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AN ATTEMPT TO APPLY TO CHEMISTRY 
ONE OF THE PRINCIPLES OF NEWTON'S 
NATURAL PHJLOSOPHY.1 

NAT URE, inert to the eyes of the ancients, has been revealed 
to us as full of life and acti,·ity. The conviction that motion 

,pervaded all things, which was first realized with respect to the 
stellar universe, has now extended to the unseen world of atoms. 
No sooner had the human understanding denied to the e2rth a 
fixed posi,ion and launched it along its path in space, than it 
was sought to fix immoval,ly the sun and the stars. But astronomy 
has demonstrated that the sun moves with unswerving regularity 
through the star-set universe at the rate of about 50 kilometres 
per second. Among the ,o called fixed stars are now discerned 
manifold changes and various orders of movement. Light, heat, 
,electricity-like sound-have been proved to be modes of mo
tion ; to the realization of this fact modern science is indebted 
for powers which have been used with such brilliant success, and 
which have been expounded so clearly at this lecture-table by 
Faraday and by his successors. As in the imagination of Dante 
the invisible air became peopled with spiritual being,, so before 
the eyes of earnest inve,tigators, ancl especially before those of 
Clerk Maxwell, the invisible mass of gases hec;ime peopled with 
particles : their rapid movements, their collisions, and impacts 
became so manifest that it seemed almost possible to count the 
impacts and ~etermine many of the peculiarities or laws of their 
collisions. The fact of the existence of these invisible motions 
may at once be made apparent by demonstrating the difference 
in the rate of diffusion through porous bodies of the light and 
rapidly moving atoms of hydrogen and the heavier and more 
sluggish particles of air. \Vithin the masses of liquid and of 
solid bodies we have been forced to acknowledge the existence 
of persistent though limited motion of their ultimate particles, 
for oth,rnise it wt.uld be impossible to explain, for example, the 
celebrated experiments of Graham on· diffusion through liquid and 
colloidal substances. lf there were, in our times, no belief in 
the molecular moti,m in soli,l bodies, conic! the famous Spring 
have hoped to c1ttain any result by mixing carefully dried powders 
of pJtash saltpetre, ancl acetate of soda, in order to produce, by 
;iressurc, a chemical reaction between these substances through 
the interchange of their metals, ancl have derived, for the con
viction of the incredulous, a mixture of two hygroscopic though 
solid salts-nitrate of su,la and acetate of potash? 

In these invisible and apparently chaotic movements, reaching 
from the starj to the 1ninutest atoms, there reigns, however, an 
harmonious order which i, c0mmonly mistaken fo, complete 
rest, but which is really a consequence of the conservation of 
that dynamic equilibrium which was first discerner! by the genius 
of Newton, and which has been traced by his successors in the 
detailed analysis of the par<iClllar consequences of the great 
genernlization,-namely, relative immovability in the midst of 
uni vc-r.-:a] and active movement. 

But the unseen world of chemical changes is closely analogous 
to the visible world of the heavenly bodies, since our atoms 
form distinct portions of an invisible world, as planets, satellites, 
and comets form distinct portions of the astrono1ner's universe; 
our atoms may th~refore be c ,mpared to the solar sys~ern, or to 
the ~ystcrns of double or of single star~, for example, am1nonia 
(NII:,) may be represented in the simplest manner by supposing 
the sun nitrogen snrrounded by its planets of hydrogen ; an,! 
common salt ( :-J a Cl) mciy be looked upon as a double star formed 
of nitrogen and chlorine. Besides, now that the indestructibility 
of the elements has been acknowlcclgerl, chemical changes 
cannot 01 herwise lee explained than as changes of motion, and 
the pro:luction by chemical reactions of galvanic currents, of 
light, of heat, of pressure, or of steam power, demonstrate 
visibly that the processes of chemical r~action are inevitably 
connected with enormous though unseen ,bplacecnents, originat
ing in the movements of atoms in molecules~ Astronomers and 
natural philosophers, in studying the visible motions of the 
heavenly bodies and of matter on the earth, have understood and 
have estimated the value of this store of energy. But the chemist 
has had to pursue a contrary course. Observing in the physical 
and mechanical phenomena which accompany chemical reactions 
the quantity of energy manifested by the atoms and molecules, 
he is constrained to acknowledge that within the molecules there 
exist atoms in rr.otion, endowed with an energy which, like 
matter itself, is neither being created nor is capable of being 

1 The Frid;i.v evening lecture delivercci at the Royal ln.;;titution of Gre1.t 
Britain, on I\Ia~' :-P, 1389, by l)ruf. D l\Iendeleeff, Pro'.·e,:so; of Chemistry rn 
di= University 0f St. Peta:;burg. 

destroyed. Therefore, in chemistry, we must seek dycamic 
equilibrium not only between the molecules but also in their 
midst among their component atoms. Many conditions of such 
equilibrium have been determined, but much remains to be clone, 
and it is not uncommon, even in these days, to fin<l that some 
chemists forget that there is the possibility of motion in the 
interior of molecules, and therefore represent them as being in a 
conclition of death-lil,e inactivity. 

Chemical combinations take place with so rr,uch ease and 
rapidity, possess so many special characteristics, and are so 
numerous, that their simplicity an<l order was for a long tome hid 
from investigators. Sympathy, relationship, all the caprices or 
all the fancifulness of human intercourse, seemed to have found 
complete analogies, in chemical combinations, but with this 
difference, that the characteristics of the material substances
such as silver, for example, or of any other body-remain ur,
changecl in every subdivision from the lr.rgest masses to the 
smallest particles, and consequently their characteristics must be 
a property of its particles. But the world of heavenly lumin
aries appeared equally fanciful at man's first acquaintance with 
it, so much so that the astrologers imagined a connection be
tween the individualities of men and the conjunctions of planets. 
Thanks to the genius of Lavoisier and of Dalton, man has been 
able, in the unseen world of chemical combinations, to recog
nize laws of the same simple order as those which Copernirns 
and Kepler proved to exist in the planetary universe. Man dis
covered, and c011tinues every hour to discoYer, wltal re1nains 
unchanged in chemical evolution, and lww cha11ges take place 
in combinations of the unchangeable. He has learned to pre
dict, not only what possible combinations may take place, but 
also the very existence of atoms of unknown elementary boclie,, 
an,\ has bes ides succeeded in making innumerable practical ap
plications of his knowledge, to the great advantage of his race, 
and has rccornplishecl this notwithstanding that notions of sym
pathy and affinity still preserve a strong vitality in science. At 
present we cannot apply Newton's principles to chemistry, te
cause the soil is only being now prepared. The invisible worlcl 
of chemical atoms is still waiting for the creator of chemical 
mechanics. For him our age is collecting a mass of materials, 
the inductions of well-digested facts, and many-sided inferences 
similar to I hose which existed for astronomy and mechanics in 
the days of Newton. It ,swell also to remember that Newton 
devot,cl much time to chemical experiments, and while consider
ing questions of celestial mechanics, per,istently kept in view 
the mutual action of those infinitely small worlds which are 
concerned in chemical ernlutions. For this reason, and also to 
maintain tLe unity of laws, it seems to me that we must, in the 
first instance, seek to harmonize the various phases of con
temporary chemical theories with the immortal principles of the 
Newtonian natural philosophy, and so hasten the advent of true 
chemical mechanics. L, t the above considerations serve as my 
justification for the attempt which I propose to make to act as 
a champion of the universality of the Newtonian principles, 
which 1 believe are competent to embrace every phenomenon 
in the universe, from the rotation of the fixed stars, to the 
interchanges of chemical atoms. 

