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Preface

True science is international, with its achievements representing universal value and
not observing national borders. Of course, this primarily pertains to basic science,
but also, to a significant degree, applied science, at least as long as military or
commercial secrets do not preempt it. However, any country is proud of its sci-
entific achievements and reveres its prominent scientists, especially pioneers.

At the same time, it is known that recognizing somebody’s priority in science
can cause certain problems. To be fair, there are also pioneers who are happy just
knowing they were the first and are not very interested in garnering recognition.
However, there are barely a handful of such researchers; most of them trying to
demonstrate and prove the novelty of their work, thus making the issue of priority
rather significant. Objective judgements about who was first can be made by his-
torians of science, but they are hardly able to deal with all important innovations.
Besides, there are usually only a few specialists in the history of a particular
science, with the number decreasing even further if one allows for the fact that they
should also have expertise in the subject matter, in the science itself. The origin of
methods, generalizations, ideas, and so on, is best of all known to the most
advanced and, as a rule, seasoned researchers who have been working in a par-
ticularly narrow scope. However, this knowledge, on the one hand, concerns not
very ancient achievements; on the other hand, not all active scientists are interested
in history—some are more agitated by problems on the frontline of science and are
more worried about their own research, with its current, all-engulfing challenges.
They have things other than history on their minds; history is not their first
consideration.

However, one should, after all, pay tribute to those who deserve it. Besides,
securing the recognition of discoveries is of great value for the team, the region
(organization, city, country) where the pioneer works or used to work, and the
distributed scientific community that the scientist belongs or used to belong to.
Natural pride, a sense of belonging to a common effort, and craving to be suc-
cessful, well up in the members of such a team, community, etc., with all of them
being very powerful incentives. Therefore, this needs to be dealt with so that
scientists are treated according to their merits.
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In this book, such analysis and assessment is attempted in regard to those who
developed and are developing analytical chemistry in Russia. The book consists of
ten chapters and tries to encompass all major methods and trends.

I will be grateful to anyonewho reports omissions and inaccuracies in the book and
lets me know if any of my judgments were not quite correct, since after all I am no
specialist in all the aforementioned methods and trends. I would like to express my
sincere gratitude to those of my colleagues who took time to read, comment on, and
critique chapters of interest to them, namely, corresponding member of the Russian
Academy of Sciencies, E. N. Nikolaev and doctors of sciences, M. A. Bolshov,
G. K. Budnikov, M. V. Gorshkov, A. T. Lebedev, M. A. Proskurnin, I. A. Revel’sky,
G. I. Tsyzin, and candidate of sciences A. I. Kamenev. Special thanks go to Olga
Igorevna Popova and Natal’ya Vladimirovna Gracheva for their help in prepress
preparation of the manuscript.

Moscow, Russia Yury A. Zolotov
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Chapter 1
Spectroscopic Methods

Abstract Russian scientists developed electrothermal atomic absorption spec-
trometry (B. V. L’vov), made a significant contribution to luminescence analysis
(the notion of a quantum yield, the Shpol’skii effect, etc.), proposed X-ray poly-
capillary optics (M. A. Kumakhov), developed the X-ray radiometric method
(A. L. Yakubovich), and discovered electron spin resonance (E. K. Zavoiskii).

1.1 General Remarks

Spectroscopic analytical methods include methods based on the use of radiation
from the entire electromagnetic spectrum—from gamma rays to radio waves. All
these methods were, and still are, being developed to some extent in Russia.

In atomic emission analysis scientific improvement has come in the form of the
two-jet arc plasmatron used as a source of spectral excitation. Its use has not been
particularly widespread, but it has a number of significant advantages for the
analysis of solid free-flowing samples. One can also mention the so-called spilling
method for the semiquantitative analysis of powders. In the field of atomic
absorption spectrometry—this is the creation of an electrothermal version of the
method by B. V. L’vov—Russian achievements are well known, and the priority of
L’vov is not disputed.

In optical molecular absorption analysis, one should note the contribution to
photometric elemental analysis; this contribution consists of the creation, study, and
wide use of organic analytical reagents, mainly complex-forming ones, for pho-
tometry. One of the best-known reagents is Arsenazo III (S. B. Savvin). Many
Russian analysts worked in this field in 1950–1980.

In the field of luminescence analysis, a significant contribution was made by
S. I. Vavilov (the concept of quantum yield, analytical methods, etc.),
E. V. Shpol’skii (the famous Shpol’skii effect), E. A. Bozhevol’nov, and others. In
X-ray methods, M. A. Kumakhov’s X-ray optics (Kumakhov lens) is now used in a
number of instruments.

These and some other achievements are discussed in more detail below.
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In a smaller scale, Russian analysts have studied, and are studying today,
vibrational spectroscopy and its use in chemical analysis. An exception, I suppose,
is the use of infrared spectrometry in the near field. This method is used for the
analysis of agricultural products, pharmaceuticals, and some other objects.
Corresponding devices are also produced, especially by “Lumex Co.” in St.
Petersburg [near infrared field (NIR)]. Work on radio spectroscopy [nuclear mag-
netic resonance (NMR), electron spin resonance (ESR), and nuclear quadrupole
resonance (NQR)] is usually carried out not by analysts but by other specialysts,
e.g., organic chemists or physical chemists.

During the 1940s–1970s, in the Academy of Sciences of the USSR, was a
Commission on Spectroscopy, which did much for the development of atomic emission
and other methods, in terms of their popularization and practical uses. The Commission
was headed by G. S. Landsberg, S. L. Mandel’shtam, and other well-known scientists;
the Commission even had its own laboratory, on the basis of which were established
the Institute of Spectroscopy of the USSR Academy of Sciences and several scientific
councils. At present, the Commission on Spectroscopical Methods of the Scientific
Council of the Russian Academy of Sciences on Analytical Chemistry regularly
convenes conferences devoted to these methods of analysis.

It should also be remembered that electron spin resonance (ESR) was discovered
by E. K. Zavoiskii in Kazan in 1944, and Raman spectroscopy was created
simultaneously by (1928) K. Raman, on the one hand, and G. S. Landsberg, and
L. I. Mandel’shtam, on the another.

1.2 Electrothermal Atomic Absorption Spectrometry

In 1974 Boris Vladimirovich L’vov was awarded the Gold Medal by the Talanta
journal; for the presentation of the medal the editor of the journal, M. Williams,
came to the USSR. This was the first award B. V. L’vov, received for his creation of
electrothermal atomic absorption spectrometry (ETAAS)—other awards followed.
He also received invitations to conferences and universities as a lecturer, etc. The
importance of B. V. L’vov in the development of the atomic absorption method
using a graphite atomizer is generally well recognized. He went on to write about
the history of the creation of electrothermal atomic absorption spectrometry [1].

“Having entered the position of junior researcher at the State Institute of Applied
Chemistry (SIAC) in Leningrad in early 1955, I was for many years involved in the
spectral analysis of materials labeled with radioactive and stable isotopes. Working
through the writing of abstracts for the Russian reference journal Khimiya
(Chemistry), at the end of 1955 I accidentally ran into Walsh’s paper [2]. The
possibility of developing a method of absolute analysis, free from the need to use
standard samples of the composition, which Walsh mentioned, seemed so attractive
to me that I decided to devote all the free time from basic tasks to this problem. In the
summer of 1956, taking advantage of my vacation and the absence of other
employees in the laboratory, I conducted the first experiments on the visual obser-
vation of the absorption of sodium D-lines. For this purpose, I used a demountable
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tube with a hollow cathode, which I prepared for carrying out isotopic analysis, a
graphite tube furnace heated on a stand for fractional distillation of volatile impurities
from non-volatile matrix, and a prism monochromator. The impression of gradual
fading and the complete disappearance of bright sodium lines as the furnace was
heated appeared to be so stunning that it determined my scientific interests and to a
large extent my personal life for many years.

The reaction of the staff of the spectral laboratory was far from inspiring.
Even G. I. Kibisov, the well-known spectroanalyst in the country, who supervised
my activities at the institute, repeatedly expressed concern about my risky interest.

Nevertheless, during the year I managed to prepare a very cumbersome labo-
ratory installation for carrying out quantitative measurements. The choice of an
isothermal furnace (graphite cell) as an atomizer, as one can see from the notes in
the working journal (Fig. 1.1), was sufficiently conscious. It was not difficult to
figure out that AA measurement of the absolute magnitude of the analytical signal is
only the first condition of the absolute analysis. Another problem was the creation
of a suitable atomization technique capable of guaranteeing full evaporation of the
sample, atomization and retention of vapor in a certain volume inside the furnace
(like a cell in absorption molecular spectrophotometry).

Using this setup (Fig. 1.2), it was possible to demonstrate the undoubted
advantages of the graphite cell before the flame in the sensitivity, the coverage of
determining elements (the C2H2,/N2O flame was not yet known) and even in the
possibility of the absolute analysis. These results were reported at the All-Union
Congress on Spectroscopy in October 1958 in Moscow and published in 1959 in
the Engineering Physics Journal [3, 4]. However, there was no appreciable interest
in this method among spectroanalysts. According to the Institute of Scientific
Information (ISI, Philadelphia), the papers [3, 4] were quoted only three times for
6 years (1960–1965). In part, this was due to the fact that the journal was not well
known among spectroanalysts. A little more (11 times in 4 years) was cited an
article [5] published in 1961 in Spectrochimica Acta. Nevertheless, even leading
spectroscopists of the country (Prokof’ev, Zaidel’, Mandel’shtam, Nedler, etc.)
were sufficiently restrained (rather critical) in assessing the prospects of the method.
Only six years after the start of the research, I managed to defend my Candidate of
Sciences thesis not without difficulty.

Fig. 1.1 A record in B. V. L’vov’s workbook made on October 17, 1956 regarding the first
experiments on electrothermal atomic absorption spectrometry. With permission of the Russian
Academy of Sciences

1.2 Electrothermal Atomic Absorption Spectrometry 3



The research was hampered not only by the lack of moral support from the
scientific community, but also by the fact that for 10 years I had to work alone,
without the help of other employees (the “initiative” topic did not fit into the official
theme of the institute). I had to do everything myself—from designing chambers for
the use of graphite cells to grinding consumable graphite parts (furnaces, contacts,
and electrodes). In addition, the SIAC dealing with defense research on rocket fuels
was completely closed to outsiders (especially foreigners). Employees of the
institute, under the threat of dismissal or more severe sanctions, did not have the
right to go abroad, meet or correspond with foreigners, publish abroad without the
permission of the ministry, etc. This also did not facilitate the exchange of ideas and
the improvement of the method.

Despite this, during ten years of efforts I managed to significantly improve the
technique and procedure of the analysis. For the first time in AAS electrodeless
discharge lamps were used for a large group of highly volatile elements, the coating
of furnaces with pyrolysis graphite and the increased argon pressure in the atomizer
were proposed and used. The arc heating of the electrode with the sample was
replaced by a simple ohmic method, and a method for measuring the integral
absorption (the area of the impulse) was proposed and justified. For the first time in

Fig. 1.2 One of the first of B. V. L’vov’s devices realizing an electrothermal version of atomic
absorption spectrometry. With permission of the Russian Academy of Sciences
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ET AAS an automatic metering scheme of non-selective spectral interference with
the help of a deuterium lamp was used. These improvements were described in the
series of articles [5] and in the monograph [6], revised and translated into English
[7], and also embodied in the design of a laboratory AA spectrophotometer with
graphite cell.

An important milestone in the further development of the ET AAS was the
publication in 1966 of an article by Hans Massmann [8], who worked at the
Institute of Spectrochemistry and Applied Spectroscopy in Dortmund. The cir-
cumstances that contributed to the emergence of his interest in the ET atomizer
(ETA) are curious. After participating in the Second World War, he spent several
post-war years in the prisoner of war camp near Moscow, where he learned
Russian. On his return to Germany, this made him possible to get acquainted with
the author’s first Russian publications earlier than anyone else abroad [4, 5]. Being
a more pragmatic than his predecessor, Massmann significantly simplified the
furnace design and the analysis procedure by replacing the evaporation of the
sample into the isothermal furnace with a help of an additional electrode for the
evaporation of the sample from the furnace wall during the heating thereof …”

Boris Vladimirovich L’vov was born on July 9, 1931. He graduated from
Leningrad State University (1955). He is a doctor of physical and mathematical
sciences, a professor, and was head of the Division of Analytical Chemistry of Peter
the Great St. Petersburg State Polytechnic University. He is an doctor honoris
causa of Strathclyde University (Glasgow, Great Britain), a member of the editorial
boards of a number of international journals, and worked in a number of
International Union of Pure and Applied Chemistry commissions. Professor L’vov
was an honorary member of the Scientific Council of the Russian Academy of
Sciences on Analytical Chemistry (SCAC). He was awarded: the Gold Medal from
the journal Talanta (1974), the medal of Cardinal Leme of the Catholic University
of Rio de Janeiro (1988), the James Waters Prize, the Bunsen–Kirchhoff Award
from the German Chemical Society, the Marcus Marci Medal from the Czech
Spectroscopic Society, the Gold Medal of the 30th International Colloquium on
Spectroscopy, and the SCAC Award (Fig. 1.3).

His area of scientific interest was atomic absorption spectroscopy. He invented
ETAAS. He proposed the idea of atomization of substances based on the complete
evaporation of a sample in a miniature graphite furnace, in addition to many other
technical and methodological improvements, which ensured high sensitivity and
precision of analysis. He developed the theory of ETAAS and suggested ways
of applications of this method in fundamental research. He also proposed and
justified new approach to the interpretation of kinetics and the mechanism of
decomposition reactions, based on gasification of compounds with simultaneous
condensation of non-volatile decomposition products. He also proposed a
gas-carbide mechanism for the reduction of oxides using carbon. He authored more
than 300 scientific works, including 2 books.

In the first serial devices that realized the electrothermal version of atomic
absorption spectrometry, produced by Perkin Elmer, a Massmann furnace was used.
However, the matrix effects associated with the use of this furnace were too great,

1.2 Electrothermal Atomic Absorption Spectrometry 5



and after a while B. V. L’vov carried out some improvements—he introduced a
small platform into the electrothermal atomizer (Fig. 1.4), which improved condi-
tions for analysis, accuracy, and sensitivity [9]. The platform was used very widely
and was known as the “L’vov platform.”

Fig. 1.3 Boris Vladimirovich L’vov (born July 9, 1931), the creator of electrothermal atomic
absorption spectrometry. For many years he was in charge of the Department of Analytical
Chemistry of Peter the Great St. Petersburg Polytechnic University. The most quoted Russian
analyst. Photo provided by Prof. B. V. L’vov

Electrode Resonance irradiation Sampling hole Riffles

L’vov platform 

Fig. 1.4 Massmann furnace with L’vov platform. With permission of the Russian Academy of
Sciences
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1.3 Fluorescence Analysis

The fundamentals of luminescence as a phenomenon were laid down by
J. G. Stokes (1819–1903). For chemical analysis, luminescence has been actively
used since the mid 20th century. In the development and application of fluorescence
analysis much was done by physicists and chemists who worked in the USSR.

An important contribution to the physical foundations of fluorescence analysis
was made by S. I. Vavilov. He measured the fluorescence yield as a function of
exciting light wavelength, investigated how the ratio of the fluorescent radiation
energy to absorbed light energy is changed when fluorescence is excited by light of
different wavelengths. It turns out that energy yield increases linearly with an
increase in wavelength of exciting light. In other words, the fraction of absorption
of light energy given in the form of fluorescent radiation increases as the wave-
length of the exciting light approaches the wavelength of the fluorescent radiation.
This means that whether fluorescence is excited by shorter wavelength light (e.g.,
ultraviolet) or longer wavelengths, with quanta of lower energy, the same number
of quanta of fluorescent radiation always accounts for the same number of absorbed
quanta; consequently, the quantum yield is constant. Therefore, the smaller the
difference between the emitted quantum and absorbed one (that is, the closer the
wavelength of the exciting light to the wavelength of the fluorescent radiation), the
closer to unity the ratio of the energy of the emitted radiation to the absorbed
radiation. The found constancy of the quantum yield was not a random empirical
regularity. Vavilov identified, within this relationship, the fundamental law of
photoluminescence, and thereby revealed the essence of the phenomenon. The very
concept of quantum yield was introduced by Vavilov [10].

Later S. I. Vavilov and his school also found other regularities in the conversion
of absorbed light energy into fluorescent radiation, which created more fundamental
prerequisites for the development of fluorescence analysis [11], e.g., resolving the
problem of determining ozone in high layers of the atmosphere, prior to work
undertaken by geophysicists, as well as estimating the distribution of ozone at
various heights. S. I. Vavilov outlined a variety of ways to use fluorescence
analysis. This was in the 1930s, when the very possibility of using fluorescence
analysis as a method of chemical analysis was considered controversial. He also
paid much attention to organizational work on the development of fluorescence
analysis (hardware provision, publication of manuals and abstract collections on
fluorescence analysis, and convocation of meetings).

Sergei Ivanovich Vavilov (1891–1951) was an optical physicist. He was an
academician (1932), a doctor of physics and mathematics, a professor, and four
times laureate of the State Prize of the USSR. He graduated from Moscow
University in 1914. From 1914 to 1918 he completed military service. He then
worked at the Moscow University, Moscow Higher Technical School, the Institute
of Physics and Biophysics, the State Optical Institute, and the Physical Institute of
the USSR Academy of Sciences. He was president of the USSR Academy of Sciences
between 1945 and 1951, and participated in the creation of the Moscow Institute of
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Physics and Technology. His scientific work was mainly based on optical physics
(around 100 publications) (Fig. 1.5).

One of Vavilov’s collaborators, M. A. Konstantinova-Shlezinger, was devel-
oping methods for quantitative fluorescence analysis (in the luminescence labora-
tory of the Physics Institute of the USSR Academy of Sciences). She developed, in
particular, the mentioned fluorescence methods for determining ozone in high
layers of the atmosphere. She is the author of a monograph on fluorescence analysis
[12] and was the compiling editor of another book under the same title [13]. Under
the initiative of Vavilov she compiled and published abstract collections on
fluorescence analysis and organized training in fluorescence analysis for employees
of production laboratories.

Together with Vavilov, V. L. Levshin also carried out work on fluorescence. He
studied polarized fluorescence and discovered the non-linear absorption of intense
light flows by solutions of uranium compounds. Between 1931 and 1937 he
established the rule of mirror symmetry of the absorption and fluorescence spectra
(Levshin’s rule). In 1934 he established the recombination character of the
fluorescence of crystal phosphors; paid special attention to the study of the pro-
cesses of intermolecular and intramolecular interaction in condensed solutions of
various organic compounds, primarily dyes (1927–1968); and he created a theory of
various concentration effects which developed with a significant decrease in
intermolecular distances. He also published a monograph Photoluminescence of
liquid and solid substances, which was published in the USSR, Hungary (1956),
and China (1958). It was the most complete overview of work in this field.

A significant trace in the history of fluorescence analysis was left by
E. V. Shpol’skii. In 1952, he, together with co-workers A. A. Il’ina and
L. A. Klimova, discovered the appearance of quasilinear spectra of solutions of
complex organic molecules in n-paraffin matrices at low temperatures [14, 15]. The
phenomenon was called the “Shpol’skii effect,” later it formed the basis for
numerous procedures of fluorescence analysis (Fig. 1.6).

Fig. 1.5 Sergei Ivanovich
Vavilov (March 12(24),
1891–January 25, 1951), an
academician, an optical
physicist, who made great
contributions to luminescence
analysis. https://www.
lebedev.ru/ru/personalities/u-
istokov/452
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Eduard Vladimirovich Shpol’skii (1892–1975) was a doctor of physical and
mathematical sciences and a professor at the V. I. Lenin Moscow State Pedagogical
Institute (MSPI). The scientific work of E. V. Shpol’skii dealt with spectroscopy,
biophysics, photochemistry, and the history of physics. Between 1948 and 1950 he
studied the spectra of polycyclic aromatic hydrocarbons (PAH), and in 1950–1951
he began to study the spectra of frozen solutions. In 1918, together with S.
I. Vavilov and P. N. Lazarev, he started the journal Uspekhi Fizicheskikh Nauk
[Advances in Physical Sciences], with which he was engaged for 56 years, since
1920, as editor in chief. He was also the editor of two journals Contemporary
Problems of Natural Science and The Newest Trends of Scientific Thought. Since
the foundation of the All-Union Institute of Scientific and Technical Information (in
1953) he was the chief editor of the abstract journal Physics (for 22 years).

Research in this field was carried out at the Department of Theoretical Physics of
MSPI (by T. N. Bolotnikova, E. A. Girdzhiyauskaite, R. I. Personov, and R.
N. Nurmukhametov) and the Institute of Physical Problems of the USSR Academy
of Sciences in the laboratory of P. L. Kapitsa (by L. A. Klimova).

A great contribution to the investigation of the Shpol’skii effect, and its uses,
was made by R. I. Personov, who worked after leaving MSPI at the Institute of
Spectroscopy of the USSR Academy of Sciences. His research included selective
excitation of fine-structure fluorescence and phosphorescence spectra, analytical
applications of the Shpol’skii effect, and the spectroscopy of single molecules. This
work received great fame. The method of selective excitation of transitions in
frozen organic matrices developed by R. I. Personov’s group was used to solve a
number of analytical problems, e.g., record high sensitivity for the determination of
3,4-benzpyrene was demonstrated. In 1961 the work of K. K. Rebane (Tartu)
appeared, also shedding light on the nature of the Shpol’skii effect; the observed
effect was proposed to be considered as an optical analog of the Mössbauer effect.
In 1968 I. S. Osad’ko created a semiphenomenological theory of the vibrational
structure of the absorption and fluorescence spectra of complex molecules.

Fig. 1.6 Eduard
Vladimirovich Shpol’skii
(December 10(23), 1892–
August 21, 1975), an optical
physicist who discovered the
“Shpol’skii effect” which is
widely used in luminescence
analysis. With permission of
the Russian Academy of
Sciences
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The Shpol’skii method is used to study subtle effects associated with
intramolecular and intermolecular interactions, transfer of excitation energy, asso-
ciation of molecules, etc. In Moscow, Shpol’skii’s spectra were studied at the L. Ya.
Karpov Physicochemical Institute, the V. I. Vernadskii Institute of Geochemistry
and Analytical Chemistry of the USSR Academy of Sciences (GEOKHI), the
All-Union Cancer Center, at the Department of Geography at Moscow State
University (MSU), and at the Institute of Labor Protection. G. I. Romanovskaya
described in detail the history of the discovery of the Shpol’skii effect [16].

A. N. Terenin (1896–1967) explained (in 1943) the triplet nature of the phos-
phorescent state of organic compounds. Terenin’s book entitled Photonics of
Molecules of Dyes and Related Organic Compounds (1967) was highly appreci-
ated. A significant contribution to the development of the physical foundations of
fluorescence was also made by B. I. Stepanov, N. A. Borisevich, and others, with
Stepanov authoring several books on fluorescence (1955, 1963).

Among the Russian professional analytical chemists who made great contribu-
tions to the development and practical uses of fluorescence methods, one should
note E. A. Bozhevol’nov, D. P. Shcherbov, I. A. Blyum, A. P. Golovina,
K. P. Stolyarov, and N. N. Grigor’ev.

E. A. Bozhevol’nov sought opportunities for a variety of uses of the method, and
in many ways contributed to making it a reliable tool for analytical chemistry. He
studied the reasons why some molecules fluoresce and others do not. The explanation
of this fact is the presence or absence of non-radiative transitions between the
isoenergetic sublevels of a molecule. This assumption was tested on a large number
of organic substances; the results made it possible to predict the luminescent prop-
erties of some compounds. He synthesized and proposed a number of organic sub-
stances as fluorescent reagents. He created a theory of organic fluorescent reagents
based on the elimination of internal non-radiative transitions in the formation of
complex compounds, and proposed sensitive reactions with their application. He
developed fluorescence and kinetic fluorescent methods for the determination of
microquantities of cations and organic compounds using low temperatures. The
chemiluminescent methods developed in his work have become widespread, in
particular, for the determination of ozone and nitrogen dioxide. Closely connected to
numerous scientific centers and creating a school of fluorescence analysis,
E. A. Bozhevol’nov always strived to ensure that the results of research became the
property of analytical practice. His research monograph entitled Fluorescence
Analysis of Inorganic Substances [17] was widely known to analysts.

Evgenii Aleksandrovich Bozhevol’nov (1916–1975) was a doctor of chemical
sciences, a professor, and laureate of the State Prize of the USSR (1972). From
1948 he worked at the All-Union Research Institute of Chemical Reagents and High
Purity Chemical Substances (IREA). He authored more than 300 scientific papers,
headed up a large research team, and was a member of the editorial board of the
Journal of Analytical Chemistry as well as being on the editorial boards of other
journals.

Many extraction–photometric and extraction–fluorescent methods, using basic
dyes, were developed by I. A. Blyum (mainly for the analysis of geological
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objects). He authored a book entitled Extraction–Photometric Methods of Analysis
Using Basic Dyes [18]. D. P. Shcherbov, like I. A. Blyum, worked in the field of
photometric and fluorescent analysis of mineral raw materials. He created many
methods for the determination of various elements, developed analytical principles
of photometry, introduced the concept of color saturation of colored solutions,
developed narrow-band liquid filters, and produced nomograms that made it easier
to calculate the results of an analysis. He developed methods for the fluorimetric
determination of beryllium, rhenium, zirconium, indium, gallium, mercury, and
silver. He was involved in the creation of the FO-1 fluorimeter produced by
Geologorazvedka. He authored Fluorimetry in Chemical Analysis of Mineral Raw
Materials [19].

Dmitrii Pavlovich Shcherbov (1906–1981) was a doctor of chemistry, Honored
Chemist of the Kazakh SSR, and ran the laboratory of photometric methods of
analytical chemistry of the Kazakh Institute of Mineral Raw Materials (KazIMS).
Before that, he was head of the physicochemical laboratory at the Lenfil’m film
studio. During World War II he worked in the Ural analytical laboratories of the
geological service. From 1946 he worked at Alma-Ata in the Central Laboratory of
the South Kazakhstan Geological Administration as a senior chemist, then from
1956 he worked at KazIMS (in charge of a laboratory). In 1962 he became a doctor
of chemical sciences. He had over 200 works published and actively participated in
many conferences.

A scientific group within the Department of Analytical Chemistry at
M. V. Lomonosov MSU should also be noted (A. P. Golovina, N. B. Zorov,
V. K. Runov, and others). In addition, it is worth mentioning the book written by
A. P. Golovina and L. V. Levshin [20] as well as work by A. P. Golovina and
co-workers—a large review entitled Chemical Luminescence Analysis of Inorganic
Substances [21].

Alla Petrovna Golovina (1925–2007) was a candidate of chemistry and asso-
ciate professor at the Department of Analytical Chemistry at M. V. Lomonosov
MSU. She created a group, from which several doctors of sciences (N. B. Zorov,
V. K. Runov, S. V. Kachin, and others) emerged. Together with L. V. Levshin (at the
Department of Physics at MSU) she investigated the luminescent spectroscopic
properties of various dyes, which were widely used for analytical purposes, and
actively developed fluorescent methods for determining the ions of elements.
Golovina and Levshin wrote a textbook entitled Chemical Fluorescent Analysis of
Substances which was published in 1978. The book advocated the use of fluorescent
methods in analytical practices.

V. K. Runov worked in the field of optical analytical spectroscopy (using
fluorescence, colorimetry, and other methods) applied to the determination of small
quantities of substances. He proposed selective fluorescent methods for the deter-
mination of platinum metals, copper, and other elements. He developed optical
sorption-molecular-spectroscopic methods for the analysis of liquids and gases (the
latter in conjunction with the NPO “Khimavtomatika”). He also participated in the
development of spectral instruments.
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Valentin Konstantinovich Runov (1949–1999) was a doctor of chemical sci-
ences, a professor, and was in charge of the laboratory of spectroscopic methods at
the Department of Analytical Chemistry at M. V. Lomonosov MSU. He graduated,
in 1971, from the faculty of chemistry at MSU, and subsequently worked at the
Department of Analytical Chemistry. In 1994 he defended his doctoral thesis. He
authored 170 publications and was involved with 40 inventions. He was a lecturer
for a number of special courses for MSU students.

At Leningrad University, work on luminescence analysis of inorganic substances
was successfully carried out by K. P. Stolyarov and N. N. Grigor’ev [22]. For a
review of recent papers on luminescence analysis, see the collective monograph [23].

1.4 Enhanced Two-Jet Arc Plasmatron and Other Work
on Atomic Emission Analysis

In 1930, B. A. Lomakin proposed an empirical dependence of the intensity of
spectral lines on the concentration of an element in a sample (Proceedings of VNII
Metrologii, 1932, Volume 2(18), pp. 139–163). This dependence is known as the
Lomakin–Scheibe equation (or Scheibe–Lomakin equation).

Much has been done in the direction of improving the two-jet arc plasmatron as a
source of excitation of a spectrum. The source is convenient for the direct analysis
of solid bulk samples, e.g., crushed geological or powdered industrial samples. In
solving such problems, a two-jet arc plasmatron has advantages over other sources
used for atomic emission analysis (Fig. 1.7).

The idea of a two-jet plasmatron, put forward and realized for the first time,
apparently, by Valente and Schrenk [24], was developed by V. S. Engelsht and
co-workers [25–28] and at the same time by Elliot et al. [29, 30]. The developments
of Engelsht, Zheenbaev, and others, perfected by A. P. Tagiltsev, were first actively
used by analysts in Novosibirsk under the leadership of I. G. Yudelevich [31], and
then S. B. Zayakina. VMK-Optoelectronics, a firm in Novosibirsk, created atomic
emission spectrometers with improved two-jet plasmatrons (e.g., [32]). A lot of
experience in the practical use of a two-jet arc plasmatron, for the analysis of
geologic samples and bulk materials, was accumulated and summarized in the
doctoral thesis of S. B. Zayakina as well as in a monograph written by her in
collaboration with G. N. Anoshin [33, 34] (Fig. 1.8).

For arc atomic emission analysis, the so-called “spill” method was developed
(by V. V. Nedler and A. K. Rusanov). In a horizontally placed arc, a finely divided
powder of the sample is introduced from above. The method is semiquantitative,
but proved to be very convenient for the large-scale testing of mineral raw materials
and was very widely used, especially in the geological service [35].

Since the end of the last century, VMK-Optoelectronics has been working to
create and improve a linear multi-channel analyzer of emission spectra (MAES)
based on multi-crystal assemblies of photodiode lines. MAES has found wide
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application in analytical laboratories; it is used with various sources of excitation of
radiation, i.e., an arc of direct and alternating current, spark, laser, inductively
coupled plasma, two-jet arc plasmatron, along with various spectral devices, i.e.,
prism and diffraction, domestic and foreign. In 2001, it was included in the State
Register of Measuring Instruments of the Russian Federation. MAES is continu-
ously being improved on the basis of experience of use in numerous analytical
laboratories.

1.5 X-Ray Polycapillary Optics

In the early 1980s an employee of the I. V. Kurchatov Institute of Atomic Energy,
M. A. Kumakhov, proposed the principle of focusing X-rays, based on the use of
polycapillary optics [36–39]. Later, he set up the Institute for Roentgen Optics
(IRO). The principle of focusing was developed and practically implemented in
devices of various types with various purposes.

It is well known that optical fibers are used for the optical range. They include a
central “core” of transparent, optically dense material that is inside a flexible tube
made from a material that is optically less dense. When a light beam hits the end of
the light guide (at a certain angle), complete internal reflection takes place, and the
light travels along the bent fiber, without leaving the limits of the central core. This

Zone after merging

Zone before merging 
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Fig. 1.7 The scheme of a
two-jet plasmatron.
Figure provided by
S. B. Zayakina
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is due to the fact that in the optical range, for practically all media, the refractive
index of light is greater than unity. X-rays will not travel along such a light guide
due to their strong interaction with matter and rapid damping, and also because the
X-ray cannot be retained inside the light guide: in the X-ray range, the refractive
index of the absolute majority of media is slightly less than unity. However, for the
same reason, the X-ray may be retained in the hollow, slightly curved capillary.
When a ray hits the capillary at a very small critical angle, the effect of total external
reflection appears—the X-ray without interaction with the wall material is repeat-
edly reflected from the internal surfaces of the hollow capillary, without large
attenuation passing through a less dense medium (air or vacuum).

A specially organized system, with axial symmetry of hundreds of thousands or
millions of such capillaries, differing from each other by their radius of curvature
and the nature of the change in the internal diameter of a single channel along the
axis, may be used as an X-ray lens. Using such lenses, it is possible to obtain a
parallel beam of X-rays and, most importantly, to focus X-rays. By focusing

Fig. 1.8 Book by
G. N. Anoshin and
S. B. Zayakina about
a two-jet plasmatron
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radiation from very weak sources, very high X-ray densities may be achieved at the
focus of the lens. Such densities are achievable only on modern synchrotron
accelerators of enormous power and volume (Fig. 1.9).

