VJIK 543.544
One hundred and ten years of Russian chromatography
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AHHOTauusA

The stages of development of chromatography anstiegi scientific chromatographic schools in
Russia are considered.
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PaccMoOTpeHbI dTanbl pa3BUTHS XpOMaTOTpadyu U CYIIECTBYIONUX HAYYHBIX XPOMATOrpaguIecKux
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Chromatographic partition and analysis of substarmed their compounds has
become a widespread method determining researchodwbgy and design for many
natural sciences in recent fifty years.

The experimental methods of identification and dilanmeasurement of
substances including electrochemical and spectticadpmethods, X-ray and structural
analysis, mass spectrometry, NMR were successfisgd by the middle of the 20
century. However, the store of traditional methtmscompound substances partition have
appeared insufficient to solve complicated reseat@sks facing modern analytical
chemistry.

Overcoming of the disparity between the possiksitof an individual compound
study and its partition from a complex mixture aingound is associated with the
development of chromatography.

It is known that the first successful chromatograghsts were performed by the
Russian scholar Mikhail Semenovitch Tsvet at tlegitning of the XX century. He
injected an extract of green leaves into the to@ @lacked column with calcite powder
with a simultaneous transmission of petroleum ethie result was that different zones of
the column became coloured according to the extcabtburs. Tsvet's discovery of
chromatography was recognized by the world expectesy as of one of the hundred
greatest discoveries of ®Ccentury. A comprehensive article of V.A Shapokbnj a
reputable historiographer in analytical chemisind analytical chromatography, have
thrown light to little known facts of Tsvet’'s caresnd discovery [1].

In the beginning chromatography was not much inatemlts latent period lasted
for 20 years, during which a number of reports abtsuapplication were published. In
1932 Richard Kuhn, a German chemist and biochemaist, his colleagues separated
carotinoid (1931) by chromatographic method, wipobved Tsvets’ discovery effective.
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An important landmark in chromatographic historycdn@e a discovery of thin-
layer (technique in) chromatography, made by Sos@tolars N.A. Ismailov and M.S.
Shraiber in 1938. That was followed by anothemificant discovery of the British
scientists A. Martin and R. Sing. They introduceduid partition chromatography
illustrated by separation of acetyl derivates ofraracids on the column with silica gel
and with chloroform as a solvent (1940). It wamtineticed that not only liquid but also
gas could be used as a mobile phase. Martin ang’ Siiscovery of partition
chromatography was awarded by Novel Prize in chieynis 1952.

Next R. Martin and A. James developed gas chromapby by partition of silicon
DS-550 coating substance and stearin acid (195253)1 Further modernization of gas-
solid chromatography was offered by Y. Yanak in 3.95Nonspecific character, high
sensitivity of detection and a high partition capaof columns provided wide application
for gas-solid chromatography as a method of orgaatare objects’ analysis. That was
the time when gas-solid chromatography gained mememost rapidly.

A valuable contribution to chromatography was mageG. Swab (Germany), a
founder of ion exchange chromatography (1937-198Gs method was then developed in
the works of Soviet scientists Y.N. Gapon and Tapon, who perform ion separation in
solution (in collaboration with F.M. Shemyakin, 74 Moreover, they implemented
Tzvet's hypothesis on chromatographic separaticsubktances based on the difference in
solution of poorly soluble precipitations (precgtibn chromatography, 1948).

A contemporary stage in ion-exchange chromatograggan in 1975 with the
work of the American scientists G. Small, T. StexyelV. Bauman. The researchers
introduced an innovative analytical method called chromatography (high performance
ion-exchange chromatography with conductivity dieted.

The introduction of capillary column chromatograghy the employee of Perkin-
Elmer company M. Golay (United States of Ameriaa)1056 was another exceptional
event. This variant presupposed inner walls of pilleay tube coated by a stationary
phase, which allowed to analyze trace amount oficamhponent mixture.

At the turn of 60-78 of 20" century there was a sharp rise of interest toidiqu
chromatography. The development of reliable andh lpigecision pumps of high pressure
allowed to implement High Performance Liquid Chreogaaphy (HPLC). In the
beginning it was calletligh pressure liquid chromatography. The beginning of the 21
century witnessed the introduction of high precisppmps able to function at 3000 bar
pressure, which in turn gave an impulse to the ldpwmeent of Ultra Performance Liquid
Chromatography (UPLC). Unique techniques of sulzstastructure detection including
NMR-spectrometry and mass-spectrometry were suittlgsscombined with HPLC
devices. MS-HPLC method, which seemed a fantéséakthrough a few years ago, has
become a wide spread practice in analytic labaestor

The most important milestones in chromatographtohysare given below [3].