In the first place, I consider it indispensable to bear in mind 
that, up to quite recent times, only a one-sided affinity bas been 
recognized in chemical reactions. Thus, for example, from the 
circumstance that reel-hot iron decomposes water with the 
evolution of hydrogen, it was concluded that oxygen had a 
greater affinity for iron than for hydrogen. But hydrogen, in 
presence of red-licit iron scale, appropriates its oxygen, and forms 
water, whence an exactly opposite conclusion may be formerL 

During the last ten years a grad1ul, scarcely perceptible, but 
most imp)rtcnt change bas taken place in the views, and con
sequently in the re,earches, of chemists. They have sought 
everywhere, and have always found systems of conservation ol" 
dynamic equilibrium substantially similar to those which natural 
1,hilosophers have long since discovered in the visible world, and 
in virtue of which the position of the heavenly bodies in the 
universe is determined. There, where one-sided affinities only 
were at first detected, not only secondary or lateral ones bave 
been found, but even those which are cliametri,·ally opposite, yet 
among these, dynamical equilibrium establishes itself, not by 
excluding one or other of the forces, but regulating them all. 
So the chemist finds in the flame of the blast-furnace, in the 
formation of every salt, and, with especial clearness, in double 
salts, and in the crystallization of solutions, not a fight ending 
in the victo1 y of one side, as used to be supposed, but the con
junction of forces ; the per-ce of dynamic equilibritan resulting 
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from the action of many forces and affi ni ties. Carbonaceous 
matters , for example, burn at the expense of the oxygen of the 
"-ir, yi elding a quantity of heat and forming products of com
bustion, in . which it was thought that the affinities of the oxygen 
with the combustible elements were sati sfi ed . But it appeared 
that the heat of com b11stion was competent to decompose these 
products, to dissociate the oxygen from the combustible elements; 
and therefore, to explain combust ion fully , it is necessary to take 
into account the equilib ium between opposite reactions, between 
those which evolve and those which absorb heat. 

In the same way, in the case of the solut ion of common salt 
in water, it is necessa ry to take in to account, on the one hand, 
the formation of compound particles generated by the combina
tion of salt with wate r, and , · on the other, the disintegration or 
scatt ering of the new particles formed, as well as of those origin
ally cont a ined. At present we find two currents of thought , 
apparen tly antagonistic to each other, dominating the st•1dy of 
solut ions : according to the one, soluti on seems a mere act of 
building up or association ; according to the other, it is only 
dissociation or disintegration. The tru th lies, evidently, hetween 
these views ; it lies, as I have endeavoured to prove by my in
vestigathns into aquem,s solutions, in the dynamic equilibrium 
of particles tending to combine and also to fall asunder. The 
large majority of chemical reactions which appeared to act vic
toriomly along one line have been proved capable of acting as 
victoriously even along an exactly opposite line. Elements 
which utter ly ,kcline to combine directly may oft en be formed 
into comparat ively stable compounds by indirect means, as, for 
example, in the case of chlorin e and carbon; and , consequently, 
the symp1thies and antipathies, which it was thought to transfer 
from human rela•ions to those of atoms, sh ould be laid aside 
until the mechanism of chemical relations is explained. Let us 
remember, however, that chlorine, which doe., not form with 
carl,on the ch loride of carbon, is strongly absorbed , or, as it were, 
dissolved by carbon, which lead, us to suspect incipient chemical 
action even in an external and purely surface contact, and in
volun tari ly gives rise to concepti ons of th at unity of the forces 
o f N at ure which has been so energetically insisted on by Sir 
"William Gro ve and formulated in his famo us paradox. Grove 
noti ced that platinum, when fused in the oxyhydrogen flame, 
during which operation water is formed, when allowed to drop 
into water decomposes the latte r and produces the explosive 
oxyhydrogen rnix:ure. The explanation of this paradox, as of 
many others which arose during the period of chemical renais
sance, has led, in our time, to the promulgation by Henri St. 
C la ire Devi ll e of the concept ion of d iss ·ciation and of equili
b rium, and has recalled the teaching of Berthollet, which, not
withstanding it s brilliaut confirmation by H einrich Rose and 
Dr. Glad., tonP, had not, up to tha t period, been included in 
receiv i d chemical views. 

Chemical equilibrium in general, and dissociation in particular, 
are now b eing so fully worked out in detail, and applied in such 
various ways, that I do not allude to them to develop, hut only 
use them as examples hy which to indicate the correctne-s of a 
tend ency to regard chemical combinations from points of view 
differing from tho,e expressed by the tertn hitherto appropriated 
to define chemical rorces-namely, " affi nity." Chemical equilibria 
dissocia tion, the speed of chemical reactions, thermo-chemistry, 
spectroscopy, and, more than all, the dete rmi nat ion of the in
fluence of ,~asses and the search fo r a connect ion between the 
properties and weigh ts o r a toms and molecules; in one word, 
the vast mass of the mo-st important chemica l restarches of the 
present day, cteady ind icates the near approach of the time 
when chemical doctri nes will submit fully and completely to the 
doctrine which was fi rs t announced in the "Principia " of Newton. 

I n order that the application of these principles may bear 
fruit, it is ev;dently insufficient lo assume that statical equili
brium reigns alone in chemical systems or chemical molecules : 
it is necessary to grasp the conditions of possible states of dy
namical equilib ia, and to apply to them kinetic principles. 
Num erous considernt ions compel us to renounce the idea of 
statical equilibrium in molecules, and the recent yet strongly 
supported appeal, to dynamic princip les constitute, in my 
opinion, the found.1tion of the modern teaching relating to 
alomtclly, or the valency of the elements, which usually fvrms 
the basis of invesfg1tions into organic or carbon co:npounds. 

This teaching has led to b rilliant explanations of ve.cy many 
chemical relations and to cases of isomerism, or the difference in 
the properties of substances havin;: the same composition. It 
has been so frui tful in its many applicat ions and in the fo re
shadowing of remote consequences, especially respecting carbon 

compounds, that it is impossible to deny its cla ims to be ranked 
as a great achievement of chemical science. Its practical 
application to the synthesis of many substances of the most 
complicated composition entering int o the structure of organized 
bodies, and to the creation of an unlimited number of carbon 
compounds, among which the rolours derived from coal tar 
stand prominently forwad, surpass the synthetical powers of 
N atnre itself. Yet this teaching, as applied to the str11cture of 
carbon compounds, is not on the face of it directly applicable to 
the invest igation of other elements, because in examining the 
fi rst it is possible to assume that the atoms of carbon have 
always a definite and equal number of affinities, while in the 
combinations of other elements this is evident ly inadmissible . 
Thus, for example, an atom of carbon yields only one compound 
with four atoms of hydrogen and one with four atoms of chlorine 
in the molecule, while the atoms of chlorine and hydrogen unite 
only in the proportions of one to one. Simplicity is here 
evident, and for ms a point of departure from which it is easy to 
move forward with firm and secure tread. Other elements are· 
of a different nature. Phosphorus unites with three and with 
five atoms of chlorine, and consequent ly the simplicity and 
sharpness o f the application of strnctural conceptions are lo· t. 
Sulphur unites only with two atoms of hyd roge n, but with 
oxygen it enters into higher orders of combination. The 
periodic relationship which exists among a ll th e properties of 
the elements, such, for example, as their ability to enter into 
various combinations, and their ato mic weights, indica•.e that 
this nriation in a tomicity is subject to one perfect ly exact and 
general law, and it is on ly carbon a 1d its near analogues which 
constitute cases 1)f permanently pr ,served atom icity. 1 t is im
possible to recognize as constant and fond amental properties of 
atoms, powers which, in subslance, have proved to be variable. 
But by abandoning the idea of permanence, and of the constant 
saturat ion of affinities-that is to say, by acknowledging the 
possibility of free affinities-many reta in a ~o 11prehension or the 
atomicity of the elements '' under given conditions " ; ancl en 
this frai l fo undation they build up structu res composed of 
chemical molecules, evidently only because th e conception of 
manifold affinities gives, at once, a simple statical method of 
estimatio'{ the composition of the most complicated molecules. 

