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The Hydrolysis of the Tin(II) Ion

SYLVIA GOBOM

Department of Inorganic Chemistry, Chalmers University of Technology and University of Géteborg,

P.O. Box, S-402 20 Goteborg 5, Sweden

The hydrolysis of Sn(II) has been studied by
means of potentiometric titrations at low Sn(II)
concentrations, ranging from 0.02 to 2.3 mM,
in the pH range 2.7—3.7. Tin amalgam and
glass electrodes were used as sensors and all
measurements were carried out at 25 °C, using
3 M NaClO, as ionic medium. The emf data
could be explained by the following reactions
and equilibrium constants.

Sn?t+ 4+ H,0=

SnOH+t +H+ lg *B,,= —3.7010.02
3Snt+ + 4H,0=

Sny(OH)2++ 4H+ Ig *Bi= —6.81+0.03

The formation constants were calculated with
the least squares program LETAGROP.

This work can be considered as an extension of
the study of the tin(II) hydrolysis by Tobias,!
in which potentiometric titrations of tin(II)
perchlorate solutions were carried out in a
3 M NaClO; medium with tin concentrations
varying from 2.5 mM to 40 mM. In the pH
range investigated (1.5— 3.0 for the lowest and
1.5—2.4 for the highest tin concentration)
Tobias found that Sny(OH)2+ predominated,
small amounts of SnOH* and Sn,(OH),?t also
being present. A summary and discussion of
the results of hydrolytic tin(II) studies made
before 1958 is given in Tobias’ paper,! and very
few studies have been reported since. The ex-
istence of SnOH, in the concentration range
used in Tobias’ investigation, has, however,
been questioned by Liang Chia-Ch’ang and
Tu Yu-Ming.? After new calculations based on
Tobias’ data they concluded that the main
hydrolysis products were Sny(OH)2+ and
Sn,(OH),*+ with minor amounts of Sn,(OH),2+.
Mesmer and Irani ® measured the solubility of
SnO at 25 °C in 1 M perchloric acid —sodium
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perchlorate mixtures, and, using the equilibrium
model proposed by Tobias, calculated the con-
stant for the hydrolysis reaction SnO(s)+
H;0+t=8nOH+ +H,0, i.e. lg K,,=—0.28.

Because of the extensive hydrolysis of tin(II),
it is necessary to know the composition and
the formation constants of the hydrolytic
species when studying complexes with other
ligands in aqueous solutions. The formation
of Sny(OH)2+ is well established by Tobias.!
The mononuclear SnOH+ suggested by Tobias,!
was not formed according to the calculations
due to Liang et al., Sn,(OH),;t being introduced
instead. The aim of the present work was to
investigate the possible formation of SnOH*.
For this reason a concentration range in which
the formation of SnOH+ ought to be favoured
was examined. The results of this work were
to be used in a study of acetato — tin(II) com-
plexes in 3 M NaClO,.

SYMBOLS

The following notation is used:

Ig log,,

H  analytical hydrogen ion concentration
h free hydrogen ion concentration

B analytical concentration of Sn(II)

b free concentration of Sn(II)

n lg B/b

Ey measured emf of the glass electrode (4)

Egp measured emf of the amalgam electrode (3)

Q number of ampereseconds passed through
the test solution during anodic oxidation

DEH E, H,cal"'E H (Ta.ble 1), where E H,cal de-
notes the calculated value of Ey.

DEB Eg,—Ep (Table 1), where Hp ., de-
notes the calculated value of Ep.
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Emf values are given in mV and equilibrium
constants on the molar scale.

METHOD OF INVESTIGATION

The measurements were performed as po-
tentiometric titrations in a paraffin oil thermo-
stat at 25 °C, using the automatic titrator de-
scribed earlier.”

Since a concentration range favouring the
formation of SnOH+ was to be used, solutions
with a much lower Sn(II) content than that
used by Tobias had to be prepared. It thus
proved convenient to generate the tin ions by
constant current electrolysis. When larger
amounts of Sn(II) are required the method used
by Tobias, in which a solution of Cu(ClO,), is
passed through a tin column, yielding an equiv-
alent amount of tin(II) ions, is, however,
preferable.

The free concentrations of Sn*t and H+, b
and h, were measured with a tin amalgam and
a glass electrode, respectively. The cells were
of the following types

—Sn(Hg) | solution 8 | 3 M NaClO, | RE+ (1)

—-GE | solution 8§ | 3 M NaClO, | RE+ (2)
where GE is the glass electrode and RE the
reference half cell:

Ag, AgC1]0.010 M Ag+, 2.99 M Na+, 3.00 M ClO,~

In some titrations (Nos. 1 and 6, Table 1)
sodium chloride was used instead of silver
perchlorate in the reference half cell (since an
investigation of the tin(II) hydrolysis in alka-
line solution was carried out simultaneously).®
No difference in the stability of the two types
of reference half cells could be detected.

