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V. I. Lenin, revising Hegel’s Science of Logic along materialist lines, underscored 
that categories are essentially stages in the evolution of cognition. Such most 
general levels are Being (immediate phaenomena) and essence, whereby cognition 
moves from less deep essence (first order) to even deeper essence (second order, 
etc.). Lenin wrote:

The concept (cognition) reveals the essence […] in Being (in immediate 
phenomena)—such is actually the general course of all human cognition (of 
all science) in general. […] Insofar Hegel’s dialectic is a generalisation of the 
history of thought. To trace this more concretely and in greater detail in the 
history of separate sciences seems an extraordinarily rewarding task. (Lenin, 
2008 [1976], p. 316)

This article explores the transition of cognition from immediate phaenomena 
(Being) to essence on the example of the history of the study of chemical affinity. 
(The history of the cognition of chemical affinity is, properly speaking, the 
history of the cognition of chemism, the chemical form of motion in general.) 
With regard to this, attention will be paid on the sensuous-practical, rational 
(but short of experiments and theory), empirical (experimental), and theoretical 
levels of cognition (see Vihalemm, 2022).

*  *

  *
1	 Original: Vihalemm, R. (1968), ‘Dvizhenie poznaniia ot bytiia (neposredstvennykh iavlenii) 

k suschnosti v istorii ucheniia o khmicheskom srodstve,’ Tartu Riikliku Ülikooli toimetised 
/ Uchenye zapiski Tartuskogo Gosudarstvennogo Universiteta. Trudy po filosofii. XI, vihik / 
vypusk 212, str. 77–92.							        
Editorial note: Due to the political circumstances of the Soviet Union, authors were 
obliged to refer to Marxist classics in their writings. Those references are retained in 
this translation for historical accuracy.					      
Square brackets indicate the translator’s additions and corrections to the text.
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The initial stage of the cognition of chemical affinity. The term ‘affinity’ 
(affinitas) was first used in chemistry in the 13th century by Albertus Magnus. 
He wrote: “Sulfur blackens silver and in general burns the metals because of its 
affinity for these materials” (Albertus Magnus, 1569 in Walden, 1954, p. 30). 
Here ‘affinity’ expresses “something similar to an ordinary kin relationship 
between bodies”, and “the Hippocratic hypothesis—simile venit ad simile—stood 
for a law of nature” (Potylitsyn, 1881, p. 1).

Apparently, the logic of reasoning was as follows. Real sulphur is a nearly pure 
“flammability” which consists of the “principle” sulphur (on the initial level of 
cognition, properties were regarded as some kind of “substances” or “principles”). 
And since metals also burn, therefore they too must contain the principle of 
flammability. Thus the upshot was that metals were similar, akin by nature to 
sulphur. And this counted as an explanation to why sulphur reacts with metals. It 
is difficult to explain why kinship counted as the cause for combining of bodies. 
Here, apparently, anthropomorphism of thinking plays an important role, as 
many works suggest. But we also deal here with what Hegel called “the formal 
method of explanation from tautological grounds” because here is expressed “in 
the form of reflection-into-self, of essentiality, the same content that is already 
present in the form of an immediate being […]” (Hegel, 1969, §999). Bodies 
have identical properties (they burn, combine with each other, etc.) because they 
contain identical “principles,” and they contain identical “principles” because 
they have identical properties. Bodies combine because they have affinity for 
each other,—affinity, they have because they are akin,—akin they are because 
they contain identical “principles,” etc.

On the perceptual-practical level of cognition, the property—disposition for 
interaction, transformation—is abstracted from observable chemical processes. 
This circumstance allowed operating with the term “affinity” to cover up the 
actual tautology—“substances react with each other because they react”—and, 
on a purely formal-logical plain, arrive at a non-tautological claim—“substances 
react with each other because they have affinity to each other.” The term 
“affinity” designates a real, observable (though hitherto in no way explained) 
phaenomenon in chemistry. Whereby this phaenomenon appeared expressible on 
a rational level, attempts were made to logically substantiate the facts uncovered 
in chemical practice (sensuous-practical knowledge), regarding chemical affinity, 
and various natural philosophical aenigmata concerning its essence emerged. One 
can say that the “being” of chemical affinity was recognized. “Being,” though, 
infamously, is a category that is the most devoid of content. All cognitive content 
of chemical affinity, all knowledge, remained merely sensory-practical.
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Geber’s [Abu-Musa-Jâbir-ibn-Hayyân] works from the [8th] century are of great 
importance from the perspective of the study of chemical affinity (Walden, 1954). 
Geber talked not merely about affinity, but compared metals (those known to 
him) based on their juxtaposition with some chemical agents, and arranged the 
first “affinity series.” Thus, it became possible to speak about varying degrees of 
affinity of different substances relative to one another (this marks the beginning 
of the quantitative aspect, but in a qualitative form, as it were, since the affinity 
between each pair of substances remains constant and “changes” only in relation 
to other substances).

