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The Capacity of a Bright Platinum Electrode
in Various Electrolytes and its Dependence on
the Treatment of the Electrode

By B. Ershler and M. Proskurnin

Extensive investigations carried out recently upon the capacity
of the platinized platinum electrode! showed that the determination
of the capacity may be utilized as a method for the measurement of
the adsorption of hydrogen on platinum. By means of the determina-
tion of the capacity it was possible to find the dependence of hyd-
rogen adsorption on the potential of the platinized platinum elec-
trode and on the composition of the electrolyte,

The capacity of the bright platinum electrode was also the
subject of repeated investigations. Bowden 2 found that it re-
mains constant between the hydrogen and oxygen potentials,
Armstrong and Butler 3 et al. found that during the change
of potential from the hydrogen to the oxygen values there are
arrests on the charging curve at certain potentials due to the remo-
val (or deposition) of hydrogen or oxygen from the surface of the
platinum. But as the charging curves (,potential-charge® curves) of
the bright electrode, given in the papers cited by us 23, do not
seem to correspond to the equilibrium states of the electrode, the
data now available on the capacity of the bright platinum electrode

1$1ygina Frumkin, Sow. Phys, 4, 246 (1933); Acta Physicochi-
mica URSS, 3, 731 (1935); 4, 911 (1936); C. R. Acad. Sci. USSR, 1934,

2 Bowden, Proc. Roy. Soc, (A) 125, 446 (1923); Bowden a. Ri-
deal ibid, 120, 53, 80 (1928).

3 Butler a. Armstrong, Proc. Roy. Soc., (A) 143, 89 (1933): 137,
604 (1932); Armstrong, Himsworth a Butler, ibid, 143, 89 (1933).
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unfortunately cannot be used in the same manner as those referring
to the platinized platinum electrode.

it was found, indeed, that, e. g. for a platinized eclectrode,
the arrest of the charging curve, corresponding to the removal of
adsorbed hydrogen, ends at a potential of 0,3 to 0,4 V against the
reversible hiydrogen electrode, whereas in curves given by Butler
and Armstrong this retardation only begins at 0,3 V. The diffe-
rence between the bright and platinized electrodes can be most
naturally explained in the following manner: the bright electrode
must be quickly charged in order to diminish the influence of the
depolarization processes, and the entire interval between the hydro-

gen and oxygen pofentials is gone through in a few seconds, At
ange of potential the process of removal of hydro-

place with the change of potential of the electrode.
able speed and conscquently is only detected at
a more anodic potential than that at which it occurs on the equilib-
rium curve. The same iS, of course, true for the other arrests on
the charging curves of the bright platinum clectrode (deposition of
hydrogen, removal and deposition of oxygen).

This retardation is the cause of the fact, that the: process occur-
ing at a given arrest does not terminate until potentials a.rc reached,
corresponding to the beginning of new processefz. It is therefore
very probable that there are regions on the charglpg curves of the
bright platinum electrode where different processes overlap., All this
does not allow of using the existing data on the capacity of the
bright p/latinum electrode for tle determination of the relation' bet-
ween the adsorption of hydrogen and oxygen and the potential of
the electrode. We thought it therefore necessary to re-ir_wcstigate
the problem. In this part of our work we determined the capacity
of the bright eclectrode using the method described in the'work of
Borissova and Proskurnin 4, The electrode was polarized to a
definite potential and at this potential a 50 hertz alternating current
was applied, creating an alternating potential difference at the elec-
trode-solution boundary, not exceeding =15 mV. It was always
possible in this manner to hold the electrode sufficiently long at

such a rate of ch
gen may not keep
It attains a notice

—_—
1{Borissowa u Proskurnin,
(1936),
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the chosen potential, to secure an equilibrin state corresponding
to that potential and then to measure the capacity.

The results of our measurements agree, to a certain extent, with
tite data for the platinized clectrode and we consider their publica-

tion to be of interest.

