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Polarization During the Recharging of Tin lons

By O, Essin and M. Loschkarew

1. Introduction

Processes concerned with the recharging of ions are used quite
widely in electrochemical technology. The velocity of these proces=
ses and its dependence upon the value of the electrode potential,
in other words the character of the electrode polarization which
takes place in this case, have not only technical but also a certain
theoretical interest. In contrast with the discharge of hydrogen and
metallic ions, the number of stages responsible for the appearance
of an overvoltage is quite limited here. Besides concentration pola-
rization (and, in the special case of complex ions, retarded disso-
ciation), during the recharging of ions one may assume apparently
only a retarded discharge. In spite of this, the problem of the
existence of chemical polarization in a number of cases remains
doubtful and sometimes undecided. For example, in the simplest
case of recharging of iron ions, only concentration polarization takes
place according to Karaoglanofi's data? while acording to Le
Blanc’s data?® there also occurs chemical polarization. In a later
paper by Moll* much attention is paid to obtaining reproducible
values for the polarization, and the author finally returns to Kara-
oglanoff's point of view.

-

1 Undergraduate student A. P. Lamanova and laboratory assistant
K. N. Russanova participated in the experimental part of this investi-
gation. :

2 Karaogianoff, Z. Elektrochem,, 11, 489 (1905); 12, 5 (1906).

¥ M. Le Blanc, Abh. Dtsch. Bunsen Ges., (1910).

4 W. Moll, Z. physik. Chem., 175, 353 (1936).
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Although during processes of the recharging of ions some sub-
stantial difficulties disappear which are present in other casces, such
as, €. g., a peculiar change in the value of the electrode surface
during the deposition of metals ¥, yet the poor reproducibility of the
experimental values points to the presence of additional factors
which in one way or another influence the value and the character
of the electrode surface, A number ol investigators regard the
appearance of a surface film on the electrode as one of these
factors®. Thus, it is still not clear whetier the polarization which
is experimentally observed is caused only by the rate of diffusion
of the ions and by additional diificultics which are duc to the
appearance of a surface film on the electrode, or whether the pro-
cesses of the recharging of ions are accompanied by overvoltage.

One of the cases of the recharging cf jons, where,” according
to the data given in the literature, there is a clearly expressed.
considerable polarization, is the process of the cathodic' reduction
of stannic jons. According to Foerster and Yamasaki? who
investigated this process using a platinum cathode, chemical polari-
zation occurs in this case, which is caused by the retarded disso-
ciation of complex anions of tin. In connection with this, however,
they note an unsatisfactory rejroducibilily of eXperimental data.

Taking into account what has been mentioned above and taking
measures which counsiderably reduce the effect of the surface film,
we thought it would be of interest to find out whether there is
chemical polarization in this case, and whether it is caused by
retarded dissociation of complex anions, or by retarded discharge,
o1 by both of these factors simultincouslv.

2. Experimental procedure
Although in working with a solid cathode concentration polari-
zation may be comparatively easily excluded in practice by the
fust motion of the electrolyte in the neighbourhood of the cathode

S LErdey-Gruz a. Volmer, Z. physik. Chem., 157, 165 (1931):
Kohlschiitter, Z Elektrochem., 38, 213 (1932),

S F. Foerster, Z. physik. Chem., 62, 129 (1908); 146, 8, 177 (1930);
151, 321 (1930). E. Miller, Z, Elektrochem., 35, 222 (1929). G. Grube,
Z. Elektrochem., 18, 189 (1912); 37, 321 (1931); 38, 117 (1932).

“F.Foerster a. Yamasaki, Z Elektrochem., 17, 362 (1911).
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or by revolving the electrode itself, elimination of the difficulties
caused by the formation of a film is in this case by no means
an easy matter (see, for instance, Moll’s work). It requires conti-
fuous renewal of the electrode surface and at the same time requires
that the nature of the surface should remain constant all the time.
In this respect the mercury jet electrode previously described by us®
is the most suitable one, The linear velocity of flow of the mercury
stream may be quite considerable, and this permits obtaining a con-
tinuously and rapidly renewed, constant electrode surface. Moreover,
the use of a mercury jet electrode imarkedly lowers the effect of
concentration polarization in the solution. As regards :he concen-
tration polarization in me‘fcury, which we observed earlier® (during
an investigation of the discharge of Na®,K®, and NH,® ions), it natu-
rally drops off during an investigation of processes of the recharg-
ing of ions.

