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Application of Thin-Layer Chromatography
in Quantitative Inorganic Analysis and in

Radiochemical Studies

Margarita P. Volynets and Boris F. Myasoedov

Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy

of Sciences, Moscow 117975, Russia

ABSTRACT: Thin-layer chromatography (TLC) or chromatography on planar beds finds many
applications in the synthesis and determination of organic molecules. This review is devoted to
an area of application at least as important but perhaps not as widely known — analysis of
inorganic and radioactive substances. Information about the historical development, recent
advances in both methodological and instrumental aspects and a scientometric analysis of the use
of TL.C for inorganic determinations in various fields is provided. Considerable space is devoted
to description of the instrumental methods known to be successful in the determination of and
quantitative estimation of inorganic TLC zones directly on the plate (densitometry, fluorimetry,
radiometry, planimetry, visual methods, etc.) and after elution of the material from the developed
zones. Methods applicable to most of the elements of the Periodic Table are summarized as are
those for various natural and industrial samples including minerals, ores, rocks, waters, metals,
salts, biological samples, botanical materials, foodstuffs, drugs and cosmetics.

KEY WORDS: thin-layer chromatography, quantitative inorganic analysis, radiochemical methods.

I. INTRODUCTION

The determination of inorganic ions and
inorganic complexes has many areas of im-
portant application. The range is from min-
erals to medicine and from plating solutions
to nuclear surety materials. Food, drugs,
cosmetics, water, and more are all examined
for their major, minor, trace, and ultra-trace
content of inorganic materials. The inorganic
analyst has a virtual arsenal of tools to choose
from for the final measurement step once the
inorganic materials are isolated from the
sample matrix. Each manipulation step in-
troduces errors from material loss and ran-
dom error in the process. The separate deter-
mination of inorganic materials with very
similar chemical properties is especially chal-
lenging. As with all areas of analysis, the
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critical step is a successful separation of the
analytes one from each other and the matrix
in which they occur. This paper presents a
broad review of the development and appli-
cation of a method which often permits both
the separation and final determination in situ
of the inorganic components of a sample. It
is a method which permits the use of very
small amounts of total sample and is appli-
cable below the ppb range with proper pro-
visions for detection of the separated com-
ponents. The technique is a very common
one — thin layer chromatography — but
applied here to inorganic systems.

Many advanced physical and physico-
chemical methods of analysis are used for
quantitative determination of organic and in-
organic substances in various samples and
liquid chromatography, including high-speed

247



Downl oaded At: 13:43 17 January 2011

chromatography using thin layers of sorbents
(thin-layer chromatography, TLC), occupies
a worthy place among these. This is very
evident from the large number of the mono-
graphs, and reviews published in recent
years."? Quite a number of theoretical pa-
pers are in print which are directed specifi-
cally to improving the performance of
TLC.2* The general symmetry of the mo-
bile phase (MP) movement and effect of MP
composition on the distribution of eluted sub-
stances are discussed in several works.28.35.36.38
The factors affecting the shape and size of
the chromatographic zones and conditions
of the optimization of the process of ion
separation by TLC have also been consid-
ered.2627.232 The possibilities of using the
computational methods for the optimization
of substance separation have been consid-
ered but for the column, not the TLC, varia-
tion of chromatography.?+233%4! Theoretical
investigations in the field of optical (and
other) methods of substance detection of the
chromatograms are well represented in sev-
eral papers.42-#

The use of TLC for inorganic analysis
became one of directions for the develop-
ment of this method in the last two to three
decades.**#>% The objective of the prior
reviews!?1-% was to summarize studies on
the quantitative estimation of the thin-layer
chromatograms of inorganic ions. Among
these, and of particular importance are the
publications which contain information about
the use of TLC for the qualitative and quan-
titative analysis of inorganic ions in the pe-
riods from 1960 to 1972,% 1972 to 1980,%
and 1990 to 1994.5% The ways to estimate
quantitatively thin-layer chromatograms by
various highly sensitive physical and physi-
cochemical methods are the focus of this
review. Both direct methods and those in-
volving the removal of the actual sorbent
from the plates are discussed. Sources of
error in the quantitative TLC, the accuracy
and precision of the measurements, and the
calibration procedures are likewise exam-
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ined. The use of instrumental techniques in
the quantitative TLC, the detailed estimation
of various physicochemical methods of de-
tection, the fundamentals of the measure-
ment procedures, and instrumentation were
described in another monograph.? In this
review, specific applications of the various
variations of TLC in the actual phases of
quantitative inorganic analysis and in radio-
chemistry will receive more attention.

Il. GENERAL CHARACTERISTIC OF
THE TLC AND ITS IMPORTANCE
FOR INORGANIC ANALYSIS AND
FOR RADIOCHEMICAL STUDIES

Special Features of Use of TLC in the Inor-
ganic Analysis and in the Radiochemical
Studies. The TLC methods introduced in
1938 by the Soviet scientists Izmailov and
Shraiber® have been used quite successfully
in organic analyses.’? There were, how-
ever, practically no examples of the use of
this method for the analysis of samples of an
inorganic nature in the first period of its
development. The first paper on inorganic
TLC analysis was published in 19496 and
the next one appeared in 1960.%* A period of
intense development and a dramatic increase
in the number of publications on this subject
took place in subsequent years. This effort
and its successes made the method one of
most promising in analytical chemistry. There
were approximately 20 publications in 1965,
but more than 60 to 70 papers were pub-
lished each year beginning in 1967. At
present, there are more than 1000 works in
print in this application area. The method is
widely used today in analytical chemistry
and in radiochemical studies. Work on TLC
of inorganic ions published before 1965 are
summarized in the paper® where the poten-
tials of the method were estimated in this
field of analytical chemistry. The conclusion
reached is that it is expedient to employ this
method for the determination of trace
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amounts of inorganic elements in combina-
tion with other micromethods of separation
and concentration. It was pointed out in pre-
vious studies* that the TLC makes it pos-
sible to work with nanogram and microgram
quantities of substances and provides abso-
lute limits of detection at levels of 107 to
107 ug. This sensitivity makes TLC compa-
rable with such physical methods as atomic
adsorption, mass spectrometry, X-ray fluo-
rescence, etc. In addition, TLC is advanta-
geous in comparison with these methods
because of its simplicity, ease of use, and
availability of the equipment needed.

An application of new sorbents, varia-
tion in performing the chromatographic pro-
cess (ascending, descending, circular,
anticircular, etc.), as well as some special
procedures and techniques of work (two-
dimensional development of chromatograms,
gradient elution, repeat elution, application
of electrical field, etc.) opened a wide range
of possibilities of TLC in inorganic and ra-
diochemical studies.

The classical TLC method possesses a
number of considerable advantages over
some other versions of liquid chromatogra-
phy (e.g., microcolumn chromatography,
high performance TLC), among these are
ease of operation and relatively low cost.
Although while classical TLC is somewhat
inferior to the above methods in limit of
detection and in determination accuracy, TLC
is more rapid (ca. tenfold) in comparison
with paper chromatography and provides 10
to 100 times lower determination limits.
These analytical advantages of TLC make
clear that it is both reasonable and expedient
to employ it in inorganic analysis. Thin-layer
chromatography can be used quite success-
fully for separation of practically any mix-
ture of cations and anions. The majority of
publications is devoted to the separation and
identification of cations including mostly all
groups of the Periodic Table. This method is
used also for solving such important prob-
lems of analytical chemistry as separation of

numerous anions and complexes, separation
of some elements in different oxidation states,
separation of groups of hardly separated el-
ements including those of rare, rare-earth,
actinide, and precious metals.® Thin-layer
chromatography is not limited to practical
problem-solving. An interesting field of the
use of TLC is in solving some of the theo-
retical problems in analytical and inorganic
chemistry. The importance and perspective
on the use of TLC for solving such problems
is supported by the substantial number of
publications devoted to the studies of forma-
tion and stability of complexes, hydrolysis
and polymerization of ions, as well as sorp-
tion mechanism and kinetics. The theoreti-
cal work has its impact on the practical since
information obtained in such studies creates
a basis for the development of reliable and
reproducible methods for analysis of inor-
ganic compounds.*

Recently, TLC has been employed for
solving various problems of radiochemistry,
for example for determination of the oxida-
tion states of actinides, etc. A combination
of TLC with radiometric or radioactivation
methods of detection enlarges the scope and
promise of TLC and increases the sensitivity
of the determination and performance esti-
mation due to a fortunate, mutual augmenta-
tion of the advantages of both techniques.

Rational Fields of TLC Application. The main
trends in the development of TLC in the
recent years are the areas of improvement of
the instrumentation and automation, chang-
ing to the quantitative analysis, theoretical
substantiation of the ways for more effective
TLC performance, and also the expansion of
the domain of its practical employment.
Taking into consideration the analytical
potential of the method, the most promising
areas for TLC application must be said to be
in the analysis of inorganic materials and
substances* and, specifically, in the quanti-
tative analysis of small samples (in combi-
nation with the highly sensitive instrumental
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methods of determination), and in rapid semi-
quantitative testing. Inorganic TLC has been
employed to date to solve:

* analyses of microsamples and small quan-
tities of substances (minerals, inclusions,
alloys of precious metals, toxic and radio-
active substances)

* estimation of the purity of various prepa-
rations (salts, reagents, etc.) with the im-
purity content 10-4 to 103%

» analytical control of technological pro-
cesses (analyses of solutions, alloys, etc.
in industry)

* semiquantitative waste water analysis

» obtaining reference samples of various
substances (as a preparative version)

* investigation of the behavior of elements
in different valence states and in different
ionic forms

» rapid preliminary choice of the conditions
for mixture separations in a column mode
of chromatography

Method Development. An analysis of the sci-
entific and technical papers published over a
considerable period demonstrates the
progress in instrumentation and methodical
development of the TLC method. It can be
seen®% that some 2800 patents were regis-
tered, and more than 200 papers published in
Germany, the U.S., Japan, and the USSR
from 1973 to 1987. These were all devoted
to the development of sorbents, equipment,
accessories for detection and quantitative
determination of elements in chromato-
graphic zones, methods and procedures of
TLC experiments. The most promising re-
cent developments are

¢ in the field of sorbents: obtaining of finely
divided sorbents with particle size of
5 to 10 mm including the modified ones
possessing special properties and having
narrow particle size dispersion;

¢ in the field of equipment: employment of
automated apparatus for sample applica-
tion and for detection of substances on the
chromatograms;
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+ inthe field of methodical versions: fulfill-
ment of the TLC-process under pressure
with the continuous flow of eluate,
anticircular version of TLC, etc.

The information about the state-of-the
art for TLC and about trends in its develop-
ment, elaboration of new sorbents and new
processes for preparation of separating lay-
ers, new equipment for TLC, and proce-
dures, systems for detection, and quantita-
tive determination of elements in the
chromatographic zones were collected in the
review® and new equipment for quantitative
TLC itself as described.5”7

Automation of the TLC Method. The number
of publications discussing problems of auto-
mation and computerization of chromato-
graphic methods including TL.C has increased
rapidly in recent years.”*”” The principal
directions of these studies are

¢ automation of the chromatographic pro-
cess itself

¢ automation of the obtained data treatment

¢ database formation

Each of the separate stages of the chromato-
graphic method have been automated. Sam-
pling and development is often the first di-
rection (application of samples on a
chromatographic plate including the use of
laboratory robot systems,’® multiple,”-3! or
two-dimensional chromatography?®>%4). The
computer-controlled radiometric scanning of
B- and y-radiation emitters after their separa-
tion on a thin layer is described.®>% The
greatest number of the publications is de-
voted to the automation of the process of
densitometric and fluorimetric measurements
of the developed chromatogram.3-%°
Placing and removing of thin-layer plates,
sampling and application of samples, multi-
dimensional separation, and repetitive elu-
tion are discussed in literature. Also, consid-
eration is being given to the problems of
automation of obtaining derivatives of spec-
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tra, high-speed microdensitometric scanning,
spectral detection, and recording of radioac-
tive compounds.”’ Nevertheless, there are
many unsolved problems in the basic chal-
lenge of TLC automation.

When the first paper on constructing a
database for TLC of inorganic ions was pub-
lished,* it was pointed out that there was no
need to use expensive computers for the
“cheap” TLC. To the contrary, the use of
computers permits improvement in the sepa-
ration process and the avoidance of system-
atic errors. Employment of computers for
calculation of concentrations of the compo-
nents separated on thin-layer chromatograms
decrease the RSD value of the results ca.
twofold in compared to the graphical method
routinely used. The analysis time can be re-
duced by ~30% as well. Considerable recent
attention has been focused on the use of
computers for TLC optimization.*® The soft-
ware is produced for computer calculations
to optimize a mobile phase composition with
the use of mathematical methods.

Scientometric Analysis. The trends in scien-
tific papers and patents published during a
10-year period ending in 1987 were ana-
lyzed earlier in the review. Conclusions were
drawn about the tendencies in the TLC de-
velopment, about leading countries and in-
stitutions, patenting of the inventions in the
field, frequency of the use of various tech-
niques for quantitative estimation of thin-
layer chromatograms, etc.2? It was pointed
out that the greatest number of scientific
papers on TLC were published in Germany,
Australia, India (ca.-20% in each), Russia,
Japan, U.S., Great Britain, and Canada (ca.
5 to 10% each). Moreover, TLC is widely
employed in Sweden, Finland, Poland, Hun-
gary, Netherlands, Spain, Israel, and other
countries and is used most frequently in
pharmacy, biology, and medicine. The analy-
sis of foodstuff components is also carried
out with the aid of TLC.

In general, such trends in the develop-
ment and use of TLC are still present in

more recent years. The following list of lead-
ing institutions dealing with the develop-
ment and application of TLC based on pub-
lished information are

* universities and institutions of higher edu-
cation in Canada, Japan, Austria, India,
Great Britain, Germany, U.S., Switzer-
land, Yugoslavia, Russia, Poland, etc.
(70% of publications)

¢ research centers in Pakistan, U.S., Great
Britain, Switzerland, Netherlands, Ger-
many, etc. (15% of publications)

¢ research institutes of the Academies of
Sciences of Russia, Switzerland, Hungary,
Germany, Spain, Finland, etc. (10% of
publications)

s companies in Switzerland (Camag), Ger-
many (Merck), U.S. (Coca-Cola), etc. (5%
of publications).

Many of the developments are the sub-
ject of active patents especially in the area of
equipment. It is possible to point out the
following groups of countries according to
the number of the granted patents. First group:
Germany, U.S., and Great Britain; second
group: Japan, Switzerland, Russia, France;
third group: Rumania and Poland. The dis-
tribution of the patents over the patented
subjects is following. The majority of pat-
ents concern the instrumentation (U.S., Ger-
many, Great Britain, etc.). Following, are
patents on the sorbents (Germany, Russia,
U.S., Japan, Great Britain, etc.). Finally, Ger-
many, U.S., and Great Britain are active in
the patenting of new procedures and tech-
niques.

We can estimate approximately the fre-
quency of use of various versions of TLC for
quantitation by carrying out the analysis of
the information published over the period
from 1960 to 1990 on the quantitative TLC
of the inorganic substances.* The data on the
percentage of publications concerning the
combining of TLC with various techniques
for the determination of inorganic ions in the
chromatographic zones is presented below.
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Method of determination )
Densitometry, spectrophotometry, reflectance spectrophotometry 50
Fluorimetry 11
Radiometry (including neutron-activation analysis) 10
Visual techniques 55
Planimetry 5
X-ray fluorescence 35
Mass spectrometry 3.5
Ring-oven techniques 3
IR spectrometry 2
Electrochemistry 2
Atomic emission 1
Atomic absorption 1
Other (photoacoustic, ESR, Raman spectroscopy etc.) 2-3

Densitometry, fluorimetry, and radiom-
etry are the prevailing techniques for the
chromatogram quantitation. It is evident that
the densitometry has become the most
widely used technique in recent times. The
frequency of its employment is approxi-
mately constant beginning from 1970. Other
spectroscopic techniques except densitom-
etry and fluorimetry came into use only
after 1973. Mass spectrometry and X-ray
fluorescence are the most prevailing among
those other methods.

The data presented in Sections [l and [V
which follow make it clear that the range of
the techniques for the quantitation of thin-
layer chromatograms is sufficiently broad to
provide a solution to a wide variety of prob-
lems in inorganic analysis and radiochemi-
cal investigations.

lil. BASIC FIELDS OF APPLICATION
OF TLC IN RADIOCHEMICAL
STUDIES

It is common knowledge that measure-
ment characteristics of TLC depend to a large
extent on the techniques used for the detec-
tion of the separated substances. In this con-
nection, it is worthwhile to note that the
employment of radiochemical methods is es-
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pecially promising especially because these
methods are characterized by low detection
limits and excellent resolution. There are
two ways of combining TLC with radio-
chemical methods:

1. Separation of radioactive substances
and direct determination of them on the
plate.

2. Separation of the investigated inactive
substances and subsequent neutron-ac-
tivation determination of them in chro-
matographic zones.

The quantitative measurement of the zone
radioactivity can be carried out either after
elution of the substances from the sorbent,
or by scanning of zones and bands on the
chromatograms using special instruments,
and autoradiography, fluorography, and other
techniques can be employed as well. Some
examples of the use of TLC in radiochemi-
cal studies are described in literature. There
are examples of the use of TLC for investi-
gations of the purity of the radioactive prepa-
rations, for separation of fission products,
for separation and isolation of trace and
ultratrace amounts of radionuclides includ-
ing separations in the analysis of natural and
industrial objects (see Table 2). TLC has
been actively used in recent years for study-
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ing the chemistry of actinides including the
determination of their oxidation states. The
fields listed are discussed below in more
details.

Investigation of Radionuclides in Different
Oxidation States. TLC was successfully used
for the study of disproportionation of Pu(IV)
in solutions of nitric and sulfuric acids.”
This was possible because different valence
forms of plutonium were distributed differ-
ently on the chromatograms with the mobile
phase system 1M HCIO, — Synthine solution
of TBP (23%). The behavior of the pluto-
nium forms of different valence states was at
first investigated using TLC. The plutonium
compounds were adsorbed on thin layers of
silica gel from solutions in nitric, hydrochlo-
ric, perchloric, and sulfuric acids in the con-
centration range from 0.1 to 5.0 M.* Opti-
mum conditions for the separation of Pu(IV)
and PU(VI) from PUII) were chosen as
follows: a silica gel layer on the plate is
saturated with 3 M nitric acid; the mobile
phase is the solution of TBP in Synthine
(23%). Pu(IV) and Pu(VI) are quantitatively
concentrated in these conditions near the sol-
vent front line. The same conditions were
used to separate plutonium from uranium
and other related elements.

