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COPRECIPITATION OF THALLIUM (I)
WITH ZINC, COBALT, AND CADMIUM
TETRATHIOMERCURATES
Most studies on the coprecipitation of microimpurities with sparingly soluble
precipitates have been devoted to systems that include simple ions. In this con-
nection, processes in which complex compounds participate are of undoubted
interest. In practice, one most often encounters processes involving the capture
by precipitates of various cations; therefore, the study of systems with complex
anions is of definite interest. From this point of view we selected the complex
tetrathiomercurate ion [𝐻𝑔(𝑆𝐶𝑁)4]2− (𝐾dissoc ≈ 10−22) (1), which forms spar-
ingly soluble compounds with a number of divalent cations (2). It has been
shown (2) that the properties of these compounds are affected by the nature of
the outer-sphere cation; in particular, as the cation radius increases, an increase
in the solubility of the salt in water is observed. To clarify the influence of the
nature of the outer-sphere cation on the magnitude of capture of the cation mi-
croimpurity, we used the zinc, cobalt, and cadmium tetrathiomercurates (Table
1).

Table 1

Dependence of the solubility of tetrathiomercurates in water (25°) on
the cation radius

No. Cation Ion radius, Å Solubility, mol/l*
1 𝑍𝑛2+ 0.83 1.72 ⋅ 10−4

2 𝐶𝑜2+ 0.82 5.92 ⋅ 10−4

3 𝐶𝑑2+ 1.03 2.11 ⋅ 10−3

* Our data.

Fig. 1. Capture isotherms of thallium by precipitates of 𝐶𝑜[𝐻𝑔(𝑆𝐶𝑁)4] (I),
𝑍𝑛[𝐻𝑔(𝑆𝐶𝑁)4] (II), and 𝐶𝑑[𝐻𝑔(𝑆𝐶𝑁)4] (III)
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As the distributing component, the monovalent thallium cation (and its ra-
dioactive isotope 𝑇 𝑙204) was used. The capture isotherms of thallium (I) by
precipitates of zinc, cobalt, and cadmium tetrathiomercurates, obtained by the
“two-indicator”method, are presented in Fig. 1. These isotherms are character-
ized by the presence of three regions, depending on the concentration

thallium in solution. Region A is characterized by a constant relative magnitude
of capture, independent of the initial concentration (up to ∼ 10−5 mol/l) of thal-
lium in solution, i.e., by a crystallization coefficient const (Fig. 1a); in region
B a sharp decrease is observed in the relative magnitude of thallium capture by
the precipitates 𝑀[Hg(SCN)4], which is probably due to attainment of the satu-
ration limit of the precipitates with respect to thallium (Fig. 1b). And, finally,
region C corresponds to the separation of thallium as an independent solid phase
in the form Tl2[Hg(SCN)4]. The solubility of thallium(I) tetrathiocyanatomer-
curate, determined by us using the radioactive isotope Tl204, is 1.6 ⋅ 10−3 mol/l
at 25∘. The character of the capture isotherms shown in Fig. 1 indicates the
presence in these systems of an upper miscibility limit; thus, thallium capture
does not proceed by the type of formation of true mixed crystals. Similar be-
havior of the distributing substance, as is known for a number of other systems
(3), is explained by the formation of intra-adsorption compounds. The magni-
tude of thallium capture by the precipitate Co[Hg(SCN)4] is greater than for
Zn[Hg(SCN)4] and Cd[Hg(SCN)4], although this could not have been expected
from the solubility ratios (see Table 1). One of the methods that makes it possi-
ble to distinguish cocrystallization from adsorptive capture may be the addition
of multivalent ions to the solution. However, as our investigations have shown,
the presence of multivalent cations (Fe3+, Al3+, Sc3+) has no substantial effect
either on the magnitude or on the character of thallium capture by precipitates
𝑀[Hg(SCN)4]. The magnitude and character of the capture also do not change
substantially in the pH interval from 1 to 7. These facts do not permit, in
the strict sense, assigning the processes of coprecipitation of thallium(I) with
zinc, cobalt, and cadmium tetrathiocyanatomercurates to ordinary adsorption
processes.

Fig. 2. A —radiometric titration of cobalt (I), zinc (II), cadmium (III) in the
presence of thallium, 𝐶0

Tl = 5 ⋅ 10−6 mol/l; B —change in the composition of the
precipitates during titration

The data of radiometric titration of solutions of zinc, cobalt, and cadmium salts
in the presence of thallium(I), labeled with Tl204, are presented in Fig. 2A.
When thallium ions are present in the initial solution in concentrations less
than 10−5 mol/l, coprecipitation occurs as the tetrathiocyanatomercurate pre-
cipitates are gradually formed. An excess of precipitant has practically no effect
on the magnitude of capture. Such behavior of microimpurities is more char-
acteristic of cocrystallization processes (true or anomalous) than of adsorption
processes. The distribution of thallium (Fig. 2B) in the crystals of the precipi-
tates 𝑀[Hg(SCN)4] (where 𝑀 = Zn2+,Co2+,Cd2+) does not proceed according
to a linear regularity, as occurs in the case of formation of true mixed crystals
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Fig. 3. Radiometric titration curves

Figure 2: Fig. 3. Radiometric titration curves

(4). In the region of supersaturated solutions (on curves I and III, segment 𝑎𝑏)
such a dependence is realized. However, after the supersaturation is removed
(at point 𝑏), the change in the composition of the precipitates in the process of
gradual

the release of the solid phase occurs not with a constant coefficient of “layer-
by-layer enrichment.”In the case of significant thallium concentrations in the
initial solution (more than 10−2 mol/l), the radiometric titration curves have the
form shown in Fig. 3. For the thallium—cobalt and thallium—zinc pairs, there
is initially precipitation of the less soluble Co[Hg(SCN)4] and Zn[Hg(SCN)4],
and then thallium is precipitated in the form Tl2[Hg(SCN)4]. In the case of
the thallium—cadmium pair, the less soluble thallium tetrarhodanomercurate is
initially precipitated. These cases, in principle, may be used for the quantita-
tive determination of zinc, cobalt, and cadmium by the method of radiometric
titration with the use of the nonisotopic radioactive indicator Tl204.

Fig. 3. Radiometric titration of mixtures of thallium with cobalt (I), zinc (II),
cadmium (III);
[Tl+] ∶ [M2+] = 1 ∶ 1 (in g-eq.). Indicator: Tl204.

The facts presented above indicate that the coprecipitation of thallium with
precipitates M[Hg(SCN)4] cannot, strictly speaking, be assigned to any of the
already known types, since in this case features characteristic both of processes
of formation of anomalously mixed crystals and of intra-adsorption systems ap-
pear simultaneously. Known analogous facts (5,6) indicate that in a number
of cases it is difficult to draw a strict distinction between the phenomena of
internal adsorption and the formation of anomalously mixed crystals. What is
beyond doubt is only that the coprecipitation of thallium(I) with the tetrarho-
danomercurates of zinc, cobalt, and cadmium has the character of a volume
distribution. Uptake (III) has a different character and is noticeably smaller in
magnitude.
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