* 1902-1903 - beginning of chromatography as a s@panarocess (M.S. Tsvet).

e 1931 - revival of Tsvet chromatography (R. Kuhn\Atershtayn). Study of Natural
Pigments.

e 1938 - development ofhin layer chromatography (TLC) - N.A. Izmailov, M.
Schreiber. Separation of herbal alkaloids on asgidate with unfixed layer of aluminum
oxide.

* 1941 — development dfquid- liquid chromatography - A. Martin, R. Synge. The
separation of amino acids and its acetyl derivatine silica gel.

e 1944 — introduction opartition liquid chromatography on paper. - A. Gordon, A.
Martin
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* 1951 - definition of affinity chromatography priples. - D. Kempbel, E. Lischer

e 1952 — introduction ofjas-liquid chromatography - A. James , A. Martin.

e 1956 — development admino acid analyzer based on ion exchange chromatography

principle - S. Moore, W. Stein.

e 1957-1958 - introduction ofcapillary gas chromatography - M. Golay. The

development of chromatography for narrow long metper and steel columns which

inner walls are coated with stationary phase.

* 1959 — discovery ddize-exclusion chromatography - J. Porath and P. Flodin

e 1961 — development difgand chromatography .

1962 — beginning of supercritical fluid chromatqgra - E. Klesper, A. Corwin.

1968 -1970 - development of chiral chromatograpWyA. Davankov.

1982-1983 — discovery of liquid-gas chromatographyN. Moskvin , A.l. Gorshkov.
The monograph edited by B.A. Rudenko[2] dedicated100 anniversary of

chromatography provides a general overview of thee® school of chromatography and

its considerable contribution to the internatioseilence. The prominent Russian scholars,

discussed in the book, are Y.N. Bogoslovskiy, M¥hgdergauz, D.A. Vyakhirev, E.N.

Gapon, R.V. Golovnya, G.A Golbert, A.B. Davankov,\M Dubinin, A.A. Zhukhovitskiy,

N.A. Ismailov, A.V. Kiselyev, N.I. Lulova, V. P. Bleshko, K.M. Olshanova, V.V.

Ratchinskiy, V.A. Rotin, K.l. Sakodynskiy, K. M. Badze, G.V. Samsonov, M.M.

Senyavin, N.M. Turkeltaub, G.A. Tchikin, K.V. Tchhow, M.l. Yanovskiy. To our

greatest regret, remarkable scientists B.G. BejerRiG. Larionov and B.A. Rudenko

have deceased in recent years, having left sigmfiheritage to Russian chromatography.

The contemporary period in chromatography is markgdhe work of several
academic schools. Some of them are based in Mofdmscow State University, RAS).
The Chair of the Department of Analytical ChemistdSU, a corresponding member of
Russian Academy of Science O. A. Shpigun leads a@ih¢he national schools of
chromatography. Their academic interests involeethieory and analytical application of
HPLC and capillary electrophoresis. O. A. Shpuguad ais team have introduced new
mobile phases based on amino acids and polyelgietrahd zwitterionic sorbents for ion
chromatography. They have also developed criteaa ¢hromatographic partition
optimization; innovative chiral selectors based dmtosan and antibiotics for the
separation of optical isomers. The scholars hatredoced a system of catalytic detecting
for liquid chromatography, new pseudo stationaragels for capillary electrophoresis
based on aliphatic polycations.

Moscow State University is an academic base for ymaorominent
chromatographists. Among them there is S.N. Lamhp has introduced absorption
models of retention in liquid chromatography, and lidng classic of Russian
chromatography |.A. Revelskiy. His range of acadenterests involves chromatic-mass-
spectrometry, supercritical fluid extraction, savptconcentration, chromatic distillation,
component identification in complex mixtures of angc compounds, detection of ultra-
small concentrations of ecotoxicants, measuremieatganic compound purity. Moscow
chromatography school is also represented by Gsikin, who works on the theory of
dynamic sorption analysis of elements and orgaompounds concentration. He has also
been developing new sorbates and high performamodioed sorption-spectroscopic and
sorption-chromatographic analysis, including batlving and automatic methods.

BIOCHIMMAC ST corporation, founded as a start-up tae Moscow State
University and headed by S.M.Staroverov has beeveldping preparative liquid
chromatography, introducing chromatographic methottspharmaceutical chemistry and
creating new sorbent agents (coating substancem)oVv V.A., an outstanding scientist
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engaged with the problems of ion exchange, thermaaycs and ion exchange dynamics,
a Head of Stable Isotope Laboratory of Physicalndkey Chair in the Moscow State

University, is at work over the problem to increaselectiveness in the separation
processes (absorption and chromatographic procassesnsidered to be their particular
cases).

