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to the O7 ion, which is the most stable molecular ion of
oxygen®l, rather than to the Co® ion, the presence of which
was not revealed, for example, by polarograms of solutions
of complex (II).1° The absence of semiconductor properties
in crystals of complex (II)22 shows that two cobalt atoms in
different valence states cannot be present. Investigation of
electron paramagnetic resonance spectra of the crystals of
complex (II) 332 and the calculation of the possible structure
of the bridge group in this peroxoammine % have not yet
Solved the problem in view of the absence of X-ray diffrac-
tion data. i

Application of Kobozev's general theory of intermediates *

ghows that with complex (II), apart from the region of

normal” catalysis, where the rate is proportional to the
catalyst concentration (up to 2 X 10™¢ M), there is also a
region of “transitional” catalysis (2 X 10™¢—4 X 10™* M),
where the rate is proportional to a fractional power of the
gatalyst concentration. This is followed by the region of

latent” catalysis in which the function v = f (K) reaches a
limit (Fig.2). Transition to the region of “latent” catalysis
occurs ata relatively low catalyst concentration (4X 1074 M),
which appears to be characteristic of cases where the
catalyst concentration becomes a latent parameter.

Instead of a clear region of “transitional” catalysis,
Complex (I) exhibits a broad maximum at 0.26 M, the nature
of which will be further investigated, -

SUMMARY

1. Binuclear complex cobaltammines containing peroxo-
~bridges exhibit considerable catalase activity and may
be regarded as inorganic models of the enzyme catalase
with a pH optimum at 12.4.

2. The catalase activity increases with increase in the pH
and decrease in stability according to the following
Sequence:

[(NHy) CoOCo (NHe)Jo* > [(NHs) Colile Co (NHg)a]* > [(NHa)s CoOsCo (NHs)s]** >

> ((NHy)s ColHfs Co (NHTaa}** > [Co (}{§ Coenge]** >

> [(NHy)s Gol31 Co (NHa)iJ** > [(NHo)s Cog{{? Co (NHa)I*.

3. The occurrence of saturation with respect to H;O; and
PH is probably due to formation of a labile intermediate
compound of the ammine with H,O, and HO3.

4. The reaction is of first order with respect to hydrogen
peroxide and the complex and of zero order with respect
to hydrogen peroxide at high concentrations of the latter.

5. The increase in the rate of the catalase reaction in the
* Presence of the complex cations [(NH,)sCoO,Co(NHg);[**
and [(NH,),Co'$12Co(NH,),}#* at pH 10 is due to an
increase in the entropy of activation, whereas for the
. remaining polynuclear complexes the increase in rate is
due to a lower activation energy. :
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EFFECT OF ATOMIC HYDROGEN ON THE
POTENTIALS OF NICKEL AND MERCURY
ELECTRODES IN ELECTROLYTE SOLU-
TIONS

S.D. Levina and T.V.Kalish

The present paper deals with the effect of atomic hydro-
gen on the behaviour of various metal electrodes in both
polarised and unpolarised states. - The introduction of
hydrogen atoms from an extraneous source into the sphere
of an electrode reaction can be used as a method for
investigating the mechanism of hydrogen overpotential 1,2
Hydrogen atoms form an intermediate link in the electro-'
lytic production of hydrogen from its ions or from water
molecules. Existing theories of hydrogen overpotential
interpret differently the role of hydrogen atoms in this
process. From this point of view it ig extremely im
tax‘ljt to detetr(;mini thtﬁ effect of an additiona] supply of por-
hydrogen atoms to the electrod
cl};emical reaction, € surface during an electro-

The chief experimental difficulty wastoe
genatoms generated inan extraneous sourcc:1 ssl;:(')i{ga:eh Yd}f °
the electrode surface without recombining, For thisac
pose the liquid layer through which the atomic hyclrogé)x;l r‘-
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passes should be less than 10~% cm thick®, We solved the polarising current density, the passage of hydrogen atoms

i i ith the steady-state potential, some

problem of producing extremely thin layers of solution still produces, as w .
between the gas phase and the electrode by forcing the gas negative shift in the potential. The upper parts of the
through the liquid in the form of large bubbles on to the curves show that the effect of hydrogen atoms is to lower
electrode surface. This method has been described in the overpotential [make it more positive (Ed. of Translation)]
detail elsewherel. : by about 5—-6 mV. : ’ »

