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Abstract: The article is dedicated to the history of developing highly effective
catalysts in the leading scientific institutions of Ukraine and explores the
prerequisites for developing theories in physical chemistry, in particular those
related to kinetics and catalysis. It highlights the significance of scientific
discoveries at the turn of the 19th and 20th century and their application by
native scientists to advance theoretical development in the field of chemistry.
Special attention is paid to the works of Lev Pisarzhevskii, focusing on his
advancements in electronic chemistry and, in particular, the electronic
theory of catalysis. The article also outlines current challenges in creating
highly efficient catalysts for the chemical and light industry, emphasizing the
importance of such indicators of catalysts as activity and selectivity. Drawing
on historical, scientific and patent data, the study investigates the process
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of creating a highly efficient catalyst for obtaining acrylic acid from acrolein.
This catalyst holds a great practical importance for the production of various
polymers in industrial conditions. It is shown that, as a result of research
conducted by native scientists of the Institute of Physical Chemistry of the
Academy of Sciences of the Ukrainian SSR and the Chemistry Department
of Kyiv State University, the catalyst K-2-5 was developed. The catalyst has
good indicators for the industrial production of acrylic acid from acrolein. The
authors also highlight works studying the properties of the obtained catalyst,
specifically its porous structure, which is an important factor in catalytic
processes. They extensively focus on the kinetic indicators of catalytic
reactions that occur when using this catalyst. The article also emphasizes
the relevance of these developments for advancing research in catalysis and
chemical industrial production.

Key words: acrolein, acrylic acid, electronic theory of catalysis, kinetics and
catalysis, mechanism of catalytic reactions, porous structure of catalyst

Introduction

Acrylic acid is the primary monomer in the production of acrylates, which are
necessary for creating water-based paints, finishing preparations, as well as a
number of polymers and copolymers. Polymers and copolymers derived from
acrylates have a wide variety of properties: colorlessness and transparency,
elasticity and strength, weather resistance and durability, making them
indispensable in industries such as shipbuilding, painting, leatherwork, oil
production, electronics, aviation, textiles, etc. For a long time, the widespread
use of acrylic acid was limited due to the high cost of raw materials. For that
reason, developing a new method for producing acrylic acid became a great
concern. To solve this problem, several institutions in Ukraine investigated
the process of obtaining acrylic acid through the oxidation of propylene with
atmospheric oxygen.

The article is based on historical and scientific sources, using patent data. Also,
our own developments in the field of physical chemistry, specifically catalysis,
form a significant part of this work. The article also reviews the scientific works
related to the development of industrial catalysts and their application. Particular
importance is assigned to the studies carried out at the L. V. Pisarzhevskii Institute
of Physical Chemistry of the Ukrainian Academy of Sciences.
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Relevant research and publications

A number of works explore the history of catalysis within the context of the
evolution of physical chemistry in Ukraine. Among them, several monographs
should be mentioned, such as those by Barchuk ez 2/. (1989), Turchenko (1957),
and Orlovskyi (1959). Several publications also focus on this subject, in particular
by Zabuga (2006; 2008), and Gamaliia ez 2/. (2017). An article by Wisniak (2010)
discusses issues surrounding the general history of catalysis. Some studies also
discuss the history of kinetics and catalysis in Ukraine (Kovalenko, Chmylenko
& Varhaliuk, 2011; ‘Pisarzhevskii Lev Volodymyrovych,” 2008; Khramov,
2008). More notable publications in recent years include studies by Kovalenko,
Varhaliuk and Stets (2013), and Gamaliia, Ruda and Zabuga (2023a; 2023b).

The aim of the article is to show the connection between the inventions of
nineteenth- and twentieth-century Ukrainian chemists who worked in the
field of catalysis, and the practical achievements in the 1980s. The mentioned
publications primarily concern common issues related to the history of physical
chemistry. Those related to catalysis are highlighted in these publications in the
general context of this field. From our point of view, it is of interest to consider
the development of catalysis in Ukraine from the middle of the 19th century
to the 1980s. In addition, in our opinion, special attention should be paid to
the practical advances in research at the L. V. Pisarzhevskii Institute of Physical
Chemistry of Ukrainian Academy of Sciences.

On the history of catalysis: the early concepts

Catalytic processes are among the most complex ones in the field of chemistry
and the chemical industry. One of the most important problems is the creation
of a catalyst with predetermined properties. To accomplish this task, it is
necessary to know the mechanism of the catalytic process. Initial attempts to
understand the mechanisms of accelerating reactions by catalysts were made in
the early 19th century (Wisniak, 2010). Even back then, a connection between
adsorption and heterogeneous catalysis was discovered. The authors of the first
adsorption theories of catalysis were Johann Wolfgang Débereiner (1823) and
Michael Faraday (1833).