Chromatographic methods are being developed in Albsorption Method
Laboratory headed by Khamisov R.H., the Vernadskstitute of Geochemistry and
Analytical Chemistry. His range of academic inté&sas theory and practice of absorption
process concentration and substance separatiomikta R.H. is one of the first to work
over ion exchange processes, their kinetics andardigs in multi-phase compound
systems, in which there have been developed apmesam describe them. Dolgonosov
A.M., one of the most prominent specialists in ¢cbentry and abroad dealing with the ion
chromatography issues, works in this laboratorg. tdnge of academic interests is ion and
molecular chromatography, adsorption, ion exchangeterophase process Kkinetics,
physics of interatomic relations. He has carrietl @wmew type of sorbents for HPLC—
centrally-localized sorbents; he has developedymtah process for ion chromatography
sorbents; he has introduced a range of high-seteatiethods based on the bi-polarity of
sorbent method developed by him to detect aniond eations simultaneously.
Dolgonosov A.M. has developed and created softwarduct IONCHROM on the basis
of fundamental research in the field of ion exclebglance and kinetics to simulate and
optimize chromatographic analysis of ion mixturehefle has been developed
heterogeneous electronic gas theory; its conseg@gandhe sphere of physical adsorption
allow to do aprior calculations of adsorption amgdocnatographic molecule characteristics
based on their structural formula.

Buryak A.K., Kalinichev A.l. working in the A.N.Frokin Institute of Physical
Chemistry and Electrochemistry of the Russian Aoadef Science (IPCE RAS) appear
to be well-known scientists in chromatography. BrA.K., a Head of laboratory on
Physicochemical Chromatography and Chromato-Masst8pmmetry Fundamentals in the
IPCE RAS, works in the field of chromate-mass-sfmuoetry. He has suggested a method
to identify separate isomers in their compoundsegtiaon combination of chromato-mass-
spectrometric research data and molecular-statistimulations, which allows to improve
essentially identification reliability for isomerwith equal mass-spectra. Methods of
propellant component control have been carriedabiiis active involvement. Kalinichev
A.l. has made a great contribution in the develamnoé surface complex formation theory
and its application for description of muli-compahsorbent dynamic systems.

Berezkin V.G., Davankin V.A., Yashin Y.l. are oaisting chromatographists who
have become masters for more than one generatisaiaritists. Professor Berezkin V.G.
is the Head of the Chromatography Laboratory in #he&/.Topchiev Institute of
Petrochemical Synthesis. He has carried out physimmical fundamentals to keep
chromatograph compounds in the state of gas-ligaldt phase chromatography. There
has been demonstrated that in gas-liquid chromapbgr it is necessary to consider not
only stationary liquid phase absorption but absormpbf the surface partitions with gas-
carriers and solid- carriers as well. He has madsigaificant contribution to the
development and formation of reaction chromatogyapindamentals and para-phase
analysis. Berezkin V.G has been fruitfully workirggent years and much of his research
aim at the problems and new variants of chromaggraHe is the author of 20 books; the
translations of much foreign fundamental reseancikbhromatography have been carried
out under his edition.

Professor Davankov V.A. is a worldwide famous stsnNobel Prize Nominee, a
Head of the Sorption Process Stereochemistry lédmyraf the A.N.Nesmeyanov Institute
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of Organoelement Compounds of the RAS. He has bemnded by M.S.Tsvet medal; he
has invented new phenomena in stereochemistry.réhge of academic interests is
chromatography, methods of separation and condemiren analytical chemistry. He has
described a new principle of enantiomer separatiigand-exchange chromatography on
chiral complex formation sorbents. For the firghei in liquid chromatography process
numerous class racemate compounds have been hupkesnth the help of this method,;
this fact has initiated development of enantiodatediquid chromatography field. There
has been suggested principle of cross-over-linkgerse polymer synthesis; series of
neutral new generation polymer sorbents has besmtezt on their basis. Sorbents have
high unique sorbent capacity towards organic sulestin the water and air environment.
They are widely used for trace contaminant conegintn and for large-scale sorbent
processes in food, chemical industries and medicine

Professor Yashin Y.l. is a famous Russian chromapdgst, a Head of the
Research Technical Center “Chromatography” (SdientiProduction Association
“Chimavtomatika”, Moscow). His range of academidenests is considered to be
theoretical and practical issues of gas, liquid emmdchromatography. He has supervised
numerous chromatographic methods of analysis ima#a, petrochemical, gas and food
industries to control environmental contaminati@amd in medicine as well. He has
introduced physic-chemical fundamentals of gas4#dmsd chromatography; he has
investigated influence of the surface chemical reaand adsorbent geometrical structure
on the separation selectiveness; he has establistegn between molecule structure and
containment parameters.