After the creation of the first capillary lens (in 1984), the associated technology
was constantly improved. The first such lens consisted of 2000 channels with a
diameter of about 0.5 mm, whereas a lens from the most recent generation consists
of several million channels, of micron and submicron diameters. The main research
on polycapillary optics and its applications was carried out at the abovementioned
institute. At the same location, production of polycapillary lenses was organized,
along with the development of analytical instruments using such technology.

Polycapillary optics have a very large angle of radiation capture—0.1 radians or
more, compatible with simple and cheap X-ray sources—X-ray tubes. Optics make
it possible to diverge rays from the radiation source into a quasi-parallel beam in
both directions (X-ray half-lenses) or to focus the beam (lenses). Polycapillary
lenses and semi-lenses have small dimensions (from a few millimeters to a dozen
centimeters depending on their purpose); they can work in both a vacuum and air.

The possibilities of focusing X-rays determines the merits of the devices created
on the basis of polycapillary optics: very low–power consumption (from a few
watts to several tens of watts, instead of traditional kilowatt sources); light weight
with small dimensions; and having multifunctionality. These devices do not require
special rooms and protection; many of them may be used in the field; and they are
convenient and easy to operate (Fig. 1.10).

Fig. 1.9 The scheme of functioning of the Kumakhov lens. Figure provided by the Institute of
X-Ray Optics
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A series of analytical instruments based on polycapillary optics have been
developed with their own specific applications. Among these are multifunctional
devices, e.g., the Mini-Lab-6 complex which combines a number of functions—
elemental analysis, diffractometry, refractometry, etc. The X-ray fluorescent
microanalyzer know as Focus-M (a spectrometer that makes it possible to carry out
local elemental analysis) is used in many laboratories, including forensic centers.
When using two lenses that look at one point, a three-dimensional image is
obtained. A hand-held device has also been developed—a microanalyzer (weighing
about 3 kg) for the analysis of rocks, alloys, art objects, and jewelry (Fig. 1.11).

One very interesting instrument is the laboratory synchrotron. This small device
(weighing about 10 kg) produces a stream of monochromatic quasi-parallel beams
comparable to those of middle-generation synchrotrons. This became possible
owing to the creation of new technology for polycapillary lenses and a bright
microfocus source. On the basis of polycapillary technology, an X-ray fluorescence
analyzer was created with a sensitivity of n�10−7%. This device makes it possible to
analyze water, solutions, etc.

There are about 1000 devices with Kumakhov optics which are used to solve
various practical problems. Manufacturers of X-ray equipment—EDAX, Philips,
Siemens, Bede, Shimadzu, Unisantis and other corporations—produce instruments
with these optics. Such devices are used in large synchrotron centers to focus
synchrotron radiation, as well as to obtain three-dimensional images of an object
using two lenses. When focusing, the synchrotron radiation density increases by
more than three orders of magnitude. Kumakhov’s optics, and the devices based on
such optics, have received numerous prizes and diplomas at international exhibi-
tions and conferences.

The creation of polycapillary optics and corresponding instruments is
undoubtedly one of the most important achievements in analytical X-ray technol-
ogy in recent decades.

Fig. 1.10 Muradin
Abubekirovich Kumakhov
(July 29, 1928–June 25,
2014), a physicist and the
creator of Kumakhov X-ray
optics. Figure provided by the
Institute of X-Ray Optics
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1.6 X-Ray Radiometric Analysis and Its Applications

This method of elemental analysis is based on the excitation of atoms of the
elements to be determined using sources of ionizing radiation (usually radioactive)
and analysis of the spectral composition of the resulting X-ray radiation of the
excited atoms using radiometric equipment. Identification of the elements is carried
out by their characteristic X-ray radiation, and this radiation is detected not by
crystal-diffraction analyzers, as in ordinary X-ray fluorescence analysis, but, as
already mentioned, using radiometric equipment. Usually, the energy-dispersive
method of registration is used.

Here is the characteristic of the method given after many years of development
and use [40]:

“As compared with the X-ray tube, the radionuclide source has several advantages: (1) both
photons for electromagnetic radiation (gamma- or X-ray) and heavy charged particles (e.g.,
a-particles) can be used to excite the atoms of the detected elements, (2) high stability of the
source (in fact, when the half-life of the applied radionuclide is several months, for a sample
measurement time of several minutes the source of the exciting radiation can be considered
perfectly stable), (3) monochromatic nature of the excitation radiation which makes it possible
to reduce the background in the analysis and to reduce the influence of the material com-
position of the samples on the results of the determinations, (4) the simple possibility of
carrying out the analysis by harder and more intense lines of the K-series of the characteristic
radiation, including heavy elements, (5) energy efficiency and compactness of the source.

To the full, these advantages of radionuclide sources can be realized in compact
energy-efficient equipment intended for testing ores in their natural occurrence (without
sampling), for the analysis of samples in field laboratories, for well logging, etc.

Fig. 1.11 “Focus-M” microanalyzer with Kumakhov X-ray lens. Figure provided by the Institute
of X-Ray Optics
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At the same time, radionuclide sources of the exciting radiation have a number of disad-
vantages in comparison with X-ray tubes. The main one is the “non-switching” of the
sources, which complicates their operation, storage, and transportation.”

The very possibility of excitation of X-ray radiation by ionizing radiation from a
radioactive source was previously known, e.g., it was sounded in one of the reports
at the first Geneva Conference on the Peaceful Uses of Atomic Energy in 1955. In
the USSR this idea was embodied in a method that involved solving numerous
methodological and technical problems and at the same time developing equipment.
The practical goal was the search for minerals and the analysis of mineral raw
materials. Initially, work was carried out mainly at the All-Union Institute of
Mineral Raw Materials (VIMS) in Moscow under the leadership of Alexander
Lazarevich Yakubovich (Fig. 1.12).

Subsequently, A. L. Yakubovich was awarded the Prize of the Scientific Council
of the Russian Academy of Sciences (RAS) on Analytical Chemistry, was an
honorary member of this Council, and received many other awards. He fought in
World War II, and went on to live a long and rich life. He died in 2014 at the age of
94.

Various instruments based on this method were produced, and are still produced,
in Russia in large batches and are widely used by the geological service, at mining
enterprises, and in other areas. The method has also been used in space research.

X-ray radiometric analysis and its various applications are described in detail in
many books, (e.g. [40–44]).

Fig. 1.12 Aleksandr
Lazarevich Yakubovich
(October 30, 1919–May 22,
2014), creator of the
methodologies and
instrumentation for the X-ray
radiometric search for
uranium; much has been done
to develop such X-ray
radiometric and
nuclear-physical methods of
analysis. Photo provided by
the All-Russian Institute of
Mineral Raw Materials
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1.7 Other Spectroscopic Methods

I. I. Kanonnikov (1854–1902), while at Kazan University, developed in 1880 a
refractometric method for the analysis of organic compounds [45].

The method of atomic-absorption determination of mercury, using its “cold
vapor” (a flameless method), was substantially improved. The foundations of the
method were laid down by the work of Müller and Pringsheim [46], Woodson [47],
and others. Poluektov, Vitkun, and Zelyukova [48, 49] raised the possibility of
determining mercury, after its reduction in solution using SnCl2, by air blowing
atomic mercury into a special cell. What was new here was the use of tin
(IV) chloride as a reducing agent (this has become widely used) and, in contrast to
Woodson’s work on the determination of mercury in air, it was proposed to recover
mercury in solution and to blow out atomic mercury for its subsequent determi-
nation. It was after the work of Poluektov and his co-workers that the method of
“cold vapor” became widespread.

Between 1970 and 1990, methods of laser analytical spectroscopy were rapidly
developing in the world. Russian scientists made a significant contribution to this
area of analytical chemistry. In V. S. Letokhov’s group (at the Institute of
Spectroscopy of the USSR Academy of Sciences), a variant of laser atomic pho-
toionization spectroscopy (LAPIS), with the thermal evaporation of the sample, was
developed, an appropriate instrument was designed, and the low detection limits of
elements were realized. The analytical capabilities of the method were demon-
strated, in particular, in the determination of low concentrations of rare-earth ele-
ments in sea water (Fig. 1.13).

In the work of M. A. Bol’shov’s group, at the same institute, a method of laser
atomic-fluorescence spectroscopy (LAFS), with a graphite atomizer, was developed
—incorporating the theoretical foundations of the method along with the creation of
unique instrumentation. Using a LAFS-1 spectrometer, placed in a clean room,
heavy metal (Pb, Bi, and Cd) determinations were made in deep ice cores from

Fig. 1.13 Vladilen
Stepanovich Letokhov
(November 10, 1939–March
21, 2009), a
physicist-spectroscopist and
one of the pioneers of laser
physics, including analytical
laser spectroscopy. Photo
provided by the Institute of
Spectroscopy of the RAS
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Antarctica and fresh snow from Greenland and the mountain groups of the Alps.
The data obtained proved to be valuable for the determination of natural climate
variations between about 200,000 years BC to present day. Natural variations of the
concentrations of metals in prehistoric epochs (from 0.4 ppt of lead in warm cli-
matic periods to 20 ppt in glacial periods) were found (Fig. 1.14).

At the same time, interesting work was being performed by N. B. Zorov’s group
(at Moscow University) to improve the method of laser-induced ionization in a
flame. High sensitivity of the method was demonstrated, however, a significant
dependence of the analytical signal on the composition of the sample was also
revealed.

A. I. Nadezhdinskii et al., at the A. M. Prokhorov General Physics Institute of
the RAS actively developed diode-laser spectroscopy for the purposes of chemical
analysis. Nadezhdinskii regularly organizes conferences concentrating on this
method. Many applications have been developed, e.g., for the determination of
various gases, including applications linked to medical diagnostics [50].

Considerable research has been carried out in the field of thermo-optics, espe-
cially thermal lenses spectrometry (formerly undertaken by V. I. Grishko,
V. P. Grishko, and I. G. Yudelevich [51], and continued presently by
M. A. Proskurnin et al., at M. V. Lomonosov MSU) [52–54]. This is one of the
most sensitive methods of molecular absorption spectrometry, although it is not
widely used in practice, at least in Russia. Its scientific solutions are very inter-
esting, including when this method is combined with others, and also when it is
used in new analytical systems (microfluidics, etc.).

In the USSR, several groups worked on the use of electron spin (paramagnetic)
resonance (discovered in 1944 by E. K. Zavoiskii in Kazan) as a method of
chemical analysis [55] (Fig. 1.15). In general, methods were developed for the

Fig. 1.14 Institute of Spectroscopy of the Russian Academy of Sciences in Troitsk. Photo pro-
vided by the Institute of Spectroscopy of the RAS
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determination of paramagnetic ions of copper (II), molybdenum (V), manganese
(II), chromium (III), vanadium (IV), iron (III), and some rare-earth elements.
Portable ESR spectrometers have been created. A series of studies on spin-labeled
analytical reagents (extractants), such as 1 and 2, has been performed.

As a label in the molecules of more or less ordinary complexing reagents, stable
nitroxide radicals were introduced. After complexing with metal ions (in this case
also diamagnetic) and separating the excess of the reagent, if present, the metal
concentration can be determined by measuring the ESR signal [56].
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Chapter 2
Mass Spectrometry and Related
Methods

Abstract Mass reflectron developed by B. A. Mamyrin is widely used in
time-of-flight mass spectrometers, as well as the orthogonal entry proposed by
A. F. Dodonov. Mass spectrometers of the “Orbitrap” series, developed by
A. A. Makarov and co-workers at Thermo Co., were widely disseminated and
recognized. Electrospray ionization was proposed by L. N. Gall and co-workers
before the work of J. Fenn, who received a Nobel Prize for Chemistry. Ion–
molecule reactions, identified by V. L. Talrose, opened the way to chemical ion-
ization. Russian specialists contributed to secondary-ion mass spectrometry and fast
atom bombardment, proposed photoionization at atmospheric pressure, and mass
spectrometry of negative ions formed as a result of resonance electron capture.

2.1 General Remarks

For the last two to three decades, mass spectrometry has become one of the most
important and common methods of chemical analysis. It incorporates a number of
versions that differ in their areas of application (isotopic, elemental, and molecular
analysis; working with labile bioorganic substances) and technical characteristics.
Technical and design distinctions are very significant and include versions that
differ in mass analyzers, ionization and registration methods, or techniques for
introducing a substance into the ion source.

Speaking of mass analyzers, Russian specialists have made a significant con-
tribution to time-of-flight mass spectrometry (TOFMS). An essential place is
occupied here by the electron mirror (mass reflectron) created by B. A. Mamyrin,
and further improved by A. N. Verenchikov. The orthogonal entry of a continuous
ion beam, developed by A. F. Dodonov and co-workers, was a great achievement.

As for ionization methods, many have been proposed, though with different
scales of use and practical significance. Electron ionization still remains the most
utilized method; it used to be the only one for producing ions at the early stages of
mass spectrometry. Among other methods, we can mention spark ionization,
secondary-ion ionization, fast atom bombardment (FAB), inductively coupled
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plasma ionization, chemical ionization, photoionization, surface ionization, elec-
trospray ionization (ESI), and MALDI (Matrix Assisted Laser Desorption and
Ionization). Open-air ionization techniques have been intensively developed
recently; quite a few are already available.

Some of the ionization methods were proposed in the Soviet Union (Russia).
V. L. Talrose and A. K. Ljubimova (1952) created the notion of ion–molecule
reactions, concepts that paved the way for chemical ionization. Formation of
negative ions by resonance electron capture (REC) was a result of the work of
V. I. Khvostenko and co-workers. I. A. Revelsky and Yu. S. Yashin (1983) were
the first to propose photoionization under atmospheric pressure. It was in the Soviet
Union that the pioneering research on ESI was carried out by L. N. Gall and
co-workers in 1980–1983, although it is commonly believed that the technique was
actually created by John Fenn, who was one of the Nobel Laureates for
Chemistry in 2002. The same can be said about FAB: G. D. Tantsyrev published
his work before Michael Barber and Alfred Benninghofen, who are usually given
credit for the development of this method.

There are several groups in modern Russia that are active in analytical mass
spectrometry. These groups are headed by A. A. Sysoev, E. N. Nikolaev,
L. N. Gall, I. A. Revelsky, A. T. Lebedev, V. G. Zaikin, E. S. Brodskii, etc. In
addition, there is an All-Russia Mass-Spectrometric Society as well as the journal
Mass Spectrometry.

The first mass spectrometers were created by Joseph Thomson in 1912, Arthur
Dempster in 1918, and Francis Aston in 1919. The world’s fourth mass spec-
trometer was manufactured by V. N. Kondratev at the Institute of Chemical Physics
under the supervision of N. N. Semenov. This was to become the dissertation of
a future academician Kondratev.

2.2 Mass Reflectron

As a result of long-term experiments that started in 1965 and lasted for no less than
25 years at the Ioffe Physical–Technical Institute of the USSR Academy of
Sciences, B. A. Mamyrin created a new type of TOFMS, which he coined the mass
reflectron [1, 2].

A TOFMS is based on the fact that ions move at different speeds in an electric
field depending on their masses or, to be precise, their mass-to-charge ratios. All
ions formed in an ion source move, and this determines the unlimited mass range.
The device is also characterized by a high-speed response. Such analyzers are
simple from the technical point of view. However, they also have some limitations,
namely, they cannot operate with continuous ion sources, since all the ions must
start from a certain point. In addition, ions have certain non-zero and differently
directed velocities at an initial time instant, and they fly after gaining acceleration in
the form of a somewhat diffused packet. This leads to an unsatisfactory separation
of peaks and a low resolution. Creation of a mass reflectron, to a certain degree,
solved this problem by compensating the spread in the kinetic energy of ions.

26 2 Mass Spectrometry and Related Methods



The electron mirror, called the reflectron, was invented by B. A. Mamyrin,
V. I. Karataev, D. V. Shmikk, and V. A. Zalulin in the late 1960s–early 1970s [1, 2].
The principle of its operation was concisely described by specialists as follows [3]:

“The reflector of ions, or an ion mirror, which is a system of grid electrodes, gave the name
‘mass reflectron’ to the entire device. In this device, higher-energy ions with a certain mass
penetrate more deeply into a reflecting electric field, thereby spending more time on
retardation and subsequent acceleration. While being the first to reach the ion mirror, they
are the last to leave it and catch up with the slower ions of the same mass by the time of
reaching a detector (which is usually the assembly of two microchannel plates). Thus, a
difference in the time of flight in a field-free region (before and after the reflector) is
compensated for by the dwell time in the reflector area. A time focusing of the same-mass
ions that fly with different velocities thus occurs, and this is how the resolving ability of the
analyzer is improved. One more advantage of reflectron is its much smaller dimensions as
compared to linear time-of-flight devices, in which a maximum-length tube is required for
effective mass separation of ions…”

Here is an excerpt from an interview with B. A. Mamyrin from 2006 [3]:

“I received the inventor’s certificate for mass reflectron back in 1967 [4]; I also patented it
in the UK, Japan, France, and the USA [5]. They waited until the patent support expired
and immediately started to produce reflectron-based mass spectrometers.”

Mamyrin’s devices, incorporating a mass reflectron, have the following impor-
tant advantages: an unlimited range of recorded masses, the ability to observe the
entire mass spectrum, and high sensitivity. Time-of-flight spectrometers of this type
are currently produced by many companies and are used extensively. For example,
they have been used for human genome sequencing (Fig. 2.1).

Apart from creating a mass reflectron, Mamyrin also carried out important
research on helium isotopes [6] and the determination of fundamental physical
constants [7, 8]. He and his group created magnetic resonance mass spectrometers
with record high sensitivities (*3.104 helium atoms per analyzer volume) for
isotopic analysis. The devices were manufactured at the Institute for Analytical
Instrumentation of the USSR Academy of Sciences under MI 9301, MI 9302, and
other trademarks. The FTIAN-series mass spectrometers have been used at met-
allurgical plants for the continuous online monitoring of steelmaking (Fig. 2.2).

Boris Aleksandrovich Mamyrin (May 25, 1919–March 5, 2007) was born on
May 25, 1919, in Lipetsk, into a family of medical doctors. In 1941, he graduated
from the Department of Physics and Mechanics of Leningrad Polytechnic Institute
as a physicist. He saw active service in the Soviet–Finnish War in 1939–1940 and
World War II, and he was awarded two orders and many medals. Demobilized in
1948, he came back as a disabled war veteran and started work at the Ioffe
Physical–Technical Institute of the USSR Academy of Sciences in Leningrad. From
1970, he first headed a division at the laboratory of mass spectrometry and, then,
from 1983, the laboratory itself. In 1949, he defended his candidate of sciences
thesis entitled “Modulating devices for an installation for separating uranium
isotopes by the high-frequency method,” and in 1966, he defended his doctoral
thesis entitled “Studies in the area of time-of-flight ion separation.” In 1994, he
was elected a corresponding member of the Russian Academy of Sciences. In 2000,
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the American Society for Mass Spectrometry awarded him “The Distinguished
Contribution in Mass Spectrometry” Award. Mamyrin became laureate of the
academician B. P. Konstantinov Award of the USSR Academy of Sciences for the
series of work comprising “Research and development of a mass-spectrometric
method for metal-production monitoring.” He was also a member of the interna-
tional Committee on Data for Science and Technology (CODATA). In his later
years, he was the chief scientific officer in a mass spectrometry laboratory. He died
in St. Petersburg on March 5, 2007.

Here is what Mamyrin wrote to the author of this book about the mass reflectron
on August 11, 2005.

Reflectron Zone of drifting 

Ion source

Detector 

Fig. 2.1 Principle scheme of a mass reflectron. With permission of A.T. Lebedev

Fig. 2.2 Boris
Aleksandrovich Mamyrin, the
creator of the mass reflectron.
Provided by B.A. Mamyrin in
2005.
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“II. Mass reflectron (its description and diagram are available in the proof prints).

Information about it was published for the first time in Soviet Union Inventor’s Certificate
no. 198034 (Byul. Izobret., 1969, no. 13, p. 148). It was patented in the USA, the UK,
France, and Germany. However… our government was not supporting foreign patents with
all the consequences that came with it.

Time-of-flight mass spectrometers are different from static magnetic ones by an unbounded
mass range and high analysis speed. However, they had a low resolution of R � 300. The
use of the reflection of ions in an electrostatic mirror made it possible to compensate for the
effect of ion-energy spread that is inevitable whichever ion formation mechanism is used.
(When reflected in a retarding field, the “fast” ions penetrate more deeply and thus arrive at
the detector simultaneously with the “slow” ones.)

Our first publication (Mamyrin et al.) in Zh. Tekh. Fiz., 1973, vol. 37, p. 45 on the spectrum
of heavy organometallic molecules for R � 6000 quickly swept across the world. Many
companies started to develop mass reflectrons. Devices with R � 10 000 were developed
approximately 10 years later. Attached find a photograph with the internal design of one
such device manufactured by the Bruker company. It accommodates 100 samples at once,
with analysis of one sample taking only a few seconds.

The American scientist Craig Venter set up a whole “workshop” of such devices; this made
it possible to quickly complete the human genome sequencing (105 genes!). An interna-
tional program on the human proteome (>106 cells!1) has been started recently; this will
make it possible to dramatically shorten the time needed to create “side-effect-free
medicines”…

Small reflectrons are used in medicine, food quality checks, criminology, doping control,
and so on. And, of course, it is applied in chemistry and physics. A lot of details and
schemes are in the proof prints being sent.

We developed special-purpose automated mass-reflectron installations FTIAN-3, FTIAN-4,
and FTIAN-5 for monitoring of metallurgical processes; these installations are now being
produced by a plant in the city of Sumy.

Pneumatic steelmaking now operates without rejects or oxygen reblowing, both of which
protract the processes, and, most importantly, without gas-duct explosions, which led to
major accidents or even loss of human life. Two small companies seceded from the lab-
oratory to produce compact mass-reflectron installations with inferior analytical parameters
that suffice for some applications. Nearly all metallurgical plants in Russia, CIS countries,
and certain other countries are equipped with FTIAN installations. They are also used to
control various metallurgical processes.

Reflectrons find their use in monitoring the production of ultrapure inert gases such as
hydrogen, ensuring a sensitivity to impurities of up to 10−7–10−10.”

Later, A. N. Verenchikov and co-workers developed a multireflection mass
reflectron that included a series of electron mirrors and provided a resolution of
25,000–50,000. This mass spectrometer is produced serially in combination with
gas or liquid chromatographs.

1* Rightly: proteins.—Yu.A. Zolotov.
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2.3 Orthogonal Entry of a Continuous Ion Beam

In the late 1980s, Dodonov et al. [9, 10] developed a system for orthogonal entry of
a continuous ion beam at the Institute for Energetical Problems of Chemical Physics
of the USSR Academy of Sciences. The system was designed mainly as an elec-
trospray source (the ERIAD technique) and made it possible to connect this source
to a mass reflectron (Mamyrin’s TOFMS with an electron mirror). This consider-
ably enhanced the capabilities of the mass reflectron. The invention had a
tremendous impact and quickly found applications (Fig. 2.3).

Aleksandr Fedorovich Dodonov (January 18, 1939–August 31, 2005) gradu-
ated from the Moscow Physico–Technical Institute in 1966. He first worked at the
Institute of Chemical Physics of the USSR Academy of Sciences, and later, from
1987, at the Institute for Energetical Problems of Chemical Physics at the same
academy. His research interests were in mass spectrometry, to which he con-
tributed a number of fundamental works. He is best known for his contribution to
TOFMS, viz., the development of the orthogonal entry of ions with the use of
different ionization sources, including the use of electrospraying.

Soon after, foreign colleagues proposed a similar entry scheme for a source
based on electron ionization, too.

Nowadays, instrument-making companies actively use orthogonal entry.

Fig. 2.3 Aleksandr
Fedorovich Dodonov
proposed an orthogonal input
for time-of-flight mass
spectrometers. Provided by
the Institute of Energetic
Problems of Chemical
Physics

30 2 Mass Spectrometry and Related Methods



2.4 Orbitrap: Orbital Ion Trap

The very much appreciated Orbitrap, orbital ion trap, was created by Makarov [11],
who worked at Thermo Co. in Germany. To advocate the importance of including
this achievement within this book, let us look at two excerpts from an interview
with A. A. Makarov made by the authors of [12] (Fig. 2.4).

“Question: The first and foremost question is related to how you and your team-mates
approached the creation of the Orbitrap. Of special interest is what it started with, whether it
happened gradually or at once, how it all came about and was developed further.

Answer: Everything started when I was a student at the Moscow Engineering and Physics
Institute (1984–1989), where A. A. Sysoev had a postgraduate student, Aleksandr
Leopol’dovich Pekal’, who once told me: ‘Since you want to work here anyway, why don’t
you invent an ideal mass spectrometer that could solve my problem: a spark ion source with
huge angular and energy spreads?’ It was then that I began to study fields with quadratic
focusing and came across Golikov’s and other works. As a result, my Candidate of
Sciences dissertation was devoted to fields with ideal focusing: ‘Isochronous motion of
charged particles in static electromagnetic fields.’

Later, in 1992, when I defended my thesis and became a Candidate of Mathematical and
Physical Sciences, I took a trip, kind of a chapiteau circus tour across Britain, Belgium, and
Germany; however, I did not get far. I made it only as far as Manchester, where I was
literally caught by people from Kratos Analytical Ltd. The group included people who later
set up our small company, of which the core were people from Russia—Eduard Denisov,
Aleksandr Kholomeev, and myself.

Fig. 2.4 Orbitrap mass
spectrometer. Taken from the
advertising brochure of
Thermo Scientific Co

2.4 Orbitrap: Orbital Ion Trap 31



Question: Can you share with us how difficult the problems related to electronics and
hardware were in this difficult work on developing a fundamentally new device?

Answer: Yes, indeed, we essentially had to invent something totally new in order to achieve
the parameters we needed. The stability of the electronics was of great importance, as it
governed the stability of the entire device, especially in its commercial version. This was
not of utmost importance for research, but crucial for a commercial device. Therefore,
credit for the fact that we managed to quickly transition from a research to a commercial
version goes to the specialists and, first of all, to Aleksandr Kholomeev.

Question: Do these people still work with you?

Answer: Yes.

Question: So, were it not for the three Russians, nothing would have happened?

Answer: Yes. The very method appeared because of the existing time-of-flight
mass-spectrometry schools in St. Petersburg and Moscow. This was already the launch
pad from which we started. Of course, nothing would have happened if we did not create
this company or protect it from the things that were happening in the harsh struggle for
survival under ‘wild capitalism.’ Of course, without a doubt, credit for this goes to them,
including support with the electronics and mechanics and useful discussions—all of this is
extremely important. Russian mass spectrometrists definitely constituted the core of the
group.

Question: It would be good to hear you say that ‘domestic brains’ were engaged in the
creation of such a unique device.

Answer: This is precisely what is clear from this story! Were it not for these three spe-
cialists or if at least one of them had not been there, there would have been no device.
Surely, something could have been made, but this would have happened much later.”

In the new mass spectrometer, a linear ion trap is combined with the Orbitrap
mass analyzer via a radio frequency (RF) quadrupole bent-axis ion trap [13]. The
mass analyzer developed by A. A. Makarov and his team does use magnetic or RF
fields, but is an electrostatic axially-harmonic orbital ion trap.

“Owing to the fact that axial oscillation is independent of the kinetic energy of ions and that
an electric field can be set with a very high precision and stability, the Orbitrap is an ideal
mass spectrometer by its very principle of operation. This implies that an ultrahigh reso-
lution can be achieved with this device and the ion mass can be measured very accurately. It
is no small matter that in actuality, the large capacity of ions proved typical of this device,
thus making it possible to attain highly accurate mass measurements, a wider dynamic
range, and a greater range of mass-to-charge ratios [13, 14].”

Specialists now recall with a smile that at the time, mass-spectrometry connoisseurs had
formulated 12 reasons why an Orbitrap-type trap could not be made.

2.5 Electrospray Ionization (The ERIAD Technique)

In 1968, Malcolm Dole tried to use electrospraying in combination with a mass
spectrometer [15]. In the late 1970s–early 1980s, at the Institute for Analytical
Instrumentation of the USSR Academy of Sciences, Lidiya Nikolaevna Gall, along
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with the group she supervised, developed a method they named ERIAD (the
Russian acronym for the “extraction and spraying of ions under atmospheric
pressure”). The method was highly rated and even became the subject of articles in
popular science journals (Fig. 2.5).

The method is essentially as follows (according to [16]). A syringe pump is used
to direct the flow from liquid chromatograph, or from a capillary tube, into a
0.1-mm-diameter needle that is fed a voltage of the order of several kilovolts. An
aerosol of charged droplets with a high surface charge is formed at the output from
the needle. The droplets move toward a grounded counter electrode. The pressure
drops in the same direction, although, on the whole, it is kept equal to atmospheric
pressure in this part of the ion source (before the counter electrode). Moving toward
the exit orifice (or the capillary tube) of the first separator, the droplets shrink due to
solvent evaporation. When they reach a critical size, when the surface-tension
forces can no longer resist the Coulomb repulsion forces (the Rayleigh limit), the
droplet “explodes” to form finer droplets. This process is repeated all over again,
resulting in microdroplets, each containing just one charged particle that can find
itself in a gas phase after the residual solvent molecules evaporate. Heating or
collisions with the molecules of an inert gas can be used for ultimate desolvation
(Fig. 2.6).

Below is a description of the history of the development of ESI taken from [16]
(Figs. 2.7 and 2.8).

“A certain contribution to the theory and creation of electrospraying was made by Dole
[15]. The first ESI experiments led by Gall started in Leningrad in 1979. The method they
created was called ERIAD, the Russian acronym for the ‘extraction and spraying of ions
under atmospheric pressure’. The method was realized on a static sector device with double
focusing, and the first spectra of bradykinin, multicharged insulin ions, and involatile salts
were obtained in 1981. It was shown that application of a high voltage difference
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Fig. 2.5 Principle scheme of an electrospray. With permission of A.T. Lebedev
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(* 1000 V) between the output end of the electrospray capillary and the skimmer can
initiate fragmentation of protonated molecules without collisional activation. The results
were reported at numerous meetings in the Soviet Union in the early 1980s. Unfortunately,
the closed nature of Soviet science prevented Gall from publishing her results in top-rated
international journals. What is more, even in Russian, the results were published very late,
in April 1984 [17, 18], because most leaders in domestic mass spectrometry were wary of
her method. John Fenn, however, expressed interest in the results when he visited the
Soviet Union in 1983. The fate of Fenn’s research proved much more fortunate. Although
his first work was published only in September 1984 [19, 20], that is, after Gall’s
pioneering work, he managed to unlock the potential of electrospraying for the international
scientific community by later publishing the numerous results of his own experiments. Fenn
was awarded the Nobel Prize in 2002 for the development of ESI.”

Since then, electrospraying has found the widest possible range of applications.

Ion source 

Molecules of analyte 
Micro explosive Evaporation of solvent 

Nebulazer 
Desolvated charged
 analyte molecules

Teylor cone 
Charged drops in
conditions of Rel limit

Secondary 
charged drops

Fig. 2.6 Sequential loss of shell by ions during electrospray. With permission of A.T. Lebedev

Fig. 2.7 Lidiya Nikolayevna
Gall (born September 1,
1934). Together with
co-workers, she created the
ERIAD method (electrospray)
and developed a whole series
of mass spectrometers.
Courtesy of L.N. Gall
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2.6 Ion–Molecular Reactions as a Path to Chemical
Ionization

In 1952, Talrose and Ljubimova [21] observed a signal from methonium ions CH5
+

in an electron ionization source under elevated methane pressure in an ionization
chamber. This observation was later deemed rather important; it is no coincidence
that many years later, in 1998, the Journal of Mass Spectrometry reprinted the
article [21] as one of great historical significance [22].

In 1966, Manson and Field [23] created a suitable source and used chemical
ionization for analytical purposes. Ionization with ion–molecular reactions has
become widely accepted as an ionization method [24] (Fig. 2.9).

Victor L’vovich Talrose (April 15, 1922–June 22, 2004) graduated from
Moscow State University (MSU) in 1947. He saw active service in World War II. In
1947–1948, he worked at the Institute of Chemical Physics of the USSR Academy of
Sciences, and in 1986, became the director of the Institute for Energetical Problems
of Chemical Physics of the USSR Academy of Sciences, which he created. At the
same time, he was also teaching at the Moscow Physico–Technical Institute, where
he became a professor in 1961 and was the dean of the department of molecular
and chemical physics. Talrose held a doctoral degree in chemistry and was a
corresponding member of the USSR (Russian) Academy of Sciences. He was a
physicist and chemist, with his main work being devoted to the kinetics of chemical
reactions. Talrose conducted a lot of research in mass spectrometry, including
reactions of free ion radicals. In 1969, he created the first chemical laser based on

Fig. 2.8 The first article on electrospraying
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the reaction between hydrogen and fluorine. Talrose led the development of
Russia’s first chromato-mass-spectrometers. He did much to develop scientific
instrument making, headed the Council on Scientific Instrument Making of the
USSR Academy of Sciences, and chaired the Committee on Mass Spectrometry of
the USSR Academy of Sciences. Talrose was awarded government decorations. In
the last years of his life, he spent a lot of time in the United States.

