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EFFECTS OF CONDITION OF PLATINUM
ELECTRODE AND NATURE OF CATIONS
ON OXYGEN OVERPOTENTIAL IN ALKALIS

R.I.Kaganovich and Le Min' Lap

Investigation of the mechanism of oxygen evolution from
concentrated perchloric and sulphuric acids at a platinum
anode and study of the influence of cations on the oxygen

overpotential1=% have led to the hypothesis that the latter is

an adsorption effect. It was of interest to compare some
of these results ®*® with data on the effect of cations on the
behaviour of a platinum electrode in alkaline solutions.

The mechanism of oxygen evolution at a smooth platinum
electrode in alkaline solutions has been studied by several
workers 48, but the results are contradictory, probably
owing to differences in the state of the platinum electrode
resulting from differences in its treatment. We have
therefore examined also the influence of the conditions of
preliminary polarisation and the concentration of alkali on
the oxygen overpotential, by recording polarisation, polaro-
graphic, and current-time curves.

The curves were obtained in the cell described pre-
viously®. All the alkaline solutions employed were pre-
pared from amalgams which had been made up in a poly-
styrene cell. The solutions were stored in polystyrene
vessels with ground-in covers.

Before an experiment the anode was treated with hot
concentrated nitric and sulphuric acids, washed with twice
distilled water, and then polarised anodically in 1N H,SO,.
After anodic polarisation the electrode was washed with
water and placed in the anodic compartment of the cell.
These operations occupied 2-3 min. The conditions of the
preliminary anodic polarisation of the electrode were
chosen on the basis of an investigation of the way in which
the shape of the polarisation curve was affected by the
duration of the preliminary polarisation and by the strength
of the current.

Fig. 1 shows polarisation curves obtained in 0.5 N KOH
under different conditions of anodic polarisation of the -
electrode (current of 6 X 10~% and 6 X 104 A for 30 and
120 min), Each point on the curve was held for 5 min,
The shape of the polarisation curves in alkaline solutions
is seen to be similar to those obtained in acid solutions?®.
The curves consist of three parts, I and III being linear and
occurring at potentials of 1.65-2.0 and 2.4~2.7 V respec-
tively, while ITlies between 2.0 and 2.3 V. As is shown by
the data in the accompanying Table, the slopes of the
individual sections of each curve depend on the conditions of
preliminary polarisation of the anode, increase in the dura-
tion of polarisation producing a decrease in the slopes of
gections I and III. In the case of III the slope depends also
on the polarising current, decreasing with increase in the
latter. The slope of section II decreases with increase in
current and duration of polarisation, and on prolonged anodic
polarisation of the electrode at 6 X 10-* A this section tends
to disappear. Therefore, although the most reproducible
results were obtained with strongly polarised electrodes,
preliminary polarisation at 6 X 10-¢ A for 30 min was
chosen for all experiments.
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Fig.1l. Anodic polarisation curves in 0.6 N KOH with different
conditions of preliminary anodic polarisation:

1) 6 X 107 A for 30 min; 2) 6 x 10™* A for 30 min;

3) 6 x 1078 Afor2h; 4) 6 x 1074 A for 2 h,

TABLE.
ll)wmlon of‘pn-
iminary polarie
Polarising cure Sccot'lon satlon
nt
e €Uve | 30 min | 120 min
- 7 0.16 | 0.11
6107 Hnro{ 0.44 | 0.35
! 0.6 | 0.11
6.10~ mo| o051 |0.20

Fig.2 shows polarisation curves obtained in 0.5 N, 1.3 N,
6 N, and 12 N KOH solutions. The potentials measured
against a hydrogen electrode in the same solution were
converted to the normal hydrogen scale. 1t is evident that,
over the range of current densities correspounding to the
first section of the polarisation curve, the electrode poten-
tial is independent of alkali concentration, whereas between
0.001 and 0.1 A cm=2 (sections II and III) the potential falls
as the concentration increases from 0.5 N to 12 N.. At the
same time the slopes of sections II and /Il decrease. Com-
parison of the curves in Fig.2 with those for acid solutions
(see Fig.13 in Ref.10) reveals an essential difference in
the behaviour of a platinum electrode in these solutions.