In the mid-nineteenth century, the theory of unstable intermediates was clearly
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formulated, the authors of which were Lyon Playfair (1848), as well as our
compatriot Oleksiy Khodniev, professor at Kharkiv University. Khodniev tried
to explain catalytic phenomena through the formation of paired intermediate
compounds as a result of the reaction between the catalyst and reagents (Khodniev,
1852). This work by Khodniev is the earliest in the field of catalysis in Ukraine.
He was one of the first scientists to cross the artificial boundary between ideas
about chemical and physical factors determining catalytic phenomena. Viewing
metabolic processes as a chain of complex catalytic processes, Khodniev diverged
from the views of Berzelius, who considered catalytic phenomena a manifestation
of a supernatural catalytic power, and proposed his own interpretation of catalytic
processes, which included the idea of the intermediate compound formation, the
idea of an active catalyst surface. Khodniev’s ideas that reaction acceleration can
also occur due to an increase in the concentration of reactants on the catalyst
surface were progressive for that time and contributed to the development of
theories related to physical catalysis.

Later, another native researcher, D. P. Turbaba (1888), confirmed that the state
of equilibrium does not depend on the nature and number of catalysts, their role

lies only in changing the conversion rate.

The theory of electronic chemistry

The scientific discoveries of the early 20th century gave a new impetus for the
development of the catalysis theory. This was preceded by a number of theoretical
and practical discoveries in the latter half of the 19th century. In this regard,
an important achievement in chemical thinking in Ukraine was the formation
of ideas rooted in atomism about the complex structure of the atom and its
transformative ability (‘Fiziko-matematicheskiy fakultet...,” 2008, p. 261).
Development of this problem was started in the 1870s, by the eminent professor
of Kharkiv University, M. M. Beketov. Speculating on the fundamental possibility
of atom decomposition, Beketov only expressed doubts about the existence of
sufficient energy sources for such disintegration (‘Adres Ekaterinoslavskogo
nauchnogo obshchestva...,” 1904). The chemist O. I. Bazarov from Kyiv
presented a hypothesis about the complex structure of atoms as early as in 1871.
He rejected the commonly held idea of that time about chemical elements as
indivisible entities. (Holub & Protsenko, 1960)
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Later discoveries confirmed that these assumptions were correct. Thus, in
1895, X-rays were discovered, in 1896—radioactivity (by Henri Becquerel),
and in 1898, radioactive elements and radioactive decay (by Pierre Curie,
William Ramsay, Ernest Rutherford, 1902-1903). In 1903, Rutherford and
Frederick Soddy identified radium as an unstable substance that decomposes with
the release of other elements and energy. In 1913, Henry Moseley’s law on the
relationship between the properties of atoms and their spectra was established.
In 1911-1913, Rutherford first experimentally studied the characteristics of the
atomic structure. It was these latest discoveries that became the basis for new
approaches in the field of chemistry.

The first scientists to interpret chemical processes aligning with the new ideas
about the structure of atoms were Ukrainian researchers, in particular the chemist
G. V. Dine, who worked as a laboratory technician at Kyiv University. As far back
as in 1913, when Niels Bohr introduced his theory about atom’s structure, the
Ukrainian scientist approached redox reactions from the perspective of electronic
representations. Dine speculated that oxidation and reduction are the result of
the addition and loss of electrons.

Among the native scientists who explored this direction was Academician
Lev Pisarzhevskii (1874-1938), an outstanding physicist and chemist,
organizer, lecturer and teacher (‘Pisarzhevskii Lev Volodymyrovych, 2008). The
development of research into the structure of matter, rejecting the ideas about the
atom as an indivisible particle, became an impetus for the course of his scientific
activities (Gamaliia, Ruda & Zabuga, 2023). The achievements in electronic
physics and ion chemistry were applied to explain chemical phenomena and to
formulate a theory of electronic chemistry (Gamaliia ez 4/., 2017).

In 1914, Pisarzhevskii was the first of the Ukrainian scientists to lecture on
inorganic chemistry, using new electronic representations. In 1916-1917, he
was a lecturer of chemistry in Katerynoslav. Based on these lectures, a textbook
on inorganic chemistry for chemists was published, presenting the theory of
electrolytic dissociation, taking into account the doctrine of the complex structure
of the atom, and discussing redox reactions as processes of electron transfer.
Pisarzhevskii was thus the first to introduce the electronic interpretation of redox
processes and the theory of electrode potentials in practice in the educational
system. In 1925, his textbook was published, presenting information from the
perspective of electronic chemistry (Pisarzhevskii, 1925).
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Pisarzhevskii’s idea regarding the dependence of solid body properties on
electronic structure formed the basis of the modern theory of heterogeneous
catalysis. This theory had a huge impact on the formation and evolution of
physical chemistry in Ukraine. The electronic theory of catalysis is based on
the fact that the catalytic action of the catalyst surface is performed by the
interaction of a chemisorbed organic molecule with the electrons from the solid
body of the catalyst, acting as active centres for chemical interaction of molecules

(Pisarzhevskii, 1956, p. 29).