Experiments were carried out in a mixture of hydrogen It can be concluded from this that, at low overpotentials,
and neon (1 mm H, and 6—7 mm Ne).!®* The hydrogen reaction (1), i.¢. the ionisation of hydrogen, takes place at
atoms were obtained in a discharge tube usually at 2500 — an appreciable rate on nickel and has an effect on the elec-
3000 V and 250 mA.? Nickel and mercury were selected trode potential. At higher overpotentials the ionisation of
for investigation, each having a quite specific mechanism atomic hydrogen takes place so slowly that its effect is
of hydrogen overpotential. The hydrogen overpotential of insignificant. Over this part of the curve a diminution in
nickel and mercury has been previously studied in our overpotential is observed: i.e. the atomic hydrogen exerts
laboratory, in the absence of extraneous gas, over a wide an oxidising effect.

pH range and withdifferent pretreatments of the electrode =",
The results obtained in this work can serve as a criterion
for assessing the new experimental results obtained under
somewhat special conditions. In fact, since the hydrogen
atoms were generated in a discharge tube with aluminium

Such an “oxidising” action of atomic hydrogen is
explained by the fact that removal of hydrogen from the
electrode can take place at least partly by an electrochemi-
cal desorption mechanism, as suggested earlier by several

thors . ; : ) e
electrodes, there could be no complete certainty that im- :‘(:co(;'lc‘isin tIn alkaline solution this reaction takes plac
" g to the equation
purities were absent from the system. 22)
. = - a,
When the alkaline solution is saturated with molecular Haget+ Hy0 + ¢ = H, + OH ', (
hydrogen, nickel functions as a hydrogen electrode. Intro- and in acid solution according to
duction of hydrogen atoms into the gas phase is accom- ) '
panied by their ionisation at-the nickel surface according ] Hadst- HO* + ¢ = H, + H,0. (26)
~ to the equation Since our experiments were carried out in the presence
 Hage+ OH"=HO+e, (1y  Of water vapour, we thought it necessary to determine

, whether our observed “oxidising” action of hydrogen atoms
which should make the potential more negative. We have might be due to the presence of oxidising radicals produced

in fact shown'# that, under the influence of atomic hydro- by the action of the discharge on the water vapourf, Such
gen, the potential of the nickel becomes 40—70 mV more a hypothesis seemed improbable because at low cathodic
negative than the reversible hydrogen electrode at atmos- polarisations the nickel potential was shifted to more nega-

pheric pressure. The effect of atomic hydrogen on a tive values [as a result of the introduction of atomic hydro-
polarised nickel electrode is of considerable interest, gen? (Ed, of Translation)], and it was only at higher polari-
Fig. 1 shows curves for the hydrogen overpotential on sations that it became more positive. In order, however,
nickel in alkali both without the introduction of atomic to settle this question finally, a series of experiments Was
hydrogen (cur\‘;et Ii) agd in its presence (curve 2). The carried out in an atmosphere, of pure neon, xgnd at the end
curves were obtained over a comparatively wid of an experi

ront o atathed over a con rg_z) y wide range of ¥periment hydrogen was introduced as well. These

. Itcanbe seenfrom experiments showed that
Fig. 11 that curves I and 2 intersect. At low values of the  shifts in a negative directti}:; ?ﬁlfﬁg;rgl‘?: gfst:;lati‘agleag:kaé?place
_ . in pure neon. Addition of hydrogen to the neon at the end
of the experiment makes thig change in potential still
. greater. Fig,2 shows the curve obtained with an électrode
» : gzzznrg an Initial potential 225 mV more positive than the
. ) re hs e hydrogen potential at atmospheric pressures.
1scharge in pure neon ( 6 mm) yielded a potential which
was 30 mV more negative than the hydrogen potential at

atmospheric pressure, and after
addition of hydrogen the
gg’:iﬁggll became 60 mV more negative than tti’e hydrogen

2200

Q100

Thus the experiments in py
f the
hydrogen atoms and oxidising pedi oo, ot O
formed by the action Xidising radicals simultaneously

of a discharge on water vapour, it i8

1 1 }

EELE Doy o s ome hich have e greaer sfec on e
Fig.1. Hydrogen overpotential of nickel We have confirmeq ihiesliigl()de’ craking it more negatiziﬁ:
* as a function of the logarithm of current ments on the effect of Y~ravs more convincingly in exﬁgl
ﬁensity: 1) in the absence of atomic - electrode in an alkaline soliuon {.)he potential of a nic ;
ydrogen; 2) in the presence of atomic gases and in the pre on both in the absence of
hydrogen. . gases and Sence of neon and hydrogen”. In spité