For a long period after that, there was extensive evolution of the study of 
chemical affinity: an increasingly larger number of substances and phaenomena 
were discovered, whereas nothing qualitatively changed in the study (it remained 
a formal way of explanation on tautological grounds). Only new facts and 
conceptions or “theories” emerged which helped to express this study on a 
rational level, and while many works did not even attempt to explain affinity, 
many new phaenomena were “explained” by affinity (or “sympathy” or “love”). 
As manifestations of chemical affinity (also the term “elective affinity” came to 
be applied), different behaviours of different substances toward each other were 
indicated (some substances react better with each other, others more poorly, 
still others not at all; some substances displace others in compounds in a certain 
order—the “affinity series,” etc.). M. A. Blokh correctly noted that “in the course 
of the entire evolution of chemistry one can hardly point to a single success in 
whichever field of natural science that would not have affected the definition of 
the concept of affinity in chemistry.” (Blokh, 1923, p. 117)

In the 16th–17th centuries, the atomistic ideas of ancient philosophers were 
famously revived (on new grounds). On the basis of the revived corpuscular 
theory and mechanics, which was the most developed discipline of the time, also 
chemistry underwent attempts of rational underpinning. Mechanical analogies 
and qualitative model conceptions about chemical phaenomena emerged, 
among them chemical affinity ([Joachim] Jungius, Boyle, [John] Mayow, 
Newton, Lomonosov, [George-Louis Leclerc, Comte de] Buffon, and others). 
Extrapolation of the only (at that time) strictly logically connected knowledge to 
chemical phaenomena was essential and undoubtedly constituted an indispensable 
prerequisite for uncovering the specificity of chemistry and establishing strictly 
logically connected chemical knowledge. However, corpuscular and mechanical 
conceptions were very abstract for the chemistry of that time. In the beginning, 
it was practically imperative to thoroughly study the qualitative aspect of 
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chemistry. Thus emerged the qualitative “theory of phlogiston,” which allowed 
chemists to investigate the real chemical relations between substances.

It must be noted that many seventeenth- and eighteenth-century scientists 
([Nicolas] Lémery, [Antoine] Fizes, [Antoine Grimoald] Monnet, and others) 
pointed out that the study of affinity has a merely formal character, that affinity 
does not explain anything. Monnet, for instance, wrote: “the whole theory of 
affinity was a chimera which could give nothing useful […]” (Partington, 1962, 
p. 102). This assessment is, of course, not fair, for, as we have already shown, even 
if affinity did not explain anything, nonetheless this term and various aenigmata 
about the essence of affinity helped to rationally express and classify specific, 
objective phaenomena in chemistry, and to discern chemical phaenomena in 
general from mechanical and other phaenomena. At the same time, chemical 
affinity too obtained a steady qualitative definition, and the specificity of this 
phaenomenon (and of chemistry in general) became clear.

The beginnings of experimental inquiry into chemical affinity. In 1718, É. 
F. [Étienne François] Geoffroy presented to the French Academy of Sciences 
his table of affinities, where in the upper horizontal line were signs of various 
substances and under each sign, in vertical columns, were signs of substances 
which chemically acted upon the given substance. Those were in such a sequence 
that the upper one substitutes the lower one in a compound with the substance 
indicated in the upper horizontal line.

Needless to say, the table of É. F. Geoffroy, where substances were arranged, 
once and for all, in an established order, was very primitive: the conditions of 
reactions (concentration, temperature, environment, etc.) were not taken into 
account, all comparable and non-comparable reactions were gathered in one 
table. Nevertheless, it was an indispensable stage in the cognition of chemical 
phaenomena in general, and of chemical affinity specifically. According to our 
reckoning, A. Potylitsyn was right when he wrote:

Geoffroy’s merit lies in that he, among the first, recognised affinity not as a 
metaphysical (in the sense of natural philosophy—R. V.) essence, but as a 
physical force, whose magnitude can be measured and expressed in numbers, 
whatever its essence. Thenceforth the study of chemical affinity steps on a 
path of experiment, which therefore ceases to be haphazard (our emphasis—R. 
V.) and is guided by a scientific hypothesis. (Potylitsyn, 1880, p. 7)
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Geoffroy regarded the phaenomenon of chemical affinity as a manifestation 
of the regular relations of substances. He no longer restricted himself, as his 
predecessors, to ascertaining that the cause of substances combining is their 
property—affinity to each other (according to such a statement, speaking in the 
style of Hegel, affinity is seen merely as something internal, and consequently as 
something inherent). He did not speculate about the essence of affinity either, but 
posed the question differently: he indicated that nature contains experimentally 
determinable, constant relations between substances, in agreement with which 
chemical reactions proceed.