The chromatographic behavior of ameri-
cium in different oxidation states was also
investigated.!® Silufol and Merck chromato-
graphic plates were used and the mobile
phases were solutions of PMBP in isobutanol.
The results obtained were used for the iden-
tification of americium in different oxida-
tion states in acetate solution containing
potassium tungstophosphate as complex-
forming reagent. These results made pos-
sible the separation of > Am from daughter
2¥Np in nitric acid solutions. Solutions of
di-2-ethylhexyl phosphoric acid were also
used as mobile phases.!®! The use of Sorbfil
plates (Krasnodar, Russia) with thin layers
of silica gel was described for the identifica-
tion of oxidation states of americium which
were present in indicator concentrations in

solutions of nitric acid of various concentra-
tions.!%2 Conditions for the separation of
americium from iron were found.

TLC was also employed for the separa-
tion of elements with very similar chemical
properties in different oxidation states. Thus,
in the work!'%® Pr(IlI) and Pr(IV) as well as
Tb(II) and Tb(IV) were separated and de-
tected with the aid of radioactive indicators
143Pr and '°Tb. The separation of Ce(IIl)
from Ce(IV) and Eu(Il) from Eu(IIl) was
achieved.!%1% The separation efficiency was
estimated using radioactive isotopes *Ce
and 3Z13%Eu, Low concentrations of inter-
mediate oxidized forms of sulfur (SO,>,
S,0,%, S,04%, and S,0,%") were investigated
with the aid of TLC. Such intermediates la-
beled with radioactive isotopes were formed
in the reactions of elemental sulfur with
metal sulfides in aqueous medium. The
zones were detected by autoradiography.!%
Hexahalogeno-complexes of trivalent and
tetravalent iridium labeled with *2Ir were
separated by TLC after neutron irradiation
of aqueous solutions.!?

Estimation of Radiochemical Purity of Prepa-
rations. TLC is a convenient technique for
detecting trace impurities in radioactive phar-
maceuticals. This method was used to esti-
mate the radiochemical purity of *"Tc¢ prepa-
rations.!%-11% Berthold BF-5300 y-counters!%
and a scanning instrument!!! were used for
recording Yy-radiation on TLC plates. The
traces of Mo in a commercially available
pertechnetate were determined by TLC on
MN-300 cellulose with butanol-1 saturated
with 1 M HCl as mobile phase.!!® A very
good separation of molybdenum from tech-
netium was achieved (R; values were 0.0 to
0.2 and 0.7 to 1.0, respectively). In order to
achieve rapid response to the need to control
the radiochemical purity of the labeled xe-
non trioxide using TLC, the concentrations
of iodine compounds were quantitatively
estimated employing a one hundred-channel
amplitude pulse analyzer AI-100-1. The de-
terminations of 3*XeQ, and IO, in zones
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after separation were carried out by the mea-
surements of y-spectra on the corresponding
parts of chromatograms. A high-speed scan-
ner, that simplifies considerably the mea-
surement procedure, was described for the
determination of I on thin-layer plates when
various amino acids were analyzed.!!> The
determination of *!'I by scanning and auto-
radiography was described for organic sub-
stances used in medical diagnostics and
therapy.!'4

Separation and Concentration of Radionu-
clides in the Analysis of Various Samples.
Separation of radionuclides by TLC has some
advantages in comparison with column and
paper chromatography. The technique is
simple and permits to control the choice of
most suitable eluants for separation of com-
plex mixtures of radionuclides. It is most
expedient to use TLC for the resolution the
short-lived radionuclides.

_ In recent years, TLC was actively used
for isolation of actinides from solutions of
complex composition characterized by high
v- and B-activities, when it was desirable to
work with minimum volumes of solution for
safety, convenience, and rapidity.!!>!7 For
example, the technique makes it possible to
isolate rapidly (in 25 min) and efficiently
24Th (decay product) from small amounts of
uranyl nitrate using a mixture of solvents
consisting of diethyl ether, water, and TBP.!16
A separation of 3Cl, 3S, and *P formed
after neutron irradiation of NH,Cl is de-
scribed. These radionuclides were identified
by their half-life periods, and their amounts
on the chromatograms were determined ra-
diometrically.!' Some examples of TLC
separation of two- and multicomponent mix-
tures of radioactive substances without car-
riers are presented.!'>-!'7 The separation
of the following radionuclides are of con-
siderable current use in radiochemical stud-
jes: 140Ba - M0 5 133Ba - 133Cs, 47Ca - ¥Sc,
0Sr - 90Y, 27Zn - 2Ga, %Nb - '82Ta, 97r -
%Nb, etc. The detection of the individual
elements was carried out radiometrically in
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an automatic mode. TLC was used for the
separation of Sn?*, Sb**, and TeO,?" in the
investigation of the decay chain '%°Snp =
138b = 12Te. The radioactivity of the sepa-
rated substances was determined by a Gei-
ger-Muller counter, and the radiochemical
purity of the isolated elements was estimated
y-spectrometrically.!'® The isotope 125Tc¢ was
isolated without carrier.

The use of TLC on Kieselgel MNS-HR
for the separation of the daughter !*™In from
the parent radionuclide 3Sn is known.!??

Partition TLC has been applied success-
fully for inorganic ions. Plutonium can be
isolated from the complex mixtures consist-
ing of U, rare earths, Cu, Cr, Ni, Pb, Fe, and
Zn.” This separation is performed using 3 M
HNO, - Synthine solution of TBP (23%)
using a single chromatographic run on thin
layer of silica gel impregnated in part with
3 M HNO, and also with 1 M HCIO,. Thus,
separated plutonium was further determined
on the plate radiometrically with RSD = 10
to 15%. The analysis time is 60 to 90 min,
and the volume of the analyzed solution was
0.03 mL. Conditions were found for the sepa-
ration of Am(III) from Pb, Ni, Fe, and partly
from U and La using the system nitrate so-
lution — silica gel with tri-n-octylamine.!?®
The maximum concentration of Am(III) in
the upper chromatogram zones can be
achieved when the layer is saturated with 4
M solution of LiNO; (the initial solution
contained 7.2 M of LiNO;). The mobile phase
was 0.1 to 0.2 M cyclohexane solution of
TOA equilibrated with 7.2 M LiNO,. The
americium determination in the concentrated
zones was carried out radiometrically with
RSD =5 to 7%.

Selective separation of uranium from a
possibly large number of other ions is very
important in the work with uranium ores or
irradiated nuclear fuel. It is not surprising,
therefore, that several publications on TLC
are devoted to such separations.!?!"12 The
efficient separation of uranium from 55 cat-
ions (including the most important decay
products) is achieved with layers of silica
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gel or cellulose in the analysis of uranium-
containing minerals.!?*> The mobile solution
was a mixture of hexane and TBP saturated
with 4.7 M HNO,. The isolated uranium was
determined on the sorbent by neutron activa-
tion analysis. The #Np content that was
measured by y-spectrometry. Triisooctyl-
amine was successfully employed as mobile
phase for the separation of uranium from
Mo, Co, Ni, Zr, Th, and other elements.!?*
The separation of uranium from Th, Zr, and
rare earths is also described.!?

Ascending TLC on silica gel with the
use of the mixture TBP — benzene (1:1) as
mobile phase was employed for the separa-
tion of U from Pu(IV) and transplutonium
elements at the concentration ratios U:Pu =
500:1 and U:Am = 20 000:1.!2! The volume
of initial 1 M solution of these elements in
HCIO, was 0.02 mL. The possibility of the
separation of plutonium from transplutonium
elements with 1 M HNO, was demonstrated
in the same work. The mixture TBP — ben-
zene (1:10) was used as mobile phase. The
conditions for the separation of Ac, Ra, Th,
Pu(IV), Am, UO,*, Pb, and Bi are re-
ported.'?” The separation of U, Np, Pu, and
Am is described.!?8!%

Recently the use of TLC became popu-
lar for the analyses of environmental samples.
A method for strontium determination in soils
is proposed that includes the selective ex-
traction with dicyclohexano-18-crown-6 in
chloroform, application of the extract on a
thin-layer plate and separation of the radio-
isotopes of strontium and yttrium using cir-
cular TLC."*° This method makes it possible
to determine separately 3Sr and *Sr. The
chemical yield of strontium exceeds 90%.
The detection limit is about 0.5 Bk/g, with
an RSD of about 2 to 5%. The proposed
method is rapid enough (the whole proce-
dure takes 3 to 4 h) and easy to carry out
compared to other methods. The reproduc-
ibility of the results is adequate for the re-
quirement. A method is known of the sepa-
ration of the *Sr from the daughter yttrium
on silica gel or cellulose treated with cal-

cium oxalate. The determination of *Sr in
water and milk can be carried out by mea-
surements of the radioactivity of the sepa-
rated elements with the aid of a computer-
ized multichannel analyzer.!*!

Radioactive isotopes are used to observe
the development of TLC separation of non-
radioactive elements. The distribution of mix-
ture components on chromatograms can be
studied by use of radioactive isotopes whose
radiation is measured by radiometry and
autoradiography. Such investigations were
carried out in the works.!04132136

Neutron activation with subsequent
Y-spectrometry is employed for the determi-
nation of some nonradioactive elements af-
ter isolation by TLC. For example, a simple
method was developed for preconcentration
of rare earths by TLC on Fixion 50 X 8 plates
using ammonia solutions of oxalic acid and
ammonia chloride as eluants. Subsequent
Y-spectrometric analysis of the irradiated con-
centrates was carried out.!3” Using this
method, it is possible to determine 8§ to 9 rare
earths elements in samples of rocks with
masses up to 30 mg. The limits of detection
are from 0.05 to 0.4 ug for Eu, Sm, Tb, Yb,
and La or from 1 to 10 pug for Tu, Ce, and
Nd. The RSD values are equal to 5 to 20%
for 5- to 10-fold higher concentrations than
the limits of detection.

The more detailed information on the
quantitative determination of individual ele-
ments in chromatographic zones using
nuclear-physical methods is presented in
Section IV.A.2 (see Table 2).

IV. TLC IN QUANTITATIVE
ANALYSIS OF INORGANIC
MATERIALS

A. Combination of TLC with Various
Methods of Determination

1. Optical Methods

Spectroscopic methods of ion determi-
nation in the chromatographic zones are
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widely used in the analysis of inorganic sub-
stances. Densitometry and fluorimetry are
most widely applied spectroscopic methods
in situ determination of elements. Fluorim-
etry is comparable with for densitometry in
the time of analysis (2 min) but surpasses it
in the detection limit by 10 to 10* times (104
to 107! and 10! to 10 pg, respectively). The
reproducibility of optical scanning in fluo-
rescence measurements is 1.5 to 2 times bet-
ter than the reproducibility of measurements
of the radiation absorption. X-ray fluores-
cence and photothermal spectrometry are also
employed for in situ analysis. It is possible
as well to determine elements reliably and
quantitatively, after removal from a plate,
the portion of sorbent containing the sub-
stance to be determined (but without its elu-
tion) using reflectance spectroscopy, atomic
absorption and emission spectrometry, in-
frared and mass spectrometry, X-ray fluo-
rescence analysis.

Spectrophotometric (colorimetric) deter-
mination of elements in the zones requires
eluting the substance to be determined from
the sorbent. The ring-oven method (with
visual detection) can also be placed in this
group of methods. Physical and physico-
chemical methods of determination such as
infrared and mass spectrometry, radiometry,
polarography, etc., can also be employed
after elution. The domain of the use of the
elution technique is rather large. It includes
the determination of various elements (in-
cluding alkali, alkaline-earths, heavy, noble,
and rare ones) using different detection meth-
ods. Various vacuuming devices are recom-
mended!*%!% for the removal of sorbent from
the plate and its transfer into the vessel for
elution. It is possible to remove the sorbent
from TLC systems with the use of the auto-
mated devices which are most often used for
the analysis of radioactive substances.!40-141
The method for the extraction of the sub-
stances under determination with the use of
solvents is discussed.® The analyzed sub-
stances can be transferred onto solid sup-
ports before determination, e.g., in the method
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of ring-oven colorimetry * and in the meth-
ods described!#*!* in which the substance is
transferred from the sorbent layer onto a
intermediate porous carrier (filter paper,
potassium bromide). The devices for sub-

stance elution from chromatograms are de-
scribed.!43

Densitometry and Reflectance Spectroscopy.
The theory of quantitative densitometric
determination of substances on thin-layer
chromatograms and some peculiarities of
using different densitometers are discussed. 46
It is shown!#” that the processes of light trans-
mission through thin dispersing and absorb-
ing layers of sorbent can be best of all de-
scribed by the discrete step model. A review
on the methods for quantitative photometry
of thin-layer chromatograms for research
purposes and routine analyses was pub-
lished.!#7* Methods for direct determination
of micro- and nanogram quantities of sub-
stances on chromatograms by reflectance
spectrometry are discussed in the review.!47
The works!*1% are devoted to the problems
of sensitivity enhancement in densitometric
determinations. Instrumentation and systems
for optical scanning of chromatograms are
described in previously published pa-
pers.!30-166 A device was described for the
correction of the results of densitometric mea-
surements of light absorption by colored spots
on chromatograms. The light scattering ef-
fect was employed for such corrections.!’
The modern densitometric technique for the
determination of substances in chromato-
graphic zones is comparable in its capabili-
ties with radiochemical methods. However,
the former is less time consuming and more
safe and is why this technique is widely
used.!%%170 Direct densitometry possesses
some advantages over other techniques em-
ploying elution or zone removal (for ex-
ample, before quantification by reflectance
spectroscopy) because the use of these tech-
niques may lead to losses or contaminations
of separated substances. The results of in
situ measurements depend on a number of
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factors which are not taken into account in
the photometry of solutions: nature of the
layer, its thickness, and humidity, presence
of contaminants, composition of the solvent
system used, mobile phase flow rate, accu-
racy of sampling, dimensions of the start
zone, direction of scanning, etc. One of the
problems of this method is the necessity to
provide starting zones uniform in their
shape and dimensions. The results of quanti-
tative estimation of thin-layer chromatograms
by densitometry and planimetry can be af-
fected by the type of sorbent, its specific
surface and microporosity, uniformity and
thickness of the layer, particle size and pore
size, etc.172-176

Spectrometric scanning of zones on chro-
matographic plates is usually carried out in
one direction with the use of special instru-
ments. It provides a reproducibility of about
2%. Spot scanning in both forward and re-
verse directions provides better compensa-
tion of background fluctuations. Careful and
proper selection of the necessary wavelength
for scanning, which depends on the R; value,
it is possible to provide faster and more re-
producible measurements.!”” More precise
estimation of thin-layer chromatograms can
be achieved with the use of scanning by the
zigzag technique at two wavelengths.!7817
This scanning technique with the computer
control of zone position, including the use of
the devices for automatic sample application
in the shape of a band, is discussed.®® A
method of optical scanning with subsequent
mathematical data treatment was success-
fully used in a microvariant of TLC.!°!

Several factors (instrumental drift, inte-
grator linearity, scanning speed, etc.) were
investigated which affect the reliability of
element determination by direct densitomet-
ric measurements, 813! for example, in the
zinc determination on layers of cellulose MN
300 HR. The error of the determination re-
sults depends also on the linearity of the
calibration plots.'8? It was noted'®? that the
calibration plots for measurement of spot
color on thin-layer chromatograms using the

light-transmission technique can be described
by linear equations providing that there is no
supersaturation of spots with the substance.
A linear form of the Kubelka-Munk equa-
tion was derived for the quantitative photo-
metric determination of substances on thin-
layer chromatograms.!'3* It was possible to
obtain a calibration plot which was linear
and independent of the solvent nature in a
wide concentration range when an automated
function transformer was used for simulta-
neous measurements of light transmission
and reflectance.'®> A linear detecting system
was designed, and the advantage of the two-
dimensional technique of integration over
the unidimensional one, was demonstrated. '3
A comparative study was carried out of the
most widely used methods of mathematical
treatment of densitometric measurements to
estimate the linearity of Bouguer-Lambert-
Beer law, Kubelka-Munk function, Trailer
equation, etc.!¥”-188 A technique is proposed
for selecting and optimizing the working
parameters of a Shimadzu C-900 scanning
densitometer operating in the transition mode
for recording chromatograms obtained by
high performance TLC.!¥ It was shown!%
that the application of a new approach to the
quantitative densitometric estimation of thin-
layer chromatograms made the analysis easier
and faster. This new approach includes re-
cording of the first and second derivatives.
In addition to the instrument, an electronic
set-up for the determination of the fourth
derivatives enlarged the potentialities of the
method, especially in the determination of
unresolved components.

The densitometric technique was applied
to determine the following elements on
the chromatograms: alkali and alkaline
earths,?!2192 poble,!93-195 rare,!% heavy
elements,213,170,171,192.197-210 VariOUS ele-
ments,?!!-213 and anions.?'#2!¢ The more de-
tailed information on the conditions for the
determinations of various elements can be
found.* The following materials were ana-
lyzed by means of a combination of TLC
with a densitometric technique: waste wa-
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ters,” magnetic fraction of interplanetary dust
particles,?® monazite,?'” molasses,?'¢ etc.

Reflectance spectroscopy is applicable
to the determination of substances both di-
rectly on the chromatogram and after zone
removal from the plate. When a thin-layer
chromatogram is estimated in situ by reflec-
tance spectrophotometry, the total error de-
pends on the following factors:

¢ inaccuracy of sample application onto the
plate

¢ inaccuracy of plate position in relation to
the light beam center

¢ inaccuracy of the measurement itself

o the real peak height on the chromatogram

That is why all the procedures of the chro-
matographic process and measurement
should be standardized to obtain as repro-
ducible results as possible. When such con-
ditions are satisfied, it is possible to achieve
the RSD value 1 to 5% or 4 to 6% for par-
allel determinations of substances on the
same chromatogram or on different chro-
matograms, respectively. When reflectance
spectrometry is used after the removal of a
spot from the plate and placing the sorbent
into the spectrometer cap the separation of
elements is usually carried out on thin layers
of cellulose or silica gel. After detecting the
element with suitable visualizing reagent,
the layer containing the spot is scrapped from
the plate, pulverized thoroughly in a agate
mortar till a uniform mass is obtained, and
placed into the reflectance cell of the spec-
trophotometer. It is possible to determine in
such a way the amounts of substances from
few hundredth to 10 pg with the RSD 2 to
6%.2'%-222 In our opinion, reflectance spec-
trometry offers no special advantages in
comparison with direct densitometry. More-
over, particular care has to be taken to avoid
losses when the sorbent is taken off the plate
and pulverized. Reflectance spectrometry
was used for the determination of Ni, Cu,
Zn, Co, Al, Be, Cd, Cr, Fe, Pb, Mn, Hg, Ag,
Sn (see Reference 4, p. 49-54), and other
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elements.??® The advantages and drawbacks
of optical measurements in transmitted and
reflected light are discussed, and a conclu-
sion was drawn that the reflectance tech-
nique is less sensitive to the optical noises
than the transmission one.?24225

Fluorimetry. Fluorimetric methods for the
quantitative estimation of thin-layer chro-
matograms are based on the measurements
of the fluorescence intensity or the degree of
its quenching which depend on the quantity
of the substance in the chromatographic zone.
The radiation with a wavelength of the ini-
tial exciting one is measured displaying a
principal difference of fluorescence meth-
ods from densitometric ones. The fluores-
cence of separated substances is usually ex-
cited with electromagnetic radiation at a
corresponding wavelength. The technique
based on measuring the intensity of fluores-
cence is most extensively employed. The
reason is that the quenching technique can-
not meet many requirements of quantitative
detection. Photometric measurements of fluo-
rescence are performed both in a transmis-
sion mode (the measurements on the oppo-
site side from the radiation source) and in a
reflectance mode. It is shown theoretically
and confirmed experimentally that the fluo-
rescence measurements are more preferably
performed on the side of irradiation. The
reason is that on the opposite side the radia-
tion is considerably less intensive.??® The
intensity of excited fluorescence is propor-
tional to the substance concentration taking
into account its fluorescence coefficient. A
two-point calibration technique is de-
scribed??’ for fluorescence scanning densito-
metry in high-performance TLC.