1 In spite of variou

8 precautions, such as a low reaction tem= .
perature (0° and below » as a low rea
leaving the solution ) and thorough drying of the circulating 898
charge on water vg

+ there could have been an effect of the dis-
§ In severa] e
what more

T The curves in Fig,
reproduce them in the p
experimental results,

pour,

¥periments the electrod became S0Me~
sitive wh ode potential bec )
The nature of thig effeen Bas started to bubble through the solution: .

ct still rematng obscure.

1 have already been published?, We
resent paper for comparison with the new
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Fig.2. Variationin the potential of a nickel
electrode with time under the influence of a
gas discharge. The zero on the ordinate
axis corresponds to the potential of the
reversible hydrogen electrode at atmospheric
pressure: 1) start of passage of gaseous
mixture through liquid; 2) curve during gas
discharge; 3) curve in the absence of gas

discharge.

resence of a high concentration of oxidising agents,
al was in all cases shifted towards more
negative values at the start of irradiation. In the absence
of gases or in neon a marked negative shift (200 mV) is
followed after 12— 15 min of irradiation by the potential
beginning to move in a positive direction, probably owing
. to the accumulation of H;0, in the solution. When hydrogen
is present in the gas phase (for example? 1 mm H, and
6 mm Ne), further intermittent application of irradiation
after the limiting negative displacement has been reached
has practically no effect on the potential of the nickel elec-
trode, It follows from the above that oxidising radicals
formed from water vapour in the discharge are not res-
ponsible for the effect which we have described, and that
our observed decrease in the hydrogen overpotential of
nickel in alkali is caused by the atomic hydrogen intro-

duced into the reaction sphere.

The removal of hydrogen atoms from a mercury sur-
face in acid solution undoubtedly ® goes by an “electro-
chemical desorption’” mechanism. Indeed, removal of
hydrogen atoms by their combining to form molecules is
improbgble under these conditions because of their extremely
low concentration on the surface., Further introduction of
hydrogen atoms should accelerate the evolution of hydro-
gen, owing to the occurrence of reaction (2b), and cause a
shift in potential to more positive values at constant cur-

rent density®.

Our initial experiments were carried out on a drop of
mercury of diameter 6~10 mm, ! which was not com-
pletely covered with electrolyte.. In several experiments
the effect of atomic hydrogen was to lower the overpoten-
tial by 20-35 mV. However, the results obtained by the
above method showed poor reproducibility, and great dif-
ficulties were involved in setting up the experiments,
Furthermore, when the electrode is not completely covered
with liquid, there is no certainty that the diminution in
overpotential is not due to heating of the electrode surface

by the recombination of hydrogen atoms,

For these reasons, we designed an apparatus similar to
that described for nickel '. After the apparatus (Fig. 3)
had been evacuated and filled with a mixture of hydrogen
and neon, a tube of mercury was smashed by an electro-
magnetic striker, and the mercury fell into the apparatus.
The mercury, after careful purification, had been kept
under-a high vacuum in sealed tubes. The surface of the

of the p
the nickel potenti

Fig.3. Apparatus for measuring the
overpotential of a mercury electrode
during a gas discharge.

mercury cathode was ~8 cm?, and could be renewed during
an experiment by running off mercury into a special reser-
voir by means of tapf 7', Traces of oxygen were removed
from the neon and hydrogen by pumping them through a
trap, the walls of which were covered with a layer of sub-
limed metallic potassium, for a long period before they
were admitted to the system. Both in the apparatus des-
cribed here and in the work with nickel the mercury sur-
face was covered with a layer of electrolyte 1-1,5cm
thick, By means of the circulating pump 2, the mixture

of gases was forced through tube 3 in the form of large
bubbles, which settled on the surface of the mercury and
thus formed a thin liquid film in which the hydrogen atoms
fed to the mercury were unable to combine to form mole-
cules.

