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By B. V. ERSHLER
(Communicated by A. N. Frumkin, Member of the Academy, 7.1X,1942)

It has been shown in an earlier communication (%) .thal‘, an exponential
dependence is observed between the velocity of dissolution of platinum and
the amount of oxygen adsorbed on its surface. Such a_result compels to
suppose that the oxide film on platinum has a retarding influence upon
the process of dissolution which cannot possibly be reduced to mere blo-
cking of the surface of the metal.” Particular interest attaches therefore to
the mechanism of the dissolution process, since it may be expected that the
passivation of plalinum is caused by the retarding «catalytic effect» of oxy-
gen upon the slowest stage of this process. Havmg.found no data in the
literature upon the kinetics of dissolution of platinum, the author at-
tempted to fill the gap by this study. As shown below, the author’s results
permit {o think that in (he case of anodic dissolution of platinum in hydro-
chloric acid we have to deal with an electrochemical mechanism of dissolu-
tion; it is understood that this is such a mechanism, according to which -
the slowesl stage is connected with the movement of charged particles
across the eleciric field at the surface of the metal. ) '

I.Experimental. The process might be characterized by the
dependence of ils velodity upon the potential under the c¢onditions excluding
the formation of the passivating oxide film. However, the dissolution of
smooth platinum in hydrochloric acid solutions proceeds with discernible
velocity al such potentials which permit the formation of oxides. Only at
very low densities of the anodic current alone, i. e. at sufficient cathodic
potentials, may it be expected that the process of dissolution will proceed
upon un unoxidized surface. However, at low densities of the anodic current
the results of measurements effected with a smooth electrode are not relia-

le on account of the depolarizing effect of impurrheg present in the electro-
lyte, asa certain part of the current is spent on their oxidation. Therefore,
the measurements have been carried out with a platinized electrode having
a developed surface and fitted for the application of very low density cur-
rents. Such an electrode gives in general more reproducible results.

An electrode in the form of a wire with an apparent surface of 1 cm? was
Platinized in 29, solution of PtCl, using & 5 mA current during 30 min.,
Lremained shining after this treatment. Then the electrode was rinsed.
with distilled water and instantly used for measurements. Its actual surface
(as determined from the charging. curve) amounted to about 300 cm?2. The
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runs were carried out in a solution from which oxygen had been eliminated
by bubbling nitrogen through it. '

- At the beginning the weakest anodic current used in the dissolution
tests was passed through the electrode. The potential increased rapidly and
afterwards but slowly changed with time. The electrode was exposed to
this current for 1 to 2 min., then the current was increased twofold, and
we waited once more Lill a more or less constant potential was established.
In this way the current strength

was brought up to the values at 1500
which the passivation started*.
The resulls of these measure-
ments in the case of 15 N H,S0, :b
with various-additions of hydro-
chloric acid are plotted in Fig. 1.
From it it is seen that each Lime
that the strength of the current
was doubled, the potential in-
creased by as much as 35—40mV.
We observe here therefore an
exponential dependence of the
velocity of dissolution upon the
potlential; the curve representing
the relation hetween . the loga-
rithm of the current and the
potential shows a slope of 120
to 130 mV#**, Thus, it may be
approximately assumed that the
velocity of dissolution increases
with the potential ¢ according /————’ o e
to the law: 50

7 ' .
const exp‘[T;%',l—,] . .

The polentials were measured  pig 1. Dissolution of platinized platinum in
against the reversible hydrogen concentrated soiutions of acids. 1~15 NVH,SO, sa-
electrode in 5 N H,SO, (a veri- turated with HCl; 11~15 N H,SO, + 0.18 N HCL.

fication of the exponential law . . .
is possible only in a limited interval of potentials, since with the increase
of the latter passivation eventually takes place):

To a certain degree this result may be interpreted to mean that the slow-
est stage of the dissolution process is the discharge or the formation of
an univalent ion. For instance, it may be supposed.followmg Leblanc,
that this stage consists in the discharge of a chlorine 10n upon an atom of
platinum, whereby the bond between this atom and the lattice of 1.,he metal
is weakened. If this latter assumption is correct, the velocily pf dissolution

will be proportional to the surface concentration of chlorine ions. Experi-
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* The latter manifested itself by a considerable increase of the potential observed
after the current strength was increased twofold and also by the evolution of the
chlorine upon the electrode. .

