthur
Gamgee, M.D., F.R.S. , Professor of Physiology in Owens College,
Manchester. With Illustrations. In Two Vols. Medium 8vo,

Vol, I. 18^. [Vol. II in the Press.

Geikie.—Works by Archibald Geikie, LL.D., F.R S.,

Director General of the Geological Surveys of the United King-
dom, late Murchison Professor of Geology and Mineralogy at

Edinburgh.
A TEXT-UOOK OF GEOLOGY. With Illustrations. Medium

Svo. 28^.
" It will certainly step into the foremost rank amonq our standard

text-books,
"—Athenoeum.
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G eikie—continued.

GEOLOGICAL SKETCHES, AT HOME AND ABROAD.
With Illustrations. 8vo. \os. 6d.

ELEMENTARY LESSONS IN PHYSICAL GEOGRAPHY.
With numerous Illustrations. Fcap. 8vo. 4X. 6d. Questions, is. 6d.

OUTLINES OF FIELD GEOLOGY. With Illustrations. Crown
8vo. 35'. 6d.

PRIMER OF GEOLOGY. Illustrated. i8mo. i^.

PRIMER OF PHYSICAL GEOGRAPHY. Illustrated. iSmo. is.

Gladstone — Tribe. — the chemistry of the
SECONDARY BATTERIES OF PLANTE AND FAURE.
By J. H. Gladstone, Ph.D., F.R.S., and Alfred Tribe,
F. Inst. C.E., Lecturer on Chemistry at Dalwich College. Crown
8vo. 2s. 6d. [Nature Series.

Gray.—STRUCTURAL botany, or organography
ON THE BASIS OF MORPHOLOGY. To which are added
the principles of Taxonomy and Phytography, and a Glossary of

Botanical Terms. By Asa Gray, LL.D., Fisher Professor ot

Natural History (Botany) in Harvard University. With numerous
Illustrations. 8vo. los. 6d.

Green.—a SHORT GEOGRAPHY OF THE BRITISH
ISLANDS. By John Richard Green and Alice Stopford
Green. With Maps. Fcap. 8vo. 3^. 6./.

The Times says :—" The method of the work, so far as real in-

struction is concerned, is nearly all that could be desired. . . .

Its great merit, in addition to its scientific arrangement and the

attractive style sofamiliar to the readers of GreerCs
' Short History

'

is that thefacts are so presented as to compel the careful student to

think for hi?nself. .... The work may be read with pleasure
andprofit by anyone ; we trust that it will graduallyfind its zuay
into the higher forms of our schools. With this, text-book as his

guide, an intelligent teacher might make geography what it really

is—one of the most interesting and widely
-instrttctive studies.^''

Grove.—A dictionary of music and musicians
(a.d. 1450— 1883). By Eminent Writers, English and Foreign.
With Illustrations. Edited by Sir George Grove, D.C.L.,
Director of the Royal College of Music. In 3 vols., 8vo. Parts

I. to XIV. IS. 6d. each. Parts XV., XVI. 7^. Parts XVII.,
XVIII. 7J. Vols. I. II and III. 21s. each. Vol. L A to

IMPROMPTU. Vol. II. IMPROPERIA to PLAIN SONG.
Vol. IIL PLANCHE to SUMER IS ICUMEN IN.
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Hanbury.—SCIENCE PAPERS : chiefly Pharmacological and
Botanical. By Daniel Hanbury, F.R.S. Edited, with

Memoir, by J. Ince, F.L.S., and Poitiait engraved by C. H.

Jeens. 8vo. 14J.

Henslow.—THE theory of evolution of living
THINGS, and Application of the Principles of Evolution to

Religion considered as Illustrative of the Wisdom and Benefi-

cence of the Almighty. By the Rev. George Henslow,
M.A., F.L.S. Crown 8vo. 6j.

Hooker.—Works by Sir J. D. Hooker, K.C.S.I., C.B.,

F.R.S., M.D., D.C.L. :—

THE STUDENT'S FLORA OF THE BRITISH ISLANDS.
Second Edition, revised and improved. Globe 8vo. los. 6d.
*'

Certainly the fullest and viost accurate manual of the kind that

hasyet appeared. Dr. Hooker has shozvn his characteristic industry
and ability in the care and skill zvhich he has thrown into the

characters of the plants. These are to a great extent original^ and
are really admirable for their combination of clearness, brevity,

and completeness.'"'
—Pall Mall Gazette.

PRIMER OF BOTANY. With Illustrations. New Edition,
revised and corrected. iSmo. \s.

Hooker and Ball.—JOURNAL OF A TOUR INMAROCCO
AND THE GREAT ATLAS. By Sir J. D. Hooker, K.C.S.I.,

C.B., F.R.S. , &c., and John Ball, F.R.S. With Appendices,

including a Sketch of the Geology of Marocco. By G. Maw,
F.L.S.j^F.G.S. W^ith Map and Illustrations. Svo. 2\s.
" This is, without doubt, one of the tnost interesting and valuabh

books of travelpublishedfor many years.""
—

Spectator.

Huxley and Martin.—a COURSE OF PRACTICAL IN-

STRUCTION IN ELEMENTARY BIOLOGY. By T. H.

Huxley, LL.D., P.R.S., assisted by H. N. Martin, M.A.,
F.R.S., M.B., D.Sc, Fellow of Qirist's College, Cambridge.
Crown Svo. 6j.

** This is the most thoroughly valuable book to teachers and students

of biology which has ever appeared in the English tongue."
—

London Quarterly Review.

Huxley (Professor).
—Works by T. H. Huxley, LL.D.,

P R S

LAY SERMONS, ADDRESSES, AND REVIEW^S. New
and Cheaper Edition. Crown Svo. 7^. 6d.

Fourteen Discourses on thefollowing subjects:
—

(i) On the Advisable-

ness of Improving Natural Knowledge:
—

(2) Emancipation
—

Black and White :—(3) A Liberal Education, and zuhere to find

,V;_(4) ScientificEducation :—(S) On the Educational Value of

the Natural History Sciences:— {6) On the Study of Zoology:
—
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Huxley (Professor)—r^//W^^.
(7) On the Physical Basis ofLife:—{%) The Scientific Aspects of
Posiiivis?n :—{()) On a Piece of Chalk:—(10) Geological Contem-
poraneity and Persistent Types of Life :—{\\) Geological Reform:
(12) The Origin of Species :—{ii) Criticisms on the *'

Origin of
Species:"— {14) On Descartes' ^'Discourse touching the Method of
using One's Reason rightly and of seeking Scientific Truth."

ESSAYS SELECTED FROM "LAY SERMONS, AD-
DRESSES, AND REVIEWS." Second Edition. Crown 8vo. is.

CRITIQUES AND ADDRESSES. 8vo. loj-. 6d.

Contents:— i. Administrative Nihilism. 2. The School Boards:
-what they can do, and what they may do. 3. On Medical Edu-
cation. 4. Yeast. 5. On the Formation of Coal. 6. On Corat
and Coral Reefs. 7. On the Methods and Results of Ethnology.
8. On some Fixed Points in British Ethnology. 9. Palceontology
and the Doctrine of Evolution. 10. Biogenesis and A biogenesis.
II. Mr. Danuin's Critics. 12, The Genealogy of Animals.
13. Bishop Berkeley on the Metaphysics of Sensation.

SCIENCE AND CULTURE AND OTHER ESSAYS. 8vo.
loj'. (id.

The subjects dealt zvith, m the present collection, are, among others^
Universities Actual and Ideal, Technical Education, yoseph
Priestley, the Border Territory between the Animal and Vegetable

Kingdoms, Evolution in Biology, The coming of age of
' ' The

Origin of Species,'' the connection of the Biological Sciences zvith

Medicine, and the Birmingham address tvhich give its title to the

volume.

LESSONS IN ELEMENTARY PHYSIOLOGY. With numerous
Illustrations. New Edition. Fcap. 8vo. 4-?. (>d.

** Pure gold throughout."
—Guardian. "

Unquestionably the clearest

and most complete elementary treatise on this stibject that we possess
in any language."

—Westminster Review.

AMERICAN ADDRESSES : with a Lecture on the Study of

Biology. 8vo. 6s. 6d.

PHYSIOGRAPHY: An Introduction to the Study of Nature. With
Coloured Plates and numerous Woodcuts. New and Cheaper
Edition. Crown 8vo. 6s,
*' // would be hardly possible to place a more useful or suggestive

book in the hands of learners and teachers, or one that is better

calculated to make physiography a favourite subject in the science

schools."—Academy.
INTRODUCTORY PRIMER. i8mo. u. [Science Primers.

Jellet (John H., B.D.).—a treatise on the
THEORY OF FRICTION. By John H. Jellet, B.D.,
Senior Fellow of Trinity College, Dublin j President of the Royal
Irisli Academy. 8vo. 2>s. 6d.
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Jones.—Works by Francis Jones, F.R.S.E., F.C.S., Chemical
Master in the Grammar School, Manchester.

THE OWENS COLLEGE JUNIOR COURSE OF PRAC-
TICAL CHEMISTRY. With Preface by Professor RoscoE.
New Edition. i8mo. With Illustrations, is. 6d.

QUESTIONS ON CHEMISTRY. A Series of Problems and
Exercises in Inorganic and Organic Chemistry. i8mo. 3^.