Pisarzhevskii’s activities in this field were mainly directed to the application of
ideas from electronic chemistry to the theory of catalytic processes. Despite the
enormous technological importance of catalytic reactions, the theory of catalysis
was at that time in an initial stage, lagging significantly behind practical needs
(Kovalenko, Varhaliuk & Stets, 2013, p. 27). In contrast to the widespread notion
of heterogeneous catalysis as a purely adsorption phenomenon, Pisarzhevskii
showed in a number of works that the catalytic action of solid catalysts that have
electronic conductivity is a consequence of the interaction of the reacting atoms
and the electrons of the catalyst crystal lattice (Kovalenko, Varhaliuk & Stets,
2013, p. 28).

Lev Pisarzhevskii’s advanced ideas about the dependence of catalytic action
in a solid body on its electronic structure became the basis for the further
development of redox catalysis theory by scientists of his school, such as
Academician V. A. Reuter and Professor M. V. Polyakov (Kovalenko, Varhaliuk
& Stets, 2013, p. 29), as well as the corresponding member of the Academy of
Sciences Ya. B. Gorokhovatskii and Professor V. M. Belousov.

From theoretical developments to practical application

Throughout the mid-nineteenth to late twentieth centuries, the theoretical works
of Ukrainian scientists played a special role in the development of industrial
catalyst for the production of acrylic acid from acrolein. It was considered
economically advantageous to carry out this process in two stages: first, oxidizing
propylene to acrolein, and second, oxidizing acrolein to acrylic acid. Appropriate
catalysts and process conditions were selected for each stage.

Research related to solving this problem was carried out at the L. V. Pisarzhevskii

Institute of Physical Chemistry of the Academy of Sciences of the Ukrainian
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SSR and by investigators of the Catalytic Oxidation Department in this
Institute under the lead of Professor Belousov. It should be noted that the early
twentieth-century theoretical developments in catalysis by Ukrainian chemists
became foundational for the practical implementation of this task. The main
methodological basis was the electronic theory by Pisarzhevskii, who was the
founder and first director of the institute.

A significant part of the Ukrainian research was dedicated to developing a
highly efficient competitive catalyst for the oxidation of acrolein to acrylic acid
(the second stage of the process), as well as to the study of the kinetic laws of
acrolein oxidation in order to use the obtained data for calculating an industrial
reactor. Patent data indicates that the most promising catalysts in the oxidation
of acrolein to acrylic acid are those containing vanadium and molybdenum.

First of all, data from the available literature on catalysts for the oxidation of
propylene to acrolein with the following stage of obtaining acrylic acid was
studied. According to the patent source on binary cobalt—-molybdenum oxide
catalysts, the yield of acrylic acid from the oxidation of acrolein was 40-60%
(Calvin, Wood & Jenkins, 1963). With the introduction of additives, this figure
increases to 80%. As shown in one of the studies (Baryshevsky & Kholyavenko,
1969), during the oxidation of propylene on complex catalysts based on cobalt
molybdate, acrylic acid is obtained according to a sequential scheme at the stage
of acrolein formation. In this process, the active component of the stage of
oxidation of acrolein to acrylic acid on such a catalyst is cobalt molybdate.

Cobalt molybdate has several polymorphic modifications of the same
composition, as described in Smith (1962) and Smith and Ibers (1965). On
the basis of X-ray diffraction and IR spectroscopic data, Boutry, Daumas and
Montarnal (1968) established the structures of magnesium molybdate and
cobalt molybdate. Data on the methods of obtaining cobalt molybdate were
also analyzed. There are three ways to obtain of this substance: (1) sintering of
cobalt and molybdenum oxides; (2) precipitation from solutions of cobalt and
molybdenum salts, followed by calcination of the precipitate at a temperature of
about 673 K; and (3) mixing solutions of cobalt and molybdenum salts, followed
by evaporation, drying and calcination.

The method of sintering oxides is inconvenient because most often a mixture
of phases with an impurity of the initial oxides is obtained. The conditions of
formation, some issues of kinetics, and the mechanism of developing cobalt
molybdate using this method are considered in detail in Bak, Haber and
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Ziolkowski (1971), Boutry, Daumas and Montarnal (1968) and Haber, Novak
and Ziolkowski (1973). The properties and structure of cobalt formed during
the deposition of molybdate are studied in a number of works (Corbert &
Eurand, 1961; Haber, Novak & Ziolkowski, 1973; Lipsch & Schuit, 1969;
Ricol, 1963; Trifiro, Caputo & Villa, 1974). By studying the behaviour of cobalt
molybdate obtained by precipitation in a high-temperature X-ray chamber, new
polymorphic modifications were discovered (Chojnacki & Koztowski, 1975;
Chojnacki, Koztowski & Haber, 1974). The scheme of phase transformations of
cobalt molybdate is described in Haber (1974).