I shalt enter neither into details, nor into the various con
sequences following from these views, nor into the disputes 
which have sprung up respecting them (and relating especially 
to the number of i,omers possible on the a-sumption of free 
affinities), because the foundation or ori gin of theories of thi s 
nature suffers from the radical defect of being in opposition to
dynamics. The molecule, as even Laurent expressed himself, 
is represented as an architectural structure, the sty le of which is 
determined by the fundamental arrangement of a few atoms,. 
while the decorative details, which are capable of being varied 
by the same forces , are formed by the elements entering into the 
combination. It is on this account that the term "structural" is so 
appropri ate to the contemporary views of the above ord er, and that 
the "constructors " seek to justify the tetrahedric, plane, or pris
matic clispo: it ion of the atoms of car Lon in benzole. I t is evider,t 
that th e consideration relates to the statical position of atoms and 
molecules, and not to their kinetic relations. The atoms of the 
structural type are like the lifeless pieces on a chess-board: they 
are endowed but with the voices of living beings, and are not 
those livi ng beings themselves ; acting, ind eed, according to 
laws, yet each possessed of a store of energy, which, in the 
present slate of our knowledge, must be taken into account. 

In the days o f Haiiy, crystals were considered in the same 
slatica l and structural ligh t, but modern c rystallographers, 
having become more thoroughly acquainted with their physical 
propert ies and their actual L,rmation, have allandoned the earlier 
views and ha,·e made their doctrines dependent on dynamics. 

The immediate object of this lecture is to show that, starting 
with Newton's third law of motion, it is possible to preserve to 
chemistry all the advantages arising from structural teaching, 
without being obliged to build up molecules in solid and motion
less figures, or to ascribe to atoms definite limited valencies, 
directions of cohesion, or affinities. The wide extent of the sub
ject obliges me to treat only a small portion of it-namely, of 
substitu:ions, without specially considering combinations and 
decompositions-and, even then , limiting myself to the simplest 
examples, which, however, will th n,w open prospects embracing 
all the natural complexity of chemical relations. For this reason, 
if it should prove p0ssihle to form groups similar, for example, 
to H 4 or C H 6 as the remnanl s of molecules C I-1 4 or C2ll 6, we 
shall not pause to consider them, because, as far as we know, 
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they fall asunder into two parts, H 2 + H2 or CH4 + H 2, as 
soon as they are even tempora1ily formed, and are capable of 
separate existence, and therefore can take no part in the element
ary act of substitution. With _respect to the simple~t molecules 
which we shall select- that 1s to say, those of which the parts 
have no separate existence, and therefore c:innot appear in _sn1?· 
stitutions-we shall consider them accordmg to the penod1c 
law, arranging them in direct dependence on the atomic weight 
of the elements. 

Thus, for example, the molecules of the simplest hydrogen 
compounds-

HF 
Hydronuoric acid 

H,0 
Water 

H,1N 
Ammonia 

H 4C 
Methane 

·correspond to elements the a tomic weights of which decrease 
consecutively-

F = 19, 0 = 16, N = 14, C = 12. 

Neither the arithmetical order ( 1, 2, 3, 4 atoms of hydrogen) nor 
the total information we possess respecting the elements will 
·pe rmit us to interpolate into this typical series one more addi
tional element ; and therefore we have here, for hydrogen com
pounds, a natural base upon which are built up those simple 
chemical combinations which we take as typical. But even 
they are competent to unite with each other, . as we see, for 
instance, in the property which hydrofluoric acid has of forming 
a hydrate-that is, of combining with water; and the similar 
attribute of ammonia, resu lting in the formation of a caustic 
-alkali, NH3H .O, or NH40H. 

Havina made these indispensable preliminary observations, I 
may now" attack the problem itself, and attempt to explain the 
so-called structure, or rather construction of molecules-th"t is 
to say, their constitution an,l transformations-without having 
recourse to the teaching of "structionists," but on Newton's 
dynamical principles. 

Of Newton's three laws o f motion, only the third can be 
applied direct ly to chemical molecules when regarded as systems 
,of atoms among which it must be supposed that there exist 
common influences or forces, and resulting compounded relative 
motions. C hem ical reactions of every kind are undoubted ly 
accomplished hy changes in these internal movements, respecting 
the nature of which nothing is known at present, but the exist
ence of which the mass of evidence collected in modern times 
forces us to acknowledge as forming part of the common motion 
of the universe, and as a fact further established by the circum
stanc:e that chemical reactions a re a lways characteri zed by 
changes of volume or the relations between the atoms or the 
molecules. Newton's third law, which is appli cable to every 
system, declares that "action is always associated with reaction , 
and is equal to it." The brevity and conciseness of this axiom 
was, however, qualified by Newton in a more expanded state
ment : " The actions of bodies one upon another are al ways 
equal , and in opposite directions." This simpl e fact constitutes 
the point of departure for explaining dynamic equilibrium - that 
·is to say, systems of conservancy. It is capable of satisfying 
even the dualists, and of explaining, wit hout addi tional assump
tions, the preservation of those chemical types which Dum as, 
Lauren t, and Gerhardt created unit types, and those views of 
atomic combin ations which the structionists express by atom 
icity or the valency of the elements, and, in connection with 
them, the various numbers of affinities. In reality, if a system 
of atoms or a molecule be g iven, then in it, according to the 
th ird law of Newton, each portio :1 of atoms acts on the re
maining portion in the same manner and with the same force as 
the second set of atoms acts on the first. W e infe r directly 
from this consideration that both sets of atoms forming a 
molecule are not on ly equivalent with regard to themselves, 
as they must be according to Dalton's law, but a lso that they 
may, if united, replace each other. Let there be a molecule 
containing atoms ABC, it is clear that, according to Newton 's 
law, the action of A on B C must be equal to the action of 
B C on A, and if the first action is directed on B C, then 
the second must be directed on A, and consequen tl y then, 
where A can exist in dynamic equilibrium, B C may take its 
place and act in a like manner. In the same way the action 
of C is equal to the action of A B. In one word eve ry tw o 
sets of atoms forming a molecule a re equivalent to each other, 
and may take each other's p lace in other molecules, or, having 
tlie power of balancing each other, the atoms or their comple
ments are endowed with the power of replacing each other. Let 

----·-·----- - - ----------
us call this consequence "of an evident axiom "the principle of 
substitution," and let us apply it to those typical forms of 
hydrogen compounds which we have already discussed, and 
which, on account of their simplicity and regularity, have serve<! 
as starting-points of chemical argument long before the appearance 
of the doctrine of structure. 

In the type of hydroA uoric acid, HF, or in systems of double 
stars, are included a multitude of the simplest molecules. It 
will be sufficient for our purpose to recall a few : for example, 
the molecules of chlorine, Cl~, and of hydrogen, H 2, and 
hydrochloric acid, HCl, which is familiar to all in aqueous 
solution as spirit of salt, and which has many points of 
resemblance with HF, HB2, H I. In these cases division 
into two parts can only be made in one way, and therefore the 
principle of substitution renders it probable that exchanges 
between the chlorine and the hydrogen can take place, if they 
are competent to unite with each other. There was a time when 
no chemist would even admit the idea of any such action ; it 
was then thought that the power of combination indica ted a 
polar difference of the mol ecules in combination, and this 
thought set aside all idea of the substitution of one component 
element by another. 

