METHODS OF CHEMICAL ANALYSIS

COULOMETRIC ANALYSIS. DIRECT COULOMETRY -
(REVIEW) '

T. K. Khamrakulov and V. V. Chervyakova UDC 543.258.062

Papers on the determination of inorganic materials by the direct coulometry (DC) method published in 1966~
1974 are considered in the review. .

In DC the content of material is established from the amount of electricity consumed for direct electrotrans-
formation of the electroactive component. The detefmination can be carried out with a controlled potential (E =
const) or controlled amount of current (i = const) as a function of conditions. .

Despite the relative complexity of the experimental technique and the apparatus used DC attracts the atten-
tion of investigators because of the selectivity of the method and high accuracy and reproducibility of results of
quantitative determination. A series of new variations of DC has appeared recently and the number of investiga-
tions on the theory of coulometry, equipment, coulometers, electrolyzers, and electrodes has increased. Papers
are devoted mainly to the increase in precision, accuracy, and speed of analytical results (taken together or separ-
ately) with the simultaneous removal of the necessity of using complex equipment. For example, these are coulo-
potentiography [1], coulopotentiography with anodic solution of the precipitate [2], coulostatic method [3], chron-
ocoulometry [4], substoichiometric coulometry [199], and variations of current integrators [5-7].

Certain aspects of theory and potentialities of DC for the determination of uranium, transuranium elements,
gases, and liquids are examined in [8~10].

The analytical use of DC at E = const and i = const for anélysis of inorganic materials and their compounds
is illustrated by Tables 1 and 2. It is seen from data of the tables that DC is applicable to the determination in
nonaqueous solutions of the following elements: s': H,, Li, Na, K; s Be, Mg, Sr, Ba; pl: In, TL; p% C, Sn, Pb; P
N,, As, Sb, Bi; p%: F, CL, Br, I; d*: Ti; d% V; d*% Nb, W; d% Cr, Mo, Mn, Tc, Re; d% Fe; d™: Co, Ru, Ir; d% Ni, Rh,
Pt; d% Pt; d'% Pd, Cu, Ag, Au, Zn, Cd, Hg; f% Ce; £ U; f Pmy; £% Sm; ; Eu, Am; 4 Yb. :

DC is used most widely for the determination of p- and d-elements and for uranium and plutonium of f-
elements.

Fuel and inert gases [11-16), solutions of acids and bleaching vats [27-29), products of chemical reactions
and chromatographic-analysis [42, 43], steels, alloys [117, 118], standard solutions [120, 131], and industrial and
natural objects [123-128, 137-139, 143, 144] are analytical objects. Apart from the most frequently used electrodes

. (Pt, Hg, Au) glassy graphite [131, 132, 158, 159], carbon pyroceramic [161], and the rotating disc electiode
[134] are proposed for the working electrode.

The potentialities of DC are restricted significantly during the determination of the elements: s'; Li, Na, K,
Rb, Cs; s% Be, Mg, Ca, Sr; p*: Al, Ga; d%: Sc, Y, La, Lu, Ac; d% Zr, Hf: d% Ta, and also of certain lanthanides and
actinides, These difficulties are due mainly to the electronic configuration of the indicated elements, their neg-
ative standard electrode potentials (E*), and ability to be oxidized easily and to form stable compounds, from which
they are subsequently electroreduced with difficulty. Naturally E? is not an absolute characteristic of the oxidation~
reduction ability of systems, since the course and rate of the electrochemical process can be changed as a function
of various factors, for example, nature of solvent. Therefore, it can be asserted that the use of DC for the deter-
mination of elements indicated above is a concern of the near future and success is evidently guaranteed upon using

A. Navoi Samarkand State University. Translated from Zavodskaya Laboratoriya, Vol. 41, No. 11, pp. 1297~
1314, November, 1975. Original article submitted July 3, 1975.
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nonaqueous solvent and fusions.

The use of DC, particularly at E = const, is also promising for standardization of metal ion solutions in non-

aqueous media, determination of solution products of chemical current sources, and clarification of the degree of
deterioration of metallic components in petroleum products. The method gives great possibilities for establishing
the stoichiometric composition of semiconductor compounds, the ionic state of an element, products of radioactive
transformations, and control of content and distribution of impurities in natural objects.

The DC variant with i = const (substoichiometric coulometry) is promising for use in the determination of

the thickness of a galvanic coating, composition of two-, three~, and four-component solders, analysis of stoichio-
metric semiconductor compounds, and the composition of galvanic vats.
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