The results of the quantitative detection
of substances by the fluorescence techniques
and their comparison with the densitometric
methods was discussed.’ Nonuniform distri-
bution of the substances to be determined
along the thickness of the sorbent layer and
the influence of the size of the chromato-
graphic zones on the sensitivity of the fluo-



13: 43 17 January 2011

Downl oaded At:

rimetric methods were taken into consider-
ation. The limits of detection are mainly
dependent on the background noise. A low
level of noise is the basic advantage of the
fluorimetric techniques. It was demon-
strated??® that the optical scanning on the
basis of fluorescence measurement was usu-
ally characterized by the reproducibility 1 to
2%, a necessary amount of the substance of
about 10 to 10! pug, and a time of analysis
of about 2 min. A decrease of the limit of
detection of substances can be achieved as a
result of an enhancement of an fluorescence
increase due to the increase of the initial
radiation intensity, particularly, due to the
employment of lasers as sources of radia-
tion.22%-23! In this case, there is no danger of
the photolysis of the determined compounds.
The instrumentation for the fluorometric de-
tection of the separated substances is de-
scribed.??32

Some theoretical studies on the selection
of the conditions for fluorimetric measure-
ments and their mathematical description
were made. 49233234 These papers contain also
the comparison of the fluorimetric and den-
sitometric techniques and the description of
the corresponding instrumentation.?35-24!
Fluorimetric methods were applied to the
determination alkali and alkaline earth ele-
ments, 92242 Jead,?*>2* aluminium, 243-2%6 jron,
tungsten, titanium, germanium, arsenic, an-
timony,?’ lead, bismuth, uranium, thorium,
copper, cobalt, nickel, cadmium,?24° noble
metals,?’® rare earth elements,?s! and other
elements?? in chromatographic zones.

X-Ray Fluorescence. A new technique for
the detection and identification of substances
in chromatographic zones has been proposed,
namely in situ X-ray fluorescence mi-
croanalysis (XRFMA).?>-253 This technique
requires no pretreatment. The plate is irradi-
ated with a collimated beam of primary X-
ray radiation with an energy 40 to 60 kV.
The resulting characteristic spectrum of X-
ray fluorescence is recorded to obtain quali-
tative and quantitative information about the

chemical composition of the individual chro-
matographic zones.

The proposed technique was used for the
investigation of the sorption behavior of Ni,
Co, Mo, Rb, and Y in solution with in their
n X 10 - 2 M solutions on thin layers of
silica gel or an ion exchanger (Fixion 50 X 8).
The standard error of the intensity measure-
ments was mainly determined by the statis-
tical error of the pulse counting. That is why
the RSD value was not more than 3% for the
chosen time interval (40 to 100 s) providing
a set of not less than 1000 counts per point.
The repetitive scanning of the concentration
curves makes it possible to decrease the RSD
value by 1.5 to 2 times since in XRMFA the
samples are not destroyed . The scanning
was performed using X-ray fluorescence
microanalyzer.?%® The main field of applica-
tion of this new method is the determination
of inorganic and organoelement compounds.
In principle, all the elements of the Periodic
Table beginning from lithium (Z = 3) can be
determined. The described technique is char-
acterized by a high selectivity since every
element can be determined on the chromato-
gram independently of the presence of any
other elements. The limit of detection is 10~
% to 10-1° ug of a substance. The local reso-
lution of this technique is characterized by
the least possible diameter of the analyzed
zone (0.1 to 1.0 mm). It makes possible to
determine nanogram and microgram amounts
of substances in the zones of small diameter
(with the area up to 1 mm?). The combina-
tion of TLC and XRFMA expands the capa-
bilities of in situ analysis as compared with
other similar techniques. It makes possible:

* an increase in the number of analyzed
samples and the number of determined
elements

 permits quantitative estimation of the ra-
tio of the various forms of the same ele-
ment (differing in their oxidation states
or in other qualities) after their separa-
tion (when the transformation kinetics is
slow)
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¢ makes possible a determination of the
completeness of the chromatographic
separation of elements

* permits to investigate the patterns of ele-
ment distribution not only along the whole
chromatogram but in each individual zone
as well

Thus, the new “hyphenated” technique pro-
posed can be used to solve analytical prob-
lems which cannot be solved separately ei-
ther by chromatography (e.g., in case of
incomplete separation of two or more com-
pounds every of which differs qualitatively
from the others by the presence of at least
one element) or by XRFMA (e.g., when it is
necessary to determine different ionic forms
of the same element). The technique of com-
bining TLC and XRFMA is an almost uni-
versal one. It can be used, in particular, for
the investigation of planar chromatograms
on any support (glass, polymeric film, alu-
minum foil). The support does not affect the
results of analysis since the background due
to the sorption layer and to the support is
taken into account in the determination of
element concentration from the X-ray lines.

The technique of X-ray local fluores-
cence scanning of thin-layer chromatograms
could find widespread application in the
analysis of natural and industrial micro-
samples and small amounts of substances
(e.g., minerals, microocclusions, materials
for radioelectronics and semiconductor in-
dustry, precious and toxic elements, etc.). It
may be of interest to apply this technique to
the investigation of complex formation, be-
havior of elements of different oxidation
states and different composition. Maximum
local resolutions were achieved in the physi-
cochemical investigations of the systems
sorbent (ion-exchange resin) and solution
(rubidium chlorides and nitrates, hydrochlo-
ric acid). The aim of this study was to calcu-
late vanious parameters of a chromatographic
system from the experimental data on the
distribution of substance in the chromato-
graphic zone. In particular, the porosity of
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sorbent and the exchange constants for ru-
bidium and hydrogen ions were calcu-
lated.?s :

The procedure of pressing a part of sor-
bent containing the determined substance into
disks of about 30 mm in diameter with sub-
sequent direct measurement is recommended
for the quantitative determination of total
amount of the component in the chromato-
graphic zone. Such a procedure permits usu-
ally to obtain the RSD 10 to 20%.%7

The analysis of zones containing micro-
gram amounts of different phosphates after
their separation by TLC was carried out by
X-ray emission spectroscopy?® and heavy
metals (In, TL, Sn, Pb, Bi, Os, Ir, Ru) were
detected on thin-layer chromatogram in the
form of 8-mercaptochinoline or 1-hydroxy-
2-pyridinethione complexes.?® An X-ray
fluorescence scanner for thin-layer chromato-
grams has been described.?® The instrument
was used for the determination of phospho-
rus, sulfur, chlorine and iodine with the limit
of detection about 2 pg. The microanalysis
of thin layers of Ti and PbSnTe on a silicon
base from X-ray radiation arising after sample
irradiation by electrons was carried out.?%

Atomic Absorption Spectrometry. Atomic
absorption spectrometry (AAS) was proposed
as a technique for the detection and identifi-
cation of the chromatographic zones.?? How-
ever, so far AAS was relatively seldom
employed in combination with TLC. The
technique was mainly used for the determi-
nation of noble metals,263-265 rare 266 and
heavy elements.?¢’

Atomic Emission Spectroscopy. Atomic emis-
sion spectroscopy (AES) is easily combined
with TLC. A powdered sorbent containing
the component under determination can be
directly introduced into the arc ionization
source after removal from the corresponding
part of chromatogram. Cellulose is most of-
ten used as sorbent since it burns without
sputtering. The examples of the application
of TLC-AES combinations are not numerous.
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AES was used for the determination in
the chromatographic zones of platinum group
metals, 268 rare-earth elements, tantalum,?”
alkaline-earth elements.?’! In the last case,
preliminary elution of the elements from the
sorbent before introducing the sample into
the spectrometer was used. The limits of
detection are usually n x 107 to 10°%.

Infrared Spectrometry. There are two ways
of IR-spectrometric measurements for the
identification of substances separated by
TLC. The first of them includes the elution
of the determined substance from the sor-
bent and subsequent investigation of eluate
or potassium bromide disks onto which the
substance is transferred.?’>2’¢ The second
technique includes direct IR measurements
on thin-layer plate.?’>-?’6 The direct determi-
nation, although being rather fast, possesses
a number of serious drawbacks. The most
important of them is a strong absorption of
the IR radiation by the material of support
and by the stationary phase causing spectral
superpositions. The interferences can be
caused by the absorption bands of the func-
tional groups of solvents used as mobile
phases and partly retained in the thin layer of
sorbent due to the intermolecular interaction
with the stationary phase. On the other hand,
the recovery of the determined component
from the sorbent before IR determination is
a rather long and tedious operation that can
lead to losses or contamination of the sample.
It is preferably to deal with the samples of
100 to 200 pg. Preliminary elution is usually
used when inorganic ions are determined by
the IR spectrometry.?7327

An interesting procedure is proposed for
this purpose.?’” A thin-layer plate after com-
pleting the development is treated with a
strongly acting solvent in the second direc-
tion (as in two-dimensional chromatogra-
phy). This solvent provides the complete
transfer of the component to the powder trans-
parent for IR radiation is chloride, diamond
powder, etc.). The powder is placed on the
support connected with thin-layer plate by a

bunch of glass fibers. In so doing, it is pos-
sible to minimize all the problems connected
with the transfer of substance. The solvent
retained in the powder can be evaporated
before measuring.

The results of the determination of
glycidoxypropylate complexes of some met-
als by the FTIR spectrometry, densitometry,
and fluorimetry were compared.?’

Mass Spectrometry. Mass spectrometry is a
convenient technique for the identification
substances separated by TLC.27%-%8! Unlike
some other physical methods of analysis, the
sample is completely used up during the
analysis. As small samples as 1 to 2 ug are
usually employed because mass spectrom-
etry provides the detection limits 10-!! to
10 g.

Transfer of the analyte from TLC-plate
to the mass spectrometer can be performed
either directly (e.g., by withdrawal of a part
of sorbent containing the determined sub-
stance from the support and transferring it
into the mass spectrometer) or by use of
preliminary elution of the substance from
TLC-plate and introducing the eluate into
the evaporating chamber of the mass spec-
trometer as is usually carried out for the
identification of organic substances.”>28 The
first way seems to be the most promising
one.

Ionization by the bombardment by fast
atoms is the most convenient way for com-
bining TLC and mass spectrometry. That is
why such a technique does not require re-
moving the test substance from the plate and
permits to investigate nonvolatile and ther-
mally unstable compounds.?® A rapid and
simple technique was developed?®s for trans-
ferring the sorbent with the substance after
determining zone location on the plate (by a
usual method, e.g., by uv-fluorescence). The
end of the probe for introducing the sample
into the mass spectrometer is pressed to the
spot by a adhesive tape. Thereafter, 1 to 2
uL of a solvent (CH,Cl,, CH;OH) and 2 to
5 pL of a liquid matrix (glycerin or
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thioglycerin) were added to the sorbent on
the end of probe. Then, the probe is intro-
duced into the ion source of the mass spec-
trometer. The analysis is carried out using a
high-resolution instrument. A device for
scanning 1 X 10 cm TLC-plates by use of a
pulse CO, laser was developed.?® So far
mass spectrometry was not often used for
the detection of inorganic substances on TLC-
chromatograms. Preliminary elution of the
determined substance from the sorbent be-
fore its introducing into the mass spectrom-
eter is employed. Fe, Co, Mn, Ni, Zn, Cu,
Rh, Pb, Cd, and Hg were identified by this
technique in the form of their complexes
with tetraphenyl porphyrin.??2% The method
proposed was employed for the analysis of
biologic samples.

Spectrophotometry. Spectrophotometric
measurements (in UV or visible regions) can
be carried out by the estimation of the absor-
bance of the eluate containing the determined
substance in the form of a colored complex.
It is possible also to separate a colorless
substance from the sorbent zone and to sub-
ject it to the reaction with a suitable reagent
to form a colored product. In any case, the
eluate is brought to a known volume and
investigated on a spectrophotometer a colo-
rimeter. The results can be calculated using
the corresponding calibration plots or molar
absorptivities. A linear relationship between
the color intensity and the substance concen-
tration should be obeyed. Successful appli-
cation of the photometric techniques depends
of the band shift to the range of longer wave-
lengths. In this case the results are less af-
fected by interferences from the substances
coextracted from the sorbent. Spectropho-
tometry provides limits of detection which
are at least 10 times lower compared with
the other optical techniques.?' Spectropho-
tometric determinations after eluting analytes
from the sorbent are quite often used in in-
organic analysis. The following elements and
compounds have been determined: alkaline
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earth elements,?®>? aluminum,?** cadmium
and others,”> cobalt,?¢ bismuth,?’ iron,?%
nickel,? iron and mercury,® cobalt, nickel,
bismuth and other,*!3% mercury, cobalt,
nickel,3033% precious metals,3* uranium,3%
tellurium,’3® uranium, nickel, cobalt, and
bismuth,3’ rhenium,3% zirconium,3*-3!! rare
earth elements, 3312315 phosphates,3'6-318 and
polythionates.3!

The “Ring-Oven” Method. This technique
also called ring colorimetry or circular colo-
rimetry is a special method for the analysis
on filter paper disks placed into a ring oven
usually heated to 100 to 110°C. The sub-
stances are detected not in a spot-like form
but in the form of sharp concentrated rings.
Such rings are formed as a result of solvent
displacement from the center of the spots to
its periphery during evaporation. The first
publication on this technique appeared in
1954,3%0 the first monograph — in 1961 and
repeatedly in 1970.32! The following aspects
were discussed: instrumentation and its use
for the analysis of cations, anions and or-
ganic substances; use of this technique in
radiochemistry, toxicology, for air pollution
estimation, etc. Particular emphasis has been
placed on the combination of the ring-oven
method with other techniques such as sol-
vent extraction, paper and thin-layer
chromatographies. This analytical technique
is very simple, rapid, and highly sensitive.
When TLC is combined with the ring-
oven technique, the procedure is as follows.
A corresponding zone containing the test
substance isolated by TLC is scrapped from
the plate, the obtained sample is applied as a
spot on a paper disk, and the latter is placed
into a ring oven. The spot is eluted with an
appropriate solvent feeding it into the center
of the spot. Sharp rings are formed as a
result of the process of adsorption chroma-
tography. The color intensity of these rings
can be measured visually by comparison with
the corresponding scale. The works21-322 are
devoted to the problems of combining TLC
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with the ring-oven technique. The proce-
dures and corresponding devices are de-
scribed in detail 22

The employment of the ring-oven tech-
nique for the estimatiori of radioactive ele-
ment concentrations in the zones of thin-
layer chromatograms was mentioned in the
work.323 Of particular interest is use of this
technique in radiochemistry because of its
relative safety as it requires only quite a few
microliters of solution for the analysis. The
ring-oven technique was employed for
semiquantitative determination of the fol-
lowing elements and ions after their TLC
separation: iron. copper, nickel, cobalt,32*
platinum group metals,??5-3?7 pickel, cobalt,
palladium, titanium, yttrium, zirconium,3?
lead, bismuth, uranium, thorium, nickel, cop-
per, cobalt, cadmium,?*?® vanadium(IV),
vanadium(V), iron(II), iron(I1I),3?° titanium,
zirconium, thorium, and rhenium, molybde-
num, zirconium, thorium and rhenium, mo-
lybdenum, tungsten, etc.,*° germanium, ar-
senic, antimony, etc.,**! germanium, tin, lead,
zinc, cadmium, mercury,’* alkaline earth
elements,’® selenium tellurium, tin,3** iron,
mercury, thallium, antimony,?*> poly-
thionates.?

Photothermal Spectrometry and Electron
Spin Resonance. The fundamentals of
photothermal spectrometry have been de-
scribed.337-342 Photoacoustic spectrometry
was firstly employed for the determination
of organic substances on chromatographic
plates. Inorganic ions were determined by
this technique on Silufol plates®** and other
substances, e.g., fluorescein were deter-
mined.?*! There is no limitation for the form
and structure of samples which can be pow-
ders, paper, pastes, coatings, etc. with the
weight down to a few milligrams.

The photothermal method makes it pos-
sible to achieve the relative limits of detec-
tion n x 10-3% wt. or the absolute limits of
detection down to n x 10! ug for solid
materials; the detection limits depend on the

radiation source and on the technique for
acoustic oscillation measurements. There-
fore, this method is one of most sensitive
spectrometric techniques in analytical chem-
istry. The most effective way to further in-
crease the sensitivity of the optical-acoustic
method is the use of lasers as sources of
radiation.

- The examples of the photothermal de-
tection of inorganic ions are presented in
Table 1. The complex of cobalt with 1-(2-
pyridilazo)-2-naphtol was also determined
by photoacoustic spectroscopy.3#

A combination of TLC with electron spin
resonance (ESR) is described as the tech-
nique for the determination of Cu(Il) and
VO?* after scraping off the corresponding
zones of sorbent from a thin-layer plate and
placing the samples into a capillary tube (an
ampoule for ESR measurements).3*® The el-
ements were determined using calibration
plots. Al(III), Cr(1Il), Mn(II), Co(II), Ni(II),
Zn(Il) do not interfere with the determina-
tion of Cu(II) and VO?* while there is some
interference from Fe(III). The RSD values
were 1.8% for the determination of 10~ M
Cu(Il) and 1.66% for the determination of
1073 M VO*.

Radiochemical and Nuclear-Physical Meth-
ods. As mentioned above (Section III),
nuclear-physical methods are among the most
sensitive techniques for detection, identifi-
cation and quantitative determination of el-
ements in chromatographic zones. Some
problems of quantitative estimation of thin-
layer chromatograms are discussed.”® The
combinations of TLC and radiochemical
techniques of the analysis of inorganic sub-
stances are described.’

