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The dependence of tin electrode potential on KF concentration in acidic sulpha-
mate solutions was investigated by the potentiometric method at temperatures of
25° and 60° and at an ionic strength of the solution 0.6 and 3. Values of concen-
tration stability constants of fluoride tin (II) complexes were calculated by the
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INTRODUCTION

As has been noted in our previous paper [1], the
stability constants of tin (II) complexes with both
chloride and iodide ions reported in literature differ
significantly.

The stability constants and the composition of fluo-
ride tin (II) complexes described in the literature dif-
fer even more. Bond and Taylor [2], using the polaro-
graphic method, investigated the formation of Sn (II)
complexes with F- in an acidic and neutral medium. On
the basis of experimental data the authors have con-
cluded that the [SnF]*, [SnF,] and [SnF,]" complexes
are formed independently of the solution pH, while the
stability constants depend on the pH. Hence B, = 1.2 -
-10* I/mol, B, = 7 - 10° /mol?, B, = 2.7 - 10° I’/mol’
in an acidic medium and B, = 1.0 - 10* I/mol, B, = 4.8 -
-10° P/mol?, B, = 2.9 - 10° ’/mol® in a neutral medium.
The numerical value of the constants is similar, giving
grounds to conclude that no mixed tin (II) complexes
with OH™ and F~ ions are formed in the solution. The
data of work [3] show that the composition of the
complexes depends on the ratio of Sn (II) : F~ concen-
tration and complexes with 1-3 F~ ions can be formed.
Beaudoin Rej and his colleagues [4] have found by
means of the potentiometric method that only [SnF]*
and [SnF,] complexes are formed. Small quantities of
[SnF,] and [SnF,]* are formed only at a great excess
of HFE. However, formation of HF," particles is possible
in such solutions.

The values of stability constants of Sn (II) com-
plexes with F~ ions given in reference books [5-8]
differ 100 and more times. The values of constants
vary in the ranges: Ig K, from 4 to 6.26, Ig B, from
6.85 to 9.16, lg B, from 9.43 to 10.96. The different
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values of stability constants are conditioned by the
different composition, ionic strength and pH of the
solutions studied. The value of HF dissociation cons-
tant used in calculations may also be of great im-
portance.

In the literature, however, there are very differ-
ent data on the composition of fluoride tin (II) com-
plexes in the solution. It has been indicated [9, 10]
that [SnF ] complexes are formed. A partial for-
mation of such complexes has been also mentioned
in [11] where the authors suggest the existence of a
NiSnF, complex. According to Kohunov and Rakov
[12], the complex [SnF,]* is formed only conventio-
nally. Authors have proposed that SnF; - MeF com-
plexes are formed. The authors also indicate that
tin (II) in a strongly acidic medium exists in the
form of hydrated ions, even in the presence of F-
ions. Solovyeva et al. [13] have noted that
[SnF,OH]* complexes are formed in the solution
when it is alkalized. Similar results on the forma-
tion of such complexes have been also found in [14].

The possibility of the formation of complex com-
pounds Sn (II) with Sn (IV) ions has been also
indicated in the paper by Ruchand et al. [15]. Ab-
rahams et al. [16] indicate that a hydrolysis of SnF,
complexes takes place in concentrated aqueous so-
lutions and Sn,OF, oxy complexes are formed.

As can be seen, different authors indicate the
possibility of the formation of Sn (II) complexes
with F- ions of different composition and stability.
Therefore, it is impossible to choose soundly or to
calculate the values of the stability constants for the
solutions of another ionic composition or tempera-
ture. We did not manage to find in the literature
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available the stability constants of Sn (II) with fluo-
ride ions in acidic sulphamate solutions.

This work is aimed at determining the composi-
tion and concentration stability constants of fluoride
Sn(II) complexes depending on the ionic strength
and temperature of the solution.

EXPERIMENTAL

Working solutions were prepared and measurements
were taken using the methods described in the first
part of the work [1].

RESULTS AND DISCUSSION

As has been shown in the first part of our work [1],
the tin electrode potential is reversible in relation
to Sn (II) ions in a wide range of Sn (II) concen-
tration and can be used as a working electrode du-
ring a potentiometric titration. Figures 1 and 2 show
the variation of Sn (II) electrode potential when KF
is added to the acidic sulphamate solutions. As can
be seen from the figures, the tin electrode potential
(E,) shifts to a negative side, independently of the
acidity, temperature and ionic strength of electroly-
te. It indicates a decrease in the concentration of
Sn (II) ions in the solution due to formation of
complexes between Sn (II) ions and F~.