Thanks to the observations and experiments of Dumas and 
Laurent fi fty years ago, such fallacies were dispelled, and in this 
manner this same principle o f substitution was exhibited. 
Chlorine and bromine, acting on many hydrogen compounds, 
occupy immediately the place of their hydrogen, and the dis
placed hydrogen, with another atom nf chlorine or bromine, 
forms hydrochloric acid or bromide of hydrogen. This takes 
place in all typica l hydrogen compounds. Thus ch lorine acts 
on this principle on gaseous hydrogen-reaction, un<l er the influ
ence of ligh t, resulting in the forma tion of hydrochloric acic!. 
Chlorine, acting on the alkalies, constituted similarly to water, 
and even on water itself-only, however, under the in fluence of 
light, and only partially because of the instability of HClO
forms, by this principle, bleaching salts, which are tbe same as 
the alkalies, but with their hyd rogen replaced by chlorine. In 
ammonia and in methane, chlorine can also repl ace the 
hydrogen. From ammonia is formed in this manner the so
called chloride of nitrogen, NC13, which decomposes very 
read il y wi th vio]ent explosion on account of the evolved gases, 
and falls asunder as chlorine and nitrogen. Out of marsh gas, 
or methane, CH4, may be obtained consecutively, by this 
method, every poss ible substitution, of which chloroform, 
CHCJ3, is the best known, and chloro-carbonic acid , CC14, the 
most ins tructive. But by virtue of the fact that chlorine and 
bromine act in the manner shown on the simplest typical 
hydrogen compounds, their action on the more complicated 
ones may be assumed to be the same. This can be easily 
demonstrated. The hydrogen of benzole, C 6 H 6, reacts feebly 
under the influence of light on liquid bromine, hut Gustavson 
has shown that the addition of the smallest quantity of metallic 
aluminium causes energetic action, and the evolntion of large 
volumes of bromide of hyclrogen. 

If we pass on to the second typical hydrogen compound-that 
is to say, water- it s molecule, HO H , may be split up in two 
ways: either into an atom of hydrogen and a molecule of oxide 
of hyd rogen, H O, or into oxygen, 0, and two atoms < f 
hydrogen, H ; and therefore, accord ing to the principl e of sub
stitution, it is evident that one atom of hyd rogen can exchange 
with oxide of hydrogen, HO, and two atoms of hyd r.:,gen, H, 
wi th one atom of oxygen, O. 

Both these forms of substitution will constitute methods ot 
oxidation-that is to say, of the entrance of oxygen into the 
compound-a reaction which is so common in Nature as well as 
in the arts, tak ing place at the expense of the oxygen o f the a ir 
or by the aid of various oxidizing substances or bodies which 
part easi ly with their oxygen. There is no occasion to reckon 
up the unlimited number of cases of such oxidizing reactions. 
It is sufficient to state that, in the first of these, oxygen is 
directly trans ferred, and the position, the cher!lica l function, 
which hydrogen origina ll y occupied is, a ft er the subst itution, 
occupied by the hydroxyl. Thus ammonia, NH,i, yields 
hydroxylami ne, NII2(0H), a substance which retains many of 
the p roperties of ammonia. 

Methane and a number of other hydrocarbons yield, by sub
stitution of the hydrogen by its oxide, methyl ic, CH3(0 H ), 
and ot her alcohols. The subst itution of one atom of oxygen for 
two atoms of hydrogen is equally common with hydrogen com
pounds. By this means al coholic liquids containing ethyl 



© 1889 Nature Publishing Group

NATURE 357 

alcohol, or spmts of wine, C2H 5(0H), are oxidized till they 
become vinegar or acetic acid, C2 H 30(0H). In the same way 
caustic ammonia, or the combination of ammonia with water, 
NH3H 20, or NH4(0H), which contains a great deal of hydro
gen, by oxidation exchanges four atoms of hydrogen for two 
atoms of oxygen, and becomes converted into nitric acid, 
N02(0H). This process of conversion of ammonia salts into 
saltpetre goes on in the fi elds every summer, and with especial 
rapidity in tropical countries . The method by which this is 
accomplished, though complex, th ough invol ving the agency of 
all-permeating micro-organisms, is, in substance, the same as 
that by which alcohol is converted into acetic acid, or glycol, 
C2H4(0H) 2 into oxalic acid, if we view the process of oxidation 
in the light of the Newtonian principle,. 

But while speaking of th e application of the principle of 
substitution to water, we need not mt1ltiply instances, but must 
turn our attention to two specia l circumstances which are closely 
connected with the very mechanism of substitutions. 

In the first place, the replacemen t of two atoms of hydrogen 
by one atom of oxygen may tak e place in two ways, because the 
hydrogen molecule is composed of two atoms, and therefore, 
under the influence of oxygen, the molecule forming water may 
separate before the oxygen has time to take its place. It is for 
this reason that we find, during the conversion of alcohol into 
acetic acid, that there is an interval during which is formed 
aldehyde, C2H 40, which, as its very name implies, is "alcohol 
dehydrogenatum," or alcohol deprived of hydrogen. Hence 
aldehyde combined with hydrogen yields alcohol, and, united to 
oxygen, acetic acid. 

For the same reason there should be, and there actually are, in
termediate products between ammonia and nitric acid, N02( H OJ, 
containing either less hydrogen than ammonia, less oxygen than 
nitric acid, or less water than caustic ammonia. Accordingly 
we find, among the products of the de-oxidization of nitric acid 
and the oxidization of ammonia, not only hydroxylamine, but 
also nitrous oxide, ni,rous and nitric anhydrides. Thus, the 
production of nitrous acid results from the removal of two atoms 
of hydrogen from caustic ammonia and the substitution of the 
oxygen for the hydrogen, NO(OH) ; or by the substitution, in 
ammonia, of three atoms of hydrogen by hydroxyl, N(OHh, 
and by the removal of water; N(OH)a-H20 = NO(OH). 
The peculiarities and properties of nitrous acid, as, for instance, 
its action on ammonia and its conversion, by oxidation, into 
nitric acid, are thus clearly revealed. 

On the other hand, in speaking of the principle of substitution 
as applied to water, it is necessary to observe that hydrogen and 
hydroxyl, H and OH, are not only competent to unite, but also 
to form combinations with themselves, and thus becom.e H 2 and 
H 20 2 ; and such are hydrogen and the peroxide thereof. In gene
ral, if a molecule AB exists, then molecules AA and BB can exist 
also. A direct reaction of this kind does not, however, take 
place in water, therefore undoubtedly, at the moment of forma
t ion hydrogen reacts on the peroxide of hydrogen, as we can 
show at once by experiment; and further, because the peroxide 
of hydrogen, H 20 2 , exhibits a structure containing a molecule 
of hydrogen, H 2 , and one of oxygen, 0 2, either of which is 
capable of separate exi~tence. The fact, however, may now be 
taken as thoroughly established, that, at the moment of com
bustion of hydrogen or of the hydrogen compounds, peroxide of 
hydrogen is al ways formed, and not only so, but in all prob
ability its format ion invariably precedes the formation of water. 
This was to be expected as a comequence of the law of Avo
gadro and Gerhardt, which leads us to expect this sequence in 
the case of equal interactions of volumes of vapours and gases ; 
and in the peroxide of hydrogen we actually have such equal 
volumes of the elementary gases. 