A book of memoirs [25] was published about Talrose. One book [26], devoted to
those who contributed most to mass spectrometry, contains a chapter about him.

The history of the concept of chemical ionization was retold in detail by the
renowned Russian mass spectrometrist E. N. Nikolaev (note that the text was split
into two paragraphs without the author’s approval).

“His first work, which V. L. Talrose started, most likely, at the instigation of
Viktor Nikolaevich Kondratev, who headed the laboratory Talrose had just joined
at that time; it dealt with the study of electron impact ionization of methane. In this
study, he encountered the very interesting phenomenon of the formation of an
unusual CH5

+ ion consisting of one carbon and five hydrogen atoms, a composition
that did not conform with the existing notions of carbon valence. By that time, it
had already been established that carbon valence is four and surely not five. This
result was published in the journal Dokl. USSR Acad. Sci., in an article (V.
L. Talrose and A. K. Ljubimova, Dokl. Akad. Nauk SSSR, 1952, vol. 86, p. 909)
submitted to the editorial board by Lev Davidovich Landau, an outstanding Soviet
theoretician who had a better understanding of what valence means than anybody,
but still he presented the article. Nobody believed the result claimed in the article,
and the ultimate proof for the existence of such an ion was only obtained with a
double focusing mass spectrometer, which was then considered a device with
ultrahigh resolution: only one existed at the Institute for Physical Problems of the
USSR Academy of Sciences. It was demonstrated that the ions formed are indeed
CH5

+ ions rather than OH+ as many believed. Perhaps nobody would have

Fig. 2.9 Victor L’vovich
Talroze. Provided by the
Institute of Energetic
Problems of Chemical
Physics
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remembered this were it not for the work by the American chemists Field and
Munson, who studied ionization of methane and other saturated hydrocarbons and
also discovered that ionization results in the formation of protonated molecules of
saturated hydrocarbons, including CH5

+. They announced the discovery of a new
ionization method, which they called chemical ionization, which in their opinion
essentially consisted in the following. If one adds a small amount of molecules of a
substance M that one wants to identify into methane and ionizes the resultant
mixture by electron impact, it is the methane molecules that will mostly be ionized
rather than … those of substance M. Methane ionization will produce CH5

+ ions
that, when colliding with the molecules … of substance M, will donate a proton and
thereby ionize the latter without destroying them, instead forming protonated
molecules—quasimolecular ions. This method thus allows one to overcome the
main difficulty of mass-spectrometric analysis: the destruction … of a molecule
subjected to a direct electron impact (Fig. 2.10).

This discovery gave rise to an entire series of works devoted to
chemical-ionization processes, so that some time after, chemical ionization firmly
entered the practice of mass-spectrometric analysis and remains there. Many
modern mass spectrometers are equipped with chemical ionization sources, while
the mass-spectrometry community surely recognized the fact that V. L. Talrose was
the first to obtain this result in 1952. Not without some struggle, Talrose’s work was
admitted as fundamental for this ionization method. It was highly commended
while attracting a large number of citations. The CH5

+ ion was named methonium,
with its structure still debated—whether it is a complex of CH3

+ with a hydrogen
molecule or the so-called fluxonium ion, in which hydrogen atoms are constantly
mixed. Graham Cooks (Purdue University), who is considered one of the most

Fig. 2.10 V.L. Talroze, Institute of Energetic Problems of Chemical Physics, Moscow. Provided
by the Institute of Energetic Problems of Chemical Physics
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well-known specialists in mass spectrometry, classified the discovery of chemical
ionization as one of ten most significant results ever obtained in mass spectrometry
in the twentieth century, while the name of V. L. Talrose was firmly imprinted in
the history of modern mass spectrometry.”

2.7 Secondary-Ion Mass Spectrometry and Fast Atom
Bombardment

In the 1960s, at the Leningrad Polytechnic Institute, Mikhail Aleksandrovich
Eremeev was probably one of the first to study and employ secondary-ion emission.
Secondary-ion mass spectrometry (SIMS) was also developed at Khar’kov and
other places, too.

The history of FAB leads us to the conclusion [27] that the method was
simultaneously and, apparently, independently developed by several scientists,
including Tantsyrev, Devienne, Benninghofen, and Barber. Tantsyrev published his
first work [28–30] in 1971–1973, at about the same time as Benninghoven [31, 32]
and Devienne. The method, however, was only recognized after the appearance of
Barber’s article [33] in 1981. This publication did not go unnoticed and gave
impetus to the development of relevant devices. All of the authors mentioned above
gave their own names to the method, but only the term “fast atom bombardment”
(FAB), proposed by Barber, has been enshrined in scientific history. Barber is
therefore considered to have developed the method, although Benninghofen is
sometimes attributed with its development. However, as pointed out above,
Tantsyrev was the first (Fig. 2.11).

In his 1985 review, Tantsyrev noted that in 1972, he and Nikolaev [29] proposed
a mechanism for the formation of sprayed substances, based on the “concept of
local heating of the surface of a target which now became a common one.” He also

Fig. 2.11 Georgii Dmitrievich Tantsyrev made a great contribution to the creation and
development of mass spectrometry of secondary ions and was the author of the first work on
ionization by bombardment with fast atoms. Provided by the Institute of Energetic Problems of
Chemical Physics

38 2 Mass Spectrometry and Related Methods



wrote that, again together with E. N. Nikolaev, he was “the first to discover the
emission of proton-based ion clusters of the type H+ (H2O)n [for] n � 50 in ice
bombardment experiments” [28] (quoted as per [34]). In the same review,
Tantsyrev considered the following characteristics of the FAB method.

“Fast atom bombardment can be used to ionize substances with any molecular mass. This
method makes it possible to produce both fragment ions and quasimolecular positive ions.
It can not only discriminate individual substances but also determine the composition of
solid and liquid samples and, in some cases, even their supramolecular structure. Fast atom
ionization (FAI) is relatively easy to implement on a mass spectrometer of any type.”

V. A. Pokrovskii later wrote [27]:
“As far as we know, G. D. Tantsyrev did not bring up the issue of the priority of

his results and, with his natural humility, assumed that his publications and
inventor’s certificates would suffice. Unfortunately, the role of his works has
remained underappreciated in the modern scientific literature worldwide” (quoted
according to [34]).

In the aforementioned interview [34], Tantsyrev was directly asked about the
sequence of development of FAB.

“Question: Could you tell us, please, whether Barber admits that you were the
first to propose FAI?

Answer: We did it prior to Barber, but he published his results immediately,
without patenting them. We decided to first obtain an inventor’s certificate, though,
and this takes approximately a year and a half. As for our publications, they
appeared almost simultaneously, independently of each other.”

Georgii Dmitievich Tantsyrev was born on August 15, 1929, in the village of
Golitsyno in Penza Oblast. After finishing school, he entered the Bauman School in
Moscow, studied there for 3 years, and was transferred to the Moscow Engineering
Physics Institute, from where he graduated. Throughout his entire career, he
worked at the Institute of Chemical Physics of the USSR Academy of Sciences,
initially led by V. L. Talrose. In a team with V. L. Talrose and V. I. Gorshkov, he
created a chromatographic mass spectrometer with a capillary column. G. D.
Tantsyrev died in 2007. Views about G. D. Tantsyrev are given in [34].

2.8 Atmospheric Pressure Photoionization

Mass spectrometry with atmospheric pressure photoionization was proposed and
developed by Revelsky and Yashin [35, 36]. In this case, analytes were ionized by
ultraviolet radiation with quanta that had energy below the water ionization
potential (10.6 and 10.2 eV) and above the ionization potentials of most organic
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compounds. This made it possible to eliminate the registration of water clusters. In
addition, the low energy of the radiation quanta and atmospheric pressure allowed
them to minimize dissociative breakup of the formed excited molecular or
quasi-molecular ion. Conditions were found which allow practically exclude the
dissociative decomposition of these ions in atmospheric pressure photoionization
(APPI) and atmospheric pressure photochemical ionization (APPCI) and the
recording of cluster ions of the analytes.

The technique is significant because a molecular or quasi-molecular ion that
allows one to judge the molecular mass of a compound is the most important ion in
the mass spectrum of the compound. The intensity of peaks due to these ions in
electron ionization mass spectra often turns out to be low, or in some cases there are
no peaks at all. This intensity is higher in chemical ionization mass spectra, but the
sensitivity is much lower in this case. In the case of chemical ionization under
atmospheric pressure, the sensitivity is higher, but the mass spectrum is in many
cases burdened by the presence of cluster ions of water and of the analytes
themselves. This complicates the interpretation of mass spectra and reduces the
sensitivity of recording peaks of molecular ions. Photoionization under atmospheric
pressure solves this problem.

APPI and APPCI mass spectra have been studied for a large (over 200) number
of compounds [37–39]. In all cases, the respective mass spectra consisted only of
M+ or (MH)+ ions, depending on the nature of the compound and the vapors of the
reagent used in the APPCI mass spectrometry. The limits of detection in the case of
APPI gas chromatography–mass spectrometry (GCMS) were 10−12–10−10 g in the
single-ion detection mode and 10−14–10−12 g in the case of APPCI in the same
mode detecting mass spectra. Means for the analysis of multicomponent mixtures
without their separation have been developed [39, 40]. An approach to determining
the number of impurities in pure organic substances has been proposed that is based
on combining chromadistillation (CD) and chromato-chromadistillation [39, 41, 42]
with APPCI mass spectrometry and makes it possible to detect a significantly larger
number of impurities as compared with GCMS.

APPI GCMS has been shown [39, 42] to be capable of more reliably detecting
the number of known impurities of aromatic hydrocarbons in complex hydrocarbon
mixtures such as gasoline. Fast and highly selective discrimination of phthalates,
phosphates, and phosphonates, as well as polyaromatic hydrocarbons in complex
mixtures with the use of short capillary columns in APPCI GCMS, has been
demonstrated in [42], with detection limits of 10−13–10−12 g. The developed
method for detecting polyaromatic hydrocarbons [43] is the fastest and most
selective of the known techniques for determining these compounds. The creators
of the method combined mass spectrometry (APPI/APPCI) not only with capillary
gas chromatography (GC) but also with microliquid chromatography [44], a fact
that has been recognized [45]. To be fair, when analyzing the purity of compounds
from the impurities that can, in principle, be analyzed by the GC method, the
combination of GCMS and APPI (APPCI) is preferable due to the efficiency of the
capillary columns and smaller noise compared with high-performance liquid
chromatography (HPLC), as well as due to the higher sensitivity of GCMS APPCI.
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Nevertheless, the use of mass spectrometry APPI (APPCI) combined with HPLC
has become widespread when determining various compounds, especially thermally
unstable and volatile ones. The second work devoted to HPLC/mass spectrometry
(APPCI) appeared only 10 years after [44].

The GCMS APPI/APPCI method was used to create a new approach for
checking the quality of chemical and pharmaceutical products and extra pure–grade
organic substances (monomers, reference samples). The approach makes it possible
to detect a significantly larger number of impurities than the standard approach
based on GCMS with electron ionization.

I. A. Revelsky and Yu. S. Yashin’s priority in creating APPI and APPCI mass
spectrometry combined with gas chromatography is commonly acknowledged
(Fig. 2.12).

Igor’ Aleksandrovich Revelsky was born on June 8, 1936. He graduated from
the Military Academy of Chemical Warfare in 1960. He was a professor and held a
doctoral degree in chemistry. Dr. Revelsky is the Leading Researcher in the
Division of analytical chemistry of the Lomonosov MSU, Honored Chemist of the
Russian Federation. Dr. Revelsky’s interests included different versions of chro-
matography, chromato-mass spectrometry, supercritical fluid extraction, sorption
preconcentration, discrimination of components in complex mixtures of organic
compounds, determination of ultralow concentrations of ecotoxicants, and esti-
mation of the grade of purity of organic compounds. He developed techniques for
determining the molecular masses of compounds with gas-density detectors and the

Fig. 2.12 Igor’
Aleksandrovich Revelskii
proposed photoionization and
photochemical ionization at
atmospheric pressure.
Provided by I.A. Revelsky
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cross sections of the ionization of molecules. He also confirmed the hypothesis
about the additivity of molecular ionization cross sections. Dr. Revelsky designed a
high-temperature (up to 800 °C) gas-density detector as well as microcoulometric
and titrimetric detectors. He developed APPI and APPCI mass spectrometry, which
made it possible to record mass spectra that only consist of a molecular or
quasimolecular ion.

2.9 Resonance Electron Capture Negative Ion Mass
Spectrometry

The idea of resonance electron capture negative ion mass spectrometry (RECNIMS)
was conceived in the 1960s–1970s in Ufa. The method was developed by Viktor
Ivanovich Khvostenko (1933–1996). Khvostenko started his research into negative
ions in Leningrad, at the Physico-Technical Institute of the USSR Academy of
Sciences under the guidance of Dukel’skii [46, 47]. He continued his research in
1959 at the Bashkirian Branch of the USSR Academy of Sciences in Ufa [48, 49].
The history of the creation and development of this method has been thoroughly
covered in publications by scientists who continue to work in this area [50, 51].

The method is based on resonance attachment of electrons to molecules, a
phenomenon that occurs in the energy range of 0–15 eV. The REC mass spectra are
three-dimensional, the dimensions being the energy coordinate, the mass number
(or the m/z ratio, to be precise), and the peak intensity. In this case, a mass spectrum
is a set of effective yield curves for all types of formed negative ions. This method is
the only version of mass spectrometry to produce three-dimensional spectra.

In principle, any mass spectrometer can be adapted to operating in this mode, but
the adaptation is not very easy to make. The complexity of the method, and the lack
of mass production of relevant devices or, at least, of attachments to commonly
used mass spectrometers, implies that the technique failed to be widely dissemi-
nated despite an enormous amount of accumulated research material (approxi-
mately 400 publications, 8 doctoral dissertations). The method nevertheless still
offers ample opportunities for application.

Let us quote from a synthesis report [51].

“For example, REC NI MS proved its potential for discriminating isomers by the occur-
rence of new resonances or by their shift along the energy scale. Let us dwell on just one
example. NI MS makes it possible to observe a peak from molecular ions M– of
ortho-carborane, while no M– peak is observed from meta- and para-isomers all the way to
0.0001% (!), although fragment ions are approximately the same for all the three isomers.
There are simply no precedents for such striking distinctions between isomers in traditional
mass spectrometry.”
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2.10 In Pursuit of Ultrahigh Resolution

The development and multiple applications of ion cyclotron resonance combined
with Fourier transform allowed E. N. Nikolaev to attain the unique resolving ability
of mass spectrometry at the Institute of Energetical Problems of Chemical Physics.
Here is how Nikolaev himself described this (the text was split into two paragraphs
without the author’s approval) [52] (Fig. 2.13).

In the 2000s, the device was considerably reformed with the participation of M.V.
Gorshkov it was equipped with an electrospray ionization source. This source made it
possible to ionize large biological molecules such as peptides and proteins. Just like all the
other laboratories conducting research in the area of ion cyclotron resonance mass spec-
trometry, we took part in studies devoted to biological mass spectrometry, primarily,
proteomics. We significantly contributed to global mass spectrometry owing to the
invention of a special type of trap for ion cyclotron resonance spectrometers. The invented
new type of Penning trap—a measure cell in an ion cyclotron resonance spectrometer—
made it possible to improve the resolution of devices by an order of magnitude. The idea
was taken up by the Bruker company (a join patent) which now produces a new type of ion
cyclotron resonance devices, Solarix, the resolving ability of which for a mass of 1000 can
be as high as 10 000 000 in relatively low magnetic fields. We called these dynamic
harmonization traps. In these traps, electric fields that act on ions quadratically depend on
the distance to the center in all directions. In fact, such a dependence can be achieved only
after averaging the trajectory of ions due to their cyclotron movement. Work on improving
these types of traps continues, and new resolving-ability records are being broken.

Fig. 2.13 Evgenii Nikolaevich Nikolaev (born January 1, 1947) developed mass spectrometric
methods with special resolving powers and is a specialist in ion cyclotron resonance. Provided by
E.N. Nikolaev
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We also revisited the old ideas of detecting an ICR signal using a multielectrode
arrangement. We proposed these ideas back in mid-1980s and patented and experimentally
confirmed them. By using such an idea, the resolving ability of an ICR mass spectrometer
can be improved without increasing the magnetic field. The Bruker company have now
started producing devices with doubled detection frequency, which ensures twice as high
resolution as ordinary dipole detection. The resolution of 10,000,000 allows one to view the
fine isotopic structure in mass spectra; this is a new coordinate that makes it possible to
determine the atomic composition of ions being detected from the distribution of the
intensities of peaks in the fine isotopic structure.”

2.11 Ion Mobility Increment Spectrometry

The now widespread technique of ion mobility spectrometry (IMS) was initially
called plasma chromatography [53–55]. In essence, this technique is close to both
mass spectrometry and chromatography. This method is used for detecting explo-
sives and poisonous agents, drugs, and other chemical compounds. A number of
companies produce devices, especially portable ones, that operate based on this
technique. The history of the method was depicted in detail by Eiceman and Karpas
[56] (see also [57]). The underlying principles of the technique were formulated by
McDaniel at the Georgia Institute of Technology in the1950s–1960s.

The Russian contribution to this was the development of ion mobility increment
spectrometry. This trend started with M. P. Gorshkov’s patent [58]; the method was
then being developed in Novosibirsk [59, 60]. Russian achievements in this area
were reviewed by I. A. Buryakov in [61].

In the United States, this area is being actively explored by the Russian expa-
triate E. G. Nazarov.
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Chapter 3
Chromatographic Methods

Abstract Chromatography itself was developed by the Russian biochemist
M. S. Tswett in the early 20th century. The first article on thin-layer chromatography
was published in 1938 by N. A. Izmailov and M. S. Schreiber. N. M. Turkeltaub and
M. M. Senyavin were among the first who developed gas chromatography before the
known works of A. Martin; A. A. Zhukhovitskii, A. V. Kiselev, and V. G. Berezkin
also made a significant contribution to this method. The original chromatomembrane
method was developed by L. N. Moskvin and co-workers. V. A. Davankov authored
the enantioselective ligand-exchange chromatography. Of interest is the critical
chromatography of polymers (A. V. Gorshkov andV. V. Evreinov). A technology for
obtaining polycapillary chromatographic columns was developed in Novosibirsk.

3.1 General Remarks

Although chromatography was developed by Russian botanist and biochemist
M. S. Tswett at the very beginning of the 20th century, development before World
War II was slow. There were, however, Kuhn’s well-known work on the appli-
cation of the method in biochemistry and Dubinin’s work on the separation
of gases, which were closely related (1935–1936); N. A. Izmailov and
M. S. Schreiber, in 1938, published the first paper on thin-layer chromatography
(TLC). Extensive research and, especially, analytical applications fall within the
postwar period; at first in terms of ion exchange and gas chromatography.

In gas chromatography A. A. Zhukhovitskii and N. M. Turkeltaub proposed
several original solutions in the 1950s–1960s; Turkeltaub’s work on the separation of
hydrocarbons was among the first in the world (1948–1950). V. A. Davankov, in the
1960s, initiated the concept of enantioselective ligand-exchange chromatography.
A. V. Kiselev studied, and in 1962–1964 classified, adsorbents, going on to propose a
number of new ones. B. G. Belenkii, E. S. Gankina et al. performed gel filtration in
TLC. Chemists in Novosibirsk studied how to make polycapillary columns and went
on to demonstrate their practical efficiency (1980s). L. N. Moskvin and co-workers in
Leningrad (now St. Petersburg) invented liquid-gas chromatography and developed
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a chromatomembrane method (1980s–1990s). St. Petersburg experts also contributed
to the development of monolithic chromatographic columns. O. A. Shpigun and
co-workers are actively developing ion chromatography. There were advances in the
development of instruments—the first microcolumn liquid chromatograph (“Ob” and
“Milichrom”), various detectors for gas chromatography and high-performance
liquid chromatography (HPLC), etc. A great number of applied problems were
solved, e.g., in oil refining and petrochemistry, biotechnology and other fields.

In Russia, there is a powerful community of chromatographists. This community
formed the Chromatography Commission of the USSR Academy of Sciences,
which later transformed into the Scientific Council on Chromatography. This
council carried out a significant amount of useful work in terms of convening
conferences, including international conferences, an improvement of terminology,
and publication of work. Attention was paid to Memorial activity, training of highly
qualified personnel, and stimulation of development and production of devices.
A review of Russia’s achievements in the field of chromatography was given in the
book entitled 100 Years of Chromatography [1].

3.2 Birth of Chromatography

The birth of the chromatographic method is usually considered to be in 1903.
Admittedly, initial development of this method was made by the botanist and
biochemist M. S. Tswett, who worked in this direction first in St. Petersburg, then,
for a longer time, in Warsaw, which was then part of the Russian Empire (Fig. 3.1).

M. S. Tswett separated vegetable pigments using a technique that today we
would call liquid adsorption chromatography via elution. Calcium carbonate and
other substances were used as the stationary phase. The first report on the new

Fig. 3.1 Mikhail
Semenovich Tswett (May 14,
1872–June 26, 1919) was the
primary developer of
chromatography. Photo
previously published
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method was made by Tswett in 1903 [2] with his first journal publications dated
1905 and 1906 [3, 4] (Fig. 3.2).

Tswett had forerunners—the history of chromatography was considered in detail
by E. M. Senchenkova [5]. In the 1940s–1950s there were attempts to challenge the
primacy of M. S. Tswett, but discussions on this topic ended with recognition that it
was Tswett who first considered and developed the chromatographic method. A lot
has been written about the history of the development of the method; as an example,
one can specify books by E. M. Senchenkova [5–7] or the publications of L. Ettre
[8–10]. Therefore, there is no need to cover this history further in order to reconfirm
M. S. Tswett’s position. One can express sincere respect and deep gratitude to him
(Fig. 3.3).

In 2013 the most complete summary of the works of M. S. Tswett was published
[11], with extensive comments by the same E. M. Senchenkova, who gave several
decades to the study of the history of chromatography.

In memory of M. S. Tswett conferences are held and a medal was established
after him.

a

b d

c

Fig. 3.2 M.S. Tswett’s
device for chromatographic
analysis of a small and b large
amounts of substances.
c Chromatograms of the
natural pigments of green
leaves with their stratification
into eight zones and d the
same pigments treated with
acid. Figure previously
published
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3.3 Thin-Layer Chromatography

Professor E. Stahl, the author of the first, and very prestigious, book on TLC [12], a
man who sometimes is considered to have pioneered the method, presented his
book to the professor of the Khar’kov University N. A. Izmailov and a research
associate, a pharmacist named M. S. Schreiber, with the dedication “I delegate my
book to Prof. N. Izmailov and M. Shreiber, pioneers of thin-layer chromatography”
[13, 14]. In the book Stahl points to the primacy of Izmailov and Schreiber. Their
importance in the creation of TLC was recognized by many others. V. G. Berezkin
[15] collected a number of statements on this topic:

“Dr. Schreiber, together with Professor N. A. Izmailov, developed thin-layer chromatog-
raphy. Their first publication on the technique appeared in 1938” [16].

“Following column chromatography, came the development through the 1940s of paper
chromatography as described by two Russian workers Izmailov and Schraiber in 1939” [17]
(the year is mistakenly mentioned here).

Fig. 3.3 A book published in
2013: M. S. Tswett’s Selected
Works (2013). Moscow:
Nauka, 679 pp
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“The first thin layer chromatogram was developed in 1938 by Izmailov and Schreiber in the
circular mode” [18, 19].

“Bei der Suche nach Trenomoglichkeiten im Micromastab führten 1938 die beiden
Russishen Wissenschaftler Izmailov und Schraiber die ersten versuche auf einer ‘offenen
Saule’ ‘also auf einer dunnen Schicht, durch’” [20].

“The technique of TLC was first used in 1937–1938 at the Institute of Experimental
Pharmacy in Kharkov (Ukraine) by Nikolai A. Izmailov (1907–1961) and Maria Schraiber
(1904–1992), his graduate student” [21] (Fig. 3.4).

Fig. 3.4 Extract from the first article on thin-layer chromatography
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The fundamental work of N. A. Izmailov and M. S. Schreiber was called the
“Drop-chromatographic analysis method and its application in pharmacy,” a title
given to an article which was published in 1938 [22]. Even the title of the article
makes it clear that the authors understood this was a new method (Figs. 3.5 and 3.6).

In the late 1970s and early 1980s, Hungarian researchers (E. Tyihak et al.)
described TLC with a closed sorption layer. This version of the method made it
possible to greatly increase the speed of separation and improve the efficiency of the
process. However, in practical implementation terms, this version was not very
simple. The usual version of TLC, but with a “temporarily closed” sorption layer
(see, e.g. [23]) was used by Berezkin et al. in 1980–1990. The method appeared to
be more accessible in terms of practicality. This made it possible to avoid evapo-
ration of the solvent from the plate and optimized the separation process. The
development of these studies was of the back of the development of a method of
electro-osmotic TLC on plates with a closed layer of sorbent.

B.G. Belenkii et al., in Leningrad, developed a high-performance TLC and
transferred gel filtration to TLC (Fig. 3.7).

3.4 Development of Gas Chromatography

The idea of gas chromatography was expressed by A. Martin and R. Synge in 1941
[24]. It is believed that its GLC variant was carried out experimentally in 1952 by
A. James and A. Martin [25]. However, the gas adsorption version of gas chro-
matography was realized earlier, and repeatedly, e.g., in the USSR in the late 1940s
by N. M. Turkeltaub [26–28] (using the frontal method, M. M. Dubinin isolated
gases in 1935–1936 [29, 30]).

In 1943–1944 N. M. Turkeltaub began work on the development of a chro-
matographic method for the determination of micro concentrations of hydrocarbons

Fig. 3.5 Nikolai
Arkad’evich Izmailov (June
22, 1907–October 2, 1961),
co-author of the first article on
thin-layer chromatography, at
a celebration of the 150th
anniversary of Kharkov
University (1955). He is on
the far left, wearing a hat.
Photo previously published
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in air. He set himself the task of creating a highly sensitive and precise procedure
that could be used for analysis in the field using a compact device. For the sta-
tionary phase, coal was used, with air being used as a carrier gas. Turkeltaub
studied the possibility of separating mixtures of methane, ethane, and propane,
depending on their total concentration and mixture composition, adsorbent
humidity, and temperature. The adsorption isotherms of methane and ethane on dry
and wet coal were obtained, and the dependence of the shape of the output curves
on the adsorbent grain and air flow velocity was studied. Turkeltaub found that
optimal conditions for the analysis of a mixture of three gases were achieved with

Fig. 3.6 Maria Semenovna
Schreiber (1904–1981) was a
pharmacist and helped
develop thin-layer
chromatography. Photo
previously published

Fig. 3.7 Boris Grigor’evich
Belenkii (May 12, 1926–
May 8, 2008) developed
high-performance thin-layer
chromatography and
contributed to the liquid
chromatography of polymer
and bio-organic substances.
Photo provided by
B. G. Belenkii
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the use of activated carbon, of the KAD brand, with a moisture content of 12 wt%.
Under these conditions, the first portion of the gas produced contained all methane,
the next did not contain any hydrocarbons, and the latter contained all ethane
(Fig. 3.8).

Later N. M. Turkeltaub, improving the methods of chromatographic analysis of
mixtures of hydrocarbons, carried out a series of studies on the theory of gas
chromatography. Thus, he showed that in the maximum of the chromatographic
peak under steady-state conditions, adsorption equilibrium always takes place. On
this basis, he developed a method for the determination of the thermal parameters of
adsorption. Turkeltaub also carried out a lot of work on the introduction of chro-
matographic methods to various branches of science and technology.

Nusin Motelevich Turkeltaub (1915–1965) was a doctor of chemical sciences
and laureate of the State Prize of the USSR. From 1944 he headed a laboratory in
the oil industry. In 1948, in order to develop the geochemical methods of explo-
ration of oil and gas fields, he developed a chromatographic method for the sep-
aration of hydrocarbons, designed to determine their traces in air (Fig. 3.9).

Air 

To the recorder

Fig. 3.8 Scheme of
Turkeltaub’s gas
chromatograph. With
permission of the journal
Zavodskaya Laboratoriya
(Plant Laboratory)
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Much for gas chromatography was done by A. A. Zhukhovitskii, alongside
N. M. Turkeltaub. Together with N. M. Turkeltaub he wrote the first domestic
monograph on gas chromatography. Zhukhovitskii’s work on the theory of the
broadening of chromatographic zones and the separation of substances, and on the
detection and new methods of chromatography, some of which have not been
realized to date, far outstripped the development of chromatography and chro-
matographic instrumentation. Zhukhovitskii considered the thermal factor, which
makes it possible to change adsorption properties of the sorbent over time and along
the length of the column, to be of prime importance. Therefore, he attached special
importance to the development of thermal methods. New variants of chromato-
graphic analysis were developed—chromothermography, the thermodynamic
method, and a method for multiple thermal desorption concentration. Owing to
narrowing the chromatographic peaks, these methods make it possible to achieve
high concentration factors, increase the efficiency of separation, and shorten the
analysis time. Zhukhovitskii also proposed vacant, differential, and iteration chro-
matography, along with dosing of a pure carrier gas. A method of chromadistil-
lation, based on multiple evaporation and condensation in a column with an inert
filler or in a hollow tube with the isolation of pure components, was proposed. This
method makes it possible to determine high-boiling compounds and microimpuri-
ties without prior concentration (Fig. 3.10).

Alexander Abramovich Zhukhovitskii (1908–1990) was a doctor of chemical
sciences, a professor, and Honored Worker of Science and Technology. He
graduated in 1930 from Novocherkassk Polytechnic Institute, and for 18 years
worked at the L. Ya. Karpov Physicochemical Institute in Moscow. From 1948 he
headed the Department of Physical Chemistry at the Moscow Institute of Steel and
Alloys. He worked in the field of physical chemistry (physical chemistry of metal-
lurgical processes, sorption processes, and surface tension) and gas chromatog-
raphy. He carried out research on the theory of broadening of chromatographic
zones and separation of substances as well as on detection and new methodologies
of gas chromatography. He contributed to the organization of research on chro-
matography in a number of institutions that later became centers for the

Fig. 3.9 Nusin Motelevich
Turkeltaub (1915–February 2,
1965) was one of the first to
develop gas chromatography
in the late 1940s. Image
provided by a former
colleague of Turkeltaub
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development of gas chromatography. Among these are the All-Union Research
Institute of Integrated Automation of the Oil and Gas Industry (VNIIKANeftegaz),
the All-Union Scientific Research Geological and Petroleum Institute (VNIGNI),
and the All-Union Scientific Institute of Nuclear Geology and Geophysics
(VNIYAGG). On his initiative, the All-Union Research Institute of Chromatography
(VNIIKhrom) was established. Together with his staff about 300 articles and 5
books were published; with more than 50 inventions to their names. He was
chairman of the gas chromatography section of the Scientific Council of the USSR
Academy of Sciences on chromatography. Among his students were more than 150
candidates and doctors of sciences. Zhukhovitskii was awarded the international
M. S. Tswett Medal.

In 1936 A. V. Kiselev (Fig. 3.11) interpreted the “structural water” of silica gel
as a hydroxyl coating, which formed the basis of the chemistry of surface com-
pounds of silica. These studies served as impetus for the development of a new
direction in the theory of surface phenomena, which was called surface chemistry.

Fig. 3.10 Aleksandr
Abramovich Zhukhovitskyii
(September 5, 1908–
December 19, 1990)
developed of a number of gas
chromatography variants and
the method of
chromadistillation, and
co-authored the first
monograph on gas
chromatography in Russian.
Photo previously published

Fig. 3.11 Andrei
Vladimirovich Kiselev
(November 28, 1908–July 17,
1984) was a specialist in
molecular adsorption. He
developed a classification of
sorbents for gas
chromatography. He also
proposed new adsorbents.
Photograph provided by the
Chemistry Department of the
Lomonosov Moscow
State University
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Kiselev and co-workers first used various structures for chromatography absor-
bents, like silica gels, silochromes, and the like (1962), as well as adsorbents based
on carbon, like graphitized carbon black (1961), carbochromes (1974), etc.
Chemical (1950) and geometric (1962) modification of adsorbents were used,
making it possible to create the necessary surfaces. Adsorbents were suitable not
only for analytical purposes, but also for physicochemical studies of a surface
(surface area, heat of adsorption, and adsorption isotherms). Owing to numerous
studies of adsorption and adsorption thermodynamics, A. V. Kiselev in 1967 cre-
ated a well-known classification of adsorbents [31] (Fig. 3.12).

