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The Fe(CN)3~ anion was first reduced at a dropping
mercury electrode by Lingane and Kolthoff!, who estab-
lished that the anion can be determined polarographically
in 0.1 N KCl solution in the presence of methyl red. Frum-
kin and Florianovich? observed, however, in an investiga-
tion of the reduction of Fe(CN):~ in dilute solutions with a
total electrolyte concentration less than 1072 N that the re-
action is inhibited in the range of potentials more negative
than the zero-charge point of the electrode.

With increase in the total concentration, the reaction
rate increased and the usual limiting diffusion current was
attained when the concentration of the KC1 added to the
K;Fe(CN), was as low as 10-3—10-2 N. When instead of
KCl, salts of polyvalent cations were added, the limiting
current was attained at much lower concentrations of the
additives. This relation between the reaction rate and
solution composition was analogous to that observed in the
reduction of the S,02- anion and suggested that the rate of
reduction of Fe(CN)3~, as in the case of 5,0f", is deter-
mined by the slow electron capture by the anion. How-
ever, in contrast to the reduction of S;0;", there was no
increase in the reaction rate at strongly negative poten-
tials. To explain I—-¢ curves of such a form in terms of
the equation derived by Frumkin and Florianovich?,

i=keq €Xp %’—,‘,(—q>+ 3—”&—“%). (1)

where ¢, is the bulk concentration of the anion and % is a
constant, it was necessary to suppose that @ = 0.1, and
even then the theoretical curves were not completely
identical with the experimental. The shape of the I—¢
curves for the reduction of Fe(CN)3~ can also be explained
in terms of other hypotheses, for example the slow pene-
tration of the anion into the field of the double layer? or a
chemical reaction within the double layer preliminary to
discharge.. The experimental data obtained by Frumkin
and Florianovich do not permit an unambiguous conclusion
as to the reaction mechanism.

Frumkin and Florianovich? established that the electro-
chemical reéduction of Fe(CN)3~ depends much more
strongly on the concentration.of foreign cations than does
the reduction of 5,03, Furazhkova* noted that the sensi-
tivity of the reduction of Fe(CN)3~ is so great that even
traces of polyvalent cations, which can enter the solution
from certain types of insufficiently inert glass, can sup-
press the fall in the current on I—¢ curves. Kivalo and .
Laitinen® and Kivalo5 have asserted that the reduction of
Fe(CN)3~ takes place without inhibition and that the data of
Frumkin and Florianovich are erroneous. However, in
' the first paper gquoted above the authors reached this con-
clusion from measurements in 0.01 N NaOH, where in fact
the reaction is not inhibited®, and in the second the in-
vestigations were made at high total electrolyte concentra-
tions. Furthermore, it is possible that Kivalo's solutions
contained traces of polyvalent cations.

The present work, some of the results of which have
already been published®, concerns a detailed investigation
of the electrochemical reduction of the Fe(CN)3- anion at a
dropping mercury electrode.

EXPERIMENTAL

The Jena glass? cell used to obtain the polarisation
curves was similar to that described earlier®, The mea-
surements were made in an atmosphere of nitrogen puri-
fied from traces of oxygen by passage through a furnace at
220° containing reduced copper deposited on Kieselguhr.
The circular-section capillaries employed had the following
constants: rate of flow of mercury m, = 1.4 and m, =
= 1.25 mg sec™'; drop times 7, = 5.5 and 7, = 6.1 sec; the
constants were determined in 1073 N Li;Fe(CN)g + 6 X
%X 102 N LiCl solution at a potential ¢ = -0,5 V. The
potential of the mercury drop was measured by means of
the usual compensation circuit relative to the normal calo-
mel electrode (n.c.e.), to which all the potentials quoted in
this work have been referred.