The composition and consecutive concentration
stability constants were calculated using the Leden
method [1, 17] and the method of “potential devia-
tion” [18]. The method of “potential deviation” [18]
is based on an assumption that, predominantly, com-
plexes with the maximum number of ligands are for-
med in solutions with a great excess of ligand. A
linear dependence of E-In (C —nC,,)) with a slope
nRT/zF (where n is a maximum quantity of ligand
in the complex) should be observed here. The de-
viation potential from the linear dependence is ob-
served in the presence of considerable quantities of
the complex with smaller quantities of the ligand
MeL_,. The value of potential deviations is deter-

n—

mined by the equation [18]

AE = (RT/zF) - In 2B, [L] - (RT/zF) - InB_ -
— (nRT/zF) - In (C, — nC,,),
where all designations are conventional.

When only two complexes, MeL, and MeL_, are
present in the solution, it is easy to calculate graphi-
cally the equilibrium ligand concentration [L]. The
value of the calculated stability constant should be
constant in a range of negligible potential devia-
tions (2-6 mV).
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Fig. 1. Dependence of tin electrode potential on KF con-
centration in solution: Sn (SO,NH,)), + HSONH, +
+ KSO,NH, at u = 0.6 (a), u = 3.0 (b), concentration
Sn(SONH,),: 1 - 0.1 M; 2, 3-0.01 M; 4 — 0.001M, and
concentration of HSO.NH: 7, 2 — 0.1M; 3, 4 — 0.25 M.
t =25°C

Coordination numbers have been calculated by
Nernst equation, using the data of Figs. 1 and 2 in
a great excess of ligand where the linear dependen-
ce E-lgi is observed and equals to 3.4-4.5. The de-
pendences E-Ln(C,—nC,,) calculated when n is 3
or 4 are linear. The calculated values of stability
constants change with the potential within the 1gf3
range 13-9 in both cases. Such an inconstancy of
the calculated values means that it is impossible to
determine the stability constants in this system by
the “potential deviation” method. As has been no-
ted in [18], such inconcistency is possibly due to a
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Fig. 2. Dependence of tin electrode potential on KF con-
centration in solution: Sn (SO,NH,), + HSO,NH, +
+ KSO,NH, at u = 0.6 (1, 2), p = 3.0 (3, 4), and con-
centration Sn(SO,NH.,),: 1, 3 - 0.001 M; 2, 4 — 0.01 M.
t = 60 °C

change in the activity coefficient of Sn (II) ions in
sulphamate solutions or in the presence of a big
number of compounds with a smaller number of
the ligand.

Table 1 lists the concentration stability constants
of Sn (II) complexes with F~ ions. They have been
calculated using the Leden method. In calculations
it has been assumed that HSO,NH, and KF disso-
ciate completely and that the dissociation constant

for HF pK = 3.208 [7]. A concentration of hydro-
gen ions, rather than their activity, has been used in
calculations.

It can be seen from the data that [SnF]*, [SnF,]
and [SnF,]" ions are formed in the solution, and
[SnF,]- complexes are not formed only in solutions
with the ionic strength u = 0.6 and the temperature
t = 60 °C.

The stability constants of [SnF]* and [SnF,] com-
plexes are close by their value to those given in the
literature [2]. Only the value of the stability cons-
tant of [SnF,]- complex is higher. Such a discrepan-
cy may be explained by the fact that the authors
assumed that the dissociation constant of HF is equal
to pK 2.573.

A distribution of Sn (II) among separate com-
plexes as a function of the total ligand concentra-
tion in the electrolyte has been calculated on the
basis of an averaged consecutive stability constants
of tin (II) fluoride complexes. Their values are gi-
ven in Table 1.

In the calculations, it has been taken into ac-
count that hydroxocomplexes may be present in aci-
dic solutions. The stability constants are equal to
(pB) SnOH* 11.6, Sn(OH), - 9.31, Sn(OH); — 4.45
[7]. Figures 3 and 4 present the obtained results.
Only the complexes whose concentration exceeds
0.1% from the total one are shown in Fig. 3 and 4.
As can be seen from the figures, hydroxocomplexes
may also be present alongside fluoride complexes of
Sn (II) in acidic sulphamate solutions. When calcu-
lating the stability constants of fluoride complexes,