Andrei Vladimirovich Kiselev (1908–1984) was a physicochemist and professor
at the Lomonosov Moscow State University. He was in charge of the Laboratory of
Adsorption and Gas Chromatography. He was awarded the international
M. S. Tswett Medal. Several his books are known (Fig. 3.13).

In 1970–1990 V. G. Berezkin carried out theoretical and experimental studies on
GLC, the results of which appeared to be important for the formation of the basis of
the method [32, 33]. V. G. Berezkin’s studies of the mechanism of the retention of
sorbates in GLC were essential for understanding the process; they contributed to
the theoretical interpretation of the separation process in GLC. A three-term
equation proposed by Berezkin for the retention volume in GLC, taking into
account the polyphase nature of real stationary phases, is used in modern chro-
matography and is known as the “Berezkin’s equation.” Berezkin investigated the
influence of the nature of the carrier gas on the amount of sorbate retention in GLC

Fig. 3.12 The Chemistry Department of the Lomonosov Moscow State University.
Picture provided by the author
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[34]. It was shown that the opinion that the carrier gas does not affect the distri-
bution processes and the selectivity of the separation of substances in the column
was incorrect. To describe the dependence of the equilibrium chromatographic
values on the average pressure of the carrier gas in the column, linear equations,
which were in good agreement with experimental values up to pressures of 10 atm,
were obtained. Berezkin also proposed new methods for the regulation of separa-
tion process in GLC. Under the guidance of Berezkin, a method was developed for
studying phase transitions in polymers by GLC methods, which is widely used
today. On his initiative, original quartz columns with an aluminum coating were
developed. Berezkin was among the first chromatographers to develop reaction gas
chromatography [35].

Viktor Grigor’evich Berezkin was born April 18, 1931. He graduated from
the chemistry department of Lomonosov Moscow State University (1954).

Fig. 3.13 One of
A. V. Kiselev’s books
devoted to gas
chromatography
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He is a doctor of chemical sciences, a professor, Principle Researcher of the
A. V. Topchiev Institute of Petrochemical Synthesis of the RAS, Honored
Petrochemist of the USSR, laureate of the State Prize of the USSR, and Honored
Worker of Science of Russia. His areas of scientific interest included: chromato-
graphic methods of separation and concentration, theory of gas and planar
chromatography, and analytical equipment. He coordinated more than 50 candi-
date of science theses and was the scientific consultant for three doctoral students.
He authored more than 500 scientific articles and 20 books, many of which were
translated in the United States, Holland, England, Germany, Hungary, and Poland,
as well as 120 patents (Fig. 3.14).

Headspace analysis in gas chromatography was developed in 1960–1970 in the
Leningrad University by B. V. Ioffe, A. G. Vitenberg, and B. V. Stolyarov [36].
They developed its theory and its numerous practical applications. Of great renown,
and carrying international significance, were the monographs entitled Gas
Extraction in Chromatographic Analysis (1982) and Head-Space Analysis and
Related Methods in Gas Chromatography (Wiley, 1984). A. G. Vitenberg authored
more than 150 publications on the establishment of regularities of gas extraction,
along with having a series of patents. The activity of Vitenberg made it possible to
convert the headspace analysis from a sample preparation variant to an independent
method for studying condensed media containing volatile components. This work
allowed to use the headspace method for measuring the solubility of volatile sub-
stances, for the theoretical description of the equilibrium model of gas extraction, to
identify the characteristics of the corresponding physicochemical processes, for the
development of headspace sources of gas mixtures for calibration and verification
of analytical apparatus, and for gas chromatographic determination of volatile,
sulfur-containing substances in industrial emissions and aqueous media.

Alexander Grigor’evich Vitenberg (1935–2014) was a doctor of chemical
sciences and a professor. He worked in the Gas Chromatography Laboratory of the
Chemistry Department of St. Petersburg State University, created by B. A. Ioffe in
1968. From the early 1960s, A. G. Vitenberg, a graduate of the Leningrad

Fig. 3.14 Viktor
Grigor’evich Berezkin is one
of the developers of reaction
gas chromatography; he
contributed to the theory of
gas chromatography by
demonstrating the role of the
carrier gas. Photo provided by
B. G. Berezkin

3.4 Development of Gas Chromatography 59



Chemical and Pharmaceutical Institute, worked at the University’s Chemistry
Department. In 1965, he defended his candidate of science thesis on the reactions
of diazo compounds, in which the gas chromatography became one of the main
methods of analysis, and in 1987 he defended his doctor of science thesis entitled
“Gas extraction in headspace chromatographic analysis.” He co-authored A
Guide to Practical Works on Gas Chromatography (along with B. V. Stolyarov and
I. M. Savinov), which ran to three editions (1973, 1978, and 1988). The supple-
mented and significantly expanded version of this manual, entitled Practical Gas
and Liquid Chromatography, was published in 2002.

Ya. I. Yashin et al. [37] compiled a summary of the domestic achievements in
gas chromatography (Table 3.1).

Table 3.1 Domestic achievements in the development of new methods of gas chromatography
and the improvement of known methods

Creation of new methods and
variants of chromatography or
development of known methods

Author(s) Year Reference

Chromatothermography A. A. Zhukhovitskii,
N. M. Turkeltaub

1951 [38]

Heat dynamic method A. A. Zhukhovitskii 1953 [39]

Volumetric chromatographic method D. A. Vyakhirev 1953 [40]

Vacant chromatography A. A. Zhukhovitskii 1962 [41]

Stepwise chromatography A. A. Zhukhovitskii,
N. M. Turkeltaub

1962 [42]

Capillary adsorption
chromatography

V. I. Kalmanovskii,
S. P. Zhdanov,
A. V. Kiselev, M. M. Fiks

1962 [43]

Iteration chromatography A. A. Zhukhovitskii 1963 [44]

Differential chromatography A. A. Zhukhovitskii 1966 [45]

Chromatography without carrier gas A. A. Zhukhovitskii 1972 [46]

Chromadistillation A. A. Zhukhovitskii 1978 [47]

Chromatoscopy A. V. Kiselev 1978 [48]

Circulation chromatography V. P. Chizhkov,
N. V. Sterkhov

1991 [49]

Development of gas adsorption
chromatography

A. V. Kiselev,
Ya. I. Yashin,
K. D. Shcherbakova,
Yu. S. Nikitin et al.

1959–1984 [50]

Development of reaction
chromatography

V. G. Berezkin,
V. R. Alishev,
K. V. Alekseeva

1965–1970s [35, 51]

Development of gas
chromatography–mass spectrometry
for the determination of impurities

I. A. Revel’skii,
Yu. S. Yashin,
A. I. Revel’skii

1970–2016 [52]

(continued)
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Several detectors were proposed, mainly for gas chromatography, in part for
HPLC. They inlcude an uncontaminated electron capture detector (E. B. Shlendel’
and V. A. Ioonson), a highly selective flame-photometric detector with a wide linear
range (V. A. Ioonson), a system for microcoulometric detection of F, Cl, Br, I, S, P,
and N-containing compounds (I. A. Revel’skii, Kh. E. Aavin, and P. Keres), a highly
stable density detector for industrial chromatographs (V. N. Lipavskii), a diaphragm
density detector (V. P. Guglya and A. A. Zhukhovitskii), a high-temperature (up to
850 °C) diaphragm detector using density (Ya. V. Mulyarskii and I. A. Revel’skii),
and an amperometric detector for HPLC (Ya. I. Yashin).

One can add a few words about sorbents for gas chromatography. As already
mentioned, A. V. Kiselev, a professor at Moscow University, created in 1962–1967 a
classification of sorbents based on the mechanism of their action. Yu. S. Nikitin et al.
proposed and studied silochromes and graphitized carbon black as chromatographic
adsorbents; A. V. Kiselev and Ya. I. Yashin proposed surface-porous sorbents.

3.5 Liquid–Gas Chromatography
and Chromatomembrane Methods

In 1982 L. N. Moskvin, A. I. Gorshkov, and M. F. Gumerov described liquid–gas
chromatography [57–59], the latter variant of possible combinations of mobile and
stationary chromatographic phases. The stationary gas phase is fixed in this case in
narrow capillaries of the carrier, from which it is not replaced by a liquid that does
not wet the carrier. The gases dissolved in the liquid are distributed between the

Table 3.1 (continued)

Creation of new methods and
variants of chromatography or
development of known methods

Author(s) Year Reference

Development of gas extraction
(analysis of equilibrium vapor)

B. V. Ioffe,
A. G. Vitenberg,
B. V. Stolyarov

1960–1980s [53]

Development of gas chromatography
on liquid crystals

M. S. Vigdergauz,
L. A. Onuchak

1980s [54]

New methods for calculating gas
chromatographic retention indices.
Relationship between retention
indices and the structure of
molecules. Identification by retention
indices

I. G. Zenkevich 1990–2016 [55]

Classification of stationary liquid
phases by thermodynamic
parameters

R. V. Golovnya 1970–1980s [56]

With permission from [37]
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mobile liquid and the gas that is in the capillaries. In 1984 Giddings and Myers
published an article [60] on this method with its theoretical justification and an
assessment of its possibilities.

Later, the authors of this method noted [61] that its analytical potential was
limited. However, the discovery and study of this variant of chromatography paved
the way for a more important process—the chromatomembrane process and various
methodologies based on it.

The idea of a chromatomembrane process and associated methodologies was
expressed and implemented by L. N. Moskvin in 1990. The first publications
describing the idea, that is, the essence and conditions for the implementation of
chromatomembrane mass exchange processes (CMMP), in liquid–liquid and liq-
uid–gas systems, appeared in 1994–1996 [62–67]. Prior to these publications,
several technical solutions based on chromatomembrane principles of mass transfer
were patented: methods for determining volatile substances dissolved in liquids
based on CMMP in a liquid–gas system, as well as methods for carrying out mass
transfer and a device for its implementation, based on the principles of CMMP in
liquid–gas and liquid–liquid systems. In the first publications on CMMP, the main
areas of its application in analytical chemistry were outlined: the continuous and
discrete release of determined substances from the flow of the analyzed polar liquid
phase into the flow of the nonpolar liquid phase (liquid extraction) or gas phase
flow (gas extraction), and also from the flow of the analyzed gas into the liquid
phase (liquid absorption). The prospects of chromatomembrane concentration of
analytes in combination with flow-injection analysis are experimentally substanti-
ated in [68] (Fig. 3.15).

Leonid Nikolaevich Moskvin was born on December 12, 1936. He graduated
from the Chemistry Department of the Leningrad University (1959). He is a doctor
of chemical sciences and a professor. He was in charge of the Division of
Analytical Chemistry of St. Petersburg State University. L. N. Moskvin is the
chairman of the St. Petersburg Branch of the Scientific Council of the Russian
Academy of Sciences on Analytical Chemistry. He is an Honored Scientist of

Fig. 3.15 Leonid
Nikolaevich Moskvin
developed the
chromatomembrane method
and contributed to liquid–gas
chromatography. He is an
expert in separation and
concentration methods. Photo
provided by L. N. Moskvin
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Russia, honorary professor of St. Petersburg State University, and laureate of the
V. G. Khlopin Prize from the Academy of Sciences and the RF Government Prize.
He was awarded three orders.

His areas of scientific interest included methods of separation and preconcen-
tration, chromatographic and flow analysis methods, radio analytical methods, and
chemical and radiochemical technologies in nuclear power engineering. He carried
out work in the field of extraction chromatography. He developed the analytical
direction of continuous two-dimensional chromatography and carried out the first
work in chromatography on block (monolithic) supports and sorbents. L. N.
Moskvin authored Liquid–Gas Chromatography. He was one of the first to begin
work on dialysis and electrodialysis through liquid extraction membranes
impregnated on inert carriers, he developed methods of electroosmotic filtration for
the deionization of water and preconcentration of electrically charged impurities
from aqueous solutions, and developed countercurrent electrophoretic separation of
ions with different isotopic composition. He formulated the idea of the chro-
matomembrane mass transfer process and chromatomembrane methods of liquid
and gas extraction, as well as liquid absorption, based on its principles. He
developed a scheme for rapid radiochemical analysis, embodied in the form of
methods of rapid chromatographic radiochemical analysis and rapid
membrane-sorption radiochemical analysis, which made it possible to automate
radiochemical monitoring in nuclear power engineering.

The chromatomembrane method is based on the capillary effects in hydrophobic
porous media. Mass exchange between the flows of immiscible liquids or liquid and
gas is realized in a porous medium from a hydrophobic material with open pores.
The independent motion of the flows of the two phases is due to the fact that the
porous medium has two types of pores (macropores and micropores), which differ
significantly in size. Macropores are chosen such that the capillary pressure in them
is negligible and does not prevent the passage of the polar liquid phase. Micropores,
on the contrary, are so small that capillary pressure prevents the polar liquid phase
from penetrating them. At the same time, they should ensure sufficient permeability
of the porous medium for the flow of a gas or a nonpolar liquid (Fig. 3.16).

The chromatomembrane process can be implemented in two modes: (1) contin-
uous mode—when flows of two phases pass through the cell simultaneously;
(2) discrete mode—when flows of two phases are sequentially passed through a
chromatomembrane cell (CMC) with an overlapping of the channels at the input
and output from the cell of that phase that is stationary at the moment. Microporous
polytetrafluoroethylene (PTFE) membranes are used to input/output a flow of a
nonpolar liquid phase or gas from a CMC. This material has maximal contact
angles of wetting with aqueous solutions. Macropores vary in the range of 0.1–
1.0 mm, depending on the desired permeability of the cell for the aqueous solution.
The micropore sizes are 0.1–0.5 lm. For example, flow-injection schemes for
determining SO2, NO2, and ammonia in air with photometric (in the determination
of SO2 and NO2) and iodometric (in the ammonia emission) detection of ions
formed in the absorption solution were developed on the principles of the chro-
matomembrane mass transfer process.
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Chromatomembrane headspace analysis has been realized and its advantages are
shown in comparison with the traditionally used schemes. The efficiency of liquid
chromatomembrane extraction is illustrated by considering examples of the pho-
tometric determination of microconcentrations of nitrite ions, phenol, and anionic
surfactants, as well as the luminescent determination of petroleum products and
phenols in natural water.

3.6 Enantioselective Ligand-Exchange Chromatography

Ligand-exchange chromatography was first described in 1961 by F. Helfferich in
the journal Nature [69]. The possibility of separating optical isomers by this method
was shown by V. A. Davankov [70–72], who became the founder of chiral
(enantioselective) ligand-exchange chromatography (Fig. 3.17).

The sorbent matrix was chloromethylated polystyrene, synthesized by
V. A. Davankov and S. V. Rogozhin in 1966. Amino acid L-proline was grafted
onto this matrix due to the complexing amino acid group, and the obtained sorbent
was treated with an ammoniacal solution of copper sulfate. The result was an
optically active sorbent having the structure shown in Fig. 3.18. Using this method
it became possible to completely separate the D and L-isomers of proline.

A story of V. A. Davankov’s first work in this field is interesting. The following
quotation is taken from an interview between him and his colleagues from Ufa [73].
In the interview, V. A. Davankov talks about entering the graduate course of
academician Korshak at the Institute of Organoelemental Compounds of the USSR
Academy of Sciences (INEOS).

“I immediately did not like the topic proposed by Korshak. Almost two years of
postgraduate studies passed, but nothing sensible from the attempts to polymerize

Micropores Macropore medium

Fig. 3.16 Scheme for the
chromatomembrane method.
With permission of the
Russian Academy of Sciences
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diketopiperazines did not work, even the second topic was proposed, but I decided
to leave. Then they let me do ‘whatever you want’.

… I totally devoted myself to the idea of separating the optical isomers of amino
acids, especially as INEOS was actively developing methods for the synthesis of
amino acids, and synthesis always results in a racemate, i.e., a mixture of two
isomers. The country urgently needed L-amino acids to overcome the protein
deficiency of feed (later the problem was solved by microbiological synthesis of
L-amino acids).

I quickly obtained the pellets of styrene-divinylbenzene copolymers, introduced
active chloromethyl groups into them, and replaced the chlorine atoms first with
iodine, and then with nitrogen of optically active natural amino acids. On the
columns with such optically active ion-exchange sorbents, I began to divide the
racemates of amino acids, but was disappointed by the relatively low efficiency of
separation. Turning to the literature, I was surprised to find about three hundred
papers on earlier attempts to chromatographic separation of racemates, mostly
unsuccessful or only ‘promising’. The results I received were more than enough to
defend the candidate of sciences thesis in 1966, but they had no practical per-
spective. I understood that we needed a fundamentally new approach that would

Fig. 3.17 Vadim
Aleksandrovich Davankov
developed ligand-exchange
enantioselective
chromatography and created
universal sorbents based on
super-cross-linked
polystyrene. Photograph
provided by V. A. Davankov
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ensure a much closer, three-point contact of the separated isomers with the chiral
selector, i.e., with optically active amino acid groups fixed on polystyrene.

My desperate search led me finally to ligand exchange chromatography, which
turned out to be such a new approach to the separation of isomers, and I was the
first to quantitatively separate the racemates of amino acids into their constituent
isomers. The novelty was that I introduced complexing metal ions into the chro-
matographic system. Metal ions, primarily divalent copper, formed complexes
simultaneously with the chiral groups of the sorbent and with the separated isomers
of the amino acid. Embedded in the coordination sphere of the metal, both com-
ponents came into close contact with each other and therefore clearly recognized the
spatial structure of the partner. The sorbent with L-proline fixed groups predomi-
nantly bound to the complex only the D-isomers of the amino acid, whereas the
L-isomers were easily leached from the column with water. The L-ligand bound to
the complex was required to be displaced with ammonia. Therefore, the method is
named ligand exchange chromatography. The enantioselectivity of such a chro-
matographic complexation process proved to be unprecedentedly high.”

Vadim Aleksandrovich Davankov was born on November 20, 1937. He grad-
uated from the Technical University of Dresden (1962). He is a doctor of chemical
sciences, a professor, head of the Laboratory of Stereochemistry of Sorption
Processes at INEOS of RAS, and laureate of the State Prize of the Russian
Federation. He was a titular member of IUPAC. He is a member of the Scientific
Council of the Russian Academy of Sciences on High-Molecular Compounds. He
was awarded the Martin Medal (Fig. 3.19).

Fractions 

Fig. 3.18 Fragment of the first enantioselective sorbent and the first Davankov chiral
chromatogram. Figure published previously
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His research interests included polymer synthesis and chromatography. He
proposed a new principle for the separation of enantiomers—ligand-exchange
chromatography on chiral complex-forming sorbents. He proposed the principle of
synthesis of super-cross-linked styrene polymers, on the basis of which a series of
neutral polymeric sorbents were created. These sorbents possessed a unique high
sorption capacity in relation to organic substances in water or air. They found wide
application in the preconcentration of microimpurities, as well as in large-scale
sorption processes in the food, chemical, and medical industries. V. A. Davankov
authored more than 300 scientific works, including several books.

The conception and development of enantioselective ligand exchange chro-
matography was repeatedly considered in V. A. Davankov’s reviews [74–76].

3.7 Critical Chromatography of Polymers

In the early 1980s, researchers at the Institute of Chemical Physics of the USSR
Academy of Sciences, A. V. Gorshkov and V. V. Evreinov [77], developed a
chromatographic method for the analysis of polymers—they called the method
critical chromatography. The method made it possible to achieve significant pro-
gress in evaluating the molecular inhomogeneity of macromolecules and solving
other problems linked to studying polymers. The method is based on the application
of the theory of critical phenomena.

The main problem arising when studying the structure of macromolecules and
determining “defectiveness” is the polydispersity of the samples. The presence of a
distribution of molecular masses results in the fact that chromatograms of the
macromolecules with different numbers of terminal groups and different masses
overlap, and the separation of such molecules appears to be impossible. To see the
difference in the chemical structure of polymers due to the presence of a small
number of defects, it is necessary to “switch off” the interaction of the main
monomers of the chain with the surface, and the associated separation dependence
on the molecular weight distribution (MWD). The key to the solution of the
problem is given by the phase character of the adsorption of polymers, which is a

Fig. 3.19 Medal named after
A. Martin, which was
awarded to V. A. Davankov.
Picture provided by
V. A. Davankov
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consequence of the boundness of the monomers in the chain and the collective
character of their adsorption interaction. Owing to this, there are conditions, in
which the MWD somewhat “disappears,” becoming chromatographically invisible.
These conditions, called critical conditions, are realized at the boundary of the
adsorption and exclusion separation modes.

The term “critical” used for such a mode is based on the idea of the adsorption of
macromolecules as a phase transition. At the critical point, the entropy losses are
exactly compensated by the energy of attraction, and for a homogeneous chain this
compensation takes place simultaneously for macromolecules of any length or
molecular weight. This scale invariance, inherent in systems at the critical point,
creates optimal conditions for studying the defectiveness of macromolecules. One
can say that at the critical point only “visible” fragments, differing in the chemical
structure from their main monomers, make a contribution to the separation—the
pointwise of the functional group types, the spatial ones in the form of blocks, and
also the way of their connection into the chain.

In fact, here we are talking about the possibility of separation at “the phase
transition point”. It turns out, however, that for polymers which are not too long, the
phase transition point is blurred into a relatively wide region. Thus, the “nonide-
ality” of the separation system turns out to be insignificant, and the critical mode
may be realized on standard analytical systems. Since the energy of adsorption in
HPLC depends mainly on the composition of the solvent, its smooth variation
makes it possible to find a critical point in terms of its composition, in which the
separation dependence on the molecular weight disappears. To fine-tune the system,
temperature variation is additionally used.

A consequence of the phase nature of the adsorption transition is also the fact
that the laws of separation of any macromolecules in the critical mode turn out to be
universal. Since the losses of binding entropy, like the adsorption energy of a
monomer, are determined by its chemical structure, the critical adsorption points for
various polymers are different. However, if we “combine” the critical points for
different polymers and different polymer–adsorbent–solvent systems in certain
“dimensionless” coordinates, then the separation laws for various systems turn out
to be similar. Such universality makes it possible to consider a single mechanism of
separation in critical chromatography.

Adsorption chromatography of polymers is possible only near the critical point
of adsorption. Even in the gradient version, long macromolecules remain adsorbed
(immobile) until the solvent composition approaches the critical level. This allows
the efficient separation of polymer mixtures according to the differences between
their critical adsorption points.

This method has received theoretical and experimental justification and is used
to solve various problems in the chemistry of high–molecular weight compounds,
including problems of distribution by type of functionality, determination of
composition and structure of block copolymers, separation of macromolecules by
topology, the study of polymerization and degradation processes, separation of
polymer mixtures, and the study of reactions involving macromolecules. This
method has made it possible to study the structure of a chain of macromolecules
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and optimize the processes used to obtain polymers of a given structure. It is used
not only in laboratory practice, but also in industry to control the quality of
polymers and to identify problematic areas in synthesis technology which results in
the appearance of defectiveness. Manufacturers of polymers, especially polymers
with special properties, to some extent use this method, or a variant of it, in their
research centers to solve technological problems and refine synthesis processes.

3.8 Polycapillary and Monolithic Chromatographic
Columns

The desire to accelerate the gas chromatographic separation led, over time, to the
creation of capillary columns by M. Golay. They rather quickly entered into
practice, despite a number of limitations. One such limitation was that the gas
chromatographs available at that time could not provide a significant increase in
speed due to a discrepancy between the characteristics of the capillary columns and
other components of the device – the input device, the detector, and the recording
system [78]. Another limitation was that when using capillary columns with
diameters of 10–50 lm, only a very small sample could be introduced into the
column. This resulted in a narrowing of the range of determined concentrations
(Fig. 3.20).

Fig. 3.20 One of the creators of polycapillary columns for chromatography, V. N. Sidel’nikov,
with the author of this book at the fifth conference of “Analytics of Siberia and the Far East.”
Photo from the author`s collection
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To overcome the second limitation, an idea was proposed to create columns
containing a large number of small-diameter capillaries [79, 80]. Some of these
publications even outlined ways to produce such columns. However, the realization
of the idea turned out to be possible only after the development of sufficient
technology to obtain polycapillary columns. This technology was provided by a
group of specialists in Novosibirsk under the leadership of V. V. Malakhov [81].
An article by the Novosibirsk scientists in 1993 [82] was the first article on
polycapillary chromatography. A second publication appeared (this time not in a
scientific journal) in 1996 [83] (Fig. 3.21).

3.9 Countercurrent Chromatography in Inorganic
Analysis

This method, called countercurrent chromatography in English-speaking literature,
is called liquid chromatography with a free stationary phase, in Russian literature.
It was developed primarily by Ito [84–86] for the separation of various kinds
of bio-objects, as well receiving developmental input by Conway and co-workers
[87–89]. To implement this method, planetary centrifuges of special design are
used, the main element of which is a rotating, spiral column. This setup is com-
prised of a capillary, spirally wound on a cylindrical core, rotating about its axis and
simultaneously revolving around the central axis of the device. Under the action of
centrifugal forces, arising during planetary motion, one of the phases of the
two-phase fluid system is retained in the column during the continuous pumping of
the other phase. This method successfully combines the advantages of chro-
matography and dynamic multi-step extraction.

Fig. 3.21 “Milichrom-6 Leader” liquid microcolumn chromatograph. Photo taken from an
advertising brochure
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This method was applied by B. Ya. Spivakov et al. [90, 91] to separate inorganic
compounds, primarily chemical elements, and received broad development in this
direction. The method makes it possible to automate the multi-stage liquid–liquid
distribution process and is used to obtain high-purity reagents as well as being used
to analyze various objects [92, 93] (Fig. 3.22).

Boris Yakovlevich Spivakov was born on May 19, 1941. He is a corresponding
member of the Russian Academy of Sciences, a professor, and he was in charge of
the Concentration Laboratory at the V. I. Vernadskii Institute of Geochemistry and
Analytical Chemistry of the Russian Academy of Sciences. He is deputy chairman
of the Scientific Council of the Russian Academy of Sciences on Analytical
Chemistry. He was awarded the L. A. Chugaev and V. G. Khlopin Prizes of the
Russian Academy of Sciences.

He developed a theory of exchange extraction of chelates, contributed to the
description of liquid extraction from the position of coordination chemistry, and
proposed organotin compounds as extractants. He used extraction in two-phase
aqueous systems and countercurrent chromatography in inorganic analysis. He
developed methods for speciation analysis and the analysis of microparticles.

3.10 Other Work on Chromatography

V. I. Kalmanovsky and Ya. I. Yashin et al. developed many types of gas and liquid
chromatographs and detectors, including the first portable ion chromatograph and a
high-performance amperometric detector for HPLC. Ya. I. Yashin is a popularizer
of chromatography and a historiographer of its Russian branch; he has pointed to a
number of promising areas of development using chromatographic methods, which
have given impressive results (Fig. 3.23).

Yakov Ivanovich Yashin was born on July 30, 1936. For a long time he worked
at Khimavtomatika Co., first in Dzerzhinsk, then in Moscow. He directed the
company toward chromatography. In recent years he works for the “Interlab”
company. He is a doctor of chemical sciences, a professor, and a member of the

Fig. 3.22 Boris Yakovlevich
Spivakov is a
known specialist in methods
of separation and
preconcentration; he applied
countercurrent
chromatography to inorganic
analysis. Photo provided by
B. Ya. Spivakov
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editorial board of the Journal of Analytical Chemistry, as well as a member of the
Bureau of the Scientific Council of the Russian Academy of Sciences on Analytical
Chemistry.

A large volume of work on ion chromatography (Yu. A. Zolotov, O. A. Shpigun,
M. M. Senyavin, A. M. Dolgonosov et al. were awarded the State Prize in 1991)
has been performed. As early as 1990 the book Ion Chromatography in the Analysis
of Waters was published in Russian and English. This method is widely used, for
example, for water monitoring in nuclear power engineering and thermal power
plants (Fig. 3.24).

Oleg Alekseevich Shpigun was born on November 16, 1946. He is a corre-
sponding member of the Russian Academy of Sciences, a professor of the Chemistry
Department of Lomonosov Moscow State University, deputy head of the Division of
Analytical Chemistry, deputy chairman of the Scientific Council on Analytical
Chemistry of the Russian Academy of Sciences, and chairman of the Commission

Fig. 3.23 Yakov Ivanovich
Yashin developed a large
number of chromatographs
and is a specialist in gas and
liquid chromatography; he
proposed an effective
amperometric detector for
high-performance liquid
chromatography. Photo
provided by Ya. I. Yashin

Fig. 3.24 Oleg Alekseevich
Shpigun made a significant
contribution to the
development of ion
chromatography and
high-performance liquid
chromatography, as well
developing methods for
determining the components
of rocket fuels, bio-organic
substances, etc. Photo
provided by O. A. Shpigun
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on Chromatography of the Council. He was laureate of the State Prize. He pro-
posed using solutions of amino acids as eluents for ion chromatography. Together
with his staff, he synthesized new effective sorbents for this method and for HPLC
as a whole. He also helped develop chromatographic and chromatography–
mass-spectrometric methods for the determination of the components of rocket fuels
and a number of bioactive substances. O. A. Shpigun supervised the Analytical
Center of the Department.

In the 1950s–1980s the development of chromatography in the USSR was lar-
gely facilitated by the works of K. V. Chmutov, K. I. Sakodynskii, O. G. Larionov,
M. S. Vigdergauz, V. D. Vyakhirev, and many others. During this time,
K. I. Sakodynskii showed great determination to perpetuate the memory of
M. S. Tswett.
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Chapter 4
Electrochemical Methods

Abstract There are at least three areas in which Russian electroanalysts have made a
significant contribution: (1) ion-selective electrodes (theory, electronic tongue, etc.);
(2) inverse voltammetry (analytical signal theory and as well as numerous other
specific procedures); and (3) new electrodes (especially modified ones, for use in
various electrochemical methods). Specialists in this field include B. P. Nikol’skii,
Yu. G. Vlasov, A. G. Stromberg, Kh. Z. Brainina, and G. K. Budnikov. A precision
coulometer has also been developed in Russia.

4.1 General Remarks

A number of the achievements of Russian scientists in the field of electroanalytical
chemistry are covered in the book compiled by Scholz [1]. The results of many
studies on voltammetry and coulometry are considered in reviews by Budnikova and
Shirokova [2, 3]; a number of the important aspects of the history of this field of
science are covered in the book by Compton et al. [4] as well as being included in [5].
F. Scholtz wrote separately about female Russian electroanalysts [6]. In these pub-
lications, you can find many technical details, as well as information about the
researchers themselves (the latter especially applies to the publications of F. Scholz).

In Russia, there were powerful groups on electrochemistry-theoretical (A.N.
Frumkin et al) and technical (N.A. Izgaryshev et al); this largely contributed to the
research of Russian analysts in this direction.

Russian achievements in the field of electrochemical methods of analysis can be
attributed to:

1. The development of theory, and the creation of new ion-selective electrodes
(ISEs) and their ensembles, including B. P. Nikol’skii’s ion-exchange theory of
ISEs and the development of the electronic (artificial) tongue by Yu. G. Vlasov
and co-workers.

2. The development of the theory of inverse voltammetry (IV) and the application
of this method to solve a large number of practical problems (A. G. Stromberg,
Kh. Z. Brainina, and many others).
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3. Successes in the development of some other electrochemical methods
(polarography of organic compounds in non-aqueous media, electrochemical
biosensors, and coulometry). One can specifically mention Yu. M. Kargin and
G. K. Budnikov, and if you include colleagues from the former Soviet republics,
then Ya. P. Stradyn, M. T. Koslovskii, O. A. Songina, and V. D. Bezuglyi.

In the 1930th–1970s a large number of studies have been carried out on classical
polarography, encluding applied approaches with the introduction of a number of
procedures into its broader practice [7, 8]. If at the beginning of this period the
problems of metallurgy or the extraction and processing of mineral raw materials
were being solved for the most part, then the interest was to a great extent shifted to
objects of organic nature. The area of organic electrochemistry, initiated by A.
N. Frumkin, was formed; in the 1960s the first conferences on organic electro-
chemistry took place. The results of theoretical research in this field were in demand
from applied work, and gradually polarography and then voltammetry became
widely used in relation to organic objects.

4.2 Ion-Selective Electrodes and the Electronic Tongue

In the mid 1930s, the Leningrad chemist and future academician Boris Petrovich
Nikol’skii, who was in exile in Saratov, developed the so-called ion-exchange
theory of ISEs [9, 10]. He derived an equation that is widely used today. Later, in
Leningrad, when he returned from exile, he created a school of physicochemists,
actively engaged in work on glass electrodes, mainly for measuring pH. For the
development of this branch of research, and the development and organization of
the production of such electrodes, the Leningrad group was awarded the USSR
State Prize (Fig. 4.1).