The emfs of cells (1) and (2) can be written

Epg=Eg°—}x59.16 1g b+Ej (3)
and
Ey=Ep°—59.16 Ig h+E; @)

It was assumed that the activity factors were
constant and could thus be included in the
constants Ep° and Ey°, respectively. E,, the
liquid junction potential between the test
sg}ution and the 3 M NaClO, in the salt bridge
was calculated from E;=jh mV, j=0.017
mV/mM, according to earlier studies by Bieder-
mann and Sillén.?

A description of the electrodes and the equip-
ment used for the coulometric addition of tin
ions and other experimental details are given
in Ref. 6.

The hydrolysis of tin(II) was studied by in-
troducing tin(II) ions into an acidified solution
of 3 M NaClO,, the H level being kept constant

in each titration. The initial solution, 3 M
NaClO, containing a slight excess of protons,
was prepared from freshly prepared stock
solutions. The proton excess was determined
by titration with hydrogen ions, generated
electrolytically in the solution. A platinum
gauze was used as an anode, the other parts
of the electrolysis circuit being the same as
described in Ref. 6. This type of coulometer
was introduced by Biedermann and Ciavatta.!®
Gran’s extrapolation method ' was used to
calculate the original H. The stepwise addition
of H+ was continued, until the desired H level
was reached, and for each addition the constant
Ey° (4) was calculated. The platinum gauze
was then replaced by a tin amalgam anode,
and the tin ions were generated in steps of ca.
0.5 umol, with a current density of ca. 1.2
mA/cm? After each step of electrolysis the
equilibrium emf’s of the measuring tin amalgam
electrode and glass electrode, Eg and Ky, were
registered (Table 1). A graphical survey of the
concentration ranges covered in these experi-
ments is given in Fig. 1.

Chemicals and analysis

Sodium perchlorate solutions were prepared
as described by Biedermann.!?

R If'm amalgams were prepared as described in

of. 6.

The analytical tin(IT) concentration was cal-
culated from the known amount of ampere-
seconds that passed through the solution during
electrolysis.

CALCULATIONS AND RESULTS

The hydrolytic equilibria can be described
by the general reaction

gSn*+ + pH,0=8n,(OH),04-#) 4 pH+

with the equilibrium constants *f;,. The mass

balances for B and H give

B=b+ Jq*B,,bh~? (5)
124

h=H + 3p*p,,bh~? (6)
#

The equilibrium constants were determined
from 223 experimental points obtained from
six different titrations. Part of the data (@,
Epg, Eg) are listed in Table 1,* and the con-

* A complete list of the experimental data is
available from the Department of Inorganic Chem-
istry, Chalmers University of Technology and
University of Géteborg, P.O. Box, 8-402 20 Gdote-
borg 5, Sweden.
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Table 1. Experimental data. Part of computer output for 6 titrations. For each point Q(coulomb),
Ey(=EH), Ep(=EB), pH, DEH=Ey, ., —Ey and DEB=Ep ,—Ep are given. H, and B, are
the initial concentrations of H+ and Sn3+ respectively. All concentratlons are given in mM. V=
49.98 ml. In the calculations the ethbnum constants 1g f,,= —3.70 and lg *f,;= — 6.81 were
used. Ep and Ey in the table correspond to Eg° and Ey° in eqns. (3) and (4).

SATS 1. E = 423,561 0,03 E = -216.93

[ H

H = 041934 8 =0

° °
o(c) EH(MVY  EB(MV) PH -DEH  ~DEA
04197 1436, S71.28  3.6908 <0.05 0.05
04247 103 S68.38 3.6852 =0,04 ' 0.01
0.296 0e71 565,97  3.6796 =-0.03 =0s07
04345 0,48 564,00 3.6739 0.08 .=0.09
0.395 0405 562038  3.6682 <~0.01 =~0.02
04444 =0417 560491  3,6624 0,10 =-0,0i
0,493 0452 559.61  3.6567 0,09 0,01
SATS 2, € = sle.812 0,03 € = 158,53

[} "