Table 1. IgB of consecutive stability constants of fluoride Sn (II) complexes depending on composition of sulpha-
mate electrolyte and temperature
Ionic strenght | Temperature, | C HSO,NH,, M | Complex C
of solution °C Sn(SO,NH,),, M
0.001 | o001 0.1
0.6 25 0.10 SnF+* 4.07 £ 0.05 3.30 £ 0.05
SnF, 8.54 = 0.06
SnF, 12.50 = 0.10
0.6 25 0.25 SnF* 442 * 0.05 4.03 £ 0.05
SnF, 8.59 = 0.06 8.36 = 0.06
SnF, 12.20 = 0.10 12.95 = 0.10
3.0 25 0.10 SnF+* 4.56 * 0.05
SnF, 8.44 = 0.06
SnF, 12.50 = 0.10
3.0 25 0.25 SnF* 431 = 0.05 428 * 0.05 3.75 £ 0.05
SnF, 9.40 = 0.06 9.20 = 0.06 8.48 = 0.06
SnF, 12.97 = 0.10 12.74 = 0.10
0.6 60 0.10 SnF+* 434 * 0.05 4.11 = 0.05
SnF, 820 = 0.10 820 = 0.10
3.0 60 0.10 SnF+ 446 * 0.05 424 * 0.05
SnF, 8.33 = 0.06 8.70 = 0.10
SnF, 11.45 = 0.10
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Fig. 3. The degree of formation of tin (II) complexes de-
pending on the concentration of fluoride ions in solutions
with the total concentration of Sn (II) 0.01M, p = 0.6.
Curves: I — Sn (II), 2 — SnF*, 3 - SnF,, 4 — SnF,, 5 -
Sn(OH)*. t = 25 °C. pH =1
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Fig. 4. The degree of formation of tin (II) complexes de-
pending on the concentration of fluoride ions in solutions
with the total concentration of Sn (II) 0.01 M, u = 0.6.
Curves: I — Sn (II), 2 - SnF*, 3 — SnF,, 4 — Sn(OH)*.
t = 60 °C. pH =1

the concentration of hydroxocomplexes has not been
taken into account. This is not very important when
calculating the stability constants using the Leden
method, and it may considerably affect the results
of calculations obtained by the method of “potential
deviation”.

6

CONCLUSIONS

Concentration consecutive stability constants of fluo-
ride tin (II) complexes have been determined de-
pending on the composition and temperature of aci-
dic sulphamate solutions. They are equal to:

lg K = 426 + 0.05, 1g B, = 8.50 * 0.06, IgB, =
= 12.55 + 0.10, (u = 0.6, t = 25 °C)

IgK = 4.19 + 0.05,1g B, = 8.30 = 0.06, (u = 0.6, t =
= 60°C)

lg K = 4.28 + 0.05, 1g B, = 9.00 = 0.06, Ig B,
= 12.74 + 0.10, (u = 3.0, t = 25 °C)

Ig K = 435 * 0.05, 1g B, = 8.54 = 0.06, Ig B,
= 11.45 + 0.10, (u = 3.0, t = 60 °C).
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HALOGENIDINIAI ALAVO (II) KOMPLEKSAI
SULFAMO TIRPALUOSE
2. FLUORIDINIAI KOMPLEKSAI

Santrauka

Istirta alavo elektrodo potencialo priklausomybé rigsciuose
sulfamo tirpaluose potenciometrinio titravimo metodu nuo
KF koncentracijos 25 ir 60°C temperatiirose. Eksperimen-
tiniy duomeny pagrindu Ledeno metodu apskaiciuotos pa-
kopinés koncentracinés patvarumo konstantos 25 ir 60°C
temperaturose.

A. Jlykunckac, U. CaBunkas

T'AJIOTEHUJIHBIE KOMIIVIEKCHBI OJIOBA (II) B
CYIb®AMHUHOBBIX PACTBOPAX
2. ®TOPUIHBIE KOMILTEKCHI

Peswowme

VccrnenoBaHa 3aBUCHMOCTD HOTCHIHANIA OJOBSIHHOTO 3JICK-
TPOZA B KHCIBIX PacTBOpPax B 3aBUCHMOCTH OT KOHIICHTpa-
uu KF MoTeHIMOMeTpHYEeCKHM METOAOM IIPU TeMIIepaType
25 u 60 °C. Ha ocHOBE 3KCIEPUMEHTAJbHBIX JAaHHBIX,
MetoioM JleneHa, paccUMTaHbl 3HAYCHHS CTYHNEHBYATHIX
KOHCTAHT YCTOMYMBOCTH (hTOPUAHBIX KOMILIEKkcoB onoBa(Il)
npu temneparype 25 u 60 °C.