The instability of peroxide of hydrogen-that is to say, the 
ease with which it decomposes into water and oxygen, even at 
the mere con I act of porous bodies-accounts for the circumstance 
that it does not form a permanent product of combustion, and is 
not produced during the decomposition of water. I may men
tion this additional consideration that, with respect to the per· 
oxide of hydrogen, we may look for its effecting still further 
substitutions of hydrogen by means of which we may expect to 
obtain still more highly oxidized water-compounds, such as 
H 20 3 and H 20 4. These, Schonbein and Bunsen have long been 
seeking, and Berthelot is investigatiag them at this moment. It 
is probable, however, that the reaction will stop at the last com· 
pound, because we find that in a number of cases the additioa 
of four atoms of oxygen seems to form a limit. Thus, Os04, 

KC10 4 , KMn04 , K 2S0 4, Na3P04, and such like, represent the 
highest grades of oxidation. 1 

As for the last forty years, from the times of Berzelius, Dumas, 
Liebig, Gerhardt, Williamson, Frankland, Kolbe, Kekule, and 
13utlerow, most theoretical generalizations have centred round 
organic or carbon compounds, so we will, for the sake of brevity, 
leave out the discussion of ammonia derivatives, notwithstanding 
their simplicity in respect to the doctrine of substitutions ; we 
will dwell more especially on its application to carbon com
pounds, starting from methane, CH 4 , as the simplest of the 
hydrocarbons, containing in its molecule one atom of carbon. 
According to the principles enumeraled, we may derive from 
CH4 every combination of the form CH 3X, CH 2X 2, CHX3, and 
CX 4, in which X is an element, or radical, equivalent to hydro
gen-that is to say, competent to take its place or to combine 
with it. Such are the chlorine sub;titutes mentioned already, 
such is wood-spirit, CH3(0H), in which Xis represented by tac 
residue of water, and such are numerous other carbon deriva
tives. If we continue, with the aid of hydroxyl, further substi
tutions of the hydrogen of methane, we shall obtain successively 
CHiOH}2, CH(OH)a. and C(OH)4• But if, in proceed ing thus, 
we bear in mind that CH2(0H)2 contains two hydroxyls in the 
same form as peroxide of hydrogen, H 20 2 or (OH)2, contains 
them-and, moreover, not only in one molecule, but together, 
attached to one and the same atom of carbon-so here we must 
look for the same decomposition as that which we find in perox
ide of hydrogen, and accompanied also hy the formation of water 
as an independently existing molecule; therefore CH 2(0Hh 
should yield, as it actually does, immediately water and the 
oxide of methylene, CH20, which is methane with oxygen 
substituttcl for two atoms of hydrogen. Exactly in the same 
manner out of CH(OH)3 are formed water and formic acid, 
CIIO(OH ), and out of C( OH )4 is produced water and-carbonic 
acid, or directly carbonic anhydride, CO2, which will thereforP 
be nothing else than methane with the double replacement of 
pairs of hydrogen by oxygen. As nothing leads to the supposi
tion that the four atoms of hydrogen in methane differ one from 
the other, so it does not matter by what means we obtain any 
one of the combinations indicated-they will be identical ; that 
is to say, there will be no case of actual isomerism, although 
there may easily be such cases of isomerism as have been 
distinguished by the term metamerism. 

Formic acid, for example, has two atoms of hydrogen, one 
attached to the carbon left from the methane, and the other 
attached to th e oxygen which has entered in the form of 
hydroxyl, and if one of them be replaced by some substance, 
X, it is evident that we shall obtain bodies of the same com
position, but of different construction, or of clffferent orders of 
movement among the molecules, and therefore endowed with 
other properties and reactions. If X be methyl, CH3-tbat is. 
to say, a group capable of replacing hydrogen because it is. 
actually contained with hydrogen in methane itself-then by 
substituting this group for the original hydrogen, we obtain 
acetic acid, CCH30 (0H), out of formic, and by substitution of 
the hydrogen in its oxide or hydroxyl, we obtain methyl for
miate, CHO(OCH3). These bodies differ so much from each 
other physically and chemically that, at first sight, it is hardly 
po;sible to admit that they contain the same atoms in identically 
the same proportions. Acetic acid, for example, boils at a 
higher temperature than water, and has a higher specific gravity 
than it, while its metamer, formo-methylic ether, is lighter than 
water, and boils at 30°-that is to say, it evaporates very easily. 

Let us now turn to carbon c,>mpounds containing two atoms 
1 Because more th:m four atoms of hydrogen ne ver unite with one atom nf 

the elements, and because the hydrogen compounds (e.g . HCJ, H 2S, H :1P., 
H-1Si) a lways form the ir highest oxides with four atom'- of oxygen, and a,;;. 
the hi«he~t forms of oxides (OS0,1R0-1) a lso contain four of oxygen, and 
eight 

0
groups of the µerio<l ic system, corrt!sponding: to the hig~est basic 

oxides R20, RO, R:!0;;, R02, R:.!05, R03, R:.!07, an<l R0.,1, unply the 
above relationship, and because of the nearest analogues among the ele
ments-such as M~. Zn. Cd, and Hg; or Cr, Mo, \V, and U; or Si , Ge, 
Sn. and Pt; or F, Cl, Br, and J, and so forth-not more than four are 
kn•nvn it seems to me that in these rclalionships there lies a <l ::. ep interest 
and m~aning with regard to chemical mechanic~. But because, to my ima~
ginat~on, the idea of unity of d_esign in Natu~e, either acti1~g in complex 
cele~lial systems or among che1mcal molecules, 1s very attractive. espec1ally
beca11se the atomic teaching at once acquires its true meaning, I wi1l recall 
the following fact s relatin~ to the solar system. There are eigh~ major 
planets, of which the four mner ones are not only separated from the four 
outer by asteroids, but. di~er from them in. many respects: as, for examp_le, 
in the smallness of their diameters and their greater density. Saturn with 
his ring has eight satt:.Hites, Jupiter and Uran_us have ea~h four. It is evi
dent that in the solar sys tems also we meet with these higher numbers, fout 
and eight, which appear in the comb~nation of chemical molecu les . 
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of carbon to the molecule, as in acetic acid, and proceed to 
evolve them from methane by the principle of subst itution . 
This principle declares at once that methane can only be split 
up in the four following ways:-

( r) Into a group CH 3 equivalent with H. Let us call changes 
o f this nature m~thylation. 

(z) Into a gruup CH, ancl !I2• \Ve will c,1ll this order of 
·substitutions methylenation. 

(3) Into CH and H3, which co:n nutations we will call acetyl
enation. 

(4) Into C and H ,, which may he c:1lled carbonization. 
It is evident that hydrocarbon compounds containing two 

atoms of carbon can only prnceecl from methane, C [-I,, which 
contains four atoms of hydrogen by the first three methods of 
substitution : carbonizin _g would yield free carbon if it could 
take place directly, and if the molecule uf free cMbon-which 
is in reality very comple<, th ,\t is to say, strongly polyatomic, 
as I have long since been proving by various means-could 
-contain only C 2 li ke the molecules 0 2, H 0 , N 2, a nd so on. 

By methylation, we should evide11tly obtain ft\:>m marsh gas, 
-ethane, Cll,iCH:i = C 2 H 6 • 

By methylenation, that is, by substituting group CH, for H,, 
methane forms ethylene, CH,CH2 = C 2 H,. 

By acetylenation, tha1 is, by substituting three atom, of hy
·drogen, II,1• in methane, by the remnant CH, we get acetylene 
C HCH = C.H •. 

