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“It was the best of times, it was the worst of
times...”

From A Tale of Two Cities by Charles
Dickens (1859)






Romanization of Cyrillic Letters

In this book, the Romanization of Cyrillic letters generally follows the rules of the
U.S. Board on Geographic Names. Exceptions have been made in cases where
authors have used different ways of Romanization of their own names in publications.
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Chapter 1
Introduction

Fritz Scholz

Progress in science has been always achieved by a diverse community of
researchers, working in different countries, under different social, economic, and
political conditions, with different traditions, and usually speaking different lan-
guages. Despite these profound differences, a common framework of theories and
experimental methods has gradually been built up, in which the individual contri-
butions are often partly or totally hidden. Science is an international achievement,
and textbooks and monographs are often written without reference to true origins of
scientific ideas and without reference to the conditions under which the science was
developed. As a result, the reader gets only half the picture. In fact, science has been
strongly shaped by the individual researchers. Terminology, symbols, paradigms,
and prototypes, i.e., the language of science, are deeply rooted in the thinking of the
individual scientists having lived under specific historical conditions. The experi-
mental methods and techniques mirror the individual abilities of the scientists as
well as their living and working conditions. Developed by other scientists under
different conditions, they would have been different. Between the most ancient
inventor and the most recent user exists an evolutionary chain of developments with
unpredictable twists and turns, sometimes also revolutionary steps. Similarly,
theories are coined by the thoughts and ideas of the people who have developed
them; they got the stamp of the time and place of their origin. When I started writing
this introduction, the idea that the social environment of a scientist can affect the
way in which science is growing, was so plain to me that I did not give it a second
thought. I have concluded this from reading original papers written at different
times and places and by observing ongoing scientific developments. Later I have
seen that sociologists had severe fights about this question, and only in the past
decades it became accepted that there are different “Styles of Thought,” as Jonathan
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2 F. Scholz

Harwood entitles his analysis of the history of genetics in the USA and Germany.
Harwood writes: “Since the 1970s, however, a substantial literature on the sociol-
ogy of scientific knowledge has made the search for styles of science altogether
plausible. What this literature demonstrates is that the cognitive processes whereby
scientific knowledge is constructed—for example, observation, classification, the-
ory formation, and theory testing—are routinely shaped by the social circumstances
of the scientist concerned.” [1].

Science and arts differ in many respects. It is often been said, if Shakespeare had
not written Romeo and Juliet, nor Goethe Faust, then nobody else would ever have
written these plays in precisely the same way [2]. On the other hand, if Einstein had
not developed the theory of relativity, nor Planck the concept of the quantum, then
someone else certainly would. Although this is surely true, it is equally true that
these concepts would have been presented to us from a different angle, using
different notation, and illustrated by different paradigms. Of course, the building
of science possesses an objective core structure, proven to be true in the framework
of what we know. Science is an intellectual reflection of the outer world, arts and
religions being others. Science appears to be completely impersonal, but if searched
for, the individual polish comes up everywhere. The question whether we have to
care for the individual features is not uniformly answered by contemporary scien-
tists; however, the authors of this book and the editor are united by the idea that for
a full understanding of science one needs information about its subjective growing
mechanisms. Iwan N. Stranski [2] felicitously described the situation in science as
follows: “Here again let me hark back to intuition and understanding. All scientists
try to discern (albeit dimly) connections within their field of endeavour which
promise the most progress. This happens by intuition. And if they perceive the
connections properly, even without the benefit of a rigorous formulation, then that
is already a kind of insight. The exact formulation gives the theory. Nevertheless, it
should be emphasized that any creative individual working in the exact sciences,
including mathematics, also works as an artist, because he has the freedom to
introduce inaccuracies, and, indeed, must use that freedom in order to achieve a
result. Otherwise, almost every problem would turn out to be hopelessly compli-
cated.”" (Jointly translated by Steve Fletcher and Fritz Scholz) It is especially the
choice of these “inaccuracies” (or approximations) which best reflects the individ-
uality (in rare cases the genius) of the scientists.

"“Hier mochte ich nochmals auf die Intuition und Erkenntnis zuriickkommen. Jeder
Wissenschaftler ahnt mehr oder weniger innerhalb des von ihm bearbeiteten Gebietes
Zusammenhinge, die einen Fortschritt versprechen. Das war die Intuition. Und wenn er die
Zusammenhinge richtig erfalit, ohne sie unbedingt formuliert zu haben, so ist es bereits eine
Erkenntnis. Die exakte Formulierung ergibt die Theorie. Es sei hier nochmals betont, das jeder
Schaffende auch in den exakten Wissenschaften einschlieflich der Mathematik eigentlich als
Kiinstler wirkt. Denn er hat die Freiziigigkeit, Ungenauigkeiten einzufiihren, und er mufl von
dieser Gebrauch machen, um iiberhaupt erst zu einem Ergebnis zu kommen. Sonst wiirde sich fast
jedes Problem als hoffnungslos kompliziert ergeben.”
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The political history of the twentieth century is marked by momentous devel-
opments. In Europe, four empires disintegrated as a result of the First World War I
(WW I): the German, the Austro-Hungarian, the Russian, and the Ottoman. This led
to the formation of a number of independent countries, like Czechoslovakia,
Poland, Hungary, and Yugoslavia, and to the formation of the first communist
country, the Soviet Union. In 1939, Germany ignited the Second World War
(WW II), with the repercussion that in the second half of the century, the wider
world was divided into two parts: one led by the USSR and the other by the USA.

The USA made astonishing progress in science and technology during the twen-
tieth century. At the end of the nineteenth century, a US scientist typically had to get a
PhD from Germany if he wanted to become a recognized professor at home. The book
“Ostwald’s American Students” [3] gives ample examples of this, including such
luminaries as Morris Loeb, Arthur Amos Noyes, Theodore William Richards, Fred-
erick Gardner Cottrell, and many others. By the end of the twentieth century, the
situation had reversed, and a PhD from a US university (or post-doctoral experience
in the USA) had become a normal career pathway for Western European scientists. If
one tries to structure the twentieth century, one may distinguish the following periods:
(1) 1900-1914: the time prior to WW I; (2) 1914/18-1933: the time between WW 1
and the Nazi regime; (3) 1933—1945: the Nazi regime in Germany; (4) 1945-1989:
the existence of two global political blocs; and (5) 1989—-2000: the breakdown of the
bipolar world. The time before the outbreak of WW I was essentially a continuation
of the nineteenth century and was dominated scientifically by Germany, the UK,
France, and the Austro-Hungarian Empire. Scientific visits between European
scientists were normal, and scientists from further afield, such as the USA and
Japan, felt compelled to visit Europe to keep up with developments. Russian scientists
normally studied for their higher degrees in Western Europe. World War I eventually
destroyed these cordial and ad hoc arrangements, and many scientists became
increasingly employed for military and political ends. Eventually, the creation of
the Soviet Union meant a complete turning around of social and political norms on its
territory, and this had most far-reaching consequences for all the scientists living
there. Likewise, the Nazi epoch in Germany from 1933 to 1945 was not only a human
catastrophe but also a catastrophe for German science, with the death or departure of
so many great German-Jewish intellectuals. The mass emigration of Jews from
central Europe, mainly to the USA but also to the UK and Palestine/Israel, weakened
the scientific base of central European countries to such an extent that its very
existence was put at stake. The migration of Jews to the USA was clearly an important
factor in its postwar scientific dominance.

The situation following WW 1I is often called the “Cold War,” during which
two strongly armed political blocs came into existence and direct communication
between the scientists in the two blocs virtually ceased. US scientists who
attempted to communicate with East European colleagues were viewed in their
own country with deep suspicion, while scientists in Eastern European countries
were routinely prevented from travelling, even within their own bloc. There were
restrictions on writing letters, on receiving letters, on telephoning, and even on
research topics. Severe restrictions applied also to East German scientists because
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of the special situation of the divided Germany. Only in the late eighties did these
restrictions ease somewhat. When the Berlin Wall finally came down in 1989, this
signalled the breakup of the Eastern bloc, and also the disintegration of the Soviet
Union. It reopened channels of communication that had been closed for about
70 years. That is a long time in human history, and it is a period in which several
generations of scientists were educated. The aftermath is not yet over, and at the
time of finalizing this introduction, the thread of another Cold War period is felt
throughout Europe.

Electrochemistry is only a small part of science. Modern electrochemistry is
rooted in eighteenth and nineteenth century Europe and connected with the names of
giants such as Galvani, Volta, Davy, Ritter, Faraday, Schonbein, Grove, Lippmann,
Ostwald, Arrhenius, and Nernst. (Some of them, like Ostwald, Arrhenius, and
Nernst, survived into the twentieth century.) More recently, in the middle of the
twentieth century, a blossoming of electrochemistry occurred in Eastern Europe.
The main figures were Jaroslav Heyrovsky and Alexander Naumovich Frumkin.
Very interestingly, both were not students of any of the abovementioned giants,
although Heyrovsky has worked with F. G. Donnan in London, and Frumkin was in
Strasbourg and Bern. Instead, they are convincing examples of self-made scientists,
touched by divine inspiration, as it were.” The careers of Heyrovsky and Frumkin
also reveal how accidental circumstances shape future developments. They both
stand at the cradle of modern electrochemistry, and their scientific descendants are
now spread over the entire world. To a large extent, the strength of electrochemistry
in Eastern Europe can be traced back to them. Other features which contributed to
the rapid development of the field were the strength of mathematical education in the
Soviet bloc and the comparatively low cost of electrochemical instrumentation,
which made electrochemistry attractive in poorly funded states.

The authors of this book also discuss a number of other flourishing research
groups which cannot be directly derived from or related to Heyrovsky and Frumkin.
The existence of these groups proves how important it is to have a high scientific
culture and scientific standards set by excellent leading groups. In other words, the
groups of Heyrovsky and Frumkin had a very far-reaching influence on the whole of
electrochemistry in Eastern Europe, and also worldwide.

The division of the world in the twentieth century resulted in a serious mutual
deficit of knowledge about the people on the other side. Whereas scientific infor-
mation permeated through the iron curtain (albeit sluggish and incomplete)—the
dissemination of knowledge about the scientists was very restricted. The freedom
for Eastern European scientists to travel, be it to conferences or for research stays,
varied strongly among the different countries, and it also varied in time. Thus, it
was not always the professional abilities of scientists that determined their chances

2 Fritz Haber’s was a similar case: “He worked his way into the fields of electrochemistry and
thermodynamics, which were critically important for his research, in a most astounding and quite
unusual fashion—without having an intellectual mentor in any of the scientific schools.”
(Stoltzenberg D (2004) Fritz Haber. Chemist, Nobel Laureate, German, Jew. Chemical Heritage
Foundation, Philadelphia, p xxi.)
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to travel but more often their political position (proximity to the ruling parties) and
ranking in the University (or Academy) hierarchy. This fuelled some mistrust of
Western colleagues towards those Eastern Europeans who were allowed to travel,
also a part of the aftermath of the divided world.

It is the aim of this book to make the wider world better acquainted with the
golden age of East European electrochemistry and to keep alive the memory of
those scientists who devotedly served science under very trying conditions. Many
of them were never properly recognized in their lifetimes because of their isolation.

It was not our intention to be prescriptive about the contents of this book.
Obviously, it is impossible to completely cover such a vast field. Therefore, the
guiding principle was this: to trace back, where possible, the genesis of the most
important ideas and to place them in the context of the lives of the individual
scientists concerned. The authors and the editor are also aware of the distinct
disparities between the included people; some of them have influenced the whole
of electrochemistry, while others have left their imprint on only a very small
subfield, but nevertheless we feel obliged to include them. Further, we have to
apologize for neglecting a large number of electrochemists, and even some coun-
tries; this was not done on purpose but because we could not find authors willing to
cover the missing topics. It would also be nice if this book could be complemented
by similar books presenting the development of electrochemistry in other parts of
the world, e.g., the USA, Western Europe, Japan, and China.

The book is written for people who are already acquainted with the culture and
terminology of electrochemistry. However, it can also be read by historians, since it
provides a unique source of new information about an important epoch in science
history.

The idea to prepare this book is itself a product of the divided world of the
twentieth century: I grew up in East Germany, at the periphery of Berlin. At school,
I have learned Russian and English. Knowledge of Russian tremendously helped
me in communicating with Russian colleagues and also helped me to make
extended Internet searches in that language. I was 34 when the Berlin Wall came
down, i.e., politically I have experienced the East and the West, and so I acquired an
understanding of the people on both sides. I am deeply convinced that command of
languages is an important attribute in science, not only because it allows us to read
the original papers, and facilitates personal contacts. It always opens the hearts of
people when you can approach them in their mother tongue. The sever problem of
languages for communication science has recently be treated very thoroughly by
Michael Gordin in the book “Scientific Babel: The language of science from the fall
of Latin to the rise of English” [4]. Several personal recollections of authors of
“Electrochemistry in a divided world” could serve as illustrations of what Gordin
discusses in relation to Russian language, and the disadvantages Russian scientists
had from voluntarily and nonvoluntarily publishing their findings in their own
language.
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I understand the legacy of the scientists included in this book as a plea for a
peaceful world in which scientists cooperate and compete, without political restric-
tions, and directed towards the benefits of mankind.

Finally I like to acknowledge the cooperation of all authors, who have written
down their memories in order to preserve precious historical details. This was a
very demanding task.

Greifswald, April 2015.
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Chapter 2
Electrochemistry in a Divided World:
The Political Background

Stephen Fletcher

The “Cold War” was a state of extreme military tension that arose after 1945
between the Western Powers (principally the United States and its NATO allies)
and the Eastern Bloc (principally the USSR and its Warsaw Pact allies). The tension
emerged at the end of the Second World War, as the United States began to reform
the global economic system, while the USSR began to consolidate its political and
military control over Eastern Europe. The Cold War split the fragile wartime
alliance against Nazi Germany, leaving the United States and the USSR as
two opposing “superpowers” with divergent political and ideological interests:
the former being a multiparty capitalist state and the latter being a single-party
Marxist—Leninist state. Among the prewar powers, Germany itself was demilitar-
ized and partitioned, while France and the British Empire were financially ruined.

The origins of the Cold War can be traced to the closing years of the First World
War. As a result of the 1917 Bolshevik Revolution, Soviet Russia found itself
isolated from international diplomacy. Its first Head of Government, Vladimir II’ich
Ul’yanov (Lenin), worked hard to overcome this isolation, and by late 1924, the
USSR had secured the political recognition of all the world’s major governments
except the United States. Nevertheless, Lenin remained philosophically opposed to
the world capitalist system and called on workers around the world to organize
themselves into communist parties to overthrow capitalism. This call was widely
answered in the colonial world, even though communism was far from secure inside
Russia itself. After Lenin’s death in 1924, his successor losif Vissarionovich
Dzhugashvili (Stalin) brutally eliminated all internal opposition in Russia.
Although it cannot be denied that Stalin successfully increased industrial output,
his forced collectivization of agriculture cost millions of lives. During the
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Great Terror of the 1930s, his purges of supposed “enemies of the state” resulted in
the torture and execution of innumerable innocent people and the transfer of
millions into the gulag system of forced labor. The historical triumph of Stalinism
cast a dark shadow across Europe, which, with its improving communications,
should have been moving towards a second enlightenment.

The Second World War from 1939 to 1945 drew in all of the great powers and
led to the creation of two unstable military alliances: the Allies and the Axis. The
Allies included the Soviet Union, the United States, and the United Kingdom,
whereas the Axis included Germany, Japan, and Italy. It was the most destructive
war in history, with the participants focusing their entire economic, industrial, and
scientific capabilities behind the war effort, erasing the distinction between civilian
and military research. The war in Europe ended with the surrender of Nazi Germany
on May 8, 1945, but, incredibly, the Japanese continued to fight on.

In early August 1945, the United States dropped two atomic bombs on Japan,
destroying the cities of Hiroshima and Nagasaki. In Hiroshima, it was estimated
that 45,000 people died on the first day and a further 19,000 during the subsequent
4 months. In Nagasaki, 22,000 people died on the first day and another 17,000
within 4 months. These remain the only use of nuclear weapons for warfare in
history. The Japanese government finally surrendered on 15 August 1945.

The realization that the United States had nuclear weapons, and was willing to
use them against civilian populations, profoundly shocked the Soviet Union. They
immediately embarked on an urgent program to develop their own nuclear
weapons. The Cold War had begun. Between 1946 and 1962, the Soviet Union
conducted 221 atmospheric tests in Semipalatinsk (Kazakhstan) and Novaya
Zemlya (Russian Federation). Meanwhile, the United States conducted 216 atmo-
spheric tests, 106 of which were only 63 miles from Las Vegas! The fallout from
these tests contained radioactive materials which were widely dispersed by the
wind. As a result, millions of people across the northern hemisphere were exposed
to radiation.

With the victory of the Communist side in the Chinese Civil War and the
outbreak of the Korean War (1950-1953), political tensions between the USSR
and the United States became acute. Competition was particularly fierce in Latin
America, in Southeast Asia, in the Middle East, and in the rapidly decolonizing
states of Africa. Meanwhile, the Hungarian counter-revolution of 1956 was halted
by the intervention of Soviet tanks. The Cold War also sparked a series of dramatic
political crises, such as the Suez Crisis (1956), the Berlin Crisis (1961), and the
Cuban Missile Crisis (1962). Following this last crisis, a new phase began, with
Russia and China moving apart inside the communist bloc and France and the
United States moving apart inside the capitalist bloc. Meanwhile, the USSR
crushed the 1968 “Prague Spring” liberalization program in Czechoslovakia, and
the Vietnam War (1955-1975) ended with the defeat of the US-backed Republic of
South Vietnam, prompting a reconsideration of U.S. foreign policy.

The Cold War had a huge effect on the development of science and technology
in both the United States and the Soviet Union. Initially, atomic bombs were
designed to be dropped by airplanes. However, their ease of interception soon led
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to the development of Intercontinental Ballistic Missiles (ICBMs), which could
travel through space at high speed before reentering the atmosphere above their
targets. Because these missiles could not be recalled if launched by accident, their
existence created great anxiety. As the number of nuclear weapons spiraled out of
control during the 1950s, both sides found themselves wanting to maintain nuclear
parity with the other, yet simultaneously alarmed at the pace of the arms race and
the growing possibility of a nuclear holocaust.

At the human level, the scientific and industrial rivalry between the two super-
powers compelled both sides to restrict the employment and travel of their leading
scientists. Stalin was willing to imprison scientists who were ideologically suspect
or non-performing; meanwhile, the United States was gripped by a series of “red
scares,” in which it was thought that communist subversives were poisoning the
minds of America’s youth. On both sides, dissent from Cold War orthodoxy led to
rapid dismissal (in the Soviet Union, much worse). Adding to the overall sense of
paranoia, data interception and espionage became commonplace tools of the intel-
ligence services.

For 20 years, vast sums of money were spent on uranium processing, atom bomb
tests, nuclear submarine programs, satellite development, and ICBMs, with little or
no regard for the cost to civil society or the damage to the environment. Despite all
this military hardware, the resolution of the Cold War was, ironically, brought
about by a change in the western economy, from old-style acquisitive capitalism,
with its focus on property and class, to modern Keynesian capitalism, with its
focus on infrastructure development and rapid circulation of capital. This led to an
unprecedented rise in the standard of living of most Western countries, which the
Soviet Union was unable to match.

By the 1970s, both sides were militarily fatigued and sought to reach a
political accommodation. A period of détente followed, in which Strategic Arms
Limitation Talks took place, and the US opened diplomatic relations with the
People’s Republic of China. Unfortunately, détente collapsed at the end of the
decade following the Soviet invasion of Afghanistan.

The early 1980s saw a return to high tension, with the Soviet downing of Korean
Air Lines Flight 007 (1983) and the provocative “Able Archer” NATO military
exercises (1983). The United States boosted its military spending at a time when
Soviet industry was suffering from profound structural problems. In an attempt
to stave off economic collapse, the new Soviet leader Mikhail Gorbachev intro-
duced the liberalizing reforms of glasnost (“transparency,” 1985) and perestroika
(“reorganization,” 1987) and also ended Soviet involvement in Afghanistan.
However, around this time, pressures from national independence movements
were also emerging in Eastern Europe, causing further instability. In a remarkable
change of long-term policy, Gorbachev refused to intervene. The result in 1989 was
a wave of counter-revolutions that peacefully (with the exception of the Romanian
Revolution) overthrew all of the Communist regimes of Central and Eastern
Europe. On 9 November 1989, the East German government permitted its citizens
to travel freely to the west. Throngs of East Germans immediately clambered over
the “Berlin Wall.” These symbolic actions paved the way for German reunification,
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which was formally announced on 3 October 1990. Soon afterwards, the Communist
Party of the Soviet Union itself fell from power and was banned following an abortive
coup attempt in August 1991. This in turn led to the formal dissolution of the USSR
in December 1991 and the collapse of Communist regimes in other countries such
as Mongolia, Cambodia, and South Yemen. The “Cold War” had ended.

Ironically, despite 45 years of confrontation, the West had few plans for dealing
with the Soviet Union’s collapse, and there were no adequate political or military
structures in place to accommodate the re-emerging countries of the Eastern Bloc.
As aresult, many of them have simply been absorbed into the existing structures of
NATO and the EU, thus alienating Russia. At the time of writing (2015), a long-
term settlement remains elusive.

Time line

1914 August: Outbreak of World War 1.

1917 March: The Tsar’s government falls, replaced with a Provisional Government.

1917 April: Lenin returns to Russia from exile in Switzerland.

1917 November: Bolsheviks overthrow Provisional Government, seize power.

1917-1922: Civil war in Russia. Trotsky organizes Red Army.

1922 December: Official founding of Union of Soviet Socialist Republics.

1922 April: Stalin appointed General Secretary of the Communist Party.

1924 January: Death of Lenin.

1924 December: Stalin publicly articulates his theory of “Socialism in One Country.”

1927 December: Stalin consolidates his power at the Fifteenth Party Congress.

1928 Beginning of the first Five-Year Plan.

1929 December: Collectivization begins.

1932-1933: Terrible famine across the Soviet Union; millions die.

1934 December: Beginning of “Great Terror,” which continues until 1938.

1937 June: Purge of the army; top generals tried and executed.

1939 August: Nazi—Soviet Pact is signed in Moscow.

1939 September: Outbreak of World War II.

1940 August: Trotsky assassinated, by Stalin’s agents, in Mexico City.

1941 June: Hitler invades the Soviet Union.

1942 August—February 1943: Battle of Stalingrad. Nazis are defeated, marking the
turning point in the war.

1945 February: Stalin meets Roosevelt and Churchill at Yalta.

1945 April: Red Army controls most of Eastern Europe.

1945 August: The United States uses atomic bombs against Japan, ending the war in
the Pacific.

1945-1991: The “Cold War.”

1946 March: Churchill makes “Iron Curtain” speech.

1948 February: Communists take power in Czechoslovakia, completing Soviet con-
trol of Eastern Europe.

1948 June (to May 1949): Soviet Union blockades West Berlin.

1949 April: Ten West European nations join the U.S. and Canada to form NATO.

1949 August: Soviet Union explodes its first atomic bomb.
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1949 October: Mao Tse-tung founds the People’s Republic of China (PRC).

1950 February: Sino-Soviet Treaty.

1950-1953: Korean War.

1953 March: Death of Stalin.

1953 June: Uprising in East Germany.

1955 May: Warsaw Pact formed.

1956 June: The Poznan protests in Poland.

1956 November: Red Army crushes the Hungarian Counter-revolution.

1957 October: Soviet Union launches Sputnik 1 (first man-made satellite).

1959 February: Fidel Castro becomes Premier of Cuba.

1959 September: First “Summit Meeting” (President Dwight Eisenhower and
Premier Nikita Khrushchev).

1961 August: East Germany builds the Berlin Wall.

1962 October: Cuban Missile Crisis.

1964 October: China explodes its first atomic bomb.

1965 March: First U.S. combat troops land in South Vietnam.

1968 August: Red Army crushes Czech Uprising.

1972 February: U.S. President Richard Nixon visits China.

1975 April: Saigon falls to Communist forces.

1979 January: U.S. and China establish diplomatic relations.

1979 December: Soviet Union invades Afghanistan.

1980 August: Polish shipyard workers strike; first “Solidarity”” Union formed.

1985 March: Mikhail Gorbachev becomes leader of the Soviet Union.

1989 September: “Solidarity” forms the first post-war non-communist government
in Poland.

1989 December: End of Communist government in Czechoslovakia.

1990 May: Free parliamentary election in Hungary.

1989 November: East Germany allows unrestricted travel to West Germany.

1990 October: Reunification of Germany.

1991 June: The last Soviet troops leave Hungary.

1991 August: Communists stage unsuccessful coup against Mikhail Gorbachev.

1991 December: The Soviet Union is dissolved. Boris Yeltsin becomes President of
the Russian Federation.

1994 September: The last Russian troops leave Germany.



Chapter 3

The Czech (Czechoslovak) Electrochemistry
1900-1990

Jiri Jindra and Michael Heyrovsky

3.1 General Electrochemistry

Jifi Jindra

In our time review, we shall proceed according to institutions where electrochem-
istry was dealt with. In the educational sphere, they were Czech, later Czechoslo-
vak, universities in Prague, Brno, Olomouc, Bratislava, and Kosice and technical
universities in Prague, Pardubice, Pfibram, Brno, Ostrava, Bratislava, and KoSice.
In the academic sphere, they were institutes of the Czechoslovak Academy of
Sciences in Prague and Brno and institutes of the Slovak Academy of Sciences in
Bratislava. Third group consists of industrial research institutes in Prague, Slany,
Usti nad Labem, Hradec Krilové, and Mlad4 Boleslav.

3.1.1 End of Nineteenth Century

Electrochemistry as a part of physical chemistry could be found in Bohemia at the
Charles-Ferdinand University and at Czech Technical University in Prague; excep-
tionally it was used in industry. The Czech scientific electrochemistry began in the
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Fig. 3.1.1 Otakar Sulc
(1869-1901)

nineties of nineteenth century when some physicists and chemists were so far
nonsystematically dealing with electrochemical problems. Among them were uni-
versity assistants—physicist Vladimir Novak (1869-1944) and chemist Otakar Sulc
(1869-1901) (Fig. 3.1.1), who applied voltameter in connection with galvanic
polarization of platinum electrodes and with electrolytic formation of silver super-
oxide [1, 2]. At the end of the nineties, Sulc lectured at the technical university on
electrochemistry; he has published papers about hydration produced by metals and
about the catalytic effect of metals in hydrolytic reactions [3]. He also studied
conductivities of sodium-substituted nitro-paraffins. Together with B. Masek
(1868-1955), he published a paper about electrochemical constants of some salts.

The mentioned and few other communications were published by the authors in
foreign periodicals; in general, technical papers appeared mainly in Czech journals.

3.1.2 The Years Between 1900 and 1920

After the first steps in the area of electrochemistry towards the end of nineteenth
century, the beginning of twentieth century brought increased activity of Czech
chemists. The mysterious electrolytic silver superoxide still attracted attention of
V. Novik, O. gulc, J. Baborovsky (1875-1946) (Fig. 3.1.2), and B. Kuzma (1873-
1943) [4, 5]. Experiments to determine the voltage of anodic decomposition of
sodium hydroxide were carried out by F. Plzak (1877-1944). The papers on the
abovementioned topics were published in Czech or in German.

From 1905, the electrochemical problems were taken over by the university
assistant J. Baborovsky. He started by a preliminary communication about magne-
sium suboxide [6], followed by a study of phenomena at magnesium anodes [7], and
by description of experiments to determine the electrochemical potential of metallic
magnesium in ethanolic solutions of magnesium chloride, as well as by the study on
transfer numbers of magnesium chloride in ethanolic solutions. The paper by
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Fig. 3.1.2 Jifi Baborovsky
(1875-1946)

J. Heyrovsky (1890-1967) from the university chemical institute about amphoterity
and electroaffinity [8] appeared in 1920.

Electrochemistry was the research topic also of the Prague Technical University
chemists E. Votocek (1872-1950) (Fig. 3.1.3), E. ZeniSek, J. Sebor (1875-1944),
and F. Jirsa (1890-1952). For example, Sebor studied ionic theory of solution
conductivity [9], and Jirsa published results about disintegration of oxidation
products of silver electrodes in alkaline medium [10], and he studied the conditions
on copper electrodes in alkaline hydroxides.

In 1912, Baborovsky moved to the Technical University in Brno. There he
contributed to the determination of liquid cells between various solvents. In 1917,
he published in Czech a short but fundamental work about a new method for
determination of ionic hydration. This and related topics were Baborovsky’s field
of research for the next almost 30 years.

Apart from the quoted works, it was mainly at the Prague Technical University
where electrochemical problems were studied. The beginnings of Czech electro-
chemistry are connected with the names O. gulc, J. Baborovsky, and J. Sebor. Their
papers were published mostly in Czech periodicals—this is why their results were
not well known abroad.

3.1.3 The Years Between 1921 and 1939

In Czechoslovakia in 1919, a new Czech University was founded in Brno. Its
faculty of science has opened the possibility to study among other subjects also
electrochemistry. From 1922 physical chemist V. éupr (1897-1985), specialized in
electrochemistry, was employed there. He studied hydrolysis of salts [11], diffusion
currents, and mainly corrosion [12]. At the Technical University in Brno,
J. Baborovsky founded his “electrolytic school,” not intended to compete with
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Fig. 3.1.3 EmilVotocek
(1872-1950)

Heyrovsky’s polarographic school. His leading problem was hydration of ions and
electrolytic transfer of water; in his laboratories research of electro-osmosis was
carried out. Within the years 1920-1939, Baborovsky himself and with his
coworkers published about 80 papers [13, 14].

At the Prague Institute of Chemical Technology, F. Jirsa studied anodic oxida-
tion of gold [15]; later he published an important paper about silver electrode for a
silver—iron battery [16]. Jaroslav Chloupek (1899-1975), partly with V. Danes
(1907-1980) and B. Danesova, studied the electrode potential in solutions of
mixed manganese salts [17], the solubility and activity coefficient of Ag,SO, in
some solutions [18], the ions and deviations from the approximation of Debye—
Hiickel theory [19], the liquid potentials [20], and the anomalous valency effect of
strong electrolytes in aqueous solution [21].

At Charles University in Prague, Jaroslav Heyrovsky (Fig. 3.1.4), first docent
and from 1926 an ordinary professor of physical chemistry, was dealing with a
number of electrochemical problems. He was interested in the concept of electrode
potential [22-25], in the theory of overpotential [26], in the electrokinetic potentials
of galvanic elements [27], and in the electrolytic potential of iron amalgam
[28]. After the discovery of electrolysis with dropping mercury electrode, he
founded polarographic school and devoted himself to polarography (cf. Sect. 3.2).

In the Sugar Research Institute in Prague, K. Sandera (1903-1959) constructed
an original conductometer for determination of ash in products of sugar factories.
Sandera himself or with his coworkers published by the end of 1950s a number of
papers (in Czech) about the use of conductometry, mainly in sugar production.

Electrochemistry was also practiced at the Mining Academy in Pfibram. Profes-
sor A. I. Glazunov (1888-1951), Russian emigré, investigated there by himself and
with coworkers the nature of crystallization center, the linear speed of crystalliza-
tion in electrolysis of metals [29], the effect of agar and of gelatine on cathodic
silver deposits, the protection of aluminum by anodic oxidation, the problems
occurring in electrolyses of salts, and the distribution of streamlines in electrolytes
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Fig. 3.1.4 Jaroslav
Heyrovsky (1890-1967)

during electrolysis [30]. He introduced the electrographic method based on colored
reactions of anodically dissolved metals [31].

3.1.4 The Years Between 1940 and 1969

That period is characterized in society, and hence also in science, by totalitarian
regimes (with exception of the period from May 1945 till February 1948): first it
was German occupation of Czechoslovakia and, after February 1948, communist
totalitarianism. Closing the Czech universities in November 1939 strongly affected
the promising development of Czechoslovak science which concerned also elec-
trochemistry. The Czech physical chemists specialized in electrochemistry, who
were employed in various institutions still functioning in the “Protectorate of
Bohemia and Moravia,” could work in the field of electrochemistry and publish
in the allowed Czech journals; almost no Czech chemist published in the accessible
German journals. Publishing of the “Collection of Czechoslovak Chemical Com-
munications” in the years 1940-1946 was stopped, and access to American,
English, and French journals was impossible. For that reasons not many Czech
electrochemical papers appeared in the years 1940-1945. Those published
concerned mainly polarographic topics (Heyrovsky, Brdicka—see polarography
in Sect. 3.2).

After the end of the Second World War, the electrochemists returned to the
university institutes. Their new generation was full of enthusiasm and zest for
scientific work. The practiced research was either continuation of the prewar topics
or a start in a completely new direction. It was essential to get acquainted with all
novelties which occurred in science in course of the past 6 years.

The strict political conditions eased to some extent in the next decade which
allowed some electrochemists to experience affiliations with scientific institutions
in West European countries or in the USA. Before that it was possible to affiliate or
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to participate in conferences only in the “people’s democratic” countries. For
Czechoslovak scientists, it became more accessible to publish in foreign scientific
journals. Such situation had its positive effect on the improving level of Czecho-
slovak electrochemistry which was accepting modernizing ideas. Unfortunately,
the occupation of Czechoslovakia by the “Warsaw pact countries” (with exception
of Romania) in 1968 had its negative effect on scientific activity.

An important event in development of science in Czechoslovakia was the
establishment, according to the Soviet example, of the Czechoslovak Academy of
Sciences in 1952 and of the Slovak Academy of Sciences in 1953. The physico-
chemical problems including electrochemistry were studied in the Polarographic
Institute of the Academy, in the Institute of Physical Chemistry of the Academy,
and in the Institute of Analytical Chemistry of the Academy, and in Slovakia, it was
in the Chemical Institute of the Academy.

Research in Schools—Universities

In Charles University until 1950 prevailed research in polarography, inspired
among others by M. Kalousek (1915-1995) (Fig. 3.1.5). After part of the
electrochemists from the university went over to the Academy institutes at the
beginning of the 1950s, the subject of research turned to biological molecules like
proteins, studied mainly by V. Kalous and his coworkers. Their results were
published usually in Chemické Listy and in Collection of Czechoslovak Chemical
Communications. The method most often applied remained polarography [32],
partly in connection with conductometry [33] and electrophoresis [34-38].

In the University of Brno, V. Cupr continued in the research of corrosion [39]; he
constructed a mechanical potentiostat. In the laboratories of theoretical and phys-
ical chemistry, kinetics of electrode processes was studied by means of constant
current electrolysis [40—43]; later there were followed phenomena at the electrode/
solution interface which led to determination of rate constants of electron transfer
between electrode and the reacting particle [44, 45].

At the Palacky University in Olomouc, professor F. gantav;’/ (1915-1983)
(Fig. 3.1.6) was a creative personality in botanical and medical applications of
polarography [46]. Junior electrochemists measured redox potentials of various dye
indicators [47]; the methods thereby used were amperometry, polarography, and
voltammetry [48, 49].

Technical Universities

At the Prague School of Chemical Technology, the problems of technical electro-
chemistry, concentrated on the possibilities of electrolytic preparation of some
inorganic compounds, e.g., solubility diagrams of complex cyanides for electro-
chemical production of potassium ferrocyanide and of persulfates used in produc-
tion of hydrogen peroxide, were studied [50-52]. Among the topics of
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Fig. 3.1.5 Mirko Kalousek
(1915-1995)

Fig. 3.1.6 Santavy,
Frantisek (1915-1983)

electrochemical engineering were being solved the problems concerning intensifi-
cation of various types of electrolysers [53] and appropriate current densities, and
final voltages on electrolysers were calculated [54—56]. The topic of corrosion was
the field of research in the department of chemical technology of metals—the
corrosion of titanium was studied there [57]. R. Lukes (1897-1960) (Fig. 3.1.7)
continued in the prewar studies of electrolysis of some organic compounds [58],
especially of ketoacids [59]. Many organic substances were prepared electrochem-
ically [60]. The first systematic work on electrophoresis of proteins was published
by B. Keil and coworkers in 1950 [61].

In the School of Chemical Technology in Pardubice founded in 1950, at the
department of physical chemistry, the study of reaction kinetics of redox reactions
of second and third order, of two competing consecutive reactions, and the deter-
mination of rate constants of homogeneous reactions from potential-time curves
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Fig. 3.1.7 Rudolf Lukes
(1897-1960)

studied from the time dependence of electrode potential, which was used for a
number of bimolecular reactions, was continued [62—-64].

In the Brno School of Chemical Technology, after professor Baborovsky passed
away in 1946, the research continued in the traditional topic of ionic hydration and
electro-osmosis. In 1951, the technical university was abolished, and instead of it
was founded a Military Technical Academy, in which neither physical chemistry
nor electrochemistry was studied—hence in the years 1952-1969, no electrochem-
ical activity took place there.

Academy Institutes
Polarographic Institute of the Czechoslovak Academy of Sciences

The main subject of research was polarography (see Sect. 3.2) and from the 1960s,
it was additionally the research concerning electrochemical power sources. For
those the non-platinum catalysts were studied, appropriate for the then fashionable
fuel cells. The research led to a number of publications about catalysts for oxidation
of fuels (hydrogen, hydrazine) on basis of nickel [65] and for reduction of oxidizing
agents (oxygen, hydrogen peroxide) [66] on basis of silver [67, 68] and of carbon
[69, 70] working in alkaline medium. From active carbon could be prepared oxygen
or air electrodes functioning irrespective of the fuel dissolved in the electrolyte [71—
74].

In the 1960s, the department of electrocatalysis was led by J. Koryta (1922—
1994) (Fig. 3.1.8) who was many-sidedly active in electrochemistry: he was expert
in polarography of complexes [75-78], with coworkers he studied electrode kinet-
ics [79-86], followed catalytic processes [87, 88], and theoretically solved electro-
chemical reactions [89—92] and the effect of adsorption in electrode kinetics [93—
97] including the use of solid electrodes [98—100]. The role of electrode double
layer in electrode processes was also studied [101-109]. In the Polarographic
Institute were also developed long-time electrochemical analyzers [110-113], and
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Fig. 3.1.8 Jifi Koryta
(1922-1994)

due attention was concentrated on electrochemical instrumentation—e.g., on appa-
ratus for measuring electrode impedance [114]. Reactions on solid electrodes were
also being often solved [115].

From the initiative of the director of Polarographic Institute, professor A. A.
Vicek (1927-1999) (Fig. 3.1.9), a regular international electrochemical forum
called Heyrovsky Discussion was founded in 1967, to which foreign scientists
both from East and West were being invited. Every year a different topic was
selected: the first discussion in 1967 was about adsorption on electrodes and its
effect on electrode processes, the next one in 1968 was about adsorption and
processes on catalytic electrodes, and in 1969 it was about the mechanism of
redox reaction proper (cf. Sect. 3.2).

Institute of Inorganic Chemistry of the Czechoslovak Academy of Sciences

The electrochemical topics studied in this institute were similar to those studied at
the Prague School of Chemical Technology, as professor A. Regner (1905-1970)
(Fig. 3.1.10) was the head of the department of inorganic technology and at the
same time the director of Institute of Inorganic Chemistry. The topics studied were
the solubility diagrams of complex ferro/ferri cyanides and the kinetics of electro-
chemical oxidation of complex ferrocyanide [50, 116]. Other subjects of research
were the solubilities of persulfates [52, 117-119], the determination of specific
heat, density, and viscosity of sodium and potassium amalgams [120, 121], and the
effect of brine impurities on amalgam electrolysis of alkaline chlorides.
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Fig. 3.1.9 Antonin A.
Vicek (1927-1999)

Fig. 3.1.10 Albert Regner
(1905-1970)

Research Institutes
State Research Institute of Material Protection (First of Its Kind in the World)

M. Prazak constructed an original electronic potentiostat which became the basic
instrument for study of corrosion. It was used, for example, for following corrosion
of corrosion-proof steels and alloys [122—124]. The effects of temperature on
potentials of metals, on kinetics of their dissolution, and on activation energy of
iron passivation in sulfuric acid were tested in the institute [125-130].
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3.1.5 The Years Between 1970 and 1990

The “Prague Spring” in 1968 was the beginning of democratization of Czechoslo-
vak society, interrupted by forceful occupation of the country by the “socialist
armies” in August 1968. Under Soviet supervision, the life in Czechoslovakia was
“normalized,” i.e., it was returned to conditions before “Prague Spring.” In
November 1969, the state borders were tightly closed again. By November, but
already after August 1968, thousands of Czechoslovak citizens emigrated, among
them scientists including electrochemists. Czechoslovak electrochemistry lost a
number of prominent middle-aged scientists (e.g., P. Zuman, P. Valenta), but also
young ones (L. Némec). Some electrochemists first emigrated but then soon
returned back (J. Koryta). Emigration to the West continued even later—the
country was left, e.g., by J. Balej, A. Hofmanova, and J. Honz, in the 1980s by
members of younger generation, as P. Vanysek or D. Homolka. However, the
majority of Czechoslovak electrochemists stayed at home and worked hard,
although with less facilities than had the emigrés. The informal rule that a scientific
worker is allowed to travel to the West once in 5 years was held in the Czechoslovak
Academy—that, of course, did not concern communist officials. In spite of all the
restraints, the Czechoslovak electrochemists managed to keep up with the world of
electrochemistry, as can be seen from the following survey.

Research in Schools
Universities

At the department of physical chemistry of Charles University, the research con-
tinued along the projects started in the 1960s. Electrochemical methods were
applied in the doctoral theses of the main department members: about orosomucoid
[131] and about the system hemoglobin-heptaglobin [132]. Even further studies
concerned heptaglobin [133-135]. At the department of analytical chemistry, the
important subject was hydrodynamic electrochemistry, studied both theoretically
and experimentally. Results of the mentioned studies have been condensed in a
monograph [136].

In the Brno J. E. Purkyné University (former Masaryk University), at the
department of physical chemistry, the research was first continued from the
1960s, i.e., study of kinetics of chemical reactions connected with electrochemical
processes [137]. New trend of electrochemical research was experiments with
nonaqueous and mixed electrolytes [138, 139]. In order to determine ionic associ-
ation in aqueous medium, exact measurements of conductivity of electrolytes and
electrode processes on rotating disk electrodes were studied. From the second half
of the 1970s, some electrode processes were interpreted quantum chemically
[140]. The department started a successful cooperation with the Brno Institute of
Biophysics of Czechoslovak Academy of Sciences in the field of
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bioelectrochemistry (guanine and its derivatives). The measurements of conductiv-
ity of polyelectrolytes containing mono- and bivalent counterions were also carried
out. The effect of medium on electrochemical behavior and reactivity of solution
components and the electrochemistry with mixed and nonaqueous solvents were
studied [141-145].

In Olomouc at the department of analytical chemistry of the Palacky University,
the electrochemical problem of penetration of chemicals into ecosystem in the case
of reduction mechanism and determination of nitrogen-containing biologically
active compounds was studied [146].

Technical Universities

At the Prague School of Chemical Technology in the department of inorganic
chemistry the main research concerned electrolytic problems. Activation energies
for development of oxygen and chlorine on oxide electrodes were determined
experimentally [147]. The team led by I. Rousar (1931-1996) followed the transfer
of matter and heat in electrolysis [148—154] and the decomposition of amalgams
[155-161]. From the 1980s in the department the research of electrochemical
machining, polishing, and drilling was taking place [162-164].

At the Department of physical chemistry of the School of Chemical Technology
in Pardubice continued the study of reaction kinetics of second and third order
redox reactions [165], of two competing consecutive reactions [166], and the
determination of rate constants of homogeneous reactions including description
of the determination of rate constants from potential-time curves [167, 168]. It was
recommended to use currentless potential-time curves for determining rate con-
stants of other than redox reactions [169].

In the Electrotechnical Faculty of the Technical University in Brno, in the
mid-1960s, a new department of electrotechnology was formed in which, among
others, the electrodes for electropower sources were studied. There developed the
idea to form electrodes in which the conducting (active) material is supported by
plastic (e.g., polyethylene, teflon). These electrodes were named plastic-bonded
ones. In Brno for the first time the plastic-bonded silver oxygen electrodes for fuel
cells in alkaline electrolyte were tested; however, these electrodes were not com-
parable with metallic silver electrodes. At the same time, plastic-bonded lead
electrodes were being developed. Even various modifications of active materials
(Cd, Fe, and Ni-oxide) were performed [170-173].

At the Ostrava Mining University, the problems of determining basicity of the in
situ oxide melts and of oxidizing properties of oxide melts were studied in the
chemistry department by means of high-temperature potentiometry. A probe for
measuring oxygen activity in oxide melts was thereby developed [174].

At the Technical University in KoSice, compounds in aqueous and nonaqueous
solutions, electrolytic deposition of aluminum and its alloys from nonaqueous
electrolytes [175—-177], and electrochemical separation of rare earth elements
were studied [178].
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Academy Institutes
Institute of Inorganic Chemistry of the Czechoslovak Academy of Sciences

Phase diagrams of three- and four-component systems and their application for
solving electrolytic processes were studied [179-182]. Special interest was con-
centrated on peroxo disulfates [183—186]. A new method was the decomposition of
amalgams on small TiC-Ni tablets. Electrochemical properties of TiC (impedance,
kinetics of redox reactions occurring on it) were followed [187—-189]. Other sub-
jects of research were reduction of nitrogen oxides on Pt electrodes [190], utiliza-
tion of electrochemical methods in study of hydrogenation reactions, and
characterization of Pt and Pd catalysts [191, 192]. The effect of mercury on
hydrogen overvoltage at solid electrodes was also studied [193—195]. In the topics
of electrochemical power sources, the catalysts based on tungsten bronzes and the
insertion of lithium into manganese dioxide and into monoxides of transition metals
were investigated [196]. Adsorption of hydrogen on transition metal oxides was
another subject of research [197-201]. In the 1970s, the surface oxides on Pt
electrodes in sulfuric acid were studied [202, 203]. Part of the research program
was also the study of porous carbon electrodes used for formation of hydrogen
peroxide by cathodic oxygen reduction [204-206].

The Jaroslav Heyrovsky Institute of Physical Chemistry
and Electrochemistry of the Czechoslovak Academy of Sciences

This institute was formed in 1972 by merger of the J. Heyrovsky Polarographic
Institute with the Institute of Physical Chemistry of the Czechoslovak Academy of
Sciences. From the 1970s, studies of charge transfer across the interface [207-211],
of the boundary between two immiscible electrolytes [212—220], and of electrolysis
with the dropping electrolyte electrode were undertaken there [221-223]. This topic
was included in a further number of communications from the Heyrovsky institute
[218, 224-233]. Electrochemical reactions of oxygen and hydrogen peroxide on
various electrodes were studied there already from the 1960s [73, 234—239]. Minor
works in electrochemical instrumentation as well as sophisticated apparatuses for
electrochemical research were being developed in the institute [240]. Among the
problems studied were the electrochemistry of sulfur adsorbed on carbon [241], the
carbon prepared by electrolytic reduction of polytetrafluoroethylene [242-245], and
the TiO, electrodes modified by Nafion [246, 247]. Pt and other solid electrodes
were used in the institute [248, 249], for example, for study of adsorption [250—
258].

The electrochemical instrumentation was digitalized, and by 1980, the experi-
ments were controlled on-line by a small computer of institute’s construction. This
instrumentation allowed measurements of broadband impedance spectra on basis of
a pseudo-random signal and of Fast Fournier Transform. Later the Fast Walsh-
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Hadamard and the Fast Haar Transforms were employed and implemented
[259]. The nucleation and growth of compact monolayers were investigated in a
large series of systems. This was achieved by means of time-resolved capacitance
measurements. The fractal character of certain monolayers was discovered, and the
growth was simulated by Monte Carlo simulation [260]. Lipid monolayers undergo
phase transitions at a critical temperature called Kraft point. Impedance techniques
allowed a new method for determination of the Kraft point [261]. The
electrocatalytic reduction of nitrogen to ammonia called nitrogen fixation was
carried out by an organic molybdenum catalyst [262].

The Arrhenius theory of electrolytic solutions was quantitatively restored by
explaining the properties of strong electrolytes without activity coefficients on basis
of ionic solvation and incomplete dissociation [263-266].

The effect of light on electrode processes [267-269] and the surface interaction
of organic compounds in electrode reactions should be mentioned from other
subjects [270, 271].