Kiepert.—manual of ancient geography. Author-
ised translation from the German of Heinrich Kiepert, Ph.D.,
Member of the Royal Academy of Sciences, Berlin, &c. Crown
8vo. 5^.

^'Altogether the English edition of the 'Manual' will form an
indispensable companion to Kieperfs

*

Atlas^
' nmv used in many

ofour leading schools^—The Times.

Kingsley,—Works By Charles Kingsley, late Canon of West-
minster.

GLAUCUS: OR, THE WONDERS OF THE SHORE.
New Edition, with numerous Coloured Plates. Crown 8vo. 6^-.

SCIENTIFIC LECTURES AND ESSAYS. Crown 8vo. 6j.

SANITARY AND SOCIAL LECTURES AND ESSAYS.
Crown 8vo. 6j.

MADAM HOW AND LADY WHY
; or. Lessons in Earth-Lore

for Children. Illustrated. Crown 8vo. ds.

Landauer.—BLOWPIPE analysis. :l5y j. landauer.
Authorised English Edition, by James Taylor and W. E. Kay, of

the Owens College, Manchester. With Illustrations. Extra fcap.
8vo. 4J. 6d.

Landolt.—HANDBOOK OF THE POLARISCOPE AND
ITS PRACTICAL APPLICATIONS. Adapted from the

German Edition. By D. C. Robb, B.A., and V. H. Veley,
B.A., F.C.S. With an Appendix by J. Steiner, F.C.S. With
Illustrations. Demy 8vo. ioj". dd.

Langdon.—THE APPLICATION OF ELECTRICITY TO
RAILWAY WORKING. By W. E. Langdon, Member of the

Society of Telegraph Engineers. With numerous Illustrations.

Extra fcap, Svo, 4^. td.
*' There is no officer in the telegraph service who will not profit hy

the study op this book.''''—Mining Journal.

Lankester.—DEGENERATION. A Chapter in Darwinism.

By Professor E. Ray Lankester, F.R.S,, Fellow of Exeter

College, Oxford. With Illustrations. Crown Svo. is. 6d.

{Nature Series.
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Lockyer (J. N.).
—Works by J. Norman Lockyer, F.R.S.—

ELEMENTARY LESSONS IN ASTRONOMY. With nu-
merous Illustrations. New Edition. Fcap. 8vo. 5^. 6d.
*^ The book is full^

clear^ sound, and worthy ofattention, not only as
a popular exposition, but as a scientific

*

Index. ^"— Athenseum.

THE SPECTROSCOPE AND ITS APPLICATIONS. By^j:
Norman Lockyer, F.R.S. With Coloured Plate and numerous
Illustrations. Second Edition. Crown 8vo.

3J-. 6d. [Nature Series.

CONTRIBUTIONS TO SOLAR PHYSICS. By J. Norman
Lockyer, F.R.S. I. A Popular Account of Inquiries into the

Physical Constitution of the Sun, with especial reference to Recent

Spectroscopic Researches. 11. Communications to the Royal
Society of London and the French Academy of Sciences, with
Notes. Illustrated by 7 Coloured Lithographic Plates and 175
Woodcuts. Royal 8vo. cloth, extra gilt, price 3IJ. 6d.

PRIMER OF ASTRONOMY. With Illustrations. iSmo. is.

Lockyer and Seabroke.—STAR-GAZING; PAST AND
PRESENT. An Introduction to Instrumental Astronomy. By
J. N. Lockyer, F.R.S. Expanded from Shorthand Notes of a
Course of Royal Institution Lectures with the assistance of G. M.
Seabroke, F.R.A.S. With numerous Illustrations. RoyalSvo. 21s.

*'A book of great interest and utility to the astronomical student.'"—Athenaeum.

Lubbock.—Worksby Sir John Lubbock, M.P., F.R.S., D.C.L.,
FIFTY YEARS OF SCIENCE. Being the Presidential Address

delivered at York to the British Association, 1881. Third
Edition. 8vo. is. dd.

TPIE ORIGIN AND METAMORPHOSES OF INSECTS.
With numerous Illustrations. New Edition. Crown 8vo. 3^. (}d.

[Nature Series.

ON BRITISH WILD FLOWERS CONSIDERED IN RELA-
TION TO INSECTS. With numerous Illustrations. New
Edition. Crown 8vo. 4^. 6d. [Nature Series.

SCIENTIFIC LECTURES. With Illustrations. 8vo. Ss. 6d.

Contents:—Flowers and Insects— Plants and Insects— The
Habits of Ants—Introductioti to the Study of Prehistoric

Archeology, &^<r.

Macmillan (Rev. Hugh).—For other Works by the same

Author, see Theological Catalogue.

HOLIDAYS ON HIGH LANDS ; or, Rambles and Incidents in

search of Alpine Plants. Globe 8vo, cloth. 6s.

FIRST FORMS OF VEGETATION. Second Edition, corrected

and enlarged, with Coloured Frontispiece and numerous Illustra-

tions. Globe 8vo. 6s.

B
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Mansfield (C. B.)—Works by the late C. B. Mansfield :—
A THEORY OF SALTS. A Treatise on the Constitution of

Bipolar (two-uiembered) Chemical Compounds. Crown 8vo. 14^.

AERIAL NAVIGATION. The Problem, with Hints for its

Solution. Edited by R, B. Mansfield. With a Preface by
J. M. Ludlow. With Illustrations. Crown 8vo. 10^. dd.

Mayer.—sound : a Series of Simple, Entertaining, and In-

expensive Experiments in the Phenomena of Sound, for the Use of
Students of every age. By A. M. Mayer, Professor of Physics
in the Stevens Institute of Technology, &c. With numerous
Illustrations. CroA'n 8vo. 3^. dd. [Nature Series.

Mayer and Barnard.—light, a Series of Simple, Enter-

taining, and Useful Experiments in the Phenomena of Light, for

the use of Students of every age. By A. M. Mayer and C.
Barnard. With Illustrations. Crown 8vo. is. dd.yNature Series.

Miall.—STUDIES IN COMPARATIVE ANATOMY. No. i,

The Skull of the Crocodile. A Manual for Students. By L. C.

Miall, Professor of Biology in Yorkshire College. 8vo. 2s. 6d.

No. 2, The Anatomy of the Indian Elephant. By L. C. Miall
and F. Greenwood. With Plates. 5^.

Miller.—THE romance of astronomy. By R. Kalley
Miller, M.A., Fellow and Assistant Tutor of St. Peter's Col-

lege, Cambridge. Second Edition, revised and enlarged. Crown
8vo. 4J. 6^.

Mivart (St. George).—the common frog. By St.

George MiVART, F.R.S. &c., Lecturer in Comparative Anatomy
at St. Mary's Hospital. With Numerous Illustrations, Crown 8vo.

3J. 6d. \Nature Series.

Moseley.—^notes by a naturalist on the "chal-
lenger," being an account of various observations made during
the voyage of H.M.S. "

Challenger" round the world in the years

1872—76. By H. N. Moseley, M.A.. F.R.S. ,
Member of the

Scientific Staff of the "Challenger." With Map, Coloured

Plates, and Woodcuts. 8vo. lis.

" This is certainly the most interesting and suggestive book, descrip-

tive of a naiicralisfs travels, which has been published since Mr.
Darwin's ^

Journal ofResearches' appeared, now more thanforty

years ago. That it is worthy to be placed alongside that delightful
record of the- impressions, speculations, and reflections of a master

mind, is, we do not doubt, the highest praise which Mr. Moseley
vjould disire far his book, and we do not hesitate to say that such

praise is its desert.'"—Nature.
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Muir.—PRACTICAL CHEMISTRY FOR MEDICAL STU-
DENTS. Specially arranged for the first M. B. Course. By
M. M. Pattison Muir, F.R.S.E. Fcap. 8vo. \s. 6d.

MuUer—THE fertilisation of flowers. By Pro-
fessor Hermann Muller. Translated and Edited by D'Arcy
W. THOMrsoN, B.A., Scholar of Trinity College, Cambridge.
"With a Preface by Charles Darwin, F.R.S. With numerous
Illustrations. Medium 8vo. iis.

Murphy.— HABIT AND INTELLIGENCE: a Series of

Essays on the Laws of Life and Mind. By Joseph John
Murphy. Second Edition, thoroughly revised and mostly re-

written. With Illustrations. 8vo. i6s.

Nature.—A weekly illustrated journal of
SCIENCE. Published every Thursday. Price 6d. Monthly
Parts, 2s. and 2s. 6d.

; Half-yearly Volumes, i^s. Cases for binding
Vols. i^. 6d.

*^ This able and 7vell-edited Journal, which posts up the science of
the day promptly, and promises to be of sigtial service to students
and savants Scarcely any expressions that zue can eniploy
would exaggerate our sense of the moral and theological value 0/
the work.''^—British Quarterly Review.

Newcomb.—popular astronomy. By Simon New-
COMB, LL.D., Professor U.S. Naval Observatory. With 112

Engravings and Five Maps of the Stars. New Edition. Svo. iSj.
* ' As affording a thoroughly reliable foundation for more advanced

reading. Professor Neivcomb's '

Popular Astronomy
'

is desa-ving

of strong recommendation.^''—Nature.

Nordenskiold.—the VOYAGE OF THE VEGA ROUND
ASIA AND EUROPE. By Baron A. E. Von Nordenskiold,
Commander of the Expedition. Translated by Alexander Leslie,
Author of Nordenskiold's " Arctic Voyages." Popular Edition.