Moskvin L.N., Zenkevich I.G., Kartsova L.A., Krask V.D. are considered to be
the most outstanding scientists in chromatograph$ti Petersburg. Professor Moskvin
L.N., a Head of the Analytical Chemistry Chair ieetSt. Petersburg State University, has
founded his own scientific school; his range ofdagaic interests is methods of separation
and concentration, chromatographic and flow anslgsethods, radio-analytical methods,
chemical and radiochemical technologies in the atgqower engineering. Representatives
of this school have carried out basic researclénsphere of extraction chromatography;
have worked out continuing two-dimensional chrorgeaphy; have performed research in
chromatography sphere on block (monolith) carrieasd sorbents; liquid-gas
chromatography has been invented.

Professor Zenkevich I.G., a Head of the Gas Chrognaphy Laboratory in the
Chemistry Scientific Research Institute in St. Pdterg State University and a head of the
Analytical Methods laboratory in the St. Petersb@tgemical-Pharmaceutical Academy, is
one of the most active Russian scientists- pultdi@encerning chromatography issues. His
range of academic interests is problems of orgatbmpound chromato-spectral
identification, chemometrics. He has suggestedce¥ie methods of analytical parameter
calculations in the chromatography field; he hasnbdeveloping theory of component
identification in these methods.

Kartsova L.A. is a Professor of Organic ChemisthaiC of the Chemical Faculty
in the St. Petersburg State University and is als® of the leading scientist-publicist on
the chromatography issues. Her most significantkesoare devoted to one of the
fundamental problems — increase of chromatograpép@ration selectiveness in organic
compounds of different types due to introductiomacro cyclic agents as constituents of
movable and stationary phases in gas and liquidnecatography, and as constituents of
working buffer electrolyte in the capillary elegbtworesis regimen.

Professor Krasikov V.D. has been developing the hotet of thin layer
chromatography, strategy of mobile phase choiceefmarate effectively; is the author of
numerous separation and quantitative analysis rdstfay a great number of compounds.
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Voronezh academic school in chromatography and e@nhange is led by
Selemenev V.F., a Head of the Analytical Chemidiilyair of the Voronezh State
University, which is considered to be the basicaaigation of the unique periodical
“Sorbent and Chromatography Processes” (State Cssioni for Academic Degrees and
Titles - VAK list) and initiates national and intettional conferences in ion exchange and
membrane process “lonita”’. Professor Selemenevideyehe theory of ion-exchanged
balanced and unbalanced processes with elemenselBbrganization in sorption of
physiologically active substances. Representatiwéss scientific school are considered to
be Professor Rudakov O.B., a Head of the Chemi€mgir in the Voronezh State
Architectural Building University; Professor Slaskaya G.V., Professor Khokhlov V.Y.,
Rudakova L.V., a Head of the Pharmaceutical CheyniShair in the Voronezh State
Medical Academy. An outstanding scientist Profes&raposhnik V.A. works on
Selemenev’s Chair; Shaposhnik is working over theblems of membrane electro-
chemistry. He has discovered non-linear ion trams&tions under ampholyte
electrodialysis: barrier and circulatory effectimsilated bi-polar ion transport through
ion-selective membranes; he has introduced new emtions about elementary ion
transport act in ion-exchanges, based on the detative role of the transportation
reaction of hydrogen bond between fixed ions. Rsie Kotov V.V. (the Voronezh State
Agrarian University) has been successfully reseagchseparation processes with ion-
exchanged membrane application for years. Profeksavchenko T.A., an honorable
lecturer of the Voronezh State University, has bdeweloping theory of sorbent redox
thermodynamics, kinetics, dynamics and electroch&gnpn metalliferous electronic ion
exchanges.

There is no avoiding mentioning such prominent réés-chromatographists in
other Russian scientific centers as Shtykov S.NmiSa Y.G. (Saratov), Bulanova A.V.,
Onuchak L.A., Platonov L.A. (Samara), Krylov A.VKalmanovskiy V.I. (Nizhny
Novgorod), Baram G.I., Sidelnikov V.N. (NovosibijsPeineka V.l. (Belgorod), Sychyov
S.N. (Oryol). Scientific schools are preparing rgemerations of chromatographists whose
names have already appeared in the Russian andgrfongeriodicals. Russian
chromatography is developing successfully, lookiogvard to new achievements and
inventions.

This article starts a series of publications dedatehistory of Russian scientist and
scientific school achievements in chromatographgn iexchange, adsorption and
membrane processes; editorial staff of the peraddisll be grateful to authors for their
publications on the present topic.
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