The catalysts tungsten carbide (WC) [272-274] and carbon [275-279] for
electrodes working in acidic electrolyte were studied in the topics of fuel cells.

In the 1970s, part of the workers dealing with electrochemical power sources
changed their topics from fuel cells to plastic-supported (bonded) electrodes for
storage batteries, especially for their suitable production. Soon were obtained
hopeful results, e.g., [280, 281], successfully presented abroad (England [282,
283], India [284], Bulgaria, Romania, Hungary, and East Germany). It concerned
plastic-bonded cadmium and nickel oxide electrodes. In the attempt to utilize the
plastic-bonded electrodes in hermetic batteries, it was necessary to study the
recombination of oxygen produced during charging the battery cells [285—
288]. The problems of porous electrodes for batteries were being solved also
theoretically [289-292]. From the second half of 1970s, in the Heyrovsky institute
lithium electrodes were studied with the intention to develop Li—CuO system
[293]. Other topics were the conducting polymers [294, 295] and the composite
electrodes [296-302] for chargeable cells. The Heyrovsky institute workers
engaged in studies of electrochemical sources of current were cooperating with
Czechoslovak battery companies Bateria Slany, Prague battery factory Mlada
Boleslav, with other technical institutions (CKD Semiconductors, Research Insti-
tute of Electrotechnical Ceramics), and with the department of electrotechnology of
the Technical University Brno, so that the workers of these establishments were
often coauthors of publications and patents. This cooperation exceeded even state
borders, i.e., to East Germany, Bulgaria, Hungary, and Sweden.

The first successful Heyrovsky Discussions were followed by further discussions
in the 1970s and 1980s. Their topics were: Products and intermediates of electrode
reactions (1970), Products and intermediates of redox reactions (1971), New
principles in electroanalytical chemistry (1972), Deposition and oxidation of metals
(1973), Electrochemistry in nonaqueous solvents (1974), Electrochemical phenom-
ena in biological systems (1975), Redox reactions of coordination compounds
(1976), New horizons of polarography (1977), Electrochemical energy conversion:
expectations, achievements and critical assessment of perspectives (1978),
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Electrochemistry in environmental protection (1979), Electrochemical phenomena
on membranes and biomembranes (1980), Fundamentals of preparative organic
electrolysis (1981), New principles in electroanalysis (1982), Photochemical stim-
ulation of redox reactions (1983), Electrochemical processes in two-phase liquid,
microemulsion and micellar systems (1984), Recent aspects of electrocatalysis
(1985), New aspects of electrochemical materials fundamentals (1986), Ecoelectro-
chemistry (1987), Electrochemistry of separation and synthetic processes at liquid/
liquid interfaces (1988), Catalytic homogeneous processes combined with electro-
chemical charge or group transfer (1989), and Electrochemistry on organized
molecular and polymolecular structures (1990). In the enumerated discussions,
the introductory lectures were presented from the side of the hosts by J. Volke
(1926-2012), E. Palecek, J. Koryta, and others, and from the foreign participants
there spoke professors Bockris, Fleischmann, Pardone, Albery, Conway, de Levie,
and others, i.e., prominent electrochemists.

Institute of Biophysics, Academy of Sciences of the Czech Republic, Brno

The Institute of Biophysics developed into an internationally recognized center of
bioelectrochemical research headed by professor E. PaleCek. Electrochemical
behavior of nucleic acids and proteins was studied systematically, and sensitive
methods were developed for their determination. It was proved that DNA structure
depends on the sequence of nucleotides [303, 304], or that the double helix of DNA
is polymorphous [305]. Activities of the Brno group of bioelectrochemists were
several times reviewed, e.g., [306]. Institute of Biophysics cooperated with Institute
of Physical Chemistry of the Brno University [307-309] (bioelectrochemistry of
adenine, guanine, and guanidine).

Research Institutes
State Research Institute of Material Protection, Prague

The research on corrosion, started in this institute in the 1950s, continued success-
fully further. The intergranular corrosion of steels was measured by an electro-
chemical potentiodynamic reactivation method [310-312]. Since the 1960s, the
passivity of brass was further studied, the rates of corrosion were measured by
polarization resistance, the effect of deformation on anodic dissolution of steels was
followed, and the surface roughness of metals was measured; other subjects of
research were, e.g., the behavior of passive films on steel, the effect of composition
and motion of electrolyte on corrosion of passivated aluminum, the cathodic
protection of passive metals against corrosion, the anodes for cathodic protection
of steels, etc.[313-316]. Measurements of polarization resistance in the system
iron—concentrated sulfuric acid or boiling nitric acid, of corrosion and matter
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transfer of asthenic and ferritic steels in liquid sodium, etc., were important [317—
324]. Even corrosion of copper and brass was followed [325-330].

Research Institute of Inorganic Chemistry in Usti nad Labem

The subject of study in the electrochemical section of the above institute was
mainly industrial electrolysis. The problems being solved were activation of tita-
nium anodes and causes of their losing activity [257, 331], the state of anodes when
electrolysis is turned off, the use of titanium anodes in amalgam electrolysis, the
utilization of active layer on anodes, and the replacement of graphite plates by
activated Ti anodes in electrolysis of NaCl. Electrolysis of aqueous solutions of
alkaline chlorides using catex membranes was tried and evolution of hydrogen and
oxygen was measured in electrolysis of alkaline brines. The electrochemical engi-
neering problems concerning the measurement of mercury filling, of current den-
sity, and of optimization of electrolyzer dimensions were being solved.

Research Institute of Electrotechnical Ceramics, Hradec Kralové

In this institute, the problems of primary high-temperature electrochemical sources
of current with solid electrolytes, of primary zinc-silver cells for watches and
calculators, and mainly the problem of silver electrodes were studied [332].

Prague Battery Factory, National Enterprise, Mlada Boleslav

From the 1970s, it studied plastic-supported electrodes. As the factory had a close
cooperation with the J. Heyrovsky Institute, factory workers (J. Malik (1921-1988),
V. Koudelka (1931-1995) and others often participated in the research publications
from the institute [280-282]). In the factory it was decided that the production of
electrodes for Ni-Cd batteries was disadvantageous for both technological and
economical reasons.

Bateria Slany

Since 1981 in the laboratories of the monopolistic producer of primary cells and of
closed Ni-Cd batteries, the research of Czechoslovak lithium batteries was taking
place. The systems lithium-polycarbonfluoride [333] and lithium-cupricoxide were
studied. In the 1980s it was tried to replace the classical electrodes in small closed
Ni-Cd batteries by the plastic-supported electrodes. However, for various reasons,
such adjusted batteried did not come to production, although the plastic-supported
Cd electrodes were applicable in closed Ni-Cd cells of capacity up to 4 Ah [334].
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CKD Semiconductors Prague

The electrochemical and technological laboratory which studied and developed
oxygen-hydrogen fuel cells was in this production plant. Raney nickel and silver
were used as catalysts.

The workers prepared metallic hydrophilic porous electrodes of areas up to
45 cm? and plastic-supported semihydrophobic electrodes. They put together a
five-membered hydrogen-air module with alkaline electrolyte of the output first
to 500 W, later up to 1000 W [277, 335-342]. Fuel cells with liquid fuel, hydrazine
[343] and formiate, were also tested.

3.2 The Development of Polarography as a Component
of Czechoslovak Electrochemistry

Michael Heyrovsky

3.2.1 The Years Between 1921 and 1939

The primary element of polarography, the dropping mercury electrode, was intro-
duced in science by the Czech physicist Bohumil Kucera (1874-1921) (Fig. 3.2.1)
[344] in order to improve the Lippmann’s method of surface tension measurement
of polarized mercury [345].

The Kucera’s method enabled surface tension measurement with high precision;
however, in addition, it produced some unexplained phenomena. Later, when
Kucera became professor of physics at the Czech Charles University in Prague,
he suggested to Ph.D. student Jaroslav Heyrovsky (1890-1967) to study the method
more thoroughly. Heyrovsky, with his experience in electrochemistry from the
laboratory of professor F. G. Donnan (1870-1956) at the London University
College, tried in Prague at the University department of chemistry to use the
dropping mercury electrode in 1 M aqueous solution of NaCl for surface tension
measurement in parallel with measurement of electrolytic current/voltage curve.
The result of repeated complex measurements was perfectly reproducible—thus it
happened on Friday 10th February 1922 in the afternoon that polarography was
initiated, creating stimulus for further research. Heyrovsky published this novelty in
Czech [346] and in English [347] and spoke about it at a General Discussion of the
Faraday Society in 1923 [348]; an announcement of it appeared also in French
[349]. The English communication drew attention of a young Japanese scientist,
Masuzo Shikata (1895-1964) (Fig. 3.2.2), who was at that time on a study stay in
Europe. Shikata joined Heyrovsky in Prague where they designed an instrument for
automatic photorecording of current/voltage curves by means of a Kohlrausch drum
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Fig. 3.2.1 Bohumil Kucera
(1874-1921)

Fig. 3.2.2 Masuzo Shikata
(1895-1964) and Jaroslav
Heyrovsky

potentiometer and a mirror galvanometer, with which they then systematically
studied polarization of the reproducible dropping mercury electrode in various
solutions; as in that way they recorded the electrode polarization photographically,
they called the new instrument polarograph [350] (Fig. 3.2.3) and from there the
method got the name polarography. The first few laboratory models of the
polarograph were set up by two university department workshop workers. Techni-
cal production and development of polarographs were then started by Heyrovsky’s
student Vladimir Nejedly in Prague.

The first public presentation of the results of polarographic measurements was
carried out by an international group of students and coworkers of the then docent
Heyrovsky at the Physico-chemical Institute of Charles University in Prague, when
their results were published in May 1925 as “Researches with the dropping mercury
cathode, parts I.-XI.” in a special issue No. 5, vol. 44, of the Dutch journal Recueil
des Travaux Chimiques des Pays-Bas, published in honor of 70th birthday of the
Czech chemistry professor Bohuslav Brauner. In 1925 Shikata presented a paper
before the Faraday Society about electrolysis of nitrobenzene with the mercury
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Fig. 3.2.3 Polarograph

dropping cathode [351], and then he returned to Japan taking one of the models of
polarograph with him. At the Kyoto University, he initiated active polarographic
research in Japan.

In 1926 Heyrovsky became an ordinary professor of physical chemistry, and the
Physico-chemical Institute under his heading became and remained for many years
the center for systematic study of polarography. Of Heyrovsky’s foreign students
who then continued actively working in polarography in their home countries were
Italian Giovanni Semerano (1907-2003) [352], Pole Wiktor Kemula (1902—-1985)
[353] (see Chap. 11), Russian Yevgenia N. Varasova (1905-1938) [354] (see
Sect. 5.1), German-American Otto-H. Miiller [355], Frenchman Edgar-Théophile
Verdier (1913-1999) [356], and others. The journal Collection of Czechoslovak
Chemical Communications founded in 1929 by Jaroslav Heyrovsky and his friend
Emil Votocek (1872-1950), professor at the Prague Institute of Chemical Tech-
nology, helped in spreading the knowledge of polarography in the world of science.
Every year from 1938 till 1958 (with the intermission from 1940 till 1945),
Heyrovsky, with O. H. Miiller as occasional coauthor, published the “Bibliography
of publications dealing with the polarographic method” in Collection, and from
1959 till 1964, it was then separately printed by the Publishing house of the
Czechoslovak Academy of Sciences. The Polarographic Society of Japan has
been publishing since 1954 the Journal Review of Polarography.

One of the advantages of mercury as electrode material is its high hydrogen
overvoltage, which allows in aqueous solutions more negative potentials to be
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Fig. 3.2.4 Rudolf Brdicka
(1906-1970)

reached than with other electrodes. In polarography, it was soon found that some
compounds cause catalytic evolution of hydrogen which could be utilized in
analysis [357-360]. Heyrovsky’s student Rudolf Brdicka (1906-1970)
(Fig. 3.2.4) has discovered that in ammoniacal solutions of cobalt salts, a sensitive
polarographic catalytic current is produced by proteins, an effect known since then
as “BrdiCka reaction” [361], which was being successfully used in cancer
diagnosis [362].

To make polarography known in his own country, Heyrovsky wrote a short
booklet in Czech [363] which was translated into Russian. The knowledge of
polarography in USA was spread by J. Heyrovsky in 1933 when he lectured for
several months as Carnegie Visiting Professor at universities in California and in
middle and eastern states. The German-speaking scientists were becoming
acquainted with polarography since 1936 from the Heyrovsky’s chapter in the
second volume of W. Bottger’s textbook “Physikalische Methoden der analytischen
Chemie.”

From the amount of experimentally gathered material, it was gradually possible
to derive the basic quantitative relations in polarography. The current flowing in the
polarographic circuit, when the solution of the supporting electrolyte does not
contain any electroreducible or electrooxidizable substance, is a pure “charging”
or “capacity” current. Its quantitative formula was derived by Heyrovsky’s assistant
Dionys Ilkovi¢ (1907-1980) (Fig. 3.2.5) [364]. The equation of the common
electrolytic polarographic current controlled by linear diffusion of the electroactive
species to the electrode was presented also by Ilkovic [365], who then together with
J. Heyrovsky derived an equation for a diffusion-controlled reversible polaro-
graphic step-shaped current—voltage curve or “wave” [366], by means of which
the term “half-wave potential (E;,)” was introduced, indicating the quality of the
studied substance. Since then in analytical handbooks, various tables of half-wave
potentials of inorganic and/or organic compounds have been appearing. In analyt-
ical practice, it became common to determine concentration of polarographically
active species by measuring the height of its polarographic wave at a constant
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Fig. 3.2.5 Dionys Ilkovi¢
(1907-1980)

potential by the method of “polarometric titration” [367]. The Ilkovic¢ equation of
diffusion-controlled polarographic current was later solved by about 3 % more
accurately by Jaroslav Koutecky (1922-2005) (Fig. 3.2.6) [368] who correctly
considered spherical rather than linear diffusion of the electroactive substance to
the mercury drop.

3.2.2 The Years Between 1940 and 1969

During the war (1939-1945), when under German occupation the Czech universi-
ties were closed up, professor Heyrovsky could continue using his laboratory,
thanks to his friend, the latent anti-Nazi German Johann Bohm (1895-1952),
professor of physical chemistry, whom the German authorities made in charge of
the Czech university chemical institute. In that way polarography continued devel-
oping when Heyrovsky kept in contact with his students and colleagues under
aggravated conditions. At that time he wrote in German the textbook
“Polarographie,” published in 1941 by Springer-Verlag in Vienna [369].

If an electroactive substance has the tendency to adsorb at the electrode surface,
it affects the shape of the polarographic curve, as Rudolf Brdicka has derived and
demonstrated by the case of electroreduction of methylene blue [370, 371]. Much
attention was then also concentrated upon polarographic effects of adsorption of
electroinactive compounds [372].

Karel Wiesner (1919-1986) (Fig. 3.2.7) has found that some polarographic
currents are controlled by the rate of chemical reaction producing the electroactive
substance near the electrode [373]; a quantitative formulation of an equation for
such polarographic “kinetic” currents was then presented by Brdicka and Wiesner
[374, 375].
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Fig. 3.2.6 Jaroslav
Koutecky (1922-2005)

Fig. 3.2.7 Karel Wiesner
(1919-1986)

On the course of polarographic curves often appear current maxima exceeding
the limiting current—those of sharp shape, falling discontinuously down to limiting
current of the curve near the point of zero charge, described for the first time by
M. Shikata in the paper read before the Faraday Society [351], have been called
“maxima of the first kind”; another type of maxima, of rounded shape, occurring in
concentrated electrolyte solutions and increasing the original wave up to five times
over the diffusion-controlled current or creating a new wave, distant from the point
of zero charge, has been known as “maxima of the second kind” [376]. Both types
of maxima depend on the way how the dissolved substance affects the surface
tension of mercury. The cause of polarographic maxima of the first kind was
discussed by mainly Russian [377] and German [378] authors, the maxima of the
second kind were satisfactorily explained by T. A. Kryukova (1906-1987) (see
Chap. 4) [379].
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After the attempt by Matheson and Nichols [380] to utilize the progress in
electronics by using cathode-ray oscilloscope instead of galvanometer for
displaying polarographic curves, an essentially new method called “alternating
current oscillographic polarography” for studying electrolysis with dropping mer-
cury electrode by alternating current was introduced by Heyrovsky and Forejt
[381]. In this method, instead of the polarographic current—potential curves, the
potential-time curves and their derivatives were displayed on the screen of the
oscilloscope. That approach has opened for experimental electrochemistry new
possibilities to follow fast chemical, electrochemical, and adsorption processes;
for that purpose, in addition to the dropping mercury electrode, the “mercury jet” or
“streaming mercury” electrode was adopted [382]. An important contribution of the
“a.c. oscillographic polarography” to biophysical chemistry was the discovery by
Emil PaleCek of a sensitive electrode reaction of deoxyribonucleic acid
(DNA) [383].

Thanks to the activities of the Czechoslovak and Japanese polarographic groups
and their foreign colleagues, polarography was becoming internationally known,
and polarographic instruments were already produced in several countries before
the outbreak of the Second World War. During the war, the advantages of polar-
ography in various military industrial analyses were especially appreciated—e.g.,
in the “Manhattan project,” it was used for determining transuranium elements
[384]. In 1946 polarography belonged to the five most frequently utilized analytical
methods. The total number of evidenced polarographic publications at the end of
1938 was 608, by the end of 1945 it went up to 1631.

In Italy the “Centro di Studio per la Polarografia” in Bressanone organized
annual meetings on polarography and published periodically “Contributi teorici e
sperimentali di polarografia” and “Bibliografia polarografica.” In various cities of
USSR, a regular “All-union Conference on Polarography” was taking place. In
London “The Polarographic Society” was publishing “Journal of the Polarographic
Society” and was announcing occasional polarographic lectures or symposia;
similarly active was also “The Australian Polarographic Society.” Some of the
companies producing polarographs, like Leybold (Germany) or Radiometer
(Denmark), were also publishing polarographic periodicals.

The term “polarography” was originally introduced and used for electrochemical
measurements of current—voltage curves with the dropping mercury electrode
(DME) and later also with the mercury jet electrode [385]. The fundamental
polarography, as it developed in the first half of twentieth century, has been referred
to as “classical polarography.” That stage of polarography was systematically
treated in several textbooks [356, 369, 386, 387]. The American professor 1. M.
Kolthoff (1894—1993) from the University of Minneapolis, Minnesota, who visited
Heyrovsky’s laboratory several times, wrote with his junior colleague J. J. Lingane
(1909-1994) a textbook on polarography [388] which appeared in two editions and
was translated into several languages.

In the textbook equations, the electrode reactions were then considered fast and
reversible. Theoretical equation for the common irreversible polarographic curves
was suggested by Smutek [389], a more exact formulation was provided by
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Koutecky [390]. An experimental method how to study polarographic reversibility
was started when Kalousek (1915-1996) [391] introduced into the polarographic
circuit an electric switch interrupting discontinuously the polarizing voltage. That
method was used by many authors in research of electrode reactions (e.g., [392—
395]). With the aim to enrich the originally simple polarographic method, several
other instrumental modifications were gradually developed. Breyer (1900-1967),
Gutmann, and Hacobian [396, 397] started “polarography with alternating current”
when on top of the d.c. polarizing voltage, an a.c. voltage of small amplitude was
superimposed and the resulting small alternating current was measured—on the
polarographic curves then instead of “waves” appeared a.c. current maxima or
“peaks”; with solutions of surface active substances, the “a.c.” modification of
polarography became “tensammetry” [398]. When instead of simple a.c. voltage a
right-angle a.c. voltage of small amplitude was introduced and the electrolytic
current was measured before the end of the drop time, the sensitivity of current
measurement was considerably increased—that method got the name “square wave
polarography” [399] which underwent various modifications [400]. As in classical
polarography, with growth of the mercury drop, the charging current component
decreases and the electrolytic current component increases, it was suggested to
measure total current just before the drop falls off—that increased the sensitivity of
the method called “tastpolarography” [401]. Similarly, in “pulse polarography”
[402] a gradually increasing single constant voltage pulse was applied to each
mercury drop and the resulting current was measured shortly before the drop fell
off; if the current was measured before and after the pulse the method was called
“differential pulse polarography” (gen. rev. [403]).

In 1950 the Czechoslovak communist government introduced a new system of
organizing scientific and technical research—in this connection the “Central Polar-
ographic Institute” was established in Prague beyond the university, with
J. Heyrovsky as its director, who invited some of his coworkers from the university
to join him there. Components of the new institute were dispersed in Prague in
several places. Docent Rudolf Brdicka followed Heyrovsky in professorship of
physical chemistry at the university.

In February 1951 the First International Polarographic Congress was orga-
nized in Prague. As at that time Czechoslovakia was isolated from the free world by
the “iron curtain,” apart from official guests from the “East-European socialist
countries,” about 400 active congress participants were Czechoslovak citizens;
however, 41 written contributions were sent to the organizers from various foreign
countries and were included in the three volumes of the printed proceedings. The
congress program consisted of 8 main lectures and 57 brief communications from
the field of theoretical as well as of applied polarography. In 1952 the Polarographic
Institute became one of the institutes of the then established Czechoslovak Acad-
emy of Sciences, and Heyrovsky was appointed academician.

The attitude of the Czechoslovak political regime towards professor Heyrovsky
was ambiguous—on one hand, he was officially praised, on the other hand, his
contacts with foreign countries were strictly controlled, and some of his frequent
invitations from abroad were not allowed to be realized.
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In August 1955, the Hungarian polarographers organized the Hungarian—Czech-
oslovak polarographic conference in Veszprém, in June 1958 the reciprocal
Czechoslovak—Hungarian conference was held in Prague. In February 1956, a
Polish polarographic congress was organized in Warsaw in which also several
Czech polarographers participated. In June 1957, a polarographic colloquium
took place in Dresden (then East Germany), and in October 1958, an international
polarographic colloquium was organized in Bonn (then West Germany).

In August 1959, the Second International Congress on Polarography took
place in Cambridge, at that time 20 active participants from Czechoslovakia were
officially allowed by the regime to attend. The congress proceedings were
published by Pergamon Press in three volumes under the title “Advances in
Polarography.”

On 10th December 1959, Jaroslav Heyrovsky received in Stockholm the Nobel
Prize in chemistry from the hands of the Swedish king Gustaf VI Adolf—for the
discovery and development of polarography [404] (since 1934, the Nobel commit-
tee had been receiving from different countries altogether more than 30 proposals
for the prize to Heyrovsky).

In September 1962, in Jena (then East Germany) was organized an international
symposium “Polarography in chemotherapy, biochemistry and biology”
(in German) with the proceedings published by Akademie-Verlag, Berlin. The
Third International Congress on Polarography took place in July 1964 in
Southampton, UK, with only five active Czech participants allowed to attend; the
proceedings were published in two volumes at Macmillan under the title “Polarog-
raphy 1964.”

In 1964 professor Heyrovsky resigned from directorship of the Polarographic
Institute because of his declining health; to that post was appointed professor
Brdicka. To commemorate its founder, the institute got from 1.01.1964 the official
name “Jaroslav Heyrovsky Polarographic Institute.”

In July 1966, the Czechoslovak Chemical Society celebrated its 100th anniver-
sary by organizing in Prague the Fourth International Congress on Polarogra-
phy, the scientific contributions appeared in a special December 1965 issue of
Collection of Czechoslovak Chemical Communications published in honor of
Jaroslav Heyrovsky’s 75th birthday. In September 1966, the Japanese
polarographers organized the Fifth International Congress of Polarography in
Kyoto; the proceedings were published in a special issue of the Japanese journal
“Review of Polarography.”

On March 27th 1967, Jaroslav Heyrovsky passed away. The journal Revue de
Chimie Minérale published a special issue (vol. 5, number 2, 1968) dedicated to
Jaroslav Heyrovsky. In Heyrovsky’s memory, the Prague Polarographic Institute,
then headed by professor Antonin A. Vicek (1926-1999), introduced in
Czechoslovakia an annual international Heyrovsky Discussion, which since
1967 has been concentrating every year on different electrochemical problems—
in 1990 the 24th Heyrovsky Discussion took place (cf. Sect. 3.1).
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3.2.3 The Years Between 1970 and 1990

In 1972 the Institute of physical chemistry was joined with the Polarographic
institute under the name “The J. Heyrovsky Institute of Physical Chemistry and
Electrochemistry of the Czechoslovak Academy of Sciences.” The electrochemical
part of the combined institute consisted of three departments: department of redox
processes, of electrocatalysis, and of electroanalysis.

In Riga (Latvia) in 1977 was organized the all-union conference “Polarography:
Problems and Perspectives.” In August 1980, the J. Heyrovsky Memorial Con-
gress on Polarography took place in Prague, attended by participants from all
around the world. In 1986 in Fermo (Italy) was organized an international sympo-
sium “New trends in polarography and related techniques.” After the fall of the
“iron curtain” of major international scale was then the 41st Meeting of Interna-
tional Society of Electrochemistry organized jointly with the J. Heyrovsky Cen-
tennial Congress on Polarography in August 1990 in Prague. Compared with the
First International Congress in 1951, it had 668 participants from all around the
world and the scientific program consisted of 11 plenary lectures,
15 microsymposia, and presentation of 803 posters. So in the second half of
twentieth century, polarography was intensively developing on international scale
spurred by many special conferences which presented new theoretically based
variations and new practical applications of the method.

For the general case when not only DME but any electrode is used for studying
current—voltage curves, Kolthoff and Lingane [405] suggested already in 1939 the
term “voltammetry” (volts applied, amperes measured). According to this sug-
gestion, later officially accepted by IUPAC, the original polarography has become
voltammetry with DME. Equations of voltammetric curves recorded with hanging
mercury drop electrodes (HMDESs) by “cathode-ray polarograph” were published
independently by Randles (1912-1998) [406] and Seviik (1926-2006) [407]. Uti-
lization of HMDE for studying electrode reactions by means of traditional polaro-
graphic apparatus was first described by Cermak (1920—1980) [408] and by Kemula
and Kublik (1922-2005) [409]. Theoretical equations for voltammetric curves of
electrode reactions recorded with HMDEs appeared also under the title “stationary-
electrode polarography” [410, 411]. Voltammetry with HMDE provides the chance
to accumulate the product of electrode reaction on the electrode surface under a
constant potential and then to record stripping of the product from the electrode by
opposite potential scan—this leads to a considerable increase of analytical sensi-
tivity [412]. Cyclic voltammetry by providing mutually corresponding cathodic and
anodic reactions by peaks on one closed curve with two branches is an ideal method
for studying electrode processes [413, 414].

In the 1950s, the alternative to voltammetry started appearing among electro-
chemical methods: the controlled current was applied and the ensuing electrode
potential was measured—it was called “chromato-polarography” [415] or “poten-
tiometric polarography-controlled current scanning” [416]. In these methods, the
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HMDE has been mostly used [417]. For sensitive electroanalytical measurements,
derivative chronopotentiometry was introduced [418, 419].

Electrochemical activity of biopolymers inspired the development of adsorption
transfer voltammetric stripping [420] and of derivative constant current chronopo-
tentiometric stripping analysis [421, 422]; the latter method turned out to be
particularly sensitive for determining catalytic evolution of hydrogen at mercury
electrode by the “peak H” [423, 424].

Polarography, started as “electrolysis with the dropping mercury cathode” [346,
347], was developing successfully due to its simplicity, sensitivity, wide applica-
bility, and low cost. Its basic theoretical principles were worked out initially by the
Prague group, and its various modifications were gradually being introduced by
specialists in different countries. First it became electrolysis with dropping mercury
electrode (not only cathode), then also with mercury jet electrode, and with hanging
mercury drop electrode. According to officially accepted terminology, it became
voltammetry with mercury electrodes, and with applied current and measured
potential, it turned into chronopotentiometry. After all these possible changes and
modifications, the electrolysis with mercury electrodes has maintained in current
chemical language the simple general term “polarography,” with casual nearer
specification. A computer-controlled instrument with appropriate software has
enabled to realize electrochemical measurements in the many modifications of
the original polarography.
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Chapter 4
The Frumkin Era in Electrochemistry

O.A. Petrii, in collaboration with S. Fletcher

4.1 Introduction

Alexander Naumovich Frumkin was one of the leading scientists of the twentieth
century. He was born in Kishenév (now Chisinau, the capital of the Republic of
Moldova) on October 24, 1895, and died on May 27, 1976, while attending a
scientific conference in Tula (now the Russian Federation). Thus, a large part of
his adult life coincided with the period we know as the “Cold War.” In his final
years, he managed to retain his penetrating intellect, amazing memory, and capacity
to do work, to the astonishment of all who knew him. Roger Parsons famously
noted that his indefatigability was a source of some frustration to his younger
colleagues, who perhaps hoped to succeed him—if only they knew how! John
O’M Bockris believed that Frumkin’s scientific longevity was simply the result of
his intellectual superiority.

Whatever the source of Frumkin’s inner abilities, his outward achievements are
plain enough to see. Despite innumerable petty restrictions caused by the “Cold
War”, his prestige as a thinker, and his encyclopedic erudition, made him the most
sought-after electrochemist of his age. He played a leading role in a number of
crucial scientific conferences around the mid-century, and his influence is still being
felt 40 years after his death.

Looking back, it seems remarkable that Frumkin was able to combine the
creativity of an abstract thinker with the business acumen of an industrialist,
while dominating global electrochemistry. As Ya. P. Stradyn, member of the
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Academy of Sciences of Latvian SSR, astutely noted, the history of Soviet and
world science cannot be reconstructed without considering Frumkin’s
contributions.

Frumkin was a man of high culture and very wide interests and had well thought-
out positions on many arcane subjects. His singular personality has been well
captured in a series of reminiscences written by people who knew him [1]. However,
anyone hoping to summarize his scientific achievements in a few words will soon
find themselves defeated by his immense output of published papers, scientific
reports, letters, and personal correspondence.

Fortunately, Frumkin’s scientific career falls into a series of different periods,
each corresponding to a major development in world history. Indeed, it will soon
become apparent that many aspects of Frumkin’s life and work can be viewed as
responses to the profound political developments occurring around him. Neverthe-
less, one should also keep in mind the unique personality of Frumkin himself.

4.2 The Odessa Years

Alexander Naumovich Frumkin came from a Jewish background. He was the
youngest child of Naum Yefimovich Frumkin (1855-1934), an insurance salesman,
and Margarita L’vovna Frumkina (1863—-1949), his wife. Soon after the birth of
Alexander, the family moved to Odessa, a cosmopolitan seaport on the Black Sea. It
was there that Alexander passed his childhood and youth. A formative influence on
his scientific development was his enrolment in St. Paul’s Secondary School
(Realschule) in Odessa. This was a culturally German school, which served the
diverse population of this thriving community.

Frumkin’s abilities manifested early. He fell in love with chemistry and devel-
oped a deep knowledge of its history. His parents were naturally proud of their son.
On one occasion, during a holiday abroad, the family happened to meet an elderly
chemist, who asked “Shura” (his pet name) if he knew anything about iodonium
compounds. Despite the obscurity of the topic, Shura was able to describe them in
some detail.

“...and do you know who discovered them?”

“Why, of course, Willgerodt,” replied Shura.

“Well, I'm Willgerodt!” came the startling reply (Conrad Willgerodt, 1841—
1930, German chemist).

Frumkin graduated from St. Paul’s School in 1912, and, after passing a further
examination in Latin, he entered the Universitit StraBburg (then part of Germany,
now Strasbourg, France). At University, Frumkin’s ability to solve complex prob-
lems allowed him to advance rapidly. He recalled that one of the problems he
solved was how to prepare pure silicon. In those days, 99 % silicon was considered
“pure,” but to achieve that target, a large-scale electrolysis was needed with a
controlled resistance in the circuit. The cell was designed by Frumkin as follows: a
cast iron cylinder was immersed in a tank filled with alkaline solution and could be
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Photo 4.1 Young Frumkin
(1913-1914)

moved up and down. The deeper it was immersed, the smaller was the resistance.
By this elegant means, the composition of the silicon could be very closely
controlled (Photo 4.1).

In Strasbourg, Frumkin was reunited with an old friend of his family, the famous
physicist, Leonid Isaakovich Mandelshtam (Mandelstam) (1879-1944).
Mandelshtam was a key figure in the history of Soviet physics. He and A. F. Ioffe
(1880-1960) were responsible for the creation of two of the largest scientific
schools in the USSR, which contributed to the eminence of Soviet physics.
Mandelshtam came from a similar background to Frumkin, having attended the
same school in Odessa and having completed his scientific education in Strasbourg.
After graduating with a doctorate in 1902, Mandelshtam had remained at the
University to work with the Professor of Physics, Karl Ferdinand Braun (1850-
1918). Those must have been exciting years for Mandelshtam: Braun received the
Nobel Prize in 1909.

Mandelshtam had a strong influence on Frumkin’s future career. Although
Frumkin was never a pupil of Mandelshtam, and was never a “pure physicist,” he
always considered Mandelstam as his mentor. In 1913, on advice by Mandelshtam,
Frumkin moved to the University of Bern (Switzerland), where he worked briefly
with Volkmar Kohlschiitter (1874—1938), an inorganic chemist who had moved to
Bern from Straburg (now Strasbourg) in 1909. It was in Bern that Frumkin
published his first scientific paper, on the physicochemical properties of
phosphorus.

In 1914, however, an international catastrophe occurred. Austria—Hungary
declared war on Serbia on 28 July 1914, and 4 days later, Germany declared war
on Russia. The United Kingdom then declared war on Germany on 4 August 1914.
In these momentous circumstances, Frumkin returned to Odessa without receiving
his Diploma. However, he obtained special permission from the Ministry of Edu-
cation to sit in the final examinations of the Physical and Mathematical Faculty at
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the Imperial Novorossiya University without attending classes. He passed 24 exams
with excellent marks in only 6 weeks, even though this usually took 4 years!

Despite his formal success (and despite an appeal by several University pro-
fessors to appoint him to the faculty), Frumkin was compelled to take a job at a
nearby metallurgical plant. However, during his free time, he frequently visited the
University to carry out fundamental research. It was during this period that he
became seriously interested in electrochemistry and published his first study on the
theory of electrocapillarity (1917) in which he considered the movements of a
mercury drop under the effect of an electric current [2].

After the February Revolution of 1917, the abdication of Tsar Nicholas II, and
the formation of a Provisional Government, Frumkin was finally admitted to the
University, in the Laboratory of Inorganic and Physical Chemistry, headed by
Aleksandr Sakhanov (1886—1976). It was therefore in Odessa that Frumkin pre-
pared his dissertation Electrocapillary Phenomena and Electrode Potentials, which
was finally completed in 1919 [3]. During the period 1920-1923, short extracts
were published in scientific journals in English, German, and Russian [4—
6]. Frumkin once remarked that the examiner of his dissertation had pointed out
that it contradicted many of the established concepts of electrochemistry at the
time. He also remarked that a paper explaining the contradictions was rejected by
the Editorial Board of Zeitschrift fur Physikalische Chemie.

In these early studies, Frumkin not only demonstrated his remarkable experi-
mental skills but also revealed his deep understanding of natural phenomena, which
was rare for someone so young. For example, he provided a complete and rigorous
analysis of electrocapillarity theory and also derived the general relationship
between the surface tension (reversible work of surface formation) and the surface
electric charge, valid for solutions of all compositions. The Lippmann equation was
included as a special case. He also experimentally confirmed the validity of the
results by carrying out measurements on a mercury electrode. The concepts devel-
oped by Frumkin changed the established view of electrode potentials, accepted
since the time of Nernst.

Outside his window, however, political events were developing rapidly. In early
1919, the newly formed Bolshevik government suddenly withdrew most of the Red
Army from Ukraine, leaving Odessa defenseless. In August, the city fell to the
White Army. They retained military control until 1920, when the Red Army once
more displaced them. The Red Army’s victory in the south eventually led to the
foundation of the Union of Soviet Socialist Republics (USSR) in 1922. The
situation in Odessa was well described by Aleksey Nikolayevich Tolstoy; “The
city was crowded with Russian refugees of every type and class. .. Princes and
Generals swept streets, waited on cafes and, if they were lucky, drove taxis. The
Tolstoys were no exception amid the general misery...”

Once Frumkin told an amusing anecdote from those times. It was the story of
how his key results came to be published in the Philosophical Magazine, one of the
oldest and most prestigious scientific journals in the world. As the Red Army
gradually approached the city, ships full of refugees were leaving the Port of
Odessa. Artillery fire could be heard. At that moment, an anxious young man



4 The Frumkin Era in Electrochemistry 53

appeared on the quayside, pleading with the passengers to take an envelope
overseas, which contained his magnum opus. Of course, the youth was Frumkin,
and the scientific work was “On the Theory of Electrocapillarity, Parts I and I1.”
Amazingly, one of the strangers consented, and ultimately the parcel found its way
to the Editorial Board of the Journal in London.

During this dramatic period, Frumkin’s dissertation was published by the pub-
lishing house (and printing company) of Moshe F. Shpentser (1860-1927), the
father of the poet Vera Mikhailovna Inber (1890-1972). [Inber was the name of her
first husband.] Frumkin married Vera in 1920. However, their marriage was short-
lived. Very soon, Vera left Odessa for Moscow. Later, she became a famous writer.
Having spent 3 years in Leningrad during the Siege (1941-1944), she movingly
described life in the city in verse and prose. Leon Trotsky (1879-1940), one of the
founders of the Red Army, was a cousin of her father, and had actually lived in
Odessa with the Shpentser family for a while during his childhood.

During the period 1920-1921 in Odessa, Frumkin also became a member of the
artistic council of a small but very popular theater group headed by V. Tipot, Vera
Inber, and Rina Zelenaya and even took part in some of their performances.

4.3 The Karpov Institute

In 1922, Frumkin also departed for Moscow, where he hoped to perform some
experiments that he could not perform in Odessa, due to the lack of equipment. In
Moscow, he encountered Aleksey Nikolayevich Bakh (1857-1946) the famous
biochemist and political radical, who, 5 years earlier, had returned from exile
overseas. This meeting was crucial for the future life of Frumkin.

In 1918, together with Lev Yakovlevich Karpov (1879-1921), Bakh had
founded the Central Chemical Laboratory of the Supreme Council of the National
Economy in Moscow. He became the first Director of this laboratory and, after
Karpov’s untimely death in 1921, it was renamed the L. Ya. Karpov Physicochem-
ical Institute. For many years, this was the largest (and only) center for physical
chemistry in the USSR. Despite the chaotic circumstances of its birth, it soon
developed into one of the world’s leading scientific centers, making important
contributions to various fields of physical chemistry (electrochemistry and corro-
sion, theory of catalysis, chemistry of polymers, etc.). Famous scientists who
worked in the Institute included A. N. Frumkin, Ya. K. Syrkin, N. M. Zhavoronkov,
V. A. Kargin, I. V. Petryanov-Sokolov, S. S. Medvedev, K. A. Kocheshkov,
Ya. M. Kolotyrkin, Kh. S. Bagdasar’yan, G. K. Boreskov, and M. I. Témkin.

It was to this intellectual powerhouse that Bakh invited Frumkin. Step by step,
the best young chemists in the Soviet Union were being assembled there. It was in
the Division of Surface Chemistry that the electrochemistry group originated
(Revekka Khaimovna Burshteyn (1904-1992), B. P. Bruns). Later, several of
Frumkin’s former pupils from the Department of Electrochemistry of the Faculty
of Chemistry of Moscow State University also joined the group, most notably Boris
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Photo 4.2 A. N. Bakh and A. N. Frumkin (the fourth from /eff) in the Presidium of the Joint
Meeting of scientists of the Karpov Institute, the Institute of Nitrogen, and the Institute of
Chemical Physics dedicated to the 80th birthday of A. N. Bakh on February 11, 1937

Nikolayevich Kabanov (1903-1988), M. A. Proskurnin, and N. A. Balashova
(Photo 4.2).

Frumkin remained at the Karpov Institute for 25 years, first as a researcher and
later as Head of the Division of Surface Chemistry (1924-1946). In 1929, he
became the Vice-Director of Scientific Issues in the Institute and remained in that
post until 1944 (Photo 4.3).

The meticulous study of the effects of adsorption of organic compounds on the
electrocapillary curves of mercury, which was accomplished by Frumkin at the
Karpov Institute, led to the discovery of the famous isotherm that now bears his
name (the “Frumkin isotherm” [7]). Whereas the Langmuir isotherm was based on
the somewhat naive assumption that adsorbed species did not interact, Frumkin
showed that such interactions were often very strong indeed. In addition, Frumkin
combined his results with an electrical model of two capacitors in parallel, which
later became the prototype for many multistate models.

In 1926, Frumkin and his coworkers embarked on a classical series of studies of
the adsorption of ions on very large surface area substrates, such as activated carbon
and platinum black. Later, this topic was taken up by the Department of Electro-
chemistry of the Moscow State University (MSU). In the same year, Frumkin and
Amaliya Davydovna Obrucheva (1894—1968) [8] began to investigate the forma-
tion of the double layer. They were the first to identify the phenomenon known as
“potential-determining adsorption” or, for electrodes interacting with acids and
alkalis, “hydrolytic adsorption” (Photo 4.4).

In 1928, the classic paper by Frumkin and A. V. Gorodetskaya [9] appeared, in
which they introduced the concept of the zero charge potential. This allowed the
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Photo 4.3 A. N. Frumkin in a group of scientists of the Karpov Institute in the 1930s (R. Kh.
Burshteyn is third from right in the top row)

Photo 4.4 Frumkin and Obrucheva at the Karpov Institute

classical Volta problem to be solved, namely, the problem of the relationship
between electromotive force and contact potential difference. Further development
of this theory soon revealed the crucial role of zero charge potentials in
electrocapillary and electrokinetic phenomena, the structure of interfaces, the
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mechanics of solids, the photoemission of electrons into solution, and the kinetics
of electrode processes. Also in 1928, Frumkin published a comprehensive review
about the electrocapillary curve in the series “Ergebnisse der exakten
Naturwissenschaften” [10].

In 1935, Frumkin and M. A. Proskurnin [11] used ac measurements to measure
the electric double layer capacitance. This permitted empirical values of the double
layer capacitance to be compared rigorously with theory for the first time. The
authors were successful because they carried out their experiments under conditions
of exceptional cleanliness, such as glassware that had been acid-cleaned and water
that had been multiply distilled. This work had an enormous impact internationally,
because it demonstrated how reproducible measurements of the electrical double
layer could be obtained. Indeed, Frumkin’s experimental methods soon became
legendary among western scientists. From that time forward, the ac method became
the standard method of measuring interfacial capacitance.

In 1939, while carrying out ac measurements in dilute electrolyte solutions,
Frumkin and M. A. Vorsina [12] discovered an unexpected minimum in the
differential capacitance curves of mercury. They correctly associated this minimum
with the behavior of the diffuse part of the double layer in the vicinity of the zero
charge potential.

Besides his fundamental studies of the electrical double layer, Frumkin also
developed an interest in electrode kinetics. This work began in 1932, after
Frumkin’s attention had been drawn to the work of Tibor Erdey-Griz and Max
Volmer on the theory of electron transfer. These authors had proposed a theory of
the Tafel equation based on an analysis of the rate of electron transfer across the
double layer. In 1932, in a very brief paper (only two pages long) [13], Frumkin
showed that the basic equation describing the rate of charge transfer could be
derived from the well-known Brgnsted relationship according to which the change
in the activation energy amounts to a certain fraction a (0 < a < 1) of the change in
driving force.

It should be noted that, in 1931, the physicist Ronald Wilfrid Gurney (1898—
1953) had already published an astonishingly prescient theory of the elementary act
of charge transfer across an interface, based on quantum mechanics. However, this
work was not fully appreciated by electrochemists until three decades later.

In his own paper, Frumkin also analyzed the effect of the sodium amalgam
concentration on the rate of electrolysis of water, and arrived at the conclusion that
even for physically and chemically uniform surfaces, the processes of anodic metal
dissolution and cathodic hydrogen evolution could occur simultaneously at the
same potential. This same idea was later used by K. Wagner and W. Traud
(1938) in their formulation of the theory of the “mixed potential,” the cornerstone
of modern corrosion theory.

In 1933, Frumkin [14] became the first person to relate the rate of an electrode
process to the structure of the double layer, by taking into account an effect which
he called the psi-prime (y) effect (now universally referred to as “the Frumkin
correction”). Thus, a close relationship was established between the two great
divisions of electrochemistry, namely the double layer and electrode kinetics,



4 The Frumkin Era in Electrochemistry 57

which had been developed separately until that time. Soon after this, Frumkin
further demonstrated [15] that the double layer structure could affect the kinetics
of the hydrogen evolution reaction, if the electrolyte was dilute enough. This effect
was not considered by the Erdey-Griz-Volmer model. From Frumkin’s analysis, it
became clear that very large effects might be expected in the cathodic reduction of
anions because the electrons would have to be transferred from a negatively
charged electrode to a negatively charged ion, which might be electrostatically
repelled in certain ranges of potential. This prediction was experimentally con-
firmed 13 years later.

In 1940, in a study P.I. Dolin, Boris Vul’fovich Ershler (1908-1978), and
AN. Frumkin [16, 17], the rate of discharge of hydrogen ions to form hydrogen
atoms was determined experimentally for the first time. This work triumphantly
confirmed the Frumkin approach (known in Russia as “the slow discharge theory”).
The electrode processes were modeled by an equivalent circuit, which latter
became better known as the Ershler—Randles circuit. The authors were also the
first to introduce the term “exchange current” into electrochemical kinetics. Much
later, in 1950, V. A. Pleskov developed the method of radioactive tracers for
measuring the exchange current of electrochemical reactions.

Frumkin was elected to full membership of the Academy of Sciences of the
USSR in 1932. This acknowledged the outstanding contribution that he had made to
the development of science in the USSR. His new status consolidated his political
position and provided him with a privileged position in Soviet society. At the same
time, many new duties were also imposed upon him. Thus, in the period 1935—
1939, he was also a member of the Presidium, the highest organ of the USSR
Academy of Sciences. In subsequent years, he continued to take an active part in the
work of the Academy of Sciences and its Division of Chemistry. In 1936, Pyotr
Leonidovich Kapitsa (1894-1984), a Fellow of the Royal Society (and future Nobel
Prize winner), who had recently been denied the right of return to the UK by Stalin,
wrote a personal letter to Sir Ernest Rutherford, in which he described the members
of the Presidium of the USSR. He wrote that Frumkin was the only person of
scientific weight in the Presidium and, “even if he is somewhat inconspicuous, he is
smart and honest and devoted to science, being a person outwardly melancholic,
absolutely calm, and with some cynical mentality.” He clearly appreciated Frumkin
as a person.

The “Karpov period” was a very fruitful one for Frumkin and allowed him to
complete a truly remarkable series of studies which are now firmly established in
the foundations of electrochemical science. At the same time, Frumkin also made a
number of organizational contributions to the development of the Karpov Institute
and contributed to its emergence as one of the leading centers of physical chemistry
in the world (Photo 4.5).
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Photo 4.5 A. N. Frumkin with a group of chemists at the Karpov Institute in the late 1930s. From
left to right, sitting: M. M. Feinberg, Ya. K. Syrkin, A. N. Fumkin, V. A. Kargin; standing:
Ya. M. Kolotyrkin, P. I. Zubov

4.4 The University of Wisconsin—-Madison (1928-1929)

In 1924, Frumkin made a lecture tour of Austria and Germany. One of his lectures,
in Gottingen (Germany), was attended by Max Born, James Frank, and Robert
Wichard Pohl. He also visited the University of Leiden (The Netherlands) where
Paul Ehrenfest was Head of the Department of Physics. In Ehrenfest’s house, there
was a special room for guests who were encouraged to leave their signatures on one
of the walls. Among the many great physicists, there is also the signature of
Alexander Naumovich Frumkin (Photo 4.6).

Toward the end of the 1920s, the Soviet school of physical chemistry began to
gain international recognition. Its seminars and scientific conferences were attended
by foreign scientists, and its publications were widely read overseas. As an example
of its growing influence, an invitation was received in 1928 for one of its scientists
to work at the University of Wisconsin (U.S.A.) for a year. At that time, such
invitations were very rare. A. N. Bakh decided that Frumkin would be the best
choice. So it was that Frumkin, together with Amaliya Davydovna Obrucheva
(1894-1968), whom he had recently married, traveled to Madison. There, Frumkin
became a visiting Professor in Colloid Chemistry, a post vacated a few years earlier
by the Nobel Prize winner Theodor Svedberg (30 August 1884-25 February 1971).
It seems that the University considered offering Frumkin a permanent appointment,
but he preferred to return to the USSR. As regards science, Frumkin regarded this
American interlude as extremely inefficient (it clearly failed to match his hopes);
however, a few scientific results were obtained on the electrocapillary properties of
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Photo 4.6 Part of the wall in Ehrenfest’s house, showing the signatures of great scientists

amalgams, and these were duly published in the Journal of Physical Chemistry in
1930 (jointly with a student, F. J. Cirves).