That is the beginning of a new period in the history of the study of chemical 
affinity, namely, its experimental inquiry; the empirical object of inquiry is 
clarified. Here a remark by Lenin is in place:

as long as people did not know how to set about studying the facts, they 
always invented a priori general theories, which were always sterile. The 
metaphysician-chemist (in the sense of natural philosopher—R. V.), still 
unable to make a factual investigation of chemical processes, concocts a 
theory about chemical affinity as a force. […] Here, it is the method itself that 
is absurd. […] here, progress must consist precisely in abandoning general 
theories and philosophical discourses […], and in being able to put the study 
of the facts […] on a scientific footing. (Lenin, 2001 [1894], Part I)

For some time, the main activity was simply complementing and compiling tables 
of affinity. The most famous of them is [Torbern Olaf ] Bergman’s table (1775). 
(In the question concerning the nature of chemical phaenomena, Bergman’s 
views resembled those of the French scientist Buffon.) According to Bergman, 
the force of elective affinity is always a determinate and constant property of each 
substance, which uniquely determines the progress of a reaction.

Bergman’s position is the same explanation from tautological grounds: the 
“theory of affinity” merely states what is observable in chemical practice. There 
were tables (series) of affinity, compiled from qualitative experimental outcomes, 
but there were not yet sufficiently recorded experimental data (especially 
quantitative data) on the effects of various conditions on the course of reactions, 
on the existence of reversible chemical transformations. Thus, naturally, the 
only possible “explanation” was the proposition that the tables of affinity are 
constructed on the grounds of constant force of affinity of each substance with 
respect to other substances. Bergman attempted to express the force of affinity 
also in numbers. He juxtaposed a qualitative affinity series with a quantitative 
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series of saturation of a certain weight of alkali or acid. (Such experiments were 
also carried out by other scientists.)

Soon after (in 1801–1803), consistently with the law of duality of being and 
cognition of its opposite moments, Berthollet revealed his views that opposed 
Bergman’s. In chemical practice, one was increasingly confronted with 
metathetical [i.e., exchange] reactions, and this is where Bergman’s study appeared 
insufficient. As a result of his inquiry of metathetical reactions, Berthollet came 
to the conclusion that

elective affinity […] does not work as a determinate force, by which one 
body separates completely another from a combination; but […] in all 
compositions and decompositions produced by elective affinity, a partition 
of the base, or subject of the combination, between the two bodies whose 
actions are opposed, takes place; and the proportions of this partition are 
determined, not solely by the difference of energy in the affinities, but also 
by the difference of the quantities of the bodies; so that an excess of quantity 
of the body whose affinity is the weaker, compensates for the weakness of 
affinity. (Berthollet, 1804, pp. 4–5)

The chemical action is determined, according to Berthollet, by the product of a 
substance’s affinity and its weight quantity (he called this relation ‘mass’2).

Berthollet’s views corresponded to the new qualitative empirical data (the 
necessary quantitative data for a quantitative research did not yet exist) of 
the chemical process. Just like Bergman, Berthollet also attempted, without 
intermediary nexuses or quantitative data, to directly explain macro-
phaenomena by micro-phaenomena, whereby they interpreted the latter 
speculatively as mere mechanical interactions of bodies, reduced to microscopic 
particles. Neither Bergman nor Berthollet had any experimental micro-
quantities yet. The role of Bergman and Berthollet in the development of the 
study of chemical affinity consists in expressing qualitative experimental data 
on chemical affinity with the help of mechanical conceptions in a rational, 
logical form. No theoretical explanation of chemical affinity could be found at 
that time: to this end, quantitative study of the issue was indispensable, first of 
all, for clarifying how to measure the reacting chemical substances and finding 
chemical units, instead of the simple mass units that are abstract in chemistry. 
2	 Translator’s note: On the basis of Berthollet’s ‘mass’, the terms ‘chemical mass’ or ‘chemical 

moment’ were later proposed (Berthollet, 1896, p. 107, endnote 2); in Vihalemm’s text, the 
term ‘chemical mass’ (‘khimicheskaia massa’) is used.
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The development of Berthollet’s ideas became possible only in the second half 
of the 19th century.