With numerous Portraits engraved on Steel by G. J. Stodart,
Illustrations, Map, &c. Crown Svo. 6^.

Oliver—Works by Daniel Oliver, F.R.S.
, F.L.S., Professor of

Botany in University College, London, and Keeper of the Herba-

rium and Library of the Royal Gardens, Kew :
—

LESSONS IN ELEMENTARY BOTANY. With nearly Two
Hundred Illustrations. New Edition. Fcap. Svo. 4J. (3d.

FIRST BOOK OF INDIAN BOTANY. With numerous
Illustrations. Extra fcap. Svo. 6j. 6^.

Pasteur.—STUDIES ON FERMENTATION. The Diseases

of Beer ;
their Causes and Means of Preventing them. By L.

Pasteltr, A Translation of "Etudes sur la Biere," With Notes,

Illustrations, &c. By F. Faulkner & D. C. Robb, B.A. Svo. 2ij.

B 2
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Pennington.—NOTES ON THE BARROWS AND BONE
CAVES OF DERBYSHIRE. With an account of a Descent
into Flden Hole. By RooKE Pennington, B.A., LL.B.,
F.G.S. Svo. 6j.

Penrose (F. C.)—ON A method of predicting by
GRAPHICAL CONSTRUCTION, OCCULTATIONS OF
STARS BY THE MOON, AND SOLAR ECLIPSES FOR
ANY GIVEN PLACE. Together with more rigorous methods
for the Accurate Calculation of Longitude. By F. C. Penrose,
F.R.A.S. With Charts, Tables, &c. 4to. izs.

Perry.—an elementary treatise on steam. By
John Perry, B.E., Whitworth Scholar; Fellow of the Chemical

Society, late Lecturer in Physics at Clifton College. With
numerous Woodcuts, Numerical Examples, and Exercises. New-
Edition. i8mo. 4J. (id.

Pickering.—ELEMENTS OF PHYSICAL MANIPULATION.
By E. C. Pickering, Thayer Professor of Physics in the Massa-
chusetts Institute of Technology. Part I., medium Svo. \2s. 6d.

Part II., I4J-.
** When finished 'Physical Manipulation^ will no doubt be con-

sidered the best and most complete text-book on the subject of
which it treats.''^—Nature.

Prestwich.—THE past and future of geology.
An Inaugural Lecture, by J. Prestwich, M.A., F.R.S., &c..
Professor of Geology, Oxford. Svo. 2.s.

Rendu.—the theory of the glaciers of savoy.
By M. LE Chanoine Rendu. Translated by A. W^ells, Q.C,
late President of the Alpine Club. To which are added, the Original
Memoir and Supplementary Articles by Professors Tait and Rus-
KiN. Edited with Introductory remarks by George Forbes, B.A.,
Professor of Natural Philosophy in the Andersonian University,

Glasgow. Svo. 7J. 6d.

Richardson—THE FIELD OF DISEASE : a Book of

Preventive Medicine. By B. W. Richardson, M.D., F.R.S.,

F.R.C.P., Hon. Physician to the Royal Literary Fund
;

Author

of "Diseases of Modern Life," "On Alcohol," &c. Svo. 25j.

Romanes.—ORGANIC EVOLUTION, THE SCIENTIFIC
EVIDENCES OF. By G. J. Romanes, M.A., F.R.S. Crown
Svo. 2s. 6d. [Nature Series.

RoSCOe.—Works by Henry E. Roscoe, F.R.S. ,
Professor of

Chemistry in .the Victoria University, the Owens College,

Manchester :
—

LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC
AND ORGANIC. With numerous Illustrations and Chrorao-
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RoSGOe—continued.

litho of the Solar Spectrum, and of the AlkaHs and Alkahne
Earths. New Edition. Fcap. 8vo. 4J, 6^.

CHEMICAL PROBLEMS, adapted to the above by Professor
Thorpe. New Edition, with Key. zs.

'''We unhesitatingly pronounce it the best oj all our elementary
treatises on Chemistryy—Medical Times.

PRIMER OF CHEMISTRY. Illustrated. i8mo. \s.

Roscoe and Schorlemmer.—a treatise on che-
mistry. With numerous Illustrations. By Professors
Roscoe and Schorlemmer. Vols. I. and II. Inorganic
Chemistry.

Vol. L, The Non-metaUic Elements. 8vo. lis
Vol. II.

, Part I. Metals. Svo. i8j.

Vol. II., Part II. Metals. Svo. \%s.

Vol. III. Oiganic Chemistry.
Part I. The Chemistry of Plydrocarbons and their Derivatives.

8vo. 2 1 J.

Part II. in the press.
"
Regarded as a treatise on the Non-metallic Elements, there can be

no doubt that this volume is incomparably the most satisfactory one

of zuhich we are in possession."
—

Spectator.
**

It would be difficult to praise the work too highly. All the merits

tvhich we noticed in the first volwne are conspiciious in the second.

The arrangement is clearand scientific ; the facts gained by modern
research are fairly represented and judiciously selected; and the

style throughout is singularly lucid.
"—Lancet.

Rumford (Count).—the life and complete WORKS
OF BENJAMIN THOMPSON, COUNT RUMFORD. With
Notices of his Daughter. By George Ellis. With Portrait.

Five Vols. Svo. 4/. 14s'. 6^.

Schorlemmer.—A MANUAL OF THE CHEMISTRY OF
THECARBON COMPOUNDS OR ORGANIC CHEMISTRY.
By C. Schorlemmer, F.R.S., Professor of Chemistry in the

Victoria University, the Owens College, Manchester. Svo. \\s.
*^ It appears to us to be as complete a manual of the metamorphoses of

carbon as could be at present produced, and it must prove eminently

useful to the chemical student.'"—Athenaeum.

Shann.—AN elementary treatise on heat, in
RELATION TO STEAM AND THE STEAM ENGINE.
By G. Shann, M.A. With Illustrations. Crown Svo. 45-. dd.

Siemens— ON THE CONSERVATION OF SOLAR
ENERGY : a Collection of Papers and Discussions. By Sir

C. William Siemens, F.R.S., D.C.L., LL.D., Ph.D., Mem.
Inst. C.E. With Illustrations. Demy Svo. ^s.



23 SCIENTIFIC CATALOGUE.

Smith.—Works by J. Smith, A.L.S., ex-Curator of the Royal
Botanic Garden, Kew.

HISTORIA FILICUM : An Exposition of the Nature, Number,
and Organography of Ferns, and Review of the Principles

upon which Genera are founded, and the Systems of Classification

of the principal Authors, with a new General Arrangement, &c.
With Thirty Lithographic Plates by W. H. Fitch, F.L. S. Crown
8vo. I2J. dd.

** No one anxious to work up a thorough knozuledge offerns can

afford to do without ity—Gardener's Chronicle.

ECONOMIC PLANTS, A DICTIONARY OF : THEIR HIS-
TORY, PRODUCTS, AND USES. 8vo. \\s.

DOMESTIC BOTANY: An Exposition of the Structure and
Classification of Plants, and their Uses for Food, Clothing,
Medicine, and Manufacturing Purposes. With Illustrations.

New Issue. Crown 8vo. xis. 6d.

South Kensington Science Lectures.
Vol, I.—Containing Lectures by Captain Abney, F.RS., Professor

Stokes, Professor Kennedy, F. J. Bramwell, F.R.S., Pro-

fessor G. Forbes, H. C. Sorby, F.R.S., J. T. Bottomley,
F.R.S.E., S. H. Vines, B.Sc, and Professor Carey Foster.
Crown 8vo. 6s,

Vol. II.—Containing Lectures by W. Spottiswoode, P.R.S., Prof.

Forbes, H. W. Chisholm, Prof. T. F. Pigot, W. Froude,
F.R.S., Dr. Siemens, Prof. Barrett, Dr. Burden-Sander-
son, Dr. Lauder Brunton, F.R.S., Prof. McLeod, Prof.

RoscoEjF.R.S., &c. Crown 8vo. 6s.

Spottiswoode.—POLARIZATION OF LIGHT. By W.
Spottiswoode, late President of the Royal Society. With
numerous Illustrations. Third Edition. Cr. 8vo, 3^-. 6d. (Nature

Series.)
** The ilhistratiovts are exceedingly well adapted to assist in making

the text comprehensible''
—Athenaeum. "^ clear, trustivorthy

manual.'"—Standard.

Stewart (B.).
—Works by Balfour Stewart, F.R.S., Professor

of Natural Philosophy in the Victoria University, the Owens

College, Manchester :
—

LESSONS IN ELEMENTARY PHYSICS. With numerous-

Illustrations and Chromolithos of the Spectra of the Sun, Stars,

and Nebulse. New Edition. Fcap. 8vo. 4r. 6d.

The Educational Times calls this the beau-ideal of a scientific text-

book, clear, accurate, and thorough.'"

PRIMER OF PHYSICS. With Illustrations. New Edition, with.

Questions. l8mo. i^.
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Stewart and Tait.—the unseen universe.- or,

Physical Speculations on a Future State. By Balfour Stewart,
F.R.S., and P. G. Tait, M.A. Sixth Edition. Crown 8vo. 6/
** The book is otie which well deserves the attention ofthoughtjtd and

religious readers. . . . It is a perfectly sober inquiry, on scientific

grounds, into the possibilities of a future existence.'"—Guardian.

