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It has been shown that the kinetics of various electrode processes involving oxygen are definitely determined by
the properties of chemisorptional surface oxygen compounds [1-8]. The present work involved a polarographic deter-
mination of the activities of electrodes with respect to the ionization of oxygen in which the properties of the surface
oxygen compounds were studied througlr charging curves, Prior to experiment, these electrodes were cleaned mechani-
cally and rinsed with hot alkali and water.

Potentials were measured with respect to an oxidized
mercury electrode held in the working solution at the working

iy temperature. For ease of treatment, the potentials shown in
1o the figures are values measured with respect to the hydrogen
electrode. Changes in the solubility and the diffusion coef-

H fo . ficient of oxygen, and the depth of the Prandtl layer (which,

3 at atmospheric pressure, is a maximum at 70-80°) cause the

polarographic current of oxygen ionization to vary with the
temperature, Thus the activity of the working electrode
with respect to the oxygen ionization at fixed potential will

asr , be characterized at each temperature by the quantity i/ig,

700 at least to the extent that this ratio is fixed by the rate of

pd T\-Pt the electrochemical reaction itself. This condition is ful-

Ag 160 filled when i « i4. Figure 1 shows i/id versus¢ curves for

X, , Pd, Pt, and Ag in 6 N KOH at 80° which were developed

2 3 420 under continuous introduction of oxygen at atmospheric pres-
| \ . sure (Curves 1, 2, 3) and other curves covering the tempera-

o 08 ?Cﬁ_ LAY ture dependence of the potential at i =ig/2 (Curves 1', 2',

H

3'). Under these conditions, the value of ig was 1,1-1.2
ma/cm?, A study of these curves shows the overvoltage for
oxygen ionization to be less on Pd than on either Pt or Ag.
Thus the potential for reaction velocity i = ig/2 is at each
temperature some 0.2 V more anodic for Pd than for Ag
(Curves 1 and 3), Only at the higher temperatures does the
activity of Pt approach that of Pd (Curve 2). The hysteresis of the forward and reverse polarographic curves is con-
siderably less on Pd (where it disappears almost completely at high temperatures) than on either Pt or Ag. These facts
indicate that the ionization of oxygen is more nearly reversible on Pd than on Ag and Pt.

Fig. 1. 1, 2, 3) Polarographic ionization curves at 80°%;
1', 2',.3') temperature dependence of the potential at
i=ig/ 2 for Pd, Pt, and Ag in 6 N KOH (wire surface,
0.1 cm®). Electrolyte stirred magnetically at 1000 rpm.

Study shows that the factors responsible for increasing or diminishing the activity of the electrode material with
respect to the oxygen ionization are directly related to the properties of the oxygen which is bound to the electrode
surface in one form or another. The stability of the surface oxides can be estimated from their durability under varia-
tion of temperature, it being. assumed, in a first approximation, that the relation involved here is the same both for
surface oxides reduced in the oxygen ionization and for oxides formed electrochemically.

Charging curves developed for Pd, Pt, and Ag electrodes ( 1 cm?® apparent surface area) in concentrated alkali
at 20, 40, 60, 80, and 95° showed the temperature dependence of the potential required for reduction of the surface
oxides to vary from metal to metal, All cathodic charging curves on Pd and Pt were developed at 1 ° 10™% amp/cm®
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after a 10-minute anodic polarization at the same current density with evolution of oxygen. The fact that there was

a certain change in the current yield of oxides with changing temperature was of no significance for our conclusions.
The cell was constructed so as to give the most complete elimination of convectional diffusion and nitrogen waspassed
through the electrolyte beforehand in order to insure that the oxygen concentration would be at a minimum during the
experiment. The cathodic current density was chosen so that it would be unnecessary to consider the fact that traces
of oxygen might diffuse to the electrode and there ionize at the same time that the electrochemically formed oxides

were undergoing reduction.

Figure 2 presents a series of curves developed on a Pdelec-
, trode which had been cleaned with powdered glass and degreased

v in a portion of the electrolyte. These curves show two charac-

teristic plateaus, a and b, which correspond to the reduction of

two different surface oxides, the oxide reduced at the higher

cathodic potential being present in considerably smaller amount.