H = 0.2302 8 = 0.0350

o °
acc) EMIMYV)  EB(MV) PH -DEW  -DEB

04287 370,58 948,87  3.5823  0.14 <0,03
0.334 37032 94B.00 3.5778 0.14 0,02
0,430 369478 946440 3.5690 0.12  0.07
04526 369423 945,00 3.5601 0.10 0.12
0.621 368,69 943,66 3.5514 0,07  0.08
04717 368415 942,48  3,5426 0405 0407
0,812  367.61 941,38 3.5340 0,02  0.05
04908 367,09 940435 3.5255 0.0 0401
1,003  366.57 939,43  3.5171 =0,02 0,01
14099 366405 938,55  3.5088 -0.05 =0.,02
1194 365,56  937.74 3.5007 =0,06 =0,02
1,238 364,86 936.58  3.4888 =0.05 =-0,05
1.481 364012 935,54  3.,4772 -0.11 ~0.0%
1.624 363,43 934,56  3.4659 <~0.13 -0.07
1.768 362,77 933,65 3.4549 -0,18 =-0.07

SATS 3. E = 818.51% 0,02 E = 157.36
(] H
H 20,4731 8 = 0,0350
o °
atey EH(MY)  ER(MV) PH -DEH  =DEB

04191 353,06 949,31 343103 -0.13  0.16
04287 352,94 947,12  3,3077 <-0.09 011
04334 352,88 946415 343063 =0.07 0.0A
0,430 352,74 944,42 3.3035 ~0.05 - 0.04
04526 352,57 942,91 =0.05 0,02
0,621 352,40 981.56 ~0.05 0.0

0e717  352.24 940,36 ~0.04 0.0

04764 352,17 939,81 -0,02 0.0

0.860 352,02 938.77 0.01 =0.01
0.956 351,84 937,80 0.0 -0.02
1.051 351469 936490 0,08 -0,04
14147 351,49 936.08 0.02 =0.03
1.242  351.31 935431 0.02 =0.03
1,338 351,11 934,59 0,01 =~0.03
14433 350.97 933490 0.06 =0.04
14529  350.76  933.26 0.04 =-0.04
1.624 350461 932.64 3. 2653 0408 =005

SATS & € = 818.720% 0,02 € = -2.67
B "
H = 0.7674 e =0
0 0
accy EHIMV)  EBI(MV) PH ~DEW  -DFB

9. 142 173.09 912,40 249781 ~0.19 0.06

9.810 172.52 911.40 249639 ~0.16 =-0.07
10,479 171497 910454  2.9539 -0.12 -0.10
11.244 171.34 909465 249429 =0.10 =0.11
12,199 170.59 908463 249296 <=0,06 ~0.11
134155  169.87  907.71 2,9168 =-0.03 =-0.07
14,110 169417 906,84  2.9045 0,0 -0.05
154287 16836 905.87  2.8904 0,03 -0.02
16,404 167,58 904,96  2,8768 0.05 0.0
174369  166.96 904,24 2.8659 0407  0.01
18.806  166.22 903,43 2.8534 0,07 0,03
19.461 165.63 902,77 2.8433 0,08 0.03
20,417  165.06 902,16 2,8336 0.08 0,04
214372 164,53 901,57  2.8242 0.11  0.05
22.232 163.99 900.97 2.8160 0.06 =-0.03
22.423 163,90 900.90 2.8142 0.07 0.01
22.615 163,80 900.81 2.8126 0.08 0.04

centration ranges covered are visualized in
Fig. 1 as curves Ig B (Ig b)y. The evaluation
was carried out by means of the least squares
computer program LETAGROP ETITR.:=*-
The analytical concentrations of tin and hy-
drogen ions, B and H, respectively, were as-

Acta Chem. Scand. A 30 (1976) No.

