METHODS OF CHEMICAL ANALYSIS

COULOMETRIC ANALYSIS
INDIRECT COULOMETRY (REVIEW)

T, K. Khamrakulov and V. V., Chervyakova UDC 543,258,062

The wide use of semiconductor technology, heat-resisting alloys, and construction materials and the re-
quirement for continuous control of technological processes and the determination of impurities in natural media
have predetermined the development of the coulometric method in the last ten years. In this period coulometry
was promoted to one of the leading places among physicochemical analytical methods and the volume of infor-
mation on this method has increased significantly, New variations of the coulometric method, different methods,

instruments, data units, cells, and electrodes have appeared,

We recognized the expediency of examining direct and indirect coulometry (1], Acid-—base reactions,
oxidation—reduction reactions, precipitation, and complex formation are used in indirect coulometry (IC); the
content of material is established from the amount of electricity (Q) lost during electrotransformation of both the
auxiliary reagent, from which the titrant is generated, and from the determined material, if it is electroactive,
In IC the process of determination consists of electrochemical and chemical reactions, without consideration of
ing compulsory conditions. The determination can be carried out at a constant value of the electrolysis
const) and at a controlled potential of the working electrode (E = const).

remain

current (i=
papers which appeared in the period 1966-1974 on the determination of inorganic materials by the 1C

method are examined in this review, The last review in the USSR [2] on coulometry included papers published

in 1964-1966.. Data on earlier papers and theoretical fundamentals of the method are presented in reviews [3-14],

monographs [15-18], and books [1, 19-21],

Literature data on IC at i=const and E=const are presented in Tables 1 and 2.

It follows from the tables that the IC method is used for checking the content of materials after transform-
ing them into solution., More than 65 elements and their compounds are determined in natural and commercial
materials, The use of IC in nonaqueous and mixed solvents [87, 60-66, 114-116, 120, 123-130, 171} and the use
of titrants, unstable under normal conditions and generated from amalgams [177, 232, 240-242, 252, 288}, active
electrodes [114-116, 120, 131-132, 1565-162, 184-191, 194-196, 212-213], and ion-selective membrane electrodes
(ISME) [163, 280, 287) have broadened significantly the range of problems solvable by the given method.

At the present time IC has found use in the analysis of semiconductor materials, meteorites [240-242, 247,
248, 252, 266, 284-286], various reagents [121, 122, 277, 278], natural water and sewage (96, 100, 107], steels,
alloys [87, 108-113, 179-183, 192, 193, 303], standard and raw materials for content of main material [117-119,
208, 257-261], and products of the chemical industry. Analogous instruments and electronic computers [309] are
used for the study of kinetics of homogeneous [306, 307] and stepwise [308] reactions by the IC method. The ne-
cessary conditions (differences in reaction rate constants = three orders of magnitude) of two materials, interacting
with the electrically generated tiwrant, at which they can be titrated with sufficient accuracy and reproducibility,

are examined.

Investigations on the determination of the basic and stoichiometric composition of certain semiconductor
compounds and commercial materials, the preparation of oxidizing agents such as In (I), unusual from the point
of view of titrimetry, by electrosolution of an indium grid in 2 HC1O4 medium [310], and the preparation of
titrants in a eutectic melt [131-135, 246] are of interest. It is particularly necessary to note the use of this method
for the determination of ultramicro amounts of nickel [240-242]), zinc [247-248], chromium [200, 201, 209], and

A. Navaya Samarkand State University. Translated from Zavodskaya Laboratoriya, Vol, 41, No, 9, pp. 1041~
1060, September, 1975, Original article submitted May 22, 1975,
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cerium [212-213] in semiconductor compounds, alloys, and meteorites, The combination of IC with other physi-
cochemical methods, for example, chromatography (chromatocoulometry), makes it possible to increase the sensi-
tivity and accuracy of the determination of the latter and reveals great promise [311] for the detecuon of sepa-
ration products on the chromatographic column,

Optical methods have obtained wide use in recent years, together with classical methods (amperometry,
potentiometry), to establish end point: photocolorimetry and spectrophotometry [304, 268, 277], radiometry [312],
ISME with solid and liquid membranes [114-116, 131-135, 163, 287], polarized electrodes having a reverse sys-
tem of connections [90-93].

Of the methods used for indication of end point from the point of view of continuity and automation of the
process of product determination in a liquid or gas flow preference should be given to potentiometry with polar-
ized electrodes having a reversed system of connections. In the last case the size of the generator current is a di-
rect measure of the concentration of the analyzed material,

It seems promising to us to use IC as formerly because of the relative simplicity of the experimental tech-
nique both in aqueous and nonaqueous media for standardization of solutions, preparation of titrants from active
electrodes and gas mixtures having a known content of the dosed component, control of impurity content and dis-
tribution in natural objects, determination of the stoichiometric composition of semiconductor compounds and the
jonic state of an element, products of chemical reactions and radioactive transformations and control of tech-
nological processes, The further development of an ultramicro variation of IC, described by I. P. Alimarin and
M. N. Petrikova, is of definite interest.
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