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It is well known [1-4] that platinum is dissolved with 100% yield with respect to the current in solutions of
hydrochloric acid at potentials at which the oxidation of chlorine ions can be neglected (¢ < 1.1-1.2 V withrespect
to the normal hydrogen electrode). This dissolution proceeds by the reaction

Pt 4 6Cl- = PtClg*~ + 4e. 1)

Within this range of potentials the dissolution rate increases with increasing potential, increasing concentrations of
chlorine ions, increasing acidity of the solution, and increasing temperature.

It is also well known [5] that at more positive potentials platinum is passivated in HCl solutions, but there are
no published data on the dissolution of platinum under these conditions.

The purpose of our investigation was to determine the steady rate of anodic dissolution of smooth platinum
in hydrochloric acid solutions within a wide range of potentials.

The measurements were made by the radiochemical method developed earlier [6]. Platinum samples (foil
0.05 mm thick) were activated by a neutron beam (1.2 -10!® neutrons/cm? 'sec for 20-60 h) and were then subjected
to anodic polarization. After this, the electrolyte was poured out and analyzed for the amount of radioactive plati-
num with a y-spectrometer. The dissolution rate was calculated by comparing the sum of the number of pulses
(subtracting the background pulses) for this solution in the 10 channels of the spectrometer within the interval of the
0.07 MeV energy peak (which corresponds to the platinum isotopes) and the corresponding sum of the number of
pulses for a calibrated solution. The calibratedsolution was prepared by dissolving platinum samples irradiated

Yields of Anodic Dissolution of Platinum with Respect to the Current (0.5 cm?)in 10.2 N HC1
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Fig. 1. Dependence of the steady dissolu-
tion rate of platinum in 1 N HC1 on the
potential. The dots and the triangle cor-
respond to the dissolution rates in 0.1 and
10.2 N HCI solutions respectively.
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Fig. 2. Dependence of the steady dissolu-
tion rate of platinum in 0.1 N HC1 +3 N
HCI10, on the potential. The triangle
indicates the rate of dissolution in 1 N
HC1 + 3 N HClOy.

simultaneously with the anode completely in aqua regia; the solutions
obtained were diluted to the desired concentration.

The experiments were made at room temperature. The elec-
trode potential was calculated by the normal hydrogen scale without
taking diffusion potentials into account. Before the experiments, the
electrodes were etched in hot concentrated nitric acid, where a few
tens to a few hundreds of single layers of the metal were removed.
For each value of the potential the electrodes were polarized until the
dissolution rate became constant. The time of the interruptions of
the electrolysis to remove the samples from the solution analysis did

not exceed 1-3 min.

To determine the possible effect of radioactive impurities
present in the irradiated platinum and capable of passing into the
solution and thus affecting the results of the analysis, we measured
the dissolution rate of radioactive platinum under conditions where
all the current was spent on the dissolution process (¢ ~0.93 V). *

The yields of platinum dissolved in 10.2 N HC1 at 25.5 and 80°C are
shown in the table. The yields were calculated as the ratio between
the amount of platinum which passed into the solution (determined
radiochemically) and the amount of platinum calculated by the Faraday
law, taking into account the valence of the ions formed [Eq. (1)].

The table showns that the results of radiochemical analysis coincide
(within the limits of the experimental error) with the calculated results,
and, consequently, the yield of platinum with respect to the current

is 100%, in accordance with the published data. Thus, one obtains
correct results by radiochemical determination of the rate of dissolu-
tion of platinum with the y-spectrometer without preliminary re-
moval of radicactive impurities from the solution, particularly gold.

Figure 1 shows the potentiostatic curve of dissolution of plati-
num in 1 N HCl at room temperature. As in the case of more con-

centrated solutions, the steady rate of the process is an exponential function of the potential in the region of active

dissolution (¢ < 1.1 V). Further displacement of the potential toward more positive values decelerates the reaction,
. -9 ; fen g

which proceeds at a rate of 4:107° A /cm? at a potential of 1.3 V. It was shown for the first time in [2] that this

deceleration is due to the adsorption of oxygen on the platinum surface.

Let us note that within the region of active dissolution,the rate of the process is strongly dependent on the con-
centration of the acid. At the potential of 0.92 V; the steady rate of dissolution of platinum in 0.1 N HCI isnegligi-
bly small and does not exceed 5 10710 4 /em2,

On the other hand, the table shows that in a 10.2 N HCI solution the rate of the process at the same potential

reaches 3:107° A /cm?.

For comparison, Fig. 1 also shows the results obtained in a 1 N HCI solution.

Figure 2 shows the results of measurements of the steady dissolution rates of platinum in 0.1 N HCl at
1.4-3,1 V. Aside from the values obtained as the result of anodic polarization, we drew on this figure the point
corresponding to the rate of spontaneous dissolution of platinum in the absence of external polarization (¢ =0.7 V).
One can see that the rate of dissolution of platinum increases sharply with increasing potentials. Thus, when the
potential is shifted from 1.4 to 3.1 V the rate of dissolution increases by a factor of 3000.

According to our preliminary results, the concentration of chlorine ions in this range of potentials has much
less effect on the stability of the dissolution rate of platinum and in the region of active dissolution (see point for
1 N HCl in Fig. 2). Apparently, this effect indicates that the dissolution of platinum anodes within the passive

*T.N. Sokolova helped with the measurements.
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region follows a different mechanism than in the active region, where the rate of dissolution is strongly dependent
on the concentration of chlorine ions. We may assume that at high positive potentials the passage of platinum into
solution is facilitated as the result of strengthening of the bonds of surface platinum atoms with oxygen and a deeper
penetration of oxygen into the surface of platinum. Possibly, chloride complexes of platinum are formed in this
case not directly during the electrochemical stage but as the result of a secondary chemical reaction.

Thus, the sharp increase of the rate of dissolution of platinum at potentials more positive than 1.4 V can be
considered as a particular type of overpassivation due to the change in the mechanism of anodic dissolution in a way
similar to that observed for other metals susceptible to passivation [7, 8].
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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