Description of apparatus

The apparatus (see Fig. 1) consists of two vessels: 4 which
contains the clectrodes to be tested and B which contains a large

Fig, 1,

platinum electrode for the purification of the solution (see below).
The electrode 1 to be investigated is prepared in the form of a rib-
bon of thin platinum (0,05 mm) 2X75 mm in size, fixed in
the following manner: in the tube a connected to the vessel A by
means of a ground glass joint, two thick platinum wires are fused,
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to which the ends of the ribbon serving as the electrode to be
tested are welded. Such an arrangement allows the electrode to be
glowed in an atmosphere of hydrogen or oxygen. Before heating
the electrode, it is necessary to force the liquid from the vessel A
into B. This is done by closing the tap £, opening C, F and D
and introducing through D into A hydrogen (or another gas) which
forces the liquid into B. When the liquid is forced out, the tap C
is closed and after opening E, hydrogen is passed throught A in
order to fully remove the oxygen. £ is then closed, C and A are
opened and hydrogen is continually passed through D finally to
escape through the vessel B. The heating current is then applied to
the wires /{ using a voltage of 4 to 8 volts. The electrode under
investigation can be brought to white glow almost instantaneously.
In addition to the electrode to be tested, the vessel A contains an
electrode 2, through which the alternating current is passed to the
electrodes / and 3, the latter being used as a reference electrode
during the measurement of the capacity (see the paper of Borijs-
sova and Proskurnin). Polarization with D. C. is applied to
electrode 1 with the aid of a large platinized electrode & which ig
always kept in an atmosphere of hydrogen and measured against ,
calomel reference electrode , connected to A4 by a narrow capillary

tube.
The influence of purification of solution
on the capacity

The results of the capacity measurements were greatly affected
by the degree of purity of the solution. In pure solutions, the ca-
pacity at potentials near the reversible hydrogen potential (in an
interval of 0,2 V on tle anodic side) is high (about 1000 m. f.[cm?).
If, however, the solution is insufficiently purified, sucl a high capa-
city is observed only during the first moment of immersion of the
electrode into the liquid. It then begins to fall rapidly and may di-
minish during a few minutes to 1/, or 1, of -the initial value. Stirr-
ing of the solution by hydrogen or nitrogen under. these conditions
greatly accelerates the decrease of the capacity. This was studied in
detail with HCl. The purest HCl of Kahilbaum contains traces of
some impurities which lower the capacity. We purified our acid with
a large platinized electrode in an atmosphere of. hydrogen for 24
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hours and more as described by Aten 5 The high capacity of the

electrode remains constant in an acid purified in such a manner for
several hours.

The capacity curve in 1 norm. HCI

It the electrode is cleaned with chromic acid solution or with
aqua regia and then heated to red glow in air, it gives in 1 norm.
NCI the capacity curve shown in Fig.2 (curve ). The shape of the
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Fig. 2.

curve, as shown by a series of experiments, is very little influenced
by the direction in which the curve is passed as well as by stirring
the solution with hydrogen, oxygen or nitrogen,

Active and passive electrodes

We found that the shape of the capacity curve in HCI greatly
changes if the electrode is healed in hydrogen and afterwards brought

5 Aten, Rec. Trav. chim. Pays-Bas, 46, 417 (1927).
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fnto contact with a liquid saturated with hydrogen without i
into contact with air. The capacity curve of such an elll cOmm‘g
sho'wn in Fig. 2 (curve b). The rise of such a curve i‘n thee}ctr:de .,
region, corresponding to the deposition of hydrogen begins lyt rogen
more negative potentials than with a curve obtained as d“ much
ab‘ove. In addition, the rise is very little. 1f the l Ot)ets.CTibEd
t¥ns electrode is changed without reaching a more anodﬁc ential of
tion than 0,3—0,4 V with respect to the reversible lpo;ariza-
electrode, then the capacity curve preserves the shape & amlly“rogen
be considered that the capacity changes more or less rev :’t’)":)"
, \\./ith the potential. If, however, the electrode is polarized to Crste d
tials more anodic than 0,4—0,6 V, then upon return to apmo:
negative potential, the capacity now changes not according to curve &
but according to curve a. Although a further approach to the rever:
sible oxygen potential somewhat Increases the capacity, it does not
change the shape of the curve. We shall call the electrode givin