The current was determined by means of an M-21 gal-
vanometer with a sensitivity of 1 X 107 A mm-=!, All the
experiments were carried out at room temperature,
20° + 2°, The temperature coefficient of the reaction was
measured in an air thermostat, Results which were satis-
factorily reproducible were obtained only up to 30°- 35°,
Under the experimental conditions the composition of the
solution probably changed somewhat at higher tempera-
tures, for reasons which we have not elucidated.

All the curves for the electrochemical reduction of
Fe(CN)3~ have been corrected for the charging currents.
The I-¢ curves obtained in the electrochemical reduction
of 10-3 N K,Fe(CN), either alone or in the presence of
additives were corrected for the charging currents mea-
sured in the corresponding solutions. Those obtained for
10-% N LizFe(CN)g and 10-% N Cs;Fe(CN), solutions con-
taining various amounts of LiCl and CsCl respectively were
corrected for the charging currents measured in LiCl and
CsCl solutions of the corresponding concentrations.

All the reagents employed were thoroughly purified. The
salts were twice recrystallised from doubly-distilled water
and KCl and Na,SO, were also ignited. K,Fe(CN), and
K,Fe(CN), were recrystallised four times from doubly-
-distilled water. Li,Fe(CN), and Cs;Fe(CN), were obtained
from K,Fe(CN); by Meyer's method**. A solution of
K,Fe(CN), was treated with aqueous AgNO;, and the precip-
itate of Ag,Fe(CN), was thoroughly washed by decantation
and then shaken with LiBr or Csl solutions. The
LigFe(CN), or Cs;Fe(CN), solutions were evaporated until
crystallisation; the crystals were filtered off, recrystal-
lised from doubly-distilled water, and dried in a vacuum
at 30°. The purity of the salts was established by the
identity of the curves obtained for the following solutions:
1073 N K;Fe(CN)g + 107* N LiCl and 1073 N Li,Fe(CN),
(synthetic salt) + 10-2 N KCl in the case of Li;Fe(CN)y; and
10-2 N K,Fe(CN), + 107 N CsCl and 10-3 N CsyFe(CN),
(synthetic salt) + 10~3 N KCl in the case of Cs;Fe(CN),,

All the solutions were prepared from doubly-distilled
water, The mercury used was chemically purified and then
twice distilled in a vacuum. Only the sectiohs of the I -
curves referring to negative surface charges are quoted,
since those for the positive surface charges are distorted
by polarographic maxima of the first kind.
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RESULTS 1A

A normal polarisation curve (Fig.1 in ref.9) was obtained
in the reduction of Fe(CN)3- at a dropping mercury elec-
trode in 10~° N K;Fe(CN)g + 3 x 10-2 N KCl solution. The
limiting current, 0.94 pA at 25°, agrees satisfactorily with
the value calculated by the Ilkovid equation (which is based
on the Nernst® equation) for D = 8.9 X 10~8 ¢m? sec~!, The
limiting current does not depend on the potential after it

has been corrected for the variation in the drop time with
potential,

At lower total electrolyte concentrations the curves for
the electrochemical reduction of the ferricyanide anion ex-
hibit a current drop (Fig.1 in ref.9) near the zero-charge
potential of mercury, in agreement with Frumkin and
Florianovich's data®, With increasingly negative poten-
tials, the current attains a minimum value and then re-
mains practically constant. Measurements made in
10-% N K;Fe(CN), solution have shown that the minimum
current is independent of the height of the mercury column
and consequently is determined by purely kinetic factors.
We observed similar curves with a current drop for 2 X
X 10-* N and 3 X 10~% N K,Fe(CN), solutions, as well as in
107 N Li;Fe(CN); and 102 N Cs,Fe(CN), solutions con-
taining added LiCl and CsCl respectively (Figs.1 and 2).
After the current has passed through a minimum in
1073 N Li;Fe(CN), solutions containing added LiCl, it in-
creases somewhat at potentials more negative than -2.0 V.
The increase in the current is small and becomes smaller
still when increase in the concentration of added LiCl leads
to a higher reaction rate and the diffusion of the anion to-
wards the electrode surface begins to exert an ever in-
creasing effect on the overall rate of the process.