Some instruments and devices for the
qualitative and quantitative analysis of thin-
layer radiochromatograms are describ-
ed.?3%357 A method was reported for remov-
ing the layers of cellulose or mixtures of
cellulose and silica gel from glass thin-layer
plates and subsequent measurements of the
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radioactivity of substances contained in in-
dividual zones.3® A convenient device was
proposed for the detection of radioactive spots
by autoradiography.?° Radiometric scanning
can be carried automatically,’® and the re-
sults can be processed by computer.36!.362

There are few ways of detection and
measurement of zone radioactivity on the
chromatograms. These are direct determina-
tion of elements on the plate (radiometric
measurements of the spot, scanning of the
chromatogram, autoradiography) and deter-
mination of the radioactive elements after
isolation of a zone from the chromatogram
(radiometric analysis of the sorbent powder,
eluate or solvent after sorbent destruction,
neutron activation method). The works given
in Section IIT%*-136 and in Table 2 are devoted
to the combinations of TLC with various
nuclear-physical techniques for detection and
determination of substances. The automatic
scanning of the radiochromatograms was
especially effective when nanogram quanti-
ties of 5!Cr, %*Mn, ¥Fe, %Co, 9Zn, '%Cd
were present in the form of triocyonate com-
plexes. A 128-channel ND-110 spectrom-
eter with NaJ(TI) crystal was employed.’%
An original system for the estimation of spa-
tial distribution of molecules labeled with
the positron-radiating radionuclides was pro-
posed.’ Autoradiography was employed for
the detection and determination of trausur-
anium and elements!?!3% rare-earth ele-
ments,314’315 S aﬂd P,364.370 24Na’ 42K, 86Rb’
137Cs3™! on thin-layer chromatograms. Zones
of inorganic ions labeled with the radioiso-
topes 3Cs, 13985, 40La, Y, %Sr, 24Na, 2K,
8Rb were detected autoradiographically on
chromatograms after separation of mixtures
of these elements on thin layers of silica gel
mixed with ammonium dodecanomolybdo-
phosphate or zinc cyanoferrate.’’

The noble elements,?¢5-368 rare earth ele-
ments, ! and uranium?®® were determined in
chromatographic zones by a neutron-activa-
tion method after their separation from ac-
companying elements by TLC and isolation
of the chromatographic zones from the plates.
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For example, microgram quantities of Ag,
Au, Pt, Pd, Rh, Ir were isolated separately on
a thin layer of the sorbent based on the co-
polymer of styrene and (3) 5-methylpyrazole
(PVB-MP-8T).36-367 Uranium was isolated
on a thin layer of silica gel,>®® and rare-earth
elements on Fixion-50 x 8.13° The distribu-
tion of iridium on a thin-layer chromato-
gram was estimated by a radioactivation
method after its isolation from sulfate solu-
tions containing a mixture of other plati-
num-group metals.3¢8

Electrochemical Methods. Electrochemical
methods for the detection of inorganic ions
on thin-layer chromatograms have not been
widely employed enough. However, these
methods make it possible to achieve in prin-
ciple the results with the RSD values down
1%. Electrochemical methods can be used
for the determination of inorganic ions
both directly in the sorbent layer and after
their elution from the sorbent. Conducto-
metric and polarographic detectors are used
for this purpose. The most reproducible re-
sults can be achieved when polarographic
detectors are used. The limits of detection
for inorganic substances determined by al-
ternating current polarography were about 1
x 10-1! g/ml.373 Coulometric3”* and potentio-
metric®’? methods can be used for the detec-
tion of substances in solutions after their
elution from the sorbent layer. The latter
technique makes it possible to determine
sulfide ions in 10-'7 M solution in the pres-
ence of fluoride, chloride, sulfate, and phos-
phates.

Polarography. When a polarographic method
of detection is used it is most expedient to
carry out direct determination of elements in
zones on the plate, although special devices
are necessary. For example, an original de-
vice is proposed for this purpose.’”® The
method is laborious and rather time-consum-
ing. Moreover, it requires good separation
and sharp localization of the separated sub-
stance on the sorbent layer. Electrochemical
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detection of substances on the plate was pre-
formed in the continuous flow variant of
TLC using commercially available equip-
ment.’”’ The sorbent zones containing the
substance to be determined were transferred
into a polarographic cell.3837 Excess sor-
bent did not interfere with the quantitative
determination. The RSD was 3% under these
conditions.

The components of a semiconductor al-
loy Sn-Au were separated by TLC on silica
gel fixed on the plate by starch. Then gold
was eluted from the chromatographic zone
and determined by stripping oscillographic
polarography.’® The RSD of gold determi-
nation was 3% when the gold concentration
was 0.3 pug/mL. A voltammetic technique
was used for the determination (after elu-
tion) of heavy metals separated on a thin
layer of sorbent.!

Conductometry. This method is convenient
in the use of continuous flow separations. A
conductometric detector is described,’®? that
is suitable for TLC and paper chromatogra-
phy. The detector consists of two parallel
narrow gold plates (electrodes) placed on
the sorbent layer. The conductometric cell is
connected to a Wheatstone bridge with a
differential amplifier. The output of the
amplifier is connected with a recorder. One
end of the plate is immersed in the eluent.
The signal of the bridge becomes constant
after stabilization of the eluent flow rate.
From 2 to 10 pL of the analyzed mixture are
applied onto the plate. The chromatographic
peak is recorded when the zone of compo-
nent is passing between the electrodes. The
described detector was used for the analysis
of aqueous solutions of Fe and Zn (2 pg/mL
each), Fe and Mn (2 pg/mL each), Fe and Co
(0.75 and 1.70 pg/mL), Fe, Cr, Co (1.5, 2.0,
and 2.0 pg/mL). The separations were per-
formed on the plates with a thin layer of
silica gel G in various systems of solvents.
The detector signals are linear in a large
range of concentrations of the determined
substance.
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Kinetic Methods. Highly sensitive Kinetic
methods with spectrophotometric indication
were employed for quantitative determina-
tion of the small amounts of palladium,
rhodium, and iridium in chromatographic
zones after their isolation from chloride306.383
or sulfate?3-3% solutions and separation by
TLC. The kinetic method for the determina-
tion of rhodium and iridium is based on the
use of catalytic oxidation of manganese with
hypobromide in alkaline medium. The de-
termination of palladium is based on the
reaction of manganese (IlI) reduction cata-
lyzed by palladium (II) chloride. Kinetic
determinations are very sensitive (the limits
of detection are about =10~ pg/mL), and,
simple and rapid. There is no need in sophis-
ticated equipment and expensive reagents to
carry out kinetic measurements.

It is necessary to first remove the sorbent
for the kinetic determination of rhodium in a
chromatographic zone, because the presence
of sorbent in the reaction vessel results in a
decrease of the rate of the catalytic reaction
of this element.’® A technique of rhodium
elution from the sorbent was developed that
met this requirement.

The distribution of rhodium and iridium
trisulfates on the chromatograms were in-
vestigated by a kinetic method. Conditions
were found for maximum concentration of
rhodium and iridium in the upper chromato-
gram zone in the studies of TLC behavior of
the formed complexes in water and in sulfu-
ric acid solutions (up to 3 M H,SO,).3% A
similar technique was used for the investiga-
tion of the properties of the sulfate com-
plexes of these elements in highly concen-
trated acid solutions (3 to 18 M H,SO,).3%

Spot Size Measurements (Planimetric Tech-
niques). The determination of a substance in
a chromatographic zone from the area of the
formed spots is the technically easiest
method. It does not require special sophisti-
cated and expensive instrumentation. The
calculations of the amount of substance in
the spot are based on simple relationship: the
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logarithm of the substance mass is a linear
function of the square root of the spot
area.?12387.38 Some other relationships have
been established but usually only a linear
part of the function is employed. Area mea-
surements are certainly not very accurate for
the quantitative estimation of thin-layer chro-
matograms. The RSD values are usually
about 10%. This technique can be used as a
simple semiquantitative method. To obtain
the most reliable and reproducible results of
the planimetric estimations of thin layer chro-
matograms, it is necessary to obey thoroughly
certain experimental conditions. These are
first of all homogeneity of the sorbent par-
ticle size and its constant activity, stability
of the layer thickness, constant composition
of the vapor phase in the separation cham-
ber, precise application of analyzed sample,
and uniform size of the starting spots.2'* To
determine a substance in a spot from its area,
calibration plots or additional techniques are
employed. It is more preferable to construct
the calibration plots on the basis of the data
obtained on the same chromatographic plate.
There are some difficulties in the deter-
mination of a relationship between the quan-
tity of the determined substance and the spot
area. These difficulties arise from the fact
that the spot edges are often diffuse, and the
distribution of the substance in the spot is
not uniform. Such difficulties can be avoided
using a special procedure, channel TLC.3¥
Better accuracy and more rapid planimetry
of spots can be achieved by projecting the
spot of the developed chromatogram by
means of an epidiascope with eightfold en-
largement.>% It makes possible to determine
the areas of the spots up to 80 mm? with the
RSD less than 1%. The area of precipitation
zone in precipitation chromatography is pro-
portional to the ion concentration in the
sample solution. Iodide, bromide, chloride,
and phosphate ions were quantitatively de-
termined from such a dependence using sil-
ver nitrate for the treatment of the silica gel
layer. The mobile phase was the mixture
isobutanol-ammonium acetate (4:1).39!

Planimetric methods were employed in
quantitative TLC for the determination of
the following elements and ions: alkali and
alkaline earth elements,?123923%3 jron, cobalt,
nickel,?® iron, cadmium, thorium, alu-
minium, nickel,** lead, chromium, manga-
nese, nickel, mercury, zinc, bismuth, iron,>*?
technecium,’ chromium,® silver, vana-
dium, iron, copper, zirconium, cobalt, thal-
lium, aluminium, lead,*®’ mercury,’¢ rhe-
nium,398399401 gelenjum, tellurium,*? ortho-
and pyrophosphates.43

Visual Semiquantitative Techniques. The
simplest and most widely used in TLC for
detection, identification, and semiquantitative
determination of substances is visual esti-
mation of the size and intensity of color (or
fluorescence) of spots. The human eye is a
detector in this technique, and human mind
is a calculator. An opinion is expressed that
90% of the whole information about TLC
we obtain due to visual sensing.® Hundredths
and sometimes thousandths parts of a micro-
gram of substance can be detected visually.

Visual techniques are very convenient
for the observation of chromatographic be-
havior of the different ionic forms of ele-
ments on a sorbent thin layer, when easily
hydrolyzed or polymerized elements are in-
vestigated. For example, the hydrolysis and
polymerization of sulfate, nitro, and
nitronitrite complexes of platinum,*%4495 gy]-
fate complexes of rutenium,*% the behavior
of molybdenum and rare earth elements in
hydrochloric acid solutions*®” have been in-
vestigated. Some conclusions about chemi-
cal transformations of ionic forms of ele-
ments in solutions were made on the basis of
the changes in the chromatographic mobili-
ties of elements, diffusivity and multiplicity
of zones in combination with the results of
spectrophotometric investigations of the so-
lution studied. Semiquantitative visual de-
termination of a substances in the zones was
carried out by comparison with a series of
zones reference samples which were usually
placed on the same plate. The errors of the
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determination of substances by visual meth-
ods by the comparison of the sizes and color
intensities of spots formed by test and refer-
ence samples is usually equal to 10 to 30%.
To obtain more accurate and reproducible
results, the experimental conditions should
be standardized (thickness and activity of
layer, saturation of chamber, constant path
of solvent, etc.). Moreover, some other con-
ditions must be carefully obeyed. In particu-
lar, the size of primary zones should be uni-
form, the volumes of the applied samples
have to be accurately measured, the spraying
of the plate with the detecting reagent should
be uniform, the color of the compound
formed should be stable.

The number of works connected with
the visual estimation of thin-layer chromato-
grams of inorganic ions is very large, and it
is not expedient to mention all of them in the
present review. It is worthy to cite only those
of them which contain the results of the
systematic investigations of a large number
of elements in various chromatographic sys-
tems with visual zone detection. Particularly,
the works'¥®13! can be included into this cat-
egory (see also Reference 5). The most com-
plete information on the techniques based on
visual detection of inorganic ions can be
found.*5:460 The lists of reagents used for
the detection of inorganic ions on the chro-
matograms after their separation by thin-
layer or paper chromatography are pre-
sented.’**'%! The ring-oven technique (see
Section IV.A.1.)) and the circular (radial)
TLC*7 can be also related to visual
semiquantitative methods.

Original methods with the use of visual
detection of elements in chromatographic
zones are based on the application of modi-
fied chelating sorbents with functional groups
reacting selectively with the determined ions
to form colored compounds. It makes pos-
sible to employ such sorbents (in particular,
various forms of modified cellulose) for si-
multaneous selective concentration and de-
tection of ions on the sorbent layer without
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additional spraying of the chromatogram. The
conditions for the concentration and detec-
tion of ions on the plate may be the same as
in solutions containing the corresponding
monomeric reagents. The cellulose sorbents
are convenient because the front of the mo-
bile phase ascends on the plate quickly and
uniformly. The presence of the chelating
groups, providing selective action of the
cellulose and detection of zones on the chro-
matogram without spraying, makes TLC on
modified cellulose fast and selective. Some
examples of the application of such sorbents
are given.*10416

Some papers in which the visual tech-
nique were applied for semiquantitative es-
timation of thin-layer chromatograms of
various are presented in Table 3. More de-
tailed information about these procedures is
reported in Section IV.C.

As in the previous years, the visual meth-
ods of detection are currently rather widely
used. For instance, 49 ions were visualized
after the separation of their various mixtures
on thin layers of p-aminobenzyl cellulose in
sulfate or chloride media.*?042! A visual fluo-
rescence method was used for the detection
of 20 inorganic cations on thin layer of po-
rous glass.*?? The chromatographic behavior
of 58 inorganic ions was investigated by
TLC with visual detection on PEI-cellulose
using the mobile phase HCI - NH,SCN. The
possibility to separate and identify various
mixtures of inorganic ions was demon-
strated.*? The zones of elements were de-
tected visually after the separation of Cd, W,
Zr, Zn, and V from some transition metal
ions in a solvent system containing DMSO.424
After the separation of Zn from Cd and Cu
(II), the elements were detected in the sys-
tems containing mixed organic solvents
(5-butylamine, acetone, and formic acid).*?
The visual determination of organophos-
phorus compounds was carried out*?® with
the use of polyethylene polyamines. New
systems with impregnated layers of sor-
bents,*?”-42% thin layers of chitin and
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chitozan,** ion exchange sorbents based on
silica gel with carboxylic groups*}! are em-
ployed for the separation and visual detec-
tion of various ions.

A number of works are devoted to TLC
separation and visual detection of anions*3235
and metal complexes. 43544

B. Quantitative Determination of
Individual Elements in the
Chromatographic Zones

The data on the methods for the determi-
nation of elements in chromatographic zones
are presented in Table 4.

C. Analysis of Natural and Industrial
Samples

TLC is employed widely enough for the
quantitative analysis of various natural and
industrial materials including geological
samples (minerals, rocks, ores, soils), vari-
ous waters (natural and waste), technologi-
cal materials (metals, alloys, pure substances,
salts, reagents), organic materials (biologi-
cal samples, pharmaceutical, cosmetic prepa-
rations, plants, foodstuff), etc. The basic in-
formation about some methods for the
analysis of various samples are presented in
Table 5.

Minerals, Ores, and Rocks. TLC was used
for the separation of milligram amounts of
Hg as well as Au, Sb, As, and Bi from mi-
crogram quantities of tellurium for the deter-
mination of the latter in cinnabar.!3® The
RSD was about 10% when the tellurium
content was n X 103%. Uranium was sepa-
rated from the accompanying ions by means
of TLC on silica gel for the determination of
this element in minerals.’ The zones con-
taining uranium were detected by spraying
the chromatograms with 3% alcohol solu-
tion of hydroxyquinoline and subsequent
exposure in NH; vapor.

To determine microgram amounts of sil-
ver in a sulfide chalcopyrite ore, TLC on
modified chelating cellulose containing
groups was used in combination with elec-
trothermal atomic absorption.26326¢

TLC was employed for the detection of
trace rare earth elements in ores and rocks*!4
A method is proposed for ion-exchange con-
centration of eight rare earth elements and
yttrium by TLC (circular mode) with subse-
quent neutron-activation determination.!3’
Solutions of oxalic acid and ammonium chlo-
ride were used as eluting mobile phases. It
made possible to quantitatively elute the rare
earths into a concentrate. The concentrates
then requirements of neutron activation
analysis, the most important of which was
sufficient purity in relation to the accompa-
nying elements.

Waters. The works on the employment of
TLC for water analysis are reviewed.*’ A
method of the quantitative fluorimetric de-
termination of selenium in natural waters,
potable water, and biological fluids was de-
scribed.*? Selenium was determined after
its isolation by TLC. The zones of Al, Be,
and Cr were also detected on the chromato-
gram, and these elements were quantitatively
determined fluorimetrically.?®

The visual detection of zones was often
used in water analysis. Thus, the possibility
was shown to determine four elements (Ni,
Cu, Fe, Co) in the form of chelates of pyri-
dine 2-aldehyde 2-quinoline hydrazone in
the sea water and sea weeds and algae.
Each determination took less than 30 min,
the RSD was 5 to 12% when the ring-oven
technique was used.3?* The limits of detec-
tion (ng) were 10 for Ni, 8 for Cu and Fe,
and 5 for Co.

Many ions (Ca?*, Mg?, Fe3+, Al**, Mn?",
Cl, SO, PO, F, NO;-, SO,%) were
semiquantitatively determined in water for
boilers using a visual technique after TLC
separation on microcrystalline cellulose
Avicel.##*
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Yamane et al. determined 14 metal ions
in the form of their dithizonates, 8-hy-
droxyquinolinates and 2-methylquinolin-
ates.134245.455 Toxic metals (Zn, Cu, Ni, Pb,
Hg, Cd) can be preliminary extracted with
chloroform from a water sample in the form
of diethyldithiocarbamates at pH 4.6. Then
these metals are separated by TLC on a thin
layer of Kiselgel SIL N-HP (Macherey-
Nagel & Co.), with the mixture of benzene
and hexane (5:1) as mobile phase. The vi-
sual identification of these metals can be
carried out after their transformation into the
dithizonates by spraying the chromatogram
with a dithizone solution.*?