Differentiation of the problem of chemical affinity. Chemical units were 
established with the emergence of theoretically substantiated stoichiometric 
equations at the beginning of the 19th century, i.e. with the rise of chemical 
atomism (Avogadro, 1811; Ampère, 1814).3 For the first time in the history of 
chemistry, the problem of the constituents and structure of substances consistently 
shifted to the foreground. The problem of chemical affinity was differentiated: 
firstly, the manifestation of chemical affinity among substances in a chemical 
process; secondly, the manifestation of chemical affinity in the composition and 
structure of substances, the affinity between atoms in a molecule.4

On the basis of facts about chemistry and electricity, Davy (1807) and Berzelius 
(1812 [1825/1808], 1818–1820 [1819; 1820]) proposed the idea that the affinity 
between atoms is of electrical nature. Qualitative conceptions of the functioning 
of electrical forces in the combination of atoms were proposed. Berzelius’ ideas 
were later confirmed (on a new basis), as it were, in the study about ions in 
Arrhenius’ theory of electrolytic dissociation (1885–1887 [1884, 1887]). Soon 
after the discovery of the electron, the study of the affinity of atoms with the 
electron was conceived (Abegg & Bodländer, 1899), as well as a multitude of 
qualitative (before the application of quantum mechanics) conceptions of the 
electronic structure of molecules.

From the 1830s to 1860s, organic chemistry evolved especially intensively. 
Questions about the nature of chemical affinity were pushed aside, but its 
qualitative characteristics were concretised: the study of valency, or “atomicity,” 
was initiated, talk about units of the strength of affinity gained ground (Frankland, 
Cooper, Kekulé, in the late 1850s) and the theory of chemical structure emerged 
(the foundations were laid by Butlerov in [1861], and Le Bel and van't Hoff 
expanded the theory with stereo-chemical conceptions in 1871). As in inorganic 
chemistry, there were so-called molecular (complex) compounds, which could 
not be explained by the classical theory of chemical structure, yet the study of 
complex compounds was initiated (Werner, 1893), linked to the conceptions of 
primary (“ordinary”) and secondary valencies.

3	 A clear definition of the concepts of atom, molecule, and equivalent, became possible only after 
the Karlsruhe Congress, an international meeting of chemists (1860), to a great extent on the 
basis of Cannizzaro’s (1910 [1858]) work.

4	 D. P. Konovalov focused on this bifurcation in his speech (Konovalov, 1898, p. 227).
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This “organic” stage of the history of chemistry was significant in yet another 
respect. It is namely organic reactions that progress slowly (in contrast to 
inorganic reactions) and incompletely. This factor provided the opportunity 
to scrutinise the indispensable conditions for solving the problem of affinity 
between substances: speed, circumstances of the progress, and equilibrium of 
the chemical reaction.

Let us attempt to explain the differentiation of the problem of chemical affinity 
from the logical-epistemic aspect. Already Engels pointed out: “One had first to 
know what a particular thing was before one could observe the changes it was 
undergoing.” (Engels, 1994 [1886], Part IV) B. M. Kedrov shows that by learning 
about substances, i.e. by figuring out “what a given subject is,” the following 
problems successively arise: properties, properties–composition, composition–
structure, structure–properties. Thereby it appears that the new cycle (learning 
about a new type of substance) begins before the previous one “closes” (Kedrov, 
1960; 1965). These general regularities of cognition of substances must be also 
kept in mind when analysing the history of the study of chemical affinity.

Properties, as we know, manifest themselves in relations. The property of 
chemical affinity manifested itself in the relations between substances in chemical 
processes. After the composition of chemical substances was determined, their 
properties, including chemical affinity, started to correlate to their qualitative 
and quantitative composition; and regularities of the composition, and thereafter 
of properties, came to be explained by the structures of compounds. Besides 
the relations of substances in chemical processes, from where the knowledge 
about the chemical properties of bodies was sourced, including the conceptions 
of chemical affinity, there appeared relations between constituent parts (atoms) 
of chemical compounds, and thus also the properties which now pertain to 
those parts (atoms). Such is the emergence of a new cycle in the knowledge of 
substances (the knowledge of atoms occurs), arising again from the knowledge 
of properties (of properties of atoms) after determining the composition in the 
previous cycle. The property of substances uncovered in chemical processes—
their affinity to each other—is transferred to the elementary parts of chemical 
substances, thereby acquiring an explanation. From the given reactions between 
simple substances, and from the composition and structure of substances, 
emerges knowledge about the affinity of chemical elements, or atoms, to each 
other. With the intrusion into the composition of atoms, after the discovery of 
the electron, another “transfer” of properties takes place: it is considered between 
the atom or its distinct group, and the electron (Abegg & Bodländer, 1899).
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Such a “transfer” of the chemical affinity, that is, of a specifically chemical property, 
from substances to atoms (and thereafter to the level of atomic structure) was of 
substantial significance because instead of a summarised, qualitative approach, 
a different approach became possible. The measure of a chemical substance, and 
the sphere of elementary interactions in the transformation of substances, were 
specified. The truth is that the chemical transformation of substances, the actual 
chemical process, is a unity of mechanical, physical, and the so-called elementary-
chemical processes. Therefore, by applying model conceptions, it was necessary 
to inquire into the manifestation of already known mechanical and physical 
laws and principles in the chemical process, in order to uncover new laws—
(quantitative) laws of chemical transformation. In the chemical process, two 
levels and two stages (“intermediary nexuses”) were discerned: (1) the molecular 
level—the motion of molecules (the initial ones and those arising as a result of 
the reaction) and the change of their quantity (as a result of the transformation 
of one type of molecules into other ones), that is, no elementary transformation 
is observed (immediately)—transformation of molecules; and (2) the atomic 
level—the interactions and interrelations between atoms by dissociation of some 
and building of other molecules, that is, the elementary chemical transformation 
itself.