The most important indicators of catalysts are activity and selectivity. The
catalytic properties of the cobalt-molybdenum-oxide system have been studied
in greatest detail in relation to the propylene oxidation reaction. The influence
of the chemical composition of cobalt-molybdenum-oxide catalysts on their
properties in the above reaction was studied by Moro-Oka ez al. (Haber, 1974).
The main products of propylene oxidation in the range of molybdenum-enriched
formulations are acrolein, acrylic acid, and carbon oxides. The highest yield of
acrolein was obtained on molybdenum-oxide catalyst with the ratio cobalt-
molybdenum—10/90. The maximum selectivity for acrylic acid was shown by
samples with the ratio cobalt-molybdenum—30/70 and 40/60. Studying these
properties made it possible to determine the optimal ratios of components for
an industrial catalyst (Haber, 1974).

To obtain acrylic acid from acrolein, the optimal catalyst was the one based
on vanadium- molybdenum-oxide system. When analysing patent data
(Kholyavenko, Belokopytov & Gerey, 1976; Tichy, Kustka & Vencl, 1974), it
was found that two compositional regions could be distinguished in the system
under study that differed sharply in their catalytic properties. Samples enriched in
vanadium and pure vanadium oxide were active in deep oxidation. Also, catalysts
enriched in molybdenum were active in the oxidation of acrolein to acrylic acid.
According to the studies, the active component of the vanadium-molybdenum-
oxide system in the generation of acrylic acid was a chemical compound based
on molybdenum oxide, partially substituted with vanadium.

The works dedicated to the mechanism of catalytic processes were also studied.
The problem of the catalytic oxidation reaction mechanism has two main
aspects: the participation of oxygen in the formation of reaction products and
the conversion of the oxidized substance into products during the reaction. There
are two main mechanisms for incorporating oxygen into the oxidized molecule:
the stepwise alternating oxidation and reduction of the catalyst surface by the
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reactants, and the confluent or associative mechanism. It has been proposed to
classify the catalytic reactions mechanisms based on the presence or absence of
mutual transfer of a substance between the catalyst and the reacting system, as
well as the nature of this transfer.

An analysis of the data given in literature shows that most researchers support
the stepwise mechanism for the formation of the selective oxidation products
of hydrocarbons by alternating oxidation-reduction of the catalyst surface.
Knowledge of the oxidation mechanism and the nature of the active surface
of the catalyst are necessary for the scientific development of an active and
selective catalyst for partial oxidation. In the heterogeneous catalytic oxidation
of hydrocarbons, some general features of the mechanism inherent in various
reactions and types of catalysts have been established:

1. When a hydrocarbon interacts with the catalyst surface, chemisorption
occurs: weak, reversible at a given temperature, and strong, irreversible, often
removed only when exposed to oxygen. The ratio of the weak and strong
forms of adsorption depends on the structure of the molecule and the nature
of the catalyst surface.

2. Deep oxidation of hydrocarbons is provided by weakly bound mobile
oxygen, whereas mild oxidation, almost without exception, is provided by
relatively strongly bound oxygen located in the lattice of oxide catalysts.

3. During the interaction of hydrocarbon and oxygen, surface compounds of
different structure and with different affinity to the surface are formed on the
contact surface. These compounds are active intermediate forms, caused, as a
rule, by the processes of mild and deep oxidation. Moreover, the formation
of the product can occur both on the surface of the catalyst and in the
volume of the gas phase according to the radical chain mechanism.

4. 'The redox mechanism—restoration of the catalyst surface with oxidizable
hydrocarbons and its re-oxidation with oxygen—is the most common
mechanism of partial heterogeneous oxidation (Pisarzhevskii, 1956).

5. Works on the mechanism are closely linked to the studies on the laws
governing the selection of catalysts for partial oxidation. Correlations of
activity and selectivity with the binding energy of oxygen in the oxide and
with the acid-base properties of the hydrocarbon and the catalyst surface are
known. The most selective are the oxides of the elements of the first half of
the long periods (Belousov, Kashuba & Zabuga, 1990).
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The regularities listed above were used in the development of a highly efficient
catalyst for the oxidation of acrolein, which was based on the well-known
vanadium-molybdenum-oxide system. Generally, the process of creating such
a highly efficient catalyst, excluding patent search and familiarity with the
literature, can be tentatively divided into three stages: (1) search and development
of the optimal chemical composition of the active mass; (2) development of an
optimal method (mode) for obtaining this mass; and (3) search and selection of
the optimal carrier for a given chemical composition of the active mass. These
stages are intertwined, complementing each other, and their order may change.

In developing a highly efficient catalyst for the oxidation of acrolein, the
possibilities of each of the three stages were almost completely used. During
the preparation of catalysts, the influence of factors such as the nature and
amount of the organic reductant, the amount of the active substance deposited
on the support, the nature and porous structure of the support, as well as the
impregnation and heat treatment regime on the activity and selectivity of the
resulting contact were studied.