Stone.—elementary lessons on sound. By Dr.
W. H. Stone, Lecturer on Physics at St. Thomas' Hospital.
With Illustrations. Fcap. 8vo.

3J-,
6d.

Tait.—LECTURES ON SOME RECENT ADVANCES IN
PPIYSICAL SCIENCE. By P. G. Tait, M.A., Professor of

Philosophy in the University of Edinburgh. Second edition,
revised and enlarged, with the Lecture on Force delivered before
the British Association. Crown 8vo. 9^.

Tanner.—Works by Henry Tanner, F.C.S., late Professor of

Agricultural Science, University College, Aberystwith, Examiner in

the Principles of Agriculture under the Government Department
of Science.

FIRST PRINCIPLES OF AGRICULTURE. iSmo. is.
'

THE ABBOTT'S FARM; OR PRACTICE WITH SCIENCE.
Crown Svo. 35'. 6d.

THE ALPHABET OF THE PRINCIPLES OF AGRICUL-
TURE, being a First Lesson Book in Agriculture for Schools.

Extra fcap. Svo. 6d.

FURTHER STEPS IN THE PRINCIPLES OF AGRICUL-
TURE. Extra fcap. Svo. is.

ELEMENTARY SCHOOL READINGS IN THE PRINCIPLES
OF AGRICULTURE FOR THE THIRD STAGE. Extra

Fcap. Svo. i^.

ELEMENTARY LESSONS IN THE SCIENCE OF AGRI-
CULTURAL PRACTICE. Fcap. Svo. 3^. 6d.

Taylor.—SOUND AND MUSIC : A Treatise on the Physical
Constitution of Musical Sounds and Harmony, including the Chief

Acoustical Discoveries of Professor Helmholtz. By Sedley
Taylor, M.A., late Fellow of Trinity College, Cambridge. With
Illustrations. New Edition. Extra crown Svo. Sj-. 6d.

** In no previous scientific treatise do we remember so exhaustive and
so richly illustrated a description of forms of vibration and of
wave-motion in /f/^zV/i-."— Musical Standard.

Thompson (Silvanus P.).
—ELECTRICITY AND MAG-

NETISM, ELEMENTARY LESSONS IN. By Silvanus
P. Thompson, B.A., D.Sc, F.R.A.S., Professor of Experimental

Physics in University College, Bristol. With Illustrations. New
Edition. Fcap. Svo. ^s. 6d.
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Thomson.—Works by Sir Wyville Thomson, K.C.B., F.R.S.

THE DEPTHS OF THE SEA : An Account of the General

Results of the Dredging Cruises of H.M.SS. **
Porcupine" and

"Lightning" during the Summers of 1868-69 and 70, under the

scientific direction of Dr. Carpenter, F.R.S., J. Gwyn Jeffreys,

F.R.S., and Sir Wyville Thomson, F.R.S. With nearly 100

Illustrations and 8 coloured Maps and Plans. Second Edition.

Royal 8vo. cloth, gilt. 31J. dd.

The Athenaeum says :
** The book is full of interesting matter^ and

is written by a master of the art oj popular exposition. It is

excellently illustrated̂ both coloured maps and woodcuts possessing

high 7nerit."

THE VOYAGE OF THE "CHALLENGER."—THE ATLAN-
TIC. A Preliminary account of the Exploring Voyages of H.M.S.
"Challenger," during the year 1873 and the early part of 1876.
With numerous Illustrations, Coloured. Maps & Charts, & Portrait

of the Author, engraved by C. H. Jeens. 2 Vols. Medium 8vo. 45^.

The Times says :
*^ The paper, printing, and especially the numerous

illustrations, are of the highest quality. . . . We have rarely, if
ever, seen more beautiftd specimens ofwood engraving than abound
in this work. . . . Sir Wyville Thomson^ s style is particularly
attractive ; he is easy and graceful, but vigorous and exceedingly

happy in the choice of language, and throtighout the work there

are touches which show that science has not banished sentiment

from his bosom.
'^

Thudichum and Dupre.—a TREATISE ON THE
ORIGIN, NATURE, AND VARIETIES OF WINE.
Being a Complete Manual of Viticulture and CEnology. By J. L.

W. Thudichum, M.D., and August Dupre, Ph.D., Lecturer on

Chemistry at Westminster Hospital. Medium 8vo. cloth gilt. 255-.

" A treatise almost uniquefor its usefulness either to the wine-grower^
the vendor, or the consutner ofwine. The analyses ofwine are the

most complete we have yet seen, exhibiting at a glance the constituent

principles of nearly all the wines known in this country.''^
—Wine

Trade Review.

Tylor.—ANTHROPOLOGY : an Introduction to the Study of

Man and Civilization. By E. B. Tylor, D.C.L., F.R.S. With
numerous Illustrations. Crown 8vo. *js. 6d.

*Wf all manuals were like this, a generation over educated for its

intellect would have no reason to complain. . , . A ifiost attractive

and entertaining introduction to the science ofanthropology. . . .

His wiiting is clear and luminous, and his arrangements masterly.
. . . Mr. Tylor writes with as much caution as learning,"

—
Saturday Review
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Wallace (A. R.).—Works by Alfred Russel Wallace.
THE GEOGRAPHICAL DISTRIBUTION OF ANIMALS,

with a study of the Relations of Living and Extinct Faunas as

Ekicidating the Past Changes of the Earth's Surface. With Maps,
and numerous Illustrations by Zwecker, 2 vols. 8vo. 42^.

ISLAND LIFE; OR, THE PHENOMENA AND CAUSES
OF INSULAR FAUNAS AND FLORAS, including a re-

vision and attempted solution of the problem of geological
climates. With Maps. 8vo. \%s.

TROPICAL NATURE: with other Essays. 8vo. 12s.
** Nazvhere amid the many descriptions of the tropics that have been

given is to be found a sumtnary of the past history and actual

phenomena oj the tropics which gives that which is distinctive of
the phases of nature in them more clearly^ shortly^ and impres-
sively."

—
Saturday Review.

Warington.—the week of creation; or, the
COSMOGONY OF GENESIS CONSIDERED IN ITS
RELATION TO MODERN SCIENCE. By George War-
INGTON, Author of "The Historic Character of the Pentateuch
Vindicated." Crown 8vo. 4^-, (>d.

Wilson.—RELIGIO CHEMICI. By the late George Wilson,
M.D., F.R.S.E., Regius Professor of Technology in the University
of Edinburgh, With a Vignette beautifully engraved after a

design by Sir Noel Paton. Crown Svo. Zs. 6d.

Wilson (Daniel) CALIBAN: a Critique on Shakespeare's

"Tempest" and "Midsummer Night's Dream." By Daniel
Wilson, LL. D., Professor of History and English Literature in

University College, Toronto. Svo, 10s. 6d.
** The whole volume is most rich in the eloquence of thought and

imagination as well as of words. It is a choice contribution at

once to science^ theology, religion, and literature.''^—British

Quarterly Review.

Wright.—METALS AND THEIR CHIEF INDUSTRIAL
APPLICATIONS. By C. Alder Wright, D.Sc, &c.. Lec-

turer on Chemistry in St. Mary's Hospital School. Extra fcap.

Svo. 3^. 6^.

Wright (Lewis).
—LIGHT. A Course ot Experimental

Optics, chiefly with the Lantern. By Lewis Wright. With

nearly 200 Illustrations and Coloured Plates. Crown Svo.

7j. dd.

WurtZ.—A HISTORY OF CHEMICAL THEORY, from the

Age of Lavoisier down to the present time. By Ad. Wurtz.
Translated by Henry Watts, F.R.S. Crown Svo. (>s.

** The discourse, as a resume of chemical theory and research, unites

singtilar luminousness and grasp. A fewjudicious notes are added
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WurtZ—continued,

by the trans/ator."~'Psll Mall Gazette. "
T/ie treatment of the

subject is admirable, and the translator has evidently done his duty
most efficiently.''''

—Westminster Review.

Ziegler—Macalister—TEXT-BOOK OF PATHOLOGICAL
ANATOMY AND PATHOGENESIS. By Professor Ernst
Ziegler, of Tiibingen. Translated and Edited for English
Students by Donald Macalister, M.A,, M.B., B.Sc, Fellow
of St. John's College, Cambridge. With numerous Illustrations.

Medium 8vo. Part I.—GENERAL PATHOLOGICAL ANA-
TOMY. \2s. 6d. [Part II. in the press.

SCIENCE PRIMERS FOR ELEMENTARY
SCHOOLS.

Under the joint Editorship of Professors Huxley, Roscoe, and
Balfour Stewart.

Introductory. By Professor Huxley, P. R.S. i8mo. is.

Chemistry By H. E. Roscoe, F.R.S., Professor of Chemistry
in the Victoria University, the Owens College, Manchester. With
numerous Illustrations. i8mo. is. New Edition. With

Questions.

Physics By Balfour Stewart, F.R.S., Professor of

Natural Philosophy in the Victoria University, the Owens College,
Manchester. With numerous Illustrations. i8mo. is. New
Edition. With Questions.

Physical Geography. —By Archibald Geikie, F.R.S.,
Director General of the Geological Surveys of the United Kingdom.
With numerous Illustrations. New Edition With Questions.
i8mo. is.