The construction of the electrolyzer and the experimental pro-
cedure were basically the same as in the previous studies® A meas-
urement of the polarization was carried out at room temperature
using a saturated calomel electrode for comparison (Hg/Hg,Cl,,
_KC]MJ and electrolytes containing various concentrations of SnCl,,
SnCl; and HCL. We used stannous chloride for analysis and chemi-
cally pure hydrochloric acid to prepare the solutions, Stannic chlo-
ride was prepared by passing chlorine through a stannous chloride
solution and subsequently driving off excess chlorine by boiling
and by the addition of SnCl,.

3. Discussion of results

The results of some of the most characteristic experiments are
quoted in Table 1.

One may see from this Table that the polarization is quite
considerable even for very small current densities. The data of exper-
iment No. 1, which are typical for cathodic polarization, are plotted
in Fig. 1 using the coordinates 7nus.1gi; they yield a curve which
is, in its general appearance, analogous to the ome obtained by

°0. Essin, M. Loschkarew a K Sofyiski, J. Phys,
Chem. (Russ.), 10, 132 (1937); Acta Physicochimica URSS, 7. 433 (1937);
M. Loschkarew a. O, Essi n, J. General Chem. (Russ,), 8, 510 (1938).
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Foerster and Yamasaki for a Pt-cathode. The slope of this
curve (d« d1gi) at first increases continuously; then, in the neigh-
bourhood ef a value of the polarization equal to 340—350 mV (which
corresponds to a value of the elecirode potential equal to —0.13—

0,14 V according to the hydrogen

7 scale), the curve sharply changes
09 its direction, and its slope on
L,=11mR b=g150 the average markedly decreases.
P a,=12 As shown by an analvsis of
the cathodic  mercury, from

this moment onwards, there

bzr occurs the discharse of tin ions
with formation of metallic tin;

01k this process is accompanied by
the formation of amalgam. On

q, ; ; : ; the other hand, the first part
7 J 1 2 !_;:H:z of the curve corresponds to the
H &0 8 VR iy process of reduction of the tin

Fig. 1. from the stannic to the stan-

Cathodic polarizatlon on a Hg-electrode. i
nous lorm.

(1) Limiting current density

The very small value of the current density at which the
cathodic deposition of metallic tin starts (this density in what fol-
lows will be termed the limiting current density), may be explained,
generally speaking, in two ways. As Foerster and Yamasaki
point out, in similar solutions stannic ions form quite stable com-
plexes which are different, moreover, in their composition. Further
on, however, we shall speak, as a first approximation, oi complex
anions of the type (SnX,Y,_,)" only, or even simply of SnCl" The
latter will be strictly correct only for very concentrated HCl solu-
tion. In the remaining cases it is evidently necessary alsy to take
into account the oxygen-containing complex anions of tin. However,
the following discussion remains basically the same in bot't cases.

[[ one assumes that the reduction of stannic to stanuous tin
proceeds by way of the direct discharge of complex ions, then very
small values of the limiting current density for solutions with a high
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Table 1

Mereury jet electrode with a surface of 0.15 ema2

| Pt-cathode with
! asurface of
| 1cmz2

Cathodic polarization

Cathodie

Anodic polarization ‘ polarization

From a saturated solu-
tion ol SaCl, 0,17

From a saluiioﬂ'
ol UA molal |

S0l 4- 0.1 From the soly-

tion of exp,
mulal 2 No. }W

From a saturated solution ot
SnCly, acidified to prevent

?;;13':;1: ;;l'jtliirl:li;'s:i: Bydcolyels SnCly #- 6 molal|
HCI
Experiment No, | Experiment [ixgqep:-fmuut Experiment | Lxperiment
' No. (repeated) i o 4 rl No. 5