To determine the relation between the rate of reduction
of Fe(CN)3~ and the potential, the polarisation curves were
corrected for the concentration polarisation with allowance
for the dependence of the drop time 7 and the rate of flow of

“mercury m onthe potential. The corrections were made
by means of the equation of the precise polarisation con-
centration theory for first-order reactions at a dropping
electrode, developed by Meiman and Bagotskii!?. 1In this
theory an allowance is made for the fact that during irre-
versible electrode reactions the rate of decrease of the
reacting-species concentration at the electrode surface
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Fig.1. Polarisation curves for the reduc-
tion of 10 N CeyFe(CN)q in the presence of
CsCl at various concentrations, N:

1) 0; 2) 3 x107%; 3) 5 x 107 4) 1075,

5) 2 x 107%; 6) 5 x 1073,
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Fig.2. Polarisation curves for the reduc-

tion of 10 N Li;Fe(CN); in the presence of

LiCl at various concentrations, N:

1) 0; 2) 1075 3) 2 x 1075 4) 3 x 107 5) 107
6) 3 x 1072, ,

with increase in the drop size depends on the reaction rate
and the rate of supply of new species from the bulk of the
solution through diffusion. Meiman's calculation shows
that, for first-order reactions, i.e. reactions obeying the
equation i = (1/8)c, (where i is the current density and 1/8
the reaction rate constant, which in the general case de-
pends on the potential), the concentration of the discharging
species at the electrode surface is a function of the dimen-
sionless parameter {1, which includes time, the diffusion

coefficient D, and 1/8. At the moment of separation of the
drop this parameter is given by

vh

Wo = '———“‘/-g . ,
]/—37- nFDhy,

o st (2)

whence

wf -~

Relation (2) makes it possible to calculate the reaction
rate constant corrected for concentration polarisation.
Since i = (1/B)ca,

T o
i= |12t 3)
h T

For the practical application of Eqn.(3), nFD?c, has
been replaced by 14/0.627 m 2/371/8(T; ig the average limit-
ing diffusion current). Then

. T gHo
b= 0.4tmhg'le” (4)

In the calculation by Eqn.(4) of curves corrected for con-
centration polarisation, it is necessary, for each test solu-
tion, to find the values of m, 7, Ig, and y, at various poten-
tials.

The values of m and 7 were determined directly by
experiment, T4 for curves with current drop can be
established experimentally only for ¢ = -0,5. The limiting
currents at other potentials, i.e. the values of I which
would be observed if the electrochemical reduction at
these potentials in solutions with the given total electrolyte
concentration took place without inhibition, were calcu-
lated from the limiting diffusion current T} in the solution
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with the minimum foreign electrolyte concentration neces-
sary for inhibition not to be observed, from Ij, i.e. the
limiting current at ¢ = ~0,5 in this solution, and from the

limiting current T at ¢ = -0.5 in the test solution, by
means of the relations}

1, T
T-—W- (5)

Thus in the calculation an allowance was made both for

" the change in I'y with potential due to variation in T and for
the differences in the limiting current in solutions with
different electrolyte concentrations, caused by the migra-
tion effect. Finally, the value of y, was determined from
the “reduced” concentration polarisation curve, calculated
by Meiman and Bagotskii; this was done by finding the
ratio I/T4 fromthe experimental data, where I isthe average
current and I is the calculated limiting current inthe test
solution at a potential suchthat the reactioncurrentis I. Cal-
culations made by Eqn.(4) (Figs. 3a and 8a) show that, after
the minimum has been attained, the rate of the electrochemi-
calreduction of Fe(CN) ~increases by 30—-40% with further
increase inthe potential. The absence of a rise inthe experi-
mental curves is due to the fact that the rate of reduction of
Fe(CN){~ only slowly increases with the potential, whereas
the surface of the mercury drop, to which the kinetic cur-
rent is proportional, rapidly diminishes with increase in
the negative charge on the electrode.

