
EDITORIAL

Aleksandr Mikhailovich Butlerov and chemical structure:
Tribute to a scientist and to a 150-year old concept

István Hargittai

Published online: 18 November 2010

� Springer Science+Business Media, LLC 2010

Abstract In a pioneering move, one hundred and fifty

years ago the Russian organic chemist Aleksandr Butlerov

(1828–1886) coined the term ‘‘chemical structure.’’ He

called for basing our understanding of the chemical com-

position of substances on the concepts of atomicity and

structure.
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In the 1850s and 1860s, excellent chemists worked on

elucidating the composition of organic substances, such as

August Kekulé, Hermann Kolbe, Archibald Couper, and

others. Concepts such as valence in general and the tetra-

valence of the carbon atom in particular were born. It was

felt intuitively that there should be a correlation between

the chemical properties of organic compounds and the

distribution of bonds between their atoms. However, it was

not yet possible to understand and, accordingly, to depict

this correlation properly.

From this background is it only possible to appreciate

the importance of Aleksandr Butlerov’s (Fig. 1) presenta-

tion one hundred and fifty years ago this year at the

meeting of the chemistry division of the 36th congress of

the German physicians and scientists. The title of his pre-

sentation on September 19, 1861, was ‘‘Einiges über die

chemische Structur der Körper,’’ which was then printed in the German journal Zeitschrift für Chemie und Pharmacie

[2] (Fig. 2). Note the spelling of ,,Structur’’ which is

,,Struktur’’ in today’s German. Butlerov at the time was

professor at Kazan University and his paper was reprinted

next year in Russian translation in the journal of Kazan

University [3]. Figure 3 shows the first page of this paper

in which the asterisked footnote refers to the original

German publication.

Fig. 1 Aleksandr Mikhailovich Butlerov (1828–1886). The portrait

is from Ref. [1]
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The term ,,khimicheskoe stroenie’’ in Russian and

,,chemische Struktur’’ in German means chemical structure

and was probably used for the first time. It did not go into

general usage very soon, and the the term stereochemistry

became more popular after it had been coined in 1890 by

Victor Meyer to describe the relative three-dimentional

positions of the atoms in the molecule [4]. Even in

Butlerov’s native Russian, ,,struktura’’ and ,,stroenie’’ are

used alternatively, and the word ,,stroenie’’ has a conno-

tation of being related with the building industry. This

connotation though subtracts nothing from its being

appropriate for chemical nomenclature since, knowingly or

not, Butlerov introduced a term that was supposed to stress

the three-dimensional nature of chemical entities. Inci-

dentally, the bonds in Butlerov’s paper linked groups of

atoms rather than atoms. In this connection we note that

even in the 1930s, when electronic theory of bonding was

already in the vogue, the arrows in chemical texts, sup-

posed to be indicating electron movements in chemical

transformations, were often placed wherever it served the

printers’ convenience rather than expressing meaningful

chemistry.

The tetrahedral arrangement of chemical structures goes

back to Louis Pasteur who had to suppose it in order to

account for dissymmetry and the optical activity of sub-

stances. There was another, little known pioneer of the

tetrahedral bond arrangement of carbon, Emanuel Paternò.

He published his ideas in an obscure Sicilian journal in

1869 [5]. From what he wrote though it is possible to

derive what we call today conformational isomerism [6].

The year of the birth of stereochemistry, however,

is considered to be 1874. The basic concepts were pro-

posed by J. H. van ’t Hoff and J. A. Le Bel, and in 1875

van ’t Hoff published a booklet La Chimie dans l’Espace

(Chemistry in Space). Van ’t Hoff’s and Le Bel’s ideas

were not readily accepted. The most vocal of their

Fig. 2 Opening (a) and closing (b) pages of Butlerov’s 1861 paper in

the German journal [2]

Fig. 3 Opening page of the Russian version of Butlerov’s German

paper in which he introduced the term ‘‘chemical structure’’ [3]
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opponents was Hermann Kolbe whose vitriolic words

illustrate the barrier the concept of three-dimensional

chemistry had to overcome [Ref. 4, p. 93]:

…A Dr. J. H. Van ’t Hoff, of the Veterinarian

College, Utrecht, appears to have no taste for exact

chemical reserch. He finds it a less arduous task to

mount his Pegasus (evidently borrowed from the

Veterinary College) and to soar to his Chemical

Parnassus, there to reveal in his La Chimie dans

l’Espace how he finds the atoms situated in the

world’s space.