Geology—By Archibald Geikie, F.R.S. With numerous Illus-

trations. New Edition. iSmo. cloth, is.

Physiology—By Michael Foster, M.D., F.R.S. With
numerous Illustrations. New Edition. iSmo. is.

Astronomy.—Py J. Norman Lockyer, F.R.S. With numerous
Illustrations. New Edition. iSmo. is.

Botany—By Sir J. D. Hooker, K.C.S.I., C.B., F.R.S. With
numerous Illustrations. New Edition. iSmo. is.

Logic—By Stanley Jevons, LL.D., M. A., F.R.S. New Edition.

iSmo. is.

Political Economy By Stanley Jevons, LL.D., M.A.,
F.R.S. iSmo. i^.

Others in preparation.
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ELEMENTARY SCIENCE CLASS-BOOKS.
Agriculture.—ELEMENTARY LESSONS IN AGRICUL-

TURAL SCIENCE. By Professor H. Tanner, F.C.S.,
Examiner in the Principles of Agriculture under the GoTerninent

Department of Science. Fcap. 8vo. 3J-. 6t/.

Astronomy—popular astronomy, with Illustrations.

By Sir G. B. Airy, K.C.B,, late Astronomer Royal. New
Edition. l8mo. 4J. dd.

Astronomy.—ELEMENTARY LESSONS IN ASTRONOMY.
With Coloured Diagram of the Spectra of the Sun, Stars, and
Nebulx, and numerous Illustrations. By J. NoRMAN LoCKYER,
F.R.S. New Edition. Fcap. 8vo. t^s. dd.

QUESTIONS ON LOCKYER'S ELEMENTARY LESSONS
IN ASTRONOMY. For the Use of Schools. By John
Forbes Robertson. iSmo, cloth limp, is, 6d.

Botany—LESSONS IN ELEMENTARY BOTANY. By D,

Oliver, F.R.S. , F.L.S., Professor of Botany in University

Colkge, London. With nearly Two Hundred Illustrations. New
Edition. Fcap. 8vo. 4^. 6d.

Chemistry—LESSONS IN ELEMENTARY CHEMLSTRY,
INORGANIC AND ORGANIC. By Henry E. Roscoe,
F.R.S., Professor of Chemistry in the Victoria University, the
Owens College, Manchester. With numerous Illustrations and
Chromo-Litho of the Solar Spectrum, and of the Alkalies and
Alkaline Earths. New Edition. Fcap. 8vo. 45-. 6d.

A SERIES OF CHEMICAL PROBLEMS, prepared with

Special Reference to the above, by T. E. Thorpe, Ph.D.,
Professor of Chemistry in the Yorkshire College of Science, Leeds.

Adapted for the preparation of Students for the Government,
Science, and Society of Ai-ts Examinations. With a Preface by
Professor Roscoe. New Edition, with Key. i8mo. 2s.

Practical Chemistry—the OWENS COLLEGE JUNIOR
COURSE OF PRACTICAL CHEMISTRY. By Francis
Jones, F.R.S. E,, F.C.S., Chemical Master in the Grammar School,
Manchester. With Preface by Professor Roscoe, and Illustrations.

New Edition. i8mo. 2s. 6d.

Chemistry.—QUESTIONS ON. A Series of Problems and
Exercises in Inorganic and Organic Chemistry. By F. Jones,
F.R.S. E., F.C.S. i8mo. 3^.

Electricity and Magnetism.—By Silvan us P. Thompson,
B.A., D.Sc, F. R.A.S., Professor of Experimental Phy.'ics in

University College, Bristol. With Illustrations. Third Edition.

Fcap. 8vo. 4^'. 6d.
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Elementary Science ZldiSS-hooViS—continued.

Physiology LESSONS IN ELEMENTARY PHYSIOLOGY.
With numerous Illustrations. By T. H. Huxley, F.R.S., Pro-

fessor of Natural History in the Royal School of Mines. New
Edition. Fcap. 8vo. ^. 6d.

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR
SCHOOLS. By T. Alcock, M.D. i8mo. is. 6d.

Political Economy—political economy for be-
ginners. By Millicent G. Fawcett. New Edition.

i8mo. 2s. 6d.

Logic—ELEMENTARY LESSONS IN LOGIC ; Deductive and

Inductive, with copious Questions and Examples, and a Vocabulary
of Logical Terms. By W. Stanley Jevons, LLD., M.A.,
F.R.S. New Edition. Fcap. Svo. 3X. 6d.

Physics—LESSONS IN ELEMENTARY PHYSICS. By
Balfour Stewart, F.R.S. ,

Professor of Natural Philosophy in

the Victoria University, the Owens College, Manchester. With
numerous Illustrations and Chromo-Litho of the Spectra of the

Sun, Stars, and Nebulae. New Edition. Fcap. Svo. 4J. 6d.

QUESTIONS ON STEWART'S LESSONS IN ELEMENTARY
PHYSICS. By Professor T. H. Core. i2mo. 2s.

Anatomy—lessons in elementary anatomy. By
St. George Mivart, F.R.S., Lecturer in Comparative Anatomy
at St. Mary's Hospital. With upwards of 400 Illustrations. Fcap.
Svo. 6s. 6d.

Mechanics._AN elementary treatise. By A. By
W. Kennedy, C.E., Professor of Applied Mechanics in University

College, London. With Illustrations. [/« preparation.

Steam—an elementary treatise. By John Perry,
B.E., Whitworth Scholar; Fellow of the Chemical Society, Lec-
turer in Physics at Clifton College. With numerous Woodcuts and
Numerical Examples and Exercises. New Edition. iSmo. 45'. 6d.

Physical Geography. _ elementary LESSONS in
PHYSICAL geography. By A. Geikie, F.R.S., Director

General of the Geological Surveys of the United Kingdom. With
numerous Illustrations. Fcap. Svo. 4^. 6d.

QUESTIONS ON THE SAME. is. 6d.

FIELD GEOLOGY, OUTLINES OF. By the same Author.
With numerous Illustrations. Third Edition. Fcap. Svo. 3J. 6d.

GEOLOGY, ELEMENTARY LESSONS IN. By the same
Author, \In preparation.
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Elementary Science Class-books—continued.

Psychology.—ELEMENTARY LESSONS IN PSYCHO-
LOGY. By G. Groom Robertson, Professor of Mental

Philosophy, &c., University College, London. \_In preparation.

Geography—CLASS-BOOK OF GEOGRAPHY. By C. B.

Clarke, M.A., F.G.S., F.R.S. New Edition, with eighteen
coloured Maps. Fcap. 8vo. 3X.

Moral Philosophy.—AN ELEMENTARY TREATISE.
By Professor E. Caird, of Glasgow University, \_Tn preparation.

Natural Philosophy.-NATURAL PHILOSOPHY FOR
BEGINNERS. By I. Todhunter, M.A., F.R.S. Part L
The Properties of Solid and Fluid Bodies. i8mo. 3^. dd. Part
II. Sound, Light, and Heat. i8mo. 3J-. dd.

The Economics of Industry.—By A. Marshall, M.A.,
late Principal of University College, Bristol, and Mary P.

Marshall, late Lecturer at Newnham Hall, Cambridge. Extra

fcap. Svo. 2.S. 6d.

Sound—AN ELEMENTARY TREATISE. By Dr. W. H.
Stone. With Illustrations. iSmo. 3^. 6d.

Electricity and Magnetism.—ABSOLUTE MEASURE-
MENTS IN. By Andrew Gray, M.A., F.R.S.E., chief

Assistant to the Pi'ofessor of Natural Philosophy in the University
of Glasgow. Pott Svo. 3^. 6d.

Easy Lessons in Science.—Edited by Professor W. F.
Barrett.

I. HEAT. By C. A. Martineau. Illustrated. Extra fcap.
Svo. 2j. 6d.

II. LIGHT. By Mrs. W. Awdry. Illustrated. Extra fcap.
Svo. 25. 6d.

others in Preparation.

MANUALS FOR STUDENTS.
Crown Svo.

Cossa.—GUIDE TO THE STUDY OF POLITICAL
ECONOMY. By Dr. Luigi Cossa, Professor of Political

Economy in the University of Pavia. Translated from the Second

Italian Edition. With a Preface by W. Stanley Jevons, F.R.S.

Crown Svo. 4J. 6d.

Dyer and Vines the STRUCTURE OF PLANTS. By
Professor Thiselton Dyer, F.R.S., assisted by Sydney
Vines, B.Sc, Fellow and Lecturer of Christ's College, Cambridge.
With numerous Illustrations.. {In preparation.
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Manuals for Students—continued.

Fawcett a manual of political economy. By
Right Hon. Henry Fawcett, M.P., F.R.S. New Edition,

revised and enlarged. Crown 8vo. I2s.

Fleischer.—A system OF volumetric analysis.
Translated, with Notes and Additions, from the second German
Edition, by M. M. Pattison Muir, F.R.S. E. With Illustra-

tions. Crown 8vo. 7^. 6d.

Flower (W. H.).-^an introduction to the oste-
ology OF THE MAMMALIA. Being the Substance of the

Course of Lectures delivered at the Royal College of Surgeons of

England in 1870. By Professor W. H. Flower, F.R.S.,
F.R.C.S. With numei-ous Illustrations. New Edition, enlarged.
Crown 8vo. 10^. 6d.