imA J nmV | imA I!a—:'R imA : —iR| imA an:E-I(}?’mA emV
0.050 385 | 0133 —348| 0.3 |—26.7 005! 2.6 3.00( 73.6
0,080 ‘ 53.3 | 0267 | —22.0 1.1 '-10..’1 00101 3.5 400 | 95.1
0133 | 775 | 0467 |—121| 1.33/— 089 00200 39| 53 [1097
0200 | 1195 | 0667 — 57| 200+ 466 0025 50| 7.00 119.2
0333 | 1687 | 1000+ 27| 3.33!+132 | 0035 69| 1080|1614
0400 | 1911 | 1.333[~- 74| 4704189 | 0055 102 | 15.00] 1815
0467 | 2112 | 1.667|-+112] 6.00 [+22,5 | 0.133] 19.5 | 18.00(196.0
(533 | 227.6 | 2,000 | --14.6] 8.00 [427.0 | 0400 35.1 | 225 |2139
(L6060 J 2437 | 2.667 | +-19.8| 10.00 [+30.7 | 0.460] 37.7 | 27.5 |231.3
0.667 | 2526 | 3.333 |+210 0.6000 41.9 | 322 [262.3
0867 | 3217 | 4.000 | +-26.3 L.000| 49.8 | 3400|2709
0.933 j 337.6 | 4.667 | +29.8 1.666) 58.4 | 40.00|208.9
1000 | 3500 | 533 |--320 233 639 | 450 |321.0
1.133 365.6 | 6.000 | +-34.0 3.00 | 69.8 | 51.3 |343.0
1.267 | 3758 | 7.000|-+36.8 306 | 71.3| 67.0 |366.6
1.667 I 391.5 | 8.00 |~+-39.1 433 | 737 | 730 |367.6
2.667 405.8 | 633 | 79.8 | 133.0 |387.5
4.000 1155 3.66 | 85.1 | 2000 |394.6
6.670 433.6 10.00 | 87.2 | 333.0 |406.7

‘tin concentration, using a rapidly flowing mercury elcctrode, may
be explained only if one presumes the formation of a surface film.
In this case, the latter should markedly decrease the actual electrode
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surface and on account of this should impede the diffusion of
SnCl," to the cathode.

If, on the other hand, one assumes that on the jet clectrode
the continuous renewal of the mercury surface eliminates the forma-
tion of a film, then, to explain the insignificant value of the Ii-
miting current density, one must assume that the reduction of tin
proceeds by way of the discharge of “free* Sn’*** jons (not bound
into a complex). Since the concentration of the latter may be taken
to be comparatively small, the value of the limiting current density
obtained is due either to the insufficient velocity of diffusion of
Sn"""* ions to the cathode, or, as Foerster and Yamasaki
assume, to a retarded dissociation of the complex anion. It is doubt-
less, however, that in the given case both of these processes should
be sufficiently slow, since they determine the concentration of
Sn*'** ions near the electrode. Indeed, if diifusion is retarded. while
dissociation proceeds sufficiently fast, the deficiency of Sn"" "’ ions
will be made up by this dissociation, since the concentration of
complex ions in the neighbourhond of the electrode is sufficiently
high and practically constant (for the current densities used). On the
contrary, if the dissociation is retarded, while, in spite of this, the
diffusion proceeds sufficiently rapidly (/. e.. the equilibrium concen-
tration of Sn*'*" jons in the solution is comparatively high), then
there is no reason for the appearance of small limiting current
densities.

Let us first analyze the experimental material on the basis of
the second assumption, /. e., let us assume that the surface film
does not form, and the reduction of tin is accomplished by the
discharge of Sn” """, For the case of retarded dissociation of the
complex anion SnCl” and insufiicient diifusion of Sn™"" " ions, the
concentration of the latter near the cathode will be related to the
current density in the following manner:

i=K, [SnC!:;]—!{2 [Sn* ] [CI8 4= A 3 [Sn ] — [San" "]l (D)
Or
8= nl = {$n 1 {1 — —5=1- @)
. Ing V- ink |
Here, according to what has been said above, the concentration
of the SnCl;" and Cl' ions near the cathode is taken {o be the same
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as that throughout the whole body of the electrolyte. The quanti-
ties ing and iy, equal to

ing ==y [Sn Cly |

and
: L5 Ky [snci) :
b ==4[Sn"""] =1 —,—([—[m:—J- (3)
are the limiting current densities f(;r the processes of the dissocia-

tion of the complex ion and of the diffusion of Sn-+-* ions. As is
evident from equation (2), the concentration of Sn'-:* ions near
the cathode will be mainly determined by the process for which
the quantity i, is the largest. The ratio of the latter may be ob-
tained from (3):

i Ky [Cl']s :

2 BETE )
and, besides the association rate constant, coefficient of diffusion,
and convection, depends markedly upon the concentration of Cl'-
ions, Therefore, in HCI solutions of high concentrations it is appar-
ently possible to assume that the value of the limiting current
density is determined fundamentally by in, (retarded dissociation).

