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The Investlgatmn of Chromate Reduction On Platinum
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(Received May 11, 1968)

The current-potential curves obtained by potentiostatic methods revealed that
bichromate reduction in NaOH solution with oxidized and reduced platinum electrodes
took place at the reduction potantial of the electrode metal oxide. It was found that
the chromate reduction was restricted to a narrow concentration and potential range
when using an oxidised platinum electrode,where as the range was considerably éxtended
when the reduced electrodes were used.

According to the magnitude of the slopes of the lines that show the dependence of
the limiting current to the bichromate concentration, the same reduction processes
take place in a definite potential region in acidic and basic media. In this study, a new

potentlal step at around 0.6 V that corresponds to theequilibrium potential of Cr,0~=]
Cret is found

INTRODUCTION

Although it is well accepted by various investigaters who
work on the same topic that a film is formed on the electrode
surface during cathodic reduction of bichromate, the sturucture,
composition and formation potential of the film is still
debatable. ‘

The composition, the proporties of the film (9 and the
dependence of pHC™" were mvestlgated by various investiga-
ters.

Some investig’aters state that, film is solved in acids ® and
according to others it is transformed into a more permeable

* Meliing adress : Fiz'kokimya Kiirsiisii Fen Fakiiltesi, Ankara Universitesi,
Ankara Turkey.
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form against chromate ion®. According to Kolthoff (19 this film
shows an amphoteric character. To investigate the proporties
of the film closely cathodic reduction of bichromate and the pro-
porties of the film was investigated by the author(?)in sulphuric
acid solution containing radioactive H,50, (S,/) by obtaining
current-potential curves. This study has demonstrated that the
film formed on the electrode surface from the second step and
contains SO,~ ion. These SO,= ions are exchangeable to other
anions and this film is dissolved in acid media as well as in ba-
sic media. It is proved that the solubility of the film or ion ex-
change in N NaOH is faster in N H,80, and HCIO,. So the film
which dissolved both in acidic and basic media has an ampho-
teric character and chromate reduction can take place in basic
media as well as in acidic media. This study was made to inves-
tigate whether chromate reduction is possible on platinum elec-
trode in basic media and to find out if it is possible, whether re-
duction potential of chromate corresponds to the reduction po-
tential of platinum oxide.

In our previous studies, it was pointed out that chromate
reduction with platinum, palladium, gold’, rhodium and
iridium! electrodes in acidic solutions are produced in the same
potentials where their oxides are reduced. Aside from this, in
this study the influence of the buffer solutions on chromate re-
duction was investigated.

Experiments

In these experiments, great care was taken to see that all
chemicals were chemically pure and solutions were prepared
with double distilled water and glass ware was made of pyrex
glass.

Current-potential curves obtained in NaOH solutions sho-
wed that NaOH contains impurities. For this reason, concentra-
ted NaOH solutions were prepared, preelectrolyze!’ throughout a
day then suitable solutions were prepared.

Current-potential curves were obtained with Wenking-
Breitband potentiostat Model 61 RS. Nitrogen gas was passed
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through the solution for one hour prior to each experiment.
Hgl Hg,SO,, SO,= electrode was used as a reference electrode.

The solution in the cell was continuously kept at the same
level and mixed with a magnetic stirrer during the experiment.

- Platinum wire in 3 cm lenght and 0.5 mm diameter was
used as cathode.

Reducing the electrode: The electrode was dipped into 1
N H,SO, solution as anode and a current of 200 mA was passed
for five minutes. Then it was inserted in a cell which contained
1 N H,SO, solution through which nitrogen gas was passed con-
tinously; the potential of the electrode held stable at 400 mV
and waited until the current fell to zero p. A. In this text the elec-
rode prepared in the above manner is called ‘reduced electrode’.

Oxidizing the electrode: The reduced electrode prepared
with the above procedure was again oxidized, anodically, for
five minutes under a current of 200 mA. This electrode is called
oxidized electrode.

Conclusions

Current-potential curves obtained with oxidized platinum
electrode in 1 N NaOH and 1 N NaOH with various eoncentration
of bichromate solutions are shown in Fig. 1. The reduction po-
tentials of platinum oxides obtained in 1 N NaOH are in good
agreement with the potential steps obtained with platinum elec-
trode in KOH by Kozowa( and Giner(® and in NaOH by Kol-
thoff and Tanaka(®. The potential step seen around 0.6 V when
bichromate is added in the solution is particularly interesting. .
Considering the pH of the solution, this step corresponds to the
equilibrium potential of Cr,0,=/Cr’*, that is 1.36 V. In acidic
medium this step is not found out through platinum electrode.