In the second half of the 19th century, with the emergence of physical 
chemistry, uncovering of the nature of chemical affinity at the molecular level 
became possible (the corresponding “subjects”—the reacting substance and the 
molecule—had been sufficiently studied, it was possible to “engage in those 
changes that happened to them”). This essence of chemical affinity on the atomic 
level could be discussed only after the birth of quantum chemistry in the second 
quarter of the 20th century, when the character of the motion of electrons during 
the composition of atoms was discovered (for this, it was necessary to know what 
is this “given subject”–atom; in learning about the atom “the circle had to be 
closed”: properties, properties–composition, composition–structure, structure–
properties).
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The molecular-kinetic essence of chemical affinity

The first quantitative study on affinity was carried out by C. Guldberg and 
P. Waage (1864) (Kipnis, 1963, pp. 329–369). Their collaboration in 1864 
(Guldberg & Waage, 1899) was purely empirical. What is important is that 
Guldberg and Waage introduced in chemistry an experimental quantity—the 
concentration of substance—replacing the absolute mass of substance and 
Berthollet’s unspecific force of bonding (which made it impossible to determine 
the equilibrium experimentally). Using empirical coefficients and indicators of 
grades by concentration, Guldberg and Waage determined the mathematical 
dependence between the concentrations of initial and final substances at chemical 
equilibrium (they construed equilibrium as an equilibrium of reverse forces of 
reactants and products of the reaction).

The transition to the essence occurs at the theoretical stage of cognition. 
Theoretical thinking is dialectical, “presupposes investigation of the nature of 
concepts themselves” (Engels, 2006 [1986], p. 223). In the next work, Guldberg 
and Waage (1867) already made an attempt at an analysis of the discovered 
empirical dependency (the law of mass action) and the corresponding concepts. By 
substantiating the effect of concentration (the authors use the term ‘active mass’) 
in the chemical process, Guldberg and Waage articulate the interrelationship of 
mechanical and specifically chemical forces:

Chemical attractive forces only manifest themselves on very small distances. 
When the distance expands, their effect dwindles. A certain sphere defined 
by a radius equal to the distance beyond which their action is insensible, 
is called sphere of attraction or sphere of action. The absolute magnitude of 
this sphere cannot be determined: fortunately it suffices to know its relative 
magnitude, and we can choose an arbitrary volume, for instance a cubic 
centimetre. The amount of substance contained in 1 cm3 of the total volume, 
will be called the active mass of the body. (Guldberg & Waage, 1899, p. 16; 
1867, p. 4)

In 1879, Guldberg’s and Waage’s ‘On chemical affinity’ appears, already 
propounding a theoretical construal of chemical affinity and clarifying its 
molecular-kinetic essence on the basis of molecular-kinetic conceptions of 
chemical equilibrium (developed since the 1850s by [Alexander William] 
Williamson, [Rudolf ] Clausius, [Leopold] Pfaundler [von Hadermur] and 
others; the concept of reaction rate was introduced in chemistry by [Ludwig] 
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Wilhelmy in [1850]). Guldberg and Waage analyse the nature of the concepts 
applied in the study of chemical affinity. They write that, in considering the 
equilibrium between the initial substances A and B, and the products A1 and 
B1, it is not sufficient to assume the forces of attraction between substances and 
their constituent parts.

