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was found that in the range pH 4.9-5.6 the complex-form-
ing ion is Sc(OH);, this replacing one hydrogen atom in the
Pyrocatechol Violet molecule (Fig. 1).

The complex formation equation can be written:

Sc(OH)2+ + HaR*~ == [Sc(OH):HaR]~ |

Experimental results on the mechanism of complex forma-
tion allow S to be expressed in the fundamental equation of
the method 8:

o (0= ce) (or. = ce)lOHP

H*]
[ i+ E,T] ce
10%G;
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\\‘
I
]
o5
@ 0 20 10°(OH)

Figure 3. Determination of 8.

r 5 «
Figure 4. Distribution of the hydroxo-complexes of scandium
with pH.

Table 2. Hydrolysis constants of scandium ions.

Xy Ky Ky pKy pKa pK3| 4 |References
1.81-10-% - - 4.74 - - |01 1.2
1,17-10-3 - - 4.93 — - | 1o 1.2

8-10-¢ 3-10-7 - 5.10 6.10 - | 01 3
8.10-¢ 8-10—¢ - 5.10 5.10 —_ 1.0 3
1.82-10-% - —_ 4.74 - -_— 0.1 4
7.76-10-% - - 5.1l - — |10 5

- —  |126-10-*] — - 990 ( 0.1 6
126 105 [1.65-10-¢12.6-10-7 4.90 578 1658101 our

work

and In S to be calculated as a function of pH (Table 1).
Graphical differentiation of the curve of the variation of

In S with [OH"] (Fig. 2) gives the function G, = G,([OH")),
which was extrapolated in the range [OH"] = 0.6 X 107°~
1.5 x 10~® (Fig.3) by the method of least squares. The
values thus obtained were g, = 1.843 X 10° and K, =
1.256 x 10-5, Values of B, and B, were obtained by extra-
polating the functions G, = G,({OH"]) and G, = G4(0H")),
which were treated similarly®.
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The values of the constants which were obtained are:
By = 4.485x107, K, = 1.65x10~¢
Bs = 1.7x10%, Ky==26xX10"" .

By using these values we calculated the distribution of
different hydroxo-complexes of scandium according to pH
(Fig. 4).

Table 2 gives the hydrolysis constants of scandium ions
published in the literature and determined by us.

SUMMARY

The cumulative stability constants of the hydroxo-com-
plexes of scandium B, = 1.84 X 10°; B, = 4.49 X 107; gy =
1.7 x 1028, and the consecutive constants of the mononu-
clear hydrolysis of its ions: K, = 1.26 X 1078, K, =
1.65 x 10-8, and K, = 2.6 x 10~ have been determined
spectrophotometrically by the competing-ligand method,
using Pyrocatechol Violet.
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Stability Constants of the Chloro-com-
plexes of Tellurium

G.G .Shitareva and V.A.Nazarenko

Complex formation by tellurium(IV) with chloride ions
has been insufficiently studied. lon exchange studies®
have digclosed three complexes in hydrochloric acid solu-
tions: TeCl$ up to an HCI concentration of 0.8 M, TeCl, in
~1 M HCI, and TeCl2~ at HC] concentrations greater than
0.8 M. The authors found that hydrolysis products occur
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only at HC1 concentrations less than 0.007 M. Investiga-
tion of the tellurium electrode in hydrochloric acid solu-
tions ? indicated that an ionic chloro-complex of tellurium
with formula TeCl2~ is stable in 2.5 M and more concen-
trated HC], and it was suggested that hydrolysis does not
take place at this acidity. The composition of the telluri-
um(IV) complex extracted from 3 M HCI1 by a solution of
tributyl phosphate in n-hexane® corresponds to the formula
TeCl,.3TBP. The constants for the extraction of the com=
plex were calculated on the assumption that 3 M HC1 con-
tains the singly-charged cation TeO,H*, but this does not
agree with the other data cited!,2. It has also been estab-
lished* that the Te: Cl ratio in the chloro-complexes ex-
tracted depends on the concentration of hydrochloric acid
in the aqueous solutions and on the extracting agent. There
are no published data on the stability of chloro-complexes
of tellurium. )