(2) Retarded discharge

Furthermore, if the observed polarization » were caiised exclu-
sively by the velocities of dissociation of SnC” ions and of dif-
fusion of Snv:-- ions, the relation between w and /i would be
determined by the equation:

-,,_—__’_,"—;m(h-;":)- (5)
However, as calculation showed, the experiment data cannot be
described by this equation. The shape of the experimental curves
Cnwvs. Ig {) —namely, the presence, together with the limiting cur-
rent density, of linear portions (see Figs. 1, 2, and 5) having a large
siope of the order of 0.15 which is characteristic of a retarded
discharge, — is quite similar to that of the curves obtained by a num-
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ber of authors? during their investigation of the anodic solution
of hydrogen,
What has been said above led us to the assumption that, in
the recharging of tin ions, polarization is conditioned by the velo-
city of the following
em stages: (a) dissociation
ugh of the complex anion,
e. &, SnCl" (b) dif-
fusion of Sn-:-:- ions,
e and (c) the discharge of
the latter to Sn-- (i. e.,
200F Sn'+* 20— S8n). In
this case the connection
between polarization
and current density will
be determined by the
03 ?.‘L' 1:5 TR é; wgiag? Tollowing equation™
g G5 0 15 lgixp’-lgii-v-) « (the upper sign for the
: Fig. 2. cathodic, and the under
Cathodic polarization on a Pt-electrode. sign for the anodic
processes):

100+ 7

- 9 22
i- £-= KI [Sn..-l] (‘ = t-}f"”) exp. { _i‘!;,ﬁi} . ’]I I_Sn”} exp. {?}éﬁj} (6)

Hence, the value of the cathodic polarization will be:
rn=a—blgi-+blg (1 — i, — 107""), (7

where

o
= 2Fx, 0.4343

A graphical test for the applicability of equation (7) to the
data of experiment No. 1 (see Fig. 1), upon plotting % wvs.[Igi—
— Ig (1 — i, — 19%/%020)]

) 9 See, for example, Hammet, J. Amer. Chem. Soc., 46, 7 (1924).
M. Volmer a. H. Wick, Z. physik. Chem, 172, 429 (1935). Roiter
a. Polujan, J. Phys, Chem. (Russ.), 7. 775 (1936).

10 Equation (6) may be derived in a manner similar to that developed
in the paper by M. Loschkarew a. O. Essin, J. Phys. Chem. (Russ.),
11, 410 (1938); Acta Physicochimica URSS, 8, 189 (1938).
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yielded a straight linc required by the equation, with a slope 6=0.16.
Similar data obtained for the Pt-cathode (experiment No. 5) and shown
in Fig. 2 were also used for testing equation (7).In connection
with this, it is necessary to point out that the values of # showed
poorer reproducibility than for the case of the mercury jet electrode.
The test was carried out by plotting = vs. [Ig i —Ig (1—ifé,)], since
the velocity of the reverse reaction in this case (n is suffitiently nega-
tive) may be disregarded. Here also a straight line was obtained,
required by equation (7), having a slope #==0.14 which is close
to the previous one (see Fig. 2).

*

(8) Anodic polarization

Studies of the hydrogen overvoltage show that the values of
; and a«, usually fluctuate about 0.5. The value of o, calculated
using the values of & quoted above (i. e., for the process Sn**** 4-
~+-20 Sn**) is, however, only 0.18 for the mercury cathode and
0.20 for the piatinum cathode, i. e., it differs considerably from 0.5.
In connection with this it was of interest to study the anodic polari-
zation for the recharging of tin ions for the purpose of checking
the applicability of equation (6) to this case also, and, moreover,
to compare the value of a, with %, found for the tathodic process.