The equilibrium state which eventuates from such processes, is a state of 
moving equilibrium, since two opposite chemical reactions progress at once, 
as long as not only A1 and B1 are composed, but also a restitution of A and 
B is in progress. If in a time unit equal amounts of each are composed, we 
have equilibrium. (Guldberg & Waage, 1899, pp. 131–132)

According to this new view, reaction rate depends on the frequency of collisions 
between the molecules of the reactants, which is proportional to the amount of 
those molecules in a unit of volume. In this manner, the “force” of the initial 
substances, for instance, appears as the rate of direct reactions (the “force” of 
products appears as the rate of the reverse reaction). Empirical constants obtain 
a precise physical interpretation.

Theoretical knowledge of some sort of phaenomenon, the discovery of its 
essence, lies in achieving a unity of opposites by way of analysing the nature of 
the concepts themselves. The phaenomenon appears to be logically expressed, 
defined through “its other,” it is corroborated by its own negation. Chemical 
affinity, the tendency of substances towards mutual chemical interaction, is 
defined through chemical stability, the equilibrium state of substances. Thereby 
specifically chemical is explained by non-chemical as “its other.”

The transition to the essence occurs through the recognition of the unity of 
qualitative and quantitative changes, that is, measures. Until quantitative 
inquiry, affinity seemed to be a genuinely constant property between each pair 
of substances (and also construed merely qualitatively). As to the variability 
of affinity, its specific level, including the absence of affinity, could only be 
considered in relation to various substances (the presence of affinity, its specific 
level, and absence were not inherently connected). Gradually, the dependence 
of affinity between the same pairs of substances on different conditions was 
uncovered. Guldberg and Waage showed that the quantitative aspect of chemical 
affinity manifests itself in a change in the ratio of the concentrations of initial and 
produced substances, that is, in the amount of those substances (their particles, 
molecules) in a unit volume. The measure of this change is equilibrium, the 
equality of the rates of forward and reverse reactions, which is expressed by 
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the equilibrium constant ( , where CQ, CR are concentrations of 
reaction products Q, R; CL, CM are concentrations of reactants L, M; q, r, l, m 
are corresponding stoichiometric constants, that is, numbers corresponding to 
reacting molecules; k1, k2 are, correspondingly, constants of the rates of forward 
and reverse reactions). Here the presence of affinity is already inherently linked 
to its opposite side—the absence of affinity (the equilibrium state) between the 
same set of substances. Chemical affinity manifests through the molecularly-
kinetically construed equilibrium.

This is what could be called the molecular-kinetic (or mechanical) essence of 
chemical affinity, which, in this case, is the essence of the first order. This essence 
comprises only some aspects, links, and relations of the chemical transformation 
of substances, but it remains an integral construal of chemical affinity nonetheless. 
In the next stage, the interconnection between chemical transformation and 
other forms of motion are revealed, especially heat motion.

The thermodynamic essence of chemical affinity. Already the chemists-
phlogistonists knew that chemical processes are accompanied by heat effects. 
In the mid-nineteenth century, facts about thermal decomposition surfaced 
([William Robert] Grove, 1842 [Grove, 1846]). Sainte-Claire Deville suggested 
(in 1859) that dissociation brought about an equilibrium between the repulsive 
force of heat and affinity.

In the 1830s and 1840s, [Germain Henri] Hess developed the idea that the 
magnitude of affinity is measured by the heat effect of the reaction. [Hans 
Peter Jørgen Julius] Thomsen linked Hess’ discoveries in thermodynamics to 
the law of conservation of energy (1853–1854). He suggested that the amount 
of heat emitted by the bonding of substances corresponds to the affinity of 
those substances, and reactions proceed in the direction of higher affinity. In 
the years 1867–1873, [Marcellin] Berthelot proposed the so-called principle of 
maximum work: “Any chemical transformation occurring without confounding 
energies, tends to the formation of the body or system of bodies which emits 
the greatest amount of heat.” (Kipnis, 1961, p. 58) To reconcile his principle 
with the numerous facts about reactions proceeding towards the absorption 
of heat, Berthelot admitted that in those cases, purely chemical processes were 
connected with various confounding phaenomena, with the external energy. It 
was, however, difficult to define a “purely chemical process” unambiguously.

The transition to the essence of the second order of chemical affinity proceeds 
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through the law of conservation and transformation of energy (measures of 
motion), via developing this law by establishing measures for the transformation 
of chemical form of motion to other forms of motion.