Fig. 4.1 Boris Petrovich
Nikol’skii (October 14, 1900‒
January 04, 1990) was
probably the first to develop
the theory of ion-selective
electrodes. Photo previously
published
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Work on ISE was carried out (and successfully developed) not only at the
Division of Physical Chemistry of the Leningrad University, which was headed by
B. P. Nikol’skii, but also at the Department of Radiochemistry at the same univer-
sity, headed by Professor Yu. G. Vlasov. Work was also carried out at the Saratov
University (E. A. Materova, E. G. Kulapina, et al.) and the D. I. Mendeleev Russian
Chemico-Technological University (O. M. Petrukhin et al.). Yu. G. Vlasov inves-
tigated the dependence of the parameters of solid-state chemical sensors on the
physical and chemical properties of solid membranes (films and bulk samples).
Regularities in the influence of various factors (structures, ionic and electronic
conductivity, ionic conductivity type, and type and concentration of defects in
membrane materials) on the mechanisms of functioning of solid-state chemical
sensors were identified. The results of fundamental research in solid-state physico-
chemistry were used in the development of chemical sensors of new types
(ion-selective field-effect transistors and chalcogenide glass sensors). Many proce-
dures were developed and used for the determination of different ions.

These identified regularities made it possible to use weakly selective sensors in
analyzers of liquid media. These sensors were given the name “electric tongue,” as
suggested by Vlasov and co-workers (including Italians). Sensor systems are used
in combination with mathematical methods of pattern recognition (artificial neural
networks, etc.) (Fig. 4.2).

The first multisensor system of “electronic tongue” type was a “taste sensor,”
proposed by Japanese scientists in the early 1990s [11, 12]. It included 8 poten-
tiometric sensors with lipid membranes that had cross-sensitivity to various sub-
stances. Field transistors, potentiometric sensors with variable surface
photopotential, were used as transducers. Vlasov and other researchers used ISEs of
various types, including those based on chalcogenide glasses [13, 14]. The “elec-
tronic tongue” has been used to solve a number of environmental problems as well
as for the classification and determination of food quality (Fig. 4.3).

Voltmeter 
Switch 

Set of 
sensors

Comparison device 

Computer 

Multicomponent solution 

Fig. 4.2 Scheme of the electronic tongue. With permission of the Russian Academy of Sciences
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Yurii Georgievich Vlasov (June 26, 1934‒October 17, 2016) graduated from
the Chemistry Department of the Leningrad University (1958). He was doctor of
chemical sciences and a professor. He was in charge of the Division of
Radiochemistry of the Chemistry Department of the St. Petersburg University. He
was a member of the editorial boards of: Journal of Analytical Chemistry, Journal
of Applied Chemistry, and Radiochemistry. He worked at the International Union
of Pure and Applied Chemistry. Professor Vlasov was a member of the permanent
organizing committee of “Eurosensor” conferences, Honored Worker of Science of
the Russian Federation, Honored Worker of Higher Professional Education of the
Russian Federation, and honorary professor of the St. Petersburg University. He
authored more than 400 articles, including 4 chapters in monographs, and held 25
Russian and 2 US patents; he was one of the most cited Russian analysts.

The work of Vlasov and co-workers (Legin and Rudnitskaya) on the electronic
tongue, as well as the development of the electronic nose, conducted in many
countries, stimulated rather wide Russian research in these and related areas, e.g.,
similar work was carried out by several groups in Voronezh [15, 16], in Ufa [17],
and other places too.

4.3 Voltammetry (Especially Its Stripping Version)

In the 1930s, and subsequent years in the USSR, much attention was paid to the
development and application of polarography. There were several working groups
in the country—in Moscow, Leningrad, Kazan, Kishinev, Kiev, Tomsk,
Sverdlovsk, Tyumen’, Khar’kov, Alma-Ata, and other cities. Among the areas
developed in this field were: the study and use of catalytic currents
(S. G. Mairanovskii and V. F. Toropova); polarography in non-aqueous and mixed
solutions (Ya. P. Stradyn’ and Yu. M. Kargin); different emerging variants of
polarography—pulse, square-wave, cyclic, etc.; determination of organic com-
pounds; and the creation of new instruments (see below) and electrodes
(O. A. Songina, O. L. Kabanova, Kh. Z. Brainina, et al.) [18, 19].

Fig. 4.3 Yurii Georgievich
Vlasov (June 26, 1934‒
October 17, 2016) developed
chalcogenide ion-selective
electrodes, proposed the term
“electronic tongue,” and is
one of the most cited Russian
analysts. Photo provided by
Yu. G. Vlasov
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Much progress was made in the development of the general theory
(T. A. Kryukova, R. Sh. Nigmatullin, M. R. Vyaselev et al.) and polarographic
instrumentation (S. B. Tsfasman, B. S. Bruk, I. E. Bryksin, R. M. -F.
Salikhdzhanova, G. I. Ginzburg et al.). Some work was pioneering in nature, e.g.,
fractional differentiation of a voltammogram and use of a stepwise polarizing
voltage to eliminate capacitive current (Nigmatullin). Work on the non-aqueous
polarography of organic compounds (Kargin) made it possible to look differently at
the integral form of a multielectron wave, adopting the concept of included
chemical reactions that occur simultaneously with the actual electron transfer. It
turns out that these results are important for interpreting curves (the amperometric
response) in the framework of quantitative analysis using voltammetry.

A new powerful wave of research has risen after the appearance of stripping
voltammetry (SV). After the first work in this field at the M. V. Lomonosov
Moscow State University (E. N. Vinogradova) and V. I. Vernadskii Institute of
Geochemistry and Analytical Chemistry of the USSR Academy of Sciences
(S. I. Sinyakova), extensive studies were carried out in Tomsk (A. G. Stromberg),
as well as in Yekaterinburg (Kh. Z. Brainina) and many other research centers.

A notable achievement in the field of SV (mainly on mercury-film electrodes) is
the development of the theory and the general methodology by A. G. Stromberg
and co-workers (Fig. 4.4). A. G. Stromberg, who worked at the Tomsk Polytechnic
Institute, was engaged in SV for more than 40 years, since 1960. He developed the
parametric theory of the method, the theory of mixed potential in extremely dilute
solutions, and used the method for studying intermetallic compounds of mercury
and complex ions. A lot of attention was paid to the theory of analytical signals [4,
20]. In his laboratory he created a large number of analysis procedures, many of
which were introduced by enterprises in the electronic and chemical industries, as
well as those in non-ferrous metallurgy. A. G. Stromberg created a large scientific
school; under his leadership, more than 100 candidate of sciences thesis and several
doctoral dissertations were defended. It should be noted that studies using mercury
and amalgam electrodes in SV are currently developing more slowly (Fig. 4.4).

Armin Genrikhovich Stromberg (September 16, 1910‒September 18, 2004) was
a doctor of chemical sciences and a professor. He was in charge of the Division of
Physical and Colloid Chemistry of the Tomsk Polytechnic Institute (from 1956) and
was the scientific head of the problem laboratory at the same institute (from 1963).
He graduated from the Ural Polytechnic Institute. In 1930, he began to engage in
research work at the Institute of Chemistry and Metallurgy of the Urals Branch of
the USSR Academy of Sciences (Sverdlovsk), defended his candidate thesis, and in
1951—his doctoral thesis. From 1951 Stromberg was associate professor, then
professor of the Department of Physical and Colloid Chemistry of the Ural
University (Sverdlovsk). He co-authored a textbook on physical chemistry (of which
there were five editions). He led the Tomsk Seminar on Analytical Chemistry and
worked in many councils and commissions.
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No less attention was paid to research in the field of SV of solid phases and
surfaces (Kh. Z. Brainina (Fig. 4.5), E. Ya. Neiman, V. V. Slepushkin,
A. I. Kamenev, N. Yu. Stozhko, et al.). Kh. Z. Brainina developed the SV of solid
phases in several directions: (1) discharge‒ionization of metals on an indifferent
solid electrode—SV of metals; (2) electrochemical oxidation‒reduction of ions of
variable valence, accompanied by the formation of a poorly soluble compound on
the surface of an indifferent electrode, and dissolution of these compounds—SV of
ions of variable valence; (3) the formation, as a result of anodic polarization of the
electrode, of poorly soluble compounds on the surface of the electroactive electrode
and their reduction—SV of anions [21–23].

The practical applications of stripping methods have turned out to more diverse
than the case of classical polarography. Among them, in particular, are applications
for material analysis, determination of small impurity concentrations, including
environmental samples, and the determination of antioxidant activity. The latter
theme first appeared in the framework of coulometry with electrogenerated titrants–
oxidizers; this generated interest among the specialists who developed the
methodology of voltammetry on solid electrodes.

Fig. 4.4 Arman
Genrikhovich Stromberg
(September 16, 1910‒
September 18, 2004)
performed a lot of work on
the theory and applications of
inversion voltammetry. Photo
provided by A. G. Stromberg

Fig. 4.5 Kh’ena Zalmanovna
Brainina (born May 26, 1930)
authored work on the
inverse voltammetry of solid
phases, new electrodes, and
determination of antioxidant
activity. Picture provided by
Kh. Z. Brainina
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The results of experiment optimization and software and methodological sup-
port, as well as the information obtained during the mathematical modeling of
analytical signals, helped to realize the concept of multi-element electrochemical
analysis [18, 19, 24].

New electrodes, including those modified by various methods, were proposed,
studied, and used for solving practical problems. O. A. Songina introduced the
so-called mineral-paste electrodes [25]. O. L. Kabanova, in the 1970s, was among
the first to suggest using a carbositall electrode for analysis [26, 27]. Much has been
done in the field of modified electrodes, including work by G. K. Budnikov et al.
[28]. One can note that the work of a number of electroanalysts on chemically
modified electrodes was a continuation of the work undertaken in Russia at the turn
of the century (Fig. 4.6).

German Konstantinovich Budnikov was born on October 8, 1936. He gradu-
ated from the Kazan University. He is a doctor of chemical sciences and a pro-
fessor. For many years he was in charge of the Department of Analytical Chemistry
at the Kazan University—now the Kazan (Privolzhskii) Federal University. He is
an honorary professor and member of the editorial boards of several journals. His
interests are in the fields of organic analysis, electrochemistry, the chemistry of
coordination compounds, ecomonitoring, biochemistry, and medicine. His suc-
cesses were achieved when creating combined methods of the determination based
on a combination of liquid extraction and voltammetry (polarography); electro-
chemical methods for determining organic substances in solutions using reagents
arising on the electrode; methods for determining platinum metals with low
detection limits on the basis of catalytic currents of hydrogen evolution in metal
chelate solutions; sensors based on chemically modified electrodes with catalytic
responses for stationary and flowing conditions for the determination of organic
substances, including biologically active ones; amperometric biosensors based on
immobilized enzymes and mercury film, as well as planar carbon electrodes, for the
determination of environmental pollutants. He is also interested in the history of
analytical chemistry in Kazan and electroanalytical chemistry in the USSR and

Fig. 4.6 German
Konstantinovich Budnikov
developed voltammetric
methods for determining
organic compounds, including
bioactive ones; he carried out
research in the field of
modified electrodes and
biosensors. Picture provided
by G. K. Budnikov
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Russia. Professor Budnikov authored more than 600 articles and more than 20
books, and is one of the most cited Russian analysts (Fig. 4.7).

A logical continuation of research in the field of chemically modified electrodes
have led to electrochemical biosensors—devices, in which a potentiometric or
voltammetric transducer interfaces with a biochemical recognition element—an
enzyme, antibodies, or oligonucleotides. The first enzyme electrode was created by
L. Clark in 1962, and in Russia similar studies were carried out from the mid 1980s,
most actively at the Division of Chemical Enzymology of the Moscow State
University, but also at other scientific centers. In St. Petersburg, studies on
potentiometric biosensors were carried out by E. B. Nikol’skaya. At the Kazan
University, studies dealt with the development of methods for determining pesti-
cides—cholinesterase inhibitors using amperometric devices. The first publication
in this field was in the Journal of Analytical Chemistry in 1987. Research in the
field of enzyme sensors was carried out at the A. N. Frumkin Institute of
Electrochemistry of the Russian Academy of Sciences (RAS). Somewhat later, the

Fig. 4.7 Monograph on
modified electrodes
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topic of eletrochemical biosensors was taken on by the A. N. Bach Institute of
Biochemistry of the RAS, and in the Division of Analytical Chemistry of
the Moscow University by A.A. Karyakin.

4.4 Other Achievements in the Area of
Electrochemical Methods

Quite a lot of effort was given to the development of coulometric methods; a review
of Russian research in this field was published, as already mentioned, by Budnikov
and Shirokova [3]. Among the original work was the creation of so-called sub-
stoichiometric coulometry [29]. A large series of studies were devoted to the
coulometric determination of noble metals. This work was carried out in the
V. I. Vernadskii Institute of Geochemistry and Analytical Chemistry of the USSR
Academy of Sciences and the N. S. Kurnakov Institute of General and Inorganic
Chemistry of the RAS by O. L. Kabanova, N. A. Ezerskaya et al., as well as at
the Kazan University. At the Vernadskii Institute, precision coulometers (using the
potentiostatic version of the method), which provide a very high accuracy of the
determination of macroelements, were created (V. A. Slavnyi, A. N. Mogilevskii,
and I. G. Sentyurin). These instruments are manufactured and used in nuclear
industry; at the Vernadski Institute, methods to precisely determine more than 15
elements were developed. At least two books have been devoted to coulometric
analysis: Zozulya [30] and Agasyan and Khamrakulov [31], as well as a number of
reviews and journal publications. Currently, at the Kazan University, coulometry
with electrogenerated titrants is systematically used to determine individual
antioxidants and to evaluate integrated indicators of complex objects of organic
nature (G. K. Budnikov and G. K. Ziyatdinova) (Fig. 4.8).

Fig. 4.8 Precision coulometer, PIK-200, developed at the V. I. Vernadskii Institute of
Geochemistry and Analytical Chemistry of the USSR Academy of Sciences. Photo taken from
the website of the Vernadskii Institute of Geochemistry and Analytical Chemistry

4.3 Voltammetry (Especially Its Stripping Version) 85



The results of a thorough investigation of amalgams by M. T. Kozlovskii [32]
were of importance for electrochemical production and, to a large extent, for
chemical analysis. Several groups of researchers developed high-frequency meth-
ods of analysis, in particular high-frequency titration [33] and contact conduc-
tometry [34]. Amperometric titration methods have been widely applied [35].
Finally, we should remember that F. F. Reiss, a professor of the Moscow
University, discovered electro-osmosis in 1808.
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Chapter 5
Chemical Methods of Analysis

Abstract Several widely used analytical reactions were proposed in Russia, such
as the reaction of phosphate with ammonium molybdate (G. V. Struve) or the
reaction of nickel with dimethylglyoxime (L. A. Chugaev). N. A. Tananaev and
F. Feigl simultalneously developed drop analysis. A great contribution was made to
the theory of the action of complexing organic reagents on metal ions, and new
such reagents were created (V. I. Kuznetsov, S. B. Savvin, etc.); particularly
widespread was the reagent Arsenazo III. The kinetic method of analysis owes its
generation to K. B. Yatsimirskii.

5.1 General Remarks

For several centuries, chemical methods have been the dominant methods used for
chemical analyses. Excluding the famous analysis of the gold crown of King
Hieron, by Archimedes, physical methods began after the development, in 1859, of
spectral analysis by Bunsen and Kirchhoff. At approximately the same time, the use
of electrolysis was developing, a method which may be considered physicochem-
ical. Until the middle of the twentieth century, chemical methods played a huge
role, sometimes experiencing a steep rise in use, as was the case during the
widespread distribution of complexometric titration in the postwar years, and the
creation of automatic titrimeters, used to determine nitrogen, according to Kjeldahl,
or water, according to Fischer.

It is well known that chemical methods are now very widely used practically, but
they have gradually ceased to be the subject of large-scale scientific research. These
methods are studied in the courses of analytical chemistry at universities, because,
among other things, they make it possible to deepen students’ understanding of
chemistry as a result of making them acquainted with chemical reactions, their
kinetics and thermodynamics, chemical equilibrium, stability and other character-
istics of coordination compounds, etc. In addition, it is important that every chemist
should be able to determine the concentration of acid by titration, for example.
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In Russia, of course, many researchers were engaged in the development and
improvement of chemical methods of analyses. Several reactions proposed in the
nineteenth and early twentieth centuries were among those widely used, such as the
reaction of phosphate with ammonium molybdate, cobalt with 1-nitroso-2-
naphthol, or nickel with dimethylglyoxime. Methods of obtaining pure precipi-
tates for gravimetry were studied, e.g., by N. A. Tananaev. He, along with the
Austrian chemist Fritz Feigl, developed drop analysis. It is necessary to note the
introduction into practice of effective organic reagents for the photometric deter-
mination of elements, as discussed in Chap. 1.

A large volume of work dealt with titrimetric methods, in particular, to
non-aqueous titration. Non-standard titrants were suggested by A. I. Busev (diva-
lent chromium compounds) and V. S. Syrokomskii (vanadatometry). Interesting
modern approaches to titrimetry were developed by B. M. Mar’yanov.

It is especially necessary to note the formation of the kinetic method by
K. B. Yatsimirskii. Although some kinetic methods were developed before his,
Yatsimirskii created the system, proposed original techniques for implementing the
methods, and developed many specific procedures.

5.2 Some Chemical Reactions

The reaction of phosphate with ammonium molybdate, widely used to determine
phosphorus, leading to the formation of a heteropoly compound, was first described
in 1848 by Struve and Svanberg [1]. Later, Struve found that arsenic gave a similar
reaction; a method for detecting this element was also developed (Fig. 5.1).

Genrikh Vasil’evich Struve (1822‒1908) was a corresponding member of the
St. Petersburg Academy of Sciences, worked as an assayer in the Department of
Mining and Salt Mines in St. Petersburg, and was an expert in forensic chemistry in
the Caucasus. He developed a method for the determination of very small amounts
of hydrogen peroxide with lead dioxide (1869). He published tables for calculating

Fig. 5.1 Genrikh Vasil’evich
Struve (1822‒March 22,
1908) discovered the reaction
of phosphate with ammonium
molybdate. Photo previously
published

90 5 Chemical Methods of Analysis



the results of quantitative analysis; for a long time, the tables were used by lab-
oratory workers (G. V. Struve, Chemical Tables Serving for the Calculation of
Quantitative Decompositions, St. Petersburg, 1853, in Russian).

Several other reactions proposed for the determination of elements and certain
compounds are presented in Table 5.1.

The determination of elements using organic reagents will be discussed in more
detail below.

N. A. Tananaev formulated, in the 1920s, rules for obtaining clean precipitates
for gravimetric analysis. At the same time, and in parallel with F. Feigl (Austria), he
developed drop analysis [9]; later, he created the so-called chip-free analysis of
metals and alloys method [10] (Fig. 5.2).

Nikolai Aleksandrovich Tananaev [May 06(18), 1878‒June 7, 1959] was a
doctor of chemical sciences, a professor, an Honored Scientist, and laureate of the
State Prize of the USSR (1949). He was a head of the Division of Analytical
Chemistry at the Kiev Polytechnical Institute (1921‒1938) and the Urals Industrial
(Polytechnical) Institute (1938‒1959). From 1919, he began to develop the drop
method, which was a method of qualitative analysis. Detection of ions in a complex
mixture was carried out on a drop of the test solution on filter paper in the form of
colored spots or rings. The interfering ions were not previously separated, and

Table 5.1 Some analytical reactions and reagents proposed by Russian chemists

Analit Reaction, reagent Author Year References and
comments

Phosphorus Ammonium molybdate G. V. Struve,
G. Svanberg

1848 [1]

Aromatic
hydrocarbons

b-Dinitroanthraquinone Yu. F. Fritzsche 1863 [2] (“Fritzsche
Reagent”)

Halogens in
organic
compounds

Green flame when
heated in the presence
of copper oxide

F. F. Beilstein 1872 [2] (“Beilstein
test”)

Copper, nickel,
and cobalt

Xanthogenates P. N. Akhmatov 1870 [3]

Cobalt 1-Nitroso-2-naphthol M. A. Il’inskii,
G. Knorre

1884 [4]

Mobile
hydrogen in
organic
compounds

– L. A. Chugaev,
F. V. Tserevitinov

The end of
the
nineteenth
century

[5] (“Tserevitinov
method”)

Nickel Dimethylglyoxime L. A. Chugaev 1905 [6]

Uranium Thoron (Thorin,
Arsenazo)

V. I. Kuznetsov 1941 [7]

Many metal
ions

Arsenazo III S. B. Savvin 1959 [8]
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their influence was eliminated from the same drop on the paper by the action of
reagents. Later, he successfully implemented the idea of detecting ions in a complex
mixture by developing a fractional analysis method performed in test tubes. The
results of the studies were summarized in the book Drop Analysis, the first edition
of which was published in 1926. A significant part of N. A. Tananaev’s research
was devoted to the improvement of gravimetric analysis. The methods of precipi-
tation of crystalline and amorphous sediments, proposed by him, have found
application in analytical practice. The results of research in this field are set forth
in the book The Weight Analysis, the first edition of which was published in 1931. In
1938, N. A. Tananaev moved to Sverdlovsk. During World War II, he began
developing a rapid method for analyzing trophy weapons. Initially, it was necessary
to establish the chemical composition of alloys, from which the weapon was made,
without destroying their integrity. This was the origin of the chip-free method for
the analysis of alloys of ferrous, non-ferrous, and noble metals (later this method
was also used to analyze glass products). For this work he was awarded the State
Prize of the USSR.

5.3 Determination of Elements Using Organic Reagents

Organic analytical reagents are organic compounds or their combinations which
chemically interact with analytes and used (due to this interaction) for detection or
determination of these analytes. The analytes may be cations or anions, inorganic or
organic compounds, or separate functional groups. Reagents are used as indicators,
titrants, extractants, they are used in electrochemical and chromatographic methods,
but more often in photometric analysis. The works of Stephen [11], Fedorenko [12],
Strel’nikova [13, 14], etc., are devoted to the history of the OAR.

Up to the end of the eighteenth century, natural organic substances were used as
organic reagents. Probably the first documented use of an organic substance for the
recognition of “analytes” is Pliny’s description of the use of papyrus impregnated

Fig. 5.2 Nikolai
Aleksandrovich Tananaev
developed a drop analysis
method, a method of
brushless analysis. Photo
previously published
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with extract of tanning nuts (outgrowths on the undersides of oak leaves) in order to
distinguish between iron and copper salts. Iron gives a color reaction with the
derivatives of tannin contained in tanning nuts, forming a black compound; copper
causes green coloration. The following written evidence of the use of natural
organic substances for chemical analysis purposes dates back to the sixteenth‒
seventeenth centuries. The medical doctor and pharmacist O. Tahheny described, in
1666, the reactions of aqueous extracts of tanning nuts with solutions of the salts of
several metals. Stephen [11] believes that this was the first systematic study of
reagent reactions with metal ions. Other OARs dating back to the sixteenth‒sev-
enteenth centuries, in addition to extracts of tanning nuts, were plant extracts, some
of which were used for dyeing fabrics. R. Boyle also actively studied extracts of
violets, cornflower, and litmus. One of the substances used by Boyle was the first
fluorescent indicator for acid (fluorescence disappeared with the addition of acid).
The juice of violets subsequently served as the basis for the indicator used for acid–
base titration, which was first used in the second half of the eighteenth century.
Litmus and turmeric were also used for this purpose (K. F. Wenzel, 1777).

In 1776, K. Scheele synthesized oxalic acid and demonstrated its reaction with
calcium. Apparently, oxalic acid was the first synthetic OAR. In the first half of the
nineteenth century a number of organic compounds were used as indicators for
titrimetry. In 1870, P. N. Akhmatov proposed xanthogenates as reagents for cad-
mium and other elements [3]; in 1884, M. A. Il’inskii discovered the reaction of
cobalt with 1-nitroso-2-naphthol [4]; and in 1905, L. A. Chugaev described
dimethylglyoxime as a reagent for nickel [6]. Griss created a reagent for the
determination of nitrite. However, the most important was the use of organic
compounds as colorimetric reagents for metal ions and for use as titrants (com-
plexonometry, G. Schwarzenbach, 1940‒1950).

Photometric (initially colorimetric) methods of determining elements became
very widespread in the first half of the twentieth century. The inorganic reagents
used for this purpose (thiocyanate, ammonia, etc.) were gradually replaced by
organic ones, which first appeared as a result of almost random observations, and
then taking into account the generalizations formed, the regularities. Taking into
account the diversity of the OARs in terms of their chemical nature and areas of
use, it should be concluded that there cannot be a general theory of the action of
OARs. However, in terms of complexing reagents, most often used to determine the
elements, such a theory is not only possible, but is well developed; a significant
contribution to its formation was made by N. S. Kurnakov, L. A. Chugaev,
V. I. Kuznetsov, L. M. Kul’berg, S. B. Savvin, and other Russian chemists–ana-
lysts. So, N. S. Kurnakov, L. A. Chugaev, and L. M. Kul’berg developed ideas
about the characteristic groupings of atoms in molecules of complexing reagents. In
the text below, based on the article by N. V. Fedorenko [12], the idea of charac-
teristic atomic groupings is covered.

In his work On Complex Metal Bases (1893) [15] N. S. Kurnakov first suggested
that the ability of certain groups of organic compounds to react with a certain metal
depends on the presence, in their molecules, of a combination of atoms common to
a given group of reagents. Later this suggestion became the main idea on which the
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theory of the action of organic complexing reagents developed—the fact that it was
first expressed by Kurnakov was forgotten. In 1893, Kurnakov studed the inter-
action of thiourea with platinum salts and mad the conclusion that the interaction
was caused by complexation, platinum was directly connected with thiourea
molecules. He expressed the opinion that the reactivity of thiourea and its deriva-
tives is determined by the presence of a certain grouping of atoms in their mole-
cules. Kurnakov wrote: “The ability to combine thioureas depends on the presence
of the CS group in them” [15, p. 73]. In the same paper, he suggested that other
organic compounds containing this group should interact with platinum salts like
thiourea and form similar reaction products. “If the ability of thiourea to combine
with metals is due to the presence of CSNH2 or C(NH)�SH groups,” Kurnakov
wrote, “then it is obvious that thioamides and thiourethanes should have the same
properties” [15, p. 78]. This proposal was confirmed experimentally by Kurnakov.
Platinum compounds with both thioamides and thiourethanes were obtained, with
appearance and properties similar to those of thiourea.

However, for researchers involved in organic reagents, Kurnakov’s conclusion
went unnoticed. The reason, apparently, was that Kurnakov’s research was devoted
to the study of complex compounds, and the action of OARs at the time was
not associated with the formation of complexes between organic reagents and
metals.

L. A. Chugaev (1873‒1922), a prominent scientist who created the school of
researchers of complex compounds, was, apparently, the first to draw attention to this
connection. In 1905, as already mentioned, he proposed dimethylglyoxime for the
determination of nickel [6]. Chugaev found that the ability of oximes to interact with
nickel is due to the presence in their molecules of a certain combination of atoms of
two =NOH groups at neighboring carbon atoms. Characterizing oximes as analytical
reagents, Chugaev wrote: “These compounds are characterized by the presence of a
kind of atomic grouping, in which the oximid groups partly exchange their hydrogen
for the metal and function as acid residues, partly play a role analogous to the role of
ammonia in metal-ammonium compounds” [16, p. 490] (Fig. 5.3).

Thus, both N. S. Kurnakov and L. A. Chugaev showed that the ability of an
organic compound to interact with an element is due to the presence in its molecule
of a specific form of a given metal group of atoms, through which interaction takes
place. However, N. S. Kurnakov made this conclusion about 15 years before
L. A. Chugaev. The groups that Kurnakov and Chugaev talked about in modern
literature were called “characteristic atomic groups.” This name was introduced in
1925 by Feigl [17, 18]. However, sometimes the very discovery of these groups
was attributed to him. The theory of characteristic atomic groups was developed
and systematized by Kul’berg [19].

V. I. Kuznetsov proposed several general approaches for the direct acquisition of
organic complexing agents, e.g., the so-called “analogy hypothesis” (analogies of
the action of organic and inorganic reagents—ligands having identical atoms
directly interacting with metal ions) [20]. One hypothesis considered a qualitative
parallel between the conditions for carrying out reactions with organic reagents and
simple inorganic reactions (hydrolysis, precipitation of sulfides, and formation of
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ammoniates) containing the corresponding donor atoms in the functional analytical
groups. This hypothesis made it possible to predict ways of analytical using
reagents.

In the USSR extensive research was launched aimed at creating new organic
reagents; at the same time, the previously proposed reagents—dithisone, dithio-
carbamates, 8-hydroxyquinoline, etc.—were also used on a large scale. The cre-
ation and investigation of complexing reagents relied on the theoretical basis
discussed above. Among the producers of new organic reagents for sensitive and/or
selective determination of metal ions should be mentioned V. I. Kuznetsov,
S. B. Savvin, A. M. Lukin, S. I. Gusev, Yu. M. Dedkov, and N. N. Basargin.

V. I. Kuznetsov introduced several reagents, which he produced himself, into the
practice of analysis. Thus, the reagent thoron was distributed to many countries; it
was used to determine uranium and thorium [7]. The reagent was included in the
catalogs of a number of companies that produced chemical reagents. Among the
other reagents produced by V. I. Kuznetsov was arsenazo, or uranone (later it
became known as arsenazo I), which was similar in its structure, its properties, and
its applications to thoron, stilbazo, and other reagents (Fig. 5.4).

Vitalii Ivanovich Kuznetsov (May 4, 1909‒October 1, 1987) worked at the
All-Union Institute of Mineral Raw Materials (VIMS), headed at one time the
Division of Analytical Chemistry at the M. V. Lomonosov Moscow Institute of Fine
Chemical Technology, and then for a long time headed the laboratory of organic
reagents at the V. I. Vernadskii Institute of Geochemistry and Analytical Chemistry
of the USSR Academy of Sciences. Subsequently, he was an employee of the Central
Institute of Agrochemical Agricultural Services (CINAO).

An employee of V. I. Kuznetsov, the former his student professor Sergei
Borisovich Savvin synthesized arsenazo III [8], a reagent that has become one of
the most common. It was produced in several countries and used for the

Fig. 5.3 Lev Aleksandrovich
Chugaev (October 16, 1873‒
September 22, 1922)
contributed to the study of
metal chelates and proposed
dimethylglyoxime as a
reagent for nickel. Photo
previously published
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photometric determination of rare-earth elements, zirconium, uranium, plutonium,
and a number of other elements. A monograph was devoted to the reagent and its
analogs [21] (Figs. 5.5 and 5.6).

Here is a incomplete list of new reagents which have become widespread:

Diantypyrylmethane—S. I. Gusev, 1950.
Thoron—V. I. Kuznetsov, 1941.
Beryllon II—A. M. Lukin and G. V. Zavorikhina, 1950.
Stilbazo—V. I. Kuznetsov, G. G. Karnovich, and D. A. Drapkina, 1950.
Arsenazo I—V. I. Kuznetsov, 1955.
Arsenazo III—S. B. Savvin, 1959.
Lumagallion—A. M. Lukin and E. A. Bozhevol’nov, 1960.
Carboxyarsenazo—K. F. Novikova, N. N. Basargin, and Tsuganova, 1961.
Pikramin E—Yu. M. Dedkov, 1970.
Sulfochlorphenol S—S. B. Savvin, 1964.

Organic photometric reagents created by N. N. Basargin (Nitchromazo,
Carboxyarsenazo, Dichlorchromotropic acid, Arsenazohimdu, Stilbazohimdu, etc.)
have been used, and some reagents have entered the catalogs of firms which pro-
duce reagents (Fig. 5.6).

Organic reagents created by V. I. Kuznetsov et al. contributed to the solution of
major national economic and defense tasks in 1940s‒1960s. Particularly well known
are reagents belonging to the arsenazo and thoron groups. Both the arsenazo reagent
and the reagents with the doubledmain grouping (Arsenazo III, etc.), made it possible
to solve some analytical problems in the nuclear industry; in particular, highly

Fig. 5.4 Vitalii Ivanovich
Kuznetsov developed the
theory of the action of organic
analytical reagents on metal
ions and proposed a series of
effective reagents.
Picture provided by V.V.
Kuznetsov

Fig. 5.5 Reagent Arsenazo
III
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sensitive photometric methods were developed for the determination of uranium,
thorium, and other elements accompanying uranium raw materials and nuclear fuel.
Theoretical and practical issues linked to obtaining and identifying transplutonium
elements, control issues in metallurgy, processing mineral raw materials, medicine,
agriculture, controlling environmental pollution, and other areas, were solved.