SATS S, E = 819,44% 0,03 E = -2.17
. L] H
H = 1.138 8 =0
° 0
atcy EMIMV)  EB(MYV) PH <DEW  -DEA

0.768 171,63 942,89 2.9394 <~0.10 0.06
0860 171,61 941.40 2.9388 <=0.09 0,08
04956  171.5S7 940,06 2,9383 =0+09 009
1.051 171,59 938484  2,9377 =-0.08 0409
1242  171.52 936.68 2.9365 <~0.04 0,08
1.433 171,48  934.83  2,9354 ~0.01 0,06
1.626 171,42 933,20 2.9342 0.0 0.03
1.816 931,78 2.9330 0.0 0003
24007 171430  930.49 2.9318 0402  0.02
2.198 171.23 929.32 2,9306 0.02 0.0
24389 17117 928,25 2.9293 0,08 =0.01
24676 171,06  926.80 2,9274 0.08 ~0.02
24962 17096 925,49  2,9255 0,05 -0.04
3,249 170486 924,32  2,9235 0.07 =0.05
3536 170476  923.25 2.9214 0,09 <-0.05
34918  170.61 921496  2.9186 0.11 =0.06
4.300 170447 920,80 2.9156 0.14 =006
4,682 170,29 919,73  2.9126 0.14 =0.07
S.160 170,08 918,53  2.9087 0¢16 =~0.06
$.638  169.87 917.44  2,9047 0419 <-0.06
6.211 169.61 916425 2.8998 0.22 ~0.06
6.784 169432 915,18  2.8947 0.23 =0.05
T7.453 168.99 914,03  2,8886 0,26 =0.08
84122 168464 912,98  2,88264 0428 ~0.08
8.887  168.24 911490  2.8753  0.30 ~0.04
Q.747 167478 910478  2,8672 0432 =0.03
104607 167433  909.77 28591 0.35 =0.01

11.562 166,82 908,73  2.8501 0.0

12,616 166427  907.68  2,8404 0.01
13,760 165,67 906,62  2.8299 0,02
15.003 165,08  905.57 2.8187 003

164340 164,36 904,53  2.8070 0.46 0.08
17,778 163.65 903,50 2.7948  0.47  0.06
19,303 162491 902.48 2.7822 047 0,06
214023 162,11 901.43  2,7685 0.48 0.08
22.838 161,14 900,40  2.7547 0.33  0.10

SATS 6. £ = 423.69%0.02
8

E ®-217.,29 H = 0.2033 B = 0
M ° [

ate) EB(NV) PH -DEH

0,296  $65.91 3,6603 0,05
0345 563,95  3,6550 0,05
04395 562,25  3.6497 0404
00884  S560.77  3.6443 0404
0e493 55943 3.6390 0.02
0.543 558,24  3,6336 0,02
04592 657416 3.6282 0,02
0.642 556414 3.6228 -0,01
0,691 555424  3.6175  0.01
0,740  S54.40  3.6121 0.02
04789  553.60  3.6067
0.839 55283 3.6014
0.888 552413 35961
0.938 551445 3.5909
04987 S50.85  3,5857
1.086 549.64 3.5753
1.184 548455 3.5652
1.283 547,55  3,5553
1.382 546.62 3.5456
1.480 545,71 3.5360
14579 544.87  3.5267
1.727 543,80 3.5132
1.875 542.70 3.5001
2.073 541.39 3.4823

2.270 3.4672
2.467 3.4518
24668 3.4371

2.862 $37.20 3.4230

sumed to be correct, and the parameters Typ =3
and val=6 in the Letagrop program* were
chosen. The free concentrations, b and h, were
calculated by successive approximation from
eqns. (5) and (6), using the measured value of
Ey° and the estimated values of *8,, and Eg°.
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Fig. 1. Survey of concentration ranges studied
in 6 titrations, g B (lg b)y. B and b are ex-
pressed in mM (Table 1).

Table 2. Literature survey of hydroxy-tin(II) com-
Plexes in 3 M NaClO,.

Tobias Liang et al. This work
lg B*, —3.92+0.15 — —3.7040.02
lg B*y, —4.45+0.15 —4.58+0.41 —
Ig f*, —6.77+0.03 —6.85+0.04 —6.81+0.03
Ig B*y — —6.66+0.18 -

% Recalculation of Tobias data.

As starting values of the equilibrium model,
Tobias’ values (Table 2) for *8,,, *8,, and *8,,
were used. These constants were varied (com-
mon parameters) together with Eg° (group
parameter) to minimize the errors squares sum
U=3(Epca—Ep). In these calculations the
species Sn,(OH),** was rejected, and the low-
est errors squares sum was obtained for

Ig *B,,=—3.70 £ 0.02 (7
Ig *B,3= —6.81+0.03 (8)

The uncertainties furnished by the program
correspond to three times the ‘“standard devia-
tion” of the constant.l®'” The agreement be-
tween the calculated and experimental values
DEB=EB'ml—EB and DEH:EB,cal_EB is
given in the last two columns in Table 1.

To illustrate the complex formation the
i

distribution diagrams Sz;=f(pH)g, i=1, 2, 3
1

were constructed (Fig. 2), where z; represents
the fraction of the total amount of tin present
in the three species, Sn*+ (i=1), SnOH+ (i=2),
and Sny(OH)t+ (i=38). The distribution of the
complexes was calculated with the Haltafall
program % and plotted * with an IBM 370/145
computer.

The diagrams in Fig. 2a— 2d cover the con-
centrations studied in the present work. In
Fig. 2e the curves have been extrapolated to
the highest concentration used in Tobias’ meas-
urements to enable a comparison between the
two investigations.