Plots of the logarithms of the corrected electrochemi-
cal-reduction currents in 10~ N LigFe(CN)4, K;Fe(CN)g,
and Cs;Fe(CN), containing LiCl, KCl, and CsCl respec-
tively against the logarithms of the corresponding cation
concentrations are linear with the slope 3.0 in the case of
LigFe(CN), + LiCl solutions and 3.2 for K;Fe(CN)g and
Cs;Fe(CN), containing KCI and CsCl respectively (Fig.4a).
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Fig. 3. Curves for the electrochemical reduction of the
Fe(CN)§~ anion, corrected according to Eqn. (4):

a) 10N K3Fe(CN)g with added KCl, N: 1) 0; 2) 5 X 1074

3) 107% 4) 1.5 x 1078, b) 10~ N Cs3Fe(CN)g with added CaCl,
N:1)0; 2) 3x107% 3)5x10™,

t The applicability of relation (5) follows from the fact that the
potential drop in dilute solutions is equivalent to a decrease in the
diffusion coefficient of the anion?.
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Fig.4. a)Variation of the rate of the electrochemical reduc-
tion of Fe(CN)z' with the concentration of various cations:
1) Li*; 2) K*; 3) Cs'. b) Variation of the rate of the electro-
chemical reduction of SZO%" anion with the K* concentration
at various potentials, V:
1) 0.8; 2) 1.05; 3) 1.35.

This means that the rate of reduction of Fe(CN)§~ in-
creases in proportion to the concentration of foreign cat-
ions raised to the power 3.0—3.2. 1t is seen from Fig.'f}a
that the rate of reduction of Fe(CN)§~ increases in the
series Li* < K* < Cs*. When Li* isreplacedby K*, at the
same concentration, the rate of the reaction increases by
a factor of 2, and following replacement of K* by Cs*, also
at the same concentration, by a factor of 4.

In the reduction of the S,02~ anion the dependence of the
reaction rate on the concentration ¢ of foreign cations
changes with the potential. In 1073 N K,S,0, solutions con-
taining KC1 the reaction rate is proportional to ¢'*3 at ¢ =
=-08V, toc"at ¢ =-1.05V, andto ¢*%at ¢ =-1,35V
(Fig.4b). In 103 N K,S,0, solutions containing CsCl the
variation of the reaction rate with the concentration of the
foreign cation was determined only approximately since the
test solutions always contained K*, - It was found that the
reaction rate varied as c!:® at ¢ = -0.75 V, and as c'-° at
¢ = -1.3 V. The ratio of the rates of 5,03~ reduction in
the presence of equal concentrations of Cs* and K* is 7.

The rate of the electrochemical reduction of Fe(CN)3~
increases with increasing charge on the cation in the sup-
porting electrolyte. The removalof the inhibition in the
presence of K* takes place when the concentration of KCl
is 3 X 102 N, whereas the concentration of La* sufficient

" to remove the inhibition is 5 X 10~ N,

All the organic cations tested, [(CH) N}, [(C,H,) N},
[(CH) N}, [(CsH, ) NJ*, and [(CgH,3),Nf*, enhance the rate
of reduction of Fe(CN)3~ throughout the range of their ab-
sorption potentials (Figs. 5b and 6b). Their effectiveness
becomes greater with increase in the concentration and
carbon chain lengths. There is an increase in the effect
of [(CeHy)N]* cation on the reaction rate at strongly nega-
tive potentials (Fig.6b). An enhancement of the effect of
[(C4H,, ) N}* and [(CeHy) NT* on the rate of reduction of
8,03~ was also observed in spite of the fact that the degree
of coverage of the electrode surface by the organic cations
diminishes with increase in the negative potential (Fig.6a).
These effects are probably analogous to those observed
earlier in the investigation of the influence of [(C,H,),N]* on
the reduction of PtCli- and may be explained in terms of
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Figs. 6. Curves for the electrochemical reduction of
10 N K3Fe(CN)g in the presence of additives:

a) [(CHg)N];S0,, N: 1) 0; 2) 1074 3) 5 x 107%; 4) 1075,
b) [(C§H5)4N]280¢, N:1)0; 2) 1075 3) 4 x 1075; 4) 1074
5) 107%,