5.4 Development of Titrimetric Methods

In the middle of the last century, new titrimetric methods were proposed and
developed, mainly redox methods. A. I. Busev developed chromometry, a method
for the determination of oxidants, based on the use of chromium (II) compounds as
a titrant-reductant. The analysis is carried out in an acidic medium; the end point is
determined potentiometrically, amperometrically with a rotating platinum
microanode, or using chemical redox indicators. Many procedures of titration have
been developed, e.g., for the determination of cerium (IV), arsenic (V), and a
number of organic compounds [22].

V. S. Syrokomskii created vanadatometry, a method for the determination of
reducing agents using vanadium (V) compounds as a titrant–oxidant; vanadium in
this case is reduced to vanadium (IV) [23]. A lot of concrete procedures for such a
determination have been created. Indicators include diphenylamine and p-pheny-
larsonic acid. A greater selectivity is achieved compared with, e.g., chromatometry
or cerimetry. It is possible, e.g., to determine hydroquinone in the presence of
cresols or maleic acid in the presence of formic acid.

The research of B. M. Mar’yanov is interesting [24, 25]. Using modern tech-
niques, especially chemometric ones, he was able to substantially increase the total
potential of titrimetry, e.g., Mar’yanov showed the possibility of significantly
advancing the range of concentrations determined by titrimetry methods toward low
values (Fig. 5.7).

Fig. 5.6 Sergei Borisovich
Savvin (January 1, 1931‒July
6, 2014) was a specialist in
the field of organic analytical
reagents, especially
photometric analysis and
preconcentration, and created
the well-known reagent
Arsenazo III. Picture provided
by the Vernadskii Institute of
Geochemistry and Analytical
Chemistry
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Boris Mikhailovich Mar’yanov (April 4, 1932‒February 6, 2006) was a doctor of
chemical sciences and a professor. He was in charge of the Division of Analytical
Chemistry at the Tomsk University. He graduated (1955) from the Chemistry
Department of the Tomsk University where he worked as assistant professor at the
Division of Analytical Chemistry. Mar’yanov worked on the theory of titration and
chemometrics. He authored 140 works, including 3 books. Under his leadership, 9
candidates of sciences were trained.

5.5 Kinetic Methods

Separate procedures of analysis, which are kinetic by their mechanism, were
described in the nineteenth century and in the first half of the twentieth century, e.g.,
one such procedure was developed by well-known American analysts Kolthoff and
Sandell [26]. The history of such determinations is covered briefly in a book written
by Zolotov and Vershinin [27]. However, as a universal method of analysis, the
kinetic method was actually developed by K. B. Yatsimirskii.

K. B. Yatsimirskii, while working at the Ivanovo Chemistry and Technology
Institute formulated the main theoretical basis of the method, substantiated criteria
for its application, demonstrated the technique’s possibilities and limitations, and
developed experimental approaches. He showed that the use of the rate of the
catalytic chemical reaction, as an analytical signal, makes it possible to determine
amounts of catalysts, with very low detection limits, without the need for expensive
and complex equipment. Different variants of the kinetic method, primarily cat-
alytic ones, were proposed, namely, the determination directly from the reaction
rate using the integral or differential form of the kinetic equation, determination by
duration of the induction reaction period, catalymetric titration, and polarographic
catalytic currents. One profound study of kinetics, and the mechanism of the
reactions used in kinetic methods, became the basis for improving methods by
introducing activators.

Fig. 5.7 Boris Mikhailovich
Mar’yanov improved the
titrimetric method of analysis.
Photo provided by B.
M. Mar’yanov
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Under the guidance, and with the direct participation, of K. B. Yatsimirskii his
trainees developed kinetic methods for determining a large number of elements.
Many of the proposed procedures differ not only in their low detection limits, but
also in their high selectivity, which makes it possible to use them for the analysis of
natural materials or the creation of technological solutions. In K. B. Yatsimirskii’s
monograph Kinetic Methods of Analysis the application of kinetic regularities in the
analysis was justified for the first time. This book was published twice in Russian
[28, 29], as well as being translated into English, Polish, and Hungarian (Fig. 5.8).

Konstantin Borisovich Yatsimirskii (April 4, 1916‒June 21, 2005) was an aca-
demician of the National Academy of Sciences of Ukraine, a doctor of chemical
sciences, and a professor. He was in charge of the Division of Analytical Chemistry
of the Ivanovo Chemical Technology Institute and, later, director of the
L. V. Pisarzhevskii Institute of Physical Chemistry of the Ukrainian SSR Academy
of Sciences. He graduated (1941) from the Central Asian University in Tashkent,
and immediately after graduation defended, in the same year, his candidate of
sciences dissertation. During World War II, he taught military chemistry at the
Podolsk Infantry School. In 1945–1961, he worked at the Ivanovo Chemical
Technology Institute, where he worked his way from an assistant to the head of the
Division of Analytical Chemistry and Deputy Director of the Institute. In 1948, he
defended his doctoral dissertation, in 1961 he was elected a corresponding
member, and in 1964—a full member of the Ukraine Academy of Sciences. From
1962 he worked in the Academy of Sciences of the Ukrainian SSR in Kiev—he
headed departments in the Institute of General and Inorganic Chemistry, and then
the L. V. Pisarzhevskii Institute of Physical Chemistry, for which he was director
from 1969–1982 (Fig. 5.9).

K. B. Yatsimirskii was an outstanding chemist in the field of inorganic and
analytical chemistry. His work on inorganic and coordination chemistry (thermo-
chemistry and thermodynamics of coordination compounds, their electronic struc-
ture and structural parameters, kinetics and catalysis of reactions involving

Fig. 5.8 Konstantin
Borisovich Yatsimirskii
(April 4, 1916‒June 21, 2005)
made a decisive contribution
to kinetic methods of analysis.
Photo previously published
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coordination compounds, and coordination compounds with macrocyclic ligands
and bioligands) is of the greatest importance. Practically all the results of research in
these areas are to some extent related to analytical chemistry—the use of new
information obtained in his work on the properties of coordination compounds in
various methods of determination. The main achievements of K. B. Yatsimirskii in
analytical chemistry are related to kinetic methods of analysis, the development of
which he founded.

K. B. Yatsimirskii was known as a brilliant lecturer, a popularizer of scientific
knowledge. He was an Honored Worker of Science and Technology and laureate of
the State Prize of Ukraine and prizes named after L. A. Chugaev of the USSR
Academy of Sciences and L. V. Pisarzhevskii of the National Academy of Sciences
of Ukraine. He was awarded the Ya. Geirovskii Gold Medal of the Czechoslovak
Academy of Sciences, elected doctor honoris causa of Wroclaw University, an
honorary member of the Polish Chemical Society, and a corresponding member of

Fig. 5.9 The first edition of
the 1963 monograph by K.
B. Yatsimirskii Kinetic
Method of Analysis
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Academia Peloritana dei Pericolanti (Italy). He authored more than 1000 publica-
tions, including 24 monographs and 4 textbooks. Among his students were 17
doctors and 59 candidates of sciences.

5.6 Other Chemical Methods

Complexing analytical reagents, containing on the periphery of a molecule a group
that is a stable free radical (see Chap. 1), were synthesized and studied. The idea
was that the path of the reagent labeled in such a way can be tracked using the
electron magnetic resonance method. Reagents were used for extraction-radio
spectroscopic (EPR) determination of metal ions bound into complexes due to the
complexing group of the reagent. Difficulties arose at the stage of separation of the
complex from the excess of the reagent, which, after all, also gives an EPR signal.
Nevertheless, a lot of work was done in this direction, and a large review was
published [30].
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Chapter 6
Separation and Preconcentration
Methods (Excluding Chromatography)

Abstract A general methodology for analytical preconcentration has been devel-
oped. Much has been done in liquid–liquid extraction, in particular the extraction of
chelates and complex acids; the mutual influence of the elements during extraction
has been discovered and studied (Yu. A. Zolotov). Effective sorbents for the pre-
concentration of ions of elements have been created (G. V. Myasoedova,
G. I. Tsizin and others). Capillary isotachophoresis has been invented.

6.1 General Remarks

Except for the attempts of the alchemists to turn various metals into gold and create
an “elixir of life,” the prehistory of chemistry is to a considerable extent the history of
the decomposition of natural substances and the isolation of individual components.
Targeted synthesis was developed with a significant lag and emerged in priority
positions only in the nineteenth century, with the rise of organic chemistry. In
classical qualitative chemical analysis, especially systematic, the separation of sub-
stances by successive deposition occupied a key position. Quantitative analysis by
chemical methods did not always require the obligatory separation of mixtures
(titrimetry), but nevertheless, in this case the operations in question played, and play,
an important role. With the development of instrumental methods of analysis, sep-
aration of mixtures and the preconcentration of small quantities began to acquire in
some measure the nature of auxiliary, although very essential, and often necessary.

Separation and preconcentration became integral parts within the development
of hybrid methods of analysis. We see this in modern chromatography (separation
plus detection in one instrument), capillary electrophoresis, and in a number of
variants of flow-injection analysis. And in such methods as mass spectrometry or
ion mobility spectrometry, the separation of mixtures (more precisely, ions of the
corresponding components of mixtures) is present “inside” the method. In sum-
mary, in terms of chemical analysis, the operations under consideration here are
undoubtedly very important.
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Numerous methods serve the purposes of analytical separation and concentra-
tion; in scientific and methodological terms they are developed to different degrees
and are very different in terms of the scale of their use. In addition, there are
constantly emerging new methods to add to an analysts tool kit. Objects upon
which these methods can be applied are extremely diverse; it is easier to say that
these can be applied to almost any object.

The separation methods used in analytical chemistry are also used in radio-
chemistry; techniques used in this case—in general, are similar too. An obvious
example is liquid–liquid extraction; there are many analysts using this method and
many radiochemists. The similarity is confirmed by the fact that many chemists
work simultaneously in areas of “analytical” and “radiochemical” separation; this
particularly applies to the development of methods for the separation of elements.

To preconcentrate the microquantities, the same methods are usually used as for
the separation of mixtures, but not all of them, and not all the time. So, chro-
matography is rarely used for preconcentration, and directional crystallization and
zone melting—for the separation of mixtures. Interest in specific methods of ana-
lytical separation and preconcentration has changed over time. The peak of interest
in methods shifted from precipitation (in part coprecipitation) to ion exchange, and
especially to liquid–liquid extraction, then to sorption (solid phase extraction); in
the case of the separation of mixtures—from precipitation and distillation to
chromatography, with the latter being presently triumphant.

In the USSR, a general methodology of analytical preconcentration was for-
mulated, aimed mainly at the preliminary concentration of microelements. In the
1950s–1980s, in line with the rest of the world, the USSR paid much attention to
liquid–liquid extraction; several groups worked very actively in this direction, with
a lot of theoretical work being undertaken along with the creation of applied
techniques, new extractants, and a concerted effort in terms of analytical applica-
tions. Then the center of interest began to shift toward sorption methods. Of the
other methods in use, we should be aware of capillary isotachophoresis.

6.2 Methodology of Analytical Preconcentration

The preconcentration of microcomponents before their determination occupies an
important place in analytical chemistry. This is determined by the insufficient
sensitivity of the methods of direct determination; the desire to deal with the same
type of samples during determination, in order to facilitate graduation; and the
inability to directly analyze samples, in which the desired components are dis-
tributed non-homogeneously, such as gold in rocks. Originally developed to be
applied to microelements, analytical preconcentration is now very widely used in
the analysis of organic substances and bio-objects, especially in combination with
chromatographic determination (solid-phase microextraction, liquid microextrac-
tion, etc.).
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A general methodology for analytical preconcentration has been developed
[1–3]. It includes a number of statements, recommendations, assessments, etc., some of
which seem obvious and known; others, perhaps, appear original, but somewhat
controversial. However, on the whole, individual statements, generalizations, etc., form
a system which can be considered as a methodology. Here are its items:

1. A definition of analytical preconcentration and its division into absolute and
relative, group and individual.

2. The quantitative characteristics of preconcentration.
3. The advantages and disadvantages of preconcentration.
4. Appropriate (an inappropriate) uses of preconcentration.
5. Comparison of preconcentration with other methods.
6. An assessment of the rationality of combinations of preconcentration methods

with methods of subsequent determination, along with isolation of the most
successful combinations—the concept of hybrid and combined methods
(Fig. 6.1).

In 1977, the concept and the term “hybrid methods of analysis” were proposed
[4, 5]. These are methods of chemical analysis, based on the combination of sep-
aration and concentration of substances, on the one hand, and their determination
(detection), on the other. Such a combination can be so dense that a new method
actually appears, which is both a separation method and a method of determination.
Examples are capillary electrophoresis and almost all variants of modern chro-
matography, in which the separation of a mixture of substances in a chromato-
graphic column is combined with the determination of the concentration of
separated substances using various detectors (spectrophotometric, electrochemical,
mass spectrometric, etc.). This is not just a sequence of methods: the characteristics
of one initial method, e.g., separation in a column, affect the peculiarities and
characteristics of the other, and sometimes dictate them.

In English science literature, in addition to the relatively rarely used term “hybrid
methods,” is the term “hyphenated methods.” Hyphenated methods are widely used
in practice, they are used to carry out millions of analyses, including the analyses of
complex mixtures of organic substances.

Concentration of trace elements by distilling a matrix, including as a result of
chemical reactions, has found many practical applications. This technique is used in
the analysis of inorganic substances of high purity (Nizhny Novgorod, Novosibirsk,
and Moscow).

6.3 Liquid–Liquid Extraction

In the 1950s–1980s, research and practical developments in the field of liquid–
liquid extraction were carried out in the USSR on a very large scale. With the help
of this method, important tasks like the radiochemical processing of irradiated
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nuclear fuel, hydrometallurgy (uranium, niobium, tantalum, zirconium, rare-earth
elements, etc.) and, of course, analytical chemistry, were solved. In chemical
analysis, extraction was widely used for the extraction-photometric (fluorometric)
determination of elements, for selective isolation and concentration of elements
before their determination by other methods, and for group concentration of
microelements prior to their determination, e.g., by atomic-emission or X-ray
fluorescence methods. The Russian scientific contribution to this field was signif-
icant; apparently, one of the largest.

Fig. 6.1 Title page of N. M. Kuz’min and Yu. A. Zolotov’s book [2] on the preconcentration of
trace elements
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The theory of chelate extraction has developed, especially in terms of solvent
choice for coordinatively saturated and coordinatively unsaturated chelates
(donor-active solvents for unsaturated), and additionally in terms of extracting
charged hydrophilic chelates into the organic phase [6]. The notion of the hydrate–
solvate mechanism of acid extraction was introduced [7, 8] and the phenomenon of
suppression of extraction of one element by another was discovered [9] (Fig. 6.2).

Yu. A. Zolotov and B. Ya. Spivakov proposed a theory of exchange extraction
of chelates. These same researchers, along with O. M. Petrukhin developed the
theory of extraction of metal complexes from the standpoint of coordination
chemistry, and contributed to the theory of synergistic extraction. The effects of
stability, charge, and hydration of complexes on their extraction were revealed. As
a result, recommendations for the selection of optimal extraction systems were
formulated.

B. Ya. Spivakov proposed the use of a two-phase aqueous system based on
water-soluble polymers for the extraction of metal complexes using water-soluble
ligands. The chemistry of metal extraction in polymer–salt–water and polymer–
polymer–water systems has been studied [10, 11]. The use of such systems greatly
expanded the range of extraction reagents and made it possible to work in the
absence of conventional organic solvents, which improved the safety aspects of
working with extraction systems. This work was later developed in the United
States, where similar systems were used to separate radionuclides. Water-soluble
polymers, forming complexes with metals, have also been proposed for use in
membrane filtration. This method has found applications in analytical practice and
radiochemistry.

This work was performed by Yu. A. Zolotov and co-workers at the
V. I. Vernadskii Institute of Geochemistry and Analytical Chemistry of the USSR
Academy of Sciences. In 2005, Yu. A. Zolotov was awarded the C. Hanson Medal
by the International Committee of Extraction Chemistry and Technology, for his
contribution to the development of the extraction method. For his work on
extraction he was also awarded a gold D. I. Mendeleev Medal by the Russian
Academy of Sciences (RAS) and the D. I. Mendeleev Russian Chemical Society.
Yu. A. Zolotov, O. M. Petrukhin, and B. Ya. Spivakov received the L. A. Chugaev
Award of the RAS, and Yu. A. Zolotov, B. Ya. Spivakov, and L. N. Moskvin—the
V. G. Khlopin Award of the RAS.

V. I. Kuznetsov proposed so-called low-melting extractants (at the time of
extraction they are liquid, they solidify upon cooling to room temperature, and are
then easily separated) [12]. These are convenient, e.g., for the subsequent
X-ray fluorescence determination of elements [13]. A group headed by
V. P. Zhivopistsev, B. I. Petrov, and M. I. Degtev, in Perm, developed extraction in
three-phase systems (for concentrating substances in the third phase) [14, 15].

New extragents were proposed. Organic sulphides (specialists from Ufa and
Novosibirsk), diantipyrilmethane (S. I. Gusev, 1950), and 1-phenyl-3-methyl-4-
benzoylpyrazolone-5 (PMBP) (Yu. A. Zolotov and M. K. Chmutova) gained
widespread use. A new class of organometallic extractants for anions was proposed
and studied, in which the complexing atom is not oxygen, nitrogen, or sulfur, but a
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metal (tin) atom interacting with the oxygen atoms of the anion. The unique quality
of these reagents is that they have a high extraction capacity with respect to anions
with high hydration energy; they are still the best known extractants for
oxygen-containing anions, primarily arsenate and phosphate ions.

A large series of work was carried out in Voronezh, under the leadership of Ya.
I. Korenman, on the extraction of phenols and many other organic compounds.
New ionic liquids (and new methods for their use) were applied for extraction by
I. V. Pletnev at the M. V. Lomonosov Moscow State University [16]. V. N.
Bekhterev (Sochi) developed a method of freezing extraction.

Analysts in the USSR developed a vast number of procedures for determining
elements, or their groups, using extraction in a liquid–liquid system. I. P. Alimarin,
A. I. Busev, I. A. Blyum, V. P. Zhivopistsev, V. M. Peshkova, Yu. A. Zolotov,
B. Ya. Spivakov, O. M. Petrukhin, V. G. Torgov, A. G. Karabash, and many others,
are among those who formulated these procedures. Some procedures have been
widely used and are used in the practice of analysis, e.g., in the determination of
platinum metals or gold. Many books on liquid extraction have been published, e.g.
[17, 18].

Fig. 6.2 Fragment of the article by Yu. A. Zolotov on the suppression of extraction of one
element by another
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6.4 New Sorbents and Their Application
to Preconcentration

It is believed that T. E. Lovitz (1757–1804) in St. Petersburg discovered, in 1796,
adsorption from solutions (on charcoal), and used it for technological and analytical
purposes.

To preconcentrate traces elements before their determination by various, mainly
spectrometric methods, many complexing sorbents were created and used [19].

Myasoedova and co-workers [20, 21] synthesized a series of selective com-
plexing polymeric sorbents with groups of 3(5)-methylpyrazole, imidazole, benz-
imidazole, quinolines, 2-mercaptobenzothiazole, amidoxime, thioglykolanilide, and
arsenazo, for concentrating noble, rare, and other metals. Promising areas of
application in inorganic analysis are: group and selective preconcentration of
platinum group elements and gold in their determination in natural and industrial
materials, the concentration of gold, silver, uranium, rare-earth elements, and some
heavy metals, and their determination in natural and waste water.
Using POLIORGS (a trademark), adsorbents combined procedures for determining
these elements in various objects were developed, including sorption concentration
and subsequent determination by atomic-emission, such as ICP, atomic absorption,
X-ray fluorescence, neutron activation, spectrophotometry, and other methods.
These sorbents are also promising for the recovery of valuable metals from solu-
tions, marine and waste water management, sewage treatment, and the extraction of
platinum group metals from process solutions. Selective sorbents of a new type—
fibrous materials filled with complexing ion exchangers—were proposed and used
for the concentration of elements.

In 1984 a monograph entitled Chelate-Forming Sorbents was written, by
Myasoedova and Savvin [22], in which the syntheses of complexing sorbents based
on various polymeric matrices were presented, physicochemical and analytical
properties of the sorbents described, and areas of application characterized
(Fig. 6.3).

Fig. 6.3 Galina
Vladimirovna Myasoedova
developed a series of sorbents
called “Polyorgs,” along with
analysis methods based on
their use. Photo provided by
B. F. Myasoedov
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Galina Vladimirovna Myasoedova was born on July 20, 1929. She graduated
from the D. I. Mendeleev Moscow Institute of Chemical Technology (1953). She
is a doctor of chemical sciences and a Leading Researcher of the V. I. Vernadskii
Institute of Geochemistry and Analytical Chemistry of the RAS.

One group of sorbents, developed by G. I. Tsyzin and A. A. Formanovskii, was
based on the inoculation of conformationally mobile complex-forming groups to
the polymer matrix [23, 24]. The sorbents were designed to simultaneously con-
centrate a large number of elements before being determined by multi-element
spectroscopic methods. DETATA sorbents (a diethylenetriamine tetraacetate group
based on, e.g., a polystyrene or cellulose matrix), in almost all respects, exceeded
the benefits of other commercially available sorbents—Chelex 100, etc. (Fig. 6.4).

With the use of this sorbents in the form of filters, a procedure widely used (in
hundreds of laboratories) for determining a large number of elements by the X-ray
fluorescence method has been developed. Fluorine-containing sorbents have been
proposed as a means of concentrating hydrophobic organic compounds [25].
A methodology of dynamic sorption concentration, used to solve many practical
problems, has been developed [26] (Figs. 6.5 and 6.6).

Grigorii Il’ich Tsyzin was born on March 31, 1957. He is a doctor of chemical
sciences, a professor, and a Principle Researcher of the Division of Analytical
Chemistry of the Chemistry Department of the M. V. Lomonosov Moscow State
University. His work is in the field of analytical preconcentration of elements and
organic compounds. He is laureate of the V. A. Koptyug Award of the RAS.

The series of V. N. Losev’s work deals with the use of chemically modified
silica for sorption concentration, separation, and subsequent spectroscopic deter-
mination of noble and non-ferrous metals [27, 28]. Research is being conducted on
the synthesis of sorbents based on vegetable materials, chemically modified with
various functional groups, and based on inorganic oxides, modified with polymeric
polyamines and sulfo derivatives of organic reagents. These sorbents are used in
sorption spectroscopic and testing methods for determining metal ions in objects of
various compositions.

Fig. 6.4 Structure of
DETATA sorbents
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In recent years, work has been carried out to determine the elements and their
speciation in biological objects. Much work has been done in this direction,
including work of fundamental character [29, 30].

Fig. 6.5 Grigorii Il’ich
Tsizin developed effective
“DETATA” sorbents and
methods linked to their
applications. Photo provided
by G. I. Tsysin

Fig. 6.6 Books about
sorption
preconcentration [19]
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A vast amount of work on the use of polyurethane foam, especially in modified
form, as a sorbent and analytical reagent has been carried out by S. G. Dmitrienko
and co-workers [31]. Super-cross-linked polystyrene, created by V. A. Davankov,
turned out to be a very successful sorbent for concentrating microcomponents; it is
currently widely used [32].

6.5 Capillary Isotachophoresis and Other Separation
Techniques

The method of isotachophoresis was developed in 1923 by J. Kendall and E.
Crittenden. Capillary isotachophoresis was proposed in the Leningrad
Physico-Technical Institute of the USSR Academy of Sciences by B.
P. Konstantinov and O. V. Oshurkova [33] (Fig. 6.7).

A device for capillary isotachophoresis was made in the 1950s. In 1957–1960 it
was shown at exhibitions in the USSR, Poland, and Bulgaria. A Swedish firm
(apparently LKB) wanted to purchase a license for the device, but the developers
could not agree with the proposal and preferred the scientific publication route. The
method was subsequently developed in Czechoslovakia and other countries; it was
improved by Evaraerts [34, 35]. At a later time, a few large companies—LKB
(Sweden) and Shimadzu Seisakusho (Japan)—began to produce instruments
for capillary isotachophoresis.

V. I. Kuznetsov proposed a new method for concentrating elements—copre-
cipitation with organic coprecipitates [36, 37]. In the 1950s, the sensitivity of
methods for determining the elements was insufficient, and the need to determine

Fig. 6.7 Fragment of the first article on capillary isotachophoresis

112 6 Separation and Preconcentration Methods …



trace amounts, especially of rare and scattered elements, increased. Organic
coprecipitators made it possible to solve a number of complex analytical problems.
Under the guidance of V. I. Kuznetsov this approach was developed theoretically,
and procedures for concentrating almost all the elements, including actinides, from
very dilute solutions, were developed.

A. B. Blank in Kharkov (Institute of Single Crystals) developed one more
method of preconcentration—directed crystallization [38]. The method was used in
the analysis of a number of high-purity substances.
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Chapter 7
Other Methods

Abstract Several very original methods of analysis have been developed. Among
them is the so-called stoichiographic method of differentiating dissolution, which is
a new method for the phase analysis of complex solid objects (V. V. Malakhov). An
exceptionally sensitive, but complicated, method of molecular condensation nuclei
was proposed by Ya. I. Kogan. In Russia, there has been a drive toward test
methods, especially for “field” analysis. L. A. Gribov and M. E. Elyashberg
developed a system for elucidation of the structures of organic compounds based on
spectral data (expert systems). There are indications that the first semiconductor gas
sensors were created by I. A. Myasnikov and others.

7.1 General Remarks

This chapter includes very different methods developed in Russia, which, because
of their original nature, do not fall into any of the groups already considered. Some
of these methods are recognized by specialists and are used practically across the
globe; others, including very curious methods, for various reasons have not yet
been widely used (and one, perhaps, will not be). Acquainting myself with some of
these methods, I feel the urge to express my admiration for the ingenuity and
creativity of their developers.

What are these methods? Here we will simply name them and consider their
characteristics briefly; later in this chapter they are discussed in more detail.

One such method is the so-called stoichiographic method of differentiating
dissolution, developed by V. V. Malakhov. This method is for the phase analysis of
inorganic substances and materials that are complex in chemical and mineralogical
composition (multiphase). It consists of carrying out a continuous differentiating
dissolution of the object under analysis, in a dynamic manner, and a continuous
multi-element analysis of the resulting solution. This method is implemented in a
special piece of apparatus called a stoichiograph.

The second method, with a lesser-known name—the method of molecular
condensation nuclei (MCN)—was proposed by Ya. I. Kogan. This method is based
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on the fact that under certain conditions all molecules of organic matter present in
vapor and gas become centers of condensation. Roughly speaking, each molecule
results in the formation of one drop. Drop concentration may be determined by
nephelometry (turbodimetry). The sensitivity of this method is very high.

In this chapter, test determinations are also discussed—chemical and biochem-
ical. In general, this is certainly not a Russian invention, but useful steps have been
taken in Russia in this direction.

L. A. Gribov, M. E. Elyashberg and co-workers developed their system for
elucidation of the structure of molecules of organic compounds based on spectro-
scopic data—nuclear magnetic resonance (NMR) and vibrational spectroscopy.
Approaches based on expert systems (artificial intelligence systems) and deep
understanding of the physics of molecules, are used.

Finally, there is a small section on semiconductor gas sensors in this chapter, the
concept of which seems to be connected with the name I. A. Myasnikov, an
employee of the Ya. L. Karpov Moscow Physico-Chemical Institute.

7.2 Stoichiographic Method of Differentiating Dissolution

In 2009, the founder of this method of phase analysis, V. V. Malakhov (Fig. 7.1),
wrote approximately the following:

For many years in the journals on analytical chemistry there are few articles on phase
analysis. The problem appeared to be too complicated, e.g., for the most well-known
chemical method of phase analysis – selective dissolution. How to separate a mixture of
solid phases and find out what the phases are, if only it is known that in the mixture, e.g.,
there are ten elements. Until recently, in analytical chemistry there were no methods
suitable for the effective solution of such problems. The actual monopoly of physical
methods resulted in rejection of the ‘wet’ chemical methods of phase analysis. The com-
plexity of the problem of separation of solid phases resulted in a loss of interest and the
analysts themselves in solving the problems of determination in solid multiphase mixtures
of both stoichiometric composition, and the content of each phase. But we are not talking
about any particular issues and tasks. Phase analysis is a huge area of inorganic analysis
that is huge in scope and in variety of objects.

The situation changed after 1986, when the stoichiographic method of differ-
entiating dissolution was developed [1, 2].

The essence of the method lies in the fact that a solid multicomponent, multi-
phase system (e.g., a complex catalyst or a rock) is subjected to gradient dissolu-
tion. The composition of the solvent, e.g., an acid solution, changes during
dissolution in terms of increasing its dissolving power. As a result, various com-
ponents of the complex system are successively dissolved. The solution obtained
after dissolution starts is continuously analyzed (usually by atomic emission
spectroscopy with inductively coupled plasma). The device used to record this
monitors not only the concentration of the solution’s chemical elements, but also
their ratios. It is the ratios which make it possible to conclude which compounds
(phases) are dissolved at any given moment (Fig. 7.2).
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Fig. 7.1 Vladislav Veniaminovich Malakhov developed the stoichiographic method of differen-
tiating dissolution. Photo provided by V. V. Malakhov

Fig. 7.2 Malakhov employee A. A. Pochtar’ at work on a stoichiograph. Photo provided by V.V.
Malakhov

7.2 Stoichiographic Method of Differentiating Dissolution 117



The device for flow analysis (stoichiograph) was created at the G. K. Boreskov
Institute of Catalysis of the Siberian Branch of the Russian Academy of Sciences
(RAS). The stoichiograph includes tanks for solvent components, peristaltic pumps
with an electronic system for programming the composition and temperature of the
solvent, a mixer for the solvent components, a thermostatted flow reactor, a sam-
pling and sample preparation unit, an element composition detector, and an
information storage and processing unit. Separate blocks of the complex are con-
nected by a system of capillaries. As previously reported, the ICP AES spec-
trometer is used as a detector, which allows the determination in the flow of the
resulting solution simultaneously at intervals of 11 s for 38 elements at a time (plus
one of the others, optionally). It has detection limits of 10−2–10−3 lg/mL and an
error of 1–5% rel. In the course of dissolution, several thousands of measurements
can be made, which makes the recording of the kinetics appear virtually continuous.

With the help of this method the deciphering of the phase composition of various
objects has been solved. For more details about this the method, see, e.g. [3–5].

Vladislav Veniaminovich Malakhov was born on October 20, 1934. He is a
doctor of chemical sciences, a professor, and Principle Researcher at the
G. K. Boreskov Institute of Catalysis of the Siberian Branch of the RAS. He
graduated from the S. M. Kirov Kazakh University in Alma-Ata (1957), worked as an
engineer in the laboratory of the Leninogorsk Polymetallic Plant. He attended a
graduate course at the Kazakh University and defended his candidate of sciences
thesis. In 1964, he joined the Institute of Inorganic Chemistry of the Siberian branch
of the RAS in Novosibirsk, and in 1966 he headed the analytical laboratory of the
Institute of Catalysis. He led research on the development of polycapillary chro-
matography (PCC), and in 1979 the first column (PCC) was manufactured. Based on
PCC, express analyzers of the “Ekho” type were assembled. V. V. Malakhov solved
problems of analysis of substances of unknown phase composition. In 1988 he
defended his doctoral dissertation entitled “Chemical methods of phase analysis of
heterogeneous catalysts.” He authored about 250 scientific publications, and orig-
inated several patents. He was chairman of the Siberian Branch of the Scientific
Council of the RAS in Analytical Chemistry. He repeatedly chaired the organizing
committees of the Analytics of Siberia and the Far East conferences.

7.3 Method of Molecular Condensation Nuclei

In the early 1960s, Ya. I. Kogan developed a new method for determining impu-
rities in gases. Each molecule of an impurity, under certain conditions, becomes the
nucleus of an aerosol particle, the concentration of such particles is determined
nephelometrically. The method appeared to be one of the most sensitive in modern
analytical chemistry.

Aerosol particles are formed from individual molecules of determined compo-
sition (or, more often, the product of its transformation) in a supersaturated vapor of
specially introduced volatile organic substances with high molecular weights. The
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operations which provide the formation of aerosol particles from the impure
compound’s molecules are carried out in a continuous flow of analyzed gas or
analyzed gas mixed with carrier gas.