As a result, the catalyst named K-2-5 with yield of acrylic acid (98.7%) was
developed. A particularly important property of the catalyst is the almost
absolute selectivity (the absence of by-products in the reaction products), which
greatly facilitates the stage of isolating the target product. The catalyst operates
with consistently high performance over a wide range of water vapour (0-40%)
and acrolein (1-14%) concentrations. An increase in the acrolein load makes it
possible to operate the contact with high productivity, and a decrease in water
vapour concentrations (down to 0%) significantly increases the concentration of
acrylic acid in the reaction products, which, along with high selectivity, greatly
simplifies the stage of isolating the finished product.

Investigation of the properties of catalyst K-2-5 and kinetics
of the catalytic process

The creation of a highly efficient catalyst s the first step towards the implementation
of scientific development in the industry. The next stage involves the calculation
of an industrial reactor. This requires knowledge of kinetic laws, the study of
which is given below.
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The porous structure of the K-2-5 catalyst was studied using the adsorption-
structural method. The most important parameters of the catalyst porosity are
the specific surface area, which determines their activity, and the nature of the
pore size distribution, which affects the kinetic regularities and selectivity of the
catalytic process.

Almost all adsorption methods for determining the specific surface area are based
on the Brunauer—-Emmett—Teller (BET) theory of polymolecular adsorption.
The calculation of the monolayer capacitance from the linear form of the BET
equation is now generally accepted. Deviations from linearity are most often
associated with the presence of micropores in the samples, in which adsorption
occurs not layer by layer, but by volumetric filling of some smallest pores—
micropores and supermicropores. Therefore, for such samples, the specific surface
area determined by the BET method is overestimated. Nitrogen and, in particular,
argon are universal in this regard; they are practically insensitive to changes in
the chemistry of the catalyst surface. This is the basis of the chromatographic
method for determining the specific surface by thermal desorption of nitrogen
(argon).

Along with mercury pore measurement, the adsorption method of capillary
condensation based on the well-known Kelvin equation was used to calculate
pore volume distribution curves by size. It should be noted that the most
common pore diameter found in this way and the distribution curve itself
correspond only to mesoporous ones, which are filled by the mechanism of
capillary condensation. The presence of microporosity in the catalysts, in which
volumetric filling takes place, and macroporosity, which are not filled in the
process of vapour adsorption, cannot be taken into account from the data
obtained from the Kelvin equation. Therefore, the average pore size (integral
value) may deviate from the calculated data in one direction or another.

For a detailed description of the adsorption-structural characteristics of the
catalyst K-2-5, the methanol adsorption isotherm was obtained using a weight
adsorption unit. The obtained data showed that the catalyst had pores, which
was probably optimal for the oxidation of acrolein on a heterogeneous catalyst.

The study of kinetics was carried out using the flow-circulation method. The
reaction products were analyzed by the chromatographic method. In terms of the
previously studied catalysts, based on vanadium and molybdenum oxides, the
reactions leading to the mild oxidation of hydrocarbons proceed according to the
redox mechanism, while the reactions of deep oxidation proceed according to the
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associative one. It can be assumed that in the case of the oxidation of acrolein to
K-2-5, the reactions proceed according to the same mechanisms.

As the water concentration increases, the activity of the catalyst and the selectivity
for mild oxidation products increase. The positive effect of water vapour on the
processes of selective oxidation of hydrocarbons has been noticed a long time
ago. However, the explanations for this fact in all the mentioned works remain
hypothetical. It is likely that water, having a relatively high heat capacity, lowers
the temperature of active centres and prevents deep oxidation of partial oxidation
products. An increase in the concentration of water vapour in the mixture
apparently promotes the desorption of reaction products from the active surface
of the catalyst, thereby increasing its activity. A comparison of the data shows
that the K-2-5 catalyst has a higher activity and selectivity for the formation of
acrylic acid from acrolein compared to earlier catalysts. After determining the
kinetic characteristics of the catalyst K-2-5, the obtained values could be used to
calculate an industrial reactor.

Conclusion

As the study shows, Ukrainian scientists of the 19th-20th centuries made a
significant contribution to the development of kinetics and catalysis theory. Their
investigations took place within a broader context of the general development of
physics and chemistry of that time and, in particular, the evolution of physical
chemistry as a separate chemical branch.

Here we can trace the development path of these ideas in the field of catalysis
from the very first concepts, such as the theory of intermediate compounds, to the
creation of electronic theory. It is established that this theory was a consequence
of fundamental discoveries in physics of the late 19th and early 20th century.
Ukrainian scientists were among the first to apply the latest innovations to solve
a number of issues in chemistry.