T s i R BT
Fig.6. a) Polarisation curves for the reduction of
107 N K;8,0; in the presence of [(CsH;1)¢N]Br at various
concentrations, N: 1) 0; 2) 2 x 107%; 3) 3 x 107%; 4) 4 x 10”5;

5) 5 x 107%; 6) 1074 7) 1073, b) Polarisation curves for the
reduction of 107 N KsFe(CN)g in the presence of [(CeHys)(N]Br
at various concentrations, N: 1) 0; 2) 5 x 10°% 3) 1075 ‘
4) 1,5 x 107 6) 2 x 10°5; 6) 5 x 1075 7) 107,

the hypothesis that large organic cations are deformed at

high negative surface charges, which leads to a change in
the relative position of the centre of the activated complex
of the anion undergoing discharge and the positive charge

of the cation!4f, .

4 The electrochemical reduction of the planar PtCli' anion in
the presence of [(CHg)N]* was found to be accelerated by the
cation in the potential range where, according to differential-cap-
acity measurements, it was deformed ¥, The enhanced effect of
the large organic cation [(CsH;y)N]', due to its deformation, was
observed in the reduction of 8;05. The reduction of Fe(CN)j~ is
influenced only by the deformation of a cation at least as large as
tetrahexylammonium, It is thus possible to conclude that the dis-
tance from the electrode surface to the centre of the activated com-
plex of the anion undergoing discharge appears to increase in the
series PtCI¥™ < 8,08 < Fe(CN)}".
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Fig.7. Temperature dependence

of the rate of the electrochemical
reduction of Fe(CN)é" in various
solutions:

1) 1078 N LigFe(CN)g + 3 X 107 N LiCL;
2) 108 N K;Fe(CN)g + 1.5 X 1078 N KCL;
3) 107 NCsFe(CN)g + 107 NCsCl.

The halide anions C1~ and Br- have no effect on the rate
of reduction of Fe(CN)$~ at negative surface charges. In-
crease in the charge of the supporting-electrolyte anions
in the series Cl- < 803~ < Fe(CN)i~ lowers the reaction
rate (Fig.3 in ref.9). An analogous, but much weaker,
effect was observed also ih the reduction of 8,03" 5.

The temperature coefficient of the reduction of Fe(CN)3"
is positive and depends on the nature of the supporting-
-electrolyte cations (Fig.7).

DISCUSSION

Detailed investigation of the reduction of Fe(CN)3~ has
revealed that this reaction is in many respects analogous
to the electrochemical reduction of the 8,03~ anion which
has been shown to obey quantitatively the slow-discharge
theory2. On the assumption that the rate of reduction of
Fe(CN)2~ is determined by the slow addition of electrons to
the Fe(CN)3- species within the double layer, we calculated
the Fe(CN):~ electrochemical-reduction curves by Eqn.(1),
as has been done earlier in the case of S,03~ reduction, but
with the difference that allowance for concentration
polarisation was made according to the exact Meiman—
Bagotskii theory., The value of @ was determined from the
ascending portion of the corrected curves and proved to be
0.16. In comparing the theoretical and experimental
curves, the zero-charge point was taken as 0.48 V and &
proved to be 1,25 X 1012 A cm mole™®. As can be seen
from Fig.8, the theoretical curves reproduce the general
shape of the experimental, but there are differences,
reaching approximately 20% in the potential range 1.2~
2.0V.

