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Change in the phase state in LiNOs—Fez03 (1 :2.5) mixture
with change in the preparation conditions.

Preparation Lithium containing phases, mole %
conditions Lattice
= Phase composition from armneter
time, | “free” Lig sFeq g0y, ) wiree® | X-12y diffraction study gf spinel
L°C | ‘min | Lip0  |from measure-| LiFeO, LiNO4
ments of og
5 9.3 2,4 1.52 80,7
15 12.4 2,5 7.5 476 | a-Fe,0y -+ LiFeO,
30 16,5 2.6 16.3 0.3
450 45 16.1 2.9 16,5
60 15.6 3.3 16.6
90 15.2 3.9 16.8
120 14.9 4.5 16.2 @-Fe;03 + LiFeO,
5 14.8 2,9 9,2 37.2
15 14.5 3.1 16.7 0.6 | o-Fe;0s 4+ LiFeO,
30 13.7 6.9 15,7 0,1
500 45 13.7 7.1 15,6 0.1
60 13.6 8,2 15,4
90 13.5 14,2 14,4
120 13,4 19.2 13,4 a-Fe,0; + LiFeO,
5 13,0 3.1 16.5 0.5
15 11.8 8.8 15,7 0.1 a-Fey0; -+ LiFeO, +
+ spinel (little)
30 9.8 83.7 1,34
550 45 9.3 85.5 1.0
60 9.0 90.7 0,26
90 8,5 91.1 0.1
120 8,3 91.3 0.1
5 11.0 87.7 0,26
15 6.1 94.0 80% spinel + little 8,327
a-Te,0;
30 5,15 95.0
600 45 4,60 95.0
60 4.20 95.2
90 4,08 95.8
120 3.6 96.6
5 11,56 88.3 0.3 90% spinel 8.329
15 4.9 94.5 0.2
30 3.9 94.9
650 45 3.84 95.3
60 3,72 96,7
90 3,60 98,3
120 3,50 98,4 95% spinel 8.329
lg 8.23 90,3 0.3
5, 94,0 0.3 100% spinel 8,32
3 | 302 97,0 s g
700 45 3,11 97.4
60 3.06 98.0
90 2,91 98,0
120 2,82 98.0 100% spinel 8.324
. 94.0 0.3 969% spinel 326
A o5 Site % sp 8.32
750 45 2,16 97.0
88 1,96 98.0
1,87 98.0 9 i
126 1as 083 100% spinel 8,327

of Lio.sFez.50s. A review of all the results of the investi-
gation shows that the primary reaction product is lithium
orthoferrite

Li.0; + Fe,0; — 2LiFeO,
which disappears later as a result of the reaction
LiFeO., 4 2Fe;05 — 2Liy sFo.50: .«

REFERENCES

1. Collected papers “Ferrity” (Ferrites) (Edited by
Takei and Takesi) (? Translated into Russian), Izd.
Metallurgiya, Moscow, 1964,

2. J.Smit and H.J.P.Wijn, “Ferrites” (Translated into
Russian), Inostr. Lit., Moscow, 1962,

3. P.W,Strickler and Rustum Roy, J.Amer.Ceram,
Soc., 44, 225 (1961).

4. G.I.Skanavi, “Fizika Dielektrikov” (The Physics
of Dielectrics), Gostekhizdat, Moscow-Leningrad,
1949,

Russian Journal of Inorganic Chemistry, 17 (6), 1972

5. N.N.Semenov and G. V. Zabolotskii, Izv.Sibir.Otd.
Akad. Nauk SSSR, 2, 58 (1962).

6. A.A.Fotievand A. M. Bobrova, in collected papers
“Issledovaniya v Oblasti Khimii i Tekhnologii
Mineral'nykh Solei i Okislov” (Investigations in the
Field of the Chemistry and Technology of Mineral
Salts and Oxides), Izd.Nauka, Moscow-Leningrad,
1965.

7. L.Y.Mondin and I. V. Afonin, Poroshkovaya Metal-
lurgiya, 6, 87 (1970).

8. B.Lax and K.J. Button, “Microwave Ferrites and
Ferrimagnetics” (Translated into Russian), Izd,
Mir, Moscow, 1965,

9. I.S.Rassonskaya and N.K. Semendeeva, Zhur.Neorg.
Khim., 8, 1419 (1963) [Russ.J.Inorg, Chem., No.6
(1963)].

10. Yu.I.Ostroushko and P,I.Bachikhin, “Litii, Ego
Khimiya i Tekhnologiya” (Lithium, Its Chemistry
and Technology), Atomizdat, Moscow, 1960.