The article also highlights the role of Lev Pisarzhevskii as the founder of electronic
chemistry and the first director of the Institute of Physical Chemistry. It is shown
that it was Pisarzhevskii’s electronic theory of catalysis that served as a theoretical
basis for the creation of an industrial catalyst. Thus, a connection between the
theoretical developments of previous years and solving contemporary practical
problems has been firmly established. As a result of research conducted by the

Acta Baltica Historiae et Philosophiae Scientiarum 87
Vol. 11, No. 2 (Autumn 2023)



Vira Gamaliia
Artem Zabuga
Gennadii Zabuga

institute’s scientists, a highly efficient catalyst for the process of obtaining acrylic
acid from acrolein was developed. Furthermore, the findings of the described
studies remain relevant today owing to the demand for highly efficient catalysts
for emerging technologies aimed at producing various chemical products.
Specifically, further advances in the catalysis theory continue to this day.

References

‘Adres Ekaterinoslavskogo nauchnogo obshchestva...” (1904), ‘Adres Ekaterinoslavskogo
nauchnogo obshchestva. Doklady, zasl. v Obshch. sobr. 13 marta 1904, posvyashch.
Beketovu’ [Address of the Yekaterinoslav Scientific Society. Reports delivered at the
General Meeting on March 13, 1904, dedicated to Beketov], Bulletin of Ekaterinoslav
Zemstvo, no. 2, pp. 17-18.

Bak, T.; Haber, J. & Ziolkowski, J. (1971), ‘Kinetics of the Solid State Reaction in the
Co,0 4—M003,’ Bulletin of the Polish Academy of Sciences, Serie Chemistry, vol. 19,
pp- 489-496.

Barchuk, L. P; Beloded, A. A.; Boyarskaya, L. A.; Vlasenko V. M.; Golodets G. I. &
Gorodynskiy A. V. (1989), ‘Razvitie fizicheskoy khimii na Ukraine’ [Development
of physical chemistry in Ukraine], Kyiv: Naukova dumka.

Baryshevsky, I. M. & Kholyavenko, K. M. (1969), ‘Issledovanie kinetiki okisleniya
propilena na okisnom olovyanno-molibdenovom katalizatore’ [Study of the kinetics
of propylene oxidation on a tin-molybdenum oxide catalyst], Cazalysis and Catalysts,
no. 5, pp. 23-24.

Belousov, V. M.; Kashuba, E. V. & Zabuga, G. V. (1990), ‘Kataliticheskie svojstva
privityh i fotoimmobilizovannyh zhelezosoderzhashchih kontaktov v okislenii
propilena’ [Catalytic properties of grafted and photoimmobilized iron-containing
contacts in propylene oxidation], Ukrainian Chemistry Journal, vol. 56, no. 6.

Boutry, P; Daumas, J. C. & Montarnal, R. (1968), ‘Contribution a 'etude du
molybdate de cobalt anhydre et réactivité de ces phases, Bulletin de la Société
Chimique de France, vol. 10, pp. 4811-4816.

Calvin, G.; Wood, B. & Jenkins, R. H. (1963), ‘Catalytic Compositions,’ British Patent,
no. 924532.
Chojnacki, J. & Koztowski, R. (1975), ‘Disordered Modifications of Cobalt

Molybdate,” journal of Solid State Chemistry, vol. 14, no. 2, pp. 117-121.
hetps://doi.org/10.1016/0022-4596(75)90001-8

Chojnacki, J.; Kozlowski, R. & Haber, J. (1974), ‘The Polymorphic Transformations
of Cobalt Molybdate,” Journal of Solid State Chemistry, vol. 11, no. 2, pp. 106-113.
hteps://doi.org/10.1016/0022-4596(74)90104-2

88 Acta Baltica Historiae et Philosophiae Scientiarum
Vol. 11, No. 2 (Autumn 2023)



On the History of Developing Catalysis in Ukraine (1850s-1980s)

Corbert, F. & Eurand, Ch. (1961) ‘Etude comparee de molybdates de nickel, cobalt et
manganese hydrates,” Bulletin de la Société Chimique de France, vol. 3, pp. 571-575.

‘Fiziko-matematicheskiy fakultet...” (2008), ‘Fiziko-matematicheskiy fakultet
Kharkovskogo universiteta za pervye sto let ego sushchestvovaniya (1805-1905)
[Faculty of Physics and Mathematics of Kharkiv University: the first hundred years
of the existence (1805-1905)], Kharkov: University publication.

Gamaliia, V. M.; Ruda, S. P. & Zabuga, G. V. (2023a), ‘Diialnist laboratorii profesora
L. V. Pysarzhevskoho v period pershoi svitovoi viiny’ [The activity of the laboratory
of Professor L. V. Pisarzhevskii during the First World War], Naukovo-innovatsiinyi
rozvytok abrovyrobnytstva yak zaporuka prodovolchoi bezpeky Ukrainy: vchora, sohodni,
zavtra: Proceedings of the All-Ukrainian scientific-practical conference, April 19—
20, Kyiv, pp. 16-18. Retrieved from https://dnsgb.com.ua/assets/files/naukovi_
konferencii/materiali_04.2023_ch.-2.pdf [accessed Jul 2023]

Gamaliia, V. M.; Ruda, S. P. & Zabuga, G. V. (2023b), ‘Naukovo-pedahohichna
diialnist L. V. Pysarzhevskoho v konteksti fizyko-khimichnykh doslidzhen pochatku
XX st [Scientific and pedagogical activities of L. V. Pisarzhevskii in the context
of physical and chemical research of the beginning of the 20th century], Aktualni
pytannia istorii nauky i tekhniky: Proceedings of the 22nd All-Ukrainian conference,
October 5-7, Kyiv, pp. 26-29.