The molecules of most compounds present as impurities in a gas are not
themselves capable of serving as condensation nuclei. Therefore, they are activated
by exposure to ultraviolet light, electric discharge, high temperature, or subjected to
chemical transformation. With such activation, compounds capable of acting as
condensation nuclei are formed. These are, e.g., metal oxides, silicon dioxide, and
coordinatively unsaturated compounds of SnCl4 type. Thus, in the first work of Ya.
I. Kogan it was necessary to determine the ultra-low concentrations of nickel car-
bonyl. This carbonyl, by the action of oxygen at 60 °C, was converted into NiO2

molecules which can act as condensation nuclei.
The second (not mandatory) operation is the activation of molecular conden-

sation nuclei (MCN). This operation is resorted to if one wants to achieve the
highest sensitivity of determinations. The flow of the analyzed gas is acted upon by
the vapors of an activating substance, e.g., oxalic acid. Molecules of activators join
the already formed MCN and increase the probability of conversion of nuclei into
aerosol particles by several orders of magnitude.

The third operation is called manifestation. Condensation nuclei are affected by
the developing vapor which is a non-volatile organic substance capable of inter-
acting with condensation nuclei—irreversibly growing aerosol particles. Their
enlargement is facilitated by another stage—treatment with supersaturated vapor of
diisobutyl phthalate; monodisperse particles with diameters of *0.5 lm are
formed, the concentration of which are conveniently measured by a nephelometer, a
process which is carried out in the final stage.

Aerosol gas analyzers have existed before; however, the difference with the
MCN method is that aerosol particles are formed on each molecule of an impurity,
while in other aerosol analyzers the aerosol particle is formed as a result of
coagulation of a large number of molecules. Hence, the extremely low detection
limit achieved using the MCN method. In addition, the method is characterized by a
large linear range of analytical signals.

On the basis of the principle considered, MCN detectors, suitable as chro-
matographic detectors, have been developed. In this case, a large consumption of
carrier gas is required, but there are ways in which this can be reduced; in addition,
dry, clean air may be used as the carrier gas.

Examples of achievable detection limits of impurities in gases using the MCN
method are (in mg/L): carbonyls of metals – up to 10−13, halides of the elements of
groups III–IV of the periodic table—up to 10−10 (a flame photometric detector
provides a detection limit of 10−4), organophosphorus compounds—10−8, sulfur
dioxide—10−8 (FPD—3 � 10−6), and ammonia—3 � 10−6.

The method was developed at the Neorganika Co. (Elektrostal, Moscow region),
where devices have also been developed for its application in solving various
analytical problems. The method, and corresponding instruments, were first used to
determine metal carbonyls. Subsequently, the method was applied to control the
efficiency of filters for cleaning gases, including air, and in checking the tightness of
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critical products—heat exchangers for fast neutron reactors, fuel elements for
nuclear power plants, caisson tanks in aircraft wings, etc.

An important area for the use of the MCN method is the determination of
chemicals present when chemical weapons are destroyed. This is because the
method offers sufficient sensitivity for monitoring not only the working area, but
also the surrounding atmosphere. Thus, the limit of detection of lewisite is � 10−8

g/m3 which has a maximum permissible concentration (MPC) within the work area
of 2 � 10−7. Examples of other detectable substances are: 1,1-dimethylhydrazine,
which is a liquid propellant component for which the detection limit is up to 10−7 g/
m3 at an MPC within the working area of 1 � 10−4; and nickel tetracarbonyl with a
detection limit of 10−12 g/m3.

The first open publication on the MCN method dates back to 1965 [6].1

Subsequently, Ya. I. Kogan published a fairly large number of articles; all of them
are quoted in [7]; he also authored a small book [8] (Fig. 7.3).

Fig. 7.3 Ya. I. Kogan’s book
about the molecular nuclei of
condensation

1As far as I remember, I helped publish this article—Yu.Z.
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7.4 Express Tests Methods

It is almost impossible to draw a clear line between “normal” methods and test
methods of analysis. Moreover, we observe how “conventional” methods, being
embodied in clever techniques and easy-to-use inexpensive portable devices,
become test methods. Glucometers or nitratomers, which practically became
domestic, serve as examples.

Characteristic features which test methods require are: the possibility of mass
production, the relative cheapness and ease of use, the absence of the requirement
for special education and training to be given to the user, and the ability to directly
obtain results in a form understandable to the user. Such methods and means for
implementation have long been known and are widely used and produced by many
firms. The means of this type is diverse: paper strips, ampoules, indicator tubes,
tablets, pocket sets of reagents with plastic test tubes, etc. Such means are con-
venient, in particular, for school chemistry classrooms, for chemical and

Fig. 7.4 A book on test
methods of analysis (2003)
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environmental clubs, and expeditions. They are also used by professionals—che-
mists, geologists, physicians, agronomists, etc.

N. A. Tananaev, at the Kiev Polytechnic Institute in the 1920s, developed, in
parallel with the Austrian chemist F. Feigl, so-called drop analysis, oriented,
however, more toward use by analysts in a laboratory. The surge of interest in
chemical test methods in Russia dates back to the 1990s; it was largely stimulated
by the work performed at the Moscow State University, and dealt with the
development of field analysis. At this university, numerous test methods and test
tools were created (Yu. A. Zolotov, E. I. Morosanova, S. G. Dmitrienko et al.).
Among these are: indicator tubes for analysis of solutions; tablets of polyurethane
foam with impregnated reagents; and sets for the implementation of chemical and
enzymatic reactions. Several small firms were established to produce these test sets.
The result of the initial stage of this cycle of work was reflected in a monograph
published in Russian and English [9, 10] (Fig. 7.4).

A separate area of development has been in immunoassays, e.g., at the A.N.
Bach Institute of Biochemistry of the RAS and at M.V. Lomonosov MSU (B.B.
Dzantiev, S.A. Eremin et al.) [11].

7.5 Elucidation of the Structure of Organic Compounds
Using Spectroscopic Data

L. A. Gribov, M. E. Elyashberg et al. developed a system for the elucidation of the
structures of organic compounds based on spectroscopic data—first data from
vibrational spectroscopy, then, increasingly NMR data.

Artificial intelligence (an expert system) was used in this method [12].
Algorithms and programs were created which became commercial products. The
ACD/Structure Educator system was acquired by several organizations in Russia
(Figs. 7.5 and 7.6).

The use of an expert system makes it possible to detect and correct erroneous
structures, which prevents the acquisition of incorrect structures. Today there are
examples of the application of this system to identify structures, which by tradi-
tional methods of analysis of two-dimensional NMR spectra were considered
impossible. The use of atomic force microscopy in combination with an expert
system, and the quantum chemical calculation of the geometry and chemical shifts
of 13C have made it possible to determine the structure of molecules in cases when
X-ray diffraction analysis is impossible. A synergistic combination of empirical and
quantum methods for calculating NMR spectra has proved to be an optimal way of
distinguishing very close structures (see [13–15]).
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7.6 Semiconductor Gas Sensors

The principle of operation of semiconductor gas sensors is the change in the
electrical characteristics of certain metal oxides when certain gases are sorbed on
their surfaces. The magnitude of the electrical signal corresponds to the number of
molecules sorbed from the environment or appearing on the surface of the sensor
due to a heterogeneous chemical reaction. Although the change in the electro-
physical characteristics of oxides upon gas absorption was previously known, the
idea of using this effect to determine the gas concentration was simultaneously

Fig. 7.5 Lev Aleksandrovich Gribov (born May 23, 1933) developed expert systems for
elusidation of the structures of organic compounds. Photo provided by L. A. Gribov

Fig. 7.6 Mikhail
Evgen’evich Elyashberg
(born May 7, 1936)
developed an effective expert
system for evaluating the
structures of organic
compounds based on nuclear
magnetic resonance spectra.
Photo provided by
M. E. Elyashberg
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expressed by Heiland [16] and Myasnikov [17]. The prehistory of the use of
semiconductor sensors in chemical analysis (or rather, the history of the develop-
ment of semiconductor sensors themselves) was briefly described in a book by
Myasnikov et al. [18].

“The need to use electronic representations to solve a number of physico-
chemical problems arising in the investigation of heterogeneous processes was
realized by Pisarzhevskii already in the early 1920s [19], and some non-trivial ideas
on the effect of adsorption on the electrophysical properties of semiconductor
adsorbents were laid down in classical works of Ioffe [20], Roginskii [21] and other
researchers. Further theoretical development of these ideas was obtained in the
works of Vol’kenshtein and his trainees (see the monograph [22] and the references
contained there), as well as in the papers of Hauffe [23] and a number of others.2

The main idea of F. F. Vol’kenshtein, the founder of the electronic theory of
chemisorption, was that the chemisorbed particle and solid represent a single
quantum-mechanical system, in analyzing which it is necessary to take into account
changes in the electronic state of both the adparticle and the adsorbent itself [22]. In
other words, adsorption in this case is a chemical combination of molecules with an
adsorbent.”

And now let us quote an excerpt from the same book (p. 23), referring to the
actual chemical (gas) sensors.

“The idea, … which consists in the possibility of controlling the composition of
the gas atmosphere surrounding the semiconductor, based on an estimation of the
changes in its electrophysical characteristics, to the best of our knowledge, was first
and practically simultaneously expressed by Heiland [16] and Myasnikov [17]. It is
this idea that was the basis of the now widely used method of semiconductor
sensors.

The basic premise of the proposal expressed in these papers was the following: a
detailed study of the changes in the electrophysical characteristics of a semicon-
ductor adsorbent, caused by the adsorption of a specific gas in a rather wide range
of pressures of the latter, makes it possible to solve the inverse problem of deter-
mining the concentration of this gas in the volume surrounding the adsorbent due to
the change in electrophysical characteristics of the adsorbent caused by its
presence.”

Many people involved in working with gas sensors consider the Japanese group,
who published their work in 1962, i.e., later than Hyland and Myasnikov, to be the
originators of this field.

It remains to add that this area of study has received significant development in
the form of scientific research and published books, with firms now currently
producing a variety of gas sensors.

2References to other Hauffe publications, and the articles of “a number of others,” have been
omitted—Yu.Z.
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7.7 Some Original Novel Devices and Appliances

In addition to the instruments mentioned in this and other chapters,3 it is possible to
name other devices and laboratory installations which were either the first to be
developed or have been significantly improved.

In the 1970s, at the V. I. Vernadskii Institute of Geochemistry and Analytical
Chemistry of the USSR Academy of Sciences, an atomic absorption spectrometer
with a continuous spectrum source (a xenon lamp) was developed. It was a valid
and registered model of the device, which, however, could not be put into the series.
After many years, similar instruments started to be produced by the firm
AnalytikJena.

The first portable ion chromatograph, CPI-1, was assembled in the early 1980s
by “Khimavtomatika” company.

Under the leadership of N. S. Grishin, in Kazan, a whole series of devices for
sample preparation were developed.

Some instruments produced by the St. Petersburg “Lumex” company are
widespread—a mercury analyzer (Fig. 7.7), a device for luminescent analysis
known as “Fluorat,” and others.

Fig. 7.7 The “Lumex”
mercury analyzer was sold in
several countries. Photo taken
from the advertising brochure
of Lumex Co.

3For example, the first microcolumn liquid chromatograph (“Ob’”, “Milikhrom”) was discussed in
Chap. 3, numerous devices for mass spectrometry—also in Chap. 2, and the precision coulometer
—in Chap. 4.
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Chapter 8
Analysis of Specific Objects. Analytical
Chemistry of Individual Analytes
and Their Groups

Abstract In Russian laboratories, many problems related to analyzing nuclear
materials have been solved; in this area, a great deal of experience has been
accumulated. The same can be said about the analysis of materials for microelec-
tronics and other high-purity substances. A significant contribution to the solution
of practical problems was made by A. P. Vinogradov, I. P. Alimarin,
B. F. Myasoedov, Yu. A. Karpov, I. G. Yudelevich, and others. Development of
standard reference. Materials has been undertaken.

8.1 General Remarks

Avery significant part of the effortmade by research analysts inRussia, and around the
world, has been spent on solving problems linked to the title of this chapter. Indeed,
most of the publications in scientific journals have dealt with new methods of iden-
tifying, or especially quantifying, certain substances in specific objects under analysis.

The focus of Russian researchers, on groups of objects to be analyzed, has shifted
in accordance with the following hierarchy: mineral raw materials; metals and alloys;
atomic materials; various substances of high purity, especially for electronics; envi-
ronmental objects; and medicinal substances, food products, and bio-objects.

The greatest contributions of Russian scientists have been made to the analyses
of mineral raw materials, especially to the determination of platinum metals and
other rare elements; of high-purity substances, including those used in nuclear
technologies and electronics; and of ecological objects. In these areas, a great deal
of practical experience has been accumulated.

8.2 Nuclear Materials

As is known, since the early 1940s, work on the use of atomic (more precisely, of
course, nuclear) energy was almost simultaneously launched in the United States,
the USSR, and Germany—at that time exclusively for military purposes. Almost
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immediately, the problem of creating materials for nuclear reactors and atomic
bombs became of utmost importance. Constructional materials for nuclear reactors
had to meet exceptional and previously never required standards. For example,
zirconium was required not to contain any hafnium. Graphite with an exceptionally
low (<10−4%) concentration of elements that strongly absorb neutrons—boron,
cadmium, and some rare-earth elements—became necessary. Uranium had to sat-
isfy stringent requirements, in terms of both its elemental and isotopic composition.
Obtaining these, and other materials, to the required specifications would have been
impossible without corresponding analytical procedures. Therefore, within the
framework of “uranium projects” both in the USSR and the United States, special
scientific units, responsible for providing analytical control and, accordingly, for
scientific and technical solutions in this field, were created. The selection of spe-
cialists and the undertaking of research in this field was hampered by the secrecy of
such “uranium projects.” In the Soviet press, at one time it was even forbidden to
mention the very word “uranium.” To date, the scientific press has published small
amounts of material on the chemical–analytical studies dealing with these projects.

In the USSR, A. P. Vinogradov (Fig. 8.1), future academician, was responsible
for the “chemical–analytical” part of the atomic project. Many of the major analysts
who took part in the atomic project, like Vinogradov, worked in the institutes of the
USSR Academy of Sciences (P. N. Palei, D. I. Kurbatov, and many others). Some
methodological work was carried out at scientific institutions in Moscow and other
cities, e.g., at plant 817 (which would become the “Mayak” plant near Chelyabinsk)
or at the Urals Electrochemical Combine. Groups of highly skilled analysts were
brought together in the emerging nuclear industry, e.g., in the All-Union Institute
of Inorganic Materials – the following future, or already accomplished, doctors of
sciences, L. V. Lipis, V. K. Markov, S. V. Elinson, A. E. Klygin, I. V. Moiseev,
A. V. Vinogradov, et al.; in the All-Union Institute of Chemical Technology –

V. A. Pchelkin, Yu. K. Kvaratskheli, V. K. Lukyanov, and a number of others; and
in the Physicotechnical Institute (Obninsk) – A. G. Karabash. Among the first

Fig. 8.1 Aleksandr
Pavlovich Vinogradov
(August 21, 1895‒November
16, 1975) supervised the
chemical–analytical direction
of the Soviet atomic project.
Photo provided by the
Vernadskii Institute of
Geochemistry and Analytical
Chemistry
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analysts involved in plutonium and other transuranium elements was Boris
Vasil’evich Kurchatov, the brother of the scientific leader of the “uranium project,”
I. V. Kurchatov.

At the first stage of implementation of the “uranium project” in the Soviet Union,
the search for uranium deposits began, this process required new analytical support.
Thus, in 1945, production of gamma radiometers was set up; such devices were
even installed on airplanes. In the development of this field, an important contri-
bution was made by A. L. Yakubovich. Almost simultaneously, research was
carried out into technology for obtaining and purifying uranium, separating and
enriching its isotopes, and creating extremely clean construction materials for the
construction of future nuclear reactors. The results of analyses were required at all
stages of the project’s implementation, with chemical–analytical studies being
carried out in different research fields within the project at once.

Here is an excerpt from a top secret document [1], dated August 1946, sent to the
government curator of the atomic project—L. P. Beriya. This is the report from the
project organizers, B. L. Vannikov, I. V. Kurchatov, M. G. Pervuhin, I. I. Malyshev,

Fig. 8.2 The authors of the
book on uranium
determination have done a lot
for analytical control in the
nuclear industry
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and I. K. Kikoin, about their work during a one-and-a-half-year period (1945‒1946).
Let us remind ourselves that the Soviet atomic bomb would be tested only three years
from the date of this report.

“Throughout the entire operation of the uranium-graphite reactor project, the development
of sufficiently accurate methods of chemical analysis was paramount, very complex, and
difficult to solve. The task of obtaining pure metal turned out to be very complicated, both
because the technology of obtaining chemically pure uranium in general is very little
developed, and because it is necessary to determine certain impurities in quantities … one
two hundred thousandth [proportion] of percent with which our analytical laboratories and
institutions in practice have not met. For the time elapsed in 1946 research institutes and
laboratories involved in the development of the analytical method have found a way to
determine the most dangerous impurities for the reactor and at present this complex
research work is coming to an end … for all kinds of impurities. The chemical analysis of a
number of batches of metallic uranium produced by the plant no. 12 showed that uranium
can be obtained sufficiently clean, and thus there is every reason to expect that by the time
the uranium-graphite reactor is built it will be provided with metal.”

At that time various methods were used to determine the elemental composition of
the materials of the atomic industry, including photometric (using organic reagents),
polarography, and atomic emission analysis. In 1962, the book entitled Analytical
Chemistry of Uranium was published, in which the methods of determining uranium
developed at this time were systematized and generalized [2]. In it, in particular, it
was noted: “Methods of determining uraniumwith uncolored reagents in recent years
have not always met the increased sensitivity requirements. Therefore, there is a
tendency to use organic colored reagents, as a rule, more sensitive. Of these, the
reagent arsenazo 1 (or uranone), synthesized and proposed to determine uranium in
1941 by V. I. Kuznetsov was the most widely used” (Fig. 8.2).

Great experience in the analysis of raw materials for the nuclear industry, as well
as compounds of uranium, beryllium, and other elements, was accumulated at the
All-Union Institute of Chemical Technology. Here, as in other laboratories dealing
with materials of atomic engineering, the role of chemical methods (including
electrochemical and photometric methods) gradually decreased. The importance of
methods of separation and concentration of elements (extraction, sorption, and ion
exchange), which at first were used very widely, was reduced. However, the use of
powerful physical methods was constantly expanding.

The development of methods for the analysis of uranium for neutron-absorbing
and other impurities content greatly stimulated the creation and improvement of
methods for determining the very low concentrations of any elements. Such work
applied to atomic emission analysis was generalized in a book entitled Spectral
Analysis of Atomic Materials, written by A. N. Zaidel, N. I. Kaliteevskii,
L. V. Lipis, and M. P. Chaika (1960).

When studying the products of uranium fission, the problem arose of deter-
mining the large number of radioactive elements in their complex mixtures (ra-
diochemical analysis). Radiochemical analysis was understood to be the means of
identification, assessment of concentration, and sometimes determination of any
physical characteristics of radionuclides in their mixtures. This kind of analysis was
developed as early as the beginning of the 20th century, long before the uranium
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project. Later physicists encountered similar problems when deciphering the
composition of products obtained by irradiating any elements or compounds in
cyclotrons and synchrophasotrons. The solution to such problems was, and is,
studied by radiochemists, as well as analysts. Within the framework of radio-
chemical analysis, a completely new problem arose—development of the analytical
chemistry of transuranium elements, particularly plutonium, then neptunium,
americium, etc. One idea which has arisen from time to time is to create a thorium
reactor, something which has stimulated interest in protactinium.

Analysis of irradiated materials, media with high activity, is not an easy task not
only from a scientific point of view, but also from the point of view of safety:
radioactivity is radioactivity, of course. It is in this area that maximum automation
is needed, including remote analysis. In this direction, much has been done in
different countries around the world. Back in the late 1960s, progress achieved in
this field was generalized in a book written by Shelemin [3].

In the 1940s‒1950s, interest in ultramicroanalysis arose. This term was used to
refer to a combination of procedures which involved operations with very small
amounts of the sample—with solid samples weighing of the order of a few
micrograms and with volumes around a microliter. Attention to ultramicroanalysis
was stimulated by the tasks facing radiochemical analysis. Indeed, the masses of
transuranium elements available in the first years of the atomic project realization!
Studies on ultramicroanalysis were successfully developed in the United States
(Kirk [4], Benedetti-Pikhler [5], and others), and in postwar years were continued in
the USSR (I. P. Alimarin and M. N. Petrikova). At that time ultramicroanalysis used
purely chemical methods. However, after a few years, ultramicroanalysis (in this
purely chemical sense) lost its significance as a consequence of the emergence of
more powerful physical methods.

An essential section of analytical research in this area was (and still is) isotopic
analysis. For a long time it was only a method of scientific research. It was used by
physicists, then by physicochemists, radiochemists, geologists (for determining the
age of rocks), and archaeologists (using the carbon dating method). However, since
solving the atomic problem at the beginning of the 1940s, it became a method of
production control; this particularly was applied to the determination of uranium
isotopes (235U and 238U). Another important area of isotopic analysis is control of
the composition of “heavy water.”

It became necessary to separate uranium isotopes (more precisely, to enrich
uranium with its active isotope) on a large scale. In the USSR, a gas-diffusion
method was used for this, then ultracentrifugation. The degree of isotope separation
had to be carefully monitored. In the United States such work was conducted in a
laboratory that later became known as the “Oak Ridge National Laboratory”
(Tennessee State); in the USSR this work happened at the Urals Electrochemical
Combine (Novoural’sk, Sverdlovsk Region). At this plant, a mass spectrometric
laboratory for isotopic analysis of uranium hexafluoride has existed since 1948.
This laboratory not only served the production, but also developed mass spec-
trometers. In addition to mass spectrometry for isotopic analysis, additional
methods were used: isotopic decay, atomic-emission spectral methods, and
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subsequently, nuclear magnetic resonance. However, mass spectrometry is still the
main method used for isotopic analysis. It is not by chance that at the beginning of
the twenty-first century the Ministry of Atomic Energy of the Russian Federation
ordered the Institute of Analytical Instrumentation of the Russian Academy of
Sciences (RAS) to develop isotope mass spectrometers of a new generation.

At the Leningrad University, in 1948, the Laboratory of Spectral Analysis
(A. N. Zaidel) was organized within the Department of Physics, its task was to
develop and introduce sensitive methods which could be used for the elemental
analysis of high-purity atomic materials; this work was reflected in the already
mentioned monograph [3]. However, in the 1950 s the laboratory engaged in iso-
topic spectral analysis and achieved much in this direction (A. A. Petrov,
A. G. Zhiglinskii, V. M. Nemets, et al.). Some books were written on this subject;
one worth a mention was the monograph written by A. A. Petrov entitled Spectral
Isotopic Method of Material Research (1974).

In the 1960s, civilian nuclear materials came to the forefront. This was, in
particular, “nuclear fuel” for nuclear power plants. Since that time, state organi-
zations responsible for nuclear energy have acted as customers and sponsors of
research in the field of analytical chemistry (in Russia this falls to the state cor-
poration Rosatom). A new field of research has opened up for analytical chemistry;
new problems have emerged that require non-standard approaches, e.g., the task of
controlling the composition of spent nuclear fuel. Interesting and complex problems
also appeared in other research areas (detection of ultralow quantities of synthesized
transcurium elements and detection of traces of nuclear explosions).

The analytic chemistry of transuranium elements was actively developed by the
team at the radiochemical laboratory of the V. I. Vernadskii Institute of
Geochemistry and Analytical Chemistry of the USSR Academy of Sciences
(GEOKHI). This team was headed first by P. N. Palei, then—for many years—by
B. F. Myasoedov (Fig. 8.3).

Fig. 8.3 Boris Fedorovich
Myasoyedov and co-workers
developed numerous methods
for the analysis of nuclear
materials. Photo provided by
B. F. Myasoedov
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Boris Fedorovich Myasoedov was born on September 2, 1930. He graduated
from the D. I. Mendeleev Moscow Institute of Chemical Technology. He is an aca-
demician of the RAS, a professor, and worked as Deputy Director of the Vernadskii
Institute and Deputy Chief Scientific Secretary of the RAS. He was an active member
of the International Union of Pure and Applied Chemistry. Professor Myasoedov is
a laureate of many awards, one of which was the international Heveshi Medal.
Together with other laboratory staff, he developed numerous methods for isolating
and determining protactinium, uranium, neptunium, plutonium, americium, and
other elements. With the participation of others in his laboratory, he developed a
precision coulometer which is used in the nuclear industry.

8.3 Materials for Microelectronics and Other
High-Purity Substances

It is difficult to talk about any major purely fundamental achievements of Russian
analysts in this field. The results here are somewhat different: a successful (already
mentioned) solution of difficult problems of analysis of uranium and other nuclear
materials on impurities; development of methods and procedures for determining
impurities in silicon, as well as in aluminum, gallium, arsenic, germanium, and
other elements used in microelectronics; and a similar solution to problems in the
manufacturing of optical fibers or heat-resistant alloys.

In the course of solving these problems new ideas were born, and non-standard
techniques were created and disseminated. One of these widely used techniques was
combining the preconcentration of trace elements, e.g., by evaporating extracts on a
graphite powder, with the subsequent atomic emission determination of a large
number of elements-impurities. Thesemethods are called chemical–spectral methods.

The need to determine very low concentrations of a large number of impurities
stimulated interest in methods which were capable, in principle, of solving such
problems. Among such methods were, in addition to chemical–spectral methods,
neutron activation analysis, spark source mass spectrometry, and many other
methods which are widely used today. A large accumulated experience in the
analysis of substances of high purity is to some extent imprinted within various
publications, e.g. [6, 7].

A large set of carefully analyzed, high-purity substances collected in Nizhny
Novgorod, formed an exhibition–collection at the G. G. Devyatykh Institute of
Chemistry of High-Purity Substances of the RAS [8] (Fig. 8.4).

Another center, and a very large one at that, was the State Institute of Rare Metal
Industry (Giredmet) in Moscow. Yu. A. Karpov headed the analytical department
of this institute for many years, while V. V. Nedler, B. Ya. Kaplan,
V. G. Goryushina, L. S. Vasilevskaya, and many others, actively worked at the
institute in the fields of analysis of materials of electronics equipment and other
pure substances.
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A great contribution to the establishment and development of the analysis of
high-purity materials in the USSRwas made by I. G. Yudelevich, and the team which
worked in the laboratory he created, in Novosibirsk. Combined analytical methods
based on a combination of various preconcentration methods (liquid extraction,
sorption, distillation, etc.) with highly sensitive instrumental methods—atomic
emission, atomic absorption, mass spectrometry, and neutron activation analysis—
were actively produced and developed in the laboratory. The laboratory continues its
research and development today (A. I. Saprykin, I. R. Shelpakova, et al.).

Iosif Gershevich Yudelevich (1920‒1993) was a doctor of chemical sciences, a
professor, and an Honored Worker of Science and Technology of the Russian
Federation. He was born in Slonim, Poland, in 1920. After completing his studies at the
high school, he studied at the physics and mathematics lyceum, and then in 1940 at the
Physics and Mathematics Department of the Belarusian State University, where he
studied till the war. He finished his studies in Alma-Ata, and his family—his parents and
younger brother—died in Belarus in 1942. Yudelevich started his career at the Chimkent
lead–zinc plant, and then worked as head of the laboratory of spectral analysis at the
VNIItsvetmet Institute in Ust-Kamenogorsk. In 1963, he organized and headed a labo-
ratory for monitoring the purity of semiconductor materials at the Institute of Inorganic
Chemistry of the Siberian Branch of the USSR Academy of Sciences. Under the guidance
of Yudelevich, more than 50 candidate of sciences theses were defended, and five of his
trainees subsequently became doctors of science. Yudelevich headed the Siberian Branch
of the Scientific Council of the USSR Academy of Sciences on Analytical Chemistry.
Under his initiative in 1982, in Tyumen, the Analytics of Siberia and the Far East
conferences were started, which became one of the largest conferences on ana-
lytical chemistry in Russia. He organized the Novosibirsk Analytical Seminar.
Yudelevich also came up with the idea of organizing the Russian–German–
Ukrainian Symposium (ARGUS), which also started in Novosibirsk.

The V. I. Vernadskii Institute of Geochemistry and Analytical Chemistry of the
USSR Academy of Sciences (RAS), where work has been done on the

Fig. 8.4 Book about the
exhibition—collection of
high-purity substances

134 8 Analysis of Specific Objects. Analytical Chemistry …



preconcentration of impurity elements and on the radioactivation analysis of elec-
tronic equipment materials, should also be named here; at the initial stage of such
work, spark source mass spectrometry was used at the institute. Here, work was
carried out under the supervision of A. P. Vinogradov and I. P. Alimarin, with the
active participation of Yu. V. Yakovlev, M. S. Chupakhin, Yu. A. Zolotov, and
many others (Fig. 8.5).

Ivan Pavlovich Alimarin (September 11, 1903‒December 17, 1989) was a
general analyst, a member of the USSR Academy of Sciences, laureate of the USSR
State Prize, and head of the Division of Analytical Chemistry at the
M. V. Lomonosov Moscow State University (1953‒1989) and the laboratory in the
Vernadskii Institute. He headed the Scientific Council of the USSR Academy of
Sciences on Analytical Chemistry and was the editor-in-chief of the Journal of
Analytical Chemistry. He was highly respected abroad, was a member of the
editorial boards of a number of journals, participated in the International Union of
Pure and Applied Chemistry, and held a number of international awards.

He has had work published on the analysis of mineral raw materials, substances of
high purity, methods of separation and concentration, and radioanalytical methods. In
many ways, he helped to set new promising directions and train analysts.

8.4 Rare Elements and Platinum-Group Metals

Sometimes analysts say that in the Soviet Union, in terms of the analytical
chemistry of rare elements, more work has been published than in all the world’s
other countries combined. Perhaps this is true, especially in terms of rare-earth
elements. Many procedures for determining almost all rare elements have been
developed, using the full arsenal of analysis methods. Some of the procedures have
been introduced into industrial, geological, and ecological laboratories, as well as
other non-specific laboratories. There has been a lot literature devoted to the

Fig. 8.5 Ivan Pavlovich
Alimarin headed the teams,
who did a lot for the analysis
of high-purity substances.
Photo provided by I.
P. Alimarin
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analytical chemistry of rare elements, especially in the 1950s‒1970s, e.g. [9, 10].
Certain volumes of the series Analytical Chemistry of Elements, published in 1970‒
1990 by the V. I. Vernadskii Institute of Geochemistry and Analytical Chemistry of
the USSR Academy of Sciences (see, e.g. [9–13]), were devoted to many rare
elements. Some analyst–researchers devoted almost all their scientific lives to the
analytical chemistry of one element, as did L. V. Borisova, who studied rhenium.
The Division of Analytical Chemistry of the M. V. Lomonosov Moscow
University had a separate laboratory for analytical chemistry of rare elements,
which was headed by professor A. I. Busev. Interest in these elements was triggered
by their sharply increasing worldwide use linked to various areas of the economy or
security.

On the contrary, interest in platinum metals originated in Russia quite a long
time ago. By the eighteenth to nineteenth centuries much had been done in terms of
their isolation, detection, and quantitative determination (P. G. Sobolevskii,
C. C. Сlaus, et al.) (Fig. 8.6).

In 1840–1850, C. C. Сlaus, who discovered ruthenium, developed some methods
for the isolation and detection of platinum metals [14]. He used separate compounds
of these elements as analytical reagents. A book was been devoted to this work [15].
In the twentieth century, a large number of studies considered the problem of ana-
lytical control of the extraction technologies used to obtain platinum metals from the
raw materials of the Norilsk Mining and Metallurgical Combine, with subsequent
refinement of metals at the Krasnoyarsk Non-Ferrous Metals Plant and additional
processing at the Sverdlovsk (Yekaterinburg) Non-Ferrous Metal Processing Plant.
A significant part of the research work, implemented in the control and analytical
laboratories of these enterprises, was performed at the N. S. Kurnakov Institute of
General and Inorganic Chemistry of the USSR Academy of Sciences in 1940‒1960,
and later at the A. V. Nikolaev Institute of Inorganic Chemistry of the Siberian
Branch of the USSR Academy of Sciences (Novosibirsk), the M. V. Lomonosov
Moscow Institute of Fine Chemical Technology, and many institutes of industry—
Giredmet, Gipronickel, TsNIGRI, etc.

Fig. 8.6 Carl Carlovich
Сlaus (January 22, 1796‒
March 24, 1864) discovered
ruthenium and developed
several methods for
determining platinum metals.
Picture previously published
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An important role in the development of practically useful procedures for
determining platinum metals was played by the already mentioned State Institute of
Rare-Metal Industry (Giredmet), in which the Department of Analytical Chemistry
was led for a long time by Yu. A. Karpov (Fig. 8.7).