Ion-exchange TLC was applied to the
determination of Zn, Fe, Cu, and Ni in waste
water of halvanizing workshops.*® The pre-
liminary concentration of the determined
elements was carried out by coprecipitation
on magnesium hydroxide. The metals were
determined in the chromatographic zones by
visual or densitometric techniques. A
semiquantitative method was proposed for
the determination of heavy metals (Fe, Co,
Ni, and Cu) in technological and waste wa-
ters at the level of 5 to 10 maximum permis-
sible concentrations. The diethyldithio-
carbaminates of the determined elements
were separated on Silufol plates in the shape
of stripes and determined directly on the
plates using a visual semiquantitative
method. 40

Heavy metals (Co, Ni, Cu, Zn, Cr, Fe,
and V) were determined by TLC in waste
waters of halvanizing shops in the concen-
tration range from 20 to 400 mg/L.. A chelat-
ing cellulose-based sorbent containing
azopyrocatechol groups was used.*!® The
following mixtures of elements were sepa-
rated: Fe - Cr, Fe - Zn, Fe - Co, V-Co, V -
Zn, Ni - Co, Ni-Zn, Cr-Cu, Cr-Ni, Cr -
V, Cr - Co, Cu-~Co, Cu-Zn, Fe-Co-Cr,
Fe-Co-Zn,Cr-Ni-Co,Cr-V -Co, and
V - Co - Zn. The sorption zones were col-
ored without additional spraying of the chro-
matograms. The element contents were de-

termined semiquantitatively from the inten-
sities of zone color. The limit of detection
was 0.05 to 2 ug of an element in the zone.

Metals, Alloys, Technical Materials. A
method for the determination of tantalum in
molybdenum-based alloys (0.5% and more)
was developed.?” The tantalum was sepa-
rated from molybdenum using water - ac-
etone solutions of HCI as mobile phase. The
amount of tantalum in the concentrate ob-
tained was determined by atomic absorption
spectrometry.

TLC was employed for test-analysis of
platinum- and gold-based alloys.*'? Anion-
exchange DEAE cellulose was used as sor-
bent. The zones of alloy components (Pt, Pd,
Rh, Au) were visualized by spraying the
chromatograms with a sulfochlorophenol
azorhodanine solution. The elements were
determined semiquantitatively by compari-
son of the sizes and color intensities of the
separated zones with the scale obtained with
the use of reference solutions. Atomic emis-
sion spectroscopy was used for the quantita-
tive determination of the elements in the
Zones.

The quantitative densitometric determi-
nation of magnesium in aluminum-based
alloys was carried out by TLC on the mixed
layers of cellulose and an ion-exchanger
Amberlite IRP-69. The zone visualization
was performed using an ethanol solution of
8-hydroxyquinoline.*6?

Pyrophosphate contents of technical tri-
polyphosphate and products of acid thermal
processing of phosphorite were determined
with RSD 5% by TLC in combination with
densitometry.?! Binary alloys of yttrium (or
lanthanum) with molybdenum were analyzed
using anticircular TLC in combination with
spectrophotometric determination.>!2

Technical preparations of rare earth ele-
ments (such as “didim” and “polyrit”) were
analyzed to determine Ce (IV) by use of
TLC and radiometry (144 Ce) or spectro-
photometry with arsenazo II1.1% This method
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made possible to separate Ce (IV) from triva-
lent rare earth elements.

A semiconductor alloy of Sn - Au was
analyzed by use of TLC and oscillographic
stripping polarography. The gold was deter-
mined after its separation from the matrix
(tin) by TLC on a thin layer of silica gel .38

The employment of a combination of
TLC and sampling by anode dissolution
makes it possible to determine chromium in
steel fluorimetrically.*5” A special design of
electrode was developed for sampling by
electrolysis. The technique of ascending TLC
on an unfixed layer of alumina was applied
to the determination of Pb, Cu, Bi, Co, Sn,
Ni, and Zn in alloys of nonferrous metals.*¢
It is possible to carry out the quantitative
separation of Pb?* from Hg,?*, Hg*, TI*,
Bi**, Sn*, Sb** by TLC with the use of
chelating mobile phases containing DMSQ*28
in the case of analyses of Pb-containing al-
loys.

The determinations of Fe, Zn, Co, Ni,
Cr, Mn, Ca, and Mg in ferrites were per-
formed with the use of visual detection.*%
Sodium, potassium, calcium, and magnesium
were determined in clays and in burned
brick.40

Pure Substances, Salts, and Reagents.
Rhodium was determined in pure platinum
(99.99%) by electrothermal atomic absorp-
tion after its separation from the matrix and
concentration anticirculal TLC on DEAE-
cellulose.?® Trace common elements (Fe,
Cu, Hg, Ca, Zn) were detected in high-purity
rare-earth metals (99.95% and more pure) at
concentrations of 10-2to 10-1%.!% Rare-earth
elements in the range n x 10- to 10-3% can
be determined in high-purity uranil nitrate
by use of TLC. The sample weight varied
from 0.05 to 5 g depending on analyte con-
centrations.’* Down to 0.002% of copper
was determined in CdS by TLC separation
combined with densitometry.?0” Copre-
cipitation with HgS was employed for cop-
per preconcentration.
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Daughter !*"In was separated from par-
ent '3Sn by TLC on a thin layer of Kieselgel
with the mobile phase methanol-2 M NaCl-
1 M HCI (45:5:0.5).1" The initial !!3Sn re-
mains in the lower part of the plate, whereas
13mn migrates to the upper part. Both ele-
ments are detected using a color reaction
with ditizone or pyridylazonaphtol. Such a
technique can be employed to control the
purity of 113™In solutions.

Biological Samples. A procedure was devel-
oped for the fluorimetric determination of
selenium in biological fluids and waters.*53
Densitometric measurements at 530 nm were
used for the determination of Na, K, and Mg
in biological fluids.?!* The colorimetric de-
termination of Cd, Co, Ni, Zn and Hg was
performed after their separation by TLC and
elution from the corresponding zones with
chloroform.?®> Mass spectrometry was ap-
plied to the determination of Fe, Co, Ni, Cu,
Zn, Mn, Rh, Sn, Cd, and Pb in biological
tissues after isolation by TLC in the form of
tetraphenyl porphyrin complexes.?® Some
metal 1ons were isolated and identified by
TLC in samples of human placenta.*’!

Foodstuffs and Plant Materials. The meth-
ods for the analysis of foodstuffs using TLC
are reviewed.*’? A combination of TLC and
reflectance spectroscopy was used for the
determination of nickel, cobalt, and copper
in oats and in other cereals.?!

The densitometric determination of the
ortho-, pyro-, tri-, and tetraphosphates in
foodstuffs was carried out after their separa-
tion by TLC.2!4 The qualitative detection of
boron in the form of boric acid in caviar was
carried out by TLC on a thin layer of silica
gel with the mobile phase consisted of etha-
nol and benzene (1:10).462 Acetic acid,
NH,OH, and sulfuric acid (1:1) served as
reagents for visualization.

Nitrate ions were separated from other
oxyanions (ClO-, I0*, BrO,-, CrO,%>,
MnO*, Se0,%, Se0,*, VO,-, etc.) on Silufol-
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254 plates with the use of a mixture of n-
propanol and concentrated ammonia (2:1) in
the analysis of plant materials (e.g., molas-
ses).216

A visual technique was proposed for the
semiquantitative estimation of the concen-
tration of nitrate ions in vegetable juices.
The colored zones of nitrate on thin-
layer chromatograms after treatment with
diphenylamine were compared with a
scale obtained with the use of reference so-
lutions under identical conditions.*!* The low-
est limit of detection of nitrate ions in the
analyzed sample was 0.1 pg in the indi-
vidual zone that corresponded to the nitrate
concentration 10 mg/L in the test juice. This
technique can be used for the determination
of nitrate in any vegetable products includ-
ing Cruciferae and colored products such as
carrot and beet, since the colored substances
are separated from the zone of nitrate ions in
the course of the chromatographic process.

Pharmaceuticals and Cosmetic Preparations.
Silver can be determined in medicines
densitometrically after its separation as
dithizonate on a thin layer of silica gel.!®
The excess dithizone and the dithizonates of
other metals do not interfere with the silver
determination. Mercury can also be deter-
mined in various medicines as dithizonate
using TLC on Kieselgel G (Merck).?%

To determine manganese densito-
metrically in pharmaceuticals, sample solu-
tion is mixed with pyridine and methanol
solution of PAN. The chelate formed is ex-
tracted with chloroform after allowing to
stay for 30 min in the dark. The chelate
forms a red sport on a thin layer of silica gel
of the use of the mixture pyridine-methyl
isobutyl ketone-chloroform (20:4:1) as mo-
bile phase. The densitometric measurements
are carried out at 570 nm.2%

An aqueous emulsion of shampoo con-
taining 1% of free sulfur was analyzed
densitometrically at 295 nm with an RSD of
not more than 5%.2!2

Mercury was determined densito-
metrically in a lipstick.’*? The sample was
dissolved in CHCl,. Acetic acid and dithizone
were added and the solution was allowed to
stay for 30 min in the dark. The formed
mercury dithizonate can be well separated
from dithizone and dithizonates of other
metals by TLC.

Technetium-99 used in medicine in the
form of TcO, is usually produced by elution
with 0.9% NaCl solution from a generator
containing *MoQO, on an aluminum sup-
port. The radiochemical purity of the eluates
obtained from various **Tc-generarors was
controlled by TLC.# TLC on silica gel
(Merck) in a sandwich-chamber was used
for the control of radiochemical purity of the
radioactive pharmaceutical preparations la-
beled with *Tc.3 The radiometric determi-
nation of *=Tc was carried out using a scan-
ner or a scintillation chamber; technecium
was also determined planimetrically. TLC
was also used for the separation of #™Tc
from neutron-irradiated ammonium molyb-
date. The separation of *Mo and *™Tc ra-
dionuclides was carried out on a thin layer of
cellulose MN 300. The radiochemical purity
of a sodium chromate preparation for hypo-
dermic injections labeled with 5!Cr was con-
trolled by TLC;*4 5Cr?* was separated from
31ICrO,% on thin layers of silica gel, cellulose
and other sorbents.

A rapid TLC technique was described
for the determination of radioactive contami-
nants (5'Cr, 137In, 203Hg, 5'Co, 32P, 131[, 5Se,
198 Ay, #=Tc) in various radioactive pharma-
ceuticals.46

Miscellaneous Samples. Fe, Ni, and Co
were determined in the magnetic fraction of
interstellar dust by densitometry after TLC
separation.?® The dust particles were col-
lected in the area of the Tunguska meteorite
fall; the particles represented spherules 160
um in diameters and 3 to 10 pug in weight.

Two-dimensional TLC was applied to
the separation of rare-earth elements for their
determination in irradiated nuclear fuel.3!3
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Lead was determined in oils using a tech-
nique that combined TLC for its isolation
and fluorimetric measurement of the ele-
ment content in the chromatographic
zone.?32% Chromatographic plates with a
thin layer of an ion-exchanger Amberlite
CG-120 were used for fast visual determina-
tion of the lead dust in air.*® The lead was
preliminary collected on filter paper and than
dissolved in a buffer solution. Some metal
ions were determined in wool fabric by TLC
with visual estimation of zones after their
visualization by a solution of sodium
diethyldithiocarbamate.*’3

CONCLUSION

We do hope that this review will be use-
ful for the community of chemists working
in the fields of inorganic analytical chemis-
try, microanalysis, pharmaceutical chemis-
try, radiochemistry, medicine, forensic chem-
istry, umpire analysis, etc. The principal
publications are discussed which character-
ize the present state-of-the-art and recent
achievements in the field of the quantitative
TLC of inorganic ions. The review enables
the reader appreciate the role and impor-
tance of TLC for inorganic analysis and ra-
diochemical studies. This paper should make
easier the search of needed publication both
on the techniques of quantitative estimation
of chromatograms and on the analyzed
samples and the elements to be determined.

REFERENCES

1. Geiss, F. Fundamentals of Thin-Layer Chro-
matography (Planar Chromatography);
Huethig: Heidelberg - Basel - New York,
1987.

2. Kirchner, I. G. Thin - Layer Chromatogra-
phy, A Wiley - Interscience Publication:
New York - Chichester - Brisbane - Toronto,
1978.

3. Sharshunova, M.; Shwarts, V.; Michalec,
C. Thin-Layer Chromatography in Phar-

300

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

macy and Clinical Biochemistry,
Vydatel’stvo Osveta, 1977.

Volynets, M. P. Quantitative Thin-Layer
Chromatography in Inorganic Analysis [in
Russian]; B. F. Myasoedov, Ed.; Nauka:
Moscow, 1993.

Volynets, M. P. Thin-Layer Chromatogra-
phy in Inorganic Analysis [in Russian];
Nauka: Moscow, 1974.

Quantitative Thin-Layer Chromatography
and its Industrial Applications; Z. P.
Treiber, Ed.; Marcel Dekker: New York,
Basel, 1987.

Quantitative Thin-Layer Chromatography
F. C. Touchstone, Ed.; Willey: New York,
1973.

High Performance Thin-Layer Chromatog-
raphy, A. Zlatkis, R. E. Kaiser, Eds.;
Elsevier Scientific Publishing Company:
Amsterdam - Oxford - New York, 1977.

Berezkin, V. G; Bochkov, A. S. Quantita-
tive Thin-Layer Chromatography. Techni-
cal Methods [in Russian]; Mir: Moscow,
1980.

CRC Handbook of Chromatography; G. F.
Zweig, F. Sherma, Eds.; Academic Press:
New York, 1972,

Kaiser, R. E. Planar Chromatogr. 1986, 1,
47-78.

Sherma, J. Anal. Chem. 1986, 58(5), 69-81.

Sherma, J.; Fried, B. Anal. Chem. 1984, 56,
48R-63R.

Frey, H.-R. Mitt. Chem. Ges. DDR. 1984,
31(7), 128-133.

Siouffi, A.-M. Inform. Chim. 1984, 250,
num. spec., 209-213.

Ebel, S. Fresenius Z. Anal. Chem. 1984,
318(3-4), 201-205.

Ebel, S.; Hocke, 1. Kontakte. 1983, 2, 40-
45.

Belen’kii, B. G.; Volynets, M. P.; Gankina,
E. S. Mendeleev VKhO Zh. 1983, 28(1),
30-34.

Macek, K. Chromatogr. Fundam. and App!.
Chromatogr. and Electrophoretic Meth., pt.
A; Elsevier: Amsterdam et al., 1983, pp.
161-194.



13: 43 17 January 2011

Downl oaded At:

20.

21.

21(a).

22,
23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Chromatogr. Fundam. and Appl. Chroma-
togr. and Electrophoretic Meth.; E.
Heftman, Ed.; pt. A, pt. B; Elsevier: Am-
sterdam et al., 1983.

Mass Spectrom. Biomed. Sci., 2: Proc. Int.
Conf. Bordighera, 10-23 June, 1982;
Elsevier: Amsterdam et al., 1983, pp. 135-
147.

Seiler, H. Helv. Chim. Acta. 1963, 46(295),
2629-2636.

Kaiser, H.E. G.-1.-T. 1985, 29(4), 168-269.

Volynets, M. P.; Gaivoronskaya, M. G.;
Dubrova, M. V.; Dombrovskaya, A. V. Zh.
Anal. Khim. 1987, 42(12), 2251-2264.

Senyavin, M. M.; Shul’'ga, V. A,
Rubinshtein, R. N. Zh. Anal. Khim. 1980,
35(12), 2389-2393.

Senyavin, M. M.; Shul'ga, V. A
Rubinshtein, R. N.; Venitsianov, E. V. Proc.
of V All-Union Conference on Applying
lon-Exchange Materials in Industry and
Analytical Chemistry (lonexchangers-81),
Voronezh, 26-28 May, 1981, Voronezh
State University, 1981, p. 73.

Siouffi, A.; Engelhardt, H.; Guiochon, G.;
Halasz, J. J. Chromatogr. Sci. 1978, 16(4),
152-157.

Guiochon, G.; Siouffi, A. J. Chromatogr.
Sci. 1978, 16(10), 470-481.

Guiochon, G.; Siouffi, A. J. Chromatogr.
Sci. 1978, 16(12), 598-609.

Guiochon, G.; Siouffi, A. Analysis. 1979,
7(7-8), 316-326.

Guiochon, G.; Bressolle, F.; Siouffi, A. J.
Chromatogr. Sci. 1979, 17(7), 368-386.

Guiochon, G.; Korosi, Y.; Siouffi, A. J.
Chromatogr. Sci. 1980, 18(7), 324-329.

Belenky, B. G.; Nesterov, V. V_; Gankina,
E.S.; Smimov, M. N. J. Chromatogr. 1967,
31, 360-368.

Belenky, B. G.; Nesterov, V. V,; et al. Zh.
Fiz. Khim. 1968, 42, 1484-1489; 2876-2880;
1984, 58, 3019-3023.

Rozylo, J. K. Chem. Anal. (PRL). 1976,
21(2), 355-361.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49,

50.

Rozylo, J. K.; Jaronies, M.; Jaronies, A.;
Kolodzlejczyk, H. J. High Res. Chromatogr.
and Chromatogr. Commun. 1979, 2, 236-
242, 524-526.

Rozylo, J. K;; Malikowska, 1.; Jaronies,
M.; J. High Res. Chromatogr. and Chroma-
togr. Commun. 1980, 3(1), 29-30.

Rozylo, J. K.; Gross, J.; Malikowska, I.
Chem. Anal. (PRL). 1980, 25(2), 257-266.

Grizodub, A. U.; Georgievsky, V. P. Zh.
Anal. Khim. 1980, 35(3), 535, 593; 1981,
36(6), 860-866.

Rubinshtein, R. N.; Volynets, M. P. Zh.
Anal. Khim. 1981, 36(2), 390-404.

Rubinshtein, R. N.; Volynets, M. P.;
Kitaeva, L. P. Zh. Anal. Khim. 1982, 37(8),
1370-1383.

Volynets, M. P.; Rubinshtein, R. N_;
Kitaeva, L. P. Zh. Anal. Khim. 1983, 38(5),
783-792.

Ebel, S.; Alert, D.; Shaefer, U. Chromato-
graphia. 1984, 18(1), 23-27.

Pollak, V.J. Chromatogr. 1973, 77(2), 245-
254.

Goldman, J.; Goodali, R. R. J. Chromatogr.
1962, 32(1), 24-42.

Kuroda, R.; Volynets, M. P.; CRC-Hand-
book of Chromatogr., Sec. 1: Inorganics;
M. Qureshi, Ed.; CRC-Press, Inc.: Boca
Raton, Florida, 1987, pp. 88-244.

Brinkman, U. A. Th.; De Vries, G. J.
Chromatogr. 1973, 85, 187-526.

Sherma, J. Inorganic Chromatographic
Analysis. J. C. Mc Donald, Ed.; John Wiley
and Sons, Inc.: New York et al., 1985, pp.
301-326.