Although this step was not found out through metal elee-
trodes by other investigaters, it was demonstrated with palladium
electrode by the author? of this. article and Kabasakaloglu found
out the same step through rhodium and iridium electrodes in low
current densities in acidic solutions.(%1)
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Fig. 1. Current-potential curves with oxidized platinum electrode in X 1 N NaOH,
' ® 1 N NaOH+-10"M K Cr,0,, A 1 N NaOH+410™M K Cr,0,
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If we consider the difference of pH between acidic and ba-
sic solutions and potential drift of 59 mV with each pH, second
step around —0.2 V correspond to the reduction potential of
platinum oxide in acidic solution. (! The increase of bichro-
mate concentration is not parallel to the increase of the current
intensity in this step and the limiting current is not observed.
It was established that current intensity was proportional with
bichromate to a definite bichromate concentration region in acidic
bichromate solutions. .1V In basic medium, it is observed that
also current intensity decreased at the third step, it increased
a little at the forth step with bichromate concentration as the
case of oxidized platinum electrode.

The potential steps in the current-potential curves that
were obtained from our previous studies .7 in acidic bichro-
mate solution with oxidized platinum electrode is given in table
1 with the potential steps in the current-potential curves obta-
ned in basic bichromate solutions in order to compare to each
other. It is seen that these steps are in good agreement if we
consider the difference of pH.

The curves obtained with reduced platinum electrode in 1 N
NaOH solution and with addition of bichromate was shown in
figure 2. In these curves it was seen that limiting current is obta-
ined in the fourth step as the bichromate concentration is incre-
ased to the 107 M K,Cr,0,, as bichromate increased further,
current decreased after it reached to a maximum. At the third
step current began to increase in low bichromate solutions and

“at the forth step, it increased proportionally with bichromate
concentration. As bichromate concentration is increased further,
it was seen that bichromate reduction was possible at the second
step. ' ‘

If the curves obtained with oxidized and reduced electrodes
compared with each other (Fig. 1 and 2) it was seen that they were
similar. Ounly, limiting current was proportional with the bich- -
romaté concentration at the forth step as the case of reduced
platinum electrode and current intensity was smaller at the first
and the second step in figure 2 than in the same step in figure 1.
These steps were not observed in low bichromate solution but
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they existed when bichromate concentration was increased;
the explanation of this process is that electrode surface is oxidi-
zed when bichromate concentration is increased.

500

-6C0

=700

T T ¥ T

10 15_’ pA 20 25

Fig. 2. Current-potential curves with reduced platinum electrode in lj 1 N NaOH
and in 1 N NaOH with addition of x 4Xx1075, (O 6x107°, A 8x107°%, ] 10, @1.5
X107 A 2x107%, @ 4x10~M K,Cr,0,.

o -4

In the previous sttudies(.!® it was shown that electrode
surface was oxidized by bichromate in basic media. The reason
why the current intensities at the first and the second steps in
figure 2 are smaller then the current intensities in figure 1 is that
the oxide film formed by the oxidation of electrode surface by
bichromate gets thinner than the one which is formed by the
anodic oxidation(,
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Current potential curves obtained in ammenia-ammonium
chloride buffer with reduced platinum electrode are shown in
figure 3. The curves a and b are obtained in 0.005 N and 0.05
N buffer solutions respectively. As it is seen, limiting current
can be obtained as the buffer capacity is increased. That is, after
reaching maximum, the return of the current is decreased. Furt-
her increase of buffer capacity does not effect the curve. The
ostensible effect of buffer is that the current increased after se-
cond step and three steps are almost the same.
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Fig. 3. Current-potential curves with reduced platinum electrode in X0.1 N KCI40.005
N NH€l + 0.005 N NH;+4x107* M K,Cr,0, and © in 0.1 N KCI
0.05 N NHCl + 0.05 N NHS—’I—LLXIO_‘s M K.,Cr,0,.
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The curves obtained in 0.05 N buffer solution and addition
of bichromate are shown in figure 4. Current intensity and bich-
romate concentration is proportional around-0.2 V. If we consi-
der the difference of pH, this step corresponds to the third step.

At the forth step, current intensity is proportional with bichro-
mate up to the 6 x10—M K,Cr,0,.
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Fig. 4. Current-potential curves with reduced platinum electrode in X 0.1 N KCI--
0.05 NH,4 0.05 N NH,CI and in 0.1 N KCI + 0.05 N NH, +-0.05 N NH,CI with
addition of A 4X107°M O 6x 1075, A 8x107%, W 10— M K,Cr,0,.