During his time in the United States, Frumkin not only gave lectures to the staff
and students of the University of Wisconsin but also toured many other universities.
In this way he met many important American scientists and actively discussed their
work with them. For example, at the University of Chicago, he visited the Labora-
tory of William Draper Harkins (December 28, 1873—March 7, 1951) and also met
with Arthur Holly Compton (September 10, 1892—March 15, 1962). In Princeton,
he discussed the polymerization of unsaturated compounds with Hugh Stott Taylor
(6 February 1890—17 April 1974) and at Johns Hopkins University in Baltimore, he
discussed the field of electrocapillary phenomena with Karl Ferdinand Herzfeld
(February 24, 1892—June 3, 1978). In Philadelphia, he was delighted to meet
George Borisovich Kistyakovsky (1900-1982), a chemist with Ukrainian-Jewish
roots.

Frumkin established contacts with many other scientists, including Izaak
Maurits Kolthoff (February 11, 1894-March 4, 1993) who in one of his later
publications thanked Frumkin for his help in explaining an error that arises when
a platinum electrode is used in pH measurements in media close to neutral.

Finally, Frumkin very much enjoyed a visit to the General Electric Laboratories
in Schenectady, New York, where he was hosted by Irving Langmuir (31 January
1881-16 August 1957). Frumkin also delivered a lecture at Stanford University,
California, at the invitation of the Canadian chemist James William McBain
(22 March, 1882-12 March, 1953).

On his way back to Russia from the USA, Frumkin visited Berlin. That was in
the summer of 1929. At the Kaiser Wilhelm Institute of Physical Chemistry and
Electrochemistry, then headed by Fritz Haber (9 December 1868-29 January 1934),
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he met Herbert Max Finlay Freundlich (28 January 1880-30 March 1941) who
invited Frumkin to work in Germany, but Frumkin was intent on returning to
Moscow [18].

4.5 The Department of Electrochemistry at Moscow State
University

Frumkin joined the Chemistry Faculty at MSU in late 1929 (Photo 4.7), and in May
1933, the Department of Electrochemistry was reorganized under his Chairman-
ship. He remained in that post for 44 years until his death. Even before 1930, MSU
could boast a long history of innovation in electrochemistry. For example, in 1809,
the German-born scientist Ferdinand Friedrich von Reuss (Reuf}) (26 January
1778-21 March 1852) had reported the discovery of electrophoresis while passing
electric currents through porous media. Later, in 1887, Aleksey Petrovich Sokolov
(1854-1928) had used alternating currents to measure electrode capacitance.
Finally, in the opening years of the twentieth century, there had been a remarkable
series of innovations (including electropolishing) by Yevgeniy Ivanovich
Shpital’skiy (16 September 1879-23 November 1931) [19].

Photo 4.7 A group of electrical engineers of the Moscow Research Institute of Chemistry. In the
bottom row: Z.A. lofa is the second and A.N. Frumkin is the third from the /left
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Photo 4.8 Yevgeniy
Ivanovich Shpital’skii

Shpital’skiy graduated from Moscow University in 1904 and was subsequently
employed there. His best-known work dealt with catalysis and electrochemistry.
After graduation, he initially briefly moved to Heidelberg for postgraduate study.
However, he soon returned to Moscow, where he developed the theory of interme-
diates in homogeneous catalysis. In 1911, he famously filed a patent for the
electropolishing of metals, possibly the first time this term was used. Unfortunately,
the First World War, followed by the Russian Civil War, disrupted his priorities,
and Shpital’skiy’s energies were diverted toward munitions (Photo 4.8).

By the mid-1920s, however, Shpital’skiy’s laboratory had returned to normal,
and he began to employ many notable young scientists, including N. N. Petin, Z. A.
Iofa, Nikolay Ivanovich Kobozev (1903—-1974), N. I. Nekrasov, V. V. Monblanova,
and several others. All of them subsequently became well known in their fields.
Meanwhile, Shpital’skiy’s own papers were achieving European recognition, par-
ticularly in Germany. He was elected a member of the Bunsen Gesellschaft and
became friendly with some of its members (particularly Walter Nernst).

However, tragedy struck in 1929. Shpital’skiy was arrested as a supposed
member of the Prompartiya (“Industry Party”). In the ensuing show trial, he and
anumber of codefendants were accused of sabotaging Soviet industry and plotting a
coup against the Soviet state. The case against Shpital’skiy was flimsy, but dam-
agingly included the existence of several German patents for his inventions. Despite
the absurdity of the prosecution claims, he was sentenced to death. Several prom-
inent scientists, including Vladimir Nikolayevich Ipat’yev (Ipatieff) (1867-1952),
pleaded for leniency. Perhaps due to these appeals, the death sentence was com-
muted to 10 years imprisonment, but this just led to further problems. Shpital’skiy
was not sent to a normal prison. Instead, he was assigned to one of the first Soviet
“sharashkas” (secret laboratories in the Gulag labor camp system, later described by
Aleksandr Isayevich Solzhenitsyn (11 December 1918-3 August 2008). Initially,
he somehow managed to complete the registration of several patents. However, in
the harsh conditions, his health began to deteriorate. Within months, a foot was
amputated due to blood poisoning, and he died of a heart attack in November 1931.
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The arrest of Shpital’skiy led to a reorganization of research at MSU. With the
appointment of Frumkin, the focus shifted to theoretical and practical studies in the
field of electrode processes. During this turbulent period, Z. A. Iofa and A. 1. Shlygin
became close colleagues of Frumkin. Frumkin and Shlygin began work on the
adsorption of oxygen and hydrogen [20], and later perfected the method of charging
curves. Parallel studies were carried out by Ershler (Karpov Institute). Shlygin max-
imized the surface area of the electrodes (e.g., by using platinized platinum), whereas
Ershler minimized the volume of solution, thus creating the first thin-layer cell. The
development of these novel methods made it possible to study adsorption under
conditions close to equilibrium, in contrast to the perturbation methods favored by
overseas scientists such as Bowden, Rideal, and Butler, who had used high currents.
Most importantly, Frumkin and Shlygin discovered that the equilibrium charging curve
of platinum was linear in the region of hydrogen adsorption. Based on this surprising
result, Mikhail (Menasiy) Isaakovich Témkin (1908—1991) developed his well-known
logarithmic isotherm, in which the heat of adsorption decreased with increasing
coverage. This was a considerable advance over the Langmuir adsorption isotherm.

Besides his fundamental studies of adsorption, Frumkin also carried out some
important research on corrosion [21]. This work was performed in collaboration
with Ya. M. Kolotyrkin, Z. A. Iofa, and V. A. Kuznetsov and was crucial for the
further development of the field. At the same time, Frumkin initiated studies on the
structure of the solution/air interface (with M. A. Gerovich) which were also widely
acclaimed (Photo 4.9).

Photo 4.9 Department of Electrochemistry of MSU in the 1940s. From left to right, sitting:
M.A. Gerovich, A.N. Frumkin, Z.A. Iofa, A.D. Obrucheva; standing: V.A. Kuznetsov,
B.S. Gurenkov, V.S. Bagotzky, N.B. Moisseeva, Kuznetsova (?), A.I. Fedorova, S.Ya. Mirlina
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In the 1945/1946 academic year, Frumkin delivered a famous series of
lectures on electrochemical kinetics. These proved to be immensely popular
with his students, who also urged him to compile them in a textbook. The
eventual publication of such a book in 1952 under the title of Kinetics of
Electrode Processes (in co-authorship with V. S. Bagotskiy, Z. A. Iofa, and
B. N. Kabanov) [22] was a milestone in the history of electrochemistry, coming,
as it did, almost 10 years before the famous monograph by Klaus Jiirgen Vetter
(1916-1974) (“Elektrochemische Kinetik,” Springer, Berlin 1961; translated
into Russian in 1967). However, because Frumkin’s text was published in the
Cold-War period, it was officially translated only into Chinese (1957) and
remained largely unknown in the West. Nevertheless, the text was translated
into English in India [23]. According to [24], an English translation was also
made in the USA in 1967 (“Kinetics of Electrode Processes,” Foreign Technol.
Div. No. FTD-HT-67-153, Wright-Patterson Air Force Base, Ohio), although
this is now a bibliographic rarity.

Despite the language barrier, the remarkable contributions of the Frumkin Group
to the development of world electrochemistry were acknowledged by J. O’M.
Bockris and A. Reddy in their well-known textbook “Modern Electrochemistry”
(1970): Frumkin’s group. .. “was at the cutting edge of physical electrochemistry
and stimulated much of the post-WWII work in this field in Europe, and eventually
in the United States.”

4.6 Institute of Colloid Electrochemistry: The Institute
of Physical Chemistry

Besides his work at MSU, Frumkin was also involved in the development of the
Institute of Colloid Electrochemistry, which was renamed the Institute of Physical
Chemistry in 1946.

The Institute of Colloid Electrochemistry had originally been founded by V. A.
Kistyakovskiy [25] in Leningrad (now St. Petersburg) in 1929. Kistyakovskiy was a
graduate of St. Petersburg Imperial University and had worked in Leipzig under
Wilhelm Ostwald. In 1934, when the Institute was officially moved to Moscow,
various students of Kistyakovskiy (including K. M. Gorbunova, D. 1. Mirlis, 1. V.
Krotov, and A. T. Vagramyan) became the Heads of the new laboratories. The
Institute was also renamed the “Institute of Colloid Electrochemistry of the Acad-
emy of Sciences of the USSR” (Photo 4.10).

By 1939, however, Kistyakovskiy was 74 years old, and Frumkin was appointed
to succeed him. In 1940, Frumkin founded the laboratory of electrode processes.
Initially only B. N. Kabanov and A. V. Gorodetskaya worked there, having
transferred from the Department of Surface Phenomena at the Karpov Institute.
However, during the period 1941-1947, various other scientists joined them,



64 O.A. Petrii and S. Fletcher

Photo 4.10 Vladimir
Aleksandrovich
Kistyakovskiy (1865-1952)

Photo 4.11 AN.
Frumkin—the Director of
the Institute of Physical
Chemistry of the USSR
(1939)

including N.A. Bakh, R.Kh. Burshteyn, N.A. Balashova, S. D. Levina, and N. A.
Shumilova. Frumkin’s loyal secretary for 50 years, A. S. Guryléva, also moved
there. Most notable of all, Veniamin (Benjamin) Grigor’yevich Levich (30 March
1917-19 January 1987) joined in 1940 (Photo 4.11).

4.7 The Second World War

The Second World War, or “The Great Patriotic War” as it is known in Russia,
began for the USSR in June 1941 and had an immense influence on the develop-
ment of scientific research in the USSR. Almost immediately, the leading scientists
of the USSR, including Frumkin, were asked by the State Defense Committee to
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concentrate all their efforts on solving problems for the military. As the Nazi front
line approached Moscow, the task of evacuating the Academy and the Institutes
also became urgent. In response, the Institute of Colloid Electrochemistry, together
with its Director, was evacuated to Kazan. They did not return until summer 1943.
Despite this disruption, new types of heat- and frost-resistant galvanic cells were
successfully developed, a new method of manufacturing activated carbon was
invented, and novel electrochemical fuses were produced that were widely adopted
on the home front.

Following the entry of the United States into the war on 11 December 1941,
Frumkin made two visits to the USA [23]. There is no reliable information about
these visits, but they were clearly related to the defense needs of the USSR.

A new collaborator of Frumkin during the wartime years was Vladimir Bagotsky
(this is the way his name is given in English publications; the transliteration is
Bagotskiy) (1920-2012) [24]. His father, Sergei Yustinovich Bagotskiy, was a
well-known revolutionary and disciple of Lenin, who had organized Lenin’s
famous train trip through Germany to Russia in 1917. In 1937, Bagotskiy senior,
who by then was acting as the USSR Representative at the United Red Cross and
Red Crescent Society in Switzerland, was recalled to the safety of Russia with his
family. In 1939, Bagotsky junior entered the Faculty of Chemistry of MSU. By the
end of 1943, when the Faculty returned to Moscow, Bagotsky was able to begin his
diploma studies under Frumkin. Finally, in 1947, he defended his “Candidate of
Science” thesis (equivalent to a PhD) on the kinetics of electrochemical hydrogen
evolution on mercury. This thesis was a triumphant confirmation of Frumkin’s
theory of slow discharge.

For the next 2 years, Bagotsky continued to work in the Department. However,
in 1949, he found himself accused of so-called cosmopolitanism. This term was a
catch-all phrase used in that era to describe intellectuals who were suspected of
harboring pro-Western feelings, or who might be thought to lack sufficient patriot-
ism. Bagotsky was fired from the Faculty of Chemistry (his accusers noted that he
had studied Esperanto as a child, and occasionally dressed in shorts, which were
evidently a bourgeois affectation!) He remained unemployed for half a year, but
then, thanks to Frumkin, he was restored to a position at the Research Institute of
Elemental Carbon (later, the All-Union Research Institute of Current Sources—
VNIIT) where he worked successfully until 1965, first as a staff member but later as
the Head of New Electrochemical Systems. Under his direction, studies were
successfully completed on mercury/oxide cells, magnesium batteries, and mer-
cury/zinc cells. This was followed by a series of studies on the development of
silver-zinc secondary batteries for aviation, missiles, and rockets. These studies
were carried out in collaboration with the Experimental Design Bureau headed by
Sergey Pavlovich Korolév (1907-1966), the leading Soviet rocket engineer and
spacecraft designer. The first Earth satellite (Sputnik I) launched into Earth orbit on
4 October 1957 was equipped with silver—zinc batteries developed by the Institute.
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4.8 The Soviet Atomic Bomb Project

One of the most significant technological problems that Frumkin helped to solve
was the development of the Soviet Atomic Bomb. Information on this topic has
only recently become available, although certain details (and even the scope of the
project) still remain classified [23].

In 1939-1940, Yu. B. Khariton and Ya. B. Zeldovich were the first scientists in
the world to publish calculations on the rates of nuclear fission reactions. They
showed that with a slight enrichment of uranium-235, the conditions could be
created for a self-sustaining chain reaction. In 1940, the Presidium of the Academy
of Sciences established a Committee on Uranium, which was given the responsi-
bility of exploring the possibility of generating nuclear energy. The Committee was
chaired by V. G. Khlopin, and its members were V. I. Vernadskiy, A. F. Toffe, S. L.
Vavilov, A. E. Fersman, A. P. Vinogradov, 1. V. Kurchatov, and Yu. B. Khariton.
However, Soviet research in nuclear fission was badly disrupted by the war. Many
nuclear scientists joined the army, while others diverted their efforts toward more
conventional problems.

Everything changed when Soviet intelligence reported the first test of an Amer-
ican atomic device on 16 July 1945 at Alamogordo, New Mexico. One month later,
the State Committee on Defense established a Special Committee approved by
Stalin. This committee was chaired by Lavrentiy Pavlovich Beriya (Beria)
(29 March 1899-23 December 1953) and was charged with “the management of
all activities for the utilization of nuclear energy from uranium.”

In order to accelerate the production of nuclear weapons, the committee consid-
ered it necessary to involve more than 20 institutions in the project. Among them
was the Colloid Electrochemistry Institute Academician A. N. Frumkin. The
problem allocated to Frumkin’s Institute was to develop an industrial method to
separate plutonium from nuclear fuel. (The first Soviet atomic bomb, the RDS-1,
was detonated on 29 August 1949, and used a solid plutonium core.)

S. Z. Roginskiy was appointed as the Head of these studies. By December 1945,
he and Frumkin had developed a work program which was presented to the
Technological Council for approval. In March 1946, a special laboratory for the
development of radiochemical technologies was opened in the Institute of Physical
Chemistry. Four subdivisions were created: the division of G. V. Akimov (testing
corrosion-resistant metals for the plutonium separation plant); the division of S. Z.
Roginskiy (eliminating fission products from waste); the division of P. A. Rebinder
(Rehbinder) (testing the strength of irradiated materials); and the division of
Frumkin (testing the effects of radiation on chemical processes).

By September 1948, Frumkin was under immense personal pressure to fulfill
Beria’s objectives, so that prototype devices could be built. In response, he had to
cut down certain researches at the Institute and hire new staff. Several of his
colleagues were unhappy with these developments; however, Frumkin persisted.

Construction of an industrial plant to produce highly enriched uranium by
gaseous diffusion had begun in December 1945 in the Urals town of Verkh-
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Neyvinsk, about 50 km from Sverdlovsk (now Yekaterinburg). Isaak
Konstantinovich Kikoin (28 March 1908-28 December 1984) was in charge of
the works. However, many difficulties were encountered, and progress was slow.
The most troublesome parts of the machinery were the gaseous diffusion filters. The
technical parameters for the filters were very strict: they needed to be made of
nickel and be intersected by pores of 25 nm diameter (about one-tenth the mean free
path of a UF¢ molecule). Unfortunately, it was found that sintered nickel easily
became blocked by tetravalent uranium compounds. Kikoin asked Frumkin to solve
problem. A working group consisting of R. Kh. Burshteyn, P. I. Dolin, and S. D.
Levina was organized under Frumkin’s supervision. They tested various methods of
passivating the surface of the filters to prevent the catalytic decomposition of the
uranium hexafluoride gas, and finally solved the problem. The purified uranium-
235 was eventually used in the third Soviet atomic bomb test, based on a plutonium/
uranium composite core, which was detonated on 18 October 1951.

It should be noted that, during the atom bomb project, a number of German and
Austrian scientists had been coerced (or volunteered) to assist in the development
work. These included the Nobel Prize winner Gustav Ludwig Hertz (22 July 1887—
30 October 1975), Baron Manfred von Ardenne (20 January 1907-26 May 1997),
Peter Adolf Thiessen (6 April 1899—5 March 1990), Max Volmer (3 May 1885—
3 June 1965), Nikolaus Riehl (24 May 1901-2 August 1990), and Rudolf Heinz
Pose (10 April 1905-13 November 1975). They were not released until 1953. Most
famous of all, Max Volmer returned to the German Democratic Republic (GDR)
and eventually became the President of the Academy of Sciences of the GDR.

4.9 The Anti-cosmopolitan Campaign in the USSR.
University Professors vs. Academicians

In 1946, Stalin made a speech in which he expressed his dismay at the direction of
contemporary Soviet culture. This triggered a period of social history in the USSR
known as the “battle against cosmopolitanism.” Stalin thought that a dangerous
tendency had evolved in the cultural sphere, such that literary and theatrical works
were gradually falling under the control of foreign influences. In 1947, similar ideas
were expressed about Soviet science, and even the famous physicist Pétr (Pyotr)
Leonidovich Kapitsa (8 July 1894-8 April 1984) fell under suspicion. He, along
with numerous other scientists, was publicly denounced for his support for “bour-
geois science.” Initially, the anti-cosmopolitan campaign was directed at liberal
intellectuals, but soon it degenerated into a form of anti-Semitism. By March 1949,
more than 70 % of the people who were being vilified in the Soviet press were
Jewish.

At the Institute of Physical Chemistry, a small group of staff decided to take
advantage of this situation to remove Frumkin from his post as Director. In a letter
to the Central Committee of the Communist Party, they argued that the popular
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article “Physical Chemistry,” written by Frumkin and Ya. K. Syrkin, and published
in the Great Soviet Encyclopedia (first edition), contained “unpatriotic errors” such
as downplaying the historical importance of Russian scientists (e.g., M. V.
Lomonosov, A. M. Butlerov, etc.), and failing to realize the significance of the
Periodic Law of Dmitri Ivanovich Mendeleev (8 February 1834-2 February 1907).
Their ire was also directed at the Institute of Physical Chemistry, particularly in
regard to its supposed failure to support the State economy. Later (May—October,
1950), when all the departments of the Academy of Sciences fell under scrutiny, a
notorious note was passed to the Central Committee claiming the “Jewish infesta-
tion” of certain Institutes. The Institute of Chemical Physics, the Institute of
Physical Problems, the Lebedev Physics Institute, and the Institute of Physical
Chemistry, all found themselves on this list.

In his memoirs, Ya. P. Stradyn recalled Frumkin’s remarks that the campaign
had begun with a letter directed against him and Nikolay Nikolayevich Seménov
(Semenov) (15 April 189625 September 1986). Seménov, who would later receive
the Nobel Prize, had dedicated his classic monograph “Chain Reactions” to J. van’t
Hoff and S. Arrhenius, neither of whom was Russian. It seems the letter was written
by people who believed they were being deliberately hindered in their career or who
thought they were being unfairly overlooked. Frumkin was called “Cosmopolitan
No. 1.”

The shameful letter was signed by 15 professors, mainly from the Institutes of
Higher Education (including the Faculties of Physics and Chemistry of MSU).
However, a few were from the Institute of Physical Chemistry. The authors claimed
that Frumkin was monopolizing the subject of physical chemistry and controlling
the journals that published it. Other scientists who were singled out as “cosmopol-
itans” were S. Z. Roginskiy, Yakov Borisovich Zel’dovich (8 March 1914—
2 December 1987), Yakov Kivovich Syrkin (2 December 1894-8 January 1974),
and Yuliy Borisovich Khariton (27 February 1904—19 December 1996). In a much
later article [26], A. S. Sonin identified the situation as a conflict between scientists
at the Academies on one side and those at the Institutes of Higher Education on the
other (i.e., “academicians vs. professors”).

At the height of the crisis, Frumkin lived in fear of arrest. He recollected that for
several months, he and Amaliya Davydovna stayed awake till 4 in the morning [27],
because they wanted to be fully clothed when taken into custody. (It was rumored
that arrests took place at 3 o’clock in the morning.) Night after night they looked out
their window, waiting for a police car to arrive to take them away for interrogation.
Fortunately, it never came. Possibly Frumkin’s scientific activity was too important
for the State, and he was left in peace.

The repercussions of the “battle against cosmopolitanism” persisted for a long
time, as may be judged from the written records of the third and fourth All-Union
Conferences on Electrochemistry held in 1950 and 1956. According to Lev
Isayevich Krishtalik (b. 23 November 1927) [1], the atmosphere was particularly
hostile at the meeting of 1950 where a group of scientists had organized a noisy
campaign aimed at discrediting Frumkin and his school. Despite being the target of
a series of attacks, Frumkin displayed extraordinary calmness and composure. He



4 The Frumkin Era in Electrochemistry 69

only took part in discussions of truly scientific problems, and in his concluding
remarks pointed out to his critics that no serious scientific arguments had been
raised against the general concept of his “slow discharge” theory.

The claims that he underestimated the historical achievements of Russian
scientists did hurt Frumkin, however, and briefly he turned his attention to the
history of electrochemistry in Russia in order to reevaluate Russian contributions.
He rated the studies of Moritz Hermann von Jacobi (21 September 1801-10 March
1874) most highly. (The Russian version of his name is Boris Semyonovich
Yakobi'.) Jacobi had discovered the maximum power theorem, and his name is
also associated with the development of galvanic cells for testing electric motors. In
addition, Frumkin noted the priority of Pyotr Romanovich Bagration (24 September
1818-17 January 1876),> who had created the first galvanic dry cell in 1843.
Finally, Frumkin drew attention to the work of Kazan professor Robert
Andreyevich Colley (Kolli) (25 June 1845-2 August 1891)° back in 1878. Colley
was the first person to use the shift of the electrode potential in a certain period of
time as a measure of the interfacial capacitance and found a value of 150 pF cm 2
for platinum.

Despite all these efforts, Frumkin was eventually compelled to leave his position
as Director of the Institute of Physical Chemistry in spring 1949, following a
resolution of the Secretariat of the Central Committee of the Communist Party.
The same fate befell several other famous directors of academic institutes, such as
Toffe and Kapitsa. Nevertheless, Frumkin continued to work in the Institute and
remained in charge of the Division of Electrochemistry. He also remained the Head
of the Department of Electrochemistry at MSU, in defiance of all attempts to
remove him from that position.

M. H. von Jacobi was the brother of the famous mathematician Carl Gustav Jacob Jacobi, born in
a wealthy Jewish family in Germany. His father was the personal banker of Frederic Wilhelm III,
King of Prussia. In 1837, M. H. von Jacobi came to St. Petersburg via Konigsberg in Eastern
Prussia (now Kaliningrad, Russia) and Dorpat (now Tartu, Estonia) where he held positions
before. Jacobi stayed in Russia until the end of his life.

2 Pyotr Romanovich Bagration originated from one of the oldest Russian-Georgian noble families
(Knyaz is usually translated to English as Prince, in German it is Fiirst). Educated at the Military
Academy of St. Petersburg, and being a Governor of the Tver Governorate and the General-
Governor(ate) of the Baltic Governorates, he undertook research work at the Physics Institute of
the St. Petersburg Academy of Science under the guidance of Moritz Hermann von Jacobi.

3 Robert Andreyevich Kolli (he spelled his name in foreign publications Colley, which was the
original English way of writing it) was born in Petrovsko-Razumovskoe near Moscow in a
merchant family originating from England. Being a professor of physics and physical geography
at Kazan University, his research concerned mainly electromagnetism, electrochemical phenom-
ena, electrolytes, electrode polarization, etc. Kolli published 13 papers in Annalen der Physik (vol.
219 (1871) 125; 231 (1875) 467; 233 (1876) 370; 233 (1876) 624; 243 (1879) 206; 252 (1882) 39;
253 (1882) 55; 251 (1882) 94; 262 (1885) 432; 264 (1886) 1; 280 (1891) 102; 280 (1891) 109),
some of them were the German translations of papers previously published in Russian.
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4.10 Foundation of the Institute of Electrochemistry

Nearly a decade later, in 1958, the Presidium of the Academy of Sciences founded
the Institute of Electrochemistry and installed A. N. Frumkin as its first Director.
The purpose of the Institute was to develop fundamental electrochemistry and to
solve practical problems. In particular, the stated research directions were: devel-
oping new chemical power sources for the economy and defense; developing the
fields of electrochemical kinetics and electroplating of metals; solving the problems
of electrochemistry of semiconductors and physicochemical problems associated
with electron emission; working out new methods of electrosynthesis; and studying
the problems that arise at the boundary between electrochemistry and radiation
chemistry.

The laboratories established inside the Institute were organized as follows:
electrochemical kinetics (Frumkin), electrode processes in current sources, and
the electrochemistry of metals (B. N. Kabanov); contact potentials and gas cells
(R. Kh. Burshteyn); theoretical electrochemistry (V. G. Levich); radiation chem-
istry (N. A. Bakh); and special issues (P. 1. Dolin). A little later, a Laboratory of
New Electrochemical Systems was organized under the leadership of P. D.
Lukovtsev. By 1965, two further laboratories had been formed, concerned with
the kinetics of electrolytic processes (L. 1. Krishtalik) and the behaviour of fuel cells
(V. S. Bagotskiy). In 1967, a Laboratory of Electrochemical Instrumentation
(L. L. Knots) was also organized. In 1971, the laboratory headed by
P.D. Lukovtsev was renamed the Laboratory of Electrochemical Sensors; after
the death of Lukovtsev, this laboratory was transferred to B. M. Grafov. In 1973, the
laboratories of Bagotsky and Burshteyn were united into the Division of Power
Sources and Aqueous Electrolysis under the leadership of Bagotsky. The overall
organization of the Institute of Electrochemistry made it possible to intensify
research not only in the fields explored earlier but also in some new directions.
From the outset, the Institute of Electrochemistry took part in coordinating research
across the USSR.

After the death of A. N. Frumkin on 27 May 1976, his student Vladimir
Yevgenyevich Kazarinov (5 December 1933—12 February 1999) was appointed
as his successor. Some years later, momentous changes took place inside the USSR.
After Mikhail Gorbachev was appointed General Secretary of the Communist Party
of the Soviet Union in March 1985, he began a series of political reforms known as
“perestroika,” which were accompanied by great financial and political turmoil.
After the death of Kazarinov in 1999, the Directorship briefly passed to Boris
Mikhailovich Grafov. Despite difficult times, the Institute continued to maintain
its place among the chemical institutes of the Russian Academy of Sciences.
However, in 2004, a new stage in the history of the Institute began when it was
merged with the Institute of Physical Chemistry, and a new Director was appointed,
Academician Aslan Yusupovich Tsivadze (b. 1943). Finally, in 2008, the combined
Institute was renamed the A. N. Frumkin Institute of Physical Chemistry and
Electrochemistry.
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4.11 Department of Electrochemistry MSU in the 1950s—
1970s

In the 1950s-1970s, the studies at the Department of Electrochemistry and the
Institute of Electrochemistry proceeded in close collaboration, often supplementing
one another. The students and postgraduates replenished the staff of both the
Institute and the MSU department. Graduates from other institutes of higher
education also came to work at the Institute of Electrochemistry.

Most attention was still focused on problems associated with interfacial structure
and the kinetics of electrode processes. In 1949, Tat’yana Aleksandrovna Kryukova
(1906-1987) had observed a polarogram of very unusual shape for persulfate anion
reduction in dilute solutions: a descending current region at increasing
overpotential and a deep current minimum which disappeared upon the introduction
of supporting electrolyte. In 1952, Frumkin and G. M. Florianovich identified this
minimum as the repulsion of anions from the negatively charged electrode surface,
as predicted by the Frumkin theory of 1933. In further studies by Frumkin, O. A.
Petrii, and N. V. Nikolayeva-Fedorovich [28], a method was developed for deter-
mination of the charge of the reacting species and the magnitude of the transfer
coefficient by analyzing the dependences of the overall rate on the concentration of
inert electrolyte and on the electrode potential. Nikolayeva-Fedorovich and
coworkers later studied the electroreduction of several other anions and carried
out measurement on various electrode materials (Photo 4.12).

During the 1950s, western electrochemists P. Delahay, L. Gierst, and others also
developed an interest in “double layer effects” on electrode kinetics. Delahay was
probably influenced by M. Breiter, who worked in the USA and was well
acquainted with the Frumkin School. Interestingly, L. Gierst had shown that the
repulsion of reacting species from electrodes could also be observed during the
oxidation of Eu®" cations at positively charged surfaces. His interesting studies
conducted at the Free University of Brussels were summarized in his dissertation. It
is notable that Frumkin brought this dissertation to the Department of Electrochem-
istry from one of his trips abroad, disregarding the fact that the committee which
had approved it included the Nobel Prize winner Ilya Prigogine (1917-2003) whose

S

Photo 4.12 T. A. Kryukova, G. M. Florianovich, and N. V. Nikolaeva-Fedorovich
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Photo 4.13 L. Gierst and the title pages of his dissertation

name was banned in the USSR. (Prigogine was born in Moscow shortly before the
October Revolution, and his parents had left Russia in 1921 because of opposition
to the Soviet system.) (Photo 4.13).

The effect of the double layer on the kinetics of anion electroreduction was
demonstrated by O. A. Petrii [29] when studying the current vs. time curves on the
mercury electrode in the presence of tetraalkylammonium organic cations. Profes-
sor Jaroslav Koutecky (1922-2005), who worked in the Institute of Electrochem-
istry in this period, was much intrigued by these curves and even wanted to describe
them theoretically. However, he had no time for this and the theory of current vs.
time curves in the presence of organic cations was developed in the Institute of
Electrochemistry by A. Ya. Gokhshtein, who also developed the theory of current
oscillations during the reduction of anions which today is regarded as the model
process involving negative differential resistance.

In the early 1950s, Frumkin’s attention was drawn to the studies of US electro-
chemist David Caldwell Grahame (21 April 1912-11 December 1958) who had
developed a technique for the precise measurement of the double layer capacitance
of the dropping mercury electrode. Grahame had obtained high-quality data in
various electrolyte solutions, thus making a fundamental contribution to the devel-
opment of models of the electric double layer. Frumkin drew the attention of Boris
Borisovich Damaskin (b. 16 May 1932) to these studies. This resulted not only in
the adoption of Grahame’s procedures but also in the formulation of a general
phenomenological theory of reversible adsorption of organic and inorganic ions on
electrodes. In the course of their discussions with Grahame, the presence of specific
adsorption of inorganic cations on mercury was established (Photo 4.14).
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Photo 4.14 D.C. Grahame, R.Kh. Burshtein, M.I. Temkin, and A.N. Frumkin

At the Institute of Electrochemistry, Irina Alekseyevna Bagotskaya® (1921—
2007) et al. extended the classical studies on mercury to include studies on liquid
gallium and gallium-indium alloys. Measurements of the double layer capacitance
of solid electrodes were also carried out, both at the Institute of Electrochemistry
and at MSU (V. V. Batrakov). At the Institute, these studies were organized by D. L.
Leikis in cooperation with Bulgarian scientists (E. Budevsky, T. Vitanov, A. Popov,
and Z. Stoynov). Their measurements were carried out on single crystal faces of
silver and formed the basis of further studies of the effect of crystallographic
orientation on the properties of the electrode/solution interface.

In 1958, Frumkin put forward the idea of a new experimental method—the
method of the rotating ring-disk electrode, which allowed the direct observation of
intermediates of electrode processes. The apparatus was built by L. N. Nekrasov,
and the theory was elaborated by V. G. Levich and Yu. B. Ivanov [30]. Since then,
the method of the rotating ring-disk electrode has become one of the standard
techniques of electrochemical science. For example, it has played an important role
in the study of oxygen electroreduction, with applications in fuel cells (Photos 4.15
and 4.16).

Many experiments that took place at the Institute and MSU were devoted to the
improvement of fuel cells. These studies were carried out by R. Kh. Burshteyn,
V. S. Bagotsky, Yu. B. Vassiliev, A. M. Skundin, A. G. Pshenichnikov, M. R.
Tarasevich, N. A. Shumilova, V. E. Kazarinov, and Yu. M. Volfkovich at the
Institute of Electrochemistry; and by O. A. Petrii and B. 1. Podlovchenko at

“I. A. Bagotskaya was the first wife of Vladimir Sergeyevich Bagotsky.
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Photo 4.15 Members of the Department of Electrochemistry MSU in 1963 on the stairs of the
Faculty of Chemistry

MSU. The studies at MSU were supervised by Frumkin much more intently than
those at the Institute. On the other hand, Frumkin always thoroughly read all the
papers before submitting them for publication. These studies had made fundamen-
tal contributions to the theory and practice of electrocatalysis, especially with
regard to the dissociative adsorption of organic compounds, the nature of adsor-
bates, and the rate-determining step of electrooxidation processes. Methods were
also developed for optimizing the structure of porous electrodes. The method of
“standard contact porosimetry” was widely used to quantify various materials.
Finally, the book by W. Vielstich “Brennstoffelemente” was translated into
Russian with a preface written by Frumkin.

On Frumkin’s initiative, work was also begun on the behavior of lithium
electrodes in aprotic solvents, supervised by Yu. M. Povarov. He put forward the
idea of a surface film that controlled the rate of reaction between electro de and
solvent.

In 1965, after Frumkin had been transferred to hospital after a heart attack, he
started to think about some unsolved problems posed in his early studies back in the
1930s. As a result, he revisited the thermodynamic theory of the perfectly polariz-
able electrode, and its experimental checkup then appeared [31, 32]. These studies
were carried out by O. A. Petrii and coworkers at the Department of Electrochem-
istry MSU. This not only resulted in the development of some new experimental
techniques (e.g., potentiometric titrations under isoelectric conditions) but also led
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Photo 4.16 A.N. Frumkin and his pupils at the Department of Electrochemistry MSU in the early
1970s. From left to right: B.l. Podlovchenko, Z.A. Iofa, V.V. Batrakov, B.B. Damaskin,
N.V. Fedorovich, L.N. Nekrasov, A.N. Frumkin, and O.A. Petrii

to the formulation of a new concept of electrode charge. In particular, the concepts
of total charge and free surface charge have since become an intrinsic part of
electrochemistry.

In 1966, V. E. Kazarinov developed a new radioactive-tracer method for study-
ing the adsorption of ions and organic substances on platinum group metals. In his
studies in cooperation with O. A. Petrii, this method provided a stunning confir-
mation of the thermodynamic theory of platinum electrodes. Subsequently, A. Ya.
Gokhshtein developed a radical new method for studying surface phenomena on
solid electrodes, the so-called estance method. This method has been used in the
USSR but has not so far been taken up abroad.

By the late 1960s, Frumkin had launched himself into a series of investigations
into the emission of photoelectrons at the metal/solution interface. Theoretical
studies (A. M. Brodskiy, Yu. Ya. Gurevich) and experimental studies
(Yu. V. Pleskov, Z. A. Rotenberg) led to the formulation of a new law of
photoemission.

Theoretically, Frumkin strongly supported quantum theoretical studies of the
elementary act of electron transfer. In the Theoretical Division, led by V. G. Levich,
several epochal studies were carried out by R. R. Dogonadze, Yu. A. Chizmadzheyv,
and A. M. Kuznetsov. In 1967-1968, Dogonadze, Kuznetsov, and Levich put
forward the first quantum-mechanical theory of proton transfer; later, A. M.
Kuznetsov, J. Ulstrup, Ya. I. Kharkats, and M. A.Vorotyntsev systematically
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considered different aspects of the transfer of electrons and heavier particles in
physics, chemistry, and biology. The conclusions of these studies were experimen-
tally confirmed by L. I. Krishtalik. The latter also theoretically predicted and
experimentally discovered a new class of electrode reactions—the barrierless
processes. Yu. A. Chizmadzhev also inaugurated a new research direction at the
Institute of Electrochemistry; namely, the bioelectrochemistry of membranes.
Undoubtedly, the achievements of the Frumkin School laid the foundations for
much of what was to follow in the field of surface electrochemistry in the late
twentieth century. The onset of the new era was heralded by the Conference on
“Non-traditional Approaches to the Study of the Solid-Electrolyte Interface,” at
Snowmass, Colorado, in 1979.

In the 1960s—1970s in the USSR, some significant progress was also achieved in
the field of instrument design for electrochemical measurements. These develop-
ments attracted the attention of Western scientists, and J. Tacusell visited Moscow
to become acquainted with several instruments manufactured in the USSR.

4.12 Scientific Contacts and Certain Peculiarities
Concerning Publication of Scientific Papers

Throughout his life, Frumkin made lasting friendships with colleagues from over-
seas. Initial encounters with foreign scientists occurred in 1912-1914. However,
more substantial contacts were established in 1924, when Frumkin made a lecture
tour of Austria and Germany. He also visited the University of Leiden (The
Netherlands). Then, in 1928/1929, he spent a year on sabbatical at the University
of Wisconsin in Madison. This not only allowed him to meet many well-known
American scientists but also allowed him to visit Berlin on his way home.

In September 1934, Frumkin actively participated in The Faraday Discussion on
Colloidal Electrolytes, held at University College, London. This meeting was
chaired by Frederick George Donnan (6 September 1870-16 December 1956),
and Eric Keightley Rideal (11 April 1890-25 September 1974), Herbert Max Finlay
Freundlich (28 January 1880-30 March 1941), Hugo Rudolph Kruyt (3 June 1882—
31 August 1959), and Karl Wilhelm Wolfgang Ostwald (known in the scientific
literature as Wo. Ostwald), the son of Wilhelm Ostwald, were also present.

A major disappointment for Frumkin was his inability to attend the Faraday
Discussion on Electrode Processes held at the University of Manchester in 1947.
Present at that meeting, among many others, were Jaroslav Heyrovsky
(20 December 1890-27 March 1967), Nevill Francis Mott (30 September 1905—
8 August 1996), Joseph Joshua Weiss (30 August 1905-9 April 1972), John Edward
Brough Randles (26 August 1912—13 February 1998), and Bernhardt Patrick John
O’Mara Bockris (5 January 1923—7 July 2013). Archie Hickling, the inventor of the
potentiostat was also present. Although Frumkin, Levich, and Ershler all submitted
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preprints for the conference, which were published, they were unfortunately denied
exit visas from the Soviet Union on the grounds of national security.

Throughout the period 1929-1945, Frumkin maintained an active correspon-
dence with the Hungarian-born chemist, Michael Polanyi (11 March 1891—
22 February 1976). Frumkin wrote him 23 letters which are now deposited in
“The Michael Polanyi Papers” of the University of Chicago Library. During the
early 1930s, Polanyi had visited the USSR where he met Frumkin and Seménov.
The latter were, at that time, members of the Editorial Board of the Journal “Acta
Physicochimica URSS,” and it was in this journal that the famous paper of
M. Polanyi and Juro Horiuti (1901-1979) was published, entitled “Outlines of a
theory of proton transfer” (in German). This theory was based squarely on
Frumkin’s ideas, and the authors expressed their gratitude to him. Frumkin also
visited Polanyi several times in Manchester, where he famously advised him to
heat-treat platinum electrodes in dry hydrogen gas to reduce platinum oxide, prior
to making any electrochemical measurements (Photo 4.17).

During the 1930s, Eva Amilia Striker (later Zeisel), (13 November 1906—
30 December 2011), the daughter of Michael Polanyi’s sister Laura Polanyi, lived
in Moscow. Eva was an industrial designer, very well known for her ceramics. She
worked at the porcelain plant in Dulevo as artistic director. In 1936, she was
arrested and falsely accused of participating in an assassination plot against Stalin.
Among the evidence against her was the claim that some salt shakers which she had
designed would form a swastika if assembled in fours. Alexander Naumovich
Frumkin went together with her mother to the Lubyanka building to plead for her
release. Later, he was summoned alone and politely warned: “We think well of you
but advise you not to interfere in this affair. It is very complicated and tangled.”
After 16 months, mostly spent in solitary confinement, Eva was finally released and
permitted to go abroad.

Although two of his pupils, Eugene Paul Wigner (in Hungarian Wigner Jend Pal)
(17 November 1902—-1 January 1995) and Melvin Ellis Calvin (8 April 1911-

Photo 4.17 A. N. Frumkin
and M. Polanyi (1935)
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8 January 1997) went on to win Nobel Prizes, Polanyi eventually abandoned
science in favor of economics and philosophy. Frumkin was very disappointed. In
1940, Polanyi published a collection of essays entitled “The Contempt of Free-
dom,” which was a polemic against Marxism. Two years later, in Kazan, Frumkin
unexpectedly received a letter from Polanyi in which the latter expressed his hopes
that after the war, conditions might develop for a better understanding between
Great Britain and the Soviet Union. Frumkin answered that “first of all we must win
the war.” This was the end of their correspondence.

In the 1930s, foreign scientists rarely visited the USSR. However, Frumkin was
well aware that the exchange of ideas was vital for the development of science. For
this reason, he enthusiastically attended scientific conferences in different fields of
physical chemistry. He also urged the Soviet authorities to invite prestigious foreign
scientists to visit his laboratories. For example, in 1934, the Nobel Prize winner
Niels Henrik David Bohr (7 October 1885-18 November 1962) was invited by the
Academy of Sciences of the USSR to visit Moscow. Frumkin had previously met
Bohr in 1927. Bohr presented a lecture on the stochastic-statistical nature of
quantum mechanics in the MSU building in Mokhovaya Street, while Frumkin
translated the lecture from German into Russian.

In September 1936, a Mendeleev Congress was held in Moscow, organized by
the Academy of Sciences to celebrate the 100th birthday of the discoverer of the
Periodic Table of the Elements. By invitation of the Academy of Sciences, the then-
recent winners of the Nobel Prize, Iréne Joliot-Curie (12 September 1897-
17 March 1956) and Frédéric Joliot-Curie (19 March 1900-14 August 1958) were
the guests of honor. On September 29, 1936, Frédéric presented his lecture “The
Structure of Matter and Artificial Radioactivity” at the Physical Faculty of MSU.
The famous Soviet scientists S. I. Vavilov, N. D. Zelinskiy, L. I. Mandelshtam,
A. Y. Fersman, and Frumkin were all present. The Joliot—Curie couple also visited
the Karpov Institute, where Frumkin showed them around (Photo 4.18).

1945 saw the celebration of the 220th anniversary of the founding of the
Academy of Sciences in Russia. Despite immense destruction wreaked by the
Nazi forces, an international meeting of scientists was convened on the 15—
28 June. This occurred just 4 weeks after the Red Army had entered Berlin, and
only 7 weeks before the United States would detonate atomic bombs over Hiro-
shima and Nagasaki. Many famous scientists attended the meeting, including Irving
Langmuir, Frederick George Donnan, Theodor Svedberg, and Robert Robinson. In
a bright and extremely interesting article “Science and Incentives in Russia,”
Langmuir [33] described in detail all the twists and turns of his journey to Moscow
under wartime conditions. He also reflects on some of the amazing features of life in
the USSR at that time.

The US delegation included five chemists, among them Izaak Maurits Kolthoff
and James William McBain (22 March 1882—-12 March 1953), both of whom were
good friends of Frumkin. On their arrival in Moscow, the American delegation was
met by a large group of Soviet scientists which included Kapitza, Frumkin, and
Frenkel. Having visited several research institutes in Moscow and Leningrad,
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Photo 4.18 A. N. Frumkin, Frédéric and Iréne Joliot-Curie, N. A. Bakh, and A. N. Bakh

Langmuir remarked that progress in science in Russia was much more impressive
than he had expected.

Besides good personal contacts, Frumkin also thought that good scientific
journals were needed for progress. Initially, the Journal “Zhurnal Russkogo
Khimicheskogo Obshchestva” (“Journal of the Russian Chemical Society”) was
the only chemical journal in the USSR, but clearly it could not meet all the needs of
modern scientific life. Frumkin therefore initiated several new scientific journals.
One of the most important of these was the “Zhurnal Fizicheskoy Khimii” (“Journal
of Physical Chemistry”). Its first issue was published in 1930, and Frumkin
remained on its Editorial Board for 37 years.

Frumkin was also keen for Soviet research to be accessible abroad. Thus, in
1934, he helped to found the journal “Acta Physicochimica URSS” which had a
provision for publication in foreign languages. This popular journal later played an
important role in disseminating the achievements of Soviet scientists to the rest of
the world.

4.12.1 The «Cold War» Severely Complicated All East-West
Contacts

On June 9, 1947, the Presidium of the Supreme Soviet of the USSR published an
edict on the Responsibility for the Disclosure of State Secrets which forbade public
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disclosure of many types of information. This edict covered the disclosure of
discoveries, inventions, and improvements of a nonmilitary nature, for which the
punishment was 8—12 years in a forced labor camp. Immediately, the Politburo of
the Central Committee of the Communist Party banned the publication of journals
of natural science in foreign languages in the USSR. Sadly, “Acta Physicochimica
URSS” was among those closed down.

As the “Cold War” progressed, permission to publish scientific papers of any
kind became increasingly hard to obtain. In order to publish a paper, one had to
obtain a certificate of approval, which was not always a mere formality. Indeed,
publication in foreign journals became almost impossible, since the contents were
subject to strict censorship, and the legal sanctions for noncompliance were so
severe. These harsh regulations remained in place for a very long time. However,
those who worked with Frumkin did sometimes get lucky. Frumkin used the
following trick. First, the whole paper (or its component parts) was published in
the USSR, which provided proof that it contained nothing restricted. Then the
material was redrafted for publication abroad. However, since the final publication
often took years to achieve by this route, Russian scientists frequently appeared to
lag behind their western counterparts, with the result that they were also deprived of
the proper recognition of their scientific priority.

Frumkin was a member of the Editorial Boards of several journals. These were:
“Uspekhi Khimii” (“Russian Chemical Reviews”) (1932-1939), “Izvestiya
Akademii Nauk SSSR” (“Russian Chemical Bulletin) (1936-1949), and “Doklady
Akademii Nauk SSSR” (“Proceedings of the USSR Academy of Sciences”) (1934—
1964). On his initiative, the journal “Elektrokhimiya” (“Russian Journal of Elec-
trochemistry”) was founded in 1965, Frumkin remained its Editor-in-Chief until his
death.