It is not possible, even cursorily, to criticize this

paper, since its fanciful nonsense carefully avoids any

basis of fact, and is quite unintelligible, to the calm

investigator…

Butlerov did not participate in the controversy. When he

gave his lecture in 1861, he did not even claim credit for

any new thoughts. Rather, in the conclusion of his paper he

stressed that he was expressing ideas that had occurred to

many of his colleagues, and he mentioned in particular

Couper. Butlerov added that the ideas he was presenting

had not yet been expressed with sufficient clarity. In the

last sentence of his paper he stresses that ,,it is time to base

our understanding about the chemical composition of

substances on the concepts of atomicity and chemical

structure…’’ [translated from the Russian original, Ref. 1,

p. 74].

Recently, David E. Lewis reviewed the significance of

Butlerov’s contribution to the science of organic structures

accompanied by a brief description of his career [7].

Butlerov’s complete works have appeared in a monumental

series of four volumes in Russian, the first volume being

referred to in our Ref. [1]. In the subsequent volumes, his

organic chemistry text book was reproduced (Vol. 2), along

with his science-popularizing works, correspondence,

reviews, and other writings (Vol. 3), and, finally, treatises

concerning agriculture and other studies not related to

chemistry (Vol. 4).

Butlerov’s activities in organic chemistry beyond the

structural aspects were also significant (see e.g., [8]), but

the evaluation of his oeuvre has been clouded with inter-

ference from politics. In the Soviet Union, he was at times

considered as the founder of the science of organic

chemistry, and his memory was kept alive (Figs. 4, 5, 6). In

contrast, in the West, his contributions were often under-

estimated. The blatant actions to politicize his chemistry

occurred most conspicuously during the big controversy

about the theory of resonance in the Soviet Union in the

early 1950s. Butlerov explicitly stated that each compound

had one chemical structure and only one. The critics of the

theory of resonance used Butlerov’s teaching to discard the

possibility of resonance structures as it would allow two or

Fig. 4 Butlerov’s statue in Kazan, courtesy of Boris Solomonov,

Kazan

Fig. 5 Butlerov’s statue in front of the Chemistry Department,

Moscow State University (photograph by the author)
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more structures to coexist. Had this been part of a sober

scientific discussion it could have been considered a rea-

sonable argument.

Unfortunately, in the early 1950s, this grew into an

ideological and even nationalistic controversy with grave

consequences for the proponents of the theory of reso-

nance. The critics of the theory of resonance contrasted

Butlerov’s true Russian values with the cosmopolitan

views of those who had bowed slavishly to Western values,

etc. The proponents of the theory of resonance had to

exercise humiliating self-criticism and lost their jobs [9].

The minutes of a meeting in Moscow on June 11–14, 1951,

were published in a 440-page hardbound volume [10]. Four

hundred and fifty chemists, physicists, and philosophers

attended the meeting, including the top chemists from all

over the Soviet Union. There was a report on ‘‘The status of

chemical structure theory in organic chemistry’’ compiled

by a special commission of the Chemistry Division of the

Soviet Academy of Sciences. It was followed by forty-

three oral contributions. The report consisted of eight

chapters and the first was titled ‘‘Butlerov’s teachings and

their role in the development of chemistry.’’

Linus Pauling was among the Western scientists

attacked in the Soviet resonance controversy, and he

seemed rather puzzled by these attacks and even after many

years appeared as if he had misunderstood the situation in

Soviet Union in the 1950s [11]. Today, we should not let

the unprincipled past misuse of Butlerov’s teachings mask

the values of his pivotal contributions to organic chemistry

as well as to structural chemistry.
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