Analysis of the current-time curves indicates a difference
in the state of the platinum electrode in alkaline'and in acid
solutions. Whereas at potentials corresponding to the
beginning of the second part of this polarisation curve in
acid solutions the fall in the current slows down and the
latter reaches a constant value within 3~5 min, in alkaline
solutions this occurs only after 10-15 min. At potentials
corresponding to section II of the curve, a constant current
is reached in acid solutions after 10 min, whereas in
alkaline solutions this is not established even after 30 min,
the decay of the current merely slowing down. These
results, together with the anodic polarographic curves,
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Fig.2, Anodic polarisation curves in KOH solutions of different

concentrations (N):
1) 05; 2) 1; 3) 3; 4) 6; 5) 12,

show that passivation of the platihum electrode by the
oxygen evolved is considerably weaker in alkaline than in

acid solutions.

The nature of the cation has a similar effect onthe oxygen
overpotential in alkalig as in acid solutions at current
densities corresponding to section II. From Fig.3 it is
seen that the linear portions of the polarisation curves
at current densities between 10~® and 5 X 10~ A cm™
coincide for the alkalis CsOH, KOH, and NaOH, and that
section Il begins at lower current densities in the sequence
Cs* > K* > Na*. The potential increases more rapidly
with CsOH than with KOH and NaOH, and the slope of sec~
tion IT becomes steeper.

Traces of carbonates (up to 10%) in the aqueous alkali do
not affect the anode potential, but their addition at a con~
centration of 0.1 N has an appreciable effect, which is
strongest in the region of section II of the polarisation
curve., This is probably associated with the formation of
peroxocarbonates, recalling the formation of peroxosul-
phates in the electrolysis of sulphates. In this case, too,
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Fig.3. Anodic polarisation curves in 0.5 N solutions of:
1) NaOH; 2) KOH;. 3) CsOH.
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the cation Cs* is more active than K*. Comparison of the
results with work® on the effect of cations on oxygen over-
potential in acid solutions shows the effect to be appreciably
smaller inalkaline solutions. This weakeningof the influence

- of cations in alkaline medium can probably be explained by

a diminution in the adsorption effect due to a decreased
quantity of adsorbed oxygen, and hence a smaller number of
oxygen dipoles on the electrode surface. In our opinion
this view is supported by our results on the different con-
dition of a platinum electrode in acid and alkaline solutions,
and also by published data ! on the formation of thinner
oxygen layers in alkaline than in acid solutions.

A further difference between the effects observed in acid
and in alkaline solutions is that analysis of capacitance and
polarisation measurements in acid solutions leads to the
conclusion that the first stage in oxygen evolution on the
lower part of the polarisation curve is partly reversible,
the rate-determining stage of the process being the decom-
position of surface oxides with evolution of molecular oxygen.
The first stage in electron transfer is irreversible only on
the upper part of the polarisation curve. Thus in acid
solutions the transition from the first to the third section of
the curve is accompanied by a change in the mechanism of
the process®®, The coincidence of the lower parts of the
polarisation curves obtained in alkaline solutions of dif-
ferent concentrations (Fig. 2) indicates that in this case the
rate-determining stage of the process is irreversible trans-
fer of an electron from a hydroxide ion to the metal, and
that the rise in the anode potential on passing to the third .
section is due entirely to a change in the adsorption energy
without change in the mechanism of the process, as was
suggested by Riietschi and Delahay? on the basis of Hickling
and Hill's results on oxygen evolution at palladium and gold.
However, this conclusion must be regarded as tentative,
since it must be checked by capacitance measurements,

Inconclusion we wishto thank Academican A. N. Frumkin
for valuable advice in the completion and discussion of the
present work. '

SUMMARY

1. A study has been made of the effects of the conditions of
preliminary anodic polarisation (time and current), con-
centration of alkali, and nature of cations on oxygen
overpotential.

2. The general character of the polarisation curves obtained
in alkaline solutions is the same as for acld solutions.
Differences between the effects observed in these solu~
tlons arising from the nature of the cation and the con-
centration of the solution are explained by changes in the
condition of platinum electrode and in the mechanism of
oxygen evolution,
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LAMINAR AND TURBULENT HYDRAZINE-
-DECOMPOSITION FLAMES

V.P.Karpov and A.S.Sokolik

The concept of turbulent burning as the propagation of a
pulsating ignition leads to the relation

vyoew b/ reely/r, (1)

in which £, is the characteristic time of diffusion along the

Lagrange coordinate /;, and 7 is the “ignition delay” under

conditions of turbulent mixing of fresh and burnt gases!.