A partial restoration of contacts with foreign colleagues began in 1956 with the
fourth All-Union Conference on Electrochemistry, which was organized by
Frumkin in Moscow. On the invitation of the Presidium of Academy of Sciences,
numerous foreign scientists were in attendance. These included Rostislav Atanasov
Kaishev (Bulgraia), Tibor Erdey-Gruz (Hungary), Kurt Schwabe (German Demo-
cratic Rep.), Stefan Minz (Poland), M. Smialowski (Poland), Jifi Koryta (Czecho-
slovakia) and Jaroslav Koutecky (Czechoslovakia), Roger Parsons (UK), John
O’M. Bockris (USA), David Grahame (USA), Brian Evans Conway (USA), Karl
Friedrich Bonhoeffer (Federal Rep. of Germany), and René-André Audubert
(France) (Photo 4.19).

At this conference the extraordinary breadth and depth of Soviet electrochem-
istry was once again demonstrated, and this helped considerably toward the estab-
lishment of an Institute of Electrochemistry in the Academy of Sciences of
the USSR.

Frumkin ventured abroad again in 1957. First he visited Poland to present some
lectures; then he visited Bulgaria to become familiar with their Research Institutes
in Physical Chemistry. Later, his travels became more systematic. Mostly, he
visited socialist countries. For example, in autumn 1958, Frumkin, A. D.
Obrucheva, and B. N. Kabanov visited the People’s Republic of China. Following
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Photo 4.19 A. N. Frumkin
and R. Parsons (1956)

this visit, several Chinese undergraduates, postgraduates, and trainees or invited
researchers began to attend MSU and the Institute of Electrochemistry. For exam-
ple, in the Department of Electrochemistry, Chuan-Sin Cha worked as an invited
scientist. Later he became one of the leading scientists in China. In his memoirs, he
wrote that when he worked in the Department, he felt himself being “adsorbed” by
the electrode/solution interface. He also wrote that he treasured his original man-
uscripts with corrections made by Frumkin. It is noteworthy that, despite thor-
oughly correcting papers, Frumkin modestly refused to be their coauthor.
Guo-Dong Li was also trained at MSU. Later he became the Director of the Institute
of Current Sources in China. Similarly, Tszu-Zhang Yui defended his candidate
dissertation at the Institute of Electrochemistry and later became a Professor of
Fudan University in Shanghai.

In 1957, Frumkin was elected as the National Secretary of Soviet
Electrochemists, so that he could take his place on the Comité International de
Thermodynamique et de Cinétique Electrochimiques (CITCE). This was the inter-
national committee on electrochemical thermodynamics and kinetics which, after
1970, became the International Society of Electrochemistry. Two years later, in
1959, the international journal “Electrochimica Acta” was founded by CITCE and
Frumkin became a foundation member of its Editorial Board.

Also in 1959, Frumkin was awarded the Palladium Metal of the American
Electrochemical Society, “for outstanding achievements in elucidation of funda-
mentals of theoretical electrochemistry and corrosion processes.” Initially, the
award ceremony was supposed to be held at the closing session of the 116th
Meeting in Columbus (Ohio). However, Frumkin was unable to attend that session,
so the medal was given to him the next year in Chicago (Illinois). There, Frumkin
was hosted by J. O’M. Bockris (Photos 4.20 and 4.21).

In 1961, at the 12th CITCE Meeting in Brussels, Frumkin was elected as the
CITCE vice president. The CITCE also agreed to hold the 14th CITCE Meeting in
Moscow, from August 19 to 24, 1963. Frumkin became the Chairman of the
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Photo 4.20 Frumkin in
Bockris laboratory at the

University of Pennsylvania
(1960)

Photo 4.21 Frumkin and
Bockris at the University of
Pennsylvania (1960)

Organizing Committee. This meeting turned out to be a spectacular success,
attracting 500 scientists from 22 countries.

In 1965, at the 16th CITCE Meeting in Budapest, Hungary, Frumkin was elected
as the CITCE President. According to J. Koryta, CITCE was transformed by
Frumkin’s leadership into a society of true enthusiasts. In 1971, Frumkin organized
in Moscow the International Symposium on the Kinetics of Elementary Act of
Chemical Reactions and the Double-Layer Structure.

In the 1960s and 1970s, Frumkin attended conferences and symposia in India,
Italy, Sweden, Czechoslovakia, England, France, Hungary, Japan, German Dem.
Rep., Romania, Poland, and Yugoslavia. He delivered many plenary lectures and
was awarded many honors.

On these trips, old friendships were renewed and new friendships were
established. The Polish electrochemist, Viktor Kemula (6 November 1902—
17 October 1985), who had known Frumkin since 1940, noted that Frumkin’s
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lectures always had a stimulating effect on research in his laboratory. Joanna
Taraszewska, Zbigniew Galus (b. July 7, 1934), and Jerzy Sobkowski (b. 1929)
all visited the Department of Electrochemistry and the Institute of
Electrochemistry.

On Frumkin’s initiative, several bilateral seminars were also organized. Some of
these took place regularly (e.g., the Soviet-Japanese seminar), others were held
only occasionally (e.g., the Soviet—French seminar). The Soviet—Japanese seminar
was held alternately in the USSR and Japan. The first seminar took place in Tokyo
in October, 1974. The Japanese organizing committee was headed by G. Sugino and
A. Matsuda. The following seminar was organized in Moscow on May 22-26,
1976. This was the last seminar in which Frumkin took part and made his last
report.

Improved East-West relations in the 1960s allowed foreign guest workers to
study in Moscow. Thus, Stanley Bruckenstein worked at the Institute of Electro-
chemistry for a year. In 1960, Lothar Miiller (DDR) was a postgraduate student at
the Department of Electrochemistry MSU. Later, having become a professor at
Humboldt University, Berlin (GDR), he organized several symposia to which he
invited Soviet and foreign scientists including those from western countries (Photo
4.22).

Indian scientists have long had a special interest in Frumkin’s school. For
example, Hira Lal worked at the Department of Electrochemistry as an invited
scientist and published work on fuel cells and on the electrooxidation of organic
compounds on platinized platinum. Previously, Lal had worked with Bockris in
Philadelphia. Similarly, in the late 1960s, the Japanese scientist, Reiko Notoya
came from Hokkaido University (Sapporo) to the Department of Electrochemistry.

Photo 4.22 Lothar Miiller (in the center) at the meeting of the Habilitation Council of Humboldt
University of Berlin (Habilitation of Dr. Hans-Joachim Lunk on March 17, 1982). In the front,
with his back to the viewer, academician V. I. Spitsin sits, who was the official opponent
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Photo 4.23 O.A. Petrii, R. Notoya, V.V. Topolev, and M.I. Revushkin at the Department of
Electrochemistry in 1971. M.I. Revushkin is the famous glassblower, the coauthor of numerous
electrochemical cells used in the studies

She undertook research on the surface thermodynamics of reversible electrodes
under supervision of Frumkin and Petrii. In addition, students and postgraduates
from Bulgaria, Hungary, Vietnam, GDR, Algeria, Egypt, Iraq, Syria, India, Canada,
Columbia, Mexico, USA, France, and Ecuador were also trained in the Department
(Photo 4.23).

In the 1960s, a few Soviet scientists were allowed to visit Western countries.
Vladimir Yevgenievich Kazarinov worked in the Bockris Laboratory in Philadel-
phia. He made radiotracer studies of the adsorption of organic substances on metals.
Likewise, Lev Nikolayevich Nekrasov (22 February 1931-19 March 2010) trained
for a year in Cleveland in the laboratory of Ernest B. Yeager (26 September 1924—
8 March 2002). However, the majority of Soviet scientists were not permitted to
work overseas.

4.13 Scientific Schools of Electrochemistry in the USSR

A characteristic feature of research in the USSR was that it took place inside
Scientific Schools presided over by eminent scientists. It is of course impossible
to summarize the history of all the Soviet Scientific Schools in one small chapter.
However, one such School was founded by V. A. Kistyakovsky in the Colloid
Electrochemistry Institute (CEIN).

An Institute of somewhat different character was the Department of Technology
of Electrochemical Industrial Processes, at the Mendeleev Institute of Chemical
Engineering in Moscow. This was headed by Nikolay Alekseyevich Izgaryshev
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Photo 4.24 Nikolai
Alekseevich Izgaryshev

(4 November 1884-21 March 1956). He was a corresponding member of the
Academy of Sciences of the USSR (1939) and a member of the communist party
from 1945 (Photo 4.24).

Izgaryshev entered Moscow University in 1903. In 1906, he joined the labora-
tory of Wilhelm Ostwald (1853-1932) in Leipzig, Germany, as a student. After
graduating in 1909, he then worked with Fritz Haber (9 December 1868—29 January
1934) in Karlsruhe. After this, he returned to Moscow, becoming a professor in
1917. Later, he was invited by A. N. Bakh to work at the Karpov Institute as a
specialist in the field of applied electrochemistry. In 1937, Izgaryshev became the
Head of the Laboratory of Electrolysis and Electrocrystallization in CEIN. After
1943, he was the Head of the Department of Technology of Electrochemical
Industrial Processes at the Mendeleev Institute of Chemical Engineering in
Moscow.

Izgaryshev made many studies of the effects of colloids on metal electroplating.
He also explored metal passivation phenomenon and was able to demonstrate that
the interaction of oxygen with the surface of several metals in alcohol and pyridine
resulted in the formation of peroxides. His studies on the electrochemical deposi-
tion of antimony, tin, niobium, lithium, and other nonferrous metals greatly assisted
the development of electrochemical industry in the USSR. In cooperation with
Nikolay Tikhonovich Kudryavtsev (1901-1979), Izgaryshev also made many con-
tributions to the development of electrolytic methods for synthesizing metal pow-
ders and sponges. Between 1938 and 1951 he investigated the reaction of ferrous
metals with vapors of salts of other metals. Today, these reactions are used in
chromizing and other thermochemical methods of protecting metals and alloys
from corrosion.

In 1932, a special session of the Academy of Sciences of the USSR took place,
focussed on the problems of the Ural-Kuznetsk region (south-central Russia). This
had important consequences for the development of the Ural Division of the
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Photo 4.25 Sergey
Vasil‘evich Karpachév

Academy of Sciences of the USSR. A delegation, which included Frumkin, V. A.
Kistyakovskiy, S. I. Vavilov, N. N. Seménov, and P. P. Lazarev, visited several
towns in the region, which is rich in mineral resources, especially iron ore. As a
result of this visit, a resolution was made to organize a complex of 11 research
institutes, which formed the basis of the Ural Affiliation of the AS USSR. On
Frumkin’s initiative, the Ural Physicochemical Institute was organized as an affil-
iate of the Karpov Institute. In this Institute, Sergey Vasil‘evich Karpachév (1906—
1987) became the Head of a Laboratory of Electrochemistry of Molten Salts (Photo
4.25).

Frumkin not only supported the establishment of this laboratory but also strongly
influenced the selection of research problems. As a result, the zero charge potentials
of various liquid metals were determined there. Periodically, members of
Karpach&v’s team were invited by Frumkin to attend the Karpov Institute for
further training. Most notably, Armin Genrikhovich Stromberg (1910-2004) visited
in 1934. Later Stromberg became a famous scientist in his own right, the founder of
the Tomsk school of electrochemistry.

In 1957, after prompting by Frumkin, the Presidium of the Academy of Sciences
adopted a resolution to reorganize the Institute of High Temperature Electrochem-
istry of the AS USSR. Karpachév became its Director from 1963 to 1977 and
worked in close cooperation with Frumkin. Among eminent Ural electrochemists,
the name of Oleg Alekseyevich Esin (7 September 1904—13 February 1979) should
also be mentioned (Photo 4.26).

Esin graduated from the Ural Polytechnical Institute in 1925 and remained there
as a postgraduate student within the Department of Electrochemistry. After
finishing his postgraduate courses, he trained with Erich Miiller (1870-1948) at
the Institute of Physical Chemistry and Electrochemistry in Dresden, Germany. In
1930, he returned to Yekaterinburg and immersed himself in various problems of
theoretical electrochemistry. During the period 1937-1939, he developed the
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Photo 4.26 Oleg
Alekseevich Esin

theory of mixed electrode kinetics. In 1940, in cooperation with B. F. Markov, he
famously quantified the discreteness-of-charge effect on the electrocapillary curves
of mercury in electrolyte solutions. Later, Grahame called this phenomenon the
“Esin—Markov” effect. Between 1938 and 1944, Esin acted as the chairman of the
Department of Theoretical Electrochemistry, which he organized. Among his
important discoveries should be mentioned the concept of the charge reversal of
the electric double layer at the electrode/molten electrolyte interface. In 1944, Esin
left the Department of Electrochemistry and began new research on the theory of
metallurgical processes. Many of the ensuing results have formed the basis of future
work in the field.

Another famous school of electrochemistry was at the Karpov Institute and was
concerned with the corrosion of metals. This was directed by Yakov Mikhailovich
Kolotyrkin (14 November 1910-2 November 1995). Kolotyrkin graduated from the
Department of Electrochemistry of Moscow State University in 1937. In 1941, he
published two papers with Frumkin on the dissolution of nickel. Later he worked in
the Karpov Institute where he organized (1956) the Laboratory of Electrochemistry
of Metals which he headed until his death. After 1957, he was the Director of the
Karpov Institute for 32 years. Under his supervision, many new electrochemical
and radiotracer methods were developed for studying the kinetics of electrode
processes and for determining the surface state of metals.

Frumkin also influenced the development of electrochemical research in the
Estonian and Georgian republics of the USSR. At Tartu University (Estonia), V. E.
Past and U. V. Palm were strongly influenced by the Frumkin School. They initiated
the organization of conferences on the electrical double layer and adsorption on
solid electrodes. Frumkin supported these initiatives and took an active part in
several conferences (1968, 1970, 1972, 1975). The conferences in Tartu played an
important role in the development of electrochemistry in the USSR.

In Georgia, Dzhondo Ivanovich Dzhaparidze (1933-2008), a student of
Frumkin, became Director of the R. I. Agladze Institute of Inorganic Chemistry
and Electrochemistry (Tbilisi). This Institute made important contributions to the
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industrial electrochemistry of manganese, chromium, and copper. Together with his
Georgian students, Dzhaparidze also initiated work on the theory of charge transfer
in condensed systems and the electrochemistry of nonaqueous solutions. After the
death of Frumkin, Dzhaparidze also organized two symposia inspired by Frumkin’s
contributions on Electrochemistry.

4.14 Nobel Prize Nominations: Heyrovsky and Frumkin

Frumkin was nominated for the Nobel Prize in Chemistry on several occasions
(1946, 1966, 1974), by the Presidium of the Academy of Sciences USSR, and by
various authoritative Soviet and foreign scientists. The details of these nominations
came to light only decades after the events. As regards Soviet nominations, the
relevant information has been collected and discussed by A. M. Blokh in a
monograph [34]. It appears that contact with the Nobel Committees on Physics
and Chemistry was initiated in 1945, when various Soviet scientists were invited to
nominate candidates. Unfortunately, the Nobel Committee waited in vain for a
formal reply. The mail system between the Soviet scientists and foreign colleagues
was blocked.

Some private correspondence did, however, get through. For example, the Nobel
Prize winner in chemistry, Theodor Svedberg (30 August 1884-25 February 1971),
exchanged letters with Frumkin even before the end of World War II. Frumkin sent
him 12 of his recent scientific publications. They had known each other since 1929.
In 1934, Svedberg visited the USSR for the first time as the foreign guest in the VII
Mendeleev Congress. His second visit to Moscow was in the summer of 1945 when
he took part in the great Jubilee Session of the Academy of Sciences. As with the
other foreign guests, Svedberg was deeply impressed by the high level of achieve-
ments of Soviet science. Among the scientists nominated for the Nobel Prize in
physics and chemistry in 1946 were Frumkin, P.L. Kapitsa, N.N. Semé&nov, and
V.A. Engelgardt. Frumkin’s nomination was organized by Izaak Maurits Kolthoff,
who was Professor and Head of the Division of Analytical Chemistry of the
University of Minnesota (St Paul). However, his nomination received a chilly
response from Stockholm. The Swedish biochemist Arne Tiselius (who later won
the 1948 Nobel Prize for his studies of electrophoresis) reviewed Frumkin’s work
and noted his contributions to fundamental electrochemistry (interfacial potentials
and double layers). But he concluded that Frumkin’s studies lacked the originality
and significance necessary for a Nobel Prize.

In mid-1960s, Frumkin was again proposed for a Nobel prize, this time by the
Committee of the International Society of Electrochemistry (led by J. Koryta).
Simultaneously, the Academy of Sciences of the USSR and Academician
N.A. Seménov nominated Frumkin and Max Volmer for the Nobel Prize. To their
regret, nothing came of these attempts. Nevertheless, J. Koryta believed that the
achievements of Frumkin deserved acknowledgment. Professor J. O’M. Bockris
was among those who strongly supported Frumkin’s nomination. According to
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Ya. P. Stradyn [1], the failure to win the Nobel Prize was most probably due to the
underestimation of the role of electrochemistry in the broader system of chemical
sciences, rather than a failure to recognize Frumkin’s personal contribution.
(Kolthoff himself was also overlooked, despite being one of the most highly cited
chemists in the world.)

One electrochemist who did win the Nobel Prize (in 1959) was the Czech
scientist, Jaroslav Heyrovsky (20 December 1890-27 March 1967) “for his discov-
ery and development of the polarographic methods of analysis.” It is difficult to
assess how much this event affected his relations with Frumkin. Their relationship
was always rather fraught, involving scientific frictions and possibly other factors.
Indeed, away from the formality of scientific conferences, and in his private
correspondence, Frumkin always expressed reservations about the wider applica-
bility of polarography, since it was mainly restricted to mercury. He also thought
that the equations of polarography were rather complex, due to the nature of the
drop-growth-separation process. Heyrovsky harbored similar doubts about
Frumkin’s work. According to J. Koryta, it was unwise to mention the transfer
coefficient @ in the Heyrovsky’s presence! At the same time, Frumkin made
substantial contributions to the theory of polarography, such as the explanation of
polarographic maxima (together with V.G. Levich) [35-37], the discovery and
interpretation of maxima of the second kind (together with T. A. Kryukova), and
later maxima of the third kind (together with coworkers at the Department of
Electrochemistry MSU) (Photo 4.27).

The different approaches of Heyrovsky and Frumkin to the kinetics of electrode
processes emerged in many places. For example, Heyrovsky often focussed atten-
tion on events taking place in the bulk of solution (e.g., the formation of ion pairs)

Photo 4.27 Heyrovsky and Frumkin in Prague (1964)
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as the most significant as regards the kinetics of electrode reactions. On the other
hand, Frumkin tended to consider interactions inside the double layer as more
important. Thus, Frumkin placed great emphasis on the adsorption of reactants,
products, and intermediates.

By a strange coincidence, on the day of Frumkin’s death, the 10th Lectures in
memory of J. Heyrovsky were being held in Liblice (28 km northeast of Prague).
R. R. Dogonadze, who was present at the event, transmitted the sad news to the
audience. Everyone was upset to hear this.

4.15 The Final Years

The final years of Frumkin’s life were marked by many tragic events. First, in 1968,
his wife Amaliya Davydovna died. Fortunately, Emiliya Georgiyevna Perevalova, a
Professor of Moscow State University, took care of him toward the end. After
Frumkin’s death, Emiliya also organized receptions in Frumkin’s flat for the
participants of the Frumkin Memorial Symposia. On her initiative, various visits
to the Frumkin’s tomb at the Novodevichy Cemetery were also organized (Photo
4.28).

Another misfortune that arose soon after his 75th birthday was a series of
complications with regard to his reappointment as Director of the Institute of
Electrochemistry. However, his greatest source of disillusionment seems to have
been with one of his closest collaborators, Veniamin Grigor’yevich Levich
(30 March 1917-19 January 1987). As a theoretical electrochemist, and a member
of Frumkin’s school, he was a close ally of Frumkin for 30 years. They published
many studies together on the movements of mercury drops in electric fields [36,

Photo 4.28 Amaliya Davydovna Obrucheva and Emiliya Georgievna Perevalova. December
30, 1966
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37]. Later, they carried out remarkable studies on the quantitative analysis of
polarographic maxima. During his wartime evacuation to Kazan, Levich also
developed the theory of diffusion to moving boundaries. In close cooperation
with Landau and Frumkin, Levich even succeeded in creating a new scientific
subdiscipline—physicochemical hydrodynamics. Later, Frumkin stimulated
Levich’s studies in the field of the rotating ring-disk electrode. In 1958, Levich
began work in the newly founded Institute of Electrochemistry where he immedi-
ately became the Head of the Theoretical Division. The work of this Division
gained them both world recognition. In fact, Levich even developed his own school.
This allowed many leading scientists to collaborate (R. R. Dogonadze,
Yu. A. Chizmadzhev, A. M. Kuznetsov, Yu. I. Kharkats, V. S. Krylov, M. A.
Vorotyntsev, A. A. Kornyshev, A. M. Brodskiy, Yu. A. Gurevich, M. 1. Urbakh,
V. L. Filinovskiy, and many others). Finally, Levich postulated the idea of
nonequilibrium double layers and described them theoretically.

In 1972, Levich surprised Frumkin by applying for permission to leave the
USSR for Israel. Thus Levich became the first corresponding member of the
Academy of Sciences of the USSR to express a wish to emigrate from the Soviet
Union. This was a huge blow for Frumkin, who greatly admired the scientific
achievements of Levich and saw him as his successor as Director of the Institute
of Electrochemistry. He called Levich’s decision a betrayal. Meanwhile, the Soviet
government removed Levich from his position as Head of the Theoretical Depart-
ment, and he was fired by MSU. Because Levich had access to secrets, he was even
threatened with imprisonment.

After he appealed to leave, other USSR scientists were forbidden to cite his
studies. For example, when B. B. Damaskin and O. A. Petrii were preparing their
book “Introduction to Electrochemical Kinetics” for publication, the publishing
house “Vysshaya Shkola” asked them to remove Levich’s name wherever it was
mentioned. Frumkin appealed on their behalf to the Department of the Central
Committee of the Communist Party but could only get permission for three
references. So, the book was published in 1975 with only three references to
Levich.

After the death of Frumkin in May 1976, things got even worse. Thus, the
monograph “Rotating Ring-Disk Electrode” by M. R. Tarasevich, E. L
Khrushcheva, and V. 1. Filinovskii was published by Nauka without any mention
of Levich, although it was published as late as 1987. This absurd situation was
widely discussed by the International Society of Electrochemistry. Some scientists
who knew nothing of the factual background even blamed Frumkin for the problem,
which was absurd.

After a 6-year struggle, and with help from the international scientific commu-
nity, as well as a visit to the Soviet Union by Senator Edward M. Kennedy, Levich
and his wife were finally allowed to emigrate to Israel on 1 December 1978. In
March 1979, he accepted an invitation to become the Albert Einstein Professor of
Science at City College, New York, where he established the Institute of Applied
Chemical Physics and became its first Director.
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Photo 4.29 Frumkin delivers a lecture on the thermodynamics of the hydrogen electrode

In the midst of all these momentous events, and despite advancing years, Frumkin
continued to carry out his own researches, successfully organizing scientific meetings
and participating in various conferences. In 1974 alone, more than 20 scientific
articles by Frumkin were published in Soviet and foreign journals (Photo 4.29).

Around the same time, Frumkin took part in scientific discussions with Sergio
Trasatti on the problem of the zero charge potential and its relationship with the
electron work function. With Klaus Jiirgen Vetter (1916-1974), Wolfgang Lorenz,
Joachim Walter Schultze (1937-2005), and Waldfried Plieth, he discussed the
problem of partial charge transfer at electrodes [38].

In December 1975, Frumkin went to Paris as the leader of the Soviet delegation
to the First Soviet—French Seminar on Electrochemistry. In the ancient buildings of
the Sorbonne, he delivered a classic lecture on new methods of studying the
electrode/solution interface. He spoke impeccable French, and his speech
impressed everyone by its depth of insight.

Until the very end of his life, Frumkin continued to work on a monograph condi-
tionally entitled “Zero Charge Potentials.” During the writing process, new ideas kept
coming to him, which led him to initiate new experiments at MSU and the Institute of
Electrochemistry. Unfortunately, Frumkin could not finish the manuscript in time. It
was finally completed by B. B. Damaskin and O. A. Petrii, and published in 1979 [39].

Frumkin was an active and enthusiastic advocate of electrochemical science, and
superb speaker. A fine example of this was his lecture at the XI Mendeleev Meeting
on General and Applied Chemistry held in Alma-Ata in September 1975. Thou-
sands of listeners rose and applauded the senior Soviet scientist after he reminded
people that Aphrodite was born from the foam of seawater, a structured electrolyte
solution. In the surroundings of that general chemistry conference, with strong
emphasis on oil and natural gas chemistry, everyone immediately understood that
the beautiful Aphrodite was an allegory for electrochemistry.

Frumkin always focused attention on the future prospects of electrochemistry. In
his last years, he used to cite the words of Michael Faraday: “Wonderful as are the
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laws and phenomena of electricity when made evident to us in inorganic or dead
matter, their interest can bear scarcely any comparison with that which attaches to
the same force when connected with the nervous system and with life.”

4.16 Conclusion

The intense creativity of Frumkin lasted for more than half a century. The list of his
scientific publications contains an astonishing 755 articles. On his 75th birthday, his
friend, the famous Soviet scientist P. A. Rehbinder said that of all chemists, Michel
Eugéne Chevreul (1786-1889) lived the longest calendar life. Nevertheless, he
knew of no one who had lived a longer scientific life than Frumkin.

A. N. Frumkin never joined the Communist Party, but he was a sincere and eager
supporter of the Soviet state and always remained a patriot. Throughout his life, he
displayed a deep interest in the home and foreign policy of the USSR and studied
Party documents carefully.

In April 1974, the US senator Edward Kennedy visited the USSR (with his wife
and children). His main goal was to seek complete prohibition of nuclear tests and
to eliminate the obstacles that prevented the emigration of Soviet citizens abroad.
The Kennedy family visited Frumkin in his dacha in the village of Lutsino near
Moscow. The senator knew Frumkin as a foreign member of the US Academy of
Sciences. During their talk, Frumkin was able to display his extensive knowledge
and deep understanding of world politics (Photo 4.30).

Photo 4.30 A.N. Frumkin, E.G. Perevalova, and Edward Kennedy with his family in Lutsino
(April 1974)
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The Soviet State highly esteemed the research abilities and organizational skills
of Frumkin and his enduring support for the Soviet state. He was awarded many
orders and medals of the Soviet Union, including its highest award—Hero of
Socialist Labor. At the same time, Amaliya Davydovna and Frumkin tried to give
their moral and material support to persons unwarrantedly persecuted. In the book,
“Word-for-Word Translation. The life of Liliana Lungina told by Oleg Dorfman in
his film” (Astrel, 2009) both are mentioned several times. Amaliya Davydovna was
the aunt of Liliana Lungina. The latter recalled that Amaliya Davydovna always
eagerly donated money to help dissidents, but preferred to do so anonymously.

In this regard, the appearance of Frumkin’s signature on a letter denouncing the
political activities of Andrei Dmitrievich Sakharov (21 May 1921-14 December
1989) in 1975 appears very strange. Frumkin recalled that he was virtually forced to
sign the letter. Apparently, he was summoned to the office of the vice president of
the Academy of Sciences on his 80th birthday. He went there imagining that he was
going to be congratulated. Instead, the vice president was away, and he was
subjected to various threats. Being old and under pressure, he signed the letter.

Ten years earlier, in happier times, Frumkin was given two pictures by his
coworkers in the Department of Electrochemistry, which imitated the works of
Picasso and Gauguin. These were to celebrate his 70th birthday. They symbolized
the brighter aspects of Frumkin’s life—his love of science, his constant urge to
travel, and his deep admiration for nature, art, and poetry (Photo 4.31).

Photo 4.31 Pictures imitating Picasso (the authors are O.A. Petrii and R.V. Marvet) and Gauguin
(A.A. Lopatkin), which were presented to A.N. Frumkin on his 70th birthday
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Almost 40 years have now passed since the death of Frumkin. The intervening
years have only served to highlight his greatness as a scientist and as a person. In
future, this period of electrochemistry will rightly be called the Epoch of Frumkin.
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Chapter 5
The Development of Voltammetric
Electroanalysis in the Former USSR

Fritz Scholz, EI’za Arminovna Zakharova, Nina A. Kolpakova,
Julia D. Sister, and Victor G. Mairanovsky

5.1 Introduction
Fritz Scholz

Voltammetric electroanalysis has played a very prominent role in the USSR. The
famous geochemist Vladimir Ivanovich Vernadskiy very early understood the
significance of Jaroslav Heyrovsky’s development of polarography (see the Sect.
3.2), and thanks to Vernadskiy the method was successfully introduced to the USSR
(see the Sect. 5.2). The development of electroanalysis in the USSR was also
catalyzed by Alexander Naumovich Frumkin (see the Chap. 4). Other factors
which favored the development of electroanalysis in the USSR were (1) students
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Fig. 5.1.1 Participants of the 2nd All-Union Conference on Polarography in Kazan in 1962. First
row (from left to right): 3rd Sof’ya Il'inichna Sinyakova (Moscow, GEOKHI), 4th Armin
Genrikhovich Stromberg (Tomsk, TPU), 5th Yevgeniya Nikolyayevna Vinogradova (Moscow,
University), 6th Tatyana Alexandrovna Kryukova (Moscow, Institute of Physical Chemistry and
Institute of Current Sources), 7th OI’ga Al'fredovna Songina (Alma-Ata, University), 8th Vera
Fyodorovna Toropova (Kazan, University), 10th Mikhail Tikhonovich Kozlovskiy (Alma-Ata,
University). Second row (from left to right): 5th Borukh Yakovlevich Kaplan (Moscow,
GIREDMET), 9th A. A. Gabovich (Kishiny€v, Agricultural Institute). Third row (from left to
right): 11th Inga Putninya (Riga), 16th Mark Borisovich Bardin (Kishinyév). Fourth row (from /left
to right): 3rd Viktor Aronovich Igolinskiy (Tomsk, TPU), 4th Stella Florianovna Gurskaya
(Tomsk, TPU), 5th Lidiya Filipovna Zaichko (Tomsk, TPU), Matvey Safonovich Zakharov
(Tomsk, TPU), 7th Vladimir Yevgen’yevich Gorodovykh (Tomsk, TPU), 7th Ivcher Tasya (?)

of chemistry got a very serious training in mathematics, physics, and physical
chemistry, of course including electrochemistry. This provided the intellectual
basis for very serious research work, and (2) that the instrumentation was rather
inexpensive, and thus very attractive for application.

Here, at the beginning of the chapter about electroanalysis in the former USSR, it
is the right place to show a rare photographic document: Fig. 5.1.1 shows the
participants of the 2nd All-Union Conference on Polarography in Kazan in 1962.
It is interesting under two aspects: (1) it shows almost all major players in USSR
electroanalysis, and (2) there is no foreign participant! Although this was a national
conference, it is still unusual, at least from our perspective now, that there were no
foreign guests. Of course, this mirrors how deep the division of the world was, and
how isolated the USSR scientists were.
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5.2 Yevgeniya Nikolaevna Varasova: The Woman Who
Has Transferred Polarography to Russia

Fritz Scholz and El’za Arminovna Zakharova

Yevgeniya Nikolayevna Varasova' was one of the first Russians to publish papers
on polarography (the first was N.V. Emelianova), and she was the scientist who has
transferred polarography to the USSR.

Ye. N. Varasova was born on May 17th, 1905, in Malaya Vishera, a small town
on the railway line from Saint Petersburg to Moscow. The distance to Saint
Petersburg is 162 km. The town has the same name as the river (Malaya Vishera,
also Malaya Visherka, meaning “little Vishera”) it is situated at. Ye. N. Varsova’s
parents were Natal’ya Petrovna Pushkova® and Nikolay Mikhaylovich Varasov
(Fig. 5.2.1),” a merchant, city council head, and (hereditary) Honorary Citizen of
Malaya Vishera.

Nikolay Mikhaylovich Varasov was a member of the foundation committee of
the “Pushkin Library” (a public library) which has been opened in 1900 in Malaya
Vishera. Nikolay M. Varasov served as its head from 1903 to 1907. His wife was a
member of the steering committee of the women’s gymnasium.* Yevgeniya
N. Varasova had two sisters, Natal’ya and Tat’yana, and one brother.

After finishing the school in Malaya Vishera (June 17th, 1921), Ye. N. Varasova
entered Petrograd State University, but because her father, like all officials of tsarist
Russia, was deprived of his election rights,” she was expelled, despite the protests
of professors who told the University authorities that it would be a great loss for
science to expel such a talented girl. Aleksandr Chistovskiy, a good friend of her
who lived in Czechoslovakia, has sent her an invitation to come to Prague,
pretending the wish to marry her. This was a common way to escape from the
USSR, and so she could enter Charles University in Prague in 1924. Figure 5.2.2
shows a photo, which she has sent to her mother with the following words (in -
Russian) on the backside: “To my dear mummy lest she will forget her daughter
who is so far away from her. Feb. 13th 1925.” On February 6th, 1930, she had major
rigorous examination in mathematics and inorganic and physical chemistry, and on
April 25th, 1930, a minor rigorous examination in experimental physics (both with
distinction). She successfully defended her excellent doctorate thesis published in

! This chapter is based on a previous publication [1].

2In Russian: Hatanes Ierposna ITymkosa.

3In Russian: Huxonaii Muxaiinosnu Bapacos.

*This information was partly provided by Natalya Pavlovna Sidorova (a relative of Ye. N.
Varasova), Yelena Sirotkina (radio journalist), and the Pushkin Library, Malaya Vishera, partly
it is accessible in the internet (see: http://aspbiblmv.sehost.ru/page9/1/1).

5 Constitution of the RSFSR (Russian Soviet Federative Socialist Republic) of 1918, Part 30th,
No. 65, depriving all people of the active and passive election rights who previously served the
tsarist state, the church, or who have been assigned to be capitalists, landowners, etc.
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Fig. 5.2.1 The parents of
Yevgeniya Nikolayevna
Varasova: her mother
Natal’ya Petrovna
Pushkova and her father
Nikolay Mikhaylovich
Varasov

Collection of Czechoslovak Chemical Communications [2] and got promoted at
Charles University on May 2nd, 1930. The doctoral work has been already done in
the laboratory of Jaroslav Heyrovsky, where she continued after her PhD defense as
one of Heyrovsky’s assistants at the Department of Physical Chemistry. During her
studies in Prague, she met her future husband Yevgeniy Ivanovich Vasil’yev who
was born in 1904 in Orel. Figure 5.2.3 shows the couple in Prague, and Fig. 5.2.4
shows her in the research group of J. Heyrovsky.

It is still not completely clear how it happened that Ye. N. Varasova joined the
laboratory of Jaroslav Heyrovsky and worked with him from 1927 to 1930. In some
sources it is said that V. I. Vernadskiy (1863—1945) has sent her [3, 4]; according to
another source, A. P. Vinogradov (1895-1975), the successor of Vernadskiy, and
Varasova were sent together by Vernadskiy [5, 6], but this is unlikely and in
contradiction with the CV of Vinogradov. It is more likely that Vernadskiy met
her during his visit to Prague and to Heyrovsky’s laboratory and he may have
advised her to help in transferring polarography, a method which he highly rated, to
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Fig. 5.2.2 Yevgeniya Nikolayevna Varasova in Prague, 1925
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Fig. 5.2.3 Yevgeniya Nikolayevna Varasova and Yevgeniy Ivanovich Vasil’yev in Prague
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Fig. 5.2.4 Yevgeniya Nikolayevna Varasova (1905-November 3, 1938) standing on the left side.
Jaroslav Heyrovsky is sitting in the middle; standing row: fourth from left is Rudolf Brdicka; first
from the right is Dionyz Ilkovi¢. The photo was taken in 1930 on the roof of the Chemical Institute
building at Albertov, Prague (Courtesy of M. Heyrovsky, Prague)

Russia. Her later husband Yevgeniy Ivanovich Vasil’yev® was an electrical engi-
neer, who worked in the Soviet Trade Mission’ in Prague, Czechoslovakia.
Varasova has translated Heyrovsky’s first book [7] on polarography to Russian
[8] and she has published some early papers on polarography,® [9-12]. The papers
[9-11] were definitely the first publications on polarography in USSR journals.
J. Heyrovsky wrote in his preface to the Russian translation of his book: “In the
Russian translation a theoretical part was added and the experimental part was
extended in accordance with new data of polarographic studies. Due to this the size
of the book almost doubled. I am very indebted to my former pupil and coworker
E. N. Varasowa (Leningrad) for the exact and careful translation from Czech.” In
his diary Vernadskiy wrote in 1937: “In 1937 a book was translated from Czech
(language) by E. N. Varasova-Czech, who worked with me. I do not know anything
about her fate.”® The original Russian phrase “E.H. BapacoBoii — yemkn” is here

°In Russian: Erenunii UBanosua Bacumises.

"In 1922 a treaty about the establishment of Trade Missions was signed between the Czechoslo-
vakia (Ceskoslovensko) and the RSFSR (Russian Soviet Federative Socialist Republic), and only
in 1934 full diplomatic relations have started.

8 See Footnote 5.

° http://vernadsky.name/wp-content/uploads/2013/03/vernadsky.pdf: V. 1. Volkov (edt) (2006)
V. I. Vernadskiy. Dnevniki 1935-1941. Vol 1 (1935-1938), p 152: “B 1937 rogy BblllIa 1O
Moeit mHuIuaTuBe (KHUra), mepeBeneHHas C dYemickoro pabdoraBmieir y mens E.H.
Bapacosoii - uemku. He 3nato ee cyovbbl.”
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translated as “Varasova-Czech,” but this does not reflect the real meaning in
colloquial Russian language, where it indicates that Varasova was in Czech
(oslovakia) and was able to speak Czech, but it does not mean that she was of
Czech nationality. Also according to the memory of Michael Heyrovsky,'” the son
of Jaroslav Heyrovsky, his father always spoke about Varasova as a Russian lady. It
is interesting that Vernadskiy highlighted in his diary the words “I do not know
anything about her fate.” Probably he would not have done so if he would not have
had some suspicions. Of course, it would have been much too dangerous for him to
note any such thoughts.

In the laboratory of J. Heyrovsky in Prague, Yevgeniya N. Varasova has studied
the behavior of oxygen maxima of the first kind and especially the damping effects
of various anions, establishing the well-known series from CI™ (least effect) to CN™
(strongest damping)."" She also undertook polarographic studies of soap solutions
[9]. Her Russian review on polarography published in 1935 [9] was the first
description of polarography to the Russian scientific community (Fig. 5.2.5). The
other two papers which she has published concern mineral analysis [10] and a reply
[11] to a paper in which a Russian scientist [13] has published his disbelief in the
linear concentration dependence of limiting currents. Ye. N. Varasova has provided
the correct proof based on the experimental data collected by V. F. Toropova during
her stay in Ye. N. Varasova’s laboratory.

In 1930 Ye. N. Varasova and Ye. I. Vasil’yev returned to Leningrad and
Ye. N. Varasova worked at the State Institute of Applied Chemistry. On June
16, 1931, her son Andrey Yevgen’yevich Vasil’yev (Fig. 5.2.6) was born.

Yevgeniya Nikolayevna Varasova was arrested on November 13, 1933, i.e.,
when her son was 2 years old. She was sentenced on March 29th, 1934, to 3 years
CLC (so-called corrective labor camp) on probation. On June, 1st, 1938, she was
arrested again, and on October 31, 1938, she was sentenced to death and shot on
November 3, 1938.'>'% The prosecution was based on Article 58 of the Criminal
Code of the RSFSR (1926) concerning “counterrevolutionary activities,” and
specifically 58-6, concerning espionage. Her husband, Yevgeniy Ivanovich
Vasil’ev (born in 1904 in Orél), was sentenced to 10 years of CLC in 1934, and

19 personal communication from Dr. Michael Heyrovsky, March 2013.
' See Footnote 5.

12 Prestuplenya Stalina i Stalinizma (The crimes of Stalin and Stalinism): “Bapacosa EBreunus
Huxonaesna, 1905 r. p., ypoxenka r. Manas Bumepa, pycckas, 6ecnapruiinas, B CCCP
npubsia u3 YexocnoBakuu B 1930 r., cT. XUMHK MHCTUTYTa NPUKIATHON XUMUH,
npoxuBana: T. Jleaunrpan, [lpsaunsablit nep., a. 8, kB. 32. ApectoBana 13 Hos16ps 1933
r. Konneruest OI'TIY 29 mapta 1934 r. ocyxzaena Ha 3 roga UTJI ycnoBHo. BHOBB
apectoBana 1 wurons 1938 r. Ocob6oii Tpoiikoirt YHKBJ JIO 31 okrtsiops 1938 r.
npuroBopena no cT. 58-6 YK PCOCP k Bricmieir mepe Haka3anusi. PaccTpensiHa B r.
Jlenunrpan 3 vosi6ps 1938 r. (Ee myx m omnonmenen EBrenmit MiBanoBuu Bacuibsen
ocyxzaeH B 1934 r. va 10 net UTJI, orosBan cpok B MHTanare, B 1944 r. ocyxzacH
cuoBa Ha 10 neT.).” http://antiput43.livelournal.com/469601.html

13 Vozvrashchyénnyye imena (Returned names): same text as in foregoing reference. http://visz.
nlr.ru/searchword.php?qs=%EF%F0%EE%E6%E8%E2%E0%EB %E0&rpp=20&p=108
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E. H. Bapacoéa

Toaaporpadayeckmit meTox

Tlonaporpaduyecknit BIeKTPOAHANHTHYECKHN MeTOX OCHOBAH HA IPHEIHIG
HOJSAPHE3ANAH DPACTBOPOB HA PTYTHOM KANEJLHOM RAaTOXe, AHAJOIMYHOM KAlHI-
RApHOMY BJeKTpoMerpy Jlmmmmama. Eme B 1908 rogy Kydvepa' HNpHEMeHSNT
KalleJbHHI 3IeETPOX A H3MePeHHA JJIeKTPORANHIIAPHOCTH PTYTHE. ['efipoBcrHil
me 06paTHI BEEMAaHH® HA TO, 9TO TOK, IPOXOASIIHH dYepe3 KaIeJLHHH aie-
KTPOJ, XOPOIIO XapPAKTepPHayeT BCe ABJCHHA BOCCTAHOBJOHHS, IPOHCXO/ANIHS HA
HeM, H HAaYaJ H3MepATH BeJHYHHY BTOr0 TOKA YyBCTBHTEJBHHM T'aJbBAHOMETDOM.
TaxkeM 06pa30M eMy YAAJ0CH paspaGoTaTh MeTOX I TOYHHX Ha3MepeHHI 3aBH-
CHMOCTH MEXJY HANDSAXeHHeM H CHIOH 3T0or0 TOKa. CKOHCTPYHPOBAHHEH IIA
9TOH menm B 1925 r. mpufop moxaporpad (12)? elymkAT AXA TOro, YTOOL
ABTOMATHYECKH, IIOCTeNeHHO MeHAA NOJNAPHIYOIIY B3JeKTPOJBHKYIIYHD CHIY,
NoIy9JaTh H3MeHeHHe CHJIH TOKa HEIOCPEeACTBeHHO Ha (ororpadmyeckoii Gymare
B BH/JE BOJBT-aMIEPHHX KDHBHX (PHC. 1), Ha3BRHAHX MOJSAPOTpaMMaMi.

Ouscanme upuEGOpa W AUBAPATYPH

IpaEnEn yerpoiiersa mossgporpaga odens mpocer (pee. 2). Iloamwca 2- HIR
4-BOJIBTOBOTO SKEYMyJaATOpa £ COSAHHEHH ¢ IOTeHOHOMETDPHYECKOH IPOBOJIOKOIL
P, maMoraHHOH mHa BpamabmeMcd 6apa-
6aHe. C OfHEM KOHIOM HOTeHIJHOMOTpHYE-

J MV
M
MW
2 g
FA
p 5 I pr Byl A
Pae. 1. Pre. 2.

CKolf IpOBONOKH COeJHHeH aHex A IonapHayeMoro pactsopa. Karog wme
K 4epes 9yBOTBHTOJBLHHI BepRAJbHHH TaJbBaHOMOTD COBMHHEH C APYTHM
TOJIDCOM AKRYMYJATOPA IPH IOMOIIM CKONLAAINEro KOHTakTa F, mepeasmke-

1 B. Kuéera Drud. Annal. Physik (4), II, 520, 698 (1903).
* Tladput B cKO6RAX 0603EATANT COOTBETCTBeHEYIO MEPPY B Gubanorpadum.

Fig. 5.2.5 First page of the review on polarography published by Ye. N. Varasova in 1935 [8]
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Fig. 5.2.6 Yevgeniya
Nikolayevna Varasova with
her son Andrey
Yevgen’yevich Vasil’yev
(before 1938)

14,15

in 1944 again to another 10 years. He was detained in the labor camp Intalag,
which was a system of camps in the Komi ASSR in the vicinity of Workuta and
Inta, where the detained had to work in coal mining. Only in 1956, after his
rehabilitation, he could see again his son Andrey. In 1934 Yevgeniya
N. Varasova was accused of having known about the activities of the Socialist
Revolutionary Party, a political party which was severely fought by the Bolshevists.
Additionally she was accused of espionage for Germany in 1938. Yevgeniy
I. Vasil’ev was accused in 1934 of having been a member of the Socialist Revolu-
tionary Party (file No. 494-N-57 of April 29, 1957 of the Military Tribunal of the
Leningrad Military Region in which both have been rehabilitated with respect to the
court decision of 1934 for Vasil’ev, and the court decision of 1934 and 1938 for
Varasova). It is well known that among the Russian students in Prague, agents of
the NKVD (so-called Peoples Commissariat for Internal Affairs, i.e., the Soviet
security service) were actively searching, and many of the returned students were
arrested and even shot. Among the arrested and shot were also former NKVD
agents.

Unfortunately, in some papers it is still wrongly stated that Yevgeniya
N. Varasova perished in a camp [3]. This was a common lie spread by the NKVD
when people were executed (see the husband of Songina in the respective chapter).
For the readers who are not acquainted with the history of the USSR it should be
stressed: these repressions were part of the great purges during the Stalin time and
completely unjustified from any point of view of civil rights.

The son Andrey Yevgen’yevich Vasil’yev was brought up by his aunt Natal’ya
N. Varasova because of the repression of his parents. The repression of his parents
has prohibited him entering the prestigious University of Leningrad, and he had to
join the “Forest Technical Academy” where he studied botany. He became a famed

14 See Footnote 12.

15«“Bacunves EBrenuii UBanosuu. Poquincs B 1904 r., T. Open; pycckuii; 3aKIFOYEHHBII
Wntnara HKBJ. ApectoBan 10 mas 1943 r. IIpuroBopen: Ocoboe coBelanue mnpu
HKBJI CCCP 5 suBaps 1944 r., 068B.: o ct.cT. 58-2 VK PC®OCP, 58-10 4.2, 58-11 VK
PCOCP. IIpurosop: 10 neT numenus cBob6oasl.” http://lists.memo.ru/d6/f268.htm
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Fig. 5.2.7 Andrey
Yevgen’yevich Vasil’yev,
the son of Yevgeniya

N. Varasova

professor at the Komarov Institute of Botany of the Academy of Science in
Leningrad and professor at Leningrad University (see Fig. 5.2.7). On July 8th,
2011, he passed away without leaving children [14, 15].

Yevgeniya Nikolayevna Varasova was a very gifted and talented young scientist
who just made the first steps in science. She has transferred polarography to the
USSR. Her repression and execution has terminated a most promising carrier and
the life of a devoted scientist. Her biography is an example of the immense
intellectual losses the USSR has suffered during Stalin’s reign.