Yurii Alexandrovich Karpov is born on March 1, 1937. He is an academician
of the RAS and a professor. He graduated from the Moscow Institute of Steel and
Alloys, worked at the Institute of Metallurgy of the USSR Academy of Sciences,
mainly in Giredmet. Currently he is the Principle Research of the N. S. Kurnakov
Institute of General and Inorganic Chemistry. He was deputy chairman of the
Scientific Council of the RAS on Analytical Chemistry, editor-in-chief of the journal
Plant Laboratory. Diagnosis of Materials. He is the president of the “Analytics”
Association.

He carried out work on the determination of gases in metals, analysis of
high-purity substances, analytical chemistry of rare and platinum metals, and
analytical metrology and standardization.

All this accumulated experience was reflected in a number of books [16,
17] (Fig. 8.8). In addition, this experience was shared at regularly held conferences
known as the Chernyaev Conferences on Chemistry, Technology, and the Analysis of
Platinum Metals (I. I. Chernyaev was the director of the N. S. Kurnakov Institute of
General and InorganicChemistry, an expert in complexcompoundsofplatinummetals).

8.5 Environmental Objects

This group of objects began to occupy a leading position in many laboratories since
1970, with interest peaking in the 1990s. A lot of useful procedures, specialized
techniques, standard reference samples, etc., have been created. Many university
departments, institutes of the Academy of Sciences, and control analytical labora-
tories are involved in such work. A significant amount of experience has accu-
mulated, e.g., in analysis of water by ROSA, the Analytical Center for Water
Quality Control in Moscow.

Fig. 8.7 Yurii
Aleksandrovich Karpov led
work on the analysis of
high-purity substances and
rare metals at the Giredmet
Institute. Photo provided by
Yu. A. Karpov
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Attempts were made to formulate a common methodology for monitoring
environmental objects from the point of view of the chemical analysis. One of the
schemes [18] is set out below.

The main task of analysis and control of environmental objects is, of course, the
detection, identification, and quantification of harmful substances of anthropogenic
origin. However, a problem arises also in terms of the control of natural compo-
nents, such as, e.g., carbon dioxide and ozone in the atmosphere or dissolved
oxygen in water.

The control of environmental objects, in terms of determining their chemical
composition, has encountered great difficulties, which are in part associated with the
features of the environmental objects themselves, e.g., with the diversity of their
natural composition and lability, variability in time. Other difficulties are associated
with the magnitude of the task, the sheer amount of work required. In fact, the

Fig. 8.8 Several books on
the analysis of specific objects
and on the analytical
chemistry of platinum metals
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number of substances which need to be controlled is growing. For example, it is
known that for natural water, Russia has established maximum permissible con-
centrations (MPCs) for approximately 1500 substances. The number of required
analyses, even for the most common pollutants, is increasing. As time progresses
new types of objects, which are considered desirable to control, appear. All this is
remarkable since it reflects society’s concerns about the cleanliness of habitats,
improvements to quality of life, etc. However, for this to happen the responsibilities
analysts and controlling organizations (worldwide), should rapidly increase.

The matter is complicated by the fact that the common methodology of analysis
and control of environmental objects, which is often used today, does not make it
possible to solve more complicated tasks, e.g., reliably determining all 1500 sub-
stances in natural water. Let us assume that reliable methods are eventually
developed. We still have the problem that to date no monitoring laboratory can
determine all these substances simultaneously—not least because of the enormous
amount of effort required. Of course, we understand that in reality there is no need
to determine all these substances simultaneously, but this is another matter. What
do we have in reality? We have good domestic laboratories which can determine
100‒150 indicators, conventional laboratories which can determine 20‒30 indica-
tors, and other laboratories which can determine fewer.

The way out, apparently, is to change the methodology itself—the general
approaches to analysis and control. The concept of monitoring environmental
objects in terms of determining their chemical composition may include several
components; from these we shall consider just six. It should be emphasized that
these elements are closely interrelated.

The provision of a large-scale, two-step analysis (or even a three-step analysis)
with screening of samples at the first stage can be considered the first such component.
Screening greatly facilitates and simplifies control. During this first stage, samples
which yield a negative result for a semi-quantitative, simplified assessment of the
presence or absence of an initial substance are rejected. A negative result, i.e., data on
the absence of the initial substance or, more precisely, on its possible presence below a
prescribed concentration limit, is considered to be final, and these samples are no
longer returned to. Samples which give a positive result go to the second stage of the
analysis, in which more precise methods are used. This first stage is inexpensive and
convenient, because the task here is to provide large-scale and express evaluation.

The second important element of the methodology can be considered as much
broader use of generalized, integrated indicators. Here, we move away from
laborious component analysis. Generalized indicators are especially valuable to the
first stage of control. It is important to expand the search for new generalized
indicators for inclusion in the system of multistage analysis. In the future, appar-
ently, it will be possible to exclude known techniques from use, or perhaps improve
them (chemical oxygen consumption, total organic carbon, tests for the sum of
heavy metals, etc.). Special attention should be paid to the creation and improve-
ment of biotests, especially when applied to water. They should be fast to use,
cheap, and based on the idea of being easily accessible whilst providing long-term
storage and transportation of organisms. Such biotests should be operable in the
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field (so-called simple tests). Existing rules also require that they be certified. Such
biotests would need to be used at the very first stage of control.

Another way to get away from component-wise analysis—this time almost
entirely—is the use of pattern recognition. Recognition of the general image of the
object of research, primarily with the help of electronic tongue and electronic nose
technology, is rarely used. However, with commercial development this technique
will be more widely used in the field, e.g., an electronic tongue will certainly be
able to indicate a change in the composition of water.

An obvious and successful element of the concept under discussion is the
movement of chemical analysis from a stationary laboratory to the location of the
analyzed object, i.e., in the field. The advantages of non-laboratory analysis are
obvious. Time and money are saved in terms of a sample’s preservation and trans-
portation. You can analyze samples practically, in situ, in real time. For analysis in
the field, simpler and cheaper means are often used than in a laboratory, and, con-
sequently, the requirements for realizers are reduced. More importantly, there are
objects that are difficult to analyze in the laboratory. This applies to labile specimens
and to emergency situations, including those of natural origin. Of course, the most
complex analyses of the most complex objects in the field can not yet be carried out.

In order to providing large-scale analysis, especially in the field, it is important to
create and widely use mobile means of analysis. In principle, the arsenal of mobile
means includes mobile laboratories in cars, boats, railway carriages, helicopters,
and airplanes. Further it includes portable devices, including those which are pocket
sized; chemical and biochemical test kits, test systems, as well as chemical sensor
systems. In this line, mobile laboratories are, of course, a palliative tool, interme-
diate between stationary laboratories and systems of portable devices.

An essential condition for large-scale analysis is, of course, automation. One
variant is the creation of continuous mode stations and posts which operate auto-
matically to monitor the composition of air and water. However, the most toxic
organic compounds can not be determined in this way. Another variant is the
automation of large-scale laboratory analysis, primarily of water. Much has been
done, in particular, to develop methods based on flow-injection analysis and its
analogs. This is undoubtedly a promising way forward. Let us not forget that many
modern devices are largely automated by themselves.

A large volume of work has been carried out to control persistent organic
substances [19], e.g., dioxins, at the Severtsov Institute of Ecology and Evolution,
RAS (this work began as a consequence of the Vietnam War and the use of Agent
Orange).

8.6 Other Analysis Objects and Analytes

Much attention has been paid and is given to the analysis of mineral raw materials,
geological, and geochemical objects. In this area, a lot of experience has been
accumulated, with many leading analysts of the twentieth century starting in such

140 8 Analysis of Specific Objects. Analytical Chemistry …



laboratories, especially at the All-Union Institute of Mineral Raw Materials (VIMS)
in Moscow. Many methods of analysis, new for their time, were “run-in” in such
institutes (polarography, nuclear physics methods, atomic absorption spectrometry,
etc.). The same is true for the analysis of metals and alloys, where the main
analytical problems are currently solved by spectrometric methods.

As in many other countries, new methods for the analysis of food and phar-
maceuticals are being developed. In recent years, leading laboratories have been
creating new methods for analyzing biomedical objects, including for the purposes
of diagnosing diseases. In 2015, a major conference entitled Chemical Analysis and
Medicine was held in Moscow.

8.7 Ensuring the Quality of Chemical Analysis

In the USSR, the state service of standard reference materials (SRM), which
organizes the development and production of standard samples of substances and
materials, was established. The scientific and methodological center of the service
was in Yekaterinburg, which was then called Sverdlovsk. An important role in
organizing this standardization was played by A. B. Shaevich (1924‒2017), the
author of several books, including one entitled Analytical Chemistry as a System
[20] (Fig. 8.9).

The development and production of SRM of ferrous metals, alloys and, in
general, materials of ferrous metallurgy (slags, fluxes, etc.) were well organized.
This required a lot of involvement from one of the branch institutes of ferrous
metallurgy, located in Sverdlovsk–Yekaterinburg. Numerous research institutes of
non-ferrous metallurgy, e.g., the institute located in Mtsensk, created standard
samples of copper alloys and other products of non-ferrous metallurgy. Several
institutes of the geological service, as well as three or four institutes of the Academy
of Sciences, created, and continue to create, SRM for corresponding natural objects,

Fig. 8.9 Aron Borisovich
Shaevich (October 24, 1924‒
2017) contributed, in many
ways, to the creation of a
system of standard samples of
composition. Photo provided
by A. B. Shaevich
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e.g., the A. P. Vinogradov Institute of Geochemistry has worked successfully in this
field. The D. I. Mendeleev All-Russian Institute of Metrology (St. Petersburg) is
involved in standard gas mixtures. The “Ekoanalitika” association in Moscow
produces SRM of a number of environmental objects.

Many analysts are engaged in the traditional metrology of chemical analysis—
not so much in the scientific sense, but in terms of generalization, adaptation,
popularization, and training. Work on chemometrics in terms of processing mul-
tidimensional data is very impressive (A. L. Pomerantsev, O. E. Rodionova,
B. M. Mar’yanov, V. I. Vershinin et al.).

The association of analytical centers “Analitika” has been engaged for many
years with the accreditation of laboratories. General requirements for the certifi-
cation of laboratories are based on the recommendations of the International
Organization for Standardization (ISO) and the Russian government organization
Rosstandart.

Readers are directed to the book written by V. I. Dvorkin entitled Metrology and
Quality Assurance of Chemical Analysis [21].
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Chapter 9
Textbooks, Journals, History,
and Methodology of Analytical
Chemistry. The Means of Promotion
of This Science

Abstract As early as the nineteenth century, textbooks on analytical chemistry
(N. A. Menshutkin and F. F. Beilstein) were written in Russia, which have been
published many times in many different languages. Modern textbooks have been
produced at Moscow and St. Petersburg Universities as well as Moscow
Technological University (editors, respectively, Yu. A. Zolotov, L. N. Moskvin,
and A. A. Ishchenko). Four journals on analytical chemistry are currently pub-
lished, including the Journal of Analytical Chemistry published simultaneously in
English and Russian. Many publications deal with the history and philosophy of
analytical chemistry, including the book by Yu. A. Zolotov and V. I. Vershinin
entitled History and Methodology of Analytical Chemistry.

9.1 General Remarks

The success of any natural science is largely determined by the availability of
necessary instrumentation, reagents, etc., and the rational organization of work (or,
in other words, having suitable financial, material, and administrative conditions).
However, the main driver for the successful development of science is, of course,
people—erudite, creative, motivated, responsible, and hardworking. The system of
training scientific personnel should ideally be aimed at cultivating and selecting
such researchers.

Professional training of analysts includes many components and requires the use
of various forms and means. One tools available is, of course, textbooks, as well as
various auxiliary literature—handbooks, practical guides, etc.

Students and teachers, as well as actively working researchers should also be
familiar with the history of their chosen science, understand the logic of the
development of ideas, methods, and procedures of work, and a knowledge of the
founders and the discoverers within their field. V. I. Vernadskii wrote that studying
the history of science is a tool for creating a new one.

For the development of a specific field of science, it is essential that is has
support from society and an understanding by the state, and broad mass of people,
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that it is important and useful. This represents the cornerstone which supports
science, enabling a flow of people, and financial support, into it. Hence the desir-
ability of propaganda and popularization of science. This also applies, of course, to
analytical chemistry.

9.2 Textbooks and Handbooks. Serial Publications

The first manuals on analytical chemistry appeared at the beginning of the nine-
teenth century. Thus, in 1801, V. M. Severgin (1765–1826) published the book
Assay Art, or Guide to the Test of Metal Ores. In 1854, N. A. Ivanov (1816–1883),
who worked at the St. Petersburg Mining Institute, published a three-volume
manual on chemical analysis, entitled Initial Basis of Analytical Chemistry, which
was awarded the Demidov Prize. In 1867, F. F. Beilstein, who worked at the St.
Petersburg Technological Institute, wrote, together with L. Yu. Yavein, a book
entitled A Guide to Qualitative Chemical Analysis. At the same time, the book was
published in German in Leipzig, in 1868 was translated into Dutch, in 1873—into
English, and in 1876—French. In Russia, the “Guide” saw nine editions (the last
being published in 1909) and for several decades served as an important textbook in
analytical chemistry. Fedor Fedorovich Beilstein (1838–1906), known for his
handbook on organic chemistry, was a member of the St. Petersburg Academy of
Sciences. N. A. Menshutkin’s textbook entitled Analytical Chemistry, published in
its first edition in 1871 and later reprinted in Russia a further 15 time (until 1932!),
it was also translated into the main European languages. Nikolai Aleksandrovich
Menshutkin (1842–1907) was in charge of the Division of Analytical Chemistry at
St. Petersburg University, and at the end of his life he also worked at the St.
Petersburg Polytechnic Institute, of which he was one of the founders (Fig. 9.1).

Fig. 9.1 Nikolai
Aleksandrovich Menshutkin
(October 12, 1842–January
23, 1907) was in charge of the
Division of Analytical
Chemistry of St. Petersburg
University and wrote a
textbook entitled Analytical
Chemistry which was
published in Russian 16 times
and translated into all the
main European languages.
Photo previously published
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In the middle of the twentieth century, V. N. Alekseev’s textbooks, translated
into a number of languages, were popular; they were particularly widely used in
developing countries and countries of Eastern Europe. These textbooks (Qualitative
Analysis, The Course of Qualitative Chemical Semimicroanalysis, and Quantitative
Analysis) were distinguished by their successful construction, clarity of presenta-
tion, and clarity of formulations, but dealt with only chemical methods of analysis.

Among the modern textbooks one should consider those prepared at Moscow
University [1], St. Petersburg University [2] (Fig. 9.2), and the Moscow University
of Fine Chemical Technology [3].

In terms of handbooks, the most well-known was Yu.Yu. Lurie’s book entitled
Handbook of Analytical Chemistry.

Among the serial publications are: Analytical Chemistry of Elements, Analytical
Chemistry Methods, Analytical Reagents, and Problems of Analytical Chemistry.
Many editions from these series have references in this book.

Fig. 9.2 A textbook on
analytical chemistry, edited
by L. N. Moskvin

9.2 Textbooks and Handbooks. Serial Publications 147



9.3 Journals

The first specialized scientific journal, in which analytical chemistry took an
important place, was the journal entitled Plant Laboratory, created in 1932. It is now
published under the name Plant Laboratory. Diagnosis of Materials (Zavodskaya
Laboratoriya). In addition to the problems of chemical analysis, the journal considers
the testing of physical and mechanical properties and mathematical methods.

The main scientific journal on analytical chemistry in Russia is the Journal of
Analytical Chemistry (Zhurnal Analitichescoi Khimii), which has been published by
the Academy of Sciences since 1946. The journal simultaneously appears in
Russian- and English-language versions (the latter is distributed by Springer
Publishing Company). Original articles, reviews, so-called general articles, infor-
mation materials, and information on the history or teaching of analytical chemistry
are published within this journal.

In Yekaterinburg there is a journal published under the name Analytics and
Control, in Voronezh Sorption and Chromatographic Processes. Advertising and
information magazine Analytics is published in Moscow (Fig. 9.3).

Fig. 9.3 The journal
Analytica
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Articles on analytical chemistry are published in many other journals—Reports
of the Academy of Sciences and Izvestiya RAN. Chemical series, Radiochemistry,
and Izvestiya Vysshikh Uchebnykh Zavedenii. Chemistry and Chemical Technology,
Chemistry for Sustainable Development, etc.

9.4 Work on the History and Methodology of Analytical
Chemistry

A fewpeople were and are professionally engaged in the history of analytical chemistry
in Russia, including Batalin [4], Tsyurupa [5], Ushakova [6], Strel’nikova [7, 8], and
Zolotov and Apenova [9], all of whom have devoted their research mostly to domestic
history. It is especially necessary to note the great work of E. M. Senchenkova, on the
history of the creation of chromatography by Tswett [10–13]. L. B. Pavlova and
A. N. Shamin produced a list of publications devoted to the history of analytical
chemistry [14]. Yu. A. Zolotov and V. I. Vershinin had a chronology published of the
most important discoveries in the field of analytical chemistry [15].

The general methodology (“philosophy”) of analytical chemistry was one of the
favorite topics of several Russian analysts—Yu. A. Klyachko, A. B. Shaevich,
V. I. Vershinin, and Yu. A. Zolotov. In their articles and books, they considered
names of the science on determination of chemical compositions, definitions,
developmental stimuli, the relationships between fundamental and applied aspects of
analytical chemistry, analytical chemistry’s place in the system of sciences, the
connection between analytical chemistry and the other sciences, and the hybridiza-
tion of methods of analysis. Yu. A. Zolotov and V. I. Vershinin, in 2007, published
the book published entitled History and Methodology of Analytical Chemistry [15].

One can consider this direction in more detail, in essence.
Periodically flaring discussions about the most common problems of analytical

chemistry related to its self-knowledge have made it possible, although slowly, to
move toward a coherent understanding of the basic concepts; to the formulation of
more and more precise definitions, to finding terms acceptable for most; to a
solution, although sometimes palliative, of a number of controversial issues, e.g.,
whether analytical chemistry is an applied science or whether it is proper to attribute
it to the fundamental sciences.

The range of methodological issues includes, at a minimum, the following: the
definition of analytical chemistry (including the concepts of purpose, subject,
method, and relationship); incentives for its development; its position in the system
of sciences (including its historical position, and most importantly its position in
terms of interrelations and boundaries with other sciences); the routes to creating
methods of analysis (an issue closely related to the previous one); the relationship
between analytical chemistry and analytical service, and whether it is fundamental
science or an applied science; and finally, the problem of the very name which
should be given to a science which determines chemical compositions.

9.3 Journals 149



The common view is that these issues should not concern researchers, who, of
course, have too many other—concrete—things to do; let science theorists do this,
if it interests them; we have no time for such discussions. Meanwhile, such a
position can hardly be considered correct (by the way, it reflects not so much the
incredible employment of serious people who solve critical analytical problems, as
inability to rise above everyday tasks and reach the level of the “philosophy” of
science). The point is that the position of analytical chemistry in the system of
knowledge, and even in society, depends to a certain extent on the coordinated,
“correct” understanding of a number of these, and other unspecified, common
problems; to some extent the very fate of our science and the scope of our efforts.

Let us consider one example. In the structure of one institute or one enterprise,
under one roof, one can see the laboratory of analytical chemistry and the laboratory
of spectral analysis. This means that the leaders of the institute, or the enterprise, do
not understand that modern analytical chemistry includes spectral analysis, like
many other directions and methods for studying chemical compositions. Now,
analysts—chemists, physicists, and engineers—working in these laboratories, do
not explain this to their leaders. They do not explain to their superiors that both
words in the term “analytical chemistry” have meaning. It is not necessary to prove
that today analytical chemistry uses more physical methods than chemical ones,
e.g., optical spectral, X-ray, mass spectrometric, and nuclear–physical (radioacti-
vation), as well as methods based on thermal conductivity (catharometers) and other
concepts. The chiefs, apparently, believe that analytical chemistry purely incor-
porates chemical methods of analysis.

Does the community of analysts suffer because of this misunderstanding? And
how do they suffer! Perhaps from an artificial disunity? Meanwhile, there is a lot
which should unite specialists using different methods: rational distribution of the
objects of analysis “by methods”, solving of issues about the interchangeability and
complementarity of methods, comparing results, a uniform solution of many
metrological problems, etc.

And what is the opinion of certain science figures that analytical chemistry is
called upon to serve, including “their” areas of knowledge, that this is not an
independent scientific discipline. They do not know the difference between ana-
lytical chemistry as a science and analytical service as a system for providing
analyses, including related and non-adjacent sciences. It’s just as if some philistine
under the chemistry would understand only the production of fertilizers for his
summer residence and good detergents for his beloved wife. Such opinions can not
simply be ignored, because their supporters speak at meetings of academic councils,
vote, some of them occupy important positions, at which organizational decisions
are made. Is it not from this that often the closing of the divisions of analytical
chemistry in universities or the appointment to manage them by not analysts? In
analytics, as in literature or medicine, everyone understands….

These and similar issues were considered at various seminars and conferences,
including two Russian conferences on the history and methodology of analytical
chemistry.
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9.5 Promotion and Popularization of Analytical
Chemistry

The popularization of, and generation of propaganda for, analytical chemistry is
given little attention (in the United States it has gained more attention than in other
countries). In Russia, such work is conducted, as elsewhere, on a very small scale,
something which should be pitied.

It is possible to note separate articles which have appeared in newspapers (Poisk,
etc.) and large-scale journals (Chemistry and Life, Science and Life (in Russian)) as
well as appearing in one popular book by Yu. A. Zolotov entitled Chemical
Analysis for All, All, All (in Russian) (2012) [16] (Fig. 9.4).

Fig. 9.4 One popular
scientific book on chemical
analysis
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Chapter 10
Organizational Input

Abstract Many Russian analysts have worked at the International Union of Pure
and Applied Chemistry (IUPAC), the European Association of Chemical and
Molecular Sciences (EuCheMS), the European Commonwealth of Metrology in
Analytical Chemistry (EURACHEM), and other international organizations.
Well-known Russian scientists sit on the editorial or advisory boards of a number of
leading analytical journals. Several large international conferences have been held
in Russia. Coordination of research by Russian analysts is carried out by the
Scientific Council on Analytical Chemistry, which is a member of EuCheMS.

10.1 General Remarks

Russian specialists in analytical chemistry are known in scientific, organizational,
and publishing communities.

Russia plays an important role in international organizations, editorial boards of
international journals, and the organization of international conferences. In addition,
Russian analysts also lecture in other countries. Several Russian analysts, having
moved to other countries, have gone on to undertake significant work in those
countries.

10.2 Work in International Organizations

Russian analysts work in many international organizations which are connected to
chemistry or, more specifically, to analytical chemistry. Among these organizations
are the International Union of Pure and Applied Chemistry (IUPAC), the European
Association of Chemical and Molecular Sciences (EuCheMS), the European
Commonwealth of Metrology in Analytical Chemistry (EURACHEM), the
Cooperation on International Traceability in Analytical Chemistry (CITAC)
(Fig. 10.1).
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In the Analytical Chemistry Division of IUPAC, Russian analysts have been
involved since the 1960s; the first of whom, apparently, was I. P. Alimarin, who
was a member of the committee of the Analytical Chemistry Division and also a
member of at least one commission, i.e., the commission on the nomenclature of
analytical chemistry. Yu. A. Zolotov, was twice a member of the committee of the
Analytical Chemistry Division and worked there from 1971 to 1987; he was also a
member of several commissions. S. B. Savvin, Yu. G. Vlasov, E. A. Terent’eva,
E. E. Gelman, B. Ya. Spivakov, V. P. Kolotov, T. A. Maryutina, P. S. Fedotov, and
many others were among the members of the Analytical Chemistry Division. P.S.
Fedotov was elected chairman of the “Chemistry and Ecology” Division of IUPAC.

For a long time Yu. A. Zolotov worked in the Analytical Chemistry Division of
the Federation of European Chemical Societies (FECS), at that time named
EuCheMS; he represented the Russian Chemical Society and received a tribute for
this work in 2012 (Fig 10.1). Then he was succeeded by S. N. Shtykov. After
joining EuCheMS representing the Scientific Council of the Russian Academy of
Sciences in Analytical Chemistry, B. Ya. Spivakov became an active member of the
board. S. N. Shtykov currently heads the working group on nanotechnology at the
Analytical Chemistry Division [1].

At Euoranalysis conferences, regularly organized by the Division of Analytical
Chemistry of EuCheMS, scientific committees have included Yu. A. Zolotov,
B. Ya. Spivakov, S. N. Shtykov, O. A. Shpigun, and others.

Fig. 10.1 Activists of the Division of Analytical Chemistry of the Federation of European
Chemical Societies (now EuCheMS). From left to right: Ya. Labuda, J. Horvai, Yu. A. Zolotov,
S. Grob, V. N. Zaitsev, and M. Karayannis (1990s). Picture provided by V. N. Zaizev (Ukraine)
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The Association of Analytical Centers “Analytics” (discussed below) is a
member of the EURACHEM. In this community Russia is represented by
V. B. Baranovskaya and M. Yu. Medvedevskikh. “Analytics” also interacts with
CITAC, whose Russian representative is Yu. A. Karpov. “Analytics” is part of the
Asia–Pacific Cooperation for Laboratory Accreditation (APLAC) and has contacts
with the International Laboratory Accreditation Cooperation (ILAC), see [2].

10.3 Work in International Journals

In 1970–1990, Russian analysts worked in boards of most leading journals on
analytical chemistry, except, perhaps, Analytical Chemistry. These journals include:
Analytica Chimica Acta, Talanta, Analytical Letters, Fresenius Zeitschrift fűr
analytische Chemie, Microchimica Acta, The Analyst, Critical Reviews in
Analytical Chemistry.

In addition to these wide-ranging publications, Russian analysts sat on the
editorial boards of many specialized journals: Journal of Chromatography,
Chromatographia, Spectrochimica Acta, Journal of Radiochemical and Nuclear
Chemistry, Electroanalysis, International Journal of Environmental Analytical
Chemistry, and other.

Examples of Russian scientists on the editorial boards of journals include:
E. I. Morosanova, a member of the editorial board of the Talanta; V. G. Berezkin,
Chromatographia; Yu. G. Vlasov, Sensor and Actuators and other journals; Yu.
A. Zolotov, Analytica Chimica Acta, International Journal of Environmental
Analytical Chemistry, Talanta, and other journals; A. I. Busev and A. M. Egorov,
Analytical Letters.

10.4 Organization of International Conferences

Here are some major international conferences organized in Russia:

1. Conference on the Application of Radioactive Isotopes in Analytical Chemistry
(Moscow, 1957).

2. Analytical Section of the International Congress on Pure and Applied Chemistry
(Moscow, 1965).

3. International Conference on Solvent Extraction (Moscow, 1988).
4. International Symposium on Kinetics in Analytical Chemistry (Moscow, 1995).
5. InternationalCongresses onAnalytical Science (Moscow, 1997, 2006) (Fig. 10.2).
6. Conference on the Centenary of Chromatography (2003).
7. USSR–Japan Symposia on Analytical Chemistry (1984, 1988, 1992, and 1996).
8. Russian–Ukrainian–German Symposia on Analytical Chemistry (1986–2007).
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In addition, the Danube Symposium on Analytical Chemistry, a conference on
the analytical chemistry of the countries of the Black Sea basin, as well as other
events, were also held.

10.5 Russian Researchers Abroad

We are talking here about researchers who left Russia to live and work in other
countries. Some specialists who studied and worked in Russia are now active
analysts in Canada, Australia, Israel, etc. Many of them maintain ties with their
homeland, participate in scientific conferences organized in Russia, and sometimes
conduct joint research.

For example, I. Kuselman, works in the Israel Physical Laboratory (Fig. 10.3).
He is a well-known specialist in the quality assurance of chemical analysis, in
metrology. In the same Jerusalem laboratory worked F. Sherman, a former
employee of the N. D. Zelinskii Institute of Organic Chemistry, who was engaged
in work on aquametry. Another scientist at the same laboratory was Ya. Tur’yan,
from Krasnodar. He was a doctor of chemical sciences, well-known in the field of
electrochemical analysis methods, and author of a number of books.

Fig. 10.2 In the Presidium of the International Congress on Analytical Sciences (Moscow, 2006).
From left to right: Vice president of the Russian Academy of Sciences academician, N. A. Plate;
professor H. Akaiwa (Japan); corresponding member of the Russian Academy of Sciences, B. Ya.
Spivakov; academician, Yu. A. Zolotov; and Mayor of Moscow City, Yu. M. Luzhkov.
Picture provided by the author
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O. Krokhin, former employee of the Division of Analytical Chemistry of
the M. V. Lomonosov Moscow State University is known (in Canada) in the field
of mass spectrometric analysis of bio-objects. The Division presented Australia
with a famous chromatographer, professor of the University of Tasmania,
P. Nesterenko (Fig. 10.4), and T. Komarova, who conducts work on passive
samplers in Brisbane A. Smirnova is engaged in microfluid analytical systems the
University of Tokyo. After leaving for other countries, D. Katskov (atomic
absorption, South Africa), Yu. Kazakevich (chromatography and other methods,
USA), and others continued their scientific work in the field of chemical analysis.

It is especially necessary to mention Alexander Makarov (Fig. 10.5). After
leaving the Moscow Engineering Physics Institute and working for Thermo
Scientific in Bremen, he developed the original Orbitrap mass spectrometer (see
Chap. 2). Anatolii Verenchikov, a former employee of the Institute of Analytical
Instrumentation of the Russian Academy of Sciences, developed a new mass
spectrometer based on a multi-path, time-of-flight mass analyzer.

Fig. 10.3 Il’ya Isaevich
Kuselman, an employee of
the Physical Laboratory,
Jerusalem, Israel.
Picture provided by
I. I. Kuselman

Fig. 10.4 Pavel Nikolaevich
Nesterenko, University
Professor at Hobart, Australia.
Picture provided by
P. N. Nesterenko
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10.6 Experience of Organizing Research in Russia

A key unifying, organizational role in Russian analytical chemistry is played by the
Scientific Council on Analytical Chemistry of the Russian Academy of Sciences
[3]. It was established in 1940 and until 1970 was called the Commission on
Analytical Chemistry of the USSR Academy of Sciences. Currently, the council
includes about 200 leading Russian analysts who were invited to the council by its
chairman, who in turn was appointed by the Academy of Sciences. The council has
substantive commissions and several regional branches.

Areas of council activity are:

• Convening scientific conferences (Fig. 10.6).
• Organizing seminars in various cities.
• Participation in the organization of the annual exhibition known as

“AnalyticaExpo” (Moscow).
• Publishing activity (preparation of a series of monographs and collections).
• Harmonizing terminology.
• Improving the teaching standards of analytical chemistry and facilitating the

retraining of working analysts.
• Improving analytical services.
• Ensuring the quality of analyses.
• Participating in decision about state tasks (expertise, forecasts, etc.).
• Ensuring international activity.
• Organizing competitions and awarding prizes.
• Popularizing analytical chemistry.

Below are the subjects forming the content of scientific conferences which are
regularly held by the council: spectroscopic (optical) methods; X-ray methods;
chromatography; electroanalytical methods; analytical instruments; and analysis of
environmental objects. Earlier, the council also organized regular conferences on
organic analytical reagents, liquid–liquid extraction, analysis of organic substances,
radioactivation analysis, test methods, and analysis of high-purity substances.

Fig. 10.5 Aleksandr
Alekseevich Makarov, the
main creator of Orbitrap mass
spectrometers. Photo taken
from the Internet
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We list here a series of monographs, including those collectively published
under the aegis of the Scientific Council: Analytical Chemistry of Elements
(54 volumes, 1960–1990, Nauka Publishing House); Methods of Analytical
Chemistry (15 volumes, 1970–1980, Khimiya Publishing House); Analytical
Reagents (10 volumes, 1970–1980, Nauka); and Problems of Analytical Chemistry
(20 volumes, 1990–2015, Nauka).

Applied, especially industrial, analytical laboratories are united by the
Association of Analytical Centers “Analytica.” It deals with the issues of laboratory

Fig. 10.6 International Conference on Coordination Chemistry (Moscow, 1973). Photo provided
by the author

Fig. 10.7 Chairmen of the Scientific Council of the Russian Academy of Sciences on Analytical
Chemistry, academicians A. P. Vinogradov (1941–1954), I. P. Alimarin (1954–1989), and Yu.
A. Zolotov (since 1989)
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accreditation, standardization of procedures, metrology of chemical analysis, and
advanced training of laboratory workers. As already mentioned above, the asso-
ciation is active in the international arena as well (Fig. 10.7).

Until the end of the 1980s branch structures that united the workers of the
relevant analytical services were functioning well, e.g., analysts working in
the geological industry were cared for by the Scientific Council on Analytical
Methods, which operated on the basis of the All-Union Institute of Mineral Raw
Materials. The leading scientific research institutes of industries, agriculture, health,
nature protection, etc., all held seminars for the workers of analytical laboratories,
supplied them with procedures, organized a system of centralized purchasing of
instruments, etc.
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