§ The decrease in the cation concent!;gtion in K(Fe(CN)g solu-
tions due to the formation of KFe(CN)§" = 1is much too small to
have a marked effect on the rate of reduction.
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Fig. 8. a) Experimental (continuous line) and calculated

(broken curve) [by Eqn. (1)] variation of the rate of the elec-
trochemical reduction of Fe(CN)§~ with potential in

108 N LigFe(CN)g solutions with various concentrations of
LiCl, N: 1) 0; 2) 2 x 1075 3) 3 x 1075, b) Comparison of
the experimental (continuous line) and calculated (broken
curve) polarisation curves for the reduction of

107% N LigFe(CN)g in the presence of LiCl at various con-
centrations, N: 1) 0; 2) 2 x 107%; 3) 3 x 1075,

It follows from Eqn.(1), allowing for the logarithmic
dependence of the y, potential on the electrolyte concentra-
tion, that the rate of reduction of a triply-charged anion
should increase with increase in the concentration of a
singly-charged supporting-electrolyte cation raised to the
power 3 + a and of a doubly-charged cation raised to the
power 2 + oY, This has been found to apply to the electro-
chemical reduction of the Fe(CN)3~ anion. The rate of
5,02~ reduction, at potentials sufficiently negative for the
logarithmic relationship between the y, potential and the
cation concentration to apply, is proportional to ¢*°,
whereas in fact it should be proportional to ¢*%  The
discrepancy may be explained, first, in terms of the con-
siderations set out in the preceding footnote and, second,
by the fact that during the reduction of S;0f" there is a
negative potential drop in the bulk of the solution at low
electrolyte concentrations2. As a result of this drop the
concentration of cations in the solution layer around the
electrode exceeds its equilibrium value in solutions with
the same content of cations but without a bulk potential
drop. This is equivalent to saying that when the reaction
rate is plotted against the cation concentration, the solu-
tion concentrations, for low currents, should be taken as
somewhat greater than the actual. During the reduction of
the triply-charged Fe(CN)i~ anion the potential drop in the
bulk of the solution is much smaller than in the case of

¥ This is true when the distance between the electrode surface
and the centre of the activated complex of the anion undergoing
discharge is equal to the radius of the cation. In the general case
when the plane containing the charge centres of the activated com-
plexes is closer to the electrode surface than the plane containing
the charges of the foreign cations, the dependence of the reduction
rate on the cation concentration should be less than indicated in
the text.

S,02" and does not cause such a pronounced change in the
relation between the reaction rate and the cation concentra-
tion.

It should be noted that the relation between the reduction
rate and the supporting-electrolyte concentration cannot be
used as a criterion of the correctness of the chosen reac-
tion mechanism. Thus if it is assumed that the rate of
Fe(CN)3~ reduction is determined by the formation of
MFe(CN)2~, M,Fe(CN);, or MyFe(CN); species within the
double layer, the reaction rate should be proportional to
0 If it is supposed, however, that the reduction of
Fe(CN)3- takes place according to the equations M* +

+ Fe(CN)3~™ + ¢ — or 2M* + Fe(CN)}~ + ¢ —, as in Gierst's!®
explanation of the ascending branch of the 5,03~ reduction
curve, and that the MFe(CN)2~ or M,Fe(CN); species at the
electrode surface and in the bulk of the solution are in equi-
librium, then the reaction rate should be proportional to
A*%  Analogous examination of the reduction of S,0%~
shows that its rate, depending on the mechanism, can be -
proportional either to *“ or ¢*°.

It has been shown that Eqn.(1) gives an approximate de-
scription of the shape of I—¢ curves for the reduction of
Fe(CN)3~ and explains the relation between the reaction
rate and the concentration and charge of the supporting-
-electrolyte cations. To explain the dependence of the
reaction rate and the temperature coefficient of the reac-
tion on the radius of the supporting-electrolyte cation and
the way it is influenced by the anions which are not specifi-
cally adsorbed, it is necessary to take into account the fact
that the Y, potential at a certain distance from the elec-
trode surface is not constant but changes in the immediate
vicinity of the cations around which the anions must be con-
centrated. Thus we arrive at the conclusion that cationic
bridges are formed in the surface layer. This suggestion
was first made in earlier work to explain the temperature
coefficient of the reduction of S,03~ and the influence of the
radius of the supporting-electrolyte cations on its rate %3,

The correctness of the conclusion that the rate of
Fe(CN)3™ reduction is determined by the slow addition of an
electron to the Fe(CN)3~ species and the necessity to allow
for interaction with cations within the limits of the double
layer also follow from the considerations set out below.

