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The reduced and oxidized platinum, rhodium and iridium electrodes were alterna-
tely dipped, as, cathode into the solutions of 1 N H,50,, 1 N HNO,. 1 N H SO, - 1/8
M K,Cr,0,, 1 N HNO; +1/8 M K,Cr,0,, 1/4 M CrO,, 1 N H,SO, + 1072 M Ce (IV) SO,,
1N NaOH, 1N NaOH + 1/8 M K, Cr, O,. The potentials with respect to time were mea-
sured against a calomel electrode, (rest potentials}). The electrodes were pretreated in
two separate ways. ’

The electrode, as anode, was dipped into a 1 N solution of H2SO - A current of 200
mA was passed for a period of five minutes.Then the oxidized electrode was again dipped
into a same type solution with continuous flow of nitrogen while being connected to

a calomel electrode in short ciccuit (reduced electrode).

The electrodes prepared according to the above procedure were again oxidized,
anodically, for fifteen minutes under a cuirent of 200 mA (oxidized elecirodes).

Using the same electrolyte, the rest potentials for platinum, rhodium and iridium
were found to have different values. The rest potentials for these metals in the solutions
mentioned above were very close to the equilibrium potentials of the same metals in the
oxidized state this indicates. That they were being oxidized in these solutions.The time
required for such metals to reach equilibrium was shortest for iridium next for rhodium

and ﬁlatinum.

INTRODUCTION

The fact that the reduction of bichromate on platinum, gold
and palladium electrodes occurs on the same reduction potentials
of their oxides, was previously indicated by one of us [1]. Both the
previous study and the present work verifies that the electrodes
are oxidized and coated with a film of oxide when they are inser-
ted in bichromate solutions.
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In this study, rest potentials in various oxidizing systems have
been determined to investigate whether noble metals such as
platinum, rhodium and iridium are oxicized in oxidizing media.

EXPERIMENTAL

In this series experiment great care was taken to sec that all
chemicals were chemically pure and sclutions were prepared with
conductance water and the glass ware was made of pyrex glass.
The cell used to determine the rest potentials was a three armed
one. The first arm was the ancde; the second arm was the cathode
compartment. The reference calomel electrode was dipped within
the third arm. The stopcock between the second and the third
arm was kept close in order to prevent the diffusion of chloride
ions.

Variations of cathode potentials with time, in various oxidi-
zing solutions were reasured against a saturated calomel electrode
and apparatus used to deteririne the potential was Knickmessver-
stiarker (Berlin).

The sclution in the cell was kept at the same level and mixed
continuously with a magnetic stirrer during experiment. The clect-
rodes used as cathodes were platinum, rhodium and iridium
“wires in 3 cm lenght and 0.5 mm diamster.

As many investigators [1-6] have indicated current - poten-
tial and potential - time curves change in accordance with the pret-
reatment of the electrodes. Therefore to get reproducible curves
electrodes were subjected to the same procedure [2-1], before
experiment.

Reducing the clectrodes: The electrede was dipped into
1 N H,SO, solution as anode and a current of 200 mA was pas-
sed for five minutes. Then the oxidized electrode was dipped in a
cell which contain 1 N H,SO, solution through which nitrogen gas
was passed continuously and the electrode was connected to a calo-
mel electrode in short circuit. The potential of electrode, reduced
against calomel was measured with a potentiometer at intervals
and the reduction procedure ended 400 - 350 mV for platinum
and 280 mV for rhodium and iridium. These values are given as -
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potentials for this metals when oxide layer produced with anodic
polarization had just been removed but hydrogen adsorption had
pot yet began [6]. In this text the elecirodes prepared in the above
manner are called “reduced electrodes™.

Oxidizing the electrodes: The reduced electrodes prepared
with the above procedure were again oxidized, anodically, for fif-
teen minutes under a current of 200 mA. These electrodes are
called “oxidized eclectrodes”.

The rest potentials curves have been obtained both with oxi-
dized and reduced electrodes.

CONCLUSIONS

As may be observed in figure 1, 2, 3 and 4 the curves of oxi-
dized and reduced electrodes reached the same potentials value
in a certain period. In figure 1 the rest potentials curves of pla-
tinum, rhodium and irtdium electrodes in 1 N H,SO, are shown.
An oxidized platinum electrode when dipped in 1 N H;SO,, a
potential around 1280 mV is observed, however, this potential
drops until 920 mV and remained fixed thereafter. Moreover a
reduced platinum electrode showed a potential of 900 mV when
dipped in the same solution at the beginning. Then it roses spe-

adily to 940 mV which is the maximum point and remained fixed
around 900 mV.

The curve obtained with oxidized rhodium electrode has shown
an inflection point at 1060 mV and dropped to a constant value
of 770 mV. The curve obtained with reduced rhodium electrode:
showed a maximum of 880 mV and potential decreased slowly
to 770 mV and was stable at this value. The curve of oxidized and
reduced iridium electrodes reached to the same constant value
(810 mV). The curve of reduced iridium elecirode reacheés to the
. maximum peint at 855 mV.

Hoare [7-9] measured the potential of platinum, rhodium and
iridium electrodes after oxidizing them anedically in 2 N H,SO, sa-
turated with oxygen and then measured their potentials inthesame
solutions. The results of this study found tc be in good agreement
with those of Hoare’s. Bianchi and Mussini [3] found 960 mV for
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the rest potential of platinum electrode in 0.5 N H,SO,.In figures.
1, 2, 3 and 4 the potential - time curves for oxidized and reduced
platinum, rhodium and iridium electrodes in various solutions are
shown. The equilibrium values obtained from these curves are
presented in table I. In table II the theoretical values calculated
by Latimer and the experimental values measured by Hoare are
given.