Equation (6) in this case gives:
- .

n=a-blgi—0blg [l — (1 4{i,) - 10—w0%0] (g)

To simplify the analysis of the experimental data, the measu-
rements of the anodic polarization were carried out, however, chiefly
in the region of high current densities, at which the velocity of the
reverse reaction already does nmet play a considerable rdle; and
equation (6) simplifies to:

t=a-—+blgi. 9)

Such measurements were found to be possible inasmuch as the
limiting cuirent density, in contrast with the cathodic process, is
here absent (over a sufficiently wide range of current strengths).
The measurements were carried out using a mercury jet anode only,
since the values of the potential obtained with a Pt-anode were
extremely unsteady and not reproducible.

Acta Physicochimica U.R.S.S. Vol. X, No. 4. 4
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However, in the region of high curr.nt densities, it is already
necessary to take inlo account the value of the ohmic voltage drop
which is caused by the syphon-tube not being located sufficiently
close to the jet electrode, and to introduce a corresponding ¢ot-
rection into the value of the potential measured. To determine this
correction we used the results of an jnvestigation carried out in
parallel with the present one'! and dealing with the polarization
in the process of deposition of metallic iin (Sn* " 429 — Sn) from
solutions of SnCl, and $nSO,. As was cstablished in this investi-
gation, chemical polarization for the process Sn'*-+-26—Sn is
absent, and the equation connecting = with / for the mercury jet
electrode has the form:

e —iR=0.0291g { + const. (10)

With the help of the above relation, the value of R, necessary
for an analysis of the anodic polarization during the recharging of
tin ions, was determined. Using the solution intended for the study
of the process Sn**—20 —Sn-:-, a section of the curve = vs. ; comn
responding to the deposition of metallic tin (Sn* 42§ — Sn) was
obtained with the help of the Hg-cathode. The data obtained, when
plotted using the coordinates (= — 29 lg. i) vs. i, yielded a straight
line whose slope represents the resistance R sought for (see equa-
tion 10). The value of R thus found was multipiied by the corres-
ponding vaiue of /, and the iR product was subtracted from the
values of the anodic potential measured for the process Sn**-—
—206—>Sn---. In Fig. 3, using the coordinates : vs, lgi and
(e —291gi) vs.i the results are shown of such a determination
of R for the solutions of experiment No. 2 (curves a). The value
of R here equals 1,05. Using this value of R, in Fig. 4 were repre-
sented the results of an analysis of the data obtained in experiment
No. 2 (anodic polarization for the recharging), plotting (: — iR) vs. Ig i.
Here a straight line @/, required by equation (9), is obtained, whose
slope & is equal to 0.039. To illustrate the reproducibility of the
experimental data using a jet electrode, in Fig. 3 (curves &) and
in Fig. 4 (straight line #’) there are presented the results of a paral-

11 M. Loschkarew, O. Essin a, V. Sotnikova, J Genera
Chem,, (in press).
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3
lel experiment (No. 3) with an anode possessing a different surface -
and a different distance between the end of the syphon-fube and
the stream of Hg. The value of R in this experiment was 0.67 (see
Fig. 3. 4). As is evident :
from Fig. 4, the straight lines
a’ and b possess the same !
slope and are displaced with
respect to each other by gt

2
lg {=0.2 owing to a 1.5-fold /"/)/
A

change in the surface of the <

stream. In Fig. 4 (curve ) // b
the results are also shown yspt By
relating to experimeni No. 4. 4//// ;

The value of iR may here

5-8"29@:

be discarded, since the specific e

-:onductan?e of the solution 355 Slﬁ r.‘m TR
was considerable (6 molal 1 2 lgi
HCI). An examination of this Pig. 3.

curve reveals that the relation A determination of the obmic resistance between
the end of the syphon-tube and the jet of

between = and Igi becomes mercury,
linear starting with values

of the order of 20 mV. Evi- etk pmv

denily, from here on, the vk 10 g

velocity of the reverse reac-
tion already does not play
any significant 1ole, The
slope of. the linear portion,

20

b==0.036, is close to the U
previous values (0.039).