the curve b passive and the electrode giving the curve a activeg
Passive electrodes are also obtained with impure solutions. In thesé
cases, after the electrode s exposed to a more anodic polarizatioy
than 0,4 —0,6 V, its capacity changes upon returning to the hydroi
gen potential according to curve @ put if the electrode is then left
in the impure liquid, it will finally give again the curve 0.

It should be mentioned that passive as well as active electro

des retain the reversible hydrogen potential in an atmosphere of
it sufficiently quickly after positive polari-

hydrogen and return to
zation 6.
-
« and passive* for bright electrodes have already

¢ The terms ,active

been often used in clcctrochcmical literature, An clectrode is called active

if the hydrogen overvoltage is small (viz. Hammet, J. Am. Chem. Soc
46, 7, 1924; Armstrong and Butler, Proc. Roy. Soc, A, 143, 89 1033
Volmer, Z physik Chem. (A), 172, 429, 1935). Hammet had a’lrcad ,
found that as a result of repeated anodic and cathiodic polarisations thi
overvoltage on a bright platinum electrode decreascs. The samc was ,c()n-
firmed by Armstrong and Butler. Bowden (Proc. Roy. Soc., A 125
446., 1933) jound that as a result of repeated anodic and Cﬂtllodicﬂ polari’
-Zattlons thie arrest on the charging curve between the hydrogen and oxygcn-
E;) t:)x;tialis is increased. Thi‘s increase of the length of the arrest he assumed
activity l;: (;co the growing ,activity“ of the electrode, meaning by
) id ﬂ'le others, the rate of discharge of hydrogen.
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The capacity of the active bright electrode
in different electrolytes

We carried out measurements of {he capacity in normal solu-
tions of HBr, H,SO, and KOH. The curves obtained are given in Fig. 3.

Discussion of resulis

Our results enable us to conclude that, qualitatively, the depen-
dence of the capacity of the electrode on the potential for bright
platinum is similar to the same dependence for platinized platinum.
On all curves, we have a region of high capacity in the interval
from the reversible hydrogen potential to 0,3—0,4 V on the anodic
side, corresponding to the presence of a hydride film; then the ca-
pacity rapidly falls down to a small value, corresponding probably
to the double layer region 1 and then again follows a region of
high capacity, corresponding to the formation of oxides.

The similarity of the behaviour of the bright and platinized
electrodes is also made evident by the fact that the influence of the
electrolyte on the capacity curve in the case of the bright electrode
Is qualitatively the same as in the case of the platinized one. Na-
mely, the length of the double layer region on the capacity curve
is greatest in HBr and decreases in the following order: HBr > HCl
> H,S0, > KOH.

However, we also observe certain differences between the be-
haviour of both electrodes.

Firstly, we see that the capacity curve of the bright electrode
rises in the oxygen region in the case of HCI at considerably more
positive potentials than the curve of the platinized electrode (Fig. 3
dotted curve). This difference may be explained in two ways:

Using the terms ,active, and ,passive* for the electrodes which were
studied in our work, we leave open for the present thie question as to
whether the activity and passivity of our electrodes signifies merely
the difference in the rate of discharge (ionization) of hydrogen, or whether
the difference between these electrodes implies as well a differetice in the
amount of adsorbed hydrogen under equilibrium conditions and the cnergy
of the metal-hydrogen bond. In preliminary experiments we found that the
overvoltage on our passive surface was only slightly higher than on the

active one.