Thomsen and Berthelot, who accepted the law of the conservation and 
transformation of energy, and reasoned that the chemical affinity of given 
substances to one another can be quantitatively characterised by measuring the 
energy of their interaction through the heat effect of the reaction, were not 
involved in the study of the nature of the corresponding concepts, and regarded 
their studies primarily as a generalisation of empirical material. They did not 
distinguish between heat in the thermodynamic sense (occurring only in the 
process of transfer) and thermal energy (the energy of heat motion, the chaotic 
movement of particles), but rather identified the heat of chemical reaction with 
its work, with the work of chemical affinity. Thomsen and Berthelot remained 
on the empirical level of cognition, on the level of Being. And they took the 
manifest—the automatic progress of a reaction towards greater emission of heat, 
observed in many cases—as the essential, the particular as the general. Berthelot’s 
principle of maximum work, for instance, could not convincingly explain the 
existence of reversible reactions.

Regarding those reactions, Berthelot wrote (1879, referred to in Solovev, 1964, 
pp. 150–151): “In reversible systems, equilibrium is established due to opposing 
actions: on one hand, chemical energy, on the other hand, external energy, 
especially thermal.” But Berthelot, first, was not consistent in discerning chemical 
and thermal energies, and, second, discerned them metaphysically, because the 
chemical transformations of substances also comprise heat motion of particles. 
Criticising Berthelot, [Lothar] Meyer correctly wrote (in 1884):

If one should style as external energy the heat contained in the interacting 
substances, in the form of molecular motion, then most probably there is not 
any chemical change completed without the aid of external energy, at any 
rate, such could only be observed at absolute zero, viz. at −273° C. (Lothar 
Meyer, 1888, pp. 433–434)

Thermal energy, being a qualitative quantity, a measure of thermal motion, can be 
equated with chemical energy only if the transformation of a “purely” chemical 
form of motion (without thermal motion) into a thermal one (the qualitative 
aspect of chemical energy) is considered, and the work of this transformation 
(quantitative aspect of chemical energy), that is, the work of the forces of 
chemical affinity, is taken into account.
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Potylitsyn established the boundaries of Berthelot’s principle in a qualitative 
form, and proposed the idea of dependence of the direction of reaction on 
temperature already in 1881 (Potylitsyn, 1881, pp. 442–443). The problem was 
quantitatively solved on the basis of thermodynamics by van't Hoff (1884–1886) 
(a fundamental solution was already contained in the works of thermodynamics 
of Gibbs and Helmholtz, and the first steps were made by [August Friedrich] 
Horstmann).

Van't Hoff demonstrated that a chemical reaction can be carried out as a 
thermodynamic quasi-static process. To this end, he applied the following thought 
experiment (called ‘Van't Hoff’s Equilibrium Box’): in a system of chemical 
equilibrium (in a big box), reactants are introduced through semipermeable 
membranes reversibly and isothermally by means of a cylinder and a valve (to 
simplify the calculating of the thermodynamic work). At the same time, equal 
amounts of the product of this reaction are withdrawn. In another box (which 
contains the same equilibrium system at different equilibrium concentrations), a 
reverse process is carried out in the same manner. The result is a chemical reaction 
in the form of a reversible cyclic thermodynamic process, the unity of opposites 
is achieved: the process and its outcome, the introduction of substances into a 
reaction and their equilibrium state, whereby the chemical transformation is 
linked with the thermodynamic work. By aid of this “box of equilibrium” and 
the equation of ideal gas (which means that the outcome is only valid in the 
domain of rarefied gases and dilute solutions), van't Hoff calculated the work of 
reaction and derived the equation of the laws of mass action. (In this manner, 
through the knowledge of the essence of the second order, also the essence of the 
first order is comprehended on a new basis.)

Van't Hoff arrived at yet another fundamental equation of chemical 
thermodynamics—the equation of reaction isochores, expressing the dependence 
between equilibrium yielded by heat and temperature (d [log] K / dT = q / 2T2, 
where K is the equilibrium constant, T the absolute temperature, q the quantity 
of heat released when a unit of one system is transformed into another at constant 
volume). He proposed the principle of mobile equilibrium: “Every equilibrium 
between two different conditions (systems) is displaced by lowering the temperature, 
at constant volume, towards that system, the formation of which evolves heat.” (van't 
Hoff, 1896, p. 217) We already noted that the position of Thomsen and Berthelot 
(chemical transformation proceeds towards greater emission of heat) was empirical, 
on the level of Being, where the apparent was taken as essential.
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Since the temperature on the surface of the earth, at which the majority of 
observations is made, is relatively low, about 273° above absolute zero, it is a 
priori to be expected that under ordinary conditions the majority of chemical 
equilibria have been displaced towards those systems which are formed with 
evolution of heat. (van't Hoff, 1896, p. 223; italics by R. V.)