DISCUSSION
The comparision of the curves which are seen in figures 2,

3 and 4 with figure 1 show that the reduction of bichromate on
reduced platinum electrode occurs more positive: potential. Bi-
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chromate reduction does not take place at the second and the
 third step in fig. 1 are shown clearly that oxide layer entirely pre-
vent the diffusion of bichromate ion; in another words, bichro-
mate reduction is*prevented on passive electrode surface(,1,'?,
With reduced electrode in basic medium limiting current can be
obtained at the forth step in low bichromate concentration. As
the bichromate concentration increases, current decreases quickly
after reaching to a maximum. The same case is established in
the buffer solutions (fig. 4). The return of the curves like this
can be explained as changing the sturucture of the film. As bich-
romate concentration is increased, when the oxidation rate of
bichromate to the electrode surface is passing over the cathodic
reduction rate, the thickness of the film is increased. So, reduc-
tion of bichromate demands over voltage and reduction takes
place over a more negative potential(’,',1,

However, it is seen clearly that bichromate is reduced in
basic and in buffer solutions from that limiting current increased
proportional with bichromate concentration (fig. 5 and 6). As is
seen from fig. 5, particularly limiting current goes proportional
with bichromate concentration between 0.55 and 0.65 V to
1.5 10 M K,Cr, O, The calculated = slope of the line
2.5 mA /milimole cm? (Table III) is in good agreement with K
value (Table IT) that calculated in acidic bichromate solution.
So, the same reductions occur in acidic and basic bichromate solu-
tion in this potential region.

The established dependence of limiting current to bichro-
mate concentration in NH;4NH,CI buffer solutions for bichro-
mate reduction was shown in fig. 6. At the third step, the slope
of the line table (IV) is nearly two-times of the basic medium (IV
step). In table IT how limiting current is dependent to bichromate
concentration is shown('’). Asisseen, as the potential decreases
K values increases for the electrode surface become suitable to
bichromate reduction in acidic medium. As is seen from fig.3 and
4, the K values in basic and basic buffer solutions are not diffe-
rent from the K values in acidic solutions. But K values in ba-
sic and basic buffer solutions decrease once more. So, the magni-
tude of the K mean a measure of bichromate reduction; repeated
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decrease can be attributed to the changing of the film to a less
suitable form to bichromate reduction.

It was shown that film changes its sturucture along the
current-potential curves by Gerischer and Kappel(*). author(?) and
Weiner and Schiele(*1-2%).

According to Gerischer and Kippel film has an oxidic stu-
ructure. As the potential decreases low valency (%, %,®) oxides of
chromium is produced on the electrode surface (Cr,0,,, Cr,0, €rO

and Cr,0s). Where as after that Weiner and Schiele(*’) established
" that, by the aid of differaction lines that are obtained by them,
after heating the film with electron rays, film is composed by
only three valency chromium oxide or a mixed oxide that is com-
posed electrode metal oxide and chromium oxide but only three
valency oxide. They did not establish other chromium oxides. So,
the idea of the Gerischer and Kippel that bichromate reduction
can take place over the chromium oxide does not admit. Metal
oxide and chromium oxide established by Weiner and Schiele(**)
experimentally in the composition of the film are more suitable
to the reduction scheme that is given previously (Uneri 25, 31
march 1960). That is, at least in the positive potential region,
chromate reduction occurs over the electrode metal oxide.

According to a pH or the existance of the foreign ion con-
centration, two kinds of films can be formed on the electrode
surface, It was shown that first film was formed at the reduction
potential of the metal oxide and changes its structure according
to potential and it exsists to the metal deposition potential by
using radioactive sulphuric acid by author(?).

The film that is formed in acidic media with foreing ion
have a structure that can not hinder the bichromate reduction,
on the contrary, if the concentration of acid is low and in the
absence of foreign ion, the formed film is thick and hinders
the chromate reduction. As the case of pure chromic acid, while
Cr:+ ion that is formed from the reduction of Cr®+ shows a
tendency to form a complex; there is no anion except CrO,~;
it sediments on the electrode surface as a thick layer hinders
the chromate reduction. If there is a foreign anion Cr®+ which
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is in the film structure transforms into solution as forming a
complex or with ion exchange with these anions and after that
as forming a hidroxso complex in the solution. Some of the foreign
ions are again given to the solution. It gives possibility to conti-
nue the bichromate reduction. If it is accepted that the film
has an amphoteric character, bichromate reduction in basic medi-
um can occur over the CrO,” anion to a scheme given by Lingane

and Kolthoff (%).