5.3 The Development of Stripping Voltammetry
in the Former USSR

5.3.1 |Introduction
Nina A. Kolpakova

Modern voltammetric methods of analysis, including stripping voltammetry (SV),
are well suited to solve problems in physical and analytical chemistry and also for
studies of solid materials. They are frequently used to analyze environmental,
medical, biological samples, products of food and ore processing industry, mate-
rials of semiconductor industry, etc. Stripping voltammetry lends itself for deter-
mining inorganic and organic compounds in the sub-micromolar range. It is an
advantage that SV allows a selective determining of the species in their natural state
(speciation analysis). SV methods have doubtless a number of advantages over
other methods: high sensitivity, selectivity, speed of analysis, and tolerance of
measurements to a possible salt content of samples. The instrumental developments
of the last years, both with respect to software and hardware (e.g., coupling with
dispensers, flow-through systems, etc.), have also contributed to a widening of
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applications of electroanalytical techniques. It is a general tendency that mercury
electrodes are more and more substituted by mercury-free electrodes (Au, Bi,
Nafion-covered electrodes, etc.) [16], also to increase the sensitivity. The instru-
mental developments lead to a decrease of manual labor and an increase of
reproducibility. Now it is difficult to imagine the time without SV, although it is
only 50-60 years ago when the methods have been introduced. In the USSR,
besides the scientific school in Tomsk, there was the school of Kh’yena (Anna)
Zalmanovna Brainina in Donetsk, and later in Sverdlovsk (now Yekaterinburg). In
Tyumen was Professor Matvey Safonovich Zakharov, who recently passed away,
who has established an SV school (Tyumen Industrial Institute and Tyumen State
University). Very active groups are also working in Kazan, led by German
Konstantinovich Budnikov (a former student of Vera Fédorvna Toropova), and in
Ufa a group led by Valeriy Nikolaevich Maystrenko. In Moscow SV was started in
MSU by Yevgeniya Nikolayevna Vinogradova, Lyudmila Nikiforovna Vasil’yeva,
and Anatoliy Ivanovich Kamenev and later extended to research institutes (e.g., by
B. Ya. Kaplan, R. F. Salikhdzhanova, S. I. Sinyakova, Yu. I. Vainshteyn, N. A.
Yezerska). Each of them had his own field of research in SV, and without all of
them, one cannot depict a complete picture of the rise of SV. The group of
electrochemists in Alma-Ata had a special profile and it released a number of
first-ranking scientists. Without them the amalgam-based -electrometallurgy
would not have developed. To this group belonged O. A. Songina, M. T.
Kozlovskiy, V. P. Gladyshev, and A. 1. Zebreva.

This chapter is devoted to those scientists who, like all the others in the USSR,
were simple and rather poor people. Many of them have survived a difficult
childhood and even starvation periods, but never lost their love of life, education,
and science. Even when some of them by virtue of circumstances have changed
their working profile, they remained scientists in their mind, in the way of life, and
their passion for life. In this chapter, we cannot write about all these enthusiasts,
whom we remember and know that it was only thanks to them that SV has
developed to what it is now.

5.3.2 About the Terms “Inverse Voltammetry,” “Amalgam
Polarography with Preconcentration,” “Thin-Film
Polarography with Preconcentration,” and “Stripping
Voltammetry”

Nina A. Kolpakova and Fritz Scholz

In 1952, G. C. Barker and I. L. Jenkins were the first who have shown that a
reductive preconcentration of metals at a mercury electrode gives the possibility to
decrease the detection limit of analytical determinations [17]. Although they have
understood the potential of this approach, they did not realize its real value, as they
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did not see a need to determine such low concentrations at that time. Nevertheless,
Barker and Jenkins have to be regarded as the true fathers of stripping voltammetry
(inverse voltammetry) [18]. In the years 1956-1958, a number of papers popular-
izing inverse voltammetry have been published by W. Kemula and Z. Kublik from
Warsaw (see the chapter “The Warsaw school of electroanalytical chemistry”). All
this work was an offspring of the development of polarography by the Czech
academician Jaroslav Heyrovsky in the early 1920s of the last century, for which
he received the Nobel Prize for Chemistry in 1959. Already in 1937, the first book
of Heyrovsky on polarography has been translated by Yevgeniya Nikolaevna
Varasova to Russian (see the Sect. 5.2) [8]. In 1965 Heyrovsky’s famous book
“Fundamentals of Polarography” has also been translated to Russian [19]. Begin-
ning 1946 in Russia, A. G. Stromberg studied amalgam polarography and has
defended his doctoral thesis (equivalent to Habilitation in Germany, and Doctor
of Science in the UK) entitled “Theory and practice of polarography, especially
amalgam polarography” in Sverdlovsk in November 1951. This thesis had the focus
on the theory of amalgam polarography and its experimental verification. In
amalgam polarography, a metal amalgam is dropping out of a glass capillary and
the voltammetric response of the amalgams is studied. This work was new, espe-
cially in the USSR, which was practically cut off from the scientific communities of
other countries. In that time, the USSR has developed new technologies using
electronic devices. A bottleneck were analytical measurements, necessary to deter-
mine impurities in semiconductor materials with high sensitivity. Those methods
were missing. In 1962 A. G. Stromberg started in Tomsk a so-called a Special
Research Laboratory (in Russian “problemnaya laboratorya™) with the basic
research direction focused on voltammetry at stationary electrodes. As stationary
electrode they used either a mercury droplet on a silver wire, or a silver wire
covered by mercury. Since the electrodes were amalgam electrodes, the method
was called “amalgam polarography with preconcentration” (“amal’gamnaya
polarografiya s nakopleniem” in Russian). The first papers dealing with that method
have been published in 1960 by A. G. Stromberg and Vladimir Yevgen’yevich
Gorodovykh in the journal “Industrial Laboartory” (“Zavodskaya laboratoriya” in
Russian) [20] and at the same time by Ye. N. Vinogradova and Ye. N. Prokhorova
(MSU) [21] and by S. I. Sinyakova and Shen’ Yu-chi (GEOKhi, Moscow) [22]. The
first review of SV in Russian literature has been published in 1961 by A. G.
Stromberg and his daughter E. A. Stromberg [23]. Experiments with a hanging
mercury drop electrode have been performed under the supervision of Vera
Fédorvna Toropova at Kazan State University. There the determination of amalgam
forming metals has been studied with the help of oscillopolarography. The new
method proliferated and the number of determined elements was increased. The
largest number of papers on the new method has been published by the Tomsk
group of Stromberg (about one-half to one-third of all papers on IV in the USSR). A
number of elements could not be determined by SV on mercury because of too
positive oxidation potentials. For this other electrodes, e.g., Pt and graphite, were
used. Such methods employing solid electrodes have been mainly developed by the
group of Kh’yena (Anna) Zalmanovna Brainina (Donetsk) and they were called
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“thin-film polarography with preconcentration” (plénnochnaya polarografiya s
nakopleniem” in Russian) [24]. In a review, A. G. Stromberg [25] wrote: “Until
now the two methods ‘amalgam polarography with preconcentration’ and ‘thin-
film polarography with preconcentration’ have developed like two different
voltammetric methods, with different theoretical basis and experimental technique.
The factors separating the two varieties of polarography with preconcentration were
primarily rooted in their history: (1) both methods developed in different research
teams and even in different countries. (2) The two methods used different electrodes,
mercury and graphite electrodes with different working ranges. (3) Theoretical
aspects were different: in ‘amalgam polarography with preconcentration’ the anodic
peak of metal oxidation was primarily depending on the concentration of the metal in
the amalgam, and in ‘thin-film polarography with preconcentration’ it was depending
on the activity of the metal in the thin film on the surface of the graphite electrode.
Further, in the later method, the researchers focused on studying the heterogeneous
reactions in the solid phase and on achieving a highly reproducible graphite surface.

However, between these two varieties of polarography with preconcentration,
there are more common than separating features. From a theoretical point of view
both varieties of polarography with preconcentration are united by the electrochem-
ical laws concerning the basic limiting steps of the electrode process, i.e., the
delivery of the compound to the electrode surface and the removal of the compound
from the electrode surface, as well as the electrochemical reaction itself. Only that
in ‘thin-film polarography with preconcentration’ this process is more complicated
by the nucleation and growth of a solid phase and its electro-dissolution. Thus, it is
advisable to see the two varieties from one point of view. This is particularly clear
in the case of mercury film electrodes on graphite, which in one case behave like
mercury electrodes, in another like a graphite electrode [26, 27]. For a reversible
electrode process at a thin-film electrode, the equation describing the current of
electrooxidation of the metal has the same form, independent of the fact whether it
is a thin solid metal film or an amalgam film.

From a practical point of view, any sample contains microconstituents, which
can be determined with ‘amalgam polarography with preconcentration’ (i.e., using
a mercury electrode), and other microconstituents which can be determined with
the help of ‘thin-film polarography with preconcentration’ (i.e., with a graphite
electrode). We remark here that the sensitivity of determination of any element is
higher on mercury than on graphite because the surface of mercury is more
reproducible with respect to surface area and surface properties. Therefore, it is
not expedient to determine those elements on graphite, which can be also deter-
mined on mercury. Besides this, on solid electrodes, the interaction of metals in the
deposit is very pronounced and often makes a determination difficult or even
impossible if the elements are simultaneously deposited on the electrode. All
these considerations lead to the conclusion that it is advantageous in the analysis
of sample to use both methods ‘amalgam polarography with preconcentration’ and
‘thin-film polarography with preconcentration’.”

The development of techniques based on an electrochemical preconcentration of
compounds on mercury and other electrodes and the subsequent electrooxidation of
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the deposit led to the new term “inverse voltammetry” or “stripping voltammetry” in
foreign languages. This term comprises all varieties of such methods, independent
on the electrode material and the electrode reactions (cathodic or anodic).

5.4 The Tomsk School of Electroanalytical Chemistry

5.4.1 Armin Genrikhovich Stromberg
Nina A. Kolpakova and Fritz Scholz

It is difficult to overestimate what Armin Genrikhovich Stromberg (Fig. 5.4.1.1) has
achieved for the foundation and proliferation of stripping voltammetry. The foun-
dation of the Special Research Laboratory (“problemnaya laboratorya’) and then of
a scientific school devoted to the theory and practice of stripping voltammetry—all
that would have been impossible without the talent, dedication and unbelievable
working capacity of A. G. Stromberg. Stromberg was born September 16, 1910, in
Breslau, Germany (now Wroctaw, Poland) during a business stay of his father
Genrikh Genrikhovich who was “Private Docent” at the Military-Medical Academy
in St. Petersburg. Stromberg’s mother was a graduate of the Bestuzhev Courses in
natural sciences (the Bestuzhev Courses were the largest and most prominent
women’s higher education institution in Russia). Stromberg wrote about his par-
ents: “To some extent I am chemist by heredity. My grandfather had a private
chemical laboratory in Yekaterinburg. My father died in WW I as chief of a military
field hospital. My mother worked for 40 years at the chair of general and inorganic

Fig. 5.4.1.1 Armin
Genrikhovich Stromberg
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chemistry of the Ural Polytechnic Institute.” Also Stromberg’s daughter went to
chemistry working in stripping voltammetry.

The life of Stromberg and his family background has been described in detail in
a book [28]. The main periods of his life are: From 1927 to 1930 he studied at the
Ural Polytechnic Institute according to the curriculum of the electrochemical
division of the chemical faculty, which he finished in chemistry with a specializa-
tion in electrochemistry as a technology engineer. Then he worked in the laboratory
of molten salts of the Ural Physico-chemical Institute, which was a dependency of
the Karpov Institute of Physico-Chemistry in Moscow. In 1939 Stromberg has
defended his PhD thesis entitled “About the viscosity of molten salts” at the Ural
Industrial Institute. In March 1942 he was formally enlisted in the army, but in fact
illegally repressed and sent to a special NKVD camp for “Soviet-Germans” in
Nizhniy Tagil, where he had to work in a brick factory. He was released in 1943
(and rehabilitated in 1992) and returned to his working place at Ural Physico-
chemical Institute where he was the leader of the analytical chemistry laboratory. In
August 1950, he moved to Ural University where he became a docent at the chair of
physical and colloidal chemistry. In November 1951, he successfully defended this
thesis entitled “Theory and practice of polarography, especially amalgam polarog-
raphy” in Sverdlovsk before the scientific council of the Ural Polytechnic Institute.
In July 1954 he started as professor at the Ural University. After the defense of his
doctoral thesis, Stromberg lived with his family in Sverdlovsk (now again Yekate-
rinburg, like before the October revolution) in a small 2-room apartment, without
any hope of possible improvements of living conditions. The supply of apartments
was very restricted in the USSR after WW II. The country did a lot to repair the war
damages and improve its economy. The living conditions only improved when
Stromberg moved to Tomsk where he got a comfortable 5-room apartment in which
until now his daughter lives. The Tomsk Polytechnic Institute to which he moved
changed the fate of Stromberg.

5.4.2 The History of the School of Stripping Voltammetry
in Tomsk

Nina A. Kolpakova and Fritz Scholz

Following his move to Tomsk, in 1962, Stromberg was full Professor (Chair) of
physical and colloidal chemistry at Tomsk Polytechnic Institute (TPI). There he has
continued his work on (a) the potential—current dependencies at amalgam elec-
trodes and the effects of complex formation and formation of intermetallic com-
pounds in mercury; (b) instrumental development started with the upcoming of
microprocessors; (c) catalytic waves in polarography and their theoretical under-
standing; (d) polarographic coulometry; (e) the effect of the substituent on the half-
wave potential of organic compounds; (f) the determination of complex stability
constants which undergo a reversible reduction on mercury and other electrodes,
etc. [29]. All these topics were studied despite the fact that discussions with scientists
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Fig.5.4.2.1 Armin Genrikhovich Stromberg with coworkers in the early years of the PLM (*“prob-
lem laboratory for microconstituents”) (first row: Kh. A. Lel’chuk, R. S. Tyutyun’kova, A. G.
Stromberg, A. L. Kartushinskaya, M. S. Zakharov; second row: O. N. Tarasova, unknown person,
V. M. Pichugina, K. R. Voronova, A. L. Pozdnyakova; third row: A. A. Kaplin, V. I. Kuleshov,
unknown person, V. S. Smorodinov)

abroad were practically forbidden. The situation of Stromberg was even aggravated
by the fact that he was regarded as a German (due to his birthplace and name).
Luckily, Stromberg has thoroughly studied English, so that he could read the foreign
literature. In 1962 Stromberg has established at TPI, a unique laboratory, the Special
Research Laboratory, named “problem laboratory for microconstituents” (Fig. 5.4.2.1).
This was, also in his own opinion, his main life achievement. The basic direction of
this laboratory, which he headed for 23 years, was the development of “amalgam
polarography with preconcentration” [30]. It was a continuation of his previous
research in polarography and other electroanalytical methods. The Special Research
Laboratory was founded on initiative of I. P. Alimarin.

Stromberg has elaborated a parametric theory of stripping voltammetry [31] which
allowed understanding the effects of various experimental parameters on peak cur-
rents. It was the basis of tens of fundamental papers, and also found its way into
foreign literature [32]. On the basis of this theory, the improvement of signal separa-
tion [33], sensitivity [34], and the effect of so-called ammonium amalgam [35] could
be understood. Several papers dealt with effects of formation of intermetallic com-
pounds [36, 37], the role of mixed potentials in polarography [38, 39] and the behavior
of metal complexes in stripping voltammetry [40, 41]. Theoretical and experimental
studies played an important role in decreasing the detection limits for trace determi-
nations in the range of 10~ to 10~° % in metals and alloys of highest purity, produced
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for nuclear, semiconductor and laser technology, and microelectronics, in products of
food industry, oil industry, drinking water production, and for the analysis of ores and
minerals. The scientific output of Stromberg’s laboratory is documented in more than
800 papers, 100 PhD theses, and 8 doctor of science theses. Stromberg is the author of
a textbook on physical chemistry, which is very popular in Russia [42].

Stromberg has very carefully supervised his PhD students, discussing their
research in detail. At that time students said, that going to the professor was like
x-raying. Stromberg was a very calm and thoroughgoing person. The scientific
group seminars were very important and all discoveries were discussed there.
Sometimes Stromberg received his students at home where his large study was
filled with books, reprints, and notes. The atmosphere at his home was always very
friendly and pleasant. I remember that once his little granddaughter has painted on
one of the precious notes, but Stromberg did not grumble but only smiled.
Stromberg was a very erudite person with a good sense of humor. Even in his last
years, he played each day 1 hour at his piano, preferably Chopin, he wrote his
memoires, and continued his scientometric research (earlier papers are [43, 44]). It
is well remembered that Stromberg also took care of cleaning the yard of his
University flat, combining the necessary with the chance of physical activity,
using that time effectively for contemplating about science. Stromberg has in detail
planned the time of his working days, never wasting a minute, and he recorded the
daily schedule in notebooks.

5.4.3 Students of Armin Genrikhovich Stromberg
Nina A. Kolpakova and Fritz Scholz

Out of the 100 PhD students of Stromberg, only a very few can be remembered
here. A much more detailed appraisal of the achievements of his students
Stromberg has published at the end of his life [45].

Victor Aronovich Igolinskiy (June 2nd 1936, Omsk—February 23, 1996, Keme-
rovo) (Fig. 5.4.3.1) was one of the first PhD students of Stromberg in Tomsk. His
father was a military doctor and neurosurgeon and his mother a drafter. In his PhD
thesis, Igolinskiy analyzed the voltammetric current—potential dependencies of the
anodic peak current in stripping voltammetry, taking into account the limited
diffusion regime in the mercury droplet, and also its curvature [46, 47]. He has
shown that the sensitivity of SV depends on the geometry of the electrode, and that
it can be significantly increased using mercury film electrodes. He has derived
equations for reversible systems using constant potential and linear scan regimes.
He has introduced a method in which the potential scan was terminated shortly after
the anodic peak potential, but the current was continued to be recorded, so that the
charge underneath the peak could be exactly measured. Igolskiy was also a gifted
experimenter, developing micro-cells for SV. Together with Kuleshov, he has
introduced amalgamated silver electrodes for SV, which are still popular among
electroanalytical chemists in Tomsk. Stromberg highly appreciated Igolskiy and
said that “the ideas poured out of him like from a cornucopia.”
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Fig. 5.4.3.1 Victor
Aronovich Igolinskiy

Fig. 5.4.3.2 Vladimir
Ivanovich Kuleshov

Vladimir Ivanovich Kuleshov (April 18, 1931-July 8, 2006) (Fig. 5.4.3.2) was
born in the small village Kochki (Novosibirsk Oblast’) in a peasant family; his
father was a smith. Kuleshov remembered that his father was, compared to other
people in the village, much better off and even could buy a “Singer” sewing
machine for the family. So it happened that in 1932, the authorities declared his
family to be Kulaks and the five-member family was moved around in Siberia.
Kuleshov studied in Leningrad at the Leningrad Chemical-pharmaceutical Institute,
finishing it as an engineer of microbiology in 1955. He met Stromberg because he
needed his consultation, and in 1961, he started his PhD work in Tomsk. Kuleshov
was an excellent experimenter with golden hands. He developed cells with
exchangeable beakers for SV, electrolyzers with circulating solutions [48], and
introduced several different electrodes for SV. Kuleshov’s and Stromberg’s fami-
lies became close friends.

Vladimir Yevgen’yevich Gorodovykh (December 20, 1934 Stalinsk (now
Novokuznetsk)-April 10, 1988) (Fig. 5.4.3.3) has studied at Tomsk State
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Fig. 5.4.3.3 Vladimir
Yevgen’yevich
Gorodovykh

Fig. 5.4.3.4 Anatoliy
Aleksandrovich Kaplin

University. His main contributions concern the anodic peak current calculation for
reversible processes taking into account the sphericity and limited volume of the
mercury droplet [49, 50]. Gorodovykh was also interested in the effects of organic
surface-active compounds on the kinetics of electrode reactions.

Anatoliy Aleksandrovich Kaplin (October 20, 1937-July 27, 1989) (Fig. 5.4.3.4)
has developed SV for the determination of traces in semiconductor and other high-
purity materials [51]. He was an excellent organizer, not only of research work
(he has supervised 20 PhD theses) but also of conferences, e.g., of four All-Union
Conferences on Stripping Voltammetry in Tomsk (1973, 1982, 1986, 1990) under the
chairmanship of Stromberg. Parallel to Ye. Ya. Neyman who worked in Moscow,
Kaplin started to study the formation of complex amalgams, intermetallic compounds
in mercury, and solid solutions under the conditions of SV. Anodic currents of such
systems were described by Kaplin on the basis of regular solution thermodynamics.
Kaplin defended his doctoral thesis entitled “Inverse voltammetric analysis of micro-
samples, crystal layers and films” before a commission in Moscow.

Yuriy Aleksandrovich Karbainov (September 3, 1940-November 9, 2007)
(Fig. 5.4.3.5) was born in the village Karbainovka, Buryat ASSR, in the family of a
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Fig. 5.4.3.5 Yuriy
Aleksandrovich Karbainov

Fig. 5.4.3.6 Lyubov’
Sergeyevna Anisimova

peasant. After the death of the parents, one of his sisters took care of him and his
siblings. Karbainov studied in Tomsk at TPI. In 1966 he defended his PhD thesis on
SV, devoted to studies of solutions of metal complexes. His doctoral thesis concerned
chemical reactions preceding and following up the charge transfer reaction [52]. It
was entitled “Inverse voltammetry of solutions of metal complexes and extracts.”
There he also described hybrid methods comprising extraction and SV in the extract.
He has also proved that sensitivity and selectivity of SV of metal complexes is
superior on mercury film electrodes compared to a mercury drop electrode [53].
Lyubov Sergeyevna Anisimova (May 31, 1949—June 27, 2009) (Fig. 5.4.3.6)
was born in Bakchar, Tomsk Oblast’. Her father was an officer and fought in WW
II. He died at the age of 35 and her mother also died early from tuberculosis.
Anisimova was raised up together with a younger brother and sister in a Children
Home (orphans home) in Tomsk. She studied at Tomsk State University (Chemical
Faculty). From 1980 to 1984, she worked for her PhD in the group of Stromberg.
The thesis was entitled “Inverse voltammetry of sulphur containing organic com-
pounds and elaboration of analytical methods for their determination.” Anisimova
has developed cathodic stripping voltammetry of organic sulfur compounds [54].
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Among the many other PhD students of Stromberg, the following need to be
mentioned: Boris Fédorovich Nazarov (*1967) a talented theoretician and Yuriy
Alekseyevich Ivanov (¥1971) who is actively developing automated instrumentation
for SV analysis. Nina Aleksandrovna Kolpakova (*1942) who has devoted her
scientific life to the SV of platinum-group metals and silver and gold became full
Professor at TPI, Tomsk, where she is still guiding a research group. She has also an
important share in the textbook on physical chemistry, published by Stromberg.
Stromberg’s daughter EI’za Arminovna Zakharova (¥1938) (Fig. 5.3) is still actively
working in the laboratory and elaborating SV methods for modern instrumentation
(together with Tomanalyt, a prolific company of electroanalytical instrumentation).
She is also very actively cultivating the memory of the Tomsk electroanalytical
school [28] and the memory of those people repressed during the Soviet time.

5.5 The Development of Solid-State Electroanalysis
and Stripping Voltammetry at Solid Electrodes

5.5.1 Solid-State Electroanalysis: Pioneered in the USSR by
Ol’ga Al’fredovna Songina

Fritz Scholz

Biographical Sketch of Ol’ga Al'fredovna Songina

Ol’ga Al'fredovna Songina (Fig. 5.5.1.1),'®'” was born on April 17, 1901, in Saint
Petersburg as daughter of Alfred Borisovich Rode (Rohde) (Governorate of Livo-
nia, Russian Empire, 1864—Leningrad 1922), an engineer coming from a German
farmer family. Her mother was Vera Danilovna Rode (Rohde) (Blagodar’, Ural,
1871-Alma—Ata 1950), a Russian. Alfred Borisovich Rode was the technical
director of the factory “Krasnyy Vyborzhec” in Leningrad (now Sankt Peterburg).'®
In 1918 O. A. Songina finished the middle school. From 1919 to 1922, she worked
in “Politprosvet” and lectured for preschool educators in the town Luga, which is
situated about 100 km south of Sankt Peterburg. From 1922 to 1928 she was the
secretary of the technical director of the company “Krasny Vyborzhec.” From 1928

16 This chapter is based on previous publications [56, 57].

7 In Russian: Onbra Ansdpenosna Conruna; The sign used in the transcription of Russian
words and names, e.g., in “Ol’ga Al'fredovna,” indicates that the preceding consonant is palatal-
ized (softened).

'8 «“Krasnyy Vyborzhets” means “Red Vyborger”; Vyborg is the name of a town. The factory was
founded in 1857 by the Baltic mechanic Fé€dor Gosh, in 1863 became the property of Karl
Rosenkrants, and it became a State company after the revolution. The factory still exists.
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Fig. 5.5.1.1 Ol'ga
Al’fredovna Songina in
1928 [55]

to 1931 she stayed at home, most probably because she gave birth to a daughter, and
in 1931 she entered the “Leningrad Metal Factory”'” as secretary of the teaching
section of the technical school, later of the entire technical center, where she
lectured on general chemistry. In autumn 1931 O. A. Songina began to attend
lectures at the Metallurgical Faculty of the “Leningrad Industrial Institute for
Distance Education” which has been founded in 1929. In October 1937 she
moved to the central laboratory of the “Leningrad Metal Factory” working on her
diploma thesis. In December 1937, on the order of the NKVD (so-called People’s
Commissariat for Internal Affairs, i.e., the secret police organization of the Soviet
Union), she had to move from Leningrad to Frunze®’ (now Bishkek), then capital of
the Soviet Republic of Kirgizia. The expulsion of O. A. Songina from Leningrad
was part of the repression against her husband Iosif Vladislavovich Songin
(Fig. 5.5.1.2).%

Tosif Vladislavovich Songin was born in 1894 in Rostov-on-Don, and was the son
of Vladislav Osipovich Songin,** the director of the “Sankt Peterburg Metal Factory”

'° The “Leningrad Metal Factory” was founded in 1857 by Sergey Nefed’yevich Rasteryayev, and
from 1867 to 1891, its director was the German engineer Otto Georg Krehl. The factory is still
working.

2ONamed after the Bolshevik leader Mikhail Vasil’yevich Frunze (Muxaun BacuiseBuu
®pyn3se), Bishkek 1885-Moscow 1925.

2! In Russian: Hocud BnagucnaBoBuu COHTuUH.
221n Russian: Bnagucnas Ocunosuy COHIHH.
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Fig. 5.5.1.2 Tosif
Vladislavovich Songin
(1894—November

27, 1937), the husband of
Ol’ga Al'fredovna Songina
(Courtesy of Alla
Vital’yevna Shapran,
Museum of the Leningrad
Metal Factory)

(the later “Leningrad Metal Factory” [58]) from 1911 to 1917. Tosif V. Songin was of
Polish origin which, most probably, was one of the reasons for the repression in 1937
as he was accused with two other Poles™ of being a member of a “counterrevolu-
tionary Polish nationalistic group.” It is well documented that ethnic Poles suffered
disproportionally to their share in the overall population of the USSR [59].*
According to the KGB files,” Tosif Vladislavovich Songin had declared (most likely

23 Konstantin Stanislavovich Olevskiy (Konctantun CranuciaaBoBud Onesckuii) (born 1901
in Thilisi, arrested on November 23rd, 1937, sentenced to death on December 15th 1937, and
executed on December 20th 1937) and Romual’d Romual’dovich Czerwinski (Pomyanbn
PomyansnoBuy YepBunckuii) (born 1909 in Sankt Peterburg, arrested on September 2nd,
1937, sentenced to death on October 1st, 1937, and executed on October 6th, 1937).

24Nikolay Ivanovich Yezhov (Hukonait UBanoBuu Exo0B), from 1936 to 1938 head of the
NKVD and the main inquisitor, issued the NKVD Order No. 00485 “On liquidation of Polish
sabotage and espionage groups and units of POW (Polish Military Organization, Polska
Organizacja Wojskowa),” approved August 9, 1937. This order was the basis of most severe
repressions of national Poles in 1937/1938.

25 From the files No. P-25620, as reported by the “Federalnaya Sluzhba Bezopasnosti Rossiyskoy
federatsii” in a letter to El’za Zakharovna from October 9th, 2012, file No. 10/21-Z-1893/386. This
document is kept by the author. In this document is written: ,,[ToctanoBnennem Komuccun HKB/]
u IIpoxypopa CCCP ot 22 nHos6ps 1937r. OcyxzaeH kK BBICIIEH Mepe HAKa3aHH-
s-pacctpeny. [IporoBop nposenen B ucnonuenue 27 Hosiopsa 1937r. B Jlenunrpane.» See
also the web page “Vozvrashchénnyye imena” (Returned names): http://visz.nlr.ru/searchword.php?
razdel=1&qs=%F1%EE%ED%E3%E8%ED&ok=%CD%E0%E9%F2%ES,,Conrun  HMocud
BunanucnaBoBuu, 1894 r. p., ypoxenenm r. PocToB-Ha-JloHy, mOJsK, OecnapTUHHBIH,
HHXEHEP-KOHCTPYKTOP 3aBoxa uM. Ctanuua, npoxusan: r. Jlenunrpan, [lonrocTpoBckas
Ha0., 1. 25/2, kB. 39. ApectoBan 4 okTa0ps 1937 r. Komuccueit HKB/] u ITpokypaTypsl
CCCP 22 nos6ps 1937 r. npuroBopen 1o ct. cT. 58-7-9-11 YK PC®CP «k BbIcuieit mepe
Haka3aHus. Pacctpensn B r. Jlenunrpan 27 nostops 1937 r.”


http://visz.nlr.ru/searchword.php?razdel=1&qs=%F1%EE%ED%E3%E8%ED&ok=%CD%E0%E9%F2%E8
http://visz.nlr.ru/searchword.php?razdel=1&qs=%F1%EE%ED%E3%E8%ED&ok=%CD%E0%E9%F2%E8
http://visz.nlr.ru/searchword.php?razdel=1&qs=%F1%EE%ED%E3%E8%ED&ok=%CD%E0%E9%F2%E8
http://visz.nlr.ru/searchword.php?razdel=1&qs=%F1%EE%ED%E3%E8%ED&ok=%CD%E0%E9%F2%E8
http://visz.nlr.ru/searchword.php?razdel=1&qs=%F1%EE%ED%E3%E8%ED&ok=%CD%E0%E9%F2%E8
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when he was arrested in 1937) that his father Vladislav Osipovich Songin was a
nobleman (in Russian “dvoryanin”) and member of a shareholder of the “Sankt
Peterburg Metal Factory” [58] where he served in different functions, and from
1912 to 1916 as director (these dates differ from those on the official website of the
factory®® given above). Being a nobleman has certainly aggravated the case of his son
Tosif Vladislavovich. According to the declaration of Tosif Vladislavovich Songin, he
had a sister, Sof’ya Vladislavnova Songina, at that time 47 years old, and his wife
(i.e., Ol’ga Al'fredovna Songina) had a brother, Boris Al'fredovich Rode (Rohde)
(Sankt Peterburg 1893—Frunse 1944) at that time 44 years old. O. A. Songina did not
receive any information about the fate of her husband until the year 1957 when she
has received an official note that he died in a camp in 1942. However, in fact, he was
arrested on October 4th, 1937, sentenced to death on November 22nd 1937, and
executed on November 27th 1937 [60]! In August 1957, her husband and the two
others [61] were officially rehabilitated (file No. 6202 of August 31, 1957, of the
Military Tribunal of the Leningrad Military Region). The execution of I. V. Songin
was part of the “Great Purge” in 1937/1938, i.e., the political repressions of the Stalin
time in the Soviet Union. In a handwritten CV, dated April 12th, 1959, Songina
mentions: “In 1957, I received the information that my husband died in January 1942
in a camp, and in August of the same year (1957) my husband was post-mortem
rehabilitated (reference 31/VIII-57, No. 6202) of the Military Tribunal of the Lenin-
grad Military District.” The author of this paper has a copy of the latter document.
There is indeed only written “The decision of the Commission of the NKVD and the
Procurator of the USSR of November 22nd 1937 in relation to I. V. Songin is
cancelled and the case is dismissed for lack of produced evidence.” Indeed it must
be assumed that O. A. Songina has never received the true information about the
murder of her husband. In 1937 the only daughter of O. A. Songina died at the age of
8 from scarlet fever in Leningrad.”’ In February 1938 Songina started in Frunze in the
“Kirgizian Pharmacy Control Board,” first as analytical chemist, then as head of the
laboratory, and finally as head of the chemical department. In 1939 she could start her
own research work, and in 1941 she went to Leningrad to defend her diploma thesis
which was granted with distinction. Figure 5.5.1.3 shows a photo of O. A. Songina
from 1942, and it is clear what hardship she has experienced in the years before.

In 1943 she was invited to join the Institute of Chemistry of the then created
Kirgizian Branch of the USSR Academy of Sciences. There she worked in the area
of analytical chemistry of rare metals. During the Second World War, Songina
participated in establishing ore laboratories in the Tian Shan mountains; in partic-
ular she developed express methods for the determination of molybdenum and
tungsten. During that time she also lectured on analytical and pharmaceutical
chemistry at a medical school, and she gave a course on general chemistry at the

26 http://lmz-150.ru/content/view/19/43/

2T Information from Nadiya Serikbayevna Sharipova (Hamust CepuxGaesua Ilapumosa),
Alma-Ata.


http://lmz-150.ru/content/view/19/43/
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Fig. 5.5.1.3 Ol'ga
Al’fredovna Songina in
1942 [55]

Frunze-division of the “Leningrad Institute of Electro-technique and Transport of
Communication Engineers.” In April 1945, she defended her thesis of a “candidate
of science” (equivalent to Ph.D.) in Alma—Ata (now Almaty; Alma—Ata was the
capital of the Kazakh Soviet Republic) at the Chemical-Metallurgical Institute of
the Kazakh Branch of the USSR Academy of Sciences. The title of her thesis was
“The determination of tungsten in natural products.” After the defense, Songina
was invited to join the Institute of Mining and Metallurgy of the Kazakh Academy
of Sciences and to read a lecture course on rare metals. In the autumn of 1945 she
moved from Frunze to Alma—Ata. Being a metallurgical engineer she gave a course
of lectures on the metallurgy of rare metals and supervised research on mineral
resources and analysis of rare elements. The lecture course was the basis of the
monograph “Rare Metals” [58] published in 1951 as the first book on that topic in
the USSR. This book is still regarded as an encyclopedic source and the former
students of Songina have translated it in 2005 to Kazakh language [62]. In 1957
O. A. Songina became “Doctor of Science” (equivalent to “habilitation” in Ger-
many; qualifying her for a Professor position). From 1950 to the last days of her life,
Songina worked at the Kazakh State University (S. M. Kirov University*® during
USSR times, now Al-Farabi Universityzg), first as Professor of Analytical Chem-
istry (since 1959), later heading the Chair of Chemistry of Rare Elements. In 1970
O. A. Songina became a corresponding member of the Academy of Science of the

28 Sergey Mironovich Kirov (Cepreit Mupounosuu Kupos) (1886—-1934) was a Russian revo-
lutionary and leader of the Communist Party of Leningrad when he was shot in his office in the
Smol’nyy Palace in 1934.

2% Abii Nasr Muhammad ibn Muhammad ibn Tarkhan al-Farabi (c. 872—c. 950) was a universal
scholar who has contributed to astronomy, alchemy, physics, psychology, philosophy, etc. (see

[63]).
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Fig. 5.5.1.4 O. A. Songina
in 1961 [55]

Soviet Republic of Kazakhstan, which was an exceptional high honor. She has
received a number of other honors, e.g., in 1968 she became a honorary member of
the “All-Union Mendeleev Chemical Society” (now ‘“Mendeleev Russian Chemical
Society”), and she has received the “Order of the Red Banner of Labor.” She was a
member of the editorial board of “Zhurnal analiticheskoy khimii” (Russian Journal
of Analytical Chemistry) and of “Talanta,” and an associate member of the [UPAC
commission on electroanalytical methods of analysis. Figure 5.5.1.4 shows O. A.
Songina in 1961.

Solid-State Electroanalysis

The scientific work of O. A. Songina covers a wide spectrum of topics, including
polarographic solution analysis of dissolved inorganic and organic compounds,
amperometric titrations, and direct electroanalysis of solid compounds. In Russia,
Songina is still mainly remembered best for her work on amperometric titrations
which she has described in three books [61, 64, 65]. Here, the focus will be on her
contributions to the development of electroanalytical techniques to study solid
materials without a preliminary dissolution, i.e., to study the electrochemistry of
solid materials directly. It is not surprising that she has very early understood the
need to develop such techniques in the course of her work devoted to the analysis of
ores and minerals. The first approach to the electrochemistry of solid materials was
to perform polarographic measurements in suspensions of solid particles, and later
she started to work with graphite paste electrodes poised with solid particles, the
analyte.
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Studies of the Electrochemical Behavior of Suspensions of Solid Particles

In the middle of the last century, Herbert Laitinen [60] and Izaak M. Kolthoff [66]
have shown that silver halides exhibit electrochemical activity when suspended in
aqueous solutions [67-71]. Soon after, Karel Micka started at the Jaroslav
Heyrovsky Institute in Prague systematic studies of the polarography of suspensions
[72-77], and Robert Kalvoda has reported on the oscillopolarographic behavior of
particle suspensions [78]. The interest of Songina in the electrochemistry of sus-
pensions was apparently fueled by her work on amperometric titrations where
“anomalous” titration curves have been observed when precipitation titrations
were followed by amperometry, as for example in case of the precipitation of
mercury(Il) ions by iodide ions [79]. In 1961 Songina published together with
Vladimir Zakharov (see Fig. 5.5.1.5)* a paper on the electrochemical behavior of
mercury(Il) iodide on a rotating platinum wire electrode (length 4 mm, diameter
0.5 mm) [80]. This electrode was the same which she usually used in amperometric
titrations. The literature survey in that paper covers the international literature until
1960, which is remarkable at a time without electronic transmission of papers, and
given her rather remote working place, Alma—Ata in Kazakhstan. In this publica-
tion, Songina showed that Hgl, can be reduced to Hg, and they supposed that the
oxidation to I, (possibly even to iodate) proceeds with the intervening of platinum
oxides. In 1965 Songina published together with Mariyam Dausheva (see
Fig. 5.5.1.6)*" another paper on the electrochemistry of sparingly soluble com-
pounds of mercury (red and yellow HgO, Hg,Cl,, Hg,Br,, Hg,1,, and Hgl,), this
time using a dropping mercury electrode [81]. There the authors describe the visual
observation that the suspended particles stick to the surface of a stationary (hang-
ing) mercury drop at and around the potential of zero charge (pzc), i.e., in that
potential range where a broad current peak is observed (see Fig. 5.5.1.7).
Referring to Micka, the authors explain their findings as being due to adsorption
of the particles at and around the pzc, similar to the adsorption of organic com-
pounds. According to a personal communication from Dausheva,’® Alexander
Frumkin [84] became interested in these studies [82] as he has previously studied
the attachment of gas bubbles to surfaces (see further down). Frumkin has invited
Dausheva to the Institute of Electrochemistry in Moscow, and Dausheva has
worked there for 2-3 months per year to study the attachment of positively and
negatively charged carbon particles. She continued these studies in Alma—Ata.
Dausheva and Songina published a most remarkable review on the electrochemistry
of suspensions in 1973 in the Russian journal “Uspekhi khimii” [85] (the English

30Vladimir Andreyevich Zakharov (Bnagumup Anapeesnu 3axapos) was a student of O. A.
Songina and he followed her in 1981 as Chair of Analytical Chemistry at the University of Alma-
Ata, keeping that position until 1995.

31 Mariyam Rakhimovna Dausheva (Mapusim PaxumoBna Jlaymesa) made her PhD with O. A.
Songina in 1969, and worked as postdoc in the Frumkin Institute of Electrochemistry in Moscow.
3 Mariyam Rakhimovna Dausheva, December 2012.
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Fig. 5.5.1.5 O. A. Songina with V. A. Zakharov in 1984 (reproduced with permission—{[55])

Fig. 5.5.1.6 O. A. Songina in 1961 together with her students. First row from /eft to right: Gena
Makarov, Sonya Sinickaya, Ol’ga Al'fredovna Songina, Anya Yermenko, Nadiya Sharipova.
Second row from /eft to right: Vadim Grigor’yevich Barikov, Zoya Borisovna Rozhdestvenskaya,
Olya Enyutina, Mariyam Rakhimovna Dausheva, Andrey Brandt (Courtesy of M. R. Dausheva)
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Fig. 5.5.1.7 Voltammogram recorded in a suspension of Hg,I, (0.01 mol L") in a KNOj solution
(0.1 mol L"), Underneath the voltammogram sketches of the electrodes with the visually
observed adhering particles are displayed. This figure was originally published in [82]; the figure
shown here is reproduced from [83]

appearance of
electrode

translation co-published in “Russian Chemical Reviews” [86]). This review is not
only a very detailed analysis of the literature, but the authors present theoretical
conclusions and explanations of the mechanisms governing the electrochemistry of
suspensions. Obviously these interpretations have been influenced by Dausheva’s
work in Moscow and her discussions with Frumkin. Referring to papers published
by Frumkin in 1938 [87, 88] on the stability of surface films, especially with
reference to flotation, the authors argue that it is the stability of the solution film
separating the electrode and the particle: The interfacial tension (y) depends on the
electrode potential (E) according to the Lippmann equation:

Y = Vmax — C(E - EPZC)2/2

(Ymax: maximum surface tension, E,,.: potential of zero charge, C: differential
capacitance). Frumkin has shown in his two papers that gas bubbles most easily
attach to an electrode surface at the potential of zero charge (pzc), and the
increasing interaction of the charged electrode with the electrolyte solution at
potentials deviating from the pzc leads to an increasing stability of the solution
film and hence to a more difficult attachment of gas bubbles. One may understand
the attachment of dispersed solid microparticles on an electrode as a competition of
the electrowetting of the electrode surface by the electrolyte solution, and the
interaction of the electrode surface with the surface of the particles. Clearly the
latter kind of interaction will also comprise van-der-Waals interactions between the
electrode and the particles, and, if the particles are charged, also Coulomb
interactions.
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The Development of Paste Electrodes to Study the Electrochemical
Behavior of Solid Phases

Referring to the papers of Ralph Adams [89] in 1958 and 1960 in which he has
introduced graphite paste electrodes [90, 91], and to the paper of Kuwana and
French published in 1964 [82] where the preparation of a graphite paste electrode
with an admixture of solid particles has been described, Songina started to study the
electrochemistry of minerals by using graphite paste electrodes with an admixture
of mineral powder. In 1966 Songina and V. G. Barikov(see Fig. 6) filed a USSR
patent [92], cited in [93] for using modified graphite paste electrodes for analysis. It
is surprising that modified graphite past electrodes have been used rather late for
analytical purposes, because Morehouse and Glicksman started already in 1956 to
publish a series of papers on using composite carbon paste electrodes for evaluating
the properties of solid inorganic and organic compounds for use in batteries [83,
94-96]. The time lag of 8 years between these papers and that of Kuwana and
French may indicate that there was already a lack of communication between
electrochemists working in the battery business and in analysis. Songina has
published a number of papers on the electrochemical behavior of solid compounds
in graphite paste electrodes: sulfides of Zn, Pb, and Cu [97, 98], tungsten oxides and
tungstates [99], vanadium oxides,” and copper oxides [101, 102]. Songina has
studied the vanadium oxides V,03, V,0,4, and V,0s. V,0j is oxidatively dissolved
to vanadium(IV) in acid electrolyte solutions, whereas in neutral or alkaline solu-
tions, it is oxidized to vanadium(V). V,0y, is oxidatively dissolved only in neutral
and slightly acidic solutions. V,05 can be reductively dissolved in sulfuric acid.
Conditions could be defined to selectively quantify V,05 in the presence of V,0,
and V,0s. One paper of Songina was devoted to the reproducibility of measure-
ments with composite carbon paste electrodes, as this is for analytical purposes a
most important feature: she has reported that standard deviations between 2 and 3 %
can be achieved, although 2—-11 % are frequently observed [103, 104]. In another
publication Songina considered the different possible mechanisms of electrode
reactions of solid compounds dispersed in carbon paste electrodes: she clearly
identified three possibilities [105]: (1) The solid compound does not chemically
react with the electrolyte solution and is converted electrochemically in a solid-
state reaction; (2) The products of the direct electrochemical conversion of a solid
compound react with the electrolyte to form a sparingly soluble product which is
not electroactive; and (3) The solid compound undergoes a chemical reaction
(dissolution) with the electrolyte solution, in which case the dissolved species
may be (a) less electroactive or (b) more electroactive than the solid. To distinguish
these different cases, she has formulated clear criteria which refer to the depen-
dence of peak currents on the electrolyte concentration and on the time of contact of
the paste electrode with the electrolyte solution. In this paper, one can see Songina’s
clear-cut thinking and elegant arguing. Especially V. G. Barikov and Z. B.

3311001, and papers cited there.
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Fig. 5.5.1.8 O. A. Songina
with Zoya Borisovna
Rozhdestvenskaya in the
laboratory

Rozhdestvenskaya (see Fig. 5.5.1.8) have collaborated with Songina in the paste
electrode project. Figure 5.5.1.8 shows O. A. Songina together with Z. B. Rozhdest-
venskaya in the laboratory.

Paste electrodes are still a topic of research and development, as three recent
reviews testify [106—108]. Unfortunately, there the contributions of Russian scien-
tists have been widely ignored.

The Legacy of Ol’ga Al'fredovna Songina

Ol’ga Al'fredovna Songina’s life was paved with hardships which are unimaginable
for contemporary Western scientists. The torments connected with the loss of the
dearest persons, her husband and her daughter, could not prevent that she became a
most respected scientist who has greatly contributed to the development of elec-
trochemical solid-state analysis. Growing up and receiving her basic education
before the revolution of 1917 in the capital Sankt Peterburg, she had to experience
the total turnaround of all social conditions, the debasement of what was then
regarded as bourgeois values, like the knowledge of foreign languages, etc. Her
life is a typical example for what intellectuals experienced during the Soviet time;
and yet they usually did not speak to anybody, even not to nearest friends about
their problems. A deep love of their country and of science kept them working and
striving for truth and educating the youth in the spirit of scientific ethics and human
values. This is also what her students remember. In Songina’s research group was
nothing of the then popular and ideologically based campaigning “against foreign
influence,” etc. People who do know her from conferences still remember her
elegant and erudite style, her mastery of language, her logics of arguing, and her
highly cultivated manners as signs of a civil education long gone by.** We should

34 Personal communication from El’za Arminovna Zakharova (Tomsk).
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never forget Ol’ga Al'fredovna Songina for her exceptional human qualities and
intellectual contributions to science. All people who had the great fortune to work
with O. A. Songina vividly remember her human qualities (see, e.g., the memories
of M. R. Dausheva and E. A. Mambetkaziev in Footnote 25). Although her personal
fate was so hard, she was most kindly attached to people, especially to her students
and coworkers, always being most attentive to their problems. The level of erudi-
tion, not only with respect to science, but also to culture and languages, was
exceptional and highly admired by her environment.

Songina’s contributions to electrochemistry were especially far-reaching, as her
publications on modified carbon paste electrodes paved the way for a rapid and very
intensive development of the electroanalysis of solid materials in the USSR,
especially by Brainina [109—111], Zakharchuk® and others. Reading her papers
one can easily see that she was much ahead of her time, and many of the problems,
especially the mechanism of direct electrochemical conversion of one solid phase to
another, are still intriguing problems which now can be studied, e.g., with AFM
[112-117] allowing much deeper insight. Songina’s work will always be remem-
bered as fundamental for the establishment of solid-state electroanalysis as a
scientific field of its own [118].

5.5.2 The Electrochemical School of Kh’yena (Anna)
Zalmanovna Brainina

Fritz Scholz

Kh’yena (Anna) Zalmanovna Brainina (Fig. 5.5.2.1) was born on May 26, 1930, in
Stalingrad (now Wolgograd). She was a diploma student of A. G. Stromberg [119,
120], when he was at the Ural State University in Sverdlovsk (now Yekaterinburg).
After finishing University, she wanted to start her PhD, but was not allowed so
because of her Jewish descent. At that time, such discrimination was a common
practice in the USSR. So, she had to move to Ufa. At the same time, Stromberg left
Sverdlovsk for Tomsk. Two years later, she returned to Sverdlovsk and worked as
an engineer on the chemical factory, but her love for polarography was still alive.
She worked for her PhD from 1956 to 1959 in Sverdlovsk. From 1959 to 1968 she
was a senior researcher at the All-Union Scientific and Research Institute of
Chemical Reagents (VNII khimicheskikh reaktivov) in Donetsk (now Ukraine).
There she had to solve the task to determine traces of silver in lead. Of course, silver
could be electrodeposited on mercury, but the selective anodic dissolution was not
possible. She remembered the talks of Stromberg, Yudif® Isaakovna Vajnshteyn,
and Yevgenya Nikolayevna Vinogradova about stripping voltammetry at the
Kishinyev conference on polarography (1959), and she had the idea to use solid

35 See the special issue (2012) J Solid State Electrochem 16, No 7.
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electrodes instead of mercury electrodes. At that time people approached the new
idea with great skepticism, but Aleksandr Naumovich Frumkin said (freely trans-
lated from [121]) “Why should it be impossible? One should get it.” This statement
of Frumkin strongly encouraged Brainina to be on the right track and was most
important and dear to her. Of course, it was just another example of Frumkin’s
open-minded thinking and imaginative abilities (see also the Chap. 4). In 1967
Brainina defended her doctoral thesis about SV at solid electrodes entitled “Film
voltammetry. Theory and practice of the method” at Moscow University. In this
thesis, she described the behavior of solid electrodes, which are only partially
covered by electrodeposited solid compounds. This was the basis of the first book
about SV with solid electrodes, published in Moscow (1972) [122] and 2 years later
its translation was published by Wiley&Sons (1974 [123]). Together with
Ye. M. Royzenblat she has discovered that the poor reproducibility of SV on
solid electrodes is due to the formation of solid solutions and intermetallic com-
pounds. They solved the problem by adding mercury ions to the solution as to plate
simultaneously mercury and the trace metals [124]. The paper was submitted in
1966 to Elektrokhimiya but only printed in 1969; the known paper of Florence (who
did not know the Russian paper) [125] was published a year later. (See also the
Chap. 16). Brainina has published the results in a number of mentioned and other
books, which also have been translated to English [109, 126, 127]. There she has
summarized the investigations made in Donetsk and in the first years in Sverdlovsk
(now Yekaterinburg), where to Kh.Z. Brainina has been invited.