And further:

The application of the principle shows, also, that at very high temperatures, 
equilibrium will exist in the majority of cases when the system which is 
produced with absorption of heat predominates, and therefore that most 
changes which occur at high temperature will absorb heat; we might in this 
case, following the example of Berthelot, speak of a principle of minimum 
work. (van't Hoff, 1896, p. 225)

Linking work (from the equation of isotherms) and heat (from the equation of 
isochores) of a reaction, van't Hoff obtains a general expression for the measure 
of affinity (maximum work of a reaction):

the work of affinity (A) equals the heat evolved by the transformation (q), 
divided by the absolute temperature of the point of transition (P) (the point 
at which the equilibrium constant is K = 1—R. V.) and multiplied by the 
difference of the latter and the given temperature (T): A = q (P – T)/P. 
([paraphrased from] van't Hoff, 1896, p. 2405)

This equation shows that Berthelot’s principle holds only at T = 0. At higher 
temperatures, the work of affinity merely remains a part of the emitted heat at 
the point of transition A = 0, but after that, the reaction direction changes.

Thus here, too, as in the cognition of the essence of first order, affinity is 
articulated via its opposite (“its other”)—via the absence of affinity (equilibrium 
state). However, chemical equilibrium is now discussed more concretely: it is 
recognised that a chemical process also contains heat motion, and, in general, that 
chemical phaenomena are not isolated from other phaenomena and interactions 
(this is achieved by the concept of the measure of chemical processes—the work 
of affinity). This is the essence of the second order of chemical affinity, which can 
also be called the thermodynamic essence.
5	 Translator’s note: the equation in the original is: A = q (P – T)/P, that is, the work, expressed 

in calories, which the affinity in a chemical reaction can perform as the reaction takes place at 
a given temperature, is equal to the quantity of heat released by the reaction, divided by the 
absolute temperature of the transition point, and multiplied by the difference between the 
temperature of the transition point and the temperature at which the reaction takes place.



133

DOCUMENT

Acta Baltica Historiae et Philosophiae Scientiarum  
Vol. 11, No. 1 (Spring 2023) 

On the quantum-chemical essence of chemical affinity. An analysis of the 
history of knowledge on chemical bonds requires a separate essay. Therefore, we 
will restrict our discussion to the most general observations.

As already shown, the logic of cognition is such that, until the recognition of the 
essence of chemical affinity on the atomic level (chemical bond), it was necessary 
to uncover the composition and structure of atoms, and to formulate a theory of 
atomic structure. This was done on the basis of quantum mechanics. To this end, 
it was necessary to clarify, to define the chemical bond on the level of Being, to 
investigate it as a fact (whose nature is unknown), and to know how to find the 
bonding energy (from thermochemical data).

In 1927, [Walter Heinrich] Heitler and [Fritz Wolfgang] London applied 
quantum mechanics to explain the structure of hydrogen molecule and (in 
principle) uncovered the nature of covalent bond. Thereby they laid the 
foundations of quantum chemistry. Subsequently, other scientists developed 
various methods (based on different thought models) to theoretically scrutinise 
the chemical bond (see Bykov, 1963). Currently, the method of molecular orbits 
is considered the principal and most promising one.

The quantum mechanical inquiry of molecules has shown that the “forces of 
chemical affinity” that ensure the chemical bond have an electrical (or, more 
precisely, electromagnetic) nature. Chemical forces, were ascribed, as already 
noted, an electrical (and later, more concretely, electronic) nature soon after 
the discovery of the connection between chemical and electrical phaenomena. 
But those were merely qualitative model conceptions, established without any 
knowledge of many intermediate nexuses. Therefore, they did not enable creating 
quantitative definitions of chemical forces, and also contradicted many known 
facts. The problem is that the interatomic electrical attraction and repulsion only 
come to light once the nature of the wave functions of electrons in a molecule 
obtains a quantum-mechanical definition. With the help of quantum mechanics, 
all types of chemical bond, and the structure of all “enigmatic” (including 
complex) compounds, are explained from a single standpoint.

Currently, scientists attempt to theoretically connect the micro- and macro-
levels of the transformation of substances, and take into account more and more 
interactions in the real chemical process.
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***

To summarise, we have made an attempt to corroborate and concretise the 
general progress of cognition from the level of Being, from recording and 
describing phaenomena (qualitatively and quantitatively), to the level of essence, 
to explaining phaenomena (phaenomena are recognised as manifestations of 
essence) on the example of the history of the study of chemical affinity. The 
level of Being has sensuous-practical, rational, and empirical stages. Essence, 
however, is reached at the theoretical level of cognition, where the unity and 
interpenetration of the opposites emerges through conceptual analysis. At both 
levels, analogies and model conceptions are used profusely (on the level of Being, 
they are qualitative in nature).

Submitted for review on 28 November 1966.
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