Lederer, M. Chromatography, Fundamen-
tals and Applications of Chromatographic
and Electrophoretic Methods, Part B. In-
organic Compounds. E. Heftman, Ed.;
Elsevier: Amsterdam, 1983, pp. 459-490.

Volynets, M. P. Ph.D. Thesis on Chemis-
try. M., GEOKhI AN USSR, 1983, -434 p.

Schwedt, G. Topics in Current Chemistry.
1979, 2, 185-193.

301



13: 43 17 January 2011

Downl oaded At:

51.

52.
53.

54,

55.
56.

57.

58.

59.

59(a).

60.

61.

62.

63.

65.

66.

67.

68.

302

Schwedt, G. Chromatographic Methods in
Inorganic Analysis; Dr. Alfred Huthig
Verlag: Heidelberg - Basel - New York,
1981, pp. 81-101.

Poole, C. F. LC-GC. 1992, 10, 218-220.

Jork, H.J. Planar Chromatogr. - Mod. TLC.
1992, 5, 4-5.

Touchstone, J. C. LC-GC. 1993, 11, 404,
406, 409-411.

Poole, C. F. LC-GC. 1992, 10, 244, 246.

Stinson, S. Chem. Eng. News. 1993, 71
(March 29), 28.

Zieloff, K. G.-I. T. Spec. Chromatogr. 1992,
12, 101-102.

Sherma, J. Anal. Chem. 1990, 62(12),371R-
381R; 1994, 66(12), 67TR-83R.

Jaenchen, D. E.; Issag, H. I. J. Lig. Chro-
matography. 1988, 11(9-10), 1941-1965.

Constanzo, S. J.; Cardone, M. J. J. Lig.
Chromatogr. 1984, 7(4), 2711-2718.

[zmailov, N. A,; Shraiber, M. S. Pharmacy.
1938, 3, 1.

Stahl, E. Dunnschicht - Chromatographie
ein Laboratoriumshandbuch; Springer-
Verlag: Berlin - Gottingen - Heidelberg,
1962.

Akhrem, A. A.; Kuznetsova, A. 1. Thin-
Layer Chromatography; Nauka: Moscow,
1964.

Meinhard, J.; Hall, N. F. Anal. Chem. 1949,
21, 185.

Seiler, H.; Seiler, M. Helv. Chim. Acta.
1960, 43, 1939.

Ryabchikov, D.1.; Volynets, M. P. Zh. Anal.
Khim. 1966, 21, 1348.

Volynets, M. P.; Gaivoronskaya, T. G.;
Dubrova, T. V.; Dombrovskaya, A. V.;
Pavlushkov, G. G. Modern Level and Strat-
egy of Developing the Thin-Layer Chroma-
tography [in Russian]; Informpribor: Mos-
cow, 1988, Issue 5.

Aldrige, P. K.; Callis, J. B.; Burmns, D. H.
Rev. Sci. Instrum. 1992, 63, 4333-4341.

Navas, D. Anal. Chim. Acta. 1991, 255,
297-303.

69.

70.

71.

72.
73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Pollak, V. A.; Doelemeyer, A.; Winkler,
W.; Sulze-Clewing. J. Chromatogr. 1992,
596, 241-249.

Regnault, C.; Delvordre, P.; Bonnier, H.;
Postaire, E. J. Chromatogr. 1992, 607, 159-
162

Smalera, I.; Cheng, 1. F. Microchem. J.
1993, 47, 182-186.

Chim. Oggi. 1992, 10(11-12), 70.

Wright, S. L.; Mortensen, A. H.; Orr, E. A ;
Latas, K. J.; Paukstelis, J. V.; Hammaker,
R.M.; Fatelay, W. G. Pittsburg. Conf. Anal.
Chem. and Appl. Spectrosc. Atlanta, Ga,
March 8-12th, 1993. Abstr.: Atlanta, 1993,
12-14.

Bold, A.; Popa, A.; Cruceanu, M.; Popovici,
E. Rev. Chim. (RSR). 1984, 35(12), 1123-
1126.

Seth, N. S.; Rajput, R. P. S.; Agrawal, N. K.
et al. Anal. Lett. 1985, A18(4), 481-486.

Moraru, E.; Sarbu, C.; Hodasan, T
Luteanu, C. Pat. 875 20, SRR, 1985.

Sen, Asit K.; Das, Subhangsu B.; Ghosh,
Uday C. J. Lig. Chromatogr. 1985, 8(16),
2999-3008.

Ajmal, M.; Mohammad, A.; Fatima, N. J.
Lig. Chromatogr. 1986, 9(9), 1877-1902.

Hauck, H. E.; Jost, W. Merck Patent GmBH,
3427923A, 1986.

Srivastava, S. P.; Shushan, R; Chauhan,
R. S.J. Lig. Chromatogr. 1984, 7(7), 1341-
1344.

Maslowska, J.; Mlodzikowski, J. Chem.
Anal. 1986, 31(2), 193-199,

Berezkin, V. G.; Vinogradova, R. G
Romanov, F. 1. et al. Zh. Anal. Khim. 1984,
39(8), 1369-1394.

Beesley, T. E. J. Chromatogr. Sci. 1985,
23(12), 525-531,

Poole, C. F. Anal. Chem. 1985, 4(8), 209-
213.

Hauck, H.-E.. Spectra 2000. 1984, 12(99),
32-34,

Belotserkovsky, G. M.; Knyazev, A. S.;
Zavarin, S. A. Synthesis and Properties of



13: 43 17 January 2011

Downl oaded At:

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101

102.

103.

104.

105.

Sorbents. Dep. VINITI, N 64-69-84:
Leningrad, 1984, 77-82.

Aginsky, V. N.; Sorokina, G. I. Copyright
Certificate USSR, N 1109636, 1984.

Volynets, M. P. Copyright Certificate
USSR, N 1093969, 1984.

Deley, R.; Sze’kely, G. Chimia. 1978, 32(7),
261-265.

Varadi, M.; Harsanyi, G. Hung. Sci. Instrum.
1985, N 59, 1-10.

Tyihak, E.; Minscovics, E. J. Chromatogr.
1979, 174, 75-81.

Vajda, J.; Leisztner, L.; Pick, J.; Anh-Tuan,
N. Chromatographia. 1986, 21(3), 152-156.

Tyihak, E.; Minscovics, E. Hung. Sci.
Instrum. 1984, N 57, 1-6.

Chatain, J.-C. Spectra 2000. 1986, 14(113),
35-38.

Bladek, J.; Witkiewicz, Z. Biul WAT. 1985,
34(5), 117-124.

Volynets, M. P.; Stephanzev, L. A.
Zavodskaya Laboratoriya. 1993, 59(6), 11-
13.

Jackson, M. A., Quon, R. W.; Graham, D.
M. Pittsburgh Conf. Anal. Chem. and Appl.
Spectrosc. Atlanta, Ga, March 3-12th, 1993.
Abstr. [Atlanta (Ga)], 0.0.93 p. 365.

Kraus, Lj.; Reher, G. Sci. Pharm. 1981, 49,
495-500.

Volynets, M. P.; Milyukova, M. S.
Radiokhimiya. 1978, 20(6), 911-915.

Molochnikova, N. P.; Dubrova, T. V;
Volynets, M. P.; Myasoedov, B. F.
Radiokhimiya. 1991, 33(1), 60-64.

Molochnikova, N. P.; Myasoedov, B. F.
Radiokhimiya. 1994, 36(4), 315-319.

Molochnikova, N. P.; Myasoedov, B. F.
Zh. Anal. Khim. 1994, 49(10), 1104-1106.

Vagina, N. S. Zh. Prikl. Khim. 1970, 43,
47-50.

Vagina, N. S.; Volynets, M. P. Zh. Anal.
Khim. 1968, 23(4), 521-528.

Vagina, N. S.; Fakina, L. Zavodskaya
Laboratoriya. 1968, 34(8), 928-930.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.
118.

119.

120.

121.

122.

123.

124.

125.

126.

Kametani, H.; Kagaya, Yu. J. Mining and
Met. Inst. Jap. 1987, 103(1197), 799-804.

Ooij van, W. J.; Houtman, J. P. W.
Radiochim. Acta. 1973, 20, 21-26.

Ercan, Meral, T. Appl. Radiat. and Isotop.
1992, 43(9), 1175-1177.

Chen, F.; Decristoforo, C.; Rohrbacher, B.;
Riccabona, G. Eur. J. Nucl. Med. 1993, 20,
334-338.

Seiler, H. Helv. Chim. Acta. 1969, 2, 319.

Corpenter, A. P.; Mysliny, T. J.; Sivakaff,
S. S. et al. Radioanal. and Nuclear Chem.
Art. 1985, 85(2), 435-446.

Kirin, I. S.; Isupov, V. K.; Gusev, Yu. K.
Radiokhimiya. 1970, 12(3), 500-505.

Osborn, R. H.; Simpson, T. H. J. Chroma-
togr. 1968, 35, 436-440.

Alvarez, C. J. Chromatogr. 1969, 45, 328-
330.

Breccia, A.; Spaletti, F. Nature, 1963,
198(4882), 756-758.

Seiler, H.; Seiler, M. Helv. Chim. Acta.
1965, 48, 117.

Moghissi, A. J. Chromatogr. 1964, 13, 542.

Seiler, H.; Seiler, M. Helv. Chim. Acta.
1971, 54(53), 533-537.

Seiler, H.; Seiler, M. Helv. Chim. Acta.
1970, 53(3), 601-604.

Milyukova, M. S.; Volynets, M. P;
Dubrova, T. V. Zh. Anal. Khim. 1975,
30(11), 2145-2149.

Volynets, M. P.; Guseva, L. L. Zh. Anal.
Khim. 1968, 23(6), 947-950.

Khu Chzhi-de. Kexue Tongbao. 1963, N 9,
63.

Lesigang-Buchtela, M.; Buchtela, K.
Microchim. Acta. 1967, N 4, 570..

Markl, P.; Hecht, F. Microchim. Acta. 1963,
889, 970.

Seiler, H.; Seiler, M. Helv. Chim. Acta.
1961, 44, 939.

Shimizu, T.; Ishikura, R. J. Chromatogr.
1971, 56, 93.

303



13: 43 17 January 2011

Downl oaded At:

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.
140.

141.
142,

143.

144.
145.

146.

147.

304

Falk, E.; Buchtela, K.; Grass, F. Atom-
kernenergie. 1970, 15, 297.

Falk, E.; Buchtela, K.; Grass, F. Monatshefte
f. Chemie. 1971, 102(1), 58.

Korotkin, Yu. S. Radiokhimiya. 1971, 13,
137.

Ryabukhin, V. A.; Volynets, M. P ;
Myasoedov, B. F.; Rodionova, I. M.;
Tuzowa, A. M. Fresenins J. Anal. Chem.
1991, 341, 631-637.

Gattavecchia, E.; Tonelli, D. J. Radioanal.
Nucl. Chem. 1991, 152, 391-399.

Sherwood, A. E. Metallurgia. 1969, 80,
209.

Shyder, F. Atomlight. 1967, N 58, 1.

Yamane, V.; Mayazaki, M.; Iwase, M.;
Maramatsu, S. Eisei Kagaku. 1967, 13(4),
212-216; C. A., 68, 43060r (1968).

Nazarenko, 1. I.; Volynets, M. P. Zh. Anal.
Khim. 1969, 24(8), 1209-1211.

Alvarez, J.; Csalas, N. G.; Mitta, A. E;
Raban, P. J. Chromatogr. 1969, 45, 328.

Ryabukhin, V. A.; Volynets, M. P.;
Myasoedov, B. F. Zh. Anal. Khim. 1990,
45(2), 279-288.

Mottier, M.; Potterat, M. Anal. Chim. Acta.
1955, 13, 46.

Hunt, S. M. V. Lab. Pract. 1967, 16, 601.

Kasang, G.; Goeldner, G. Pat. N 2012680
(BRD), 1970.

Snyder, F. Anal. Biochem. 1964, 9, 183.

Hashmi, M. H., Chughtai, I. R. et al.
Microchim. Acta. 1968, 712.

De Deyne, V. J.; Vetters, A. F. J.
Chromatogr. 1967, 31, 261,

Szekely, G. J. Chromatogr. 1970, 48, 313.

Kruger, H.; Durzidim, J.; Muller, R.
Chromatographia. 1976, 9(5), 211-214,

Huf, F. A. Pharm. Weekbl. 1978, 113(20),
485-492.

Bush, L. E.; Greeley, H. P. Anal. Chem.
1984, 56(1)91-96.

147(a).

147(b).

148.

149.

150.

151.

152.

153.

154.

155.
156.

157.

158.
159.

160.

161.

162.

163.

164.

Hezel, U. Angew. Chem. 1977, 694: Amer.
Lab. 1978, 10(5), 91-96; 98; 100-104; 106-
108.

Jork, H. Fresenins’ Z. Anal. Chem. 1968,
236, 310-326.

Coddens, M. E.; Poole, C. F. Anal. Chem.
1983, 55(14), 2429-2431.

Pollak, V.; Boulton, A. A. J. Chromatogr.
1973, 76(2), 393-399.

Kurita, T.; Yamamoto, H.; Suzuki, G. et al.
Abstrs. Pittsburgh Conf. Anal. Chem. and
Appl. Spectrosc. Cleveland, Ohio, 1977.
Pittsburgh, Pa, 1977, p. 278.

Berezhkovsky, M. A.; Vinogradova, R. G.;
Vorontsov, A. M. et al. Copyright Certifi-
cate USSR 794507, 1981.

Prosek, M.; Medja A.; Kacan, E. et al. J.
High Res. Chromatogr. and Chromatogr.
Commun. 1979, 2(8), 527-529.

Franke, K. H. Collog. Spectroscopic. Int.
16. Heidelberg, 1971. Vorabdr. Bd. 2. Lon-
don, 1971, S. 122-124.

Kevern, A. M. J. Oil and Colour Chem.
Assoc. 1973, 56(7), 318-319.

Hummel, S. Z. Chem. 1984, 24(1), 38-39.

Chen, Tsuey Ing; Morris, M. D. Anal. Chem.
1984, 56(1), 19-21.

Bochkov, A. S. J. Lig. Chromatogr. 1982,
5(8), 1567-1572.

G.-1-T. 1974, 18, 794.

Scholz, H. Lab. Prax. 1971, 23(12), 177-
178.

Keyworth, D. A.; Swensen, R. F. Talanta.
1966, 13, 829-836.

Sumtsov, B. M. Scientific Proceedings of
the 2nd State Medical Institute “Chroma-
tography in Biclogy and Medicine.” Mos-
cow, 1983, pp. 292-293.

Pohl, U.; Schweden, W.; Lessnig, W.; Metz,
G. Z. Anal. Khim. 1977, 285(2), 111-120.

Goldman, J.; Goodal, R. R. J. Chromatogr.
1969, 40(3-4), 345-358.

Treiber, L. R.; Lindsten, R.; Ortegren, T.
Pat. 357064. Sweden.



13: 43 17 January 2011

Downl oaded At:

165.

166.

167.

168.

169.

170.

171.

172

173.

174,

175.

176.

177.

178.

179.

180.

181.

182.

183.

Ebel, S.; Kussmaul, H. Fresenius’ Z. Anal.
Chem. 1974, 269, 10.

Pekker, I.; Geyer, R.; Eppert, Q. J.
Chromatogr. 1973, 78(1), 21-23.

Owen, T. J. Chromatogr. 1973, 79(1), 165-
171.

Seiler, H. Inorganics. In book: Densitom-
etry in Thin-Layer Chromatography.
Practica and Applications; J. C. Touch-
stone, J. Sherma, Eds.; Wiley: New York,
Chichester, Brisbane, Toronto, 1979, pp.
351-365.

Densitometrie in TLC. Practice and Appli-
cations; J. C. Touchstone, J. Shemnta, Eds.;
Amsterdam, 1977.

Kovner, V. Ya.; Adorova, 1. V.; Silina, M.
L. Zavodskaya Laboratoriya. 1968, 34, 151.

Waksmundzki, A.; Rozylo, J. K. J.
Chromatogr. 1973, 78(1), 55-62.

Seiler, N.; Moller, H. Chromatographia.
1969, 7, 319-324.

Jork, H. Collog. Spectroscopic. Int. 16.
Heidelberg, 1971. Vorabdr. Bd. 2. London,
1971. Suppl. p. 1b-4b.

Jork, H. J. Chromatogr. 1970, 48(2), 372-
383.

Jork, H. J. Chromatogr. 1973, 82(1), 85-
94.

Koopmans, H. J. G.-.-T. 1971, 15(5), 527-
530.

Bethke, H.; Santi, W.; Frei, R. W.
Chromatographia. 1973, 6(3), 152-154.

Yamamoto, H.; Kurita, T.; Suzuki, J. et al.
Jap. Analyst. 1974, 23(9}, 1016-1027.

Yamamoto, H.; Kurita, T.; Suzuki, J. et al.
J. Chromatogr. 1976, 116(1), 29-41.

Graham, R. J.; Bark, L. S. J. Chromatogr.
1969, 39(2), 211-217.

Graham, R. J.; Bark, L. S. J. Chromatogr.
1969, 39(2), 218-227.

Pollak, V. J. Chromatogr. 1987, 393(2),
143-153.

Grimm,. W. J. Chromatogr. 1974, 89(1),
39-48.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194

195.
196.
197.

198.

199.

200.
201.

202.

Pollak, V. J. Chromatogr. 1978, 152(1),
201-207.

Treiber, L. R. J. Chromatogr. 1972, 69(2),
399-401.

Treiber, L. R. Ortegren, B.; Lindsten, R;
Ortegren, T. J. Chromatogr. 1972, 73(1),
151-159.

Treiber, L. R. J. Chromatogr. 1974, 100(1),
123-135.

Sistovaris, N. Chromatographia. 1983,
27(3), 17-18; 21-22; 24.

Coddens, M. E.; Knatib, S.; Butler, H. T.;
Pool., C. F. J. Chromatogr. 1983, 280(1),
15-22.

Traveset, J.; Such, V.; Gonzalo, R.; Gelof,
E. Proc. 2nd Int. Symp. Instrum. High Per-
form. Thin-Layer Chromatography. Inter-
laken, 1982. Bad Durkheim, 1982, pp. 233-
245.

Goodall R. R. J. Chromatogr. 1972, 73(1),
161-172,

Massa, M. V. Trav. Soc. Pharm. Mont-
pellier. 1968, 28, 209.

Massa, V. Trav. Soc. Pharm. Monpellier.
1969, 29, 221; C. A., 1970, 73, 69930c.

Volynets, M. P.; Ermakov, A. N.; Nikitina,
L.P. Zh. Anal. Khim. 1970, 25(2), 294-300.