Foster and Balfour.—the ELEMENTS OF EMBRY-
OLOGY. By Michael Foster, M.A., M.D., LL.D., F.R.S.,
Professor of Physiology in the University of Cambridge, Fellow
of Trinity College, Cambridge, and the late Francis M. Balfour,
M.A., LL.D., F.R.S., Fellow of Trinity College, Cambridge,
and Professor of Animal Morphology in the University. Second

Edition, revised. Edited by Adam Sedgwick, M.A., Fellow
and Assistant Lecturer of Trinity College, Cambridge, and Walter
Heape, Demonstrator in the Morphological Laboratory of the

University of Cambridge. With Illustrations. Crown 8vo.

10^. 6d.

Foster and Langley._A COURSE OF elementary
PRACTICAL PHYSIOLOGY. By Professor Michael Foster,
M.D., F.R.S., and J. N. Langley, M.A., F.R.S. New Edition.

Crown 8vo. p. 6d.

Frankland—AGRICULTURAL CHEMICAL ANALYSIS,
a Handbook of. By Percy Faraday Frankland, Ph.D.,
B.Sc., F.C.S., Associate of the Royal School of Mines, and
Agricultural Demonstrator of Practical Chemistry in the Normal
School of Science and Royal School of Mines, South Kensington
Museum. Founded upon

" Leitfadea fiir die Agricuhm--Che-
mische Analyse," von Dr. F. Krocker. Crown 8vo. "js. 6d.

Hooker (Dr.)—THE STUDENT'S FLORA OF THE BRITISH
ISLANDS. By Sir J. D. Hooker, K.C.S.I., C.B., F.R.S.,
M.D., D.C.L. New Edition, revised. Globe 8vo. 10s. 6d.

Huxley—PHYSIOGRAPHY. An Introduction to the Study of

Nature. By Professor Huxley, F.R.S. With numerous

Illustrations, and Coloured Plates. New and cheaper Edition.

Crown Svo.. 6s.
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Manuals for Students—continued.

Huxley and Martin—a COURSE OF PRACTICAL IN-
STRUCTION IN ELEMENTARY BIOLOGY. By Professor

Huxley, F.R.S., assisted by H. N. Martin, M.B., D.Sc. New
Edition, revised. Crown 8vo. 6s.

Huxley and Parker.—ELEMENTARY BIOLOGY. PART
II. By Professor Huxley, F.R.S., assisted by T. J. Parker.
With Illustrations. \^In preparation.

Jevons—By W. Stanley Jevons, LL.D., M.A., F.R.S. :—
THE PRINCIPLES OF SCIENCE. A Treatise on Logic and

Scientific Metliod. New and Revised Edition. Crown 8vo. I2j. 6d.

STUDIES IN DEDUCTIVE LOGIC. A Manual for Students.
Crown 8vo. ds.

Kennedy.—MECHANICS OF machinery. By A, B. W.
Kennedy, M. Inst. C.E., Professor of Engineering and
Mechanical Technolofjy in University College, London. With
Illustrations. Crown 8vo. \_In the Press.

Kiepert.—A manual of ancient geography. From
the German of Dr. H. Kiepert. Crown 8vo. 5^-.

Lang.—experimental physics. By P. R. Scott Lang,
M.A., Professor of Mathematics in the University of St. Andrews.

Crown 8vo. [In preparation.

Lankester.—A TEXT-BOOK OF ZOOLOGY. By Professor

E. Ray Lankester, F.R.S. Crown 8vo, [In preparation.

Martin and Moale.—ON the dissection of verte-
brate ANIMALS. By Professor H. N. Martin and W. A.

Moale. Crown 8vo. ^In preparation.

Oliver (Professor).—FIRST BOOK OF INDIAN botany.
By Professor Daniel Oliver, F.R.S., F.L.S., Keeper of the

Herbarium and Library of the Royal Gardens, Kew. With

numerous Illustrations. Extra fcap. 8vo. 6s. 6d.

Parker.—A COURSE OF INSTRUCTION IN ZOOTOMY
(VERTEBRATA). By T. Jeffrey Pari-ler, B.Sc. Lond.,

Professor of Biology in the University of Otago. With Illus-

trations. Crown 8vo. Un the Press.

Parker and Bettany.—the MORPHOLOGY OF THE
SKULL. By Professor Parker and G, T. Bettany. Illus-

trated. Crown 8vo. ioj-. 6d.
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Manuals for Students—r^?^^'/^/^^.

Robinson—marine surveying, an elementary
TREATISE ON. Prepared for the use of younger Naval
Officers. With Questions for Examinations and Exercises princi-
pally from the papers of the Royal Naval College. With Results.

By Rev. John L. Robinson, Chaplain and Instructor to the

Royal Naval College, Greenwich. With Illustrations, Crown
8vo. ']s. 6d.

Co'STEi^TS.'-' Symbols used in Churls and Surveying
—The Con-

strueHon and Use of Scales—Laying off Angles—Fixing
Positions by Angles— Charts and Chart-Drawing—Instrtiments
and Observing

—Base Lines— Triangulation—Levelling
— Tides

and Tidal Observations—Soundings— Chronofneters—Meridian
Distances—Method of Plotting a Survey—Miscellaneous Exer-
cises—Index.

Tait—HEAT. P. G. Tait, M.A., Sec. R.S.E, Formerly Fellow
of St. Peter's College, Cambridge; Professor of Natural Philosophy
in the University of Edinburgh. Illustrated. Crown 8vo. 7^. dd.

Tyler.—ANTHROPOLOGY : An Introduction to the Study of Man
and Civilization. By E. B. Tylor, M.A., F.R.S. Illustrated.

Crown 8vo. 7^. 6d.

Other volumes of these Manuals will follow.

SCIENTIFIC TEXT-BOOKS.
Balfour.—a treatise on comparative embry.

OLOGY. With Illustrations. By F. M. Balfour, M.A.,
F.R.S., Fellow and Lecturer of Trinity College, Cambridge. In
2 vols. 8vo. Vol. I. 18^. Vol. II. 21J.

Ball (R.S.jA.M.). —experimental mechanics, a
Course of Lectures delivered at the Royal College of Science for

Ireland. By R. S. Ball, A.M., Professor of Applied Mathema-
tics and Mechanics in the Royal College of Science for Ireland.

Royal 8vo. \os. 6d.

Brunton.—TABLES OF MATERIA MEDICA. A Companion
to the Medica Museum. By T. Lauder Brunton, M.D.,
F.R.S., Editor of The Practitioner, &c. New Ed. 8vo. los. dd.

Brunton. —A TREATISE ON MATERIA MEDICA. By T.

Lauder Brunton, M.D,, F.R.S. 8vo. [In preparation.

Chalmers.—GRAPHICAL DETERMINATION OF FORCES
IN ENGINEERING STRUCTURES. By James B. Chal-

mers, C.E. With Illustrations. 8vo. 24J.

Clausius.—MECHANICAL THEORY OF HEAT. By R.

Clausius. Translated by Walter R. Browne, M.A., late

Fellow of Trinity College, Cambridge. Crown 8vo. los. 6d.
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Scientific Text-Books—r^«^/«z^^^.

CotterilL—A treatise ON applied mechanics.
By James Cotterill, M.A., F.R.S., Professor of Applied
Mechanics at the Royal Naval College, Greenwich With IJlus
trations. 8vo. Un preparation.

Daniell,—A TEXT-BOOK OF THE PRINCIPLES OF
PHYSICS. By Alfred Daniell, M.A. Lecturer on Physics
in the School of Medicine, Edinburgh. "With Illustrations 8vo
2IJ.

Fawcett—A manual of political economy. By
Right Hon. Henry Fawcett, M.P., F.R.S. New Edition,
revised. With a Chapter "On the Nationalisation of the Land,*'
and an Index. Crown 8vo. \2s.

Foster.—A TEXT-BOOK OF PHYSIOLOGY. By Professor
Michael Foster, IM.D , F.R.S. With lUastrations. Fourth
Edition, revised. 8yo. lis.

Gamgee.—A TEXT-BOOK OF the PHYSIOLOGICAL
CHEMISTRY OF THE ANIMAL BODY. Including an
account of the chemical changes occurring in Disease. By A.
Gamgee, M D., F.R.S., Professor of Phy.sioIogy in the Victoria

University, the Owens College, Manchester. 2 vols. 8vo. With
Illustrations. Vol.1. i8j. {Vol. II. in the Press.

Gegenbaur.—elements of comparative ana-
tomy. By Professor Carl Gegenbattr. A Translation by
F. Jeffrey Bell, B A. Revised with Preface by Professor E.
Ray Lankester, F.R.S. With numerous Illustrations. 8vo.
2 1 J,

Geikie.—A TEXT-BOOK OF GEOLOGY. By Archibald
Geikie, LL.D,, F.R.S., Director-General of the Geological
Surveys of the United Kingdom. With numerous Illustrations.

Medium 8vo. 28^.
*'

It is a manual worthy to take rank beside SacJis *

Botany
*

or
Hermann!s ^Physiology,' as a cojnplete elucidation of all the most

fundamental ideas in the department of knowledge wtth which it

deals. . . It will be clear to our readers from this brief analysis
that Dr. Geikie's text- book must remain for some time to coine the

great digest of general geological authority and reasoningfor the

entire English-speaking world."—St. James's Gazette.