Thus, the dependence =20
of the cathodic and anodic

polarization upon the current -47 Y7
- @hL intd -t i8g boaies (U0

density for the process of v lgiag

the recharging of tin jons in Pig. 4

acidilied solutions of its chlo- Anodic polarization on a Hg-electrode,

rides is satisfactorily described : ;

by equation (6). It is also necessary to note that the sum of the values

of %, (0.18—0.2) and a, (0.75—0.8) is in this case close to unity,
st
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(4) The effect of the HCl concentration

Besides the experiments already described, another series of
measurements of the cathodic and anodic polarization during the
process of the recharging of tin ions was carried out using a mer-
cury jet electrode. The data of the experiments are presented in

.

3 1glis100]

Fig. 5.
The effect of the concentration of hydrochloric acid.

Fig. 5. In the upper right quadrant of this figure, curves are plot-
ted for the cathodic polarization (m plotted vs.1gi); and in the
upper left quadrant, an analysis of these data from the point of
view of equation (7) (straight lines plotted as nuvs. [lgi—Ig
(1—ili, — 10""")]. In the lower right and left quadrants there are
given the corresponding changes in the anodic potential = with the
current strength / and the dependence of upon lgi for large .
In the cases in which the cathodic and anodic polarizations were
studied for the same solution, the points on the curves are designat-
ed in the same manner (squares, triangles, efc.). The values of
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the cathodic limiting current densities and the slopes & for various
compositions of the electrolyte are given in Table 2.

Table 2
Composition of electrolyte Slope b
i Mo il Cathodic Ninfs [~
B O L B R T e
poi normality | normality normality 10_;mMg.i5 cm.a pruee:l pl%t!lcl

No. 6( .| 6 15 | Weakly 7 0.146

. acid
Noo 760! 4 L 0.6 2.8 0.12 0.087
No. 82 .| 28 0.7 15 | 6.8 010 | 0043
No. 8(h) .| 22 064 Lo | = 0,042
No, 10 (1) L 0.35 4.6 28 0.140 0,038

|

As is evident from this Table and also from Fig,

5, the

slope b for anodle polarization changes with the composition of |
the solution to a smaller extent than does 4 for cathodic polarizas
tion. However, the smallest b for cathodic polarization (experiment No. 8)
corresponds to the largest & for anodic polarization; that is, the
value of «, 4-=, approuches unity.

A characteristic fact, also noted by Foerster and Yama-
saki, is the increase in the limiting current densities with an
increase in the HCI content, notwithstanding the decrease in the
SuCl, content. It seems difficult to explain this relation on the
basis of the existence of only one type of complex ion. Indeed,
the decrease in the SnCl, concentration at a sufficiently high HCI
content leads to a decrease in the concentration and the degree of
dissociation of SnCly” ioms, i e., as follows from equation (3), to
a simultaneous decrease in Ly and i,,g, and, consequently, in their
sum i.. Apparently it is necessary to assume, together with Foer-
ster and Yamasaki, that there exist oxygen-containing complex
anions of quadrivalent tin which are more stable and less dissociat-
ed than anions of the type of SnCl/. In this case the transition
from weakly acid, concentrated solutions, which mainly contain

0]
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oxygen-containing complex ions, to strongly acid and less concen-
trated solutions of SnCl,, leads first to a decrease in i, (see
Table 2) due to the general decrease in the concentration of the
complex ion, and then to an increase in i, due to the transition
from more stable oxygen-containing complex fons to anions of the
SnCl;" type.

(6) The discharge of complex ions

Let us now consider the other possible explanation for the
small values of the cathodic limiting current density — namely, the
supposition of the existence of a surface film on the electrode. As
has already been pointed out above, here there is no necessity to
assume that the reduction of tin ions must pass through the stage
of the formation of free Sn*-:-. In this case it may be consider-
ed as the result of the direct discharge of complex anions — for
instance, of the type of SnCl”. The magnitude of the concentration
polarization may in connection with this be very considerable'*
and change markedly with the current density, since it will be
conditioned not only by the large decrease in the SnCl,” concen-
tration in the pores of the film, but also by the significant increase
in the concentration of the products of the discharge, i. e., CI' and
Sn-* ions, in these pores. Actually, in this case the value of the
electrode potential, upon taking into account only concentration po-
larization, will be equal to:

RT  [SnCK]; 4 RT ;
s=sa+W1nW=u+ﬁ,—.ln(l *= K, i)— o
—%{In (12K, 0)— Gj}'r In(1 %= K, i)

(the upper sign refers to the cathodic process and the under sign
to the anodic process). But this supposition may explain the ca-
thodic polarization observed only if one assumes that K,> K, and

120.Essin a. A. Matantzev, Z physik. Chem, A 174, 384 (1935);
O.Essin a E. Alfimova, J. Phys, Chem, (USSR), 8, 137 (19361, J. Gen.
Chem. (USSR), 7, 2030 (1937); O, Essin a. T. Beklem yshewva, J.Phys,
Chem. (USSR), 10, 145 (1937).
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Ky > K, while K, is sufficiently large (Kyi=1). Indeed, equation (11)
in this case may be written in the form:

s:al-Ff;In(l—-K,i)-—n%Zlni. (12)

The large value of K, (=1[i,) explains the appearance of small
limiting current densities, and the simple logarithmic dependence
of ¢ upon / with a large slope (0.16), observed experimentally,
directly follows from the last term of equation (12), which at room

temperature is equal to 0.21 (=-4_7(‘;’_4'%'m)

From these necessary assumptions (K; > K, and K, > K,), how-
ever, it follows that (for comparable concentrations of SnCl1,, SnCl,
and HCI) during the anodic process there should also exist a limit-
ing current density whose magnitude should be considerably small«
er thanm, or at least of the same order as during the eathodic
process. As is seen from the experimental data r.iuoted, even the
highest cathodic limiting current density, 4, ==28 X 10—* (experi-
ment No. 10), is many times smaller than the current densities
£==1000 X 10— at which, for the anodic polarization, there is not
observed any noticeable effect of the possible 4, ,. In other words,
if the anndic polarization also possesses a limiting current density,
it considerably surpasses (more than 30 times) the cathodic ones
e, K, ) K, and K,<€ K,. Thus, the supposition of the direct
discharge oi SnCl,", whose difiusion to the cathode is hindered by
a surface film, is not borne out by the experimental data.

The absence of a small i, for the anodic process necessarlly
leads to the condition that there takes place a small change in the
concentration of CI' and Sn'- ions near the electrode, This requires
the same condition for the concentration of SnCly"* For the same
Teasons one must discard the supposition of the direct discharge
of complex anions, with polarization conditioned simultaneously
both oy retarded discharge and by reatrded diifusion (film) of
these ions. In the same fashion, the mutual discharge of complex
and “iree” ions of tin is hardly probable. In any case, owing to
the small concentration of Sp---- ions, the latter will not deter-
mine the magnitude of the electrode polarization,

Thus, what has been stated above indicates that the reduction
of quadrivalent tin to bivalent in the solutions investigated proceeds,
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apparently, by way of the recharging of simple ions (Sm----
and Sn-*). The eventual presence of a suriace {ilm on the electrode
during this process does not change this circumstance, i. e, does
not lead to the direct discharge of.complzx anions, but may make
the reproducibility of the experimental data worse or even hamper
the measurements (for instance, in the case of the Pleclectrode).

Summary

1. Measurements of cathodic and anodic polarization for the
process of the recharging of tin ions in solutions containing various
concentrations of SnCl,, SnCl,, and 'HCI were carried out. In con-
nection with this, in order to eliminate dilficulties connected with
the supposed formation of a surface film, the measurements were
carried out mainly with a mercury jet electrode.

2. On the basis ol an analysis of the data obtained, a con-
clusion was drawn that the process of the recharging of tin jons
proceeds via the direct discharge of simple ions (Sn', Sn**) and
is accompanied by polarization, apparently caused Ly the retarded
dissociation of complex anions of quadrivalent tin, by the difiu-
sion of Sn*'* ions, and by the retarded discharge of simple ions,

3. It was found that the equation derived on the basis of
these assumptions (Z. e., for the small but comparable velocity con-
stants of the three stages mentioned above) is in accordance with
the experimental data.

Industrial Institute of the Urals, Received
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