The agreement of the present results with the
equilibrium model proposed by Liang et al.?
was also tested. Theoretical curves, using their
values, were compared with the experimental
values 7(pH)p from Tobias’ and the lg B(lg b)y
data from the present work. At low values of
B, the theoretical curves deviated markedly
from the experimental points, indicating that
SnOH+ should not be neglected or replaced
by Sn,(OH),+. Letagrop calculations using the
equilibrium constants found by Liang et al.,
as initial values, were also carried out. When
these constants and Eg° were varied to find
the ‘‘best’” values, the error squares sum be-
came much higher than that obtained with
(7) and (8). This was due to deviations be-
tween the calculated and measured Ep values,
which were larger the lower the value of B.
The *“‘best’ value of lg *pg,, also differed con-
siderably from the starting value (ca. 0.25
units) and o(*f,s) became ca. ten times higher
than the value reported in Table 2.

Attempts to interpret the present data in
terms of the formation of SnOH*, Sn,(OH),+
and Sny(OH),2t also failed. On the other hand,
an accurate determination of the polynuclear
species formed, would require study of a wider
range of B. The simplest interpretation of the
present data is, however, obtained, by assum-
ing the formation of the single polynuclear
complex Sng(OH)z2+.

DISCUSSION

In this investigation the formation of the
hydrolysis products Sny(OH)2t+ and SnOH+

Acta Chem. Scand. A 30 (1976) No. 9
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X
SnOH’
sﬂ?o

st

r_

£-002mM B-01mM
1 L 1 1 1 L
2 3 4 oH 2 ' 3 4 pH

L 1 I 1

2 3 4 pH 2 3 4 oH

Fig. 2. The distribution of Sn(II) between the
species formed, z; is the fraction of the total
amount of tin present in the three species,
Sn2+(i=1), SnOH*(i=2) and Sn,(OH)+(i=3).
The curves have been calculated with the equi-
librium constants lg *B,,= —3.70 and lg *B,,=
—6.81.

previously suggested by Tobias®! has been
confirmed, and a more accurate value of 1g *8,,
has been determined. Since low tin(II) con-
centrations were used, it was possible to study
regions where either SnOH* or Sny(OH)2+
were dominant. Tobias worked at rather high
tin concentrations, and was therefore restricted
to regions where mainly Sny(OH)2+ was formed.
In the present work the tin ions were generated

2 3 4 pH through electrolysis, since very low values of B

Acta Chem. Scand. A 30 (1976) No. 9
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were required. The titration techniques in the
present investigation also differed from those
used by Tobias. In Tobias’ measurements solu-
tions of NaHCO; were added, the tin(II) con-
centration being kept constant. In the present
work the titrations were performed at constant
H levels, the tin(II) ions being generated in situ
by electrolysis. In view of the differences be-
tween the methods of investigation, the agree-
ment between the values for lg *pg,, is satis-
factory.

Whereas SnOH+ was present only in minor
amounts in Tobias’ work, in the present study
it was the predominant complex, especially at
low values of B (Fig. 2a—d). It is thus reason-
able that lg *8,, should be obtained with better
accuracy in the present work. The lowest
tin(II) concentration studied by Tobias was
B=2.5 mM, and he has reported experimental
values #n(pH)p=2.5 from two titrations.! If
these experimental data are compared with
the theoretical curves obtained, using the
values in Table 2, a poor fit is obtained, for
PH < 2.7, for all the models proposed. On the
other hand, a reasonably good fit is obtained
for one of his titrations, when pH < 2.2, if the
equilibrium model from the present work is
used. Tobias has, however, reported that the
amalgam electrodes did not function satis-
factorily for B<2.5 mM. Even for B=2.5 mM
one might suspect erroneous emf values, since
there was a marked deviation between the ex-
perimental values n(pH)g= 2.5 in the two titra-
tions reported. Tobias completed one of these
titrations with a back titration. Even here
the deviation from the forward titration is
evident for pH <2.4. The problems entailed
in working with amalgam electrodes at low
Sn(II) concentrations have been overcome in
the present work. A possible explanation of
these difficulties is given in Ref. 6.

Dimerization of mononuclear monohydroxo
complexes is fairly common, and in accordance
with earlier investigations! Sny(OH)g2+ was
expected to be formed. When lg *8,, was varied
in the Letagrop calculations, Sn,(OH),*+ was,
however, rejected. If Sny(OH).2t+ was formed,
its concentration was too low to evaluate its
stability constant.
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