#* In computing the angle of slope, the increment of the potential, observed
immediately after the strength of the current was doubled, was divided by log 2.
It is difficult to draw the «logarithm of current—potential» curve, since the potentia]
does not remain strictly constant at a given current intensity, but rather shows q
steady though slow increase, thus making it impossible to choose the value of the
potential corresponding to a given current. This slow increase of the potential is pro-
bably due to -the fact that the surface .of the electrode diminishes by dissolution,
or, in other words, is caused by the growth of the actual density of the current,
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ments on the effect of the concentration of HCI upon the velocity of dissolu-
lion have to a certain degree confirmed this conclusion. The runs have been
carried out in 15 N H,SO, solutions which contained hydrochloric acid in
various concentrations*. In Lhese solutions the curves in Fig. 2, analogous
with those in Fig. 1, have been measured. Since foreign anions are here
greally in excess and, besides, the concentration of chlorine ions is low, the
surface concenlration of the latter will be proporlional to their bulk concen-
tralion, and therefore the data in Fig. 1 bear witness lo the proportionalily
between the surface concentration of ions and the velocity of dissolution.

IT. Since the data on passivation of platinum, given in the first commu-
nicalion, have been obtlained with a smooth electrode and the data on the
{ kinetics of dissolution cited above
with a plalinized one, the experi-
ments on passivation had to be
repealed with the latter. In this
case, no experiments with aller-
nating current even of relalively
low frequency can be realized on
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account of the great actual surface of the electrode. Therefore, we have
confined ourselves only to experiments on gradual passivation of the
electrode at constanl potential. For that purpose the platinized elecirode
was reduced in a HCl solution by cathodic polarization until a polential
of +-0.1 volt against the reversible hydrogen electrode in the same solution
Was reached, and then by means of anodic current of large densily it was
brought to a certain previously selected anodic value of the potential. This
final potential was selected in such a way as lo provide the realization of
both processes, that of dissolution and that of passivation. Instantly after
the final potential had been attained, the cathodic polarization curve has
been measured by means of an oscillograph (Fig. 3). The length of the ho-
rizontal portion observed on such curves at anodic potentials is equivalenl
to the amount of oxygen adsorbed on the electrode at the time preceding

* In tbe first place in a 15 N H,S0, solution, that contained no hydrochloric acid,
the charging curves of the platinized electrode have been measured at potentials,
at which dissolution of platinum takes place in the presence of HCI. The coincidence
of the anodic and cathodic polarization curves in the absence of HCl bore witness to

the fact that under these conditions the .process of dissolution practically failed to
take place. .
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the measurement of the curves. On curve I (Fig. 3) there is nearly no
horizontal portion al all because no discernible amount of oxygen had time
lo be adsorbed upon the electrode during the short interval when it was
kept at anodic polentials.

The next experiment was carried out in the same way, but when the
final potential was attained, the current was slowly decreased having all
the time in mind to keep the value of the potential constant. The strength
of the current which is necessary to provide a constant value of the poten-
Lial in these runs we shall consider equivalent lo the velocity of dissolu-
tion; in other words, we disregard the portion of the current corresponding
to oxidation and assume that all the current is spent upon dissolution.*
When the current strength (velocity of dissolution) was decreased 4 times
compared {o the initial one, the cathodic curve was measured once more
(curve 2, Fig. 3). Then the run was rcpeaycd, but the final polential was
kept constant Lill the velocity of dissolution decreased '16 times as com-
pared to the initial one (curve 3), then 64 Limes (curve 4) and, finally,
256 times (curve 9). By examining Fig. 3 we are convmcgd that when the
velocity of dissolution decrcases 1In geometrica! progression, t}le amount
of oxygen on the surface grows according to a linear law, i. e. in the case
of a platinized clectrode an exponential dependence 1is observed belween
the velocily of dissolution and the amount of adsor‘bed oxygen identical
with that previously found with a smooth electrode ().

Tt should be mentioned that according Lo Fig. 3 the velocity of dissolu-
tion decreases 4 Limes when a very small part of the surface is cvaled with
oxygen. The amount of oxygen effecting this decrease of the velocity of
dissolution corresponds to the distance belween the descendmg. branches
of two adjacent curves (Fig. 3). A computation shows that this amount
of oxygen aloms may block about 6% of the surface atoms of the metal**,

Conclusions. 1. The assumptlion has been advanced that the
reaction of a chlorine ion with a surface atom of the metal is the slowest,
stage in Lhe process of dissolution of platinum in hydr.ochlonc acid. The
dependence of the velocily of dissolution upon the pol‘enl.lz}l of the electrode
and the concentralion of chlorine lons, discussed in this study, confirms
this assumption. :

2. 1t has been shown thal the exponential dependence of the rate of
dissolution on the amount of adsorbed oxygen, previously found for the
smooth electrode, is observed in the case of a platinized electrode as well.
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% The correctness of this assumption may easily be verified by comparing the |
charge introduced by anodic current into the electrode from the moment of attainip
the final potential to the moment of measuring the curve, with the charge equivalent
to the amount of the oxides formed during the same period as found from the cathgo.
dic polarization curve.

#% Assuming that when all the surface of the metal is blocked, an atom of oxy-
gen will be adsorbed per each surface atom of platinum.
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