Gamaliia, V.; Zabuga, O.; Ruda, S. & Zabuga, G. (2017), ‘Lev Pisarzhevskiy: The
Unity of Theory and Practice,” Historiae Scientiarum Baltica 2017: Abstracts of the
XXVIII International Baltic Conference in History of Science, May 18-20, Tartu,
pp- 13-14.

Haber, J. (1974), ‘Cobalt and Other Transition Metal Molybdate Catalysts,” Journal of the
Less Common Metals, vol. 36, no. 1-2, pp. 277-287. https://doi.org/10.1016/0022-
5088(74)90112-X

Haber, J.; Novak, J. & Ziolkowski, J. (1973), ‘Kinetics of the Solid State Reaction
between Co,0, and MoOa,’ Bulletin of the Polish Academy of Sciences, Serie Chemistry,
vol. 24, pp. 479-484.

Haber, J. & Srelejewski, W. (1971), ‘Solvated Cobalt Molybdates as Precursors of
Catalysts for Acrylic Oxidation of Hydrocarbons,” Bulletin of the Polish Academy of
Sciences, Serie Chemistry, vol. 19, pp. 497-505.

Holub, A. M. & Protsenko, P. A. (1960), ‘D. I. Mendeleev i khimiia v Kyivskomu
universyteti v 60-90-kh rokakh XIX st.” [D. I. Mendeleev and chemistry at Kyiv
University in the 1860s-90s], Bulletin of Kyiv University, Physics and Chemistry
Series, vol. 3, no. 1, pp. 24-47.

Khodniev, O. (1852), ‘Kataliticheskie yavleniya [Catalytic phenomenal, Zhurnal
Ministerstva narodnogo prosveshcheniya, August, p. 77.

Kholyavenko, K. M.; Belokopytov, Yu. V. & Gerey, S. V. (1976), ‘Adsorbcionnye
kompleksy ammiaka, propilena i akroleina s okisnymi katalizatorami parcialnogo
i polnogo okisleniya’ [Adsorption complexes of ammonia, propylene and acrolein

Acta Baltica Historiae et Philosophiae Scientiarum 89
Vol. 11, No. 2 (Autumn 2023)



Vira Gamaliia
Artem Zabuga
Gennadii Zabuga

with oxide catalysts of partial and complete oxidation], 7he Role of Coordination in
Catalysis, Kyiv: Naukova Dumka, pp. 122-127.

Khramov, Yu. O. (2008), ‘Naukovi shkoly v NAN Ukrainy’ [Scientific schools of the
National Academy of Sciences of Ukraine], Science and Science of Science, no. 4,
pp. 122-133.

Kovalenko, V. S.; Chmylenko, F. O. & Varhaliuk, V. F. (2011), ‘Istoriia khimichnoho
fakultetu Dnipropetrovskoho natsionalnoho universytetu (naukovi napriamy, podii,
liudy)” [A history of the Faculty of Chemistry of the Dnipropetrovsk National
University (research areas, events, people)], Dnipropetrovsk: Vyd-vo Dnipropetr.
un-tu.

Kovalenko, V. S.; Varhaliuk, V. F & Stets, N. V. (2013), ‘Academician Lev
Volodymyrovych Pisarzhevskii, Vydatni postati universytetu, Dnipropetrovsk: Vyd-
vo DNU. Retrieved from http://library.dsu.dp.ua/Metodichki/pisarjevskiy.pdf
[accessed Feb 2023]

Lipsch, J. M. J. G & Schuit, G. C. A. (1969), “The CoO-MoO,-Al,O, Catalyst: L.
Cobalt Molybdate and the Cobalt Oxide Molybdenum Oxide System,” journal of
Catalysis, vol. 15, pp. 163—173. https://doi.org/10.1016/0021-9517(69)90020-7

Orlovskyi, S. T. (1959), Istoriia khimii [A history of chemistry], Kyiv.

Pisarzhevskii, L. V. (1925), “Vvedenie v khimiyu. Na osnove stroeniya atoma i
elektronnogo stroeniya molekul” [Introduction to chemistry. Based on the structure
of the atom and the electronic structure of molecules], Ekaterinoslav: Typography
of the Ekaterinoslav Railway.

Pisarzhevskii, L. V. (1956), ‘lonnaya teoriya s tochki zreniya ucheniya ob elektronakh’
[lonic theory from the point of view of the doctrine of electrons], Electron in
Chemistry, Kyiv: Publishing House of the Academy of Sciences of the Ukrainian
SSR.