If we have- a1Jplied the principle, of Newton correctly, there 
should not Le any other hydrocarbons containing two atoms of 
carbon in the molecule. All these combinations have long been 
known, and in each of them we can not only produce those sub
stitutions of which an exam ple has been given in the case of 
methane, but also all the phases of other substitutions, as we 
shall find from a few more instances, by the aid of which I trust 
that I shall be able to sh:Jw the great complexity of those deriva
tives which, on the principle of substitution, can be obtained 
from each hydrocarbon. Let us content ourselves with the case 
,of ethane, C H 3CH3, and the substitution of the hydrogen by 
hydroxyl. The following are the possible changes : -

(1) CH,1CH2(0 II): this is nothin,S; more than spirit of wine, 
or ethyl alcohol, C2 H 5(0II), or C, HllO. 

(z) CH 2(0lI )C IIe(O H ) : this is the glycol of Wurtz, wh ich 
has shed so much lii.:h t on the history of alcohol. Its isomer 
may be CJ.I3C ll(OH ), , but as we have seen in the ca,e of 
-C !I(OH)2, it decomposes, giving off water, and forming alde
hvde, C H,i<::.HO, a body capable of yielding alcohol by uni tins; 
with hydrogen and of yielding acetic acid by uniting with 
-oxygen. 

If glycol C H,(O H)C H 2(0H) loses its water, it may be seen at 
once that it will not now yield aldehyde, CH3CI·IO, but its 
· C lL,Cll. h · 1 f h l I h h . 1· t 1 isomer, b -, t e ox1-.e o et y ene. ave ere me 1ca ec 

in a special manner the oxygen which ha, taken the place of two 
atoms of the hydro6en of eth ane taken from different ato.ns of 
the carbon. 

(3) CH1C(OH)s dec,mposed as CII,OH)3, forming water and 
acetic acid, OH3CO(O H ). It is ev ident that this aci,l is nothing 
else than formic acid, C HO(OH), with its hydrogen replaced by 
methyl. vVithout examining further the vast number of possible 
derivatives, I will direct your attention to the circumstance that 
in dissolving acet ic acid in water we obtain the maximum 
contraction, and the greatest viscosity when to the molecule 
CII:iCO(OH ) is added a molecule of water, which is the pro
portion which would form the hydrate CH3C(OH)0• It is 
probable that the doubling of the molecule of acet ic acid at 
temperatures approaching its boiling-point has some connection 
with this power of uniting with one molecule of water. 

(4) CH2(0HJC(OH)'1 is evidently alcoholic acid, and indeed 
this compound, after losing water, answers to glycolic acid, 
CH2(0H)CO(OH). Without investigating all the possible iso 
mers, we will note only that the hydrate CH(OH)2CH(OH)2 
has the same composition as CH,(OH)C(OH):i, and although 
correspondi ,,g to glycol, and being a symmetrical substance, it 
becomes, on parting with its water, aldehyde of ox:tlic acid, or 
the glyoxal of Debus, CHOCHO. 

(S) CH(OH)eC('.J H 3), from the tendency of all the preceding, 
coresponds to glyoxylic acid, aldehyde acid, CHOCO(OH), 
because the grOLtp CO(O[I), or carb)xyl, enter, into the c0mpo
sitions of or,;auic acids, and the group CHO defines the aldehyde 
function. 

(6) C 10H).C (O H )s, thrn1gh the loss of zH20, yields the 

bi basic oxalic acid CO(O lI )CO(O H), which generally crystallizes 
with z H 20, following thus the normal type of hydration charac· 
teristic of ethane. 1 

Thus, by appl) ing the principle of snb,titu tion , we can, in 
the simpl est manner, derive not only every kind of hydrocarbon 
com pound, such as the alcohols, the aldehyde alcohol;;, aide• 
hydes, alcohol acids, and the acids, but also combinations 
analogous to hydrated crystals which usually are disregarderl. 

ll1 t even th se unsaturated substances, of which e th ylene, 
CH 2C H , , and acety lene, CHCH, are types, may be evolved 
with equal simplicity . \Vith respect to the phenomena of iso
merism, there are many possibilities among the hydrocarbon 
compounds containing two atoms of carbon, and without going 
into details it will be sufficient to indicate that the following 
form ula,, though not identical, will be isomeric sub,tantially 
among themselves: CH3CHX 2 and CH2XCH,X, although 
both contain C,H,X.!, or CH.,CX2 and CIIXCHX, a lthough 
both contain C2 H 2X2, if by X we indicate chlorine or gene
rally an element capable of replacing one atom of hydrogen, 
or capable of nnitinf!: "ith it. To isomerism of this kind belongs 
the case of aldehyde and the oxide of ethylene, to which 
we have alread-y referred, because both have the composition 
C,H/J. 

What I have said appears to me sufficient to show that the 
principle of substitution adequately explains the composition, 
the isomerism and a ll the diversity of combination of the hydro
carbon,, and I shall limit the further d e velopment of these views 
to preparing a complete list of every possible hydrocarbon com
pound containing three atoms of carbon in the molecule. There 
are eight in all, of which only five are known at present.' 

Among tho 0e possible for C,1U 0 there should be two isomers, 
propylene and trimethylene, and they are both al ready known. 
For C 3II4 there should he three i omers : allylene and allene 
arc known, hut the third has not yet been discovered ; and for 
C3 H, there should be two isomers, though neither of them are 
known as yet. Their composition and structure is easily deduced 
from ethane, ethylene, and acetylene, by methylation, 1nethylen
ati on, by acetyl enat ion and by carbonization. 

(r) C,ifl 8 = CH3CH2CH:, out of CH,1CH3 by methylation. 
This hydrocarb0n is named propane. 

(2) C:iTI6 = CH,iCHC H2 out of CH3C H :i by methylenation. 
This substance is propylene. 

(3 ) C,II6 = Cll2CH2C H 2 out of CH3CH3 by methylenation. 
This suhsrnnce is trimethylene. 

(4) C,1H 4 = CH0CC 1I out of CH3CH,, by acetylenation or 
from CHCII by methylation. This hydrocarbon is named 
allylene. 

(S) C3H, = CrICH out of CH3CH 3 by acety lenation, or 
CH., 

from C H2CH2 by 111eth ylenation, because CH2CH = CHC H. 
CH CH2 

This body is as yet unknown. 
(6) C,3H, = ClI2CCH2 out of CH,C H 2 by methylenation_ 

This hydrocarbon is named allene, or iso-allylene. 
(7) C3 H 2 = CHCH out of CII3 H 3 by symmetrical carboniza

C 
tion, or out of C lI2C H 2 by acetylenation. This cornpound is 
unknown. 

(8) C3 H 2 = CC out of CH3CH3 by carbonization, or ont of 
CH., 

CHCH by methylenat ion. This compound is unknown. 
1 One more isomer, CH'..!CH(OH), is possible, that is secondary vinyl 

alcohol. which is rela ted to ethylene, CH2C H ~1 but derived by the principle 
of substitutlon from CH-'. Other isomers .of the composition C2H40, such, 
for example, as CHCHa(OH), are impo:;sible, because it would correspond 
to the hydrocarbon C Ht...:Ha = C:!H,1, which is isomer:c with ethy lt'. ne, and 
it cannot be derivtd from methane. If ~uch an isomer exiSLE' d, it would be 
derived from CH2, but such prod_ucts are up to the present unknown. In 
su -h ca· es Lhe insufficiency of the points of depar ture of the stat ical struc
turJ.l teaching is shown. It first admits constant atomicity, and Lhen rejects 
it, the facts serving to establi:ch either one or the other view; and therefore, 
it seems to rne tha t we must come to the conclusion that the structural 
method of reason7ng, havmg done a service to science, has outlived the age, 
and must be regenerated, as. in their time, was the teaching of the electro
clemists, the radicalists, and the adherents of the doctrine of types. As we 
cannot now lean on the views abuve stated, it is time to abandon the s truc
tural theory. They w. 11 a ll be united in chem~cal mechanics, and the prin
ciple c..f sub:;;tituti,,n must be !oJked upon only as a preparation for the 
coming epoch in chemisLry, where such case:-. as the isomeri sm of fumaric 
and maleic acids 1 when explained dynamically, as proposed by Le Ild and 
Van 't Hoff, tray yield pomt..;; l f departure. 