In conformity with Eqn.(1) the rate W, of the overall reac-
tion in the flame should be linked with the rate of turbulent
burning by the relation

. vocrt 'u Wor (2)
in contrast to laminar flames, for which
vy &« Wyl (3)

‘It follows from general considerations, and has been
shown in several actual cases, that it is only in the case of
reactions having a molecular or linear chain mechanism
that the kinetic characteristics of a flame reaction obtained
from relation (3) coincide with those which follow from the
reaction mechanism in the absence of a flame?. In order
to test relation (2) flames produced by the decomposition of
hydrazine were chosen, this reaction having a linear chain
mechanism3, From the activation energies of chain initia-
tion E, = 60 kcal and chain growth E, = 7 kcal, the effective

. activation energy of the overall reaction was found to be
Ee = 4E, + E, = 3Tkcal. Calculation by the method of
. steady~state concentrations gives, for the effective reaction
order n. of the decomposition, values of 1 when recombina-
tion of the radical products of decomposition occurs through
binary collisions, and of 1.5 when it is produced by three-
~body collisions3s%.. Measurements of rate of burning in a
burner flame?® and in a bomb® have shown a slight increase
in v for pure hydrazine with increase in pressure, which
has been interpreted® as independence of pressure, cor-
responding on the thermal theory of burning to the value
ne = 2. When the bomb method is used to determine the
kinetic characteristics of these flames, it is necessary to
establish the reasons for the considerable divergence in
absolute values of v1 measured in a bomb and in a burner
flame at atmospheric pressure’. This divergence cannot
be fully accounted for by the difference in temperature of
the hydrazine vapour (62° in the bomb and 150° in the
burner), as had been supposed®. In fact, according to the

thermal theory ® the temperature dependence of rate of
burning can be represented by the formula?

vy @ ToT (T = Tol ** exp(—E (/2RT),). 4)

Putting here E. = 37 kcal and Th = 1904°K with T, = 62°,
we obtain v1, 1500 /21, 620 = 1.38, compared with an actual
ratio of 1.7.

Fig.1 shows adiagram of the apparatusused. A measured
quantity of liquid hydrazine was run from the burette 2 into
an evacuated vaporising reservoir 1, from which pure
hydrazine vapour, as well as mixtures with water vapour,
was transferred to the specified pressure in the dural
bomb 5 of radius 70 mm, containing a piezoelectric trans-
ducer and windows for schlieren cinematography of flame
propagation. The initial pressure of the hydrazine vapour
was measured by means of a manometer 3 havingadiaphragm
which was balanced by a counterpressure of nitrogen, the
latter being measured on a mercury manometer 8. The
whole system was maintained by electrical heating at about
110°, corresponding to a vapour pressure of hydrazine of
600 mmHg. The part of the apparatus into which the liquid
hydrazine was introduced was placed in a fume cupboard
(shown by broken lines in Fig.1).  The value of v1 was
determined at the stage in which there was no considerable
rise in pressure (less than 7% of Prax), from the apparent
rate of flame propagation v, by means of the relation

= v,/f, (5)

where € = (Th/To)m was determined from published data on
the equilibrium temperature of the products Ty and the
change m produced by the relation in the number of mole-
cules. Values of v, corresponding to a T, range of
1900~-1500 °K were obtained by diluting hydrazine vapour
with water vapour in the reservoir and then transferring
the mixture to the bomb.

These results (4) lie on the same curve (3 in Fig.2) as
data from Ref. 6, in conformity withthe valueof Th. Values
of v for mixtures of hydrazine vapour and nitrogen (5 in
Fig.2) are also in agreement, these mixtures being pro-
duced directly in the bomb by successively passing hydra-
zine vapour and then nitrogen into it, and subsequently
mixing the components by means of the agitators 4 (Fig.1).
It is seen from Fig. 2 that the whole curve 3 lies consider-
ably below curve I plotted from values of v1 determined in
the burner flame?. When, however, the bomb was filled
in the reverse order — first with nitrogen and then with
hydrazine vapour, with subsequent mixing — values of v}
were obtained (curve 2) which practically coincided with
curve I up to mixtures having Tn = 1750°K. Only with
further decrease in the concentration of nitrogen do the vy
values depart from curve I and approach curve 3. The
decrease in v; accompanying entry of hydrazine vapour or
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