Ivano Franko Pedagogical
Institute

Received 27th May 1971

U.D.C. 546.244-38 + 546.246-38

Reaction of Sodium Tellurite and
Potassium Tellurate with Sulphide
lons in Alkaline Solutions

T.N.Greiver and Yu.A.Zaitsev

Complex fomation by tellurium({1V) and tellurium{V1} with
monosulphide sulphur in alkaline solutions has been investi-
gated. Stepwise complex formation has been found in the
TeO3 -S> -OH™ and TeO} -S?"-OH™ systems. The stability
constants of the complexes have been calculated by the
Bjerrum method from the formation functions of the systems.
The effect of the sulphide sulphur : tellurium ratio on the
composition of the solutions has been examined. Thio-salts
of tellurium(IV) with less than three ligands are unstable and
disproportionate into tellurite and trithiotellurite ions. The
most stable of the tellurium(V1) thio-salts are the oxomono-
thiotellurate and tetrathiotellurate.

Tellurium thio-salts are obtained on the dissolution of
tellurium dioxide or disulphide in sodium monosulphide and
of elemental tellurium and tellurides in polysulphide solu-
tions'™®. There are reports of the existence of telluri-
um(IV) oxothio-salts, trithiotellurite, and tetrathiotellu-
rate'’", Degpite the fact that these compounds are used
in analytical chemistry®, and in the technology of tellurium
production®™® the composition of the tellurium thio-salts
has been studied insufficiently and the stability constants
of the compounds are unknown.

The present study aimed to investigate complex forma-
tion in the reaction of tellurium(IV) and tellurium(VI) oxo-
salts with sulphide ions in an alkaline medium. Chemical,
spectrophotometric, and potentiometric methods were
used.

“Chemically pure” grade reagents and T-AI grade tellu-
rium of 99.99% purity were used for making up the solu-
tions. Sodium sulphide nonahydrate was recrystallised
twice. Potassium tellurate was made by oxidising an

agueous suspension of tellurium with hydrogen peroxide
and then neutralising the solution with potassium hydroxide.




r
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godium tellurite was made by oxidising tellurium with
nitric acid, removing the latter, and then dissolving the
tellurium dioxide in sodium hydroxide solution. NaOH or
KOH (1 M) was introduced into all the solutions to suppress
the hydrolysis.

The introduction of sodium sulphite into the solutions of
the TelV-5"~ system at any §:Te ratio is accompanied by
the precipitation of elemental tellurium. The molar
ratio of tellurium to thiosulphatet in the reaction products
is close to 2, which corresponds to the reaction:

TeO:~ + 28°~ -+ 280, + 3H,0 = Te -+ 25,04~ -+ 60H~,

In the TeVI-§*~ system at the molar ratio S:Te < 1 the
introduction of sulphite is not accompanied by precipitation.
At the ratio S:Te = 2 half the tellurium is precipitated and
the S0%” : Teel molar ratio in the products is close to 4.

At the ratio S:Te = 3 the tellurium is completely precipi-
tated from the solution and the S,0%" : Teel molar ratio in
the reaction products is close to 3.

The observed quantitative relations are well described

by the equations:

Te0.8*~ + SO,*~ = TeOst~ 4 8,04,
2Te0:8:* + 4804 + H,0 = To + TeO;~ 4 48,0, + 20H-,
Te0S;*~ + 350, + H,0 = To - 38,04~ -+ 20H~,
TeS* + 380:% = To 4 38,0, + §*-,

and show the formation (in addition to tetrathiotellurate) of
stable oxothio-salts of TeVI with less than three sulphur
ligands.

The molar absorptivities of the solutions of our systems
were measured on an SF-4 spectrophotometer. The solu-
tions of the tellurium thio-salts exhibit an appreciable
optical density in the blue-violet and ultraviolet ranges of
the spectrum, increasing smoothly with decrease in the
wavelength.

The change in the optical density of the solutions of the
TelV-§*" system as the S:Te ratio is increased from 0 to
3 obeys the Beer-Lambert law satisfactorily, which
suggests the formation of a single stable ionic complex.

A further increase in the S: Te ratio up to 6 is accompanied
by a non-linear increase in the molar absorptivity, evi-
dently owing to the formation of complexes with > 3 %~
ligands.

Solutions of the TeVI-§~ system at the molar ratio
S:Te < 1 do not absorb in comparison with the standard
(K2TeO, at the same concentration) in the visible range
and only slightly absorb in the ultraviolet. On increasing
the ratio to S:Te > 1 a non-proportional increase in the
intensity of the colour is observed up to the ratio S:Te =
6~10. These results show the formation in this system
of a stable oxothio-complex with a single sulphur ligand in
the inner sphere and suggest that in addition to the tetra-
thiotellurate ion several other sulphur-containing ions are
formed when there is an excess of sulphide ion.