DISCUSSION

As itis seen in figure 1,2, 3,4 and table I these three metals
have different rest potentials in the same solutions. The rest poten-
tials in acidic media are different from the normal potentials
of 0, /H,0 system but these potentials are almost equal to normal
potentials of electrode metal oxides given by Latimer and Hoare.

The fact that various curves in figures get fixed at certain po-
tentials levels are equal to various metal oxides can well be unders-
tood when these potentials levels are compared with the table I1.
That is, there is an agreement between the maximum, noticed in
the curve obtained in 1 N H,SO, with the reduced rhodium
electrode and the normal potential of reaction 3 determined byHo-
are at table II. Similarly, there is an agreement between the max-
imum around 855 mV seen at the curve of reduced iridium elec-
trode in 1 N H,SO,and the normal potential of reaction 5 determi-
ned by Hoare. The rest potential found for platinum electrode
in 1 N HNO, and the normal potential of the reaction 4 of the La-
timer indicated at table Il are almost the same. Oxidized rho-
dium electrode curve which is obtained in1 N H,SO, has an inflec-
tion point at 1060 mV. The rest potential of rhodium electrode
in I N HNO, is almost the same with the above value, (1050 mV).
Moreover rest poténtials obtained in 1 N NaOH have shown that
electrodes can be oxidized in basic media as well as in acidic media.
The values of 170 mV and 140 mV for platinum and iridium res-
pectively are close to the potentials of reactions 1 (for platinum)
2 or 3 (for iridium) in table II. For this metals the time required
to reach equilibrium decreases the order of “thermodynamic
nobility” in accordance with. For rhodium and iridium (Fig. 3, 4)
the rest potentials obtained between 1600 and 800 mYV in various
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oxidizing media are cumulated in definite potential regions, but
the curves of platinum (fig 2) are dispersed between above values.

" This can be explained by the fact that definite oxides are formed
on the surface of rhodium and iridium electrodes in accordance
with the oxidizing power of the solution. But in the case of pla-
tinum, mixed oxides are formed on the electrode surface. Anson
and Lingane[l0jhad shown that the oxide film formed on the sur-
face of platinum by anodic polarization or by different oxidizing
agents were mixtures of P10, and real PO,

The rest potentials obtained with these electrodes in bichro-
mate solutions are different from each other as in the case of Ce
(IV) SO, + 1 N H,SO, and have different values according to the
kind of acid present in the medium. According to Miiller[11] and
Knorr[12]the surface of the electrodeis coated with afilm of chromil
chromate as soon as it is inserted into a chromic acid solution.
If this assumption is right,the rest potentials in chromic acid solu-
tion should be the same for both of the three electrodes. If the sur-
face of these metals are not oxidized by bichromate or chromic
acid, the phenomena would be the same (the formation of chromil
chromate) and therefore the rest potentials would be the same.

TABLE 1

The rest potentials of platinum, rhodium and iridium electrodes

in various oxidizing media

Platinum Rhodium Iridium

Medium (mV) (mYV) (mV)

1 N H,80,+ 10-* M Ce(IV) SO, 1575 -1555 1525

1/8 M K,Cr,0, + 1 N HNO, © 1255 1275 1290

1/8 M K, Cr,0, + 1 N H,SO, ) 1240 1250 1275

1/4°M C:O, ) . 1160 1200 1240

1 N HNO, 1075 . 1050 1070

1 N HSO, 900 710 800
1 N NaOH 170 140 140

1 N NaOH 4 1/8 M K, Cr,0, 160 110 120
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OZET

Oksithi ve rediiklenmis platin, rodyum ve iridyum elektrotlar 1 N H,50,, 1 N HNOQ,,
1N H,S0, + 1/8MK,Cr,0,,1 NHNO, 4 1/8 M K,Cr,0,,1/4 M Cr0,, 1 N H,SO, +

10-% M Ce (IV) SO,, 1 N NaOH, 1 N NaOH-1/8 M K,Cr,0, ¢ozeltileri igine daldinlarak,
potansiyelleri doygun kalomel elektroda karsi izlenmistir, (sitkunet potansiyeli).

Elektrotlar iki tiirlii 6n muameleye tabi tutulmustur.

1. 1 N H,80, i¢inde 5 dakika 200 mA de oksitlenen elektrotlar, iginden azot gam geci-
rilen 1 N H,SO, igine daldinlarak kalomel elektroda kars kisa devre yapilmgtar, (vediik-
lenmis elektrot).

2. Yukaridaki yolla rediiklenen elektrotlar tekrar 15 dakika 200 mA de oksitlenmis-
tir, (oksitli elektrot).

Aym bir ¢bzelti icinde platin, rodyum ve iridyum elektrotlarin siikunet potansiyel-
lerinin birbirinden farkh oldugu tesbit edilmistir. Yukardaki muhtelif ¢ozeltiler iginde her
ii¢ elektrotla elde edilen sitkunet potansiyellerinin literatiirde bu metallerin oksitleri i¢in
. verilen denge potansiyellerine yakin olmasi, muhtelif yiikseltgenlerin asil metallerin yii-
zeyini oksitledigini gostermektedir.

Denge degerine en kisa zamanda ulagan iridyamdur, onu swra ile rodyum ve platin

izlemektedir, (Termodinamik sovluk sirass).
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