Let us assume that the Fe(CN)3~ ions are reduced, without
allowing for the non-uniformity of the distribution of poten-
tial along the electrode surface. The concentration of
anions at the electrode surface in 1073 N solutionis . _ .. -
c.e3WFIRT which at ¢ = -2.0 V (Y, = -0.245 V) amounts to
~ 10~!? mole cm™3, Consequently the quantity of discharg-
ing material in a layer 10~7 cm thick at the electrode sur-
face is ~ 1072% mole cm~?, i.e. we find that there is less
than 1 molecule of reactant per unit surface. Thus, under
the given conditions reduction of the triply-charged anion
should not take place at all. Furthermore, Levich's cal-
culation of the rate of penetration of anions into the field of
the double layer? shows that even in the case of the doubly-
-charged anion the currents calculated for strongly nega-
tive potentials are much lower than the experimental.

Finally we may retain the classical double-layer struc-
ture and assume, after Gierst!s, that MFe(CN)3- or even
M,Fe(CN),; ions are reduced. Adopting 4 X 10-® c¢cm as the
effective diameter of the MFe(CN)2Z~ species and assuming
that the reaction

M+ & Fo (CN)}™ = MFe (CN)1- (6)

proceeds from left to right without energy of activation, we
may calculate, from collision theory, the rate constant for
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the recombination of M and Fe(CN)3~ at 293° as 1.3 X

X 101! litre mole~! sect. The equilibrium constant of the
above reaction may be estimated on the assumption that
1072 N M;Fe(CN), solution contains approximately 1% of
MFe(CN)2~ ion pairs, although this quantity appears to be
somewhat too high. The equilibrium constant of reaction
(6) is then found to be 3 X 102 mole litre~!., On the basis
of these quantitigs, calculation of the thickness of the layer
in which reactiop (6) takes place yields a value of the order
of 5 X 1078 ¢cm, assuming the diffusion coefficient to be
105 cm? sec~!, Thus the thickness of the reaction layer is
much lower than that of the diffusion layer which in 10-3 N
solution is ~10-% ecm. Thus the assumption that reaction
(6) takes place is equivalent to postulating the formation of
cationic bridges involving cations adsorbed on the mercury
surfacef. Finally, if it is supposed that the M;Fe(CN)y
species are reduced, it is necessary to resort to the im-
probably small value of ¢ = 0.05 to explain the observed
shape of the curve.

In conclusion we should like to thank Academician A,N,
Frumkin for his constant interest in this work and unfailing
advice.

SUMMARY

i. A study has been made of the effect of solution composi-
tion and temperature on the rate of the electrochemical
reduction of Fe(CN)3~ at a dropping mercury electrode.

2. The polarisation curves for the reduction of Fe(CN)3~
have been corrected for concentration polarisation
according to the equation of Meiman and Bagotskii's
exact concentration—polarisation theory for first-order
reactions at a dropping mercury electrode, with allow-
ance for the variation of m and 7 with potential. Calcu-
lation shows that, with increasing potential, the rate of
the electrochemical reduction of Fe(CN)i~ falls to a
minimum and then increases again by 30-~40%. Thus
the polarisation curve for the reduction of Fe(CN)}~ is
similar in shape to that for the electrochemical reduc-
tion of the S,0% anion.

3. iL Lac been shown that as the concentration of the in-
different electrolyte increases, the rate of Fe(CN)3-
reduction rises in proportion to the concentration of
singly-charged cations raised to the power 3.0-3.2,
and the rate of 8,02~ reduction, at strongly negative
potentials, rises in proportion to this concentration
raised to the power 2.0.