In 1968 Kh.Z. Brainina was invited as a Professor and Chief of physical and
analytical chemistry Department in the new Sverdlovsk Institute of National Econ-
omy (now Ural State University of Economics). There she has started investigations
in development and application of electroanalytical methods in environmental and
health monitoring. There, in Yekaterinburg, phenomena connected with transitions
in the raw macro-micro-nanoelectrodes attracted the attention of Brainina’s team,
in particular of N. Stozhko. The approaches and results have been published in
coauthorship with N. Stozhko in JSSE [128, 129]. Later, a series of papers devoted
to the electrochemistry of nanoparticles and its application in chemical and bio-
chemical sensors have been published in the same and other journals [130,
131]. The approach is based on taking into account thermodynamics of
nanoparticles (including Gibbs Free Energies). The theory was verified with several
examples, e.g., of bismuth nanoparticles [132], of gold nanoparticles [133], and of
silver nanoparticles [134]; polydispersity and size effects [135] and substrate
effects [136] were examined. It has been shown that transition from macro to
micro and nanostructured electrodes is accompanied by changing of their electro-
chemical properties, which improves the sensory properties. Fundamental research
in this field served as the basis for the development of solid sensors for analytical
and bioanalytical applications [128, 129, 137—-140]. These results also showed that
electrochemical methods can be used to provide information on the thermodynamic
and kinetic properties of nanoparticles itself.

The other new and important branch of Brainina’s team is the development of
assays for the oxidant/antioxidant activity (detection of radical scavengers) in the
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Fig. 5.5.2.1 Kh’yena
(Anna) Zalmanovna
Brainina

chain food-nutrients-pharmaceuticals-biological fluids. The realization of this
chain, in particular in medical diagnostics, provides the possibility to evaluate
oxidative stress in human body. The proposed method is potentiometry with the
use of a mediator system. It is developed in two variants: (1) solutions analysis
(food, etc. [141], blood and its fractions [ 142], invasive variant, and other biological
liquids) and (2) skin antioxidants/oxidants level evaluation-nonivasive variant
[143]. Semiautomatic potentiometric analyzers «Antioxidant» for liquids and
«PA-S» for skin have been developed.

In 2013 a special issue of J. Solid State of Electrochemistry has been dedicated to
Anna Brainina [144].

5.5.3 Yefim Mikhailovich Royzenblat, Eleonora Yakovlevna
Sapozhnikova and the Development of Electrochemical
Solid-State Phase Analysis in Donetsk

Nina A. Kolpakova and Fritz Scholz

Yefim Mikhailovich Royzenblat (Fig. 5.5.3.1) was born January 8, 1937, in Kiev in
the family of a worker. During the war the family has been evacuated to Tyumen,
returning in 1945 to Kiev. His father was killed in WW II at the front already in
1941. Royzenblat joined the Faculty of Chemical Technology of the Kiev Poly-
technic Institute in 1954. After finishing the Institute, he was accepted at the
All-Union Scientific and Research Institute of Chemical Reagents (VNII
khimicheskikh reaktivov) in Donetsk (Ukraine) and joined the group of
Kh. Z. Brainina. He has defended his PhD thesis entitled “The determination of
microquantities of anions with the method film polarography with
preconcentration” in 1964. The work was jointly supervised by Brainina (Donetsk)
and Stromberg (Tomsk). The following about 25 years he has devoted to electro-
analytical chemistry. Eleonora Yakovlevna Sapozhnikova (Fig. 5.5.3.1) defended
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her PhD thesis entitled “Application of organic reagents in film polarography” in
1967. The work was supervised by Brainina. Together with his wife Sapozhnikova
and other coworkers, Royzenblat has cultivated the use of paste electrodes for the
study of solid compounds dispersed in carbon paste electrodes. This direction of
research was started by Kuwana and French in the USA [82] and cultivated by
Songina and her group in Alma-Ata (see the Sect. 5.5.1) [92, 145]. Electrochemical
studies of solid phases, be they dispersed in a graphite paste electrode or dispersed
as deposits on the surface of solid electrodes, did nowhere in the world find more
attention in research than in the former USSR where this work is inseparable
connected with the names O. A. Songina (Alma-Ata), Kh. Z. Brainina (Donetsk,
Sverdlovsk/Yekaterinburg), Ye. M. Royzenblat/E. Ya. Sapozhnikova (Donetsk),
and N. F. Zakharchuk (Akademgorodok/Novosibirsk). This research is a kind of
solid-state phase analysis with the ultimate goal to establish the relations between
structure and composition of solid phases and their electrochemical behavior.
Knowing these relations is essential (1) for qualitative phase analysis, i.e., answer-
ing the question, what phases are present; (2) for quantitative phase analysis, i.e.,
determining the ratio of phases; (3) for acquiring information about the corrosion
behavior of solid phases; (4) for understanding the pathways of solid-state electro-
chemical transformations; (5) for developing theories of solid-state electrochemical
transformations and dissolutions of solids (see Sect. 5.5.2); and not at least (6) for
understanding stripping voltammetry when solid phases are involved. Thus, this
topic is of very wide significance. The papers of Royzenblat and Sapozhnikova are
clearly demonstrating this. Relations between the electrochemical behavior of
solids and their inner as well as their surface structure have been elucidated (see,
e.g., [146-152]). They have addressed also the mechanism of electrochemical
reactions of electronically nonconducting phases, where the electrochemical con-
version is preceded by a chemical reaction forming electrochemical active species
at the three-phase boundary. According to the proposed model, the electrode
process starts with the formation of a protonated surface complex localized at the
three-phase junction graphite-oxide-solution. The mass transport is confined to a
surface layer of the oxide. The overall current was statistically modeled as the sum
of the currents of the single microelectrodes. The theoretical model was supported
by experimental data for the reduction of y-Fe,O3, PbO,, and MnO,. Royzenblat
also studied the dissolution of metals from mercury film electrodes [153—155].

Royzenblat (together with Kh. N. Brainina) was the first who published what is
now known as the thin-film mercury electrode (on graphite) [124] (see the
Chap. 16). He has also developed impregnated graphite electrodes [156] which
have been used very successfully around the USSR.

Yefim Mikhailovich Royzenblat and Eleonora Yakovlevna Sapozhnikova have
been a married couple and they have been inseparable in their research.
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Fig. 5.5.3.1 Yefim Mikhailovich Royzenblat and Eleonora Yakovlevna Sapozhnikova (January
1, 1938-May 25, 1986)

5.5.4 Electrochemistry in Akademgorodok/Novosibirsk
Fritz Scholz and Nina A. Kolpakova

Many innovative contributions to electroanalysis came from Nina Fyodorovna
Zakharchuk (Fig. 5.5.4.1), working at the Institute of Inorganic Chemistry of the
Academy of Science (Siberian Division), Akademgorodok (the Academy city near
Novosibirsk). She was born in Omsk Oblast (south-western Siberia), the daughter
of a farmer in the former Soviet Union. She studied chemistry at the University of
Alma-Ata (now Almaty) in Kazakhstan where she worked for her candidate of
science degree (PhD). There, her scientific work supervised by Mikhayl
Tikhonovich Kozlovskiy, a leading specialist in electrochemical analysis, and
also by Ol’ga Alfredovna Songina (see the Sect. 5.5.1). In 1966 Iosif Gershevich
Yudelyevich (1920-1993) invited N. F. Zakharchuk to build up an electroanalytical
group at the Institute of Inorganic Chemistry in Novosibirsk and N. F. Zakharchuk
moved to this place in the same year and continued her work there as a senior
researcher. In 1968 she submitted her scientific work as a PhD thesis
(in USSR/Russia: candidate of science degree) at the State University of Kazakh-
stan in Alma-Ata, although she never had the official status of a PhD student there.
Over her lifetime, Zakharchuk has contributed significantly to a wide spectrum of
topics in electrochemistry and electroanalysis, especially stripping voltammetry.
One of her most important achievements has been the development of electrochem-
ical methods of phase analysis. In particular, she has developed techniques, which
allow obtaining specific signals for various phases when the latter are present on
electrode surfaces. This technique has found wide application in the phase analysis
of oxide films on semiconductor surfaces [157-161] and was reviewed recently in
[162]. In addition, she has cooperated widely with solid-state chemists inside her
Institute, and has succeeded in studying the electrochemistry of various metal
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Fig. 5.5.4.1 Nina
Fyodorovna Zakharchuk

cluster compounds and high-temperature superconducting phases [163]. Besides
solid phase analysis, Zakharchuk has also had a long-standing interest in graphite
paste electrodes for electrochemical phase analysis, and several of her papers
concern the preparation and properties of mercury film electrodes for stripping
voltammetry of soluble species [164—166]. Indeed, stripping voltammetry has
always been of central concern to her, and in this field, she has contributed a
large number of important papers. Recently, she has even extended her research
to the field of biochemical analysis, such as the determination of thiols and
disulfides in blood [167, 168]. Together with M. S. Zakharov (see the Sect. 5.8),
she has published a monograph on electrochemical methods for natural and waste-
water analysis [169].

Robert Yul’yevich Bek (Fig. 5.5.4.2) was an eminent electrochemist working at
the Chemical-Metallurgy Institute of the Siberian Division of the Academy of
Science in Akademgorodok. Born in Baku on May 22, 1933, he has studied in
Moscow at the Mendeleev Institute of Chemical Technology which he finished in
1956. He then worked for 2 years at a factory in Podolsk, but because this work did
not satisfy him, he returned in 1958 to the Mendeleev Institute working for his PhD
until 1961. In 1962 he moved to Akademgorodok. His main research interest
concerned the kinetics of metal deposition. He has discovered the effect of accel-
eration of mass transport during cathodic metal deposition from solutions
containing complex cations of multicharged metal ions with negatively charged
ligands [170]. He has also developed porous flow-through electrodes for metal
extraction [171], which were applied in industry for gold production. He is also the
inventor of a device for mechanical removing an upper layer of the electrode
surface directly in the electrolyte solution so that the electrochemistry can be
studied on a freshly prepared electrode surface [172]. Most important contributions
to technique of in situ cutting a layer from the electrode surface were made by Yuriy
Borisovich Klyetenik (Fig. 5.5.4.3), a coworker of Bek. This technique allowed
studies of the role of adsorbed ions on metal deposition, e.g., the effect of adsorbed
lead hydroxo complexes on silver electrodeposition [173]. The invented method of
surface renewal was also suggested for electroanalysis [174, 175]. Bek also
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Fig. 5.5.4.2 Robert
Yul’yevich Bek (May
22, 1933-June 6, 2012)

Fig. 5.5.4.3 Yuriy
Borisovich Klyetenik
(1937-1997)

addressed the effect of high voltage for electrodeposition, even for
electroanalysis [176].

5.6 Stripping Voltammetry in Moscow
Nina A. Kolpakova and Fritz Scholz

In the beginning of the 1950s, the USSR government has decided to establish a
number of so-called problem laboratories (here the less literal but better translation
“Special Research Laboratory” will be used) to improve the scientific research. On
suggestion of academician I. P. Alimarin, three centers for the development of
voltammetric and chronopotentiometric methods were founded: at Moscow State
University (MSU), at the Vernadsky Institute of Geochemistry and Analytical
Chemistry, and in Tomsk at Polytechnic Institute. In Moscow this research was
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Fig. 5.6.1 Yevgeniya
Nikolyayevna Vinogradova

started by Yevgeniya Nikolyayevna Vinogradova (1901-1987) (Fig. 5.6.1). She
was born on December 11, 1901, and graduated at the Chemical Faculty of MSU at
the chair of Physical Chemistry. Before her studies she worked at “Okna ROSTA”
(meaning window of ROSTA, i.e., the Russian Telegraph Agency), which was an
enterprise producing political propaganda posters, and she worked also in a kin-
dergarten in Khot‘kov. She stayed at the chair of Analytical Chemistry at MSU
from 1949 to 1973. Under her supervision, one of the first polarography laboratories
in the USSR was established and stripping voltammetry was the main topic.

As mentioned before, the first publications on the use of a stationary mercury
drop electrode in stripping voltammetry have been published by Stromberg and
Gorodovykh (Tomsk) and Vinogradova and Prokhorova (Moscow), and Sinyakova,
Shen’ Yu-chi (Moscow) [20, 177, 178]. At MSU the first scientists using stationary
electrodes for stripping voltammetry were Galina Vasil’yevna Prokhorova,
Lyudmila Nikiforovna Vasil’yeva, and Anatoliy Ivanovich Kamenyev. Important
contributions to the development of stripping voltammetry came from Lyudmila
Nikiforovna Vasil’yeva (Fig. 5.6.2). She was born April 19, 1934, and she finished
her studies at MSU in 1956, where she then started her PhD project. At the
beginning, she studied the distribution of the deposited metal in the mercury droplet
[179], the effect of electrode surface area, electrolysis time, and stirring rate of
solution. At that time there was some controversy in the literature about the
distribution of the deposited metal in the mercury droplet and about the effect of
drop radius, time of deposition, and stirring rate of solution on the results. To
approach these questions by theory, the heat transfer through a sphere was studied.
Results showed that for drop of radius 0.4 mm and average diffusion coefficients,
after 30 s of electrolysis there is at any point in the droplet a metal concentration
linearly depending on preconcentration time, which was the basis of understanding
theoretically the experimentally found dependencies of anodic peak current on
electrolysis time and metal concentration in solution [179, 180]. Analogous results
have been obtained by the coworkers of Stromberg in Tomsk [181, 182]. In [180]
the exhaustion of the solution was addressed. These studies were continued by
Vasil’yeva using graphite and mercury film on graphite electrodes. They are
reported in a book published in 1973 [183]. The task to determine gold prompted
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Fig. 5.6.2 Lyudmila
Nikiforovna Vasil’yeva

studies of electrodeposition on graphite electrodes. Vasil’yeva was the first to
realize that two energetically different forms of deposits have to be distinguished,
namely a monolayer, and a bulk deposit [184, 185]. Vasil’yeva could determine the
surface area of the metal deposit based on rather simple models [186, 187]. In the
following years, these studies have been continued by the coworkers of Stromberg
in Tomsk [188, 189]. Vasil’yeva’s papers were frequently cited and she defended
her “doctor of science” thesis and became a leading scientist in GINCVETMET
(“Gosudarstvennyy Nuchno-issledovatelskiy Institut Cvetnykh Metallov” in
Russian, i.e., State Research Institute of Non-Ferrous Metals).

Electroanalysis has developed in Moscow also thanks to the lasting achieve-
ments of Sof’ya II'inichna Sinyakova (Fig. 5.6.3) (March 8, 1901-November
1, 1970). From 1920 to 1927, she studied at Moscow University [56] at the Faculty
of Physics and Mathematics (which later became the Chemical Faculty). From 1927
to 1936 she worked at the All-Union Institute of Work Safety. In 1938 she became
“candidate of science” (PhD) in Biology. In 1936, she joined the Vernadskiy
Institute of Geochemistry and Analytical Chemistry (GEOKHI), where she worked
under the guidance of V. I. Vernadskiy, developing methods for the determination
of small metal concentrations by colorimetry and polarography. Vernadskiy
became acquainted with polarography in Prague when he visited the laboratory of
Heyrovsky (see the Sect. 3.2 and also the Sect. 5.2). She has developed many
stripping voltammetric and polarographic analyses methods, including those using
catalytic polarographic currents, e.g., for the determination of Mo, Nb, and
Fe. Together with T. A. Kryukova and Tat’yana Vasil’yevna Aref’yeva, she has
published a book on polarography, which was very popular in the second half of the
twentieth century [190].

AT MSU, analysis with stripping voltammetry was continued by Anatoliy
Ivanovich Kamenyev (Fig. 5.6.4), born on November 7, 1933. He finished chem-
istry studies at MSU in 1956 and then started his PhD project under the supervision
of Ye. N. Vinogradova. In 1974 at the chair of Analytical Chemistry there was
founded a united laboratory for electrochemical methods under the guidance of
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Fig. 5.6.3 Sof’ya Il'inichna
Sinyakova

Fig. 5.6.4 Anatoliy
Ivanovich Kamenyev and
Elza Arminovna
Zakharova, Tomsk 2010

Prof. Perch Karlovich Agasyan (Fig. 5.6.5). This laboratory dealt for many years
with fundamental questions of electroanalysis, including stripping voltammetry
[191]. The researchers of the laboratory studied the electrochemical behavior of
TL, Bi, Sb, Pb, Cd, Cu, In, and Co at a mercury drop hanging on a gold, silver, or
platinum wire, or at a Kemula-type mercury drop electrode [192-194]. They
showed that a Hg drop hanging on silver has to be preferred. Mathematical design
of experiments allowed finding the optimal conditions for highest sensitivities.
Later Anatoliy Ivanovich Kamenyev was the leader of this laboratory, and both
stripping voltammetry and stripping chronopotentiometry have been further
advanced, methodologically and by instrumental developments [195-197].

To the Moscow electroanalysts belonged also Yevgeniy Yanovich Neyman
(Fig. 5.6.6), who much too early passed away. Part of his legacy are two remarkable
books published written and published by Kh’yena Zalmanovna Brainina together
with him [198, 199]. In 1968 Neyman has defended his PhD thesis dedicated to the
determination of mercury on a graphite electrode. He worked in a special laboratory
of a central institute of the Ministry of Natural Resources (“Minprirody” in
Russian). In 1978 he has defended his doctor of science thesis entitled “Inverse
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Fig. 5.6.5 Perch Karlovich
Agasyan

voltammetry of microcomponent systems and its application to materials of
non-ferrous metallurgy.” He has studied the interaction of components in the
deposits on electrodes [197, 200], and developed determinations based on adsorp-
tive stripping voltammetry [201].

In the Kurnakov Institute of Inorganic Chemistry of the Academy of Science
worked a research group on the determination of platinum-group metals using
catalytic voltammetric hydrogen waves, as at that time stripping voltammetric
methods for these elements have not yet been available. The main specialist for
platinum-group metals was Natal’ya Anatol’yevna Yezerskaya (Fig. 5.6.7), who
was born in Moscow August 23, 1924. Finishing her chemistry studies at MSU in
1947 she worked for her PhD there until 1951 and then until 1956 as scientific
coworker at the Central Scientific Research Institute of Non-Ferrous and Nobel
Metals (“Central’nyy Nauchni-issledovatel’skiy Geologorazwedochnyy Institut
Cvetnykh I Blagorodnykh Metallov” in Russian). A result of this work was the
book “Instruction for chemical analysis of platinum-group metals and gold”
[202]. In 1955 Yezerskaya defended her PhD thesis entitled “Application of
polarographic and amperometric methods for the analysis of gold-containing prod-
ucts.” After the defense, she returned to the laboratory of analytical chemistry of
platinum-group metals at the Kurnakov Institute, where she worked until her
retirement in 2007. The second book on analytical chemistry of platinum-group
metals and gold was published in 1965. Yezerskaya was a highly esteemed spe-
cialist in coordination chemistry, electrochemistry, and analytical chemistry of
these metals. In 1972 she has published together with coauthors the book ““Analyt-
ical chemistry of platinum-group metals” in the series “Analytical chemistry of the
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Fig. 5.6.6 Yevgeniy
Yanovich Neyman

Fig. 5.6.7 Natal’ya
Anatol’yevna Yezerskaya

elements” [203]. There the physical and physicochemical properties of these
elements were covered as well as their analytical determination, including electro-
chemical methods like those based on catalytic hydrogen waves and coulometry.
When Yezerskaya later visited the USA, she discovered a translation of her book in
a bookstore. At that time translations have been published without mutual permis-
sion, and she decided to buy her own book. In 2003 the next book on analytical
chemistry of Pt-group metals and gold has been published and Yezerskaya actively
participated [204]. During all her years at the Kurnakov Institute, she has elaborated
voltammetric (e.g., [205]) and coulometric [206] methods for the determination of
Pt-group metals, Ag, and Au in inorganic and biological samples.
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5.7 Development of Electrochemistry
and Electroanalytical Chemistry in Moldavia®®

Julia D. Sister
5.7.1 Electrochemistry

The story about the development of electrochemistry in Moldavia has to start with
one of the greatest electrochemists of the twentieth century, with Aleksandr
Naumovich Frumkin (Fig. 5.7.1) who was born in Kishinév in 1895.

From 1812 to 1918, Bessarabia (this is a territory now situated partly in the
Ukraine and partly in the Republic of Moldova) was part of the Russian Empire,
and for 22 years (1918-1940) it was part of the Kingdom of Romania. After that,
with the exception of the war years (1941-1944), it was as the so-called Moldavian
Soviet Socialist Republic (MSSR) part of the USSR. Now it has the official name
Republica Moldova. Shortly after Frumkin’s birth, his family moved to Odessa,
where he received his education and made the first steps in science. The role of
Frumkin in science is dignified in detail in Chap. 4. Although Frumkin did not take
part in the organization of electrochemistry in Moldavia, the beginnings are neatly
connected with his school: the organizer and first Professor and Head of the
Physical Chemistry Section of the Kishin€v State University (KSU) was a student
of Frumkin, Professor Aleksandr Ivanovich Shlygin (Fig. 5.7.2).

Shlygin was an outstanding electrochemist and a remarkable person. He took
part in WW II, and as scientist he worked in Kishinév (now Chisinau) from 1950 to
1953. Among the first students at the Physical Chemistry Section were Valentina

Fig. 5.7.1 Aleksandr
Naumovich Frumkin
(1895-1976)

36 Translated from Russian by Fritz Scholz.
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Ochkina, Emma Grinberg, and losif Vayntraub, who have decided to study at that
Section because of the personality of Shlygin. They all became scientists, and
Ochkina together with Galina Serova, who soon joined her, used electrochemical
methods in their research. In the Institute of Electrochemistry of the Academy of
Science of USSR (AS USSR) people worked from the Analytical Chemistry
Section of KSU and of the Laboratory of Analytical Chemistry of the Institute of
Chemistry of the Academy of Science of the Moldavian SSR (MSSR) (A. Solonar’,
Yu. Sister, R. Tyurin, I. Fishtik, and others). Figure 5.7.3 shows Yakov losifovich
Tur’yan, one of the best electrochemists of the USSR, together with his students,
who stayed as teaching staff at KSU. Tur’yan was in the 50th a docent at the
Physical Chemistry Section of KSU (see Sect. 5.10.1).

It needs to be mentioned that the young researchers were trained in the spirit of
traditions of Physical Chemistry, i.e., to keep to clean reagents, ensure exactness of
electrochemical measurements, knowing the world literature, being able to analyze
experimental data. These values were passed on from generation to generation, and
so proceeded the nucleation of the electrochemical school of Moldavia.

One of the specialists who used electrochemical methods on a wide basis was
Professor Mark Khaimovich Kishinévskiy (Fig. 5.7.4). His research was focused on
the fundamental laws of mass transfer under turbulent flow conditions at interfaces,
especially at the solid—liquid interface. Electrochemical methods have been used to
model these processes based on measuring limiting currents.

Outside KSU, at the same time started also research on applied aspects of
electrochemistry at other institutions of higher education of the Moldavian SSR.

On the first place, the polarographic school of Professor, and later Academician
(AS MSSR), Yuriy Sergeyevich Lyalikov (at KSU and at Institute of Chemistry of
MSSR) (Fig. 5.7.5) needs to be mentioned.

The Lyalikov school of polarography was not only in the USSR well known, but
also outside. Kishin€v became a Mekka of polarographists, where not only
All-Union meetings on polarography took place, but also polarographic meetings
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Fig. 5.7.3 Yakov
Tosifovich Tur’yan
(standing) with Galina
Serova, Emma Grinberg,
and Valentina Ochkina
(from left to right)

Fig. 5.7.4 Mark
Khaimovich Kishinévskiy
(1917-1993)

for people from industrial laboratories. Research on electroanalytical chemistry was
located at the Institute of Chemistry of the MSSR, at the Analytical Chemistry
Section of KSU (M. B. Bardin-Shteyn, I. A. Gershkovich), at the Physical Chem-
istry Section of KSU (M. Ye. Manzheley, Yu. S. Gorodetskiy), and at the Kishinév
Agricultural Institute (A. A. Gabovich and others).

Mark Borisovich Bardin-Shteyn (1919, Odessa—1987, Kinshinév) (Fig. 5.7.6)
was doctor of chemical science and fought in WW IL. In 1947 he started to teach at
KSU and rose from assistant to professor. From 1964 to 1975, he was dean of the
chemical faculty. He was a specialist in polarography of platinum metals. His
studies on the determination of Pt and Pd on solid electrodes and on the application
of a rotating Pt microdisc electrode for polarography are well known.

At the same time, at the Agricultural Institute was started research on electro-
chemical machining, especially of parts of agricultural machines, as well as on
galvanic coating of machine parts, under the supervision of Academician
(of MSSR) Yuriy Nikolyaevich Petrov (Fig. 5.7.7).

Petrov was not an electrochemist, but a mechanical engineer who has applied
electrochemical techniques for solving problems in material science. At the begin-
ning of his activities, he was the only person possessing the degree of Doctor of
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Fig. 5.7.5 Yuriy
Sergeyevich Lyalikov
(2.04.1909, Ekaterinoslav
(Dnepropetrovsk)—
12.10.1976, Kishinév)

Fig. 5.7.6 Mark
Borisovich Bardin-Shteyn
(1919-1987)

Technical Science in the MSSR. He has established a successful school of research
engineers of high qualification, and he has supervised more than 100 Doctor of
Science and Candidate of Science theses. The Petrov-school was the most impor-
tant generator of cadres of technical sciences in Moldavia in 1960s—1980s; and this
was a result of R&D in electrochemical machining. After establishing the Institute
of Applied Physics (IPF) of the AS of the MSSR, led by Boris Romanovich
Lazarenko (Fig. 5.7.8), this research direction dominated the activities of the
institute. Together with his wife Natal’ya, B. R. Lazarenko was the inventor of
Electrical Discharge Machining, and this research direction became one of the main
topics of the IPF. Lazarenko has invited Petrov to join the IPF. Petrov headed at the
beginning the laboratory of electrochemical machining of metals, and later
established on the basis of that laboratory the department for problems of strength
and extended durability of machine parts.
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Fig. 5.7.7 Yuriy
Nikolyaevich Petrov (1921-
1990)

Fig. 5.7.8 Boris
Romanovich Lazarenko
(1910-1979)

At the IPF several directions of applied electrochemistry have been developed:
electrochemical machining of metals (Yu. N. Petrov, A. I. Dikusar, G. N. Zaydman,
B. P. Saushkin, G. R. Engel’gardt, and others). Another direction was the machin-
ing of metals and alloys by electrochemical heating (of electrolyte) (B. R.
Lazarenko, P. N. Belkin, V. N. Duradzhi, E. A. Pasinkowskiy). Both these direc-
tions concerned “extreme” electrochemistry, i.e., electrochemistry far away from
thermodynamic equilibrium, at high current densities and large potentials. There,
thermal effects play a crucial role, and are even process determining in case of
machining by electrochemical heating. Fundamental science and the technology of
machining are most neatly connected and especially important in case of machining
of blades for turbines and also for surface modification with the aim of achieving
special functional properties and strength.

In the period when Moldavia was part of the USSR, and its industry was part of
USSR industry, the electrochemical technology was crucial for electronic compa-
nies and those of general and agricultural machine production, etc. The
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Fig. 5.6.9 Aleksandr
Ivanovich Dikusar

technologies for machining developed by the group of Petrov were utilized in many
enterprises of the USSR and the MSSR. This was also true for the machining by
electrochemical heating, especially for devices used in the textile industry.

In 1959, after finishing school, Aleksandr Ivanovich Dikusar (Fig. 5.7.9) and his
family moved to Moldavia (Dikusar’s father occupied the Chair of Agrochemistry
at Moscow University). A. 1. Dikusar joined the Chemical Faculty of KSU and
graduated in 1964. His candidate of science work concerned electrochemical
studies of the turbulent flow at interfaces. It was supervised by M. Kh.
Kishinévskiy. Since 1970 his professional life is connected with the IPF of AS of
the MSSR.

There, first under the leadership of Petrov, later independently, Dikusar and his
coworkers were running studies of electrode processes proceeding far away from
thermodynamic equilibrium conditions, especially in case of electrochemical
machining. The results formed the basis of a theory of thermo-kinetic effects in
high-rate electrode processes. After defending his doctor of science thesis in 1988,
his research at the Institute of Applied Physics was focused on what could be called
“electrochemical machining—from macro to micro and nano-machining.”

A list of publications of the Institute of Applied Physics is given in A. L
Dikusar’s article “Development of Electrochemistry and Electroanalytical Chem-
istry in Moldova,” published in “Electronic processing of materials” (Surface
Engineering and Applied Electrochemistry), 2012, 18 (6), 1-12. I like to express
my gratitude to the author for kindly providing this information to me.

5.7.2 The School of Polarography of Yu. S. Lyalikov

Without any doubt, the development of polarography in Kishinév is inseparable
from the name of Yuriy Sergeyevich Lyalikov. He belonged to those scientists who
can very clearly define the most actual and perspective scientific problems and find
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the optimal solutions for them. Scientific intuition, creative initiative, the desire to
be at the forefront of science led to a wide diversity of his scientific research
interests. Despite the fact that his research concerned various physical and chemical
methods of analysis, he has devoted a considerable part of his forces and talent to
polarography. Polarography was founded by Jaroslav Heyrovsky (see Chap. 4).
Very early, Academician Vernadskiy realized the great potential of the method and
supported the Russian translation of the first book on polarography by
Ye. N. Varasova (see Sect. 5.2). A. P. Vinogradov, a student of Vernadskiy, also
played an active role in popularizing polarography. This marked the start of
polarography in the USSR. Lyalikov started to use polarography already in the
1930s. In 1952 Lyalikov won the competition for the professorship and position of
Head of the Analytical Chemistry Section at KSU. After 1 year he defended his
doctoral thesis “Polarography of molten salts” at GEOKhI in Moscow. Soon after,
he became Professor. However, he did not stop working and soon turned to
questions of economic importance for Moldavia.

We equipped ourselves with alternating-current polarography, entered
organic chemistry and introduced new ideas.

A new period of Lyalikov’s activities started when he has moved to the Molda-
vian Branch of the Academy of Science of USSR in 1958, where he headed the
laboratory of analytical chemistry. In that laboratory worked also the author of
these lines since 1959. In 1960 began the work in a new field of polarography, in
alternating-current polarography (ACP). In that year Lyalikov visited the Polaro-
graphic Institute in Prague where he met Jaroslav Heyrovsky and other Czech
electrochemists. He returned not only with interesting stories but also with new
ideas. One of these was the application of ACP to the study and analysis of organic
compounds. At that time practically nobody used that method in the USSR because
there were no instruments for ACP. I was very eager to start this topic, when it was
suggested to me. We decided to build such instrument, as the circuitry was known. I
learned how to solder, how to work with an AC bridge etc., and started to wind a
wire into small coils that give the desired resistance. A battery served as a DC
source, and an AC generator served as a AC source. In our first device, we used a
mirror galvanometer. In the workshop a metal box was made to house all parts, and
to have the control knobs outside. All the labels I made by hand drawing, then
photographed them, and taped them at the respective knobs. It was a device for
visual recording of results (Fig. 5.7.10). Lyalikov and I loved to work with this
instrument, like children rejoicing first successes. We have always been proud of
having been one of the first in the USSR, and the first in Moldavia who have
“armed” themselves with that promising method of investigation and analysis.
Later, an automatic system was built with the help of Vil’ Vasil’yevich Senkyewich
(*1926), a physicist who has previously entered our laboratory. When the first AC
polarographs have been produced in the USSR by the company GINTsVETMET,
we got one of the firsts. With ACP we studied aldehydes of the aromatic and furan
series with the dropping mercury electrode (DME). That allowed another investi-
gation of the reduction of aldehydes and an increase of sensitivity down to
10~® mol L™". The idea came up to use the adsorption—desorption peaks of organic
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Fig. 5.7.10 Yu. D. Sister
working with the first AC
polarograph constructed in
Moldavia

compounds in ACP for analysis, and by this the equivalence point of acid—base
titration could be easily detected. From the dependence of peak height and peak
potential of a series of organic compounds (Methyl orange, Thymol blue, etc.) on
pH of the solution, one could detect the equivalence point of titrations. This method
has been used for titrations of colored and opaque solutions, and using an
Eriochrome black derivative one could indirectly determine calcium and magne-
sium. The study of the adsorption—desorption processes at the DME opened new
possibilities for the application of polarography. The first results in this field have
been presented at the 2nd All-Union Meeting on Polarography in Kazan in 1962.
Yu. D. Sister, V. I. Bodyu, and I. V. Kozlova and others took part in this research.

Lyalikov did understand very well that environmental protection was a serious
task for the country. Therefore, he introduced the analysis of pesticides as a new
task of the laboratory. The task was very topical, interesting, and complicated. New
matrices had to be analyzed, e.g., water, soil, air, and biological materials, and new
questions had to be answered, e.g., do the poisonous chemical accumulate in living
organisms? If so, in what organs? What happens to the chemicals in the environ-
ment? These and other questions had to be answered. The analytical chemistry of
pesticides was at that time still in a virgin state. Lyalikov was convinced that one
needs to bring together all analytical chemists working in this area. He was a
member of the State Chemical Commission of Experts at the Ministry of Agricul-
ture of the USSR, and in 1968, on his initiative the first All-Union Conference on
Methods of Analysis of Pesticides in th e Environment was organized in Kishinév.
Lyalikov has given his diploma and PhD students topics concerning the analysis of
pesticides by electroanalytical methods. When I already defended my PhD thesis I
had to supervise many PhD and diploma students in this ecologically important
field of research, using several modern polarographic techniques, not only for
pesticides but also for other biologically active compounds. In agriculture
chlororganic compounds, like hexachlorobutadiene, octachlorocyclopentene, and
hexachlorocyclopetadiene, found wide application. Hexachlorobutadiene was an
effective means in the fight against Phylloxeridae (family of insects). Several
options for its polarographic determination have been elaborated and the electrode
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reaction on mercury has been studied. Using ACP, in wastewater the detection limit
was 0.2 mg L™" and in soils 0.4 mg kg ~". In the studies of hexachlorocyclopentene
and hexachlorocyclopetadiene, the pH dependence of the reduction of halogenated
hydrocarbons which did not contain any other functionalities was observed. The
varying dependence of limiting currents on pH was the basis for their simultaneous
determination. The use of pesticides in agriculture has confronted the analytical
chemists with another problem: to find the active ingredient in the technical
preparations, as well as the quality control of products during the manufacturing
process and at the stage of application and storage. At the 2nd All-Union Confer-
ence on the Analysis of Pesticides in Tallinn (1971), Lyalikov outlined the main
areas of research: the development of new and the improvement of the existing
methods for the determination of new pesticides in food, air, and soil. Of particular
importance are methods for the determination of trace amounts of pesticides and
their metabolites in biological materials in order to identify possible poisoning
action. He also mentioned the importance of developing the theory of analytical
methods and suggested the creation of a set of glassware apparatus for analysis and
a unification of methods, as well as the introduction of special courses on pesticides
at the Universities. At our laboratory the analysis of detergents with the help of
polarography was another new topic. The results were encouraging, and companies
producing detergents were interested in implementing our methods in their labora-
tories. Still today the research of the institute is directed on actual environmental
problems.

The emerging new trends in polarography allowed solve new problems in
electrochemistry and analysis. In the 60s first studies of thin-layer voltammetry
have been published. In this method, the solution is placed between two parallel
plate electrodes with different diameters; the volume of the test solution is not more
than 102 to 10> mL. From an analytical point of view, this method was promising
for the analysis of thin films, coatings, trace amounts of substances, expensive
materials, etc. This gave also a possibility for combining chromatography and
voltammetry (Yu. D. Sister) (Fig. 5.7.11) [207].

This approach was used in paper chromatography: the chromatographic spot was
wetted with electrolyte solution and sandwiched between Pt electrodes or amal-
gamated electrodes and a voltammogram was recorded. It was also possible to use
thin-layer chromatography, when a copper plate with an alumina layer supported by

Fig. 5.7.11 Yu. D. Sister,
S. G. Mayranovskiy and
L. G. Madan at a
polarography conference
in Riga
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gypsum served as a counter electrode, and an amalgamated gold electrode as a
working electrode. This allowed the determination of compounds with very similar
Ry values by recording voltammograms along the line of elution.

At that time chemists became more and more interested in process where the
electron transfer at the electrode surface is associated with some sparingly soluble
compounds: The application of polarography (voltammetry) to the study of sus-
pensions was such case (see also the Sect. 5.5.1). In case of a dropping mercury
electrode, two processes happen: (1) The attachment of solid particles to the
mercury surface due to capillary forces, and (2) the cathodic reduction of these
particles. In case of solid particles of ethylen-bis-dithiocarbamate of zinc, a peak is
observed at —0.7 V, both in DCP and in ACP. However, in polarography of
suspensions, one faces problems: the stabilization of particles in the suspension
plays an important role, and the signal of the solid particles overlaps with the wave
of dissolved compound, and the constant flux of particles to the surface has to be
maintained. Unlike the flux of ions, which is controlled by diffusion, the flux of
particles is controlled by the stirring of the solution, which has to be very well
controlled to achieve reproducible results (Lyalikov, Sister) [208].

The abilities of alternating current polarography, including second harmonic
polarography, etc., have been widely utilized in our laboratory to achieve very low
detection limits (1077 and 10™® mol L") based on their adsorption/desorption
behavior.

Studies and Analysis of Semiconductors

First attempts to use semiconductors were made at the beginning of the twentieth
century. However, only much later they found a wide application. One may call the
twentieth century the century of high-purity materials. The fight for such materials
was very fruitful. The interesting properties of silicon and germanium was driving
the progress in semiconductor industries. The rise of semiconductors also faced
analytical chemists with new tasks. In our laboratory Larisa Stepanovna
Kopanskaya (Fig. 5.7.12) (born in 1930, in Tiraspol) started to work in this field,
studying the kinetics of electrode processes of metal ions and the ways to determine
metals and semiconductors. The analysis of semiconductors was developed in close
collaboration with physicists. Dr. N. A. Goryunova was head of the laboratory of
semiconductors of the A. F. Ioffe Physico-Technical Institute. She correctly iden-
tified the situation (at that time) of semiconductor chemistry, and the resulting
analytical tasks for the development of new semiconducting materials. The former
student of Goryunova, the later Academician (AS MSSR) and head of the Labora-
tory of Semiconductors of the Institute of Applied Physics of the MSSR, S. L
Radautsan, started the development of research and synthesis of semiconductors in
Moldavia. Academician Lyalikov headed the research on analysis of these mate-
rials in the two abovementioned institutions. The first studies performed in the 60s,
concerned solid solutions of the ternary system In-Sb-Te, synthesized as ingots and
epitaxial layers in the Institute of Applied Physics of the MSSR and at the State-
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I
Fig. 5.7.12 Left to right: L. S. Kopanskaya, L. G. Madan, Yu. D. Sister, P. M. Novik

University at Kishinév. The analysis of eptaxial layers induced the phase analysis of
heterogeneous alloys, a task which is very important to study the homogenization in
various technologies, like zone melting. Phase analysis was performed using XRD
and methods to determine the micro-hardness. The composition of isolated phases
of the system In-Sb-Te was determined by polarography. The synthesis of ZnGeP,
and the analysis of products revealed heterogeneities. The complex analysis of the
ingots allowed to adjust the technology of this compound. This is another example
where the phase analysis of mechanically isolated phases has led to semiconductors
belonging to the class AHBIVC}’. For the chemical analysis, we have used ACP and
used instruments which have been later also introduced in the whole country. Since
the method of mechanical phase isolation is limited by the size of grains of phases,
later the method of “spark erosion” developed by Academician B. R. Lazarenko has
been used. This cooperation with physicists resulted also in the development of a
new device to measure the micro-hardness with an electrochemically sharpened tip.
When working with such electrochemically sharpened tip in spark erosion, very
small amounts of sample could be dissolved (0.1-0.7 pg) and analyzed by ACP.
Together with XRD and micro-structure analyses, this allowed obtaining a detailed
picture of the studied phases. It was also important to study the kinetics of
dissolution of semiconductor materials in various solutions, because the dissolution
had to be performed prior to any analysis. After 5 years of intensive studies of
analysis of semiconductor materials, Lyalikov decided to organize the 1st
All-Union Meeting on Analytical Chemistry of Semiconductors, which took
place in Kishinév in 1965. Parallel to the development of polarographic methods
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of analysis, the kinetics and reaction mechanisms of the respective ions have been
studied, as these reactions were the basis of the electroanalytical methods. For this
an arsenal of techniques was employed: classical DCP, oscillopolarography, ACP,
and radio-frequency polarography. Of special interest were the electrode reactions
of Se, Te, and Ge.

The analytical chemists also had to study the deviations from stoichiometry,
especially in case of the AHBWC}/ compounds. Another important issue were trace
impurities, especially in case of the latter mentioned semiconductors. Deviations
from stoichiometry and impurities strongly affect the physical properties of semi-
conductors. The analytical determination of impurities is difficult, especially
because of the complex composition of the semiconductors. The fastest and sim-
plest analytical determinations of the impurities needed their preliminary extraction
from solutions, and the polarographic analysis of extracts. The extraction of large
aqueous volumes with small volumes of the organic phase allows already a
preconcentration. If then stripping voltammetry is used, a further enrichment is
achieved for the sake of reaching low detection limits. The analytical chemistry of
semiconductors was one of the main topics of the laboratory, and many PhD theses
were defended in this field, as well as monographs have been written, and special
courses have been run at University and the Polytechnic Institute.

Polarography and Complex Formation

Nowadays it is difficult to imagine analytical chemistry without a deep knowledge
of complex formation. In electroanalysis, complex formation of metals is vital to
achieve a high sensitivity and also selectivity, due to the well-known effect of
complex formation of the characteristic potentials (half-wave or peak potentials).
This was also the starting point of research in our laboratory. In 1960, Lyalikov
published a paper entitled “on the question of calculating stability constants,” in
which he proposed a new method based on least-square analysis of polarographic
data for the determination of the consecutive stability constants of metal-ligand
complexes. This method was positively distinguished by allowing to use a lager
interval of ligand concentrations. With this method, the complexes of Cu, Fe, Mn,
Co with trioxy-glutaric acid have been studied, as well as the complexes of Sb, Sn,
Bi, and a range of transition metal ions with 8-hydroxyquinoline and
1-hydroxyethylidene-1,1-diphosphonic acid, which have been synthesized in the
Institute of Chemical Reactives in Moscow. Systematic studies of the electrochem-
ical behavior of metal complexes have accompanied their application in electro-
analysis. These investigations have been made by Elena Grigor’evna Chikryzova
(Fig. 5.7.13), Lyudmila Georgievna Kiriyak, and Ivan Ivanovich Vataman
(Fig. 5.7.14).

Ivan Ivanovich Vataman (1937, Khotinsk county, Bessarabia—1993 Kishinév)
was Doctor of Science, author of 150 papers, and since 1973 until his passing away
the head of the laboratory which Lyalikov headed before. He was also a member of
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Fig. 5.7.13 Elena Grigor’evna Chikryzova (February 26, 1921-May 1, 2008). She is the daughter
of the well-known geologist Grigoriy Stepanovich Chikryzov (1894-1957). She has entered the
Institute of Chemical Technology in Leningrad in 1940, and because of WW II moved to Tashkent
where she graduated, and then taught analytical chemistry and worked in research. In 1951 she
defended her candidate of science thesis (PhD) and moved to Kishinév

the Union of Writers of the MSSR and a distinguished artist in the field of literature.
In 1967/1968 he realized the urgent need to produce manganin (Cu, Mn, Ni alloy)
micro-wires as resistors for instruments. At the beginning it was necessary to
analyze the alloy manganin and the glass coating. The diameter of the wires was
only some hundredth of a mm. The results of studies of complex formation of Cu and
Mn with 8-hydroxyquinoline in mixed aqueous-organic solvents were the basis for
the analytical determinations. The task was also complicated by the small amounts
of sample (1-2 mg). Iyuliya Vladimirovna Aronina has dedicated her PhD thesis
(1970) the analytical studies of the casting process of manganin using ACP. The
reversible reduction of the complexes of Bi, Sb, Sn, and Pb with oxine derivatives
has then been applied for the analyses of several alloys containing these metals.

All these studies gave the impetus for thorough and systematic studies of
catalytic and adsorption effects in polarography of metal complexes.

Electrodes for Polarography

For a long time the dropping mercury electrode was the basic electrode used in
polarography. However, with time, new problems needed for their solution new
electrode materials, as mercury cannot be used in the anodic range. This was the
case for the direct polarographic determination of some anions, for some organic
compounds, and for noble metal and rare-earth metal ions. The mercury electrode
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Fig. 5.7.14 Ivan Ivanovich
Vataman

was also not useful for molten salts. Therefore, more and more often electrodes of
Pt, Au, Ag and graphite had to be used. Systematic studies of such solid electrodes
were started by H. Lingane and I. M. Kolthoff in the 40s. In the USSR, E. M.
Skobets defended his Doctor of Science thesis “Polarography at solid electrodes” in
1950. In this field, Lyalikov also has his merits (first papers he has published in
1946). The most important issue in using solid electrodes is the maintenance of the
electrodes surface to get reproducible results. Lyalikov has suggested to solve the
problem by directing a gas stream toward the stationary solid electrode, so that by
stirring rather reproducible conditions could be established. Later, an electrode was
developed which was given the name “dipping electrode” (in Russian
makayushchiysya elektrod): a metal wire melted in a glass tube was housed in a
second glass tube so that its end was slightly outside the orifice of that outer tube. A
gas stream was fed in the outer tube, so that, when the electrode was in a vertical
position in the solution, gas bubbles very regularly evolved from the orifice of the
outer tube and periodically allowed the solution to contact the end of the metal wire
in the moment the bubble was dispatched. This electrode, which allowed recording
of wave-shaped voltammograms, was called the Lyalikov electrode.

The first papers on polarography of salt melts were published in 1948, and in
1953 Lyalikov defended his Doctor of Science thesis entitled ‘“Polarography of
molten salts.” Between 1947 and 1952, a series of papers on the determination of
Ag, Cd, Pb, Zn, Bi, Fe, and other elements in salt melts of nitrates, chlorides, and
silicates of low melting point (200—1000 °C) have been published.

The introduction of solid electrodes has considerably widened the application of
voltammetric techniques, and the many systematic studies by Lyalikov and his
coworkers were indispensable steps on that route.

We Are Earning Money

There came a moment when we had to earn 25 % of our salaries by contract work.
Our laboratory signed contracts with a number of companies which were in need for
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our analytical methods. We quickly made ourselves acquainted with the needs of
industry and all our analytical methods were introduced in Standards and
implemented in practice. We organized conferences for people from industrial
laboratories. We developed a method for the polarographic determination of iron
and zinc in limestone, a feed additive for poultry and livestock. This was an
important issue and the method became a so-called GOST, i.e., a State Standard
and it was used in practice. And how satisfied were the users, with whom we
established very friendly relations! The respective analytical method, developed by
me, Chikryzova, and Mashinskaya, has been published in a scientific journal
[209]. For this work, we have received a medal on the VDNCh (Vystavka
Dostizheniy Narodnogo Khozyaystva, i.e., Exhibition of the Achievements of
National Economy. This was a permanent fair in Moscow). State Standards also
became our methods for the determination of pesticides and other chemicals.