Gray.—STRUCTURAL BOTANY, OR, ORGANOGRAPHY
ON THE BASIS OF MORPHOLOGY. To which are added
the principles of Taxonomy and Phytpgraphy, and a Glossary of

Botanical Terms. By Professor Asa Gray, LL.D. 8vo. \os. td,

C
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Scientific Text-Books—continued.

Miiller.—THE fertilisation of flowers. By Pro-
fessor Hermann MtJLLER. Translated and Edited by D'Arcy
W. Thompson, B.A., Scholar of Trinity College, Cambridge.
With a Preface by Charles Darwin, F.R.S. With numerous
Illustrations. Medium Svo. 21^.

Newcomb.—POPULAR astronomy. By S. Newcomb,
LL.D., Professor U.S. Naval Observatory. With 112 Illustra-

tions and 5 Maps of the Stars. Second Edition, revised. Svo. \%s.
** // is unlike anything else of its kind, and will be of more use in

circulating a knowledge of astronomy than nine-tenths ofthe books
which have appeared on the subject of late years"—Saturday
Review.

Reuleaux.—the kinematics of machinery. Out-
lines of a Theory of Machines. By Professor F. Reuleaux.
Translated and Edited by Professor A. B. W. Kennedy, C.E.
"With 450 Illustrations. Medium Svo. 21J.

Roscoe and Schorlemmer.—inorganic CHEMIS-
TRY. A Complete Treatise on Inorganic Chemistry. By Pro-

fessor H. E. Roscoe, F.R.S., and Professor C. Schorlemmer,
F.R.S. With numerous Illustrations. Medium Svo. Vol. I.—
The Non-Metallic Elements. 21J. Vol. II.—Metals.—Part I.

\%s. Vol. II.—Metals. Part IL iSj.

organic CHEMISTRY. A complete Treatise on Organic
Chemistry. By Professors RoscoE and Schorlemmer. With
numerous Illustrations. Medium Svo. Part I. 2.\s. Part II,
2IJ.

Schorlemmer.—A manual of THE CHEMISTRY
OF THE CARBON COMPOUNDS, OR ORGANIC
CHEMISTRY. By C. Schorlemmer, F.R.S., Professor of

Chemistry, the Victoria University, the Owens College, Manchester.
With Illustrations. Svo. 14.?.

Sidgwick.—THE PRINCIPLES OF POLITICAL ECONOMY.
By Henry Sidgwick, M.A., Professor in Moral Philosophy in

the University of Cambridge, Author of "The Methods of

Ethics." Svo. ids.

Smith.—A DICTIONARY OF ECONOMIC PLANTS. Their

History, Products, and Uses. By John Smith. Svo. 14^.

DOMESTIC BOTANY ; An Exposition of the Structure and

Classification of Plants, and their Uses for Food, Clothing,

Medicine, and Manufacturing Purposes. By the same Author.

With Illustrations. New Issue. Crown Svo. izs. 6d.
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Thorpe and Riicker.—A TREATISE ON chemical
PHYSICS. By Professor Thorpe, F.R.S., and Professoi

RiJCKER, of the Yorkshire College of Science. Illustrated. 8vo.

\In preparation.

Walker.—political economy. By Francis A. Walker,
M.A., Ph.D., Author of "The Wages Question," "Money,""
Money in its Relation to Trade," &c. 8vo. ioj. 6d.

Ziegler— Macalister.—TEXT-BOOK OF PATHOLOGI-
CAL ANATOMY AND PATHOGENESIS. By Professor

Ernst Ziegler of Tubingen. Translated and Edited for English
Students by Donald Macalister, M.A., M.B., B.Sc, Fellow

of St. John's College, Cambridge. With numerous Illustrations.

Medium 8vo. Part I.—GENERAL PATHOLOGICAL ANA-
TOMY. \2s. 6d. Part II.—SPECIAL PATHOLOGICAL
ANATOMY. I2s. 6d.

WORKS ON MENTAL AND MORAL
PHILOSOPHY, AND ALLIED SUBJECTS.

Aristotle.—an INTRODUCTION TO ARISTOTLE'S
RHETORIC. With Analysis, Notes, and Appendices. By E.

M. Cope, Trinity College, Cambridge. 8vo. 14^.

ARISTOTLE ON FALLACIES; OR, THE SOPHISTICI
ELENCHI. With a Translation and Notes by Edward Poste,

M.A., Fellow of Oriel College, Oxford. 8vo. 2>s. 6d.

THE METAPHYSICS, BOOK I. Translated into English

Prose, with Marginal Analysis, and Summary of each Chapter.

By a Cambridge Graduate. Demy 8vo. 5^.

THE POLITICS. Translated by J. E. C. Welldon, M.A.,

Fellow of- King's College, Cambridge, and Master of Dulwich

College. Crown 8vo. los. 6d.

Balfour.—a DEFENCE OF PHILOSOPHIC DOUBT : being

an Essay on the Foundations of Belief. By A. J. Balfour,

M.P. 8vo. 12s.

*' Mr. Balfour's criticism is exceedingly brilliant and suggestive.'*
—

Pall Mall Gazette.

**An able and refreshing contribution to one of the burning questions

of the age, and deserves to make its mark in the fierce battle now

raging between science and theology."
—Athenaeum.

Birks.—Works by the Rev. T. R. BiRKS, late Professor of Moral

Philosophy, Cambridge :—
FIRST PRINCIPLES OF MORAL SCIENCE; or, a First

Course of Lectures delivered in the University of Cambridge-

Crown 8vo. %s. (>d.
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Birks—continued.—
MODERN UTILITARIANISM; or, The Systems of Paley,
Bentham, and Mill, Examined and Compared. Crown 8vo. 6j-. 6r/.

SUPERNATURAL REVELATION; or, First Principles of
Moral Theology. 8vo. 8j.

Caird.—an introduction to the philosophy of
RELIGION. By John Caird, D.D., Principal and Vice-

Chancellor of the University of Glasgow, and one of Her Majesty's

Chaplains for Scotland. Svo. \os. dd.

Caird.—a critical account of the philosophy
OF KANT. With an Historical Introduction. By E. Caird,
M.A., Prof, of Moral Philosophy in the University of Glasgow.
Svo. 18J.

Calderwood.—Works by the Rev. Henry Calderwood, M.A.,
LL.D., Professor of Moral Philosophy in the University of Edin-

burgh :
—

A HANDBOOK OF MORAL PHILOSOPHY. Sixth Edition.

Crovm Svo. 6^-.

*M compact and useful work, going over a great deal of ground
in a manner adapted to suggest and facilitate further study. . . .

His book will be an assistance to many students outside his own
University of Edinburgh. —Guardian.

THE RELATIONS OF MIND AND BRAIN. Second Edition,
Revised and Enlarged, with additional Chapter on ** Animal

Intelligence.*' Svo. \2s.
** Contains the suggestion of a principle which may prove to be

capabli ofexplaining much that is at present obscure in the relations

between the mind and the body."
—Scotsman.

THE RELATIONS OF SCIENCE AND RELIGION. Being
the Morse Lecturer, iSSo, connected with Union Theological

Seminary, New York. Crown Svo. ^s.

Clifford.—LECTURES AND ESSAYS. By the late Professor

W. K. Clifford, F.R.S. Edited by Leslie Stephen and
Frederick Pollock, with Introduction by F. Pollock. Two
Portraits. 2 vols. Svo. 25J. [See also page 2.
** The Times of October 22nd says :—"Afany afriend of the author

on first taking up these volumes and reinembering his versatile

genius and his keen enjoyment of all realms of intellectual activity
must have trembled, lest they should be found to consist offragmen-
tary pieces of work, too disconnected to do Justice to his powers of
consecutive reading, and too varied to have any effect as a zuhole.

Fortunately the^e fears are groundless. . . . It is not only in

subject that the various papers are closely related. There is also a

singular consistency of view and of method throtighout. . . . It

is in the social and metaphysical subjects that the richness of his

intellect shows itself, most forcibly in the rarity and originality of
ihe ideas which he presents to us. To appreciate this variety it is

necessary to real the book itself, for it treats in some form or other

of all the subjects ofdeepest interest in this ape ofquestioning.^*
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^iske.—OUTLINES OF COSMIC PHILOSOPHY, BASED
ON THE DOCTRINE OF EVOLUTION, WITH CRITI-
CISMS ON THE POSITIVE PHILOSOPHY. By John
FiSKE, M.A., LL.B., formerly Lecturer on Philosophy at

Harvard University. 2 vols. 8vo. 25^.
** The work constitutes a very effective encyclopaedia ofthe evolution-

ary philosophy, and is well worth the study of all who wish to see

at once the entire scope and pitrport of the scientific dogtnatism of
the day.''''

—
Saturday Review.

Fowle.—A NEW ANALOGY BETWEEN REVEALED
RELIGION AND THE COURSE AND CONSTITUTION
OF NATURE. By Rev. T. W. Fowle, Rector of Islip,
Oxford (Cellarius). Crown 8vo. 6s.

Harper.—the metaphysics of the school. By the

Rev. Thomas Harper (S.J.). In 5 vols. 8vo. Vol. I. 8vo. \%s.

Vo1.il 8vo. iSj. [Vol. IJJ. in the press.