We studied complex formation by tellurium(IV) with
chloride ions using an extraction distribution method. To
cover the extraction of tellurium over as wide a chloride
ion concentration range as possible, the ionic strength in
the aqueous phase was kept equal to 7 (HC1 + LiCl, HCl +
HC1O,). A 3:7 mixture of n-hexanol and benzene was used
as extracting agent. ’

A hydrochloric acid solution of the radioactive tellurium
isotope 1?"Te was employed and the experimental procedure
was the same as that used in the determination of the sta-
bility constants of the bromo-complexes of tellurium?®. As
in that work®, the calculation was by the method of Fomin
and Maiorova®, The G; = f([C1"]) curves were extrapo-
lated by the method of least squares after smoothing by
means of the equation

1
— b [Cl-].
e as+ b([Cl-]

Table 1. Dependence of the distribution constant of tellurium on
the hydrogen ion concentration. [ =7 (HCI + LiCh); = 25°
{Hex] = 2.403 M.

[H*] oquit, M Kate
653 630
565 5,15
4.70 4,71
375 3.66
279 2.3

Preliminary recording of the light-absorption curves
for the aqueous solutions and the extracts showed that at a
constant ionic strength of 7 and constant chloride ion con-
centration of 7 g-ion litre™, the position of the absorption
maxima remains unchanged with change in the concentra-
tion of hydrogen ions both in the aqueous phase and in the
extract. This indicates that the composition of the chloro-
complex of tellurium extracted remains constant. The
composition of this complex was determined graphically
from the dependence of the distribution constant K4 of tel-
lurium on the concentration of hydrogen ions and hexanol.
It was found that the complex contains one hydrogen ion and
one molecule of hexanol, so that the formula of the com=-
pound extracted can be written HTeCl,.Hex.. The results
of the experiments are given in Tables 1 and 2. The fact
that the dependence of 1gK4 for tellurium on 1g[H*] is lin-
ear indicates that hydrolysis does not take place under the
conditions of the experiment.
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The composition of the hydrochloric and perchloric acid
solvates was determined from the dependence of their dis-
tribution constants on the concentration of hexanol in its
mixtures with benzene. The results (Table 2) show that
hydrochloric and perchloric acids are extracted from solu-
tions with an ionic strength of 7 in the form of the com-
pounds HCl.Hex and HC10,.Hex.

Table 2. Dependence of the distribution constant of teilurium and
the distribution constants of HCl and HCIO,4 on the concentration
of n-hexanol in its mixtures with benzene. I =7 (HCl1 + HCIO,);

t=25°C,
Hexanol
w::: °M Kgte | Kancy |KaHciog
4.005 10.10 0.173 0.212
3.204 8,52 0.128 0.182
2403 610 0.094 0123
1.602 352 | 0060 | 0.079
0.801 097 | o021 | 0028
10%n/[CT]
2H10%6,
L 2
W+
L ’
+ ,/
L 7/
/
a o o o
10°1{CT'}, g-fon litre'
Figure 1. Graph of the function G,({CI"]) before (1) and after

(2) smoothing, for the determination of §,.

The equation for the formation of the compound extracted
can be written

To * + Hg* + 5C1,- + Hox go= HTeCly - Hex (1)
and the equilibrium constant for the formation of the com-
plex is

K= [HTeCls-Hex]o A (2)
[Fet+]y [H+] 4 [C1-] 3} [Hex] o
The distribution constant for tellurium between the phases
is
K‘-[HTOC]rHGX]o ) (3)
. s
where ¢, is the concentration of all forms of tellurium in
the aqueous phase
= [Te”](i +3 6 ICH') . (4)
Appropriate substitution and transformation of Eqn. (2)
gives the equation ’

K[H], [CI-]4f
Kq

[Hex]o - !+2 BelCl-)" . (5)

If we introduce the symbol

| [HCIH] [Hexd
Ka

=S
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we can write Eqn. (5) in the form
ES =14 D pilCF . (8)

By taking logarithms and transforming in accordance with
the published method®, we obtain

dln§ i
S e - @
This equation forms the basis for the graphical differentia-
tion of the curve InS = f([C17]).