2 Conced_ng varia ble atomicity, the structurists must expect an incom 
parably larger numter of isomers, and they cannot now decline to ackm,w~ 
ledvr 1h:": change of atomicity, were it cnly for the examples Hg:CI and 
J-lgCla, CO and COa, PC!:; and PCI.;. 



© 1889 Nature Publishing Group

August S, 1889] NATURE 359 

If we bear in mind that for each hydrocarbon serving as a 
type in the above tables there are a number of corresponding 
derivatives, and that every compound obtained may, by further 
methylation, methylenation, acetylenation, and carb:mization, 
produce new hydrocarbons, and these may be followed by a 
numerous suite of derivatives and an immense number of iso
meric bodies, it is possible to understand the limitless number 
of carl,on compounds, although they all have the one substance, 
methane, for their origin. The number of substances is so 
enormous, that it is no longer a question of enlarging the pos
sibilities of discovery, but rather of finding some means of test
ing them, analogous to the well-known two which for a long 
time have served as gauges for all carbon compounds. 

I refer to the law of even numbers and to that of limits, the 
first enur.ciated by Gerhardt forty years ago, with respect to 
hydrocarbons-namely, that their molecules always contain an 
even number of atoms of hydrogen. But by the method which 
I have used of deriving all the hydrocarbons from methane, CH 4 , 

this law may be deduced as a direct consequence of the principle 
of substitutions. Accordingly, in methylation, CH 3 takes the 
place of H, and therefore CH2 is added. In methylenation the 
number of atoms of hydrogen remains unchanged, and at each 
acetylenation it is reduced by two, and in carbonization by four 
atoms-that is to say, an even number of atoms of hydrogen is 
always added or removed. And because the fundamental hydro
carbon, mtthane, C H0, contains an even number of atoms of 
hydrogen, therefore all its derivative hydrocarbons will also con· 
tain even numbers of hydrogen, and this constitutes th, law of 
even numbered parts. 

The principle of substitutions explains with equal simplicity the 
conception of limiting compositions of hydrocarbons, C,, Hen+ 2, 

which I derived, in 1861, 1 in an empirical manner from accumu
lated materials available at that time, and on the basis of the 
limits to combinations worked out by Dr. Frankland for other 
elements. 

Of all the various substitutions the highest proportion of 
hydrogen is yielded by rnethylation, because in that operation 
alone does the quantity of hydrogen increase ; therefore, taking 
methane as a point of departure, if we imagine methylation 
effected (n - 1) times we obtain hydrocarbon compounds con
taining [the highest quantities of hydrogen. It is evident that 
they will contain 

CH,+ (11 - 1) CH2, or C,,H2,, +2, 

because methylation leads to the adrlition of CH, to the compound. 
It will thus be seen that by the principle ol substitution-that 

is to say, by the third law of Newton-we are able to deduce, in 
the simplest manner, not only the individual composition, the 
rnmerism, and relations of substances, but also the general laws 

which gol'ern their most complex combinations, without having 
recourse either to statical constructions, to the definition of 
atomicities, to the exclusion of free affinities, or to the recogni
tion of those single, double, or treble ties which are so indis
pensable to structurists in the explanation of the composition 
and construction of hydrocarbon compounds. And yet, by the 
application of the dynamic principles of Newton, we can attain 
to that chief and funrlarnental object-the comprehension of 
isomerism in hydrocarb,m compounds, and the forecasting of the 
existence of combinations as yet unknown, by which the edifice 
raised by structural teaching is strengthened and supported. 
Besides, and I count this for a circumstance of special importance, 
the process which I advocate will make no difference in those 
special cases which have been already so well worked out, such 
as, for example, the isomerism of the hydrocarbons and alcohols, 
even to the extent of not interfering with the nomenclature 
which has been adopted, and the structural system will retain all 
the glory of having worked up, in a thoroughly scientific manner, 
the store of information which Gerhardt had accumulated about 
the middle of the fifties, and the still higher glory of establishing 
the rational synthesis of organic substances. Nothing will be lost 
to the structurai doctrine, except its statical origin ; and as soon 
as it will embrace the dynamic principles of Newton, and suffer 
itself to be guided by them, I believe that we shall attain, for 
chemistry, that unity of principle which is now wanting. Many 
an adept will be attracted to that brilliant and fascinating enter
p, ise, the penetration into the unseen world of the kinetic 

1 
'' Ess:ii d'une the'orie sur Jes limites des combin:1is-:ms organiques," par 

n. ~Iendeleeff, 2/u aollt :i 86r1 Bu!!ctill de l'/lcadhnie i. d. Sc. de St.·Peters-
l1011r_s.,., t. v. · 

relations of atoms, to the study of \I hich the last twenty-five 
years have contributed so much labour and such high inventive 
faculties. 

D' Alembert found in mechanics, that if inertia be taken to 
reprt'sent force, dyamie equations may be applied to statical 
questions which are thereby rendered more simple and more 
easily understood. 

The structural doctrine in chemistry has unconsciously followed 
the same course, and therefore its terms are easily adopted ; they 
may retain their present forms provided that a truly dynamical 
-that is to say, Newtonian-meaning be ascribed to them. 

Before finishing my task and demonstrating the possibility of 
adapting structural doctrines to the dynamics of Newton, I con
sider it indispensable to touch on one question which naturally 
arises, and which I have heard discussed more than once. If 
bromine, the atom of which is eighty times heavier than that of 
hydrogen, takes the place of hydrogen, it would seem that the 
whole system of dynamic equilibrium must be destroyed. 

\Vithout entering into the minute analysis of this question, I 
think it will be suflicient to examine it by the light of two well
known phenomena, one of which will be found in tbc department 
of chemistry, and the other in that of celestial mechanics, and 
both will serve to demonstrate the exister,ce of that unity in 
the plan of creation, which is a consequence of the Newtonian 
doctrines. Experiments demonstrate that when a heavy element 
is substituted for a light one, in a chemical compound-an atom 
of magnesium in the oxide of that metal, for example, for 
mercury, the atom of which is 8,\ times heavier-the chief 
chemical characteristics or properties are ger.erally though not 
always preserved. 

The substitution of silver for hydrogen, than which it is ro& 
times heavier, does not affect all the properties of the substance, 
though it does some. Therefore chemical substitutions of this 
kind, the substitution of light for heavy atoms, need not neces
sarily entail changes in the original equilibrium; and this point 
is stiil further elucidated by the consideration that the periodic 
law indicates the degree of influence of an increment of weight 
in the atom as affecting the possible equilibria; and also what 
degree of increase in the weight of the atoms reproduces some, 
though not all, the properties of the substance. 

This tendency to repetition, these periods, may be likened to 
those annual or diurnal periods with which we are so familiar on 
the earth. Days and years follow each other ; but, as they do 
so, many thi,:,gs change; and in like manner chemical evolutions, 
changes in the masses of the elements, permit of much remaining 
undisturbed, though many properties undergo alteratir,n. The 
system is maintained according to the laws of conservation in 
Nature, but the motions are altered in consequence of the change 
of parts. 