Kealey, D. Talanta. 1972, 19, 1563-1571.
Kealey, D. Talanta. 1974, 21, 475-480.

Beneitez Palomeque, E. Med. Segur. Trab.
1972, 20, 27.

Massa, M. V. Farmaco Ed. Prat. 1970, 25,
332-336; C. A., 1973, 73, 38607y.

Takitani, S.; Suzuki, M.; Namai, T.; Nogato,
F. Eisei Kagaku (J. Hyg. Chem.). 1970, 16,
83; C. A., 1970, 73, 72748c.

Hokawa, T. Anal. Lett. 1974, 7, 575-581..

Floret, G.; Massa, M. V. Int. Symp. 1V,
Chromatographie, Electrophorese, Bruxelles,
1966. Presses, Academiques Europeennes:
Brussels, 1968, 138.

Floret, G.; Massa, M. V. Trav. Soc. Pharm.
Monipellier. 1968, 28, 129.

305



13: 43 17 January 2011

Downl oaded At:

203.

204.

205.

206.

207.

208.

209.

210.

211,

212.

213,

214.

215.

216.

217.

218.

219.

220.

221.

222

223,

306

Kirk, A. D.; Moss, K. C.; Valentin, J. G. J.
Chromatogr. 1968, 36, 332-337.

Massa, M. V. Trav. Soc. Pharm. Mont-
pellier. 1969, 29, 257, C. A., 1970, 73,
113036s.

Baukut, F.; Imregun, O.; Kasap, S. Istanbul.
Univ. fen fak Mecm, Seri C. 1968, 33, 91.

Ryabchikov, D. 1.; Volynets, M. P
Kopneva, L. A. Zh. Anal. Khim. 1969, 24(1),
72-74.

Vil'bok, Kh. O.; Pyldme, M. E. Zh. Anal.
Khim. 1972, 27(4), 783.

Frei, R. W.; Miketukova, V. Mikrochim.
Acta. 1971, 290.

Bruno P.; Caselli, M.; Franossi, F.; Faraini,
A. Anal. Lerter. 1984, N 17, 397-412.

Husain, S. W.; Ishghy, Z. J. Lig. Chroma-
togr. 1992, 15, 1681-1687.

Takitani, S.; Fukuoka, N.; Mitsuzawa, Y.
Jap. Analyst. 1966, 15(8), 840-845; Anal.
Abstr., 1968, 15, 2485,

Paster, A.; Kabacoff, B. J. Chromatogr.
1976, 14, 572-573.

Yamazaki, M.; Igarashi, R.; Suzuki, F. Jap.
Analyst. 1983, 32(4), 234-240; C. A. 1983,
99, 63400v.

Covello, M.; Schettino, O. Farmaco. Ed.
Prat. 1965, 20, 396.

Vil'bok, Kh.; Pyldme, M. Pyldme, Yu.;
Raudsepp, P. Izv. AN ESSR. Khimiya, Geol.
1975, 24(1), 44-48.

Frank, J.; Kosikova, E. J. Chromatogr.
1980, 187, 462-465.

Hsu, Z.-F.; Jin, X.-P.; Hu, C.-S. Talanta.
1986, 33(5), 455-457.

Froduma, M. M.; Zaye, D. F.; Lieu, T. van.
Anal. Chim. Acta. 1968, 40(3), 451-457.

Frei, R. W. J. Chromatogr. 1968, 34, 563-
565.

Frei, R. W.; Ryan, D. E. Anal. Chim. Acta.
1967, 37(2)187-199.

Frei, R. W ; Liiva, R.; Ryan, D. E. Can. J.
Chem. 1968, 46, 167-173.

Zaye, D. F.; Frei, R. W_; Froduma, M. M.
Anal. Chim. Acta. 1967, 39(1), 13-18.

Brun, M.; Hubner, P.; Oelkrug, D.
Fresenius’ J. Anal. Chem. 1992, 344, 209-
213.

224,

225.

226.

227,

228.
229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

Pollak, V.; Boulton, A. A. J. Chromatogr.
1970, 50 39-48.

Frei, R. W. J. Chromatogr. 1972, 64, 285-
295.

Prosek, M.; Medja, A.; Kucan, E. et al. J.
High Res. Chromatogr. and Chromatogr.
Commun. 1980, 3(4), 183-188.

Butler, H. T.; Poole, C. F. J. Chromatogr.
Sci. 1983, 21(9), 385-388.

Hezel, U. Intern. Lab. 1978, May/June, 31.

Huff, P. B.; Sepaniak, M. J. Anal. Chem.
1983, 55, 1992-1994.

Bicking, M. K. L.; Kniseley, R. N.; Svec,
H. J. Anal. Chem. 1983, 200-204.

Uchiyama, S.; Kondo, T.; Uchiyama, M.
Jap. Analyst. 1977, 26, 762-766.

Janchen, D.; Pataki, G. J. Chromatogr.
1968, 33, 391-399.

Seiler, N.; Moller, H. Chromatographia.
1969, N 2, 470-475.

Goldman, J. J. Chromatogr. 1973, 78,
7-19.

Stanley, T. W.; Sawicki, E. Anal. Chem.
1963, 37(7), 938-940.

Connors, W. M.; Boak, W. K. J. Chroma-
togr. 1964, 16, 243-245.

Nisanov, V. Ya.; Afanasenko, G. A.;
Kaminir, L. B. Devices and Technique of
Experiment. 1978, N 1, 43-45.

Zhiromsky, V. B.; Medvedev, A. 1. at al.
Devices and Technique of Experiment.
1978, N 6, 204.

Gifford, L. A.; Miller, J. N.; Burmns, D.
Thorburn; Bridges, J. W. J. Chromatogr.
1975, 103(1), 15-23.

Goldman, J.; Goodal, R. R. J. Chromatogr.
1970, 47, 386-394.

Pataki, G.; Kunz, A. J. Chromatogr. 1966,
23, 465-467.

Massa, V.; Susplugas, P.; Salabert, J. Trav.
Soc. Pharm. Montpellier. 1974, 34, 175.

Turina, N. J. Chromatogr. 1974, 93, 211-
216.

Turina, N.; Turina, S. Chromatographia.
1977, 10, 97-99.

Yamane, Y.; Miyazaki, M.; Iwase, H. Eisei
Kagaku. 1968, 14, 106; C. A., 1968, 69,
45939d.



13: 43 17 January 2011

Downl oaded At:

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

Ben-Dor, L.; Jungreis, E. Isr. J. Chem. 1970,
8, 951.

Johri, K. N. Mehra, H. C. Separ. Sci. 1971,
6, 741-745.

Johri, K. N. Mehra, H. C. Microchem. J.
1970, 15, 642.

Turina, N.; Turina, S. Croat. Chem. Acta.
1979, 52(4), 407-410.

Schuster, M. Fresenius’ Z. Anal. Chem.
1986, 324(2), 127-129.

Specker, H.; Jung, K.; Wenster, W. G.-L-T.
1979, 23(5), 366-369; Anal. Abstr., 1980,
38(2), 2B84.

Zhou, Z.; Oldham, P. B. Pittsburgh Conf.
Anal. Chem. and Appl. Spectrosc. Chicago,
111, Feb. 27 - March 4, 1994: Absr. - Chi-
cago (III), 1994, C. 164P.

Berezkin, V. G.; Volynets, M. P,; II'in,
H. P. Copyright Certificate USSR, N
1087857, 1984.

Berezkin, V. G.; Volynets, M. P.; II’in, H.
P. Proc. of USSR Acad. Sci. 1985, 281(2),
337-339.

IV’in, H. P.; Volynets, M. P.; Kitaeva, L. P.;
Rubinshtein, R. N. Zk. Anal. Khim. 1984,
39(12), 2194-2199.

II’in, H. P.; Bochkaev, F. 1. Uspekhi Analit.
Khim. (on the Occasion of Academician
I. P. Alimarin’s 70-th Jubilee); Nauka: Mos-
cow, 1974, pp. 74-83.

Huber, W.; Fricke, H. J. Chromatogr. 1970,
48, 362.

Libby, R. A. Anal. Chem. 1968, 40(10),
1507-1512.

Garten, R. P. H.; Steinbrech, B.;
Schneeweis, G. et al. Fresenius’ Z. Anal.
Chem. 1982, 313(4), 304-308.

Houpt, P. M. X-Ray Spectrometry. 1972, 1,
37-38.

Gartman, K. G.; Dedegkaev, T. T.; Efimov,
A. N. Microchim. Acta. 1983, III, 45-51.

Bykhovsky, M. Ya.; Braude, A. Yu. Zh
Anal. Khim. 1983, 38(12), 2236-2246.

Volynets, M. P.; Myasoedova, G. V.;
Koveshnikova, T. A. et al. New Methods
for Extracting and Identifying the Noble
Metals. GEOKhI AN SSSR: Moscow, 1975,
pp. 46-49.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

Myasoedova, G. V.; Volynets, M. P;
Koveshnikova, T. A. et al. Zh. Anal. Khim.
1974, 24, 2252-2254.

Volynets, M. P.; Shiryaeva, O. A.; Dubrova,
T. V. et al. Proc. of the XII-th All-Union
Chernyaevsky Conference on Chemistry,
Analysis and Technology of Platinum Met-
als. Nauka: Moscow, 1982, 203..

Assag, H.J.; Barr, E. W. Anal. Chem. 1977,
49, 189.

Ol’shevskaya, S. I.; Sedykh, E. M.;
Volynets, M. P. GEOKhI AN SSSR. 1986.
(Manuscript).

Heltai, Gy.; Peresich, K. Collog. Spectrosc.
Int. 24, Garmisch-Partenkirchen. Sept. 15-
20, 1985. Book Abstr. Vol. 3. Dortmund,
S. A., 550-551.

Whitaker, L. A. Diss. Abstr. 1968, 29(4),
1285B.

Volynets, M. P.; Kitaeva, L. P.; Savinova,
E. N. et al. Zh. Anal. Khim. 1988, 43(5),
842-845.

Frei, R. W.; Stillman, H. Mikrochim. Acta.
1970, 184-189.

Issag, H. 1. J. Lig. Chromatogr. 1983, 6,
1213-1220.

Kellner, R. Microchim. Acta. 1975, 11, 253-
256.

Malissa, H.; Kellner, R.; Prokopowski, P.
Anal. Chim. Acta. 1973, 63, 225-229.

Zuber, G.; Warren, R. J.; Begosh, P. P;
O’Donnell, E. L. Anal. Chem. 1984, 56(14),
2935-2939.

Percival, C. J.; Griffiths, P. R. Anal. Chem.
1975, 47, 154.

Roberts, T. R. Radiochromatography;
Elsevier: Amsterdam, 1978, pp. 45-83; J.
Chromatogr. Libr. 1978, 14.

Galli, B.; Gasparrino, F.; Misitin, D.; Natile,
G.; Palmied, G. J. Chromatogr. 1987, 409,
377-382.

Monaghan, J. J.; Morden, W. E_; Johnson,
T.; Wilson, I. D.; Martin, P. Rapid Commun.
Mass Spectrom. 1992, 6(10), 608-615.

Oka, H.; Ikai, Y.; Kondo, F.; Kawamura,
N. et al. Rapid Commun. Mass Spectrom.
1992, 6(2), 89-94.

307



13: 43 17 January 2011

Downl oaded At:

281.

282.

283.

284,

285.

286.

287.

288.

289,

290.

291.

292,

293.

294,

295.

296.

297.

298.

299.

300.

301.

308

Bush, K. L..; Mullis, J. O.; Carlson, R. E. J.
Lig. Chromatogr. 1993, 18(8), 1695-1713.

Iwatani, K.; Kadono, T.; Nakagama, Y.
Mass Spectrosc. 1986, 34(3), 181-187.

Heyns, K.; Grutzmacher, H. T. Angew.
Chem. 1962, 74(11), 387.

Bare, K. I.; Read, H. Anal. Proc. 1986,
23(6), 1205.

Chang Ted. T.; Lay, J. O.; Francel, R. J.
Anal. Chem. 1984, 56(1), 109-111.

Rameley, L.; Nearing, M.E.; Vaughan,
M. A.etal. Anal. Chem. 1983, 55(14),2285-
2289.

Rameley, L.; Vaughan, M. A.; Jamieson,
W. D. Anal. Chem. 1985, 57, 353-358.

Bare, K. J.; Read, H. Analyst. 1987, 12,
433-436.

Hui, K. S.; Davis, B. A.; Boulton, A. A. J.
Chromatogr. 1975, 115(2), 581-586.

Davis, B. A.; Hui, K. S.; Boulton, A. A.
Advances in Mass Spectrometry in Biochem-
istry and Medicine; Raven Press: New
York, 1976, 11, 405-418.

Stahl, E.; Jork, H. Medicameta. Ed. Farm.
1972, 40,267-274; C. A. 1973, 79, 97010v.

Gagliardi, E.; Likussar, W. Microchim.
Acta. 1965, 1053-1057.

Erbanova, L. N.; Zaitsev, P. M. Proc. of the
Fertilizer Research Institute. 1978, N 232,
49,

Busev, A. I.; Kharlamov, I. P.; Garibjan,
G. H. Anal. Lett. 1972, 5, 243.

Dutkiewicz, T. ; Podoski, A.;
Komstaszumska, E.; Liszczyna, 1. C. A
1974, 80, 127770h.

Gagliardi, E.; Pokorny, G. Microchim. Acta.
1967, N 3, 550-554.

Gagliardi, E.; Likussar, W. Microchim.
Acta. 1967, N 3, 555-559.

Pokomy, G.; Beger, W. Microchim. Acta.
1968, N3, 582-585.

Gagliardi, E.; Pokorny, G. Microchim. Acta.
1966, N3, 577-586.

Qureshi, M.; Shakur, J. S. Chromato-
graphia. 1978, 11(7), 389-392.

Rao, A. L. J.; Chopra, S. J. Inst. Chem.
(India). 1985, 57(5), 197-199.

302.

303.

304.

305.

306.
307.
308.
309.

310.

311

312

313
314.

315.

316.

317.

318.
319.

320.
321.

Suzuki, M.; Kaiho, F.; Takitani, S. C. A.
1975, 83, 187955u.

Baumler, J.; Rippstein, S. Mitt. Geb.
Lebensmittelunters Hyg. 1963, 54(4), 472-
478. '

Muller, H.; Rother, R. Anal. Chim. Acta.
1973, 66, 49-55.

Likhoidova, I.I.; Varshal, G. M. New Meth-
ods for Extracting and Identifying the Noble
Metals. GEOKhI AN SSSR: Moscow; 1975,
32-37.

Gagliardi, E.; Pokomy, Microchim. Acta.
1967, N 2, 228-232.

Pokomy, G. Microchim. Acta. 1968, 386.

Gaibakyan, D. S.; Babayan, Kh. S ;
Grirohyan, Ts. A. Arm. Khim. Zh. 1970,
23(4), 333-335.

Pfendt, L. B.; Petrovic, S., Pasajlic, V.
Microchem. J. 1984, 29(3), 296-303.

Shadrin, O. A. Organic Reagents in Ana-
lytical Chemistry (Perm). 1983, N 5, 132-
136.

Qureshi, M.; Sethi B. M. Sharma, S. D. J.
Lig. Chromatogr. 1983, 6(7), 1249-1252.

Kitaeva, L. P.; Volynets, M. P.; Makulov,
N. A.; Suvorova, S. N. Zh. Anal. Khim.
1981, 36(1), 102-107.

Jung, K.; Specker, H. Naturwissenschaften.
1979, 66(10), 519.

Volynets, M. P.; Vagina, N. S. Zh. Anal.
Khim. 1969, 24(10), 1477-1479.

Chen, Y., Zheng, K.; Luo, H.; Cheng.
Fenxic Huaxue. 1983, 11(2),101-106; C. A.,
1983, 99, 47201a.

Ney, K. H.; Garg, O. P. Fette-Seifen
Anstrichmittel. 1970, 72(4), 279-285.

Prodan, E. A.; Shashkova, [. L. Izv. AN
BSSR, Seriya Khim. 1978, N 4, 79-84; Zh.
Anal. Khim. 1978, 33, 2304.

Rossel, T.; Kiesslich, H. Z. Anal. Chem.
1967, 229(2), 96-109.

Naito, K.; Taket, S.; Okabe, T. Bull. Chem.
Soc. Jap. 1970, 43, 1360-1364.

Weisz, H. Microchim. Acta. 1954, 140.

Weisz, H. Microanalysis by the Ring-Oven
Technique. Pergamon Press: Oxford et al.
1970.



13: 43 17 January 2011

Downl oaded At:

322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

334,

335.

336.

337.

338.

339.

340.

341.

342.

Scherz, H.; Bancher, E.; Kainde, K.
Microchim. Acta. 1965, 2, 255-257.

Ottendorfer, L. J. Anal. Chim. Acta. 1965,
33, 115-116.

Frei, R. W.; Stockton, C. A. Microchim.
Acta. 1969, 1196-1203.

Johri, K. N.; Johri, M. Chromatographia.
1980, 13(10), 619-622.

Johri, K. N..; Mehra, H. C. Microchim.
Acta. 1970, 807-810Q.

Johri, K. N.; Saxena, B. S.; Mehra, H. C.
Chromatographia. 1971, 4(8}, 351-353.

Mehra, H. C. Curr. Sci (India). 1977,
46(15), 548-520.

Ravindhranath, K. Proc. Indain Nat. Sci.
Acad. A. 1988, 54(1), 162-167.

Johri, K. N.; Mehra, H. C. Microchim. Acta.
1971, 317-321.

Johri, K. N.; Mehra, H. C.; Kaushik, N. K.
Chromatographia. 1970, 3, 347-349.

Handa, A. C.; Johri, K. N. Chromato-
graphia. 1971, 4(11), 530-531.

Mehra, H. C.; Mittal, 1. P.; Johri, K. N.
Chromatographia. 1971, 4(11), 532-534.

Johri, K. N.; Mehra, H. C..Chromato-
graphia. 1971, 4(2), 80-82.

Handa, A. C.; Johri, K. N. Talanta. 1973,
20, 219-222.

Shafer, K. H.; Grifits, P. R. Abstracts of
Papers Presented at the Pittsburgh Conf.
and Exposition on Anal. Chem. and Appl.
Spectrosc. March 10-14, 1986, N 7; Atlan-
tic City Convetion Center, 1986, N 249.

Rosencwaig, A. Opt. Communs. 1973, 7(4),
305; Science. 1973, 181, 637.

Rasencwaig, A. ; Hall, S. S. Anal. Chem.
1975, 47, 548.

Alimarin, I. P.; Dumev, V. F.; Runov, V. K.
Zh. Anal. Khim. 1987, 42(1), 5-28.

Obrezkov, O. N.; Shpigun, O. A., Zolotov,
Yu. A. Zh. Anal. Khim. 1983, 38(6), 965.