B. Ershler a. M. Proskurnin

202
1. Bright platinum begins to oxidize at more positive poten-

tials than platinized platinum.
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proceeds sO slowly, that under the
0 hertz A, C.) the oxides have

9. The oxidation of platinum
d therefore we do not detect

conditions of our measurements ®
no time to be formed or removed an
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the influence of the oxidation of platinum on the capacity curves
although this oxidation actually occurs.

In order to decide between these two explanations it is neces-
sary to carry out the determinations of capacity while charging the
surface at a smaller rate. However, at such low rates of charging,
depolarization currents brought about by gases dissolved in the
liquid begin to become important. In order to eliminate these dif-
ficulties we propose to carry out such determinations in the future
using a ,perfectly polarisable bright platinum electrode“ (sce below).

Another distinction is that, strictly speaking, the double layer
region, i. e. the region in which the capacity changes comparatively
little with the potential, is observed only in the case of HBr. In
HCI (in the case of an active surface) we have almost no such
region of constant minimum capacity since the minimum noted at 1,0V
corresponds to a surface already covered with oxygen, as follows
from the data obtained with the platinized clectrode. In the case of
sulphuric acid, the minimum capacity in twice as high as the capa-
city in the double layer region in HBr or the minimum capacity of
a passive surface in HCI.

This difference may be explained by assuming that on our
active surface obtained with bright platinum, we have more firmly
bound hydrogen than on a platinized surface. This hydrogen should
be removed or deposited at more anodic potentials. The presence of
the ,bright* platinum of more firmly bound hydrogen than on pla-
tinized platinum is certainly rather unexpected. The behaviour of
the active and passive electrodes is also of great interest. The ear-
lier rise of the capacity curve of the active electrode in the hydro-
gen region may again mean the presence either of more {irmly
bound hydrogen which is deposited at more positive potentials or
simply the retardation of the process of the deposition and removal
of hydrogen on the passive electrode. In exactly the same manner,
the low capacity of the passive eclectrode in the hydrogen region
may mean ecither a retardation of the processes of the deposition of
hydrogen, or a decrease in the quantity of adsorbed hydrogen.

»The perfectly polarizable electrode“

In order to solve these questions, measurements of the capacity
of the bright platinum eclectrode should be carried out by charging
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with currents of very low density. At pr i
b‘y one of us (B. Ershler) wh}ilch mr:)lkeessents’u:h "::S;Od > Droposed
sible. ‘ asurements pos-
The method is based on the t i
Polarizablc electrode“ from bright plaltsixemx(x)xf. ';\:r;cetlct:llg ,,.perfectly
in a vessel containing only such an amount of liquid t;)n f e onced
tity of gases which it is able to dissolve is negligible ia the qun'
with the capacity of the electrode. As has already bee | ascortained,
such an electrode shows almost no leakage of clectri: "‘fceﬁained,
is practically perfectly polarized. The depolarization currefxza:ieszr;ﬁ

an ele.ctro.dc do.es not exceed 107" A, while the surface equals 1 cm®
Investigations with such an clectrode are being carried out at .
sent and the results will be published in a following communi.catrl’(;fl-

Conclusion

s shown that the capacity of the bright platinum electrode
atly on the purity of the solution and on the oce
i the electrode. Heating in hydrogen givesprc-
all capacity in the hydrogen region, Tl?el

influence of the composition of the electrolyte on the shape of ¢
capacity curve of the bright platinum electrode is similar to ©
observed in the case of the platinized electrode. The difference blat
ween the curves of the bright and platinized platinum electrodes e.t-

the oxygen region; it can be cxp]ainels

essentially pronounced in
owness of the process of deposition and removal
¢

probably by the sl

of oxygen. A mnew method of measuring the capacity of the bright
platinum electrode is described.
In conclusion we aré glad to express our gratitude to Prof.

A. Frumkin, who suggested this work, for his help in its fulfil-
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