Like the proposals of some investigaters, if reduction of
Cr®+ to Cr’* takes place at only the first step, the reduction
of bichromate on noble metals such as platinum, rhodium, iridium,
palladium and gold take place on the same potential. The chan-
ging of reduction potential in accordance with the electrode me-
tal makes us consider that electrode metal must have on effect
on the electrode reaction. The investigation of the reduction of
metal oxide with oxidized and reduced noble metal electrodes
in basic or in acidic bichromate solutions or only in H,SO, or
HCIO,(") showed that chromate reduction advanced over the re-
duction of metal oxide at least at the first and the second step
2,7,1719), ‘

According to Miiller('®) the reason why the reduction can take
place at the equilibrium potential of Cr®+ to Cr’t at 1.36 V at
none of metals, only can take place at carbon electrode is that

~ the surface of the graphite is porous and the film formation is
hindered to high current density, then the reduction drifts to
negative potential and at this negative potential (forth step) hdy-
rogen discharge occurs with the reduction of a little Crs4-. As
is seen in the upper section, the bichromate reduction is hindered
because of a thick oxide film on the surface of the electrode and
the idea that electrode metal oxide is responsible of reduction
potential of the bichromate, it is possible to explain the reason
of the potential step at 1.36 V at graphite electrode up to a
high current density. Therefore carbon has no solid oxide; an
oxide layer that covers the surface of the electrode can not be
formed on the electrode and at the first step reduction takes
place at the equilibrium potential of Cr,07/Cr*+. As has pre-
viously been stated that second and the third step are not found
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at the carbon electrode, explained that these steps probably re-
lated to the low valency oxide of metal electrodes. The first step
which correspondsto the equilibrium potential of Cr,07/Cr3+
system in basic medium in the present article about 0.6 V is
attributed that platinum oxide or hidroxide dissolves less in
basic media than in acidic media. This step is not found in acidic
media because of the platinum hidroxide which corresponds to
this step must dissolve easily in acid solution.

This research has been supported by T.B.T.A.K. (The Sci-
entific and Technical Research Council of Turkey) under the
contracts TBAG 31 and has been partly presented at the 1 st
Congress organised by T.B.T.A.K. in Ankara, 1967 Oct.

TABLE 1.

The potential steps that found in acidic and basic media

acidic media (from literature | Basic media (from figure 4) |
7 and 20) step pot. (mV) step pot. (mV)

steps

I ... 650-600

I 800-600 100-(-200)

T 400-300 -350-(—400)

v 100 -550-(—600)

TABLE 1I.

The dependence of bichromate concentration to the
limiting current in 1 N H,SO,

platinum electrode
Oxidized . Reduced
K ' K
| (mA [em? milimole K,Cr,0.) (mA /em? milimole K,Cr,0,)
mV :
600 — 07 *°
550 2.2 —_—
500 2.7 1.2
400 3.2 1.4
300 35 1.9
200 4.2 2.5
150 4.2 2.5
100 4.5 2.8
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TABLE III.

The dependence of bichromate concentration to the limiting cur-
rent in 1 N NaOH with reduced platinum electrode, (i=KC).

U

mV

K (mA [cm? milimole K,Cr,0,

~450
-500
-550
~600
-650
-700

Ll VN CRCR N
Nt ey

TABLE 1V.

The dependence of bichromate concentration to the limiting cur-

rent in 0.1 N KCI+4-0.05 N NH;+0.05 N NH,CI with reduced

platinum electrode, (i = KC).

mV

K (mA /em? milimole K,Cr,0,)

+50
0

-50

-100

-150
-200

-300

Eall o e=N )
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OZET

Potansiyostatik metotla NaOH li ortamlarda bikromat ¢ozeltilerinin oksitli ve re-
diikleninis platin elektrotlarla reditksiyonu icin elde edilen akim-potansiyel egrileri,
bikromat rediiksiyonunun metal oksidinin rediiklendigi potansiyelde cereyan ettigini
gostermigtir. Oksitlenmis platin elektrot kullamldig: zaman bikromat rediiksiyonunun
dar bir potansiyel ve konsantrasyon arahfinda ereyan ettigi halde, rediiklenmis elek-
trotla bu alann genigledigi tespit edilmigtir.

Smir akimmin bikromat konsantrasyonuna baghhgim gosteren egrilerin egim-
lerinin biiyiikliiklerine gore, asidik ve bazik ortamlarda belirli potansiyel bolgelerin-
de aym rediiksiyon olaylar: cereyan etmektedir.

Bu aragtirmada Cr,0,= | Cr’+- denge potansiyeline tekabiil eden 0,6 V civarmda
yeni bir potansiyel basamagi bulunmugtur.




Prix de I’abonnement annuel 1967:

Turquie : 15 TL ; Etranger: 30 TL.
Prix de ce numéro: 5 TL (pourla vente en Turquie).
Priére de s’adresser pour 'abonnement 4 : Fen Fakiiltesi Dekanh@

Ankara, Turquie.

Ankara Universitesi Basimevi-1967