4. On the basis of the experimental results obtained and an
examination of various current mechanisms for the
electrochemical reduction of anions, it has been con-
cluded that the rate of reduction of Fe(CN)3~ is deter-
mined by the slow addition of an electron to the
Fe(CN)3™ species, within the double layer.

¥ If an allowance i8 made for the volume occupied by the solv-
ent molecules, the value of the rate constant obtained is approxi-
mately 10 times greater.

1 The thickness of the reaction layer may exceed that of the
diffusion layer only if it assumed that recombination of M* and
Fe(CN){™ requires an activation energy > 4 keal.

986

1. J.Lingane and L Kolthoff, J. Amer, Chem. Soc., 61, 825
(1939),

2. A.N.Frumkin and G. M. Florianovich, Dokl. Akad. Nauk SSSR,
80, 907 (1951); Zhur. Fiz. Khim., 29, 1827 (1955).

3. A. N, Frumkin and N, V. Nikolaeva-Fedorovich, Vestnik,
Moskov. Univ., No.4, 769 (1957).

4. G.M.Furazhkova, Diploma Work, Chemical Faculty, Moscow
State University, 1955. '

5. P.Kivalo and H. Laitinen, J. Amer.Chem. Soc., 77, 5205
(1955); P.Kivalo, J. Phys.Chem., 61, 1126 (1957).

6. A.Frumkin and N. Nikolajeva, J.Chem. Phys., 26, 1652
(1957). .

7. V.G. Levich, Dokl, Akad. Nauk SSSR, 87, 309 (1949); 124,

. 869 (1959).

8, A.Frumkin, Trans.Faraday Soc., 55, 1566 (1959).

9, A.N.Frumkin, O, A, Petrii, and N.V.Nikolaeva-Fedorovich,
Dokl. Akad. Nauk SSSR, 128, 1006 (1959).

10. Z.A.lofa and A. N, Kolychev, Zhur.Fiz, Khim., 14, 58
(1940).

11, J.Meyér, Z.anorg.Chem., 115, 206 (1921).

12. N,Meiman, Zhur. Fiz.Khim,, 22, 1454 (1948); V.S.Bagot-
skit, Zhur. Fiz,Khim., 22, 1466 (1948).

13. L. Gilerst, “Cinétique & Approche et Réactions d’Electrodes
Irréversibles”, Brussels, 1958,

14, N.V.Nikolaeva-Fedorovich, L, A.Fokina, and O.A. Petril,
Dokl, Akad. Nauk SSSR, 122, 639 (1958); N,V.Nikolaeva-
-Fedorovich and O, A. Petrii, Zhur. Fiz.Khim., 35, 1270
(1961} [Russ. J. Phys. Chem., 623 (1961)].

16, A.N.Frumkin, “Trudy 4-go Soveshchaniya po Elektrokhimii,
1956” (Proceedings of the Fourth Conference on Electro-
chemistry, 1956), Tth Edn., 1zd.Akad. Nauk SSSR, 1959, p.21;
N. V. Nikolaeva and B, B, Damaskin, ibid., p.150.

16. S, Cohen and R. Plane, J. Phys, Chem,, 62, 1096 (1957).

Lomonosov Moscow State Received 16th January 1960

University

PHOTOIONISATION OF ORGANIC VAPOURS
IN THE VACUUM ULTRA-VIOLET{+

F.1, Vilesov

Ionisation potentials are widely employed for the solu-
tion of a number of problems!. In particular, they lead to
a deeper understanding of molecular structure since they
are one of the principal characteristics of the electronic
shell of isolated molecules.

Until recently the first {onisation potentials, correspond-
ing to the fundamental ionisation process

AB + E—AB +e,
were determined by two methods: by electron impact using
amass-spectrometric technique and from electronic absorp-
tion spectra in the vacuum ultra-violet?. In view of a num-
ber of defects in the above methods, a new procedure,

t Paper presented by A.N. Terenin at the VIIith Mendeleev

Congress.,