Potentiometric titration of alkaline solutions of TelV
and TeVI with sodium monosulphide solution, a tellurium
indicator electrode and a saturated calomel half-cell as
comparison electrode being used, allows only the forma-
tion of trithiotellurite and tetrathiotellurate to be fixed with
confidence, these appearing as characteristic breaks on
the titration curves.

T ——

1 Thiosulphate was determined iodometrically after
binding the sulphite ion with formaldehyde and the precipi~
tation of monosulphide sulphur with zinc acetate®,
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When a silver sulphide electrode was used as indicator
electrode the data needed for calculating the stability con-
stants of the tellurium thio-complexes formed were
obtained. To avoid oxidation, closed vessels and a nitro-
gen atmosphere were used for the titration.

8 13

pLs%7)

Figure 1. Formation functions of the thio-salts of
tellurium in alkaline solution (18°C). 1) TelV 0.0078 M,
NaOH 1 M; 2) TeVI 0.0080 M; KOH 1 M.

The total concentration of free sulphide was determined
from the calibration curve obtained by potentiometric
titration at a silver electrode of 1 N gsodium (potassium)
hydroxide with sodium (or potagsium) sulphide solution.
These results were used to calculate the activity of the
sulphide ion with allowance for the pH of the solution and
the second dissociation constant of hydrogen sulphide. To
check the reliability of the results we calculated the solu-
bility product of silver sulphide:

Pmeas— Po - 0,029 1g as2—
0.029

lgSP AgS = i)
where ¢o is the normal potential of the silver electrode,
and ¢ meas the measured potential of the silver sulphide
electrode referred to the hydrogen scale. The value
found (107*°"%) is close to the published value. The results
were used to construct formation functions and calculate
the stability constants of the tellurium thio-complexes.
Fig. 1 gives the formation functions of the complexes
in these systems, that is, the variation of the mean coor-
dination number # = cg bound/CTe With p[S°”].  As the
results show, in both systems there is stepwise complex
formation. In each instance the maximal number of sul-
phur ligands in the inner sphere of the complex () is 6.
The results of the measurements were treated by the
Bjerrum method'°**.  Approximate values of the stepwise
stability constants were found by the equation:

1
S2-

= o

i

—n——
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and then more accurate values were obtained by the method
of successive approximations. The maintenance of a
constant high concentration of OH™ groups in the solutions
makes it unnecessary for the activity of the OH™ ions to be
included in the equation for the equilibrium constants. The
activities of the other ions were replaced by their concen-
trations.

Exponents of the stability constants of the tellurium thio-
complexes (18°C).

Tellurium(1V) Telurium(VI)
No. of sulphur " = - "
ligands in the stepwise cumulative stepwise cumulative
inner sphere

of the complex Pk, pk,, Pk, pk,
1 —4.50 —4.50 —7.39 —7.39
2 —3.71 —8.21 —4.06 —11.45
3 —7.11 —1532 —5,04 —16.49
4 —3.97 —19.29 —4,35 —20.84
5 —2,55 —21.84 —2.90 —23.74
G —2,00 —23.84 —2.49 —26.23

It is notable that the formation constants of the first
three thio-complexes of tellurite and first four of tellurate
have been determined sufficiently reliably. For com-
plexes of higher degree, the concentration of combined
sulphide ion is determined as the difference between two
relatively large quantities which makes the calculation con-
siderably less accurate. The Table gives the values
found.

s
=

=
=

=
=

of total concentration of tellurium
2

IS

proportion of given ionic species, in %

Cstot:cTe
Figure 2. Ionic composition of solutions of the tellurium
thio-salts. The numbers against the graphs correspond

to the number of coordinated ligands. a) TeOi ~S° —OH™

system; b) TeOi —§°~-OH~ system.

The stability constants obtained were used to calculate
the amounts of the various forms of tellurium ions in the
solution (Fig. 2).

As the results show, the tellurium(IV) thio-complexes
with # = 1-2 are unstable and disproportionate into tri-
thiotellurate and oxo-salt.
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Tetrathiotellurite appears in appreciable quantities at
the ratio S:Te = 2-2.5 and becomes predominant at S:Te =
5, A large excess of sulphide is necessary for the forma-
tion of appreciable amounts of penta- and hexa-thiotellurite,

The bond with the first sulphur ion has characteristic
high strength in the tellurium(VI) thio-salts. The inter-
mediate di- and tri-thiotellurate ions are present in rela-
tively small quantities at S :Te < 3 and partly dispropor-
tionate into monotellurate and tetrathiotellurate.

The composition found for the solutions of tellurium
thio-salts agrees well with the above-mentioned peculiari-
ties of the chemical behaviour and optical properties of the
thio-compounds of tellurium in various oxidation states.
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