Castleden, S. L.; Elliott, C. M.; Kirkbright,
G.F,; Spillane, D. E. M. Anal. Chem. 1979,
51(13), 2152-2153.

Rosencwaig, A.; Gersho, A. J. Appl. Phys.
1976, 47, 1.

343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

Akatsuka, K.; Murakami, Y.; Ikeda Sh.
Fresenins’ Z. Anal. Chem. 1983, 315(8),
700-703.

Ikeda, Sh.; Murakami, Y.; Akatsuka, K.
The Chem. Soc. Jap. Chemistry Letters.
1981, 363-366.

Kawamoto, S.; Yokoyama, Y.; lkeda, S.
Bull. Soc. Chem. Jap. 1980, 53(2), 391.

Kavamoto, S.; Yokoyama, Y.; Ikeda, S.
Jap. Analyst. 1979, 28(3), 142-147.

Yokoyama, Y.; Nakamura, N. Jap. Ana-
lyst. 1979, 28(2), 97-100.

Sakane. Y.; Saito, K.; Matsumoto, K.;
Osajima, Y. Jap. Analyst. 1981, 30(11),
715-719.

Uchiyama, K. ; Ohsawa, K.; Yoshimura,
Y., Watanabe, T.; Imaeda, K. Anal. Sci.
1992, 8, 655-658.

Rus’ev, O. A.; Surov, N. A. Devices and
Tech. of Experiment. 1973, N 2, 249.

Zanevsky, Yu. V.; Ivanov, A. B
Poshekhonov, V. D. et al. Dubna Joint Ven-
ture. Nuclear Research Inst. 1977, Preprint
N P14-10934.

Zanevskii, Yu. V.; Chemenko, S. P.; Ivanov,
A. B. et al. Nucl. Instrum. Methods. 1978,
153(2-3), 445-447.

Anisimov, Yu. S.; Chemenko, S. P.; Ivanov,
A. B. et al. J. Chromatogr. 1979, 178(1),
117-124.

Glendhill, B. Lab. Equip. Dig. 1983, 21(11),
73-74.

Peisker, K.; Fingas, H. Isotopenpraxis.
1972, 8(11-12), 462-464.

Filthuth, H. Synth. and Appl. Isotop. La-
beled Compounds. Proc. Int. Symp. Kansas
City, 1983, Elsevier: Amsterdam, 1983;
447-452.

Solin, O. Int. J. Appl. Radiat. and Isotop.
1983, 34(12), 1653-1654.

Redgwell, R. J.; Turner, N. A.; Bieleski,
R. L. J. Chromatogr. 1974, 88(1), 25-31.
Johnson, P.; Jones, C. R. Lab. Pract. 1974,
23(6), 315.

Muzzarelli, R. A. A. Talanta. 1966, 13,
1689-1693.

Gusman, S. Ya.; Kapasik, A. S. Automati-
zation of Science Investigations. Perm:
Permsky Univer. 1984, pp. 21-27.

309



13: 43 17 January 2011

Downl oaded At:

362.

363.

364.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

377.

378.

379.

380.

310

Anisimov, Yu. S.; Zanevsky, Yu. V
Ivanov, A. B. et al. Dubna Joint Venture
(Integration). Nuclear Research Inst. 1978,
Preprint N 18-11347.

Volynets, M. P.; Milukova, M. S.
Radiokhimiya. 1971, 13(1), 72-78.

Cremer, E.; Seidl, E. Chromatographia.
1970, 3(1), 17-18.

Seiler, H.; Seiler, M. Helv. Chim Acta. 1967,
50, 2477-2481.

Antokol’skaya, I. I.; Myasoedova, G. V.,
Bol’shakova, L. 1.; Eserzhukaya, M. G.;
Volynets, M. P. et al. Zh. Anal. Khim. 1976,
31(4) 742-745.

Malofeeva, G. 1.; Myasoedova, G. V,;
Volynets, M. P. Microchim. Acta. 1978, 1,
391-398.

Volynets, M. P.; Dubrova, T. V.; Ermakov,
A. N. et al. Zh. Anal. Khim. 1973, 28(8),
1557-1560.

Lesigung-Buchtela, M.; Buchtela, K.
Microchim. Acta. 1967, N 4, 670-675.

Daneels, A.; Massart, D. L.; Hoste, J. J.
Chromarogr. 1965, 18, 144-147.

Kawamura, Sh.; Kurotaki, K.; Kuraku, H.;
Izawa, M. J. Chromatogr. 1967, 26, 557-
560.

Lesiguang-Buchtela, M. Microchim. Acta.
1969, 1027-1032.

De Angelis, T.; Neineman, W. Anal. Chemn.
1976, 48(14), 2262.

Yosinori, T.; Jochijiro, A. Jap. Analyst.
1974, 23, 1522.

Polesik, J.; Howery, D. G. J. Chromatogr.
Sci. 1973, 11, 240.

Fike, R.R. US Par. 3.752,74; C. A, 1973,
79, 11140u.

Ostrovidov, E. A. Zavodskaya Labora-
toriya. 1984, 50(11), 15-16.

Oelschlager, H.; Volke, J.; Lim, G. T. Arch.
Pharm. 1965, 298 (213-219); Z. Anal.
Chem. 1968, 233(1), 34.

QOelschlager, H.; Lumbantoruan,S.; Volke,
J.: Kraft, G. Z. Anal. Chem. 1976, 272,257.

Volynets, M. P.; Chulkina, L. S.; Fomina,
T. V. Zavodskaya Laboratoriya. 1969,
35(5), 554-555.

381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

396.

397.

398.

399.

400.

Aldstadt, J. H.; Dewald, H. D. Anal. Chem.
1992, 64, 3176-3179.

Di Stefano, V.; Marini, P. Analyst. 1973,
93(1165}, 251-256.

Volynets, M. P.; Morozova, R. P.; Ermakov,
A. N. et al. Zh. Anal. Khim. 1973, 28(3),
555-560.

Morozova, R. P.; Volynets, M. P.; Ginzburg,
M. A. Zh. Anal. Khim. 1975, 30(9), 1836-
1838.

Volynets, M. P.; Ermakov, A. N
Morozova, R. P. et al. Zh. Anal. Khim.
1977, 32(4), 656-662.

Morozova, R. P.; Volynets, M. P.; Fomina,
T. A. et al. Zh. Anal. Khim. 1980, 35(6),
1152-1160.

Purdy, S. J.; Truter, E. V. Chem. and Ind.
1962, N 11, 506-507.

Purdy, S. I.; Truter, E. V. Lab. Pract. 1964,
13(6), 500-504.

Berthold, 1. Z. Anal. Chem. 1969, 240(5),
320-322.

Schmidt, W.; Marandiue, D.; Nemes, A.;
Ostrogovich, G. Rev. Roum. Chim. 1978,
23(2), 295-299.

Muto, M. J. Chem. Soc. Jap., Pure Chem.
Sec. 1965, 86, 91.

Purdy, S. J.; Truter, E. V. Analyst. 1962,
87(1039), 802-809.

Takitani, S.; Fukazawa, M.; Hosegama, H.
Jap. Analyst. 1966, 15, 840-845.

Naim, F.; Ali, M. Separ. Sci. and Technol.
1984, 19(6-7), 429-443.

Mitta, A. E. A.; Alvarez, I.; Raban, P. Int.
J. Appl. Radiat. Isotop. 1971, 22(3), 223-
225.

Siechowski, I. Chem. Analit. (RPL). 1964,
9(2), 891-392.

Mohammad, A.; Fatima, N. Chromato-
graphia. 1986, 22(1-6), 109-116.
Shmigidina, A. M., Klisenko, M. A. Meth-
ods for Identifying Pesticides in Water, Vol.
2; Gidrometeoizdat, Leningrad, 1976, pp.
50-55.

Gaibakyan, D. S. Arm. Khim. Zh. 1969,
22(1), 11-15.

Gaibakyan, D. S.; Babayan, Kh. S.
Zavodskaya Laboratoriya. 1971, 37(1), 9-
11.



13: 43 17 January 2011

Downl oaded At:

401.

402.

403.

404.

405.

406.

407.

408.

409.

4]0.

411.

412.

413.

414.

415.

416.

Gaibakyan, D. S. Arm. Khim. Zh. 1970,
24(1), 93-94.

Gaibakyan, D. S. Egikyan, R. G. Arm. Khim.
Zh. 1970, 23(1), 16-21.

Zelenskaya, L. G. Proc. of the Research
and Designing Inst. of Nitrogen Industry
and the Products of Organ. Synthesis. 1975,
N 35, 89-94.

Volynets, M. P.; Ermakov, A. N.; Ginzburg,
S. L et al. Zh. Anal. Khim. 1972, 27(7),
1322-1330.

Lapkin, V. V.; Dubrova, T. V.; Shubochkin,
L. K.; Volynets, M. P. Coordination Chem-
istry (in Russian). 1980, 6(7), 1071-1079..

Chalisova, N. N.; Fomina, T. V.; Volynets,
M. P. et al. Zh. Anal. Khim. 1986, 41(3),
367-472.

Kitaeva, L. P.; Volynets, M. P.; Suvorova,
S. N. Zh. Anal. Khim. 1980, 35(2), 301-
312.

Shul’ga, V. A.; Senyavin, M. M.; Belousova,
M. Ya. Zavodskaya Laboratoriya. 1980,
36(10), 892-895.

Volynets, M. P.; Kitaeva, L. P.; Timerbaev,
A.R. Zh. Anal. Khim. 1986, 41(11), 1989-
1995.

Myasoedova, G. V.; Volynets, M, P;
Akimova, T. G. et al. Zh. Anal. Khim. 1986,
41(4), 662-665.

Nanda Kumar N. V.; Prameeva Devi Y.
Proc. Natl. Sump. Appl. Nucl. and Applied
Techn; Publ. Health and Pollut. Control:
Bombay, 1981, 272-282.

Volynets, M. P.; Pavlenko, L. I.; Dubrova,
T. V. et al. Methods for Extracting and
Identifying the Noble Metals. GEOKhI AN
SSSR: Moscow, 1981, pp. 53-55.

Kitaeva, L. P.; Volynets, M. P.; Ermakov,
A. N.; Kovalenko, N. I. Zh. Anal. Khim.
1985, 40(4), 684-688.

Jung, K.; Specker, H. Z. Anal. Chem. 1978,
289(1), 48.

Volynets, M. P.; Dubrova, T. V. Zh. Anal.
Khim. 1989, 44(2), 320-323.

Volynets, M. P.; Myasoedova, G. V,;
Ermakov, A. N. et al. Zh. Anal. Khim. 1971,
26(7), 1432-1433.

417.

418.

419.

420.

421.

422.

423.

424.

425.

426.

427.

428.

429.

430.

43].

432,

433.

434,

Volynets, M. P.; Ermakov, A. N.; Nikitina,
L.P. et al. Zh. Anal. Khim. 1970, 25(4),
759-764.

Babayan, Kh. S.; Varshal, G. M. Zh. Anal.
Khim. 1973, 28(5), 921-927.

Kitaeva, L. P.; Volynets, M. P.; Suvorova,
S.N. Zh. Anal. Khim. 1979, 34(5), 922-
927; 1981, 36(8), 1490-1498.

Shimizu, T.; Igarashi, R.; Hayashi, Y
Jindo, S. J. Planar Chromatogr.-Mod. TLC.
1991, 4, 487-489.

Shimizu, T.; Jundo, S.; Kanoh, D. J. Planor
Chromatogr.-Mod. TLC. 1991, 4, 261-263.

Yoshioka, M.; Araki, H.; Seki, M_;
Miyazaki, T. et al. J. Chromatogr. 1992,
603, 223-229,

Shimizu, T.; Suzuki, Y.; Inose, C. Chrom-
atographia. 1987, 23(9), 648-650.

Sharma, S.D.; Misra, S. J. Lig. Chromatogr.
1991, 14, 3301-3310.

Mohammad, A.; Fatima, N. Chromato-
graphia. 1987, 23(9), 653-656.

Kasatkina, A. A.; Ivanova, L. P.; Trifonova,
V. N. et al. Zh. Prikl. Khim. 1993, 66(5),
1177-1178.

Penesar, K. S.; Singh, O. V.; Tandon, S. N.
J. Planar Chromatogr.-Mod. TLC. 1992, 5,
289-291.

Sharma, S. D.; Misra, S.; Gupta, R. J. Lig.
Chromatogr. 1993, 16, 1833-1843.

Hadzija, O.; Tonkovic, M.; Iskric, S. J. Lig.
Chromatogr. 1987, 10(16), 3673-3679.

Rozylo, J. K.; Gwis-Chomicz, D.;
Malinowska, I. Chem. Anal. (Warshav).
1991, 36, 279-287; Anal. Abst. 1992, ]16,
206813q.

Nair, L. M.; Saari-Nordhaus, R.; Anderson,
J. M. Pittsburgh Conf. Anal. Chem. and
Appl. Spectrosc. Chicago IlI, Feb. 27-March
4, 1994 Abstr.-Chicago III, 1994, C154P.

Misra, A. K.; Rajput, P. P. S. Proc. Natl.
Acad. Sci. India, Sect. A. 1991, 61, 469-
473.

Mohammad, A.; Ajmal, M.; Fatima, N;
Ahmad, J. J. Lig. Chromatogr. 1991, 14,
3883-3900.

Mohammad, A.; Tiwari, S. J. Planar
Chromatogr.-Mod. TLC. 4, 485-487.

311



13: 43 17 January 2011

Downl oaded At:

435.

436.

437.

438.

439.

440.

441,

442.

443.

445,

446.

447.

4438,

449.

450.

451.

452.

312

Shadrin, O.; Zhivopistsev, V.; Timerbaev,
et al. Chromatographia. 1993, 35, 667-670.

Shuster, M.; Unterreitmaier, E. Fresenius’
Z. Anal. Chem. 1993, 346, 630-633.

Asolkar, A.; Kumar, A.; Pandey P.;
Bhardwaj, R. J. Lig. Chromatogr. 1992,
15, 1689-1701.

Janjic, T. J.; Milojkovic, D. M.; Vuckovich,
G. N,; Celap, M. B. J. Chromatogr. 1992,
596, 91-94.

Janjic, T. J.; Zivkovic, V.; Vuckovic, G. N.
Celap, M. B. J. Chromatogr. 1992, 626,
305-309.

Vickovic, G. N.; Miljevic, D. M.; Janjic,
T.J,; Celap, M. B. J. Chromatogr. 1992,
609, 427-431.

Sharma, J. N. K.; Chawia, H. M. Chim.
Acta. Turc. 1990, 18, 105-109; Chem. Abst.
1991, 115, 24689%4c.

Shrey, S.; Bansal, S. K.; Sindhu, R. S.
Orient. J. Chem. 1992, 8, 71-73;, Chem.
Abstr. 1992, 116, 206820q.

Tesic Z. Lj.; Janic, T. J.; Celap, M. B. J.
Chromatogr. 1993, 628, 148-152.

Vickovic, G. N.; Juranic, N; Meljevic,
D. M.,; Celap, M. B. J. Chromatogr. 1991,
585, 181-185.

Kostikov, A. P.; Egorova, S. N.; Bulenkov,
T.N. Izv. Vyssh. Uch. Zavedenii. Khim. i
Khim. Tekhnologiya. 1974, 17(8), 1257-
1258.

Lieu Van, T.; Zaye, D. F.; Froduma, M. M.
Talanta. 1969, 16, 1289.

Turina, N. Chromatographia. 1976, 9, 513-
516.

Houpt, P. M. X-Ray Spectrometry. 1972, 1,
37-38.

Jung, K.; Specker, H. Z. Anal. Chem. 1977,
288(1-2), 28-31.

Sijperda, W. S.; Vries, G. Geologie en
Mijnbouw. 1966, 45, 315-318.

Fazlur, Rahman Malik; Badar ud Din. Pg-
kistan J. Sci. and Industr. Res. 1968, 11(2),
166-171.

Sijperda, W. S.; Vries, G. Geologie en
Mijnbouw. 1968, 47, 197-198.

453.

454.

455.

456.

457.

458.

459.

460.

461.

462.

463.

464.

465.

466.

467.

468.

469.

470.
471.

472.
473.

Funk, W.; Dammann, V.; Couturier, T. et
al. J. High. Res. Chromatogr. and Chroma-
togr. Commun. 1986, 9(4), 224-235.

Houghton, F. D. Microchem. J. 1966, 10(1-4),
340-345.

Yamane, Y. etal. C. A. 1971, 75, 52 645g.

Sergeev, G. M.; Korenman, I. M.; Rozen-
berg, L. V. Physico-Chemical Methods of
Analysis. 1983, pp. 77-78. '

Turina, N.; Turina, S. Materialprufung.
1984, 26(5), 150-152.

Ol’shanova, K. M.; Kunitskaya L. A.;
Vasyutin, V. P. Proc. of Voronezh Univer.
1969, 72(3), 199-202.

Hashmi, M. H.; Adil, A. S. Microchim.
Acta. 1968, N4, 712-718; N 5, 947-953;
1040-1044.

Stahr H. M. ; Kinker, J.; Nichelson, D.;
Hyde, W. J. Liq. Chromatogr. 1982, 5(6),
1191-1200.

Begmatova, M. P. Chemistry in Agricul-
ture (in Russian). 1976,. 14(8), 66-67.
Brunstad, J. W. J. Assoc. Off. Anal. Chem.
1968, 51(5), 987-991.

Muller, Th.; Stennes, E. Scand. J. Clin.
Lab. Invest. 1971, 28, 213-217.

Burianek, J. Cesk. Farm. 1966, 15, 130-
133.

Alvares, J.; Sas G. N. B.; Mitta, A. E. A.
Anales Assoc. Quim. Argentina. 1971, 59(2),
97-99.

Hara, N. Ind. Health. 1973, 11(3), 155-157.

Bustos, Aragon Angel. Agua (Esp.) 1969,
Jjul-ag., 2-9.

Schwedt, G.; Lippmann, Ch. Dtsch.
Lebensm. Rdsch. 1974, 70(6), 204-206.
Petrovic, M.; Kastelan-Macan, M.; Turina,
S; Ivankovic, V. J. Lig. Chromatogr. 1993,
16, 2673-2684.

Foner, H. A. Analyst. 1969, 94, 392-396.

Baranowska, 1.; Poreba, R.; Baranowsky,
J.; Aleksandrowicz, R. J. Planar Chroma-
togr.-Mod. TLC. 1992, 5, 469-471.

Sherma, J. Food Anai. 1987, 4, 297-366.

Bokic, L.; Petrovic, M.; Kastelan-Macan,
M.; Moskaliuk, K. Chromatographia. 1992,
34, 648-650.