In these works, all coworkers of the laboratory participated, and we did so with
great enthusiasm because we were convinced that our methods are needed in
industry and agriculture, and we did an important job, which not only yielded
money,but also great satisfaction.

Scientific Contacts and Cooperation Within the Soviet Union

Once, it was in 1970, I remember that Lyalikov entered the institute in very good
mood, obviously hiding important news: then he told us that Frumkin will visit the
institute! It was the only visit Frumkin ever made to the town of his birth
(Fig. 5.7.15). And we listened to his brilliant lecture. On Sunday, a group of
university staff and of our lab went to a picturesque place on the bank of the
Dniester, to Vadul lui Voda (in Russian Vadul-Luy-Vode). On the way, we made
jokes, laughed, had serious discussions on polarography, the development of
chemistry in Moldavia, about the big building places in the country, and then
again jokes, which Lyalikov was a great master of. The virility of Frumkin
surprised us because he was already 75. He was interested in everything. We barely
had time to respond to his many questions. After the trip, I asked the famous guest,
whether he liked his hometown—Yes, I like it, he said. So two men met, one who
was born in Kishinév, and became a world-renowned scientist, and another, who
has arrived to Kishinév, and thanks to him, the city became one of the largest
centers of polarography.

The polarographists of the different schools in the USSR did know each other
very well, and often private contacts have been established and a very fruitful
cooperation, frequently resulting in joint publications. Such cooperation we had
with Yu. I. Usatenko and A. M. Arishkevich (Dnepropretrovsk), G. S. Supin
(Moscow), F. P. Vayntraub and G. F. Vylegzhanina (VNII for Biological Methods
of Plant Protection, Kishin€v), and M. S. Kakhana and N. A. Muzlayeva (Kishinév
University). We also had very good contacts with the polarographic school in Riga,
with the Institute of Electrochemistry of the Academy of Sciences of the USSR
(S. 1. Zhdanov, L. G. Feoktistov). Practically all polarographic schools of the USSR
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Fig. 5.7.15 Frumkin in Kishinév in 1970. Left to right: 1. G. Gershkovich, O. Nikitina
(Kuybishev, now Samara), A. Dikusar, M. B. Bardin-Shteyn, A. Frumkin, A. D. Obrucheva
(second wife of Frumkin), Yu Sister, V. Ochkina. The photo was taken by Lyalikov

had intensive relations with each other, something which was also mentioned by
Frumkin.

Editorial Activities

Our laboratory was not only well known for the organization of conferences on
polarography, analysis of pesticides, semiconductors, especially also for people
from industrial laboratories, etc., but also for its editorial activities: all
polarographists did know the “Bibliographies of Polarography” [210] starting
with the first paper on polarography. 25 (may be even more) of such collections
have been published. The Editor-in-Chief and initiator was Lyalikov, and as
scientific editors have worked at different times: E. G. Chikryzova, R. M. Novik,
L. S. Kopanskaya, Yu. D. Sister, L. G. Madan, L. G. Kiriyak, I. I. Vataman,
L. Odobesku, V. Meryan, V. M. Ropot, A. Russu, S. M. Bardina, I. V. Aronina,
B. Orgiyan, and others. Lyalikov has published monographs and textbooks together
with his coworkers, with colleagues from other places, and sometimes also as the
single author. Some examples are listed in the references.’’ By these publications
the publishing house Shtiintsa in Kishinév became especially famous for literature
on polarography.

37 The following references are examples of publications of the Lyalikov school: [211-234].
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5.8 Electroanalysis in Kazan, and Tyumen

N.A. Kolpakova and F. Scholz

5.8.1 Vera Fyodorovna Toropova

Kazan is the capital of Tartastan, a Republic within the Russian Federation. Since
1804 Kazan has a University, at which a number of famous chemists have worked:
K. E. Klaus (1796-1864), N. N. Zinin (1812-1880), A. M. Zaytsev (1841-1910),
S. N. Reformatskiy (1869—1934), and V. V. Markovnikov (1837—-1904). Since the
middle of twentieth century Kazan was also a center of electrochemical analysis. It
started with Vera Fyodorovna Toropova (Fig. 5.8.1.1), who was born November
20, 1915, in Mologa, a very old Russian town (first mentioned in 1149), which
disappeared in the waters of the Rybinsk Reservoir in 1940, when the Volga river
and its tributaries were dammed for the Rybinsk Hydroelectric Station. Toropova’s
father was Fyodor Aleksandrovich Toropov (Theodor Toropoff) (1884—1953). His
life well illustrates Russian twentieth century history: after taking part in revolu-
tionary activities in 1902—1907, he had to immigrate to Switzerland (Bern), where
he received a PhD for a work with the same Volkmar Kohlschiitter, with whom
A. N. Frumkin has worked (see the Chap. 4). Interestingly, his PhD concerned an
electrochemical problem, the electrolytically deposited “black silver.” Later he
moved to Kiel (Germany) where he worked with Albrecht Bethe about electro-
chemical processes in physiology. After his return to Russia, he has worked in some
institutes and chemical factories. In 1929 FA Toropov was convicted by the
Military Collegium of the OGPU for 10 years under Article 58-8-10 of the Criminal
Code of the USSR. He was delivered by special escort to a Radium factory from
Arkhangelsk on October 7, 1930. From 1932 until his death he was the head of the
central plant laboratory and at the same time the chief technologist of that factory.
He was released on parole in 1932, and in 1936 the conviction was finally canceled.

Fig. 5.8.1.1 Vera
Fyodorovna Toropova
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He has been decorated by the Lenin medal and received the Stalin award for his
merits in building up a radium industry, which had great significance during WW I1.
Vera Fyodorovna Toropova studied from 1933 to 1935 at the Kazan State
Institute of Technology and then continued until 1938 at Kazan State University
(KSU). During her studies she worked, probably in 1937, in the laboratory of
Ye. N. Varasova in Leningrad (see the Sect. 5.2). Her work has been acknowledged
in one of the few papers of Varasova [12]. From 1938 to 1941, she worked for her
PhD entitled “Polarographic studies of the stability of some complexes of iron and
copper with carboxylic acids” [235] which she has defended a day before the start
of WW II. During the war she worked until 1943 in military factory. After her
return to the analytical division of KSU, she continued polarographic studies of
metal complexes. In 1959 she defended her Doctor of Science thesis, also devoted
to the polarography of metal complexes. From 1958 to 1986, she was chair of
analytical chemistry at KSU. The topics of her research expanded to electroanalyt-
ical chemistry of nonaqueous and mixed solvents, voltammetry of chelates, com-
bination of extraction with voltammetry (e.g., [236]), use of catalytic currents [237,
238], and electrochemical and chemical [239] preconcentration for the enhance-
ment of sensitivity, etc. V. F. Toropova died on December 31, 2008, leaving a large
group of scientists educated under her guidance: V. M. Gorokhovskiy (¥*1943), who
was the first student of Toropova and later actively worked in oscillopolarography.
His work and that of V. I. Gorokhovskaya (*1924) in oscillopolarography was made
possible only by the instrumental developments under the guidance of Rashid
Shakirovich Nigmatullin, chair of Radio Technique and Radio Electronic (1923—
1991). Voltammetric analysis was also fostered by German Konstantinovich
Budnikov (*1936), who worked in 1961 for 6 months with Robert Kalvoda, in
the laboratory of Heyrovsky in Prague. Kalvoda was the first to show that adsorp-
tion can be used to increase the sensitivity of voltammetry. Budnikov research
concerned the voltammetry of metal chelates in aqueous and nonaqueous solution
[240] as well as the electrochemistry and electroanalysis of organic compounds.

5.8.2 Matvey Safonovich Zakharov

Tyumen’ is one of the oldest Russian settlements in Siberia. It started as a fort of
Cossacks in 1586. Now it has the Tyumen’ State University of Oil and Gas, which
developed out of the Tyumen Industrial Institute. In 1969, Matvey Safonovich
Zakharov (Fig. 5.8.2.1) arrived there from Tomsk, where he has studied, defended
his PhD, and afterward became assistant of A. G. Stromberg. Zakharov was born on
August 14, 1929, in Novomariinka, a small village in Siberia (Krasnoyarskiy Krai).
He was disabled since birth (hunchback), which affected his entire life. People in
the village were rather poor and illiterate. Zakharov’s father, however, could read,
write, and count, as his son remembered. Zakharov joined the school only at the age
of 9, together with his brother, because to reach school he had to cross a forest, and
the parents were afraid of bears. Zakharov’s grandmother taught him reading with
the Psalters even before school. In 1948 his father sent him to Tomsk for studies,
and to reach the railroad to that town, they had to use a raft on a river, as there were
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Fig. 5.8.2.1 Matvey
Safonovich Zakharov

no roads. After his joining of the Stromberg group and foundation of the special
laboratory (“problem laboratory for microconstituents”), he headed one section. In
1968 he has defended his doctoral thesis entitled “Studies on the theory and
applications anodic amalgam voltammetry for the analysis of high-purity mate-
rials.” In the same year, Zakharov moved together with Vladimir Vasil’yevich Pnev
(PhD 1968, DSc 1983) and Vyacheslav Ivanovich Bakanov (PhD 1968, DSc 1987)
to Tyumen where he has build up an active research group studying the possibilities
of chronopotentiometry (especially of stripping chronopotentiometry [241]) for
analysis and the stripping voltammetry of anions. Together with Pnev and Bakanov,
he has published a monograph on chronopotentiometry [242], and together with
N. F. Zakharchuk (see Sect. 5.5.4) a monograph on electrochemical methods for
natural and wastewater analysis [169].

5.9 Semén Borisovich Tsfasman and Ivan Yemelyanovich
Bryksin: Pioneers of Soviet Polarographic
Instrumentation™®

Victor G. Mairanovsky
Among the centers where polarographic equipment has been developed in the USSR,

the group of Semén Borisovich Tsfasman and Ivan Yemelyanovich Bryksin played a
special role in TSLA VNII Chermet.*” The developed commercial serial instruments

38 Translated from Russian by Fritz Scholz.

3 Tsentral’naya Laboratoriya Avtomatiki Vsesoyusnogo Nauchno-Issledovatel’skogo Instituta
Chérnoy Metallurgii (VNIIChermet), Central Automatics Lab of the All-Union Scientific
Research Institute of Ferrous Metallurgy.
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provided the basis for wide development and application of polarography in the
Soviet Union. It needs to be said that the organization of commercial production of
scientific equipment in the USSR was not only difficult but also a thankless task!
However, both Tsfasman and Bryksin have had a harsh life, and so they were
prepared to overcome everything. I was familiar with the two men. With Tsfasman,
I met a few times, but these were short business contacts (the acquisition of
polarographs); vivid memories I have of many meetings with Bryksin.

5.9.1 Semén Borisovich Tsfasman®: From the Atomic
Project to the Vector-Polarography

Tsfasman was born in Poltava (Ukraine), in 1917. In 1920, during the civil war, his
parents and a baby were shot in their home in the pogroms against the Jews in
Poltava [243]. Together with three other siblings he grew up in an orphanage. They
all finished school and received higher education. After finishing the Moscow
Energy Institute (Moskovskiy Energeticheskiy Institut, MEI) Tsfasman went to
the front in autumn 1941, where he served until 1945 as signal corps officer
(Fig. 5.9.1.1). After the war he worked in the super-secret Moscow Scientific-
Research Institute of the Nuclear industry (NII-9), on the pilot plant for separation
of plutonium, and then at the radiochemical production. He participated in the
atomic project (the atomic bomb) at the plant “Mayak,” Ozérsk city, near Chelya-
binsk as the main expert on measuring instruments. He was well acquainted with
Kurchatov, Seménov, and Khariton. Despite the fact that Tsfasman proved to be an
excellent engineer and organizer (he was awarded the Order of Lenin), he lost his
job [244] as a result of the infamous anti-Jewish mass campaign of the early 1950s
in the USSR. It was difficult for him to find employment in VNIIChermet, where he
became the head of the team developing electrochemical instrumentation. And this
was truly a new beginning. It has to be said that in the so-called socialist camp*'
there was a production of polarographs at that time, e.g., in Czechoslovakia the
LP60 and LP7, in Hungary the OH-102 and OH-104, and in GDR (East-Germany)
the GWP series. However, access to these instruments was in the USSR very
limited and restricted. The development of a polarograph by Benevolskiy and
Tsfasman [245], which later became the serially produced instrument PE-312,
changed this situation. The PE-312 was a wonderful polarograph; its originality
and stability were very convincing; one could easily see the origin from military
developments—from the resistors to the shielding of cables connecting the polar-
ographic cell. Like other instruments of that time, the PE-312 did not yet have a

4T am very indebt to Dr. Grigoriy Matveyevich Tsfasman, son of the elder brother of S.
B. Tsfasman for providing biographic details and a photo.

41 «Socialist camp” was used to designate the Socialist States, which have been established
following World War II.
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Fig. 5.9.1.1 Semén
Borisovich Tsfasman
(Courtesy of Dr. Grigoriy
Tsfasman, Moscow Russia)

potentiostat, but it had an original circuit for iR compensation. Of particular
importance was the fast responding recorder, allowing response rates up to
0.25 m s~ '. This feature was very different to the standard tendency of strong
damping of oscillations on polarographic curves by using slowly responding
recorders, like in case of the Czechoslovak EZ-2. The recorder of the PE-312 was
not a special development for polarography, but a modification of the fast
responding recorder TsLA; Benevolsky and Tsfasman found a original solution
for suppression of the oscillations [245]. Thus the PE-312 was very useful to record
polarograms with the hammer’s controlled DME, also at the beginning and at the
end of a drop life and for recording i—¢-curves (cf. ref [13]). The inventive talent and
vast experience of Tsfasman, gained in the development and operation of devices
for the atomic program, paid back later in the development of the so-called vector
polarograph [246]. Based on Barker’s original ideas, Tsfasman found a solution for
phase-selective ac measurements to realize the full advantages of ac polarography.
Professor Oleg Petrii (Moscow) correctly remarked in a personal communication to
the editor of this book that the electrochemical devices developed by TSLA can be
regarded as a by-product of the Soviet atomic project. This is true, not only because
of the personal and material basis but also because polarographic analysis was vital
for the atomic project. A sad consequence of Tsfasman’s participation in the atomic
project was his destroyed health. The work at the Mayak plant, where frequently
accidents happened (which are only now getting to be declassified [247]) had its
aftermath. Tsfasman died on 31st of December 1964 at the age of 47 years. His
ideas were lasting. For example, the idea of vector-polarography was further
developed by Bryksin, Petrii, and coworkers [248]. In 1960, Tsfasman has
published the book “Electronic Polarographs” [249]. The list of references proves
that he knew all the important Western publications, in both journals and books; and
he noted in the preface, this was the first book devoted only to polarographs, i.e., to
polarographic instruments.
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5.9.2 Ivan Yemelyanovich Bryksin. Memories of an
Outstanding Personality

The beginning of my contact with Ivan Yemelyanovich Bryksin (Fig. 5.9.2.1) was
rather unusual; it started in May, 1962, in Moscow, Novokuznetskaya Street 7/11.
There was a new laboratory on the uppermost floor of the building of the “Exper-
imental Plant for Vitamin Production” (Moskovskiy Eksperimentalnyy Vitaminyy
Zavod = MEVZ) in a large empty room of the former pumping station, with high
ceilings. It was designated for the development of analytical procedures for the
production control of Vitamin A with the help of gas chromatography (GC) and
polarography. The GC was the task of Mikhail Yanotovskiy, the former chief
engineer of the MEVZ, and I had to take care of the polarography. The pilot
plant for Vitamin A production was nearby (see Fig. 9.12). I was particularly
attracted by oscillographic polarography, with the Soviet made polarograph
PO-5122 (TSLA company), because Misha Yanotovskiy and I have used a combi-
nation of these two methods [250-252] (GC-EC, Chap. 9). It was necessary to
introduce some changes in the circuitry of the PO-5122. I had to expand the range of
scan rates to smaller values, down to 50 mV sfl, for recording ‘“classical”
polarogramms [253] because they were better suitable for GC-EC, but this I have
believed only at the beginning. ..

Then, in the middle of May a trainee of a chemical college (a first educational
institution, after grade 7) came to us; a nice modest boy, to learn about our work and
to see our devices. After a couple of hours of work, Misha and I decided to have a
break and to go to a cafeteria nearby because there was no in the MEVZ. The trainee
also left the lab and went to the vitamin A pilot plant, but he did not come back after
the break, and we started our work. But I could not switch on my PO-5122. I took it
out of its housing, and was stunned as except the oscillographic tube, there was
almost nothing in! I got the boy’s home address, where I met his mother. I told her
what happened. She sobbed and said that will pay all repair costs, “but please do not
go to court.” Then she returned a cardboard box with the parts of the polarograph.
But what to do with them? I remembered that Sasha Ershler, my friend from the
Institute of Electrochemistry IELAN, talked about his collaboration with Ivan
Yemelyanovich Bryksin from TSLA, the developer of the PO-5122. I called
TSLA, and a few days later Bryksin came, a tall, thin man, broad-shouldered,
with high cheekbones, and a little stuttering. He asked for a screwdriver, looked
inside the polarograph and began to laugh loudly: “Well done!” The device was
taken to TSLA, and soon Ivan Yemelyanovich returned it, all fixed. When we were
talking about the cost of repair, he asked for a very tiny amount of money, only
counting the costs of the new parts, and the incident was over. Bryksin noticed
traces of my alterations (even in the destroyed device!) and began to ask in detail,
what I wanted to have changed, and promised that he will do everything for free. He
only asked me not to touch the device again with a soldering iron. “Mind your own
business!” Then he repeatedly came to us. Among my wishes was to modify the
electronic device in such a way as to record the i— curves on the first drop (I had
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Fig. 5.9.2.1 Ivan
Yemelyanovich Bryksin
(Courtesy of Prof. Yuri
Orlov, Cornell University,
USA)

used a simple circuit with an electromagnetic relay [254]). He managed this task.
Several of our “improvements” (scan rates down to 10 mV s™', i recording on first
drop, triangular potential sweep) were introduced in the following models of PO
5122 (PO-02, -02A, and -03) [255]. In the P-03 model, the minimal scan rate was
even as small as 2.5 mV s~'. Recalling my experience with “express polarography”
[253], I thought that this was not necessary, but Bryksin loved to go to the margins,
like a real inventor. At one of our first meetings, he said that they make “fool-
resistant devices.” Noticing my reaction to this statement, he said that it does not
relate to me personally, but equipment must stay mishandling. Indeed, it was
amazing and admirable: the instruments developed in TSLA, with the involvement
of Bryksin, never broke down during decades (!) of operation in our laboratory. In
addition to the PO 5122 we are talking about two polarographs PE-312 and two
potentiostats P-5827. This powerful tube potentiostat-galvanostat, which was seri-
ally produced at the instrumentation plant in Gomel (Belarus), provided an output
voltage up to 200 V, which was essential for electrosynthesis in nonaqueous
solutions. For comparison, I would say that one of the world’s best potentiostats
of the mid-1970s, the PAR-178 (Princeton Applied Research, the all-transistor
model) gave an output voltage up to 100 V. But there were no such powerful output
transistors in the USSR then. Of course, the P-5827 was a large, heavy instrument
(it was kept on the floor under the lab bench), but it “honestly did his job”. ..

At Bryskin’s visits, Misha Yanotovskiy and I always arranged for a tea and put
something tasty on the table. However, I.Ye. touched this only, and then took his
own sandwiches from his own box. We had a good conversation and he remarked
“How great you live here! Complete freedom! Only some few people in this huge
room! One could put in a second floor!” Indeed, the working conditions at TSLA
were different. I frequently visited Bryksin there; sometimes Misha went to TSLA
to pass over something on my request. Many people were in TSLA, and not enough
space. Of course, we were careful with respect to political issues, but we could trust
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each other. I remember a conversation. Knowing that I was a radio amateur, he
asked what I was working with. As a school boy I made a superhet receiver with
16 m and 19 m bands, and since my student days I had the brilliant “Riga 10.”**
“And what do you listen to?” asked Bryksin, and I said “of course, Voice of
America, especially Willis Conover’s “Time of Jazz”; then Anatoliy Maksimovich
Gol’dberg on BBC”; then Radio Liberty. . . Bryksin: “Is it interesting?”” I: “Yes, of
course.” Bryksin: “And you know a lot about our Russia?” I: “I think, sufficiently
much.” Bryksin: “I doubt this. Do you know, for example, that in 1913 Russia
became the world’s leading economic country, in agriculture, and in technology?
And if not for the Bolsheviks ...—And do you like the Tsar?—Of course, he was
weak and incompetent . . .”. I also remember how I told him that I always wanted to
do something with technique, and that I after grade 10 went to the selection
committee of the Fiztech (PhysicoTechnical Institute, a prestigious college near
Moscow), where a young committee assistant told me quietly: My advice is, you
take your documents; no chance, you will be rejected for sure; try to enroll in
another college. Clearly he knew that a Jew had no chance to be accepted at this
institute. Bryksin replied to this: “It is very good that you did not go to Fiztech, your
electrochemistry is a very interesting science; and much safer.” I told him that then,
in 1954 they also sorted me out at the Petroleum Institute: In the entrance exam, I
made a mistake in the formula cryolite, which is added to reduce the temperature of
the melt in the electrolytic production of aluminum (it was electrochemistry, but
beyond the school chemistry); I started to study only in 1955, after rejecting an oil
institute. . .

Oleg Petrii recalls that Bryksin was a genius of analog technology. His oscillo-
graphic polarograph PO-5122 was a remarkable instrument. It had a large screen
used in military radars. Attached was a very handy device with a camera to record
the curves on the screen (cf. Fig. 9.17). When the first computers appeared, Bryksin
said that he could improve the measurement technique, if they would be in his
possession. Unfortunately, his work at TSLA was not cloudless. The company
constantly tried to give him other tasks than to develop electrochemical instrumen-
tation. Once, Oleg Petrii organized a visit of Frumkin to TSLA in order to rescue the
electrochemical devices.

Bryksin did not speak much about himself. From Sasha Ershler I knew that he
was kept for some time in a secret research and development laboratory, which was
part of the Soviet Gulag labor camp system (the informal Russian name of such
institutes was Sharashka), but Sasha did not tell me anything else. Later I have
learned from Sasha that Bryksin died: According to Sasha, Bryksin once returned
home late, and at a bus stop some guys began to molest a girl. He tried to defend her,
but one guy hit him. He fell and was injured, laying there for a long time, until he
was taken to the hospital, where he died. A slightly different version can be found in

421 bought this radio secondhand for a low price at a commission shop, and it turned out that it had
a defective power supply. I rebuilt it for the shortwave bands (13, 16 and 19 m). All Soviet radios
started only at the “legitimate” 25 m band, and all Western radio stations could not be received
because of active interference stations (so-called glushilka’s).
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Solzhenitsyn’s book Arkhipelag GULAG: Bryksin was beaten down by two hoo-
ligans in a Moscow suburb, and he died in a nearby hospital after 9 days lying
without any medical care. .. This all happened in the summer of 1978, when I was
not in Moscow, so I could not say farewell to Ivan Yemelianovich. He will forever
remain in my memory, and only a short line of gratitude remained in a journal
article [254].

Over the years, some more facts become available. The inventive talent of
Bryksin has shown up also in the time when he worked in the Marfino’s Sharashka,
where he was together with Solzhenitsyn and Lev Kopelev [256]. In 1951, Bryksin
(in the group of seven engineers) was released early from Sharashka for his
contribution to the development of an original communication system, a
top-secret phone, but he continued to work there as a civilian worker [256]. In the
short time between his final departure from Marfino and his tragic death, he has
achieved so much! During that time he worked in a group of highly talented
enthusiastic people at the TSLA, headed by Semén Tsfasman. The references
[245, 246, 248, 249, 255, 257-266] give some impression of the achievements of
Tsfasman and Bryksin as inventors and designers of electrochemical instrumenta-
tion. The patent relating to the measurement of the capacitance of the electrical
double layer [266], appeared, when Ivan Yemelyanovich was no longer. This
relates to Tsfasman’s paper [261] in which the complete scheme of the vector
polarograph has been given.

Acknowledgments 1 gratefully acknowledge support by Aleksandr Belyy,
Mikhail Orlov, Oleg Petrii, Fritz Scholz, Grigoriy Tsfasman, and Mikhail
Yanotovskiy.

5.10 Catalytic Polarographic Currents
Fritz Scholz

Chemical reactions associated with electrode reactions in polarography have
attracted much attention in various research groups of the former USSR. Among
the chemical reactions, catalytic systems were of special importance for analysis
because they allow achieving very low detection limits, and they have also been
extensively studied to provide thermodynamic and kinetic data of chemical reac-
tions. In the former USSR, catalytic polarographic currents have been studied by
S. I. Sinyakova (Moscow) (see Sect. 5.6), S. G. Mayranovskiy (Moscow) (see
Sect. 5.6), V. F. Toropova (Kazan) (see Sect. 5.8), Ye. G. Chikryzova (Kishinyé&v)
(see Sect. 5.7), Ye. N. Vinogradova (Moscow) (see Sect. 5.6), Yu. S. Milyafskiy
(Moscow, Krasnodar), G. V. Prokhorova (Moscow), S. M. Bardina (Kishiny€v),
O. Ye. Ruvinskiy (Krasnodar), P. M. Zaytsev (Moscow), and very extensively by
Yu. I. Tur’yan (see Sect. 5.10.1). Milyafskiy and Sinyakova [267, 268] have
suggested the two terms “current catalysis” and “potential catalysis” to distinguish
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two major types of catalytic currents. Although these terms are somehow imprecise
(Milyafskiy and Sinyakova were aware of this), they well describe some charac-
teristic features: “Current catalysis” denotes systems where a homogeneous chem-
ical reaction of the product of an electron transfer reaction recycles the educt of
electrode reduction. A standard example is the reduction of chlorate ions by
electrochemically produced Ti(IIl) (from Ti(IV) reduction). At the potential of
the Ti(IV)/Ti(IIl) system, an exaltation of current is observed. As “potential
catalysis,” they denote systems where a ligand (this may be also an adsorbed ligand)
catalyzes the electrode reaction of a dissolved compound on the electrode surface.
The irreversible response of that compound is shifted by the ligand toward the
reversible response. Catalytic hydrogen waves of protonated organic compounds
belong to this class, as well as many electrode reactions catalyzed by surface-bond
catalysts. In reality, the mechanisms of catalytic currents are much more complex
than the two simplified categories “current catalysis” and “potential catalysis” can
distinguish, and it were S. G. Mayranovskiy [269] and Ya. I. Tur’yan [270-272]
who have given the most detailed description of catalytic systems, and generally of
chemical reactions, in polarography.

Pétr Mikhaylovich Zaytsev (*February 2, 1932)
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Owsey Yewelevich Ruvinskiy (*October 23, 1936)

5.10.1 Yakov losifovich Tur’yan
F. Scholz

Chemical reactions associated with electrode reactions in polarography have
attracted much attention in various research groups of the former USSR. Tur’yan
and his coworkers have studied the chemical reactions preceding the electron
transfer stage using in addition to polarography, indirect pH-potentiometry [273],
and redox-potentiometry [274]. The chemical reactions in polarography could
proceed in the solution volume as well as at the electrode surface. The principles
of the surface reactions with participation of adsorbed species in polarography have
been developed by S. G. Mayranovskiy [269] (see Chap. 9). These principles have
been applied by Mayranovskiy to the analysis of protonation reactions of organic
compounds [269] and have been also used by Tur’yan to study the polarographic
catalytic currents of the electroreduction of metal ions.

Tur’yan and his coworkers [270-272] have developed the theory of polaro-
graphic kinetic and catalytic currents with accompanying chemical reactions.
They have described reaction mechanisms according to the order of chemical and
electrochemical steps, according to the ratio of concentrations of the involved
compounds, and according to the chemical properties of the involved species.
Tur’yan has used the term “polarographic catalymetry” [271, 275] for the descrip-
tion of techniques using polarographic currents for the purpose of analysis. The
term ‘“‘catalymetry” was very popular in Russian literature, but rarely used in
English, where this kind of analysis is referred to as kinetic (or more specifically,
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Fig. 5.10.1 Yakov
Tosifovich Tur’yan

catalytic) methods of analysis. Catalymetry received much attention in the former
USSR, with K. B. Yatsimirskiy [276] being its best-known exponent. The scientific
environment for the development of theories and experiments in the wide field of
catalysis in electrochemical analysis was very fruitful and did not possess the exotic
flavor it had in Western countries.

Yakov losifovich Tur’yan (Fig. 5.10.1) was born on July 25, 1922, in I'intsy,
Vinnitskaya Oblast’, Ukraine. His father, an engineer, graduated from the
Polytechnical Institute in Belgium. His mother, a doctor, passed away when
Yakov has been 21-years-old. In 1944 he graduated from the Middle-Asian Indus-
trial Institute in Tashkent, Uzbekistan, as technical engineer for electrochemical
industry. Because of an eye failure, he did not serve in the army. From 1944 to
1951, he was a PhD student and assistant at the same Tashkent Institute at the
division of physical chemistry. The topic of his PhD thesis was “The oxygen
overpotential at nickel electrodes.” It was supervised by V. N. Fiseyskiy, a highly
erudite specialist in chemical technology and patenting. The thesis led to his fist
patent [307]; overall Tur’yan has 41 patents. Other scientists who have strongly
influenced Tur’yan were A. N. Frumkin, A. G. Stromberg, J. Heyrovsky, and S. G.
Mayranovskiy. From 1952 to 1958, Tur’yan was a docent at the division of physical
chemistry of the University of Kishinyév, Moldova. From 1958 to 1961 he led the
analytical laboratory of the Institute of Nitrogen Industry in Severodonetsk,
Ukraine. Tur’yan remembered that in 1952 when he entered the University of
Kishinyév, he had to witness anti-Semitism in the USSR: he was not allowed to
work in Leningrad, despite previous agreements, and a series of other refusals. This
happened at the time of the so-called Doctor’s plot, when medical doctors of Jewish
origin were blamed of attempting the assassination of Soviet leaders. The most
important results, which are still valid, from the period 1944 to 1961 concerned the
mechanism of polarization of a Ni-anode during the oxygen evolution reaction
involving the participation of Ni(II) and Ni(IV) oxides [277-280]. Parallel to these
studies, in 1946 Tur’yan started to use more and more polarography to study
chemical reactions. One of the most important papers of that time was about the
polarographic prewave of Ni** in pyridine containing solutions [270], which marks
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the beginning of a new direction in polarography, the study of catalytic waves of
metal ions. From 1961 to 1969, Tur’yan led the analytical laboratory of the Institute
of Monomers in Yaroslavl’, Russia, where during Stalin’s reign existed the
so-called chemical prison. There, behind barbed wire, excellent chemists who
were completely innocent had to work. This was also the place where the first
factory for the production of synthetic rubber in the world has been established!
From 1969 to 1991, he was the Chair (Professor) of the Division of Analytical
Chemistry of the Krasnodarsk Polytechnic Institute, Krasnodar, Russia, [281], and
from 1991 to 2004, he worked at the National Physical Laboratory in Jerusalem,
Israel. In 2004 Tur’yan moved to the USA on the basis of a program for extraor-
dinary scientists. Tur’yan and coworkers have considerably deepened and widened
the theory and analytical applications of prewaves of many metal ions which
possess high overpotentials of reduction of their aqua complexes [Ni**, Co**,
Fe?*, In**, Ga™, Ti(IV), Sn(iv), and Ge(IV)] [271, 282]. This was possible mainly
due to the developing of the theory of parallel heterogeneous catalytic reactions of
formation of electroactive complexes [283-287]. For the first time, the rate con-
stants of formation of the complexes with adsorbed ligands were determined and
the principal differences were reported in the electrochemical behavior of these
complexes with those of the same composition, but formed in solution and then
adsorbed on the electrode surface [288]. In 1966 Tur’yan defended his doctor of
science thesis, devoted to chemical reactions associated with electrode processes in
polarography, before the scientific council in Moscow, headed by A. N. Frumkin. In
1967, Tur’yan was granted the title of Professor of Physical Chemistry. Tur’yan has
elaborated the theory of kinetic polarographic currents for (1) electrode reactions
with stepwise protonations of organic acids with one slow reaction step [272, 289],
(2) two slow consecutive dehydration reactions (de-cyclization) and protonation of
the organic acid [290-295], and reactions in the reverse direction, protonization and
dehydration of carbonyl compounds in alkaline solutions [296, 297]. It should be
mentioned that for a number of dehydration products (de-cyclizations) or proton-
ations of carbonyl compounds, reaction products have been detected in the solution
volume [295], and (3) parallel protonization of the products produced from the
interaction of formaldehyde with amines and amino acids [270, 298, 299]. The
analytical utilization of these reactions, especially of the carbonyl-amine interac-
tions, has been the topic of the papers [272, 300].

Turyan et al. have developed an indirect redox-potentiometric method for the
determination of the peroxide number of oils and fats without titration [274, 301]
and suggested this method also for the determination the antioxidant number
[302]. They have also developed the theory and analytical application of an indirect
pH-potentiometric method for the determination of the acidity number of oils and
fats without titration [273, 303], and a modified Brdicka method as cancer assay
[304, 305]. Tur’yan is the author of more than 500 papers, among which are
4 monographs [270, 271, 300, 301]. He has supervised 40 PhD theses, and 4 doctor
of science theses [306].
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Chapter 6
The Development of Electrochemistry
in Lithuania

Rimantas Ramanauskas

6.1 Introduction

Lithuania may be reasonably proud that origin of electrochemistry science is
associated with this country as well. Theodor Grotthuss, the world-famous founder
of the theory of electrolysis, grew up and spend the main part of his life on his
mother’s estate in Geduciai (Geddutz), which on today’s map is located in the
northern part of Lithuania. A theory of water conductivity was proposed in his 1806
publication “Theory of decomposition of liquids by electrical currents” [1], and
some think it could have been worthy of a Nobel Prize, if such had existed at
that time.

However, 100 years had to pass till next serious electrochemical investigations
in Lithuania began. The development of science in the period of nineteenth to
twentieth centuries in Lithuania was inevitably related to the historical turning
points, the dates of which should be mentioned here. In the nineteenth century, the
Lithuanian territories, which belonged to the Grand Duchy of Lithuania, were
annexed by Russia and until 1917 Lithuania was a part of the Russian Empire.
Although Vilnius University, founded in 1579, is one of the oldest and most famous
academic institutions in Central and Eastern Europe, it was closed in 1832 by the
order of Tsar Nicholas I, because professors and students of the university took
active part in the rebellion of 1831. The university remained closed till 1919.
Lithuania regained its independence in 1918 and maintained the status until 1940,
when it was occupied by Soviet Union. One part of the Lithuanian territory with the
capital Vilnius was occupied by Poland in the period between 1922 and 1939. The
independence of Lithuania was reestablished at the end of twentieth century, on
March 11, 1990. There is no doubt that these historical facts have greatly influenced
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the activities of universities and the development of science in the country on the
whole.

Scientific research in the area of electrochemistry and the lectures on its funda-
mentals in the university in Lithuania started in the beginning of the twentieth
century and are related to the name of Professor V. éepinskis [2]. In 1922, on the
initiative of a group of prominent professors with V. éepinskis among them, the
Lithuanian University, which later was named Vytautas Magnus University, was
founded in Kaunas. It was in this university where the foundations for the devel-
opment of chemical science in Lithuania in the twentieth century were laid. The
merits of V. éepinskis include the tradition of chemistry teaching, publishing
handbooks, the foundation of laboratories with equipment suitable for electrochem-
ical investigations and studies, and the initiation of scientific research. J. Matulis
and J. Janickis were the most talented and creative disciples of V. éepinskis. They
both had worked for 1 or 2 years in foreign scientific centers and had obtained
academic degrees before 1940 [3, 4].

World War II had brought great losses for Lithuanian science. Some part of the
qualified staff moved to the West, the others have suffered from being exiled to
other Soviet Republics, while the country remained under Soviet occupation.
Despite unfavorable external factors, the electrochemical science in Lithuania
began gaining momentum and was developed in universities. In the Department
of Physical Chemistry of Vilnius University, headed by J. Matulis, the spirit of
V. éepinskis was alive with strong focus on electrochemical research, whereas in
the Department of Physical Chemistry of Kaunas University, the mood and ideas of
the Dresden (Germany) electrochemical school prevailed, because J. Janickis had
worked there [5]. In the postwar period, Lithuania began training its own qualified
electrochemistry specialists having skills of scientific research. J. Matulis, who
headed the Department of Physical Chemistry in Vilnius University in the period of
1945-1950, initiated research related with electrolytic deposition of metal coatings.
Under his guidance, the first thesis entitled “Relation between cathodic polarization
and adsorption” [6] was defended already in 1948. In Kaunas University, from
which the University of Technology had later branched out, the most important
works of J. Janickis and co-workers, which had greatly influenced the research of
other scientists, were those related to investigations of electrochemical reactions of
manganese and selenium [7]. Therefore, J. Janickis can be considered as being
among the founders of manganese and selenium electrochemistry.

Scientific research in the Soviet system was carried out in research institutes,
which belonged to the Academy of Science. After the foundation of the Lithuanian
Academy of Science (AS) in 1941, the Institute of Chemistry and Chemical
Technology (IChChT) was established in 1945 in Vilnius mainly, on the initiative
of J. Matulis [8]. At the beginning, organic and mineral raw materials (peat, clay,
etc.) as well as underground waters were studied in this institute. Electrochemical
research began in 1949 and was supervised by J. Matulis. The first doctoral thesis in
the area of electrodeposition of metals was defended by A. Bodnevas in 1950 and
was entitled “Influence of organic materials on cathodic polarization of Cu and Ni”
[9]. In the period between 1953 and 1954, O. Galdikiené and R. Visomirskis
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defended their doctoral dissertations in the same field [10, 11]. Systematic inves-
tigations of regularities of overvoltage variations during discharge of Cu, Ni, Sn,
Cr, Co, Fe, and Zn ions from various electrolytes began (V. Skominas, R. Slizys,
A. Steponavicius). The reasons for the formation of bright coatings were investi-
gated, whereas later the attention was focused on precious metals (S. Chotianovic)
[12]. In 1956, J. Matulis became the director of the institute and he held office for
20 years. In the period from 1946 until 1984, he also was the president of Lithu-
anian AS [13].

The question may arise: why the main field of investigations and main achieve-
ments of Lithuanian electrochemists in Soviet years, i.e., until the beginning of the
tenth decade of the twentieth century, was related to electrodeposition of metal
coatings? The formation of the scientific schools of J. Matulis and R. Visomirskis in
the area of metal electrochemistry and their worldwide recognition show that the
choice of direction of investigations was correct. The insightfulness of J. Matulis
and the logical evaluation of the external circumstances, most likely, were the main
reasons of such choice.

One of the reasons for choosing this scientific direction is related to the inequal-
ity in the level of practical galvanotechnics in Western Europe, USA, and the Soviet
Union. After World War II, a real revolution in the industry of metal processing
took place. The automotive industry as well as the producers of tools and house
ware rose new requirements for mechanical as well as corrosion resistance of the
coatings and also for their decorative appearance. In 1950-1955 in Western coun-
tries, the traditional galvanic processes were replaced by new technologies of bright
coating deposition, and the galvanic workshops of the factories were transformed
into the most clean production departments. In the meantime, this area of produc-
tion in the Soviet Union was utterly lagging behind. Soviet electrochemists engaged
in investigations of the mechanisms of elementary electrochemical acts and having
leading positions in this area in the world, showed little interest for electroplating
and the processes of metals electrocrystallization, as well as applied research in this
field [14].

Another argument for choosing this research direction was the fact that many
qualified electrochemists were trained in the Department of Physical Chemistry of
Vilnius University headed by J. Matulis in postwar years. Many of them came to
work in IChChT. Half of the doctoral dissertations (16 of 32) defended in the
institute in the period between 1948 and 1965 were in the area of electrochemistry
and their number increased gradually [8].

A new additional impulse toward galvanotechnics in the middle of seventh
decade was related to the decisions of the central Soviet government [15]. The
Soviet Academy of Sciences decided that the institutes of the Lithuanian AS should
contribute to solving problems of the Soviet Union. The reason behind that decision
was the realization that the research institutions of the Soviet Union were not
competitive with those in Western European and the USA. In these countries, the
number of scientific laboratories increased rapidly, their equipment improved, and
the scientific production also increased (e.g., the number of scientific journals
doubled during 5-8 years). The funds allocated for the development of science in
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the Soviet Union were significantly lower, whereas the funds given for institutes of
the Lithuanian AS were even 4-5 times smaller than those for the central institutes
[8]! Therefore, the institutes of the Lithuanian AS were unable to function properly
and to solve numerous problems at the same time. There were proposals for the
IChChT to perform research in photochemistry and electrochemistry of organic
materials; however, because of the lack of suitable equipment and specialists,
J. Matulis considered these directions as not promising and the best possible choice
was the electrodeposition of metals [15]. J. Matulis believed that at that time they
could achieve better results in this area. Thus in 1965, in accordance with a
resolution of the Soviet Council of Ministers, the IChChT was obliged to fully
focus its investigations on electrodeposition of metals and their alloys and the
applied research [15]. By the same resolution, the IChChT was given the status of
a leading institute in the whole Soviet Union. According to J. Matulis, the institute
since then should have been titled “Institute of Electrochemistry and
Galvanotechnics.” The development of scientific research in the area of formation
of protective and decorative coatings, having only one main direction, made it
possible to allocate the available resources to the creation of progressive galvanic,
chemical, and conversion coating technologies, based on the unity of fundamental
and applied research.

Since the seventh decade of the twentieth century, the IChChT is the largest and
main electrochemical research center in Lithuania; therefore, the major part of this
review will be devoted to the description of developments of this institution,
achievements of its workers, and the problems, which were encountered.

In 1965 the first technology of bright nickel plating was developed in the
IChChT, and its introduction into production in Lithuania and outside began. The
number of nickel plating technologies increased and they were introduced all over
the Soviet Union. Since 1969 automotive factories began placing orders and
making contracts for the development and introduction of nickel, zinc, chrome
plating, and conversion coating technologies. A major achievement was the crea-
tion of alkaline zinc plating technology, which replaced the cyanide zinc plating
processes. The first contract with foreign country was with the VEB
Galvanotechnik Company of the German Democratic Republic in 1979, while
later on, the contracts with institutions in Bulgaria, Poland, Czechoslovakia, and
other countries belonging to the Council for Mutual Economic Assistance were
constituted [8].

Aside from applied research, fundamental investigations were also performed in
the institute. In the middle of the seventh decade, new research directions emerged:
in 1968, A. Survila started investigations of electrode processes in the systems of
labile complexes of metals, later he engaged in photoelectrochemistry, and the
group headed by R. Slizys searched for new electrochemical research methods and
performed the first works in probing of the diffusion layer with microelectrodes.
The scope of research expanded. A. Vaskelis initiates studies of chemical metalli-
zation processes including applied research. L. SimanaviCius, who came from
Vilnius University, started the investigations of electrodeposition of metals from
nonaqueous electrolytes. Other works included electroforming, aluminum
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anodizing and electrolytic painting, and formation of conversion coatings. In 1976,
R. Visomirskis became the director of the institute and held this position until 1992.

The studies performed by the members of the scientific school of J. Matulis and
R. Visomirskis advantageously combined scientific investigations with application
of the obtained results in practice; therefore, several dozens of metals and dielectric
surface treatment technologies were designed which were applied widely in indus-
try. At that time, the institute coordinated scientific studies in the field of metal
electrodeposition in the Eastern European countries [8].

After Lithuania had regained its independence, the status of the institute
changed. The reform of the studies in the institute was started with the idea to
enable the institute to take part in handling the problems of Lithuanian national
economy as well as to integrate it into the international science system. During the
first years after regaining the independence, the signs of crisis became vivid:
although the number of scientists in the institute increased during the ninth decade
and dissertations were defended, the scientific production of the institute was not
increasing, and since 1989 it even began to decrease [15]. This was caused by
intensive commercial activities of selling the technological processes. These activ-
ities were profitable for the institute; however, less attention was paid to scientific
research and the creation of new technological processes. This was understandable,
because after decades of investigating the same systems, it became more and more
difficult to obtain new valuable results. The crisis revealed that some of the applied
research was not future-oriented, and it became clear that a reform was necessary.
In 1991 the name of the IChChT was changed to “Institute of Chemistry” (ICh) and
A. Vaskelis became the director in 1992. New research directions were identified
with a focus on an integration into global chemistry science in the areas, where the
institute had scientific potential, and another priority was the development of
research areas relevant to Lithuanian national economy and its needs. The follow-
ing main research directions were formulated: studies of electrochemical, catalytic,
and sorption processes in solutions and their practical application; materials science
and metal corrosion, environmental chemistry, spectroelectrochemistry, and syn-
thesis; and studies of organic compounds [16].

The last decade of the twentieth century, the decade of Lithuanian independence,
offered a lot of new opportunities in science and also new challenges, which the
scientists at the Institute of Chemistry and other electrochemists had to face. It will
be interesting to compare the development of electrochemistry and achievements in
Lithuania during 50 years of isolation under Soviet occupation with those of the last
decade of an independent country open to the whole world. We will try to do this
after getting acquainted with the achievements of the most prominent Lithuanian
electrochemists of twentieth century.
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6.2 The Initial Stages of the Scientific School Formation
(V. Cepinskis)

Vincas Cv‘epinskis (1871-1940): He was a Lithuanian chemist, physicist, diplomat,
member of the Constituent Assembly of Lithuania, and the First Lithuanian Seimas
(Seimas = Parliament). He graduated from Saint Petersburg University, Faculty of
Physics and Chemistry in 1894, and worked for 2 years in Russia’s Depository of
Weights and Measures as an assistant of D. I. Mendeleev. In 1896-1899, he
specialized in physical chemistry in Zurich Polytechnic Institute and got acquainted
with physicochemical and electrochemical investigations in the universities of
Gottingen (Prof. W. Nernst) and Leipzig (Prof. W. Ostwald). In 1920-1922, he
actively participated in the establishment of Lithuanian University in Kaunas. He
has been a professor since 1922 and prorector and rector of this university from
1922 to 1933 (Fig. 6.1).

Professor and statesman V. éepinskis is considered to be the founding father of
physical chemistry and physics in Lithuania [2]. His scientific steps coincided with
the rapid development of classical chemical thermodynamics and the rise of
chemical industry. He became a master of many precise measurement techniques
and could operate precise equipment, and all his life was fascinated by experimental
research. The choice of Switzerland for his postgraduate studies was not accidental:
Zurich at that time was among the main centers of physicochemical research. There
was, however, another personal reason: his doctors have recommended that the
mountain climate would be beneficial for V. éepinskis’ health. In Zurich Polytech-
nic Institute, he acquired strong knowledge of electrotechnics and attended lectures
of technological sciences. In the same period, he got acquainted with physicochem-
ical and electrochemical investigations in the universities of Gottingen (Prof.
W. Nernst) and Leipzig (Prof. W. Ostwald) [2]. However, most of his time was
spent in the laboratory of Prof. H. A. Lorentz, one of the few European laboratories
specialized in electrochemistry. In this laboratory, famous for research in molten

Fig. 6.1 Professor of
Vytautas Magnus
University, V. éepinskis.
Kaunas, 1932
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salts, V. éepinskis verified that the Gibbs—Helmholtz equation is also valid at high
temperatures when the galvanic cell contains molten salts of heavy metals. His
work entitled “On free energy changes of some heavy metal halogenides” was
published in Zeitschrift fur anorganische Chemie [17], one of the most reputable
chemical journals at that time. Later in the same laboratory, he performed a series of
experiments investigating the electromotive force of hydrogen—oxygen cells. The
second scientific paper of V. éepinskis was entitled “Measurements of some gas
circuits” [18], and there he reported on the possibility to transform the energy of
fuels into electricity, which was a new topic at that time. The paper was published in
the same journal in 1902.