The measurements were carried out by determining the
overpotential at a particular current density, then switch-
ing on the discharge, and again measuring the overpoten-
tial at the same current density. When the discharge was
switched off, the potential regained its original value.
After this, another current density was applied to the elec-
trode, and the above procedure repeated. The series of
points obtained in this way, representing the potentials of

‘the mercury electrode at a given current density, both in

the absence and in the presence of a discharge, were
joined together by curves (Fig.4). These show that the
electrode potential is more positive in the presence of a
discharge, the maximum effect being 10—15 mV, which is
less than in the experiments with an incompletely covered
drop (20-35 mV), This is probably associated with the
greater size of the electrode (by a factor of about 15), i.e.
with the decrease in the quantity of atomic hydrogen per
unit surface of the mercury.

It is clear from the shape of the curves obtained in the
absence and in the presence of a discharge that the effect
of atomic hydrogen decreases with increase in current den-
sity, At current densities of the order of 101 A cm™2 and
below atomic hydrogen decreases the overpotential (Fig. 4)
At higher current densities the curves run together, A.s, '
Frumkin has shown?®, this phenomenon can be explained
when it is recalled that the ratio of the number of hydrogen
atoms arriving from the gas phase to the number evolve%i

T The design of the taps has already been described '8
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Fig.4. Hydrogen overpotential of
mercury as a function of the logarithm
of current density: 1) in the absence
of atomic hydrogen; 2) in the presence
of atomic hydrogen.

!
by cathodic polarisation falls as the current density in-
creases. In order to make sure that the decrease in the
overpotential of mercury is caused by hydrogen atoms and
not by any other products formed in the discharge, the
relation between 7 and logi was first determined in neon
both with and without a discharge present. Fig.5 shows
that the shift in potential towards more positive values
observed during a discharge at certain current densities in
the presence of hydrogen was not observed in pure neon at
these densities. The quantity of atomic hydrogen formed
from water vapour by the action of the discharge is prob-
ably insufficient to affect the value of the hydrogen over-
potential at these current densities. On the other hand, it
does suffice, as has been shown above, to make the nickel
potential (in the absence of current) 200—300 mV more
negative (Fig. 2), and in some experiments still more nega-
tive, ’

In order to check the effect of neon, experiments were
also carried out with hydrogen at 7 mm pressure in the
absence of a discharge. Under these conditions the mea-
sured overpotentials were practically the same as those in
the mixture of neon and hydrogen, Our curves give al-
most normal values of 120—130 mV for the coefficient & in
the Tafel equation: % =a+blogi. Theconstanta remains
~150 mV below the correct value, i.e. it is approximately
1.25 V, even after correcting for the specific conditions

nyv

“ay

=5 “4 logt

Fig.5. Hydrogen overpotential
of mercury as a function of the
logarithm of current density in
an atmosphere of neon: 1) in
the absence of a gas discharge;

2) in the presence of a gas dis-
charge.
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in the experiments (for example change in the electrode
surface during intense bubbling, etc.). The low value of a
may perhaps be due to the effect of impurities which had
not been completely eliminated by the conditioning of the
discharge tube in a high vacuum with the discharge being
switched on and off. This conditioning, which was under-
taken for every experiment, was intended to clean the
electrodes of the discharge tube, Evacuation of the sys-
tem was continueduntil the pressure in the system ceased
to increase after the discharge had been switched on, It
was also possible that, in spite of the conditioning, a cer-
tain amount of the substances which had been removed
remained on the walls of the apparatus. The same condi-
tioning of the apparatus was carried out in the experiments
with nickel, but the values obtained for the overpotential
were close to those obtained by Lukovtsev et al.t The
coefficient a in the Tafel equation was ~ 700 mV, and the
coefficient b was 0,10 Vv,

The fact that the overpotential of mercury was under-
estimated [inthe absence of adischarge? (Ed. of Translation)]
in these experiments makes it necessary to exercise care
in drawing conclusions, Nevertheless, we think it correct
to conclude, from an analysis of the experimental results
described above, that the decrease in the overpotential,
of both nickel and mercury, is caused by the “oxidising”
action of atomic hydrogen. This is supported by our con-
trol experiments in neon (in the absence of hydrogen), in
which no decrease in overpotential was observed during
the discharge. 1t is also significant that, when the gas dis-

charge is switched off, the overpotential returns to its
initial value,

We express our thanks to Académician A. N, Frumkin
for his interest in the work and for discussing the results.