It should be noted that the properties of the surface can be altered
4 41'/0.Zcoul/ cm? by suitable treatment, for example by heating for several hours in
the oxidizing flame of a burner (Fig. 3). In this last case, it is
the compound of higher stability which is formed in a larger
amount by anodic polarization. Increase in the current density
for anodic polarization causes the potential for reduction of the
oxides formed on either type of Pd surface to undergo a consider-
able displacement toward more highly anodic values. Thus an
increase in the anodic current density from 1 - 10401 - 1073
amp/ cm? displaces the potential for reduction of the surface
oxides in 1.8 N KOH at 20° by 0.1 V. It is clear that oxides
which will be reduced with diminished overvoltage can be ob-
tained by using a sufficiently high anodic current for oxide for-
mation. The existence of an overvoltage for the reduction of
the oxides on Pd has also been noted in [10].
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An increase in the alkali concentration displaces the reduc-
tion potential in the direction of more highly anodic values. Here
40° 50° 80° 40° it can prove to be that the displacement of the two plateau poten-
tials will be different because of differences in the effect of the
alkali concentration on formation of the two oxides.

Fig. 2. Cathodic charging curves for a Pd elec-
trode at various temperatures, developed after

completion of anodic polarization: 1-5) Devel- It is noteworthy that there is a marked displacement of the
oped immediately; 6) after 2 hours; 7) after 5 potential for the reduction of the Pd surface oxides with rising
minutes. temperature; this clearly accounts for the high temperawre co-

efficient of the activity of the electrode with respect to the oxy=-
gen ionization. The temperature coefficient of the potential for reduction of the oxides electrochemically formed on
Ag and Pt is lower and the temperature coefficient for the activity with respect to the oxygen ionization is therefore
less on these metals than on Pd. (In the case of Pt, one need only take account of the marked effect of temperature on
the conditions of oxide formation; increase in temperature has the same effect as a diminution of the current density
and the oxide produced is therefore the one which undergoes reduction at the more cathodic potential.)

Estimates of the durability of the oxide and its temperature dependence can be obtained from the rate of oxide
breakup as measured by the decrease in the plateau length on cathodic charging curves developed at various times
after completion of anodic polarization. The dotted curves of Figs. 2 and 3 were obtained a certain time after stop-
ping polarization. A study of these curves shows a displacement of the reduction potential to more cathodic values
and an increase in oxide stability with the passage of time with an accompanying rapid breakup of the oxide. At 40,
for example, the amount of surface oxides fell to one~half of the initial value two hours after breaking off anodic
polarization (Curve 6, Fig. 2). This same reduction in the amount of oxides occurred in 5 minutes at 95° (Curve 7,
Fig. 2), the more stable compound breaking up at lower rate (Curve 6, Fig, 3). Our results, a part of which are shown
in Figs. 2 and 3, indicate that the displacement of the oxide reduction potential toward more highly cathodic values
per unit time (a quantity characterizing the rate of increase of oxide stability) increases insignificantly with rising
temperature, both for Pd and for Pt, while the rate of oxide breakup on Pd is approximately twice as high as on Pt,
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At 95°, only one-quarter of the oxide on Pt breaks up in 5 minutes as compared with one-half on Pd, The fact that
the charging curves reflect the character of the adsorbed oxygen films and the increase in the stability of these films
with the passage of time was first pointed out by A, N. Frumkin [11]. The resultsobtained with platinum have recent-
ly been explained in terms of changes in the state of oxide films [12, 13].
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Fig. 3. Cathodic charging curves at various tempera-
tures for a previously heated Pd electrode in 1.8 N
KOH, developed after completion of anodic polari-
zation: 1-5) Developed immediately; 6) after 5
minutes.

amp/cm?
]

Fig. 4. Polarographic curves developed on a Pdelec-
trode after anodic polarization in a 6N KOH solution
which was: 1) Free of oxygen; 2) saturated with oxy-
gen, but not agitated; 3) saturated with oxygen and
agitated.
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Figure 4 shows polarographic curves obtained after
brief anodic polarization in solutions free of oxygen (differen-
tial cathodic charging curves) (1) and curves obtained in a
solution saturated with oxygen (2). The maximum onCurve 1
clearly corresponds to the potential for reduction of the ad-
sorbed atomic oxygen resulting from anodic polarization. The
potential of this maximum is displaced toward more highly
anodic values with increasing temperature while the height
of the maximum diminishes because of an increase in the
rate of oxide breakup. Curve 2 was developed in an atmos-
phere of oxygen and shows a plateau at a potential which
is more anodic than the potential of the maximum on Curve
1; this potential characterizes reduction of oxygen which is
weakly adsorbed on the surface, possibly in molecular form.

It should be considered that the Pd oxides have quite
high electrical conductivity, possibly of the electron type,
and that charge transfer through the film can occur without
alteration of the film depth, ionization of oxygen proceeding
readily on a surface which has been previously covered with
an electrolytic oxide film.

We have, in the present work, attempted to show that
there is a close relation between the ionization of oxygen
and the properties of the surface oxides,
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