Since 1918, V. Cepinskis worked in Lithuania. He was among the founders of
the Lithuanian University, which was later named Vytautas Magnus University. In
1925 he established the Department of Physical Chemistry and Electrochemistry
and took care of the construction of the Institute of Physics and Chemistry [2]. V.
Cepinskis had no practical possibilities to perform scientific research during his first
10 years at the university. For seven years, he worked as rector or prorector;
established two departments and equipped the laboratories; wrote handbooks,
monographs, and science popularization papers; and publicized. Together with
his students, V. éepinskis analyzed the phenomena of photochemistry, metal
passivity, and catalysis and investigated the relations between the solubility of
salts and their activity and galvanic polarization; he also performed electrolytic
synthesis of materials. At the same time, he attempted to return to research which he
had began in Switzerland. He continued the investigations of entropy changes
performed in Zurich, replacing melts of the salts with their solutions. In 1934 the
Journal of Vytautas Magnus University published the paper of V. éepinskis entitled
“The simplicity of entropic variety of ionic reactions” [19]. V. éepinskis described
a regularity, which had never been reported before, i.e., that the temperature
coefficient of electromotive force is constant in any galvanic circuit, irrespective
of whether the reaction proceeds in high-temperature melts or in room temperature
solutions, and the ratio of these coefficients in monovalent, bivalent, and trivalent
salt systems is 1:2:3. This paper is the most valuable of his scientific works and it
had not received the appropriate response abroad. V. éepinskis failed to establish
his priority because the journal was not known in Europe, and the paper was written
in Lithuanian, so that foreign physicochemists could hardly read it. Similarly, his
intuitive hypothesis about the participation of monovalent ions of Al, Mg, Zn, and
other metals of otherwise higher valence in the electrode processes taking place in
aqueous solution of the salts is now unfortunately also not associated with his name.

The contribution of V. éepinskis to the further development of electrochemistry
in Lithuania is related to his creative pedagogical work, education of talented
students, and caring for their internships in foreign universities. His great merit is
the establishment of modern and technically equipped physicochemical laborato-
ries in Vytautas Magnus University. The most talented of his students—J. Matulis
and J. Janickis—continued the research started by their teacher in the area of
electrochemistry.
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6.3 The Soviet Period and the General Trend Toward
Metal Electrodeposition

6.3.1 Theoretical and Practical Studies in Metal Deposition
(J. Matulis)

Juozas Matulis (1899—-1993): He was the most distinguished chemist of Lithuania in
the twentieth century. He graduated from the Lithuanian University, Faculty of
Mathematics and Natural Sciences in Kaunas in 1929. He was a student of V.
éepinskis and had his postgraduate studies in Leipzig University in 1931-1933. He
was a doctor of science in 1934 and habilitated doctor of science in 1936 from
Vytautas Magnus University, professor since 1940, dean of the Faculty of Natural
Sciences and Mathematics at Vilnius University from 1940 to 1941, and head of the
department of Physical Chemistry at the same university from 1941 to 1943 and
1945 to 1950. He was the president of the Lithuanian Academy of Sciences from
1946 to 1984 and director of the Institute of Chemistry and Chemical Technology in
Vilnius from 1956 to 1976. J. Matulis was awarded two Prizes in Science of
Lithuania in 1975 and 1982 and a Prize of the Soviet Union Ministry Council in
1984.

The research fields of J. Matulis were photochemistry, chemical kinetics, and
electrochemistry. The electrochemical studies were the most important and were
carried out most intensively. They were initiated in the late 1940 at Vilnius
University and latter expanded at the IChChT. The majority of almost 500 scientific
papers published by J. Matulis are devoted to electrochemistry, and the largest part
of them was dedicated to metal electrodeposition [13]. He studied the electrochem-
ical and chemical processes in copper, nickel, chromium, cobalt, zinc, silver, iron,
and other salt solutions as well as characteristics of deposited metal and alloy
coatings. His works covered a wide range of problems, from fundamental questions
of metal crystallization to the developing of new technological processes in
electroplating and other fields of surface finishing [20]. A typical feature of
J. Matulis research was that he gave attention to real complicated systems and the
study of not only the main processes, e.g., charge transfer or diffusion, but also to
the accompanying secondary reactions at the metal surface. Among his most
important and extensive investigations are the behaviors of various additives [21],
especially for achieving brightness [22] in the electroplating processes and the
mechanism of chromic acid reduction and chromium electrodeposition [23]
(Figs. 6.2 and 6.3).

J. Matulis founded a large scientific school and he supervised 85 PhD theses. His
postgraduate students (R. ViSomirskis, V. Kaikaris, R. SliZys, A. Steponavicius,
R. Ramanauskas, and others) together with their students (K. Juodkazis,
E. Juzeliunas, G. Niaura) further developed investigations initiated by J. Matulis
and expanded them. At present, the total number of scientists of his school amounts
to over 200 [21]. The studies performed by the electrochemists of the scientific
school of J. Matulis advantageously combined scientific investigations with appli-
cation of the results obtained in practice; therefore, several dozens of metals and
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Fig. 6.2 J. Matulis with the
students in the laboratory of
electrochemistry of Vilnius
University, 1950

Fig. 6.3 From right:

J. Matulis, O. Galdikiene,
A. Antropov, and A. N.
Frumkin during the
conference on metal
deposition in Vilnius, 1956
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Fig. 6.4 From right:

J. Matulis and Dr. A. Vegys
in the Laboratory Ni
deposition of the Institute of
Chemistry and Chemical
Technology, Vilnius, 1969

dielectric surface treatment technologies were designed which are applied widely in
industry. J. Matulis initiated a widely applied research work at the IChChT, and it
became the leading institute in the former Soviet Union in the field of
electroplating. Many technological processes developed at the institute were intro-
duced in to the industry at many enterprises throughout the former USSR.

The largest part of J. Matulis scientific papers were published in Russian in the
journal Lietuvos TSR MA Darbai (Proceedings of the Lithuanian Academy of
Sciences), which has been founded by him. Only ca. 9 % of his papers were
published in Moscow and ca. 5 % in Western journals. Therefore, not all of
J. Matulis works are well known in the scientific world. Nevertheless, in the
twentieth century, J. Matulis was one of the most widely cited Lithuanian chemists.
His paper “On the characteristics of cathodic processes of nickel electrodeposition”
by J. Matulis and R. SliZys published in Electrochimica Acta in 1964 [24] up to
1990 was the most frequently cited paper of the IChChT. J. Matulis was an
excellent lecturer, and he published several textbooks on physical and colloid
chemistry [25, 26].

J. Matulis was not only an outstanding scientist and research manager but also a
man of high moral and ethical standards. Being a high-ranking official, he protected
scientists from communist functionaries as much as possible. Many victims of the
Soviet regime, who have been found unwelcome in other scientific institutions,
were employed in the Academy of Science of Lithuania (Fig. 6.4).

6.3.2 Kinetics and the Peculiarities of Metal Deposition from
Complexing Electrolytes (R. Visomirskis)

Romanas Visomirskis (1927-1995): He was the first habilitated doctor of science in
the field of electrochemistry in Lithuania. He graduated from Vilnius University,
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Faculty of Chemistry, in 1951, and a postgraduate student under the supervision of
professor J. Matulisat the Institute of Chemistry and Chemical Technology. He
defended his doctoral thesis on the subject of overvoltage of hydrogen evolution at
chromium in 1954 and his habilitation doctoral thesis in 1966. He was a deputy
director and director of the Institute of Chemistry and Chemical Technology from
1958 to 1976 and from 1976 to 1992, respectively, a professor since 1968, and an
academician of the Lithuanian Academy of Science since 1976. R. Visomirskis was
awarded a Prize in Science of Lithuania in 1971 and a Prize of the Soviet Union
Ministry Council in 1984.

R. Visomirskis was one of the most outstanding electrochemists in Lithuania. He
was famous for his deep knowledge of the theoretical, experimental, and applied
aspects of electrochemistry, high standards of experimental work, active teaching,
and successful scientific administrative activity. He started his scientific career at
the IChChT and remained faithful to the institute until the last days of his life. Two
important aspects that were to become significant throughout his scientific research
activity were apparent from the very beginning. The first one, taking into account
the demands of the time, was the area of kinetics and the mechanisms of electrode
reactions occurring at the discharge and ionization of metals in solutions of
complex salts and the electrochemical behavior of numerous inorganic and organic
substances commonly used in electroplating, as well as the interaction of these
substances with metal ions and metal substrates [27]. Secondly, R. ViSomirskis, like
J. Matulis, saw real possibilities to use the results of fundamental in industry and
applied investigations not only in Lithuania or the former Soviet Union but also in
other countries. The second important aspect was that R. ViSomirskis actively
worked on many problems of electroplating and made a substantial contribution
toward this area, including studies of applied type and original technologies for
electrodeposition of Cu, Cd, Zn, Au, Ag, and Pd and some of their alloys. At that
time, due to the results obtained by the groups under the supervision of J. Matulis
and R. ViSomirskis, the IChChT quickly gained a top position in the field of metal
plating in the former Soviet Union and in the countries of the former Council of
Mutual Economic Assistance. At that time, the leading position ensured a signifi-
cant additional financial support.

Experimental data obtained by the professor himself and in cooperation with his
associates were summarized in his doctoral (now habilitation) thesis entitled “Stud-
ies on the kinetics of electrolytic deposition of metals from complex electrolytes”
[28], his monograph “Kinetics of electrolytic deposition of metals from complex
electrolytes” [29], and in the fifth chapter of the multi-author book “Bright electro-
deposits” (ed. J. Matulis) [22]. His publications (there were more than 250 of them)
well illustrate the impressive results of research works performed by his group.
Many of these publications are certainly a guiding reference for future generations
of electrochemists (Figs. 6.5 and 6.6).

R. Visomirskis was known for being a successful teacher. He personally super-
vised 12 and together with his colleagues 24 doctoral (PhD) theses.
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L

Fig. 6.5 Professor R. ViSomirskis (the first from the left) one of the organizers of the 37th ISE
Meeting in Vilnius, 1986

Fig. 6.6 From /eft: R. ViSomirskis, A. SteponavicCius, and J. Matulis during the celebration of the
90th birthday anniversary of J. Matulis, Vilnius, 1989
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R. Visomirskis had some likings and hobbies. While being a student, he was
captivated by chess and was the winner of many prestigious competitions. Later, he
became an excellent and successful bridge player.

6.3.3 The Phenomenological Studies of Autocatalytic Metal
Reduction and Electrocatalysis (P. A. Vaskelis)

Povilas Algirdas Vaskelis (1937-2009): He was a worldwide recognized expert in
the investigations of the autocatalytic metal ion reduction reactions and graduated
from Vilnius University, Faculty of Chemistry, in 1959. He had scientific degrees of
doctor of science in 1963 and habilitated doctor of science in 1982 at the Institute of
Chemistry and Chemical Technology. He was a professor since 1985, academician
of the Lithuanian Academy of Science since 1998, and director of the Institute of
Chemistry from 1992 to 2001. P. A. Vaskelis was awarded two Prizes in Science of
Lithuania in 1989 and 2000. He had internship in J. Heyrovsky Institute of Physical
Chemistry in Czechoslovakia in the field of polarography.

The major part of the scientific work of P. A. Vaskelis was devoted to systematic
studies of the kinetics and mechanism of electroless deposition of metals and their
alloys, as well as to the related processes in solutions (equilibria of metal ion
complexes, stability of electroless plating solutions, formation and properties of
colloidal metal nanoparticles) and to surface heterogeneous catalysis and
electrocatalysis, activation of surfaces, determination of the real surface area, etc.
Shortly after the defends of his doctoral thesis using the advantages of polarogra-
phy, he investigated the formation equilibria of transition metal ion complexes in
alkaline and strongly alkaline aqueous solutions, where other methods appeared to
be considerably less informative. During the period between 1962 and 2000, he
published more than 40 scientific papers related to polarography [30-32].

A significant part of P. A. Vaskelis’ scientific work has been devoted to system-
atic studies of the kinetics and mechanism of electroless deposition of metals and
their alloys, as well as to the related processes in solutions (the already mentioned
equilibria, stability of electroless plating solutions, formation and properties of
colloidal metal nanoparticles) and on the surface (heterogeneous catalysis and
electrocatalysis, activation of surfaces, determination of the real surface area,
etc.). With these major scientific contributions, P. A. Vaskelis became a worldwide
recognized expert in the field [33]. This was achieved by successfully combining
fundamental and practical—complementing each other—aspects of scientific
research. In 1967, independently of M. Saito (1965, Japan) and M. Paunovic
(1968, USA), P. A. Vaskelis proposed a pioneering interpretation of electroless
metal ion reduction mechanism on the basis of mixed-potential theory which had
been earlier used to describe corrosion processes [34]. This made it possible to
figure out that the so-called electroless (or “chemical”) metal deposition is just a
coupling of two (sometimes even more) partial processes simultaneously occurring
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Fig. 6.7 P. A. Vaskelis
(on the right side) in
discussion with J. O’M.
Bockris and

A. Steponavicius during the
37th ISE Meeting in
Vilnius, 1986

on the surface with equal rates, transferring electrons via the depositing metal. This
interpretation stimulated the use of electrochemical methods for studying these
processes in the whole world, supporting its validity and correctness. However, in
due course, it became evident that electrochemical methods of measurement alone
are not sufficient for investigating such complex processes inasmuch as the current,
measured by varying the electrode potential, represents the overall contribution of
several electrochemical reactions, whereas individual contributions remain
unknown. All this stimulated the development and utilization of novel combined
investigation methods, making it possible to determine the contribution of individ-
ual reactions to the overall process. It should be mentioned that a new online
electrochemical mass spectrometry method intended for direct analysis of gaseous
reaction products was applied for the first time for studying the mechanism and
kinetics of chemical metallization using labeled isotopes. Along with this method,
for in situ studies of partial reactions of chemical metallization, P. A. Vaskelis
et al. were among the first to apply the quartz crystal microbalance technique which
enables to determine the variations in electrode mass (with a sensitivity of 107~ g)
during metal deposition (Fig. 6.7).

Along with the obvious scientific novelty, these electroless plating processes are
distinguished also for their technological novelty (the possibility to electrochemi-
cally regenerate the consumed reducing agent by reducing trivalent cobalt ions back
to divalent), allowing formation of metal coatings with high technological charac-
teristics on dielectric surfaces, permitting to avoid the use of toxic chemicals
(formaldehyde). Therefore, the new electroless metallization processes proposed
by P. A. Vaskelis and co-workers attracted the attention of international companies
dealing with electroless plating of metals and their alloys. P. A. Vaskelis has written
two books [35, 36] and published more than 200 scientific papers whose citation
number approaches 1000.

Fifteen doctoral theses were prepared and defended under his guidance and
supervision, and two of the 15 doctors later became habilitated doctors. Thus,
P. A. Vaskelis has established his own scientific school.
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6.3.4 The Relationship and Collaboration with the Frumkin
School in Moscow (A. Survila)

Arvydas Survila (1942): He was a disciple of the A. N.Frumkin electrochemistry
school in Moscow. He is currently a chief research associate in the Department of
Electrochemical Materials Science in the Institute of Chemistry of the Center for
Physical Sciences and Technology in Vilnius. He graduated from Moscow State
University in 1964 and had his postgraduate studies under the supervision of Prof.
A. N. Frumkin and B. B. Damaskin and the scientific degree of doctor of science in
1967 and habilitated doctor of science in 1985 at Moscow State University. He has
been a professor since 1992 and head of the Department of Kinetics at the Institute
of Chemistry from 1993 to 2007. A. Survila was awarded a Prize in Science of
Lithuania in 1993. He had internships in the electrochemistry in the universities in
the USA, Germany, and Poland.

As a successful student of Vilnius University, where A. Survila specialized in
chemical engineering, he was elected to continue his studies at Moscow State
University. After graduation he was invited to continue education in postgraduate
studies. Adsorption of some organic compounds on mercury was the subject of his
doctoral studies during which A. Survila succeeded to obtain experimental material
for seven publications, among which was the article by A. N. Frumkin, B. B.
Damaskin, A. A. Survila “The congruence of the adsorption isotherm with respect
to the electrode potential or charge and the choice of an independent electric variable”
[37], which became one of the key studies and has not lost its value up to date
(Fig. 6.8).

After returning to Vilnius A. Survila has been employed in the IChChT. At that
time, the institute’s work has been directed toward the development of various
electroplating processes with a view to their implementation in industry. Studies
conducted here were mainly of applied character. There was a certain control on
publications of results of the research, which could be the subject of practical
application. Publications in international journals were not promoted, and materials

Fig. 6.8 From the left:
A. Survila, O. Petrii, and
B. Damaskin in Moscow
State University, 1964
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prepared for such rare submissions were subject to special procedures. Therefore,
the main journals were the local Proceedings of Lithuanian Academy of Sciences
and, in some cases, the Russian journal Elektrokhimiya.

A. Survila had to change his research interests and switch to the study of
electrodeposition of metals from solutions containing complex compounds. In
addition to these scientific interests, photoelectrochemistry also played a certain
role. During the period of 1968-1990, he has published more than 40 scientific
articles, among which there are 13 theoretical publications, written by one author.
During this time, he prepared and successfully defended (1986) his habilitation
thesis, the materials of which have been published as monograph: “Electrode
processes in systems of labile complexes of metals” [38]. He was appointed as the
head of the Department of Electrochemical Kinetics at the Institute of Chemistry.
At the same time, A. Survila engaged intensively in pedagogical activities, teaching
at Vilnius Pedagogical University, Vilnius University, and the newly restored
Vytautas Magnus University (Kaunas). In total he has read more than ten different
courses, including physical chemistry, electrochemical kinetics, photoelectro-
chemistry, electrochemistry of complex compounds, etc. He was a supervisor of
12 PhD researches. A. Survila has received numerous scientific awards including
the Prize in Science of Lithuania and J. Matulis Award from Lithuanian Academy
of Sciences.

6.3.5 Bioelectrochemistry and Biosensors (J. Kulys,
V. Razumas)

Juozas Kulys (1944): He is a Lithuanian biochemist, currently the head of the
Department of Chemistry and Bioengineering at Vilnius Gedimino Technical Uni-
versity, and a principal research associate in the Institute of Biochemistry of
Vilnius University. He graduated from Moscow State University in 1967 and had
his scientific degree of doctor of science in 1970 at Moscow State University and
habilitated doctor of science in 1982 at the Moscow Institute of Chemical Physics.
He has been a professor since 1984 and academician of the Lithuanian Academy of
Sciences since 1996. J. Kulys was awarded a Prize in Science of Lithuania in 1987.

Valdemaras Razumas (1955): He is a Lithuanian biochemist, currently the
president of the Lithuanian Academy of Sciences, and a principal research associ-
ate in the Institute of Biochemistry of Vilnius University. He graduated from Vilnius
University, Faculty of Chemistry, in 1978 and had his scientific degrees of doctor of
science in 1981 and habilitated doctor of science in 1990 at Moscow State Univer-
sity. He has been a professor since 1993 and became the director of the Institute of
Biochemistry in Vilnius, from 1992 to 2004. V. Razumas was awarded with a Prize
in Science of Lithuania in 1987.

Bioelectrochemistry belongs perhaps to one of the most efficient fields of
Lithuanian electrochemistry. It integrates many branches of physical sciences,
like electrochemistry, biochemistry, enzymology, polymer synthesis, etc. The
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field arose in the mid of 1970s at the Institute of Biochemistry. It was initiated by
J. Kulys and performed by his numerous students and successors, the most prom-
inent of which were A. Malinauskas and V. Razumas. At that time, with a few
exceptions, it seemed unlikely to combine the redox or electron transfer processes
occurring in living systems, with electrochemical processes taking place at
electrode—electrolyte interface. Therefore, at its very beginning, this field was met
with a lot of skepticism, both from the traditional electrochemists and from
traditional biologists and biochemists. However, just the first attempts to combine
enzyme-catalyzed and electrochemical electron transfers were highly successful,
and the research developed in various directions. First, bioelectrochemical systems
with the participation of oxygen-dependent oxidases were studied. Among them,
highly important enzymes like glucose oxidase or lactate oxidase were incorporated
into electrochemical systems, and important so-called first-generation biosensors
for the detection of glucose and other metabolites were created, based on electro-
chemical detection of the reaction product hydrogen peroxide. In collaboration with
some Lithuanian enterprises, these glucose sensors have been successfully com-
mercialized to the market of medical diagnostics, known as Eksan-G. Numerous
studies have been performed on bioelectrochemical systems with the use of electron
transfer mediators—low molecular mass compounds able to shuttle the electrons
between the enzymes and electrode. Systems comprising a variety of redox
enzymes including oxidases or dehydrogenases have been studied, and numerous
prototypes of “second-generation” biosensors were developed. Also, more complex
biological components like coenzyme-dependent biocatalysts and intact or
processed bacterial or yeast cells were studied in bioelectrocatalytic systems.
Interestingly, some non-redox enzymes were also successfully included into
bioelectrocatalytic systems. Later, bioelectrochemical systems with direct electron
exchange between the biocomponent and electrode material were created, based on
a numerous PQQ-dependent enzyme class. J. Kulys and V. Razumas have written
several books [39—41], while J. Kulys published more than 400 scientific papers
whose citation number approaches 4000. Both J. Kulys and V. Razumas are among
the most cited scientists in Lithuania.

6.4 The Period of Restored Independence (The Last
Decade of the Century)

6.4.1 Conductive Polymers and Spectroelectrochemistry
(A. Malinauskas, G. Niaura)

Albertas Malinauskas (1952): He is the most cited electrochemist in Lithuania and
is currently the head of the Department of Organic Chemistry in the Institute of
Chemistry of the Center for Physical Sciences and Technology in Vilnius and
Professor of Chemistry faculty at Vilnius University (part-time). He graduated
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from Vilnius State University, Faculty of Chemistry, in 1975 and had his scientific
degree of doctor of science in 1979 at Moscow State University and habilitated
doctor of science in 1994 at the Institute of Chemistry and his internships in the
electrochemistry of conductive polymers at universities in Germany and Sweden.

Gediminas Niaura (1956): He is a recognized expert in spectroelectrochemistry
and Raman spectroscopy. He is currently a chief research associate in the Depart-
ment of Organic Chemistry in the Institute of Chemistry of the Center for Physical
Sciences and Technology. He graduated from Vilnius State University, the Faculty of
Physics in 1979, and got his scientific degrees of doctor and habilitated doctor of
sciences from the Institute of Chemistry (Vilnius) in 1992 and 2002, respectively. G.
Niaura spent 3.5 years as a quest researcher at the National Institute of Standards
and Technology in the USA. In 1997, he returned to the Institute of Chemistry in
Vilnius.

In the early 1990s, some new research directions appeared at the ICh, thus going
out of the narrow frame of metal electrochemistry, practiced during the last few
decades. As one of these new directions, electrochemistry of modified electrodes
along with the synthesis and study of new materials for this modification has been
developed. Thematically, this direction resembled the tendencies of modern science
of that time; therefore, it appeared reasonable to start this study, while the pioneer in
ICh in this area was A. Malinauskas. The second reason for this choice was in that
some of its simplest aspects do not require any sophisticated equipment. The 1990s
was perhaps the most difficult period for research in Eastern Europe since World
War II, especially in terms of financing. Despite of this, it appeared realistic to start
this direction with the use of actually available equipment, leaving the more
sophisticated studies for a hopefully better future.

The first works relate to polyaniline—one of the simplest and most extensively
studied materials at that time, presenting the newly discovered class of conducting
polymers. Thin layers of polyaniline were deposited onto inert electrodes following
either chemical or electrochemical polymerization, and studies on their properties
have been performed, including the dependence of redox properties of the resulting
material on reaction variables used in its preparation, the specific effects of these
layers like the slow electrochemical relaxation, etc. [42, 43]. Also, copolymers of
aniline with related materials have been prepared, and their specific properties were
studied [44, 45]. Next to this, electrocatalytic reactions of solution species at
electrodes covered with conducting polymers were studied [46, 47]. Attention has
been paid to the use of these modified electrodes as amperometric sensors for the
determination of some analytes like ascorbic acid. Next to conducting polymers are
electrodes modified with inorganic complexes, and electrocatalytic reactions at
these electrodes were studied. Based on this, amperometric sensors for hydrogen
peroxide were developed. With the use of additional layers containing enzymes and
some polymers, biosensors for glucose, lactate, and other biologically important
substances were developed [48].

Raman spectroscopic studies of electrochemical interface at the IChChT have
been started in 1986 under the supervision of the prominent spectroscopist, the
chief of the department of Organic Chemistry Z. Alauné. The Raman spectrometer
has been adapted for in situ surface-enhanced Raman spectroscopic (SERS) study
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of the structure of adsorbed species at electrode surfaces under electrochemical
potential control by A. Malinauskas and the PhD student G. Niaura. In the period
from 1986 to 1993, the work has been focused on the spectroelectrochemical
analysis of the redox transformations of adsorbed phenazine dye [49] and on the
structure of inorganic ions (Cl ™, ClO4 ", and S0,27)at copper electrode surface [50,
51]. ®Cu and ®*Cu isotopes have been introduced for the analysis of Cu—Cl
vibrational mode [50]. In 1991 the first SERS spectrum of specifically adsorbed
SO,*" ions was published [51]. Considerable broadening and frequency shift to
lower wavenumbers as comparing with solution species was detected. A detailed
potential-dependent SERS study on the adsorption of ClO4~ and SO, ions at
copper electrodes was published in 1998 [52]. In this work, spectroscopic markers
useful for the discrimination of chemisorption vs. physisorption of oxyanions were
provided. Based on these markers, the following adsorbtivity order of anions at Cu
electrode was found: CI~ > SO,*~ > ClO,~ >HSO, . An important consequence
of chemisorption of anions at interface is the possibility of formation of ion pairs
with organic cations [53]. It was demonstrated that the acridinium cation can be
detected by SERS technique in the form of an ion pair with ClI~ anion on Cu
electrode at solution concentrations down to 6.7 x 107" M [54]. Starting from 1995,
the potential-dependent SERS studies were extended to the analysis of structure and
orientation of adsorbed biomolecules at Cu electrode surface. In close collaboration
with scientists from the Institute of Biochemistry in Vilnius, V. Razumas, and
Z. Talaikyté, different adsorption states of histidine, depending on solution pH,
electrode potential, and the presence of SO4*~ or CI™ anions were spectroscopically
detected [55]. In 1999—-2000, the spectroelectrochemical research was focused on
the potential-dependent interaction of OH™ anions with Cu surface and formation
of surface oxide [56]. Two different states of adsorbed OH ™ ions at Cu electrode
surface have been discovered. A. Malinauskas and G. Niaura were awarded Lith-
uanian Science Prize in 2003.

6.4.2 Electrochemical Materials Sciences (E. Juzeliunas,
R. Ramanauskas)

Eimutis Juzeliunas (1958): He is the initiator of the electrochemical materials
science research in Lithuania. He is currently the rector of the Klaipéda University
and (part-time) a chief research associate in the Department of Electrochemical
Materials Science in the Institute of Chemistry of the Center for Physical Sciences
and Technology at Vilnius. He graduated from the Faculty of Chemistry of Vilnius
State University in 1981 and got his scientific degree of doctor and habilitated
doctor of sciences from the Institute of Chemistry (Vilnius) in 1986 and 1994,
respectively. He became professor since 1998, a fellow of Alexander von Humbolt
foundation 1993—1988, and director of the Institute of Chemistry in Vilnius, since
2001 il 2010.

Rimantas Ramanauskas (1952): He is currently the deputy director of Center for
Physical Sciences and Technology and the head of Institute of Chemistry in Vilnius
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and (part-time) professor of Chemistry faculty at Vilnius University. He graduated
from the Faculty of Chemistry of Vilnius State University in 1975 and got his
scientific degrees of the doctor of science in 1980 from Institute of Chemistry and
Chemical Technology, Vilnius, and habilitated doctor of science in 1999 from
Institute of Chemistry. He was a member of the International Metal Corrosion
Testing laboratory, Havana, Cuba, in 1987-1989, and a research associate at the
Research and Advanced Study Center in Merida, Mexico, in 1994—1998.

The last decade of twentieth century saw rapid development in the area of
research which can be identified as electrochemical materials science. This
multidisciplinary field of science included not just investigations of electrodeposi-
tion of functional coatings with exceptional anticorrosive, magnetic, or other
properties but also the application of electrochemical methods for the processes
related to environmental protection, corrosion of metals in the atmosphere, model
systems and geothermal water, as well as the development of noninvasive methods
for the evaluation of corrosion damage. Significant results in this area were
achieved by the scientific groups supervised by E. Juzeliunas and R. Ramanauskas.

In the area of environmental electrochemistry, E. Juzelitinas studied the electro-
chemical behavior of metal complexes with EDTA and corrosion of metals in
geothermal water. Comprehensive analysis of electrochemical reduction of
Me-EDTA complexes was performed using methods of voltammetry and quartz
crystal microgravimetry [57]. The results of these investigations are important,
primarily, for the development of environmental technologies for binding heavy
metals into complexes in soil and using subsequent recovery of metals on the
electrodes in situ. When investigating the possibilities to remove nitrogen monox-
ide (NO) by means of electrochemical methods, Fe(I[)-EDTA compound was
applied as complexing agent [58, 59]. Under the guidance of E. Juzeliunas, wide-
ranging work was done studying the corrosion of metals in geothermal water
(Devonian and Cambrian) of western Lithuanian region [60]. The studies were
funded by European Commission (program Joule 2).

Using the most sensitive modern magnetic sensors, E. Juzelitnas demonstrated
that it is possible to remotely detect corrosion activity even through dielectric
ambience as well as under hydrodynamic conditions. The results obtained pro-
moted the development of noninvasive detectors of corrosion activity. The work
was performed in cooperation with experts of SQUID magnetometry and device
producers from Germany (FIT Messtechnik GmbH) and USA (Vanderbilt univer-
sity) [61-63]. In the period 1990-2000, E. Juzeliunas had won prestigious research
fellowships, grants, and awards from the Alexander von Humboldt foundation
(Germany) and the American Chemical Society (USA). Beside traditional investi-
gations in the field of metals electrodeposition, he pioneered the research in the area
of magnetronic sputtering of alloys, which gained momentum in the following
decade [64].

During the period between 1987 and 1989, R. Ramanauskas initiated investiga-
tions on the atmospheric corrosion of Zn electrodeposits in the tropical climate of
Cuba, and he continued similar studies later on (1994-1998) in Mexico. In spite of
the aggressive conditions of the tropical climate, atmospheric corrosion studies last
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for several years. Therefore, one of the most important results of these investiga-
tions was the elaboration of the model of Zn coating corrosion, which was designed
on the basis of statistical analysis of the data obtained under the natural and
accelerated test conditions. The latter model enables to make predictions of the
metal corrosion losses under different conditions, if the data on the pollutant
concentration and the time of wetness are available [65].

The fundamental research on the relationship between metal structure and
corrosion behavior of Zn and Zn alloy coatings was carried out by
R. Ramanauskas with a view to enhance the corrosion resistance of Zn coatings.
The aim of these studies was to elucidate the reasons of higher corrosion resistance
of some of the alloys. The results obtained indicated that inhibition effect is related
to the structural and electronic properties of the oxide films formed on the metal
surface [66]. However, the most complete understanding of the nature of corrosion
behavior of Zn and Zn alloy coatings was achieved when the relationship between
the corrosion rate and the metal structural parameters such as its texture, morphol-
ogy, grain size, and number of lattice imperfections was established [67, 68]. Appar-
ently the structure of Zn coatings enhances the stability of passive films on their
surface.

Clarification of the influence of metal structure on its corrosion behavior extends
the limits of perception of this electrochemical phenomenon and enables to seek for
new strategic solutions in the field of metal corrosion protection.

The research activities in the field of electrochemical materials science included
electrochemical studies of metals and alloys, which were conducted, employing
such methods as cyclic voltammetry, electrochemical impedance spectroscopy,
quartz crystal nanogravimetry, etc. These investigations in all cases were supported
by the characterization of crystalline structure and chemical and phase composition
of deposited layers, by means of transmission electron microscopy (TEM), electron
diffraction, scanning electron microscopy with microprobe (EDX) analysis, X-ray
and Auger electron spectroscopies (XPS), and X-ray diffraction (XRD) techniques.
The latter studies were conducted in collaboration with the colleagues from the ICh
department of materials structure characterization (R. Juskénas, A. Selskis, and
V. Jasulaitiené).

For their research activities in the field of electrochemical materials science,
which began in the last decade of the twentieth century, E. Juzeliunas and
R. Ramanauskas were awarded Lithuanian Science Prize in 2007.

6.4.3 Electrocatalysis (E. Norkus, Z. Jusys)

Eugenijus Norkus (1955): He was a student and successor of Prof. P. A. Vaskelis.
He is currently the head of the Department of Catalysis in the Institute of Chemistry
of the Center for Physical Sciences and Technology in Vilnius. He graduated from
Vilnius State University, the Faculty of Chemistry, in 1978. He got his scientific
degrees of doctor of science in 1988 from the Institute of Chemistry and Chemical
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Technology, Vilnius, and habilitated doctor of science in 1999 from the Institute of
Chemistry, has been a professor of Chemistry at Vilnius University (part-time)
since 1996, and has internships in the field of electroless metal plating at the
universities in Germany and the USA.

Zenonas Jusys (1959): He was a student and successor of Prof. P. A. Vaskelis.
He is currently a leader of the electrocatalysis group at the Institute of Surface
Chemistry and Catalysis, Ulm University, Germany. He graduated from Vilnius
State University, the Faculty of Chemistry, in 1982. He got his scientific degrees of
the doctor of science in 1990 from the Institute of Chemistry and Chemical
Technology, Vilnius, and habilitated doctor of science in 1998 from the Institute
of Chemistry. In 1993-2000, he was a division leader at the Institute of Chemistry
and in 1998-2004 associate professor at Vilnius Pedagogical University (part-
time). He had postdoctoral experience in Germany (1991, 1993, 1995, and 1997)
and the USA (1998-1999).

During the last decade of the twentieth century, E. Norkus and Z. Jusys together
with their tutor P. A. Vaskelis and individually, joining international research
teams, proceeded with research of the kinetics and mechanism of electroless
metal deposition processes [69, 70]. Individual partial reactions were systemati-
cally studied using online mass spectrometry (oxidation of reducing agent), deute-
rium labeling, the kinetic H/D isotope effect, and in situ quartz crystal microbalance
(reduction of metal ions) [71-73]. Fundamental aspects of the novel class of
electroless plating processes, involving metal ion complexes as the reducing
agent, were studied intensively [74, 75]. The potential dependence of partial
reactions, their mutual interaction, their individual rates under open-circuit condi-
tions, and the rate-determining step were independently examined and specified.
This series of works was awarded J. Matulis award of the Lithuanian Academy of
Science in 1997 and the Lithuanian state Science award in 2000 (P. A. Vaskelis,
E. Norkus, Z. Jusys).

Z. Jusys initiated electrochemical remediation studies of wastewater from toxic
pollutants, namely, chlorinated phenols, by their oxidation on polycrystalline Pt
electrode in alkaline solution, for the product detection applying electrochemical,
microgravimetric, gas chromatographic, and mass spectrometric techniques
[76]. Electrochemical degradation efficiency of these hazardous contaminants
was found to depend on the degree of chlorination and the substituent position in
the aromatic ring.

6.5 Electrochemistry in Kaunas Technical University

Jonas Janickis (1906-1998): He was the founder of manganese and selenium
electrochemistry school at Kaunas University. He graduated from Technische
Hochschule Dresden (now Technical University) in 1930, had his scientific degrees
of a doctor of science in 1931 from Technische Hochschule Dresden and habilitated
doctor of science in 1949 from Moscow State University. He was a professor of
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Vytautas Magnus University (since 1949), head of the department of Physical
Chemistry at Kaunas Technical University from 1951 to 1977, and academician
of the Lithuanian Academy of Sciences since 1956.

Acquaintance at Dresden Higher Technical School with professor of inorganic
chemistry Fritz Forster caused J. Janickis to get interested in the chemistry of sulfur
and selenium compounds. He worked under the guidance of the famous electro-
chemist Professor E. Miiller at the Department of Electrochemical and Physical
Chemistry in Dresden. Here he became interested in electrochemistry and began his
first serious research in this field. The rather exotic phenomenon, current and
potential oscillations of iron and nickel electrodes, was investigated, and the results
were published in “Zeitschrift fiir physikalische Chemie” in 1932 [77]. His studies
in Dresden helped him to acquire sound basic skills of research in inorganic as well
as electrochemistry.

Soon after the end of the World War II, J. Janickis became interested in a new
and promising research field—manganese electrochemistry. The discovery (1954)
that selenious acid in manganese electrolyte highly enhances current efficiency,
stabilizes the whole process, as well as enables to deposit manganese from
unrefined solutions was a strong stimulus for further research [78]. It was widely
applied in electrochemistry at one of the largest centers of manganese electrochem-
istry in Thilisi, Georgia (Acad. R. J. Agladze, N. T. Gofman et al., Georgian
Academy of Sciences). During later years, J. Janickis was in touch with the
Georgian school of electrochemistry (Fig. 6.9).

For a long time, no satisfactory explanation of the effect of selenium compound
additive on electrodeposition of manganese could be offered. The problem has been
recently cleared after having investigated the process of metallic manganese dis-
solution in electrolytes containing selenium compounds. These investigations
resulted in the formulation of the principles of behavior of selenium containing
additives and, consequently, the peculiarities of their effect on manganese
electrodeposition.

During the late 1950s, J. Janickis turned his attention to electrochemistry of
selenium compounds. The first experiments were related to electrolytic oxidation of
selenothionates. Then the experiments acquired a more practical bias and devel-
oped into a more practical contemporary scientific school. A systematic research of
sodium selenite oxidation process resulted in a new method of obtaining crystalline
sodium selenate by means of electrolysis. He published over 200 articles in
scientific journals. Forty-eight theses for doctor degree were maintained under his
direct supervision, seven of them for a habilitated doctor degree by presently well-
known scientists, V. Zelionkaité, A. Kazragis, E. Pacauskas, A. Prokopcikas,
A. Sadunas, K. Sasnauskas, and B. Stulpinas.

J. Janickis published two manuals. The first one, Introduction into Physical and
Colloid Chemistry, was published in 1947 [79], while the first edition of the
Physical Chemistry appeared in 1963 [80], the second reviewed edition being
published in 1987.
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Fig. 6.9 From left:

J. Janickis and R.I. Agladze
during the 37th ISE Meeting
in Vilnius, 1986

6.6 Electrochemistry in Vilnius University

It was the initiative of Prof. J. Matulis to begin the electrochemical research in the
Department of Physical Chemistry of Vilnius University, which was established in
1941 and headed by J. Matulis himself. As a matter of fact, very soon, in 1950,
J. Matulis resigned as head of Department and worked part-time, but his postgrad-
uate students set the tone and direction for the whole scientific research in the
department for long years [6]. By the end of sixth decade, Lithuanian
electrochemists decided that it would be appropriate to differentiate the research
areas and scientists of Vilnius University engaged in studies of silver electroplating.
The works of head of the department Prof. V. Kaikaris and his co-workers received
recognition not only in Lithuania but abroad as well. V. Kaikaris generalized the
investigations of his postgraduate students (I. Pivoriunaité, T. Jankauskas,
V. Skucas, etc.), and in 1969 he defended doctoral dissertation in chemistry entitled
“Study of silver electrodeposition processes” [81]. V. Kaikaris proposed bi-factor
theory of bright coatings formation and new morphological classification of
electrodeposited coatings and brighteners. Later, investigations of electrodeposi-
tion of silver alloys with other metals were successfully performed by P. Juzikis,
V. Daujotis, G. Baltrunas, H. Cesiulis, who defended dissertations in the Depart-
ment of Physical Chemistry. Over 250 papers published by the workers of the
Department are devoted to problems silver electrodeposition.
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J. Matulis was also the initiator of studies of electrochemical processes in
nonaqueous solutions, which were performed by L. Simanavicius and A. Levinskas
in the Department of Physical Chemistry of Vilnius University. These scientists set
up the Laboratory of Electrochemistry of nonaqueous solutions in 1963 and began
investigations of aluminum electrodeposition. Workers of the department (A. Sinius,
B. Ingaunyté, S. Armalis, G. Zagidulinas, etc.) performed thorough studies of two-
and three-component aluminum halogenide ether systems for aluminum plating. The
research was generalized in A. Levinskas dissertation “Investigation of aluminum
electrodeposition from ether electrolytes,” which was defended in 1976 [82]. About
120 papers were published by the workers of Laboratory of Electrochemistry of
nonaqueous solutions.

After J. Matulis and V. Kaikaris, the Department of Physical Chemistry in the
second half of twentieth century was headed by Professors A. Levinskas,
A. Survila, G. Baltrunas, and T. Jankauskas.

6.7 Final Remarks

Twentieth century was extremely favorable and productive for electrochemical
sciences worldwide and in Lithuania as well. Achievements in this field of science
made during the periods of independence (1900-1939 and 1990-2000) as well as in
the meantime, which brought about specific restrictions, are undeniable. To be fair,
it should be acknowledged that before the World War II, only the foundations for
development of electrochemical science were laid, while the most important
accomplishments belong to the later period. Fundamental and applied research
initiated by J. Matulis spread out into such areas as autocatalytic metal reduction,
bioelectrochemistry, spectroelectrochemistry, and electrochemical materials sci-
ence. The development of electrochemical science in Lithuania was greatly
influenced by insightful decision of J. Matulis, made in the period of the profiling
of the institutes of Lithuanian Academy of Sciences, to choose the area of metal
electrodeposition, which was promising in all respects. Another factor of no less
importance was the Department of Physical Chemistry, founded by the same
J. Matulis in the Faculty of Chemistry of Vilnius University, which kept high
scientific and educational standards and became a productive training center of
qualified electrochemists [6]. One more impetus for the development of electro-
chemical science in Lithuania is related with the activities of the group of talented
disciples of J. Matulis, headed by R. ViSomirskis. Theoretic seminars, organized by
R. Visomirskis, during the period of two decades (1970-1990), educated the new
generation of Lithuanian electrochemists and laid foundations for their future
achievements. The majority of chemists, who graduated from Vilnius University,
came to IChChT (Institute of Chemistry and Chemical Technology) and started
their PhD studies under the guidance of Professors J. Matulis, R. ViSomirskis,
A. Prokopcikas, and A. Vaskelis. Almost all PhD students had to pass the manda-
tory examination in electrochemical kinetics, with R. ViSomirkis as examiner, and
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the course was based on the famous handbook by K. Vetter Electrochemical
Kinetics [83], which was translated into Russian. It should be noted here that access
to scientific literature was sufficiently well organized, at least in IChChT. Owing to
world-famous A. Frumkin school in Moscow, Soviet Union subscribed high-
ranking international electrochemical journals and book series (monographs),
which reached the library of IChChT. At present, this library is proud to have the
following collections of journal series, Journal of Electrochemical Society, since
1952; Transactions of the Institute of Metal Finishing, since 1955; Electrochimica
Acta, since 1959; Corrosion Science, since 1961; Journal of Electroanalytical
chemistry, since 1962; soviet journals Electrokhimiya and Metal Protection, since
1965; etc., and the following books as Modern Aspects of Electrochemistry [84],
Advances in Electrochemistry and Electrochemical Engineering [85], Electroana-
lytical Chemistry: A Series of Advances [86], Encyclopedia of Electrochemistry of
the Elements [87], and Comprehensive Treaties of Electrochemistry [88]. In the
second half of the twentieth century, many translated books by K. Vetter [83],
E. Yeager and A. J. Salkind [89], J. S. Newman [90], and J. A. Plambeck [91] were
issued in the Soviet Union along with those of Frumkin school authors, such as
A. N. Frumkin [92, 93], B. B. Damaskin, O. A. Petrii [94], etc. These books were
available in the specialized bookshops as well as in the libraries of universities and
institutes. Thus, Lithuanian scientists were quite well informed about the interna-
tional achievements in electrochemistry, though this information was a little late,
because part of the journals obtained by the library of IChChT (e.g., Electrochimica
Acta) were not originals, but the copies were made in the Soviet Union. In the
second half of the twentieth century, the scientists of IChChT were quite well
provided with Soviet-made electrochemical equipment, the possibilities of which
were, however, quite limited. Therefore, in order not to lag behind the foreign
colleagues, they constructed the equipment of measurements themselves. For
instance, K. Juodkazis and B. Sebeka made an installation for nonsteady-state
polarization measurements [95], P. MieCinskas with colleagues constructed com-
puter automated measurement and control workstation for the study of electro-
chemical kinetics by impulse methods for the determination of electrode
capacitance and solution resistance by short current pulses, and in the period
between 1987 and 1990, computerized data collection and control program for
electrochemical quartz crystal microbalance (EQCM) method was implemented.
Materials science-related research requires the equipment for structural character-
ization. In the IChChT, transmission electron microscope JEM-5W started to work
in 1965, and scanning electron microscope-microanalyzer JXA-50A started oper-
ating in 1976, whereas X-ray photoelectrons and Auger electron spectrometer
ESCALAB-MK-II were launched in 1986.

Could there be more accomplishments in electrochemistry in Lithuania in the
period after the World War II and could they be more significant? Comparison of
the achievements of Lithuanian electrochemists during the last decade of twentieth
century with those of postwar period can help to find the answer to this question.
The major drawback of the soviet system was the isolation of the Soviet Union from
the outside world. Extremely limited and only formal contacts with colleagues
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abroad were possible. Training, cooperation, and use infrastructure of foreign
scientific centers were practically impossible. In small Soviet republics, like Lith-
uania, this isolation was even more severe. A kind of discrimination, often pointed
out by the president of Lithuanian Academy of Sciences J. Matulis, consisted in the
fact that funding for subdivisions of Soviet Academy of Sciences was less com-
pared to Moscow institutions. Restrictions were also imposed by the central gov-
ernment regarding the changing or expansion of the research areas.

The last decade of twentieth century was sufficiently difficult for Lithuanian
science, as it was the period of cardinal reforms, reorganizations, and severe lack of
funding for science, education, as well as other spheres of life. Because of changes
in political and economic relations with Russia, almost all contracts with Russian
companies were broken, the financial situation of IChChT grew worse, and there-
fore, the number of employees reduced almost twice. The scientific research had to
be focused on serving the purposes of Lithuania. At the same time, relations with
western scientists were intensified. Representatives of such companies as
“MacDermid,” Schering, and Blasberg, Shipley visited Institute of Chemistry and
discussed the joint research programs. In 1990 the US company, “MacDermid”
acquired the license for alkaline Zn-Co alloy plating. In 1993 “Atotech” company
acquired the license for technology of conductive sulfide films formation on
dielectric surface. The reform of organizing conferences and scientific journals
was beneficial for dissemination of research results and joining the international
research community. Since 1955, the journal Works of Lithuanian Academy of
Sciences: Natural and Applied Sciences was published in Russian. Since 1990
this journal was reorganized into journal Chemija, the papers in which are
published in English. The proceedings of conferences of Lithuanian chemists are
also published in English since 1993, whereas the conference itself has become
international. The last decade of twentieth century saw the boom in the number of
electrochemistry-related conferences both in Lithuania and neighbor countries. In
1996, First Baltic Conference on Interfacial Electrochemistry took place in Tartu,
Estonia. Second Baltic Conference on Electrochemistry was held in 1998 in
Lithuanian resort of Palanga. Both conferences were supported by International
Society of Electrochemistry (ISE). Attention of ISE toward these regional confer-
ences meant the international acknowledgment of the works of Lithuanian
electrochemists and increasing prestige of Lithuanian science. The number of ISE
members in Lithuania as well as participation of Lithuanian scientists in ISE
conferences gradually increased. A. Vaskelis became the first regional representa-
tive of Lithuania in ISE. In 1997 and 1999, the Institute of Chemistry organized
joint trips of scientists to the Joint International Meeting of the Electrochemical
Society and International Society of Electrochemistry in Paris and to the 50th
Annual ISE Meeting in Pavia, Italy. Oral and poster presentations were made by
a number of scientists of the Institute of Chemistry. When various scientific
research support funds, like Soros fund, began their activities in Lithuania, not
just leading scientists but also the younger ones could go to conferences and even to
remote countries. In 1998, A. Vaskelis, A. Survila, R. Ramanauskas, and PhD
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Fig. 6.10 From left: R. Ramanauskas, A. Survila, D. Jelinskiené, and A. Vaskelis during 49th
Annual ISE Meeting in Kitakyushu, Japan, 1998

Fig. 6.11 From l