SUMMARY

1. In the absence of current and at low cathodic polarisa-
tions, the introduction of atomic hydrogen into the reac-
tion zone shifts the potential of a nickel electrode in an
alkaline solution towards more negative values, At
higher cathodic polarisations the atomic hydrogen
exerts an “oxidising” action, shifting the electrode
potential to more positive values, and this can be ex-
plained by its facilitating electrochemical desorption.
Atomic hydrogen has a similar effect on a mercury

cathode in an acid solution at not too high cathodic
polarisations,

2, Experiments in an atmosphere of neon and in a mixture
of neon and hydrogen, as well as in the presence of
radiolysis in the case of nickel, have confirmed that with
both nickel and mercury the observeq effect is due to the
presence of atomic hydrogen and is not caused by oxidis-
ing ra(:}icals which might be formed by the action of a
glow discharge on water vapour. The results obtained
with mercury are to be regarded as preliminary, since

it is not clear why the value obtained f tant a
in the Tafel equation was too low, or the cons
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KINETICS OF DECOMPOSITION OF
PEROXO-SALTS IN SOLUTION

G.A. Bogdanov and LK. Prokhorova

Previous investigations®™3 dealt with the kinetics of the
catalytic decomposition of H,0, under the combiged action
of Na,Wo, + BaCl,, Na,WQ, + SrCl, and Na,MoO, + BaCl,,
Nikolaev's experiments®, in which water as solvent was
partly replaced by benzene or methyl methacrylage, showed
that the catalysis of hydrogen peroxide decomposition by
molybdates or tungstates does not take place by a radical-
-chain mechanism. The above findings led to the
hypothesis that intermediates responsible for the catalysis
are formed in these processes: peroxo molybdates and
peroxotungstates of barium or strontium. We synthesised
the substances, most of which have not been described in
the literature. Their constitution includes watert.

The present paper describes an investigation of.the
kinetics of decomposition of the intermediates in agueous
solution; the electrical conductance of the hydrate of the
white product SrWO, in solution, during its decomposition,
was investigated.

t The nature of the water and of the bond joining the peroxo-
-oxygen in these compounds will bediscussed in the next communi-
cation, It has been established that some of these compounds are
peroxchydroxo-compounds. ’

EXPERIMENTAL

Peroxo-salts containing water of crystallisation and
hygroscopic water have been investigatéd by a method
described previously®#, Hydrochloric acid and sodium
hydroxide were used to provide the acid and alkaline media
respectively. The weight of the peroxo~-compound was
the same in all the experiments, amounting to ~1 g. The
volume of the reaction mixture was 36 ml.

The rate of decomposition of the peroxo-salts v was
determined gas-volumetrically and expressed in mole X
X litre~! min~3, the concentration of the peroxo-salts c was
expressed as moles of H,0, per litre, and the electrical
conductance of the solution k was expressed in Q*. The
rate of the reaction and the electrical conductance were
measured simultaneously after the evolution of each 2 ml
of oxygen.

Fig.1 shows the kinetic (Z-3) and conductance (I‘-3')
curves for strontium peroxotungstate, SrWQ,, at 35° and
various values of the pH. Curves I and 1’ correspond to
a neutral medium (the peroxo-salt dissolved in twice-dis-
tilled water), curves 2 and 2’ correspond to cy+ =0.016 M,
and curves g and 3' to coy- = 0.016 M. Fig.1 shows a
maximum' in the conductance and breaks in the kinetic
curves. The electrical conductance at first increases,
reaches a maximum, and then falls continuously until the
substrate is completely decomposed. Therefore in the
course of the transformation of the peroxo-salt in the
solution at any pH highly conducting specles are formed,
which in the subsequent stages gradually disappear.

Hence it follows that the peroxotungstates of strontium,
and obviously of all the alkaline-earth metals, undergo
stepwise changes in solution. Initially the higher strontium
peroxotungstates lose hydrogen peroxide and are converted
to lower peroxo-compounds, Thus if the breakdown of the
higher peroxo-compound is not too rapid, equilibrium is
established in solution: .

higher peroxotungstates =
+= lower peroxotungstates + H,0,.

In the present case the species in equilibrium are
SrwQ,, SrwQ,, and H,0,. The peroxotungstate SrWO,
is readily soluble and has high electrical conductance.

10% v, mole litre™ min”!
5x10% &, 1

200+
150+

90

S0t

: . . ;
50 100 150 200 250 Jéﬂ K50
5x10%, M

Fig.1.
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