Herbert.—THE REALISTIC ASSUMPTIONS OF MODERN
SCIENCE EXAMINED. By T. M. Herbert, M.A., late

Professor of Philosophy, &c., in the Lancashire Independent

College, Manchester. 8vo. i^s.
*' Mr. Herbert's work app^ears to us one of real ability and impoji-

ance. The author has shotun himselfwell trained in philosophical

lite)'attire, aftd possessed of high critical and speculativepowers."
—

Mind.

Jardine.—THE elements OF the psychology of
COGNITION. By Robert Jardine, B.D., D.Sc, Principal of

the General Assembly's College, Calcutta, and Fellow of the Uni-

versity of Calcutta. Crown 8vo. 6s. 6d.

Jevons.—Works by the late W. Stanley Jevons, LL,D.,

M.A., F.R.S. :—
THE PRINCIPLES OF SCIENCE. A Treatise on Logic and

Scientific Method. New and Cheaper Edition, revised. Crown

8vo. I2s. 6d.
"No one in future can be said to have any true knowledge of what

has been done in the %vay of logical and scientific method in

Ensland without having carefully studied Professor Jevons'
book."—Spectator.

ELEMENTARY LESSONS IN LOGIC, DEDUCTIVE AND
INDUCTIVE. With Questions, Examples, and Vocabulary of

Logical Terms. New Edition. Fcap. 8vo. y. 6d.

STUDIES IN DEDUCTIVE LOGIC. A Manual for Students.

Crown 8vo. 6s.

METHODS OF SOCIAL REFORM, and other Papers. Demy
8vo. loj. 6d.

PRIMER OF LOGIC. New Edition. i8mo. IJ.



38 SCIENTIFIC CATALOGUE.

Kant:—critique of pure reason. Centenary Trans

lation. By F. Max Muller. With an Historical Introduction

by LuDWiG NoiRfi. 2 vols. 8vo. 32J.
"
Through this translation Kant's work has for thefirst time become

international—the common property of the whole world."—Times.

**
Professor Max Miiller has here performed a service for his great

countryi?ia ft, which as years roll by, will be more and more recog-

nised by our own countrymen as having supplied a new starting

pointJor their thought- lives, ajtd given them the means of account-

ing to themselvesfor experience."
—British Quarterly Review.

M'Cosh.—Works by JAMES M'CoSH, LL.D., President of Princeton

College, New Jersey, U.S.
** He certainly shozus himself skilful in that application of logic to

psychology, in that inductive science of the human mind which is

the fine side of English philosophy. His philosophy as a whole is

worthy of attention."—Revue de Deux Mondes.

THE METHOD OF THE DIVINE GOVERNMENT, Physical
and Moral. Tenth Edition. 8vo. \os. dd.

THE INTUITIONS OF THE MIND. A New Edition. Svo.

cloth. \os. 6d.

AN EXAMINATION OF MR. J. S. MILL'S PHILOSOPHY:
Being a Defence of Fundamental Truth. Second edition, with

additions. lo^. 6d.

*^Such a work greatly needed to be done, and the author was the man
to do it. This voiume is important, not merely in reference to the

views of Mr. Mill, but of the whole school of writers, past and

present,, British and Continental^ he so ably represents."
—Princeton

Review.

THE LAWS OF DISCURSIVE THOUGHT : Being a Text-

book of Formal Logic. Crown Svo. <fS.

CHRISTIANITY AND POSITIVISM : A Series of Lectures to

the Times on Natural Theology and Apologetics. Crown Svo.

7j. 6d.

THE SCOTTISH PHILOSOPHY FROM HUTCHESON TO
HAMILTON, Biographical, Critical, Expository. Royal Svo. 16^

THE EMOTIONS, Crown Svo. 9^.

Masson.—recent British philosophy: a Review,
with Criticisms ; including some Comments on Mr. Mill's Answer
to Sir William Hamilton. By David Masson, M.A., Professor

of Rhetoric and English Literature in the University of Edinburgh.
Third Edition, with an Additional Chapter. Crown Svo. 6f.
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MaSSOn—continued.
** We can nowherepoint to a work tvhich gives so clear an exposi'

iion of the course ofphilosophical speculation in Britain during
thepast century, or which indicates so instructively the mutual in-

fluences ofphilosophic andscientific thought.''^
—

Fortnightly Review.

Materialism, Ancient and Modern. By a late Fellow
of Trinity College, Cambridge. Crown 8vo. 2j.

In this small volume the writer deals in six chapters with Nature,
Ancient Materialism, Modern Materialism, the Theory of Development,
the Hypothesis of an Intelligent Catise, and the fiypothesis of Self-
Existent Matter and Intelligence.

Maudsley.—Works by H. Maudsley, M.D., Professor of Medical

Jurisprudence in University College, London.
THE PHYSIOLOGY OF MIND

; being the First Part of a Third

Edition, Revised, Enlarged, and in great part Re-written, of "The
Physiology and Patholosjy of Mind." Crown 8vo. los. 6d.

THE PATHOLOGY OF MIND. Revised, Enlarged, and in great

part Re -written. 8vo. iBj.

BODY AND MIND : an Inquiry into their Connexion and Mutual

Influence, specially with reference to Mental Disorders. An
Enlarged and Revised edition. To which are added, Psychological

Essays. Crown 8vo. 6s. 6d.

Maurice.—Works by the Rev. Frederick Denison Maurice,
M.A., late Professor of Moral Philosophy in the University of Cam-

bridge. (For other Works by the same Author, see Theological
Catalogue.)

SOCIAL MORALITY. Twenty-one Lectures delivered in the

University of Cambridge. New and Cheaper Edition. Crown 8vo.

los. 6d.
" Whilst reading it we are charmed oy thefreedomprom exclusiveness

andprejudice, the large charity, the loftiness ofthought, the eager-
ness to recognize and appreciate whatever there is of real tvorth

extant in the world, which animates it prom one end to the other.

We gain neiu thoughtsand new ways ofviezving things, even 7?iore,

perhaps, from being brought for a tijne under the influence of so

noble arid spiritual a fuind."—Athenaeum.

THE CONSCIENCE : Lectures on Casuistry, delivered in the Uni-

versity of Cambridge. New and Cheaper Edition. Crown 8vo. $s.

The Saturday Review says: '^We rise from them with detestation

of all that is selfish and mean, and with a living impression that

there is such a thing as goodness after all.''''

MORAL AND METAPHYSICAL PHILOSOPHY. Vol. I.

Ancient Philosophy from the First to the Thirteenth Centuries ;

Vol. II. the Fourteenth Century and the French Revolution, with

a glimpse into the Nineteenth Century. New Edition and
Preface. 2 Vols. 8vo. 25^-.
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Paradoxical Philosophy.—A Sequel to "The Unseen Uni-
verse." Crown 8vo. ^s. 6d.

Picton.—THE MYSTERY OF MATTER AND OTHER
ESSAYS. By J. Allanson Picton, Author of *' New Theories
and the Old Faith." Cheaper issue with New Preface. Crown
8vo. 6^-.

Pollock.—ESSAYS IN JURISPRUDENCE AND ETHICS.
By Frederick Pollock, M.A., LL.D., Corpus Christi Pro-
fessor of Jurisprudence in the University of Oxford, late Fellow
of Trinity College, Cambridge. 8vo. ioj. 6d.

Sidgwick.—THE METHODS OF ETHICS. By Henry
SiDGWiCK, M. A., Professor in Moral Philosophy in the University—— A |i| of Cambridge. Second Edition, revised throughout, with impor-

Otant additions. Svo. 14^-.

-J
THE PRINCIPLES OF POLITICAL ECONOMY. Demy Svo.^ O M '^•'•^ The Alternative : a Study in Psychology. Crown Svo. Sj. td.

After having read about half of this work, Mr. Henry Sidgwick
writes of it :

''^ I f el no doubt that the book deserves the attention

of all students of philosophy from the amount of vigorous, precise,
and independent thinking it contains—thinking which appears
to me generally consistent sofar as it has been completely developed.
. . . . I also find the terse, forcible individuality of the style
attractive"

Thornton.—OLD-FASHIONED ETHICS, AND COMMON-
SENSE METAPHYSICS, with some of their Applications. By
William Thomas Thornton, Author of **A Treatise on Labour."
Svo. loj. (id.

Thring (E., M.A.).—THOUGHTS ON LIFE-SCIENCE.
By Edward Thring, M.A. (Benjamin Place), Head Master of

Uppingham School. New Edition, enlarged and revised. Crown
Svo. ']s. 6d.

Venn.—Works by John Venn, M.A., Fellow and Lecturer of

Gonville and Caius College, Cambridge.
THE LOGIC OF CHANCE : An Essay on the Foundations and

Province of the Theoiy of Probability, with especial reference to

its logical bearings, and its application to Moral and Social Science.

Second Edition, rewritten and greatly enlarged. Crown Svo
lov, 6d.

SYMBOLIC LOGIC. Crown Svo. los. ed.

Walker.—political economy. By Francis A. Walker,
M.A., Ph.D., Author of "The Wages Question," "Money,"
"Money in its relation to trade," &c. Svo. \os. 6d.

Watson.—KANT AND HIS ENGLISH CRITICS. A Com-

parison of Critical and Empirical Philosophy. By John Watson,
M. A., LL.D., Professor of Moral Philosophy in Queen's University,

Kingston, Canada. Svo. 12s. 6d.

LONUON : K. CLA.y, SONS, AND TAYLOK, PRINTERS.
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