‘Pisarzhevskii Lev Volodymyrovych’ (2008), Profesory Dnipropetrovskoho natsionalnoho
universytetu: biobibliohrafichnyi dovidnyk, Dnipropetrovsk: Vyd-vo Dnipropetr. un-
tu, pp. 381-382.

Ricol, P. (1963), ‘Chimie minerale. — Proprietes oxidantes de la solution molibdique,

Comptes Rendus Chimie, vol. 256, pp. 3125-3127.

Smith, G. W. (1962), “The Crystal Structures of Cobalt Molybdate CoMoO, and Nickel
Molybdate NiMoO,,” Acta Crystallographica, vol. 15, pp. 1054-1057.
hteps://doi.org/10.1107/50365110X62002765

Smith, G. W. & Ibers, J. A. (1965), “The Crystal Structure of Cobalt Molybdate
CoMoO,," Acta Crystallographica, vol. 19, pp. 269-275.
hetps://doi.org/10.1107/50365110X65003201

Tichy, J.; Kustka, J. & Vencl, J. (1974), ‘Auswahl des Katalysators und

Reaktionsbedingungen,” journal of Czech. Chem. Commun., vol. 39, no. 7,
pp- 1797-1804. https://doi.org/10.1135/cccc19741797

90 Acta Baltica Historiae et Philosophiae Scientiarum
Vol. 11, No. 2 (Autumn 2023)



On the History of Developing Catalysis in Ukraine (1850s-1980s)

Trifird, E; Caputo, G. & Villa, P. L. (1974), ‘Oxidation of 1-Butene to Maleic
Anhydride and Carbon Oxides on Molybdate-Based Catalysts, journal of the
Less Common Metals, vol. 36, no. 1-2, pp. 305-318.
hteps://doi.org/10.1016/0022-5088(74)90115-5

Turbaba, D. P. (1888), ‘Prevrashchenie aldegida v paraldegid i obratno pod vliyaniem
katalizatorov’ [The conversion of aldehyde to paraldehyde and vice versa under the
influence of catalysts], Protokoly Fiziko-khimicheskogo obshchestva pri Kharkovskom
universitete, Kharkiv University.

Turchenko, Ya. I. (1957), ‘Osnovnye puti razvitiya obshchey, neorganicheskoy i
fizicheskoy khimii na Ukraine (XXI st. i 1-ya polovina XX st.)” [The main vectors of
general, non-organic and physical chemistry in Ukraine (21st century and the first
half of the 20th century)], Kyiv: Kyiv University Publishing.

Wisniak, J. (2010), “The History of Catalysis — From the Beginning to Nobel Prizes,’
Educacion Quimica, vol. 21, no. 1, pp. 60-69. Retrieved from https://www.
researchgate.net/publication/236233411_The_History_of_Catalysis_-_From_the_
Beginning to_Nobel_Prizes [accessed May 2023]

Zabuga, G. V. (2006), “The Development of Physical Chemistry in Ukraine (the Second
Half of the XIXth — the Beginning of the XXth Centuries)’, Abstracts of the 22nd
International Baltic Conference on the History of Science, 5—7 October, Vilnius, p. 58.

Zabuga, G. V. (2008), ‘Professors of Kharkov and Dorpat Universities in Society of
Sciences (1812-1829),” Abstracts of the 23rd International Baltic Conference on the
History of Science, 9—10 October, Riga, p. 35.

Vira Gamaliia, doctor of historical sciences, is a professor and head of the
Department of Philosophy and History of Science and Technology at Kyiv
State University of Infrastructure and Technology, Ukraine. She graduated
from Kyiv State University and obtained a doctoral degree from the Dobrov
Research Institute on Scientific and Technological Potential and Science
History of the National Academy of Sciences of Ukraine. Her scientific activity
involves history of science and technology, gender problems, history of
medicine, and terminology.

Artem Zabuga, PhD in physics and mathematics is an assistant professor
at the Department of General and Theoretical Physics of the National
Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute.” He
graduated from Kyiv State University and obtained a PhD degree from the
S. P. Timoshenko Institute of Mechanics of the National Academy of Sciences
of Ukraine. His main research interests are history of science and technology,
artificial intelligence, and mathematical modelling in biology.

Acta Baltica Historiae et Philosophiae Scientiarum 91
Vol. 11, No. 2 (Autumn 2023)



Vira Gamaliia
Artem Zabuga
Gennadii Zabuga

92

Gennadii Zabugais a PhD student at the Department of History and Sociology
of Science and Technology of State Institution G.M. Dobrov Institute for
Scientific and Technological Potential and Science History Studies, NAS of
Ukraine. He graduated from Kyiv State University. His main research interests
are history of science and technology, history of chemistry, and scientific
schools in physical chemistry.

Acta Baltica Historiae et Philosophiae Scientiarum
Vol. 11, No. 2 (Autumn 2023)