Next, let us take an astronomical case, such for example as the 
earth and the moon, and let us imagine that the mass of the 
latter is constantly increasing. The question is, what will then 
occur? The path of the moon in space is a wave-line similar to 
that which geo:netricians have named epicycloidal, or the locus 
of a point in a circle rolling round another circle. But in con
sequence of the influence of the moon, it is evident that the path 
of the earth itself cannot be a geometric ellipse, even supposing 
the sun to be immovably fixed ; it must be an epicycloidal curve, 
though not very far removed from the true ellipse, that is to say, 
it will be impressed with but faint undulations. It is only the 
common centre of gravity of the earth and the moon which 
describes a true ellipse round the sun. If the moon were to in
crease, the relative undulations of the earth's path would increase 
in amplitude, those of the moon would also change, and when 
the mass of the moon had increased to an equality with that of 
the earth, the path would consist of epicycloidal curves crossing 
each other, and having opposite phases. But a similar relation 
exists between the sun and the earth, because the former is also 
moving in space. 'Ne may apply these views to the world of 
atoms, and suppose that, in their movements, when heavy ones 
take the place of those that are lighter, similar changes take 
place provided that the system or the molecule is preserved 
throughout the change. 

It seems probable that in the heavenly systems, during incal
culable astronomical periods, changes have taken place and are 
still going on similar to those which pass rapidly before our eyes 
during the chemical reaction of molecules, and the progress of 
molecular mechanics may-we hope will-in course of time, 
permit us to explain those changes in the stellar world which 
have more than once been noticed by astronomers, and which are 
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now so carefully studied. A coming Newton will discover the 
laws of these changes. Those laws, when applied to chemistry, 
may exhibit peculiarities, but these will certainly be mere varia
tions on the grand harmonious theme which reigns in Nature. 
The discovery of the laws which produce this harmony in 
chemical evoiutions will only be possible, it seems to me, under 
the banner of Newtonian dynamics which has so long waved 
over the domains of mechanics, astronomy, and physics. In 
calling chemists to take their stand under its peaceful and 
catholic shadow, I imagine that I am aiding in establishing that 
scientific 11nion which the managers of the Royal Institution wish 
to effect, who have shown their desire to do so by the flattering 
invitation which has given me-a Russian-the opportunity of 
laying before the countrymen of Newton an attempt to apply to 
chemistry one of his immortal principles. 

BABYLONIA N ASTRONOMY.1 

IV. 

THE nightly motion of the stars from east to west appears to 
have been the only one known to the Babylonian astro

nomers. The inclination of the equator on the ecliptic brought, 
however, a few of the austral stars over the horizon at certain 
times of the year for a short period, and in a few cases, as in that 
of the star Sukudtt (Sirius), these stars were used to determine 
certain periods or festiyal s. The complicated motion of the 
planets never was known to them, and the planets were accord
ingly regarded as evil spirits which disturbed the harmony of 
Nature. A similar view is taken in the Zend-Avesta. After a 
cosmical year of 360, ooo ordinary years, the series of heavenly and 
consequently terrestrial event s was to begin again . 

While the Semitic religion had emerged from tribal monotheism, 
the Akkadians followed a sect professing Mazdeism-that is, a 
religion admitting two principles, one good and one bad; but they 
thought that, as the ·good gods would not hurt them, it was 
wise to propitiate the bad ones, and propitiation easily led to 
worship. That is how the seven planets, the disturbers of 
heavenly harmony, became their chief deities. For the same 
reason all disturbing causes, apparent or real, were subjects of 
their special attention, pestilence, thunder, comets, &c. Eclipses 
(which they could not predict ) were at first also of bad omen, 
but by a curious reversion they became happy signs. 

The ignorance of the Babylonians with regard to astronomy 
might have been gathered from the statements of classical 
authors, if they had been examined with an unprejudiced mind. 
Diodorus Siculus says positively that their notions about astro
nomy, fixed at an early date, never changed, and that they could 
not predict the solar eclipses. \Ve also know from a fragment 
of Berosus, preserved by Vitruvim, that the Babylonians believed 
the moon to be a globe half incandescent and half dark, the 
hmar phases and eclipses being produced by its own motion. 
The errors and contradictions of the Greek and Latin authors, 
which misled us also, came from the fact that they borrowed 
their information from the Alexandrian astronomers, who, 
they thought, derived their science from Babylon. This was 
true, indeed, but only to a very small extent, as we shall see. 

\Vhen, after the conquest of Alexander, the Greeks estab
lished themselves in Babylon, they imported with them all their 
scientific knowledge. The Babylonians, who had to learn Greek, 
soon discovered the accuracy of their new masters in science, 
and, exactly as did the Chinese astronomers after the settlement 
of the Jesuits in China, adopted the discoveries of the ·west. 

This is put beyond doubt by the tablets of this period, 
the Seleucidian, which give tables of the motions of the moon 
and planets, and mention solar and lunar eclipses without 
any omens. The Seleucidian astronomers, wishing to use 
the older observations, made search for old records and tabu
lated them ; these tablets are of the highest interest from the 
astronomical point of view. The British Museum possesses, for 
-instance, a ta blet, written 100 years D. c., giving the list of nine
teen lunar cycles of eighteen_ years-that is, a table combining the 
1\1etonic cycle with the saros. This saros, or cycle of the lunar 
eclipses, must have been discovered after the settlement of the 
Greeks ; it was called the "king" (sar in Babylonian, hence 
sarus in Greek) just as the Melonie cycle was called "golden." 

The first care of these astronomical innovators was, no doubt, 
1 Abstract of the fourth lecture delivered by Iv!r. G. Bertin at the British 
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to reform the very defective calendar of former times. They also 
divided the ecliptic into twelve parts, corresponding to the months, 
and chose twelve cuneiform signs to represent in their tablets the 
I welve zodiacal constellation•. They then devised the Grreco
Babylonian calendar, whence was derived the Jewish one of the 
time of the Maccabees. 

This reform was not made, however, without causing a cer
tain confusion in the star nomenclature, and even in the calendar 
itself; for, as the older Babylonians used to connect the various 
parts of the year with the stars or constellations according to 
their acronic rising, there was a certain hesitation in the choice 
made by the reformers. Probably this was what caused the 
parallel use of two calendars, one beginning with Nisan and the 
other with Tisrit. This hesitation has also left traces in the si·,ns 
chosen to designate the zodiacal constellations ; for instance, the 
sign representing the month Tisrit in older Babylonian was used 
to represent the constellation connected with the month Nisan. 

It was from this new focus of astronomical science that the 
Alexandrian astronomers borrowed much of their information. 
Unfortunately, the old Babylonian superstitions had a most 
injurious influence on the rising Alexandrian astronomy. Jewish, 
Syrian, and Babylonian emigrants, fleeing from the Seleucidian 
tyranny, flocked to Egypt, bringing with them their superstitions 
and love for allegori es. The Alexandrian astronomers accepted 
with the Babylonian nomenclature all the ideas of influences 
attributed to planets and stars, and, being able to predict con
junctions, tried to predict events supposed to be due to star 
influences. Astrology was then born, for astrology, it must be 
remembered, requires an accurate knowledge of the motions of 
stars and planets. 

In conclusion, it may be said that we owe very little to the old 
Babylonian astronomers, and if the astronomical work of Berosus 
had been preserved, it would have given no scientific information, 
but only long lists of omens drawn from the rising and conjunc
tions of star, and planets, and also from their colour and other 
accidental aspects. The loss of such a work is not much to be 
regretted. 
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