R .m-f
[CT'), g-ion litre"}

Figure 2. Dependence of the distribution of the complexes
TeCl# on [CI).

Table 3. Dependence of the distribution constant of tellurium on the CI”
concentration. [Hex], = 0.05 M, [H'), = 6.9 M, [Hex], =1.53 M,
[H'], =0.7M; I=17.

{CT), gionlitre™! [ KgTe “nS [C), gionlitre'? | KgTe -inS
0.025 0.23 14.6020 0.100 0.82 8.9605
0.050 047 11.8533 0.150 093 7.0506
0.075 0.69 10.2115 0.200 1.00 56789

Differentiation of this curve gives the value of the ratio
7/[C17), and extrapolation of this to zero value of [C1”}]
gives the value of B,. Construction of the subsequent aux-
iliary functions gave the other stability constants of the
chloro-complexes.

The dependence of K4 for tellurium on the chloride ion
concentration is shown in Table 3. The dependence of
7/[C1"] on {C17] is shown in Fig.1. Calculation gave the
following values for the constants:

Br=1.75%10% By = 1.02x40°,
Ba== 2.19x10% By == 1.53x10% ;
Bs = 5.75x10'%; B4 == 1.99x1018,

The probable relative error in the determination of these
constants with a reliability o = 0.95 is +12%.

The dependence of the distribution of the chloro-com-
plexes of tellurium(IV) on the concentration of chloride ions
at a total ionic strength of 7 is shown in Fig. 2.

SUMMARY

The stability constants of chloro~complexes of telluri-
um(IV) B,~B, have been determined by the distribution meth~
od involving extraction of the complex by a mixture of n-
hexanol and benzene from solutions with an ionic strength
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of 7. The composition of the tellurium complex extracted
is HTeCL.Hex, and the composition of the hydrochloric and
perchloric acid solvates is HA.Hex.

)
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Double Salt of Lithium and Sodium
Carbonates Formed in Aqueous
Solutions

N.M.Chaplygina and L.S.Itkina

The region of crystallisation of pure lithium carbonate
from solutions containing lithium and sodium carbonates can
be found by polythermal study of the Li,CO,—Na,CO4~H,0
system. We observed the compound Li,CO,.Na,CO, in this
system at 100°C and identified it by various methods. The
present work seeks to find the conditions of formation of
this salt at various temperatures.

Li,C0,.Na,CO, was first isolated by Eitel and Skaliks in
1929 2 from a melt. Later the Li,CO,=Na,CO, system was
studied by several authors® but continues to attract investi-
gators owing to discrepancies in the published results (see,
for example, Refs.4-8).

In recent years further information has appeared on the
properties of molten mixtures of lithium and sodium car-
bonates: density, electrical conductivity®, surface ten-
sion!?, and viscosity!! at various temperatures have been
measured. The first three properties have also been in-
vestigated in the temperature range 500~900°C for the
eutectic composition (L1,CO, 53.30, Na,CO, 46.70 mole %)%,

We isolated the double salt from aqueous solution at
100°C in the very narrow concentration interval from 26.8
to 31.8% Na,CO,.* At 50°C the system is eutonic, but on
introducing the salt into the solution it continues to exist in
a metastable state at that temperature. Various investi-
gators have been unable to detect the formation of complex
phases between lithium and sodium carbonates at 25°C; 3-8
only Kindyakov and Kurtova!® reported the formation of
solid solutions at 25° and 75°C.

We have studied the Li,CO;~Na,CO,~H,0 system be-
tween 25° and 200°C by the method of invariant points, ob-
serving microscopically the appearance and disappearance
of new phases and then bringing these phases into equilib-
rium with the solution by the isothermal method.



