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Abstract: Platinum electrode surfaces exhibit an unusual behaviour in chloride
containing-electrolyte solutions which is different from that in standard buffer
systems. Formation of a platinum-chloride complex of an unknown stoichiometry
is predicted at anodic potentials. This complex is reduced at a potential more
positive than that required for the reduction of the surface platinum oxide.
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INTRODUCTION

Interfacial electrochem1stry of platinum in aqueous medium is very comphcated
Formation of surface oxide and subsequent reduction to form a pure platinum
surface, followed by hydrogen adsorption and desorption are usually observedin
aqueous medium.'?® The a'ppearance, current and potential of voltammetric
peaks associated with these processes depend strongly on experimental conditions
such as solution pH, nature of the electrolyte and nature of the medium.

. The use of platinum is becoming increasingly popular due to its unique
advantages. Platinum is known to be an effective catalyst for a variety of
reactions including the reduction of nitric. acid by ammonia* the electro-
chemical generation of hydrogen and the reduction of oxygen.® Platinum family
metals are also considered to be valuable elements in medical technology as
several newly synthesized organo-platinum and organo-palladium complexes
show antitumour and antimicrobial properties.®’ Use of 195-Pt nuclear magnetic
resonance spectroscopy for investigation of platinum levels in electroplating
baths,®and the use of platinum as an active electrode material in fuel cells®™ are
also considered as exciting applications. Furthermore, platinum electrodes
have been employed in the construction of anélytical sensors for substances in
gas/liquid phases.!b2

Itis ofimportance to understand the type and extent of interactions between
platinum surfaces and solution species. Such interactions depend on the
reactivity of the species and surface characteristics of the electrode. However,
the effect of neutral electrolytes and mixed solvent systems on electrochemical
measurements has been rarely studied. Consequently, there is no generalized
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model available to explain such interactions although both electrochemical
and spectroscopic investigations are employed for individual electrochemical
systems.!314

In this study, interfacial behaviour of polycrystalline platinum surfaces in
an aqueous medium is reported. Special attention is given to characterize the
effect of chloride species on the voltammetric behaviour of platinum. This
system has been specially selected because chloride electrolytes are commonly
used in a variety of electrochemical systems. The effect of solution pH and the
starting potential on the voltammetric behaviour of platinum in the presence of
chloride ions is also discussed.

METHODS AND MATERIALS

Materials: Electrolytes: lithium chloride (Vickers, England), sodium chloride
(Vickers, England), potassium chloride (Vickers, England), phosphoric acid
(BDH, England) and hydrochloric acid (Avondale Laboratories, England) were
analytical grade and used as received. Sodium hydroxide (Park, England) was
used to adjust the solution pH as necessary. All electrolyte solutions were
prepared in freshly distilled water. Deaeration of the solution in the
electrochemical cell was accomplished by sparging with nitrogen before all
expeﬁments.

Instrumentation: All electrochemical experiments were conducted in a one-
compartment three electrode cell system consisting of a platinum disk working
(Bioanalytical Systems, USA), a saturated calomel (SCE) reference and a
platinum wire counter electrode. The platinum working electrode was polished
with alumina and rinsed thoroughly with distilled water prior to each experi-
ment. All cyclic voltammetric experiments were performed with an Oxford
Instruments poténtiostat and recorded on a Yew Instruments Model 3022 X-Y
recorder. All potentials were reported with respect to SCE.

RESULTS

Cyclic voltammetric studies of polycrystalline platinum electrodes in phosphate
buffer (pH=7) show the expected behaviour of a bare electrode. Electrochemical
processes such as adsorption/desorption, and the formation of platinum oxide
and subsequent reduction are clearly observed. Voltammetric experiments
conducted at initial potentials which were changed by 0.1 V steps (from +0.1V
to +1.0 V) indicated that oxidation of the platinum surface in the phosphate
buffer occurs at potentials greater than +0.5 V (Fig. 1a). The corresponding
reduction peak disappears and the peak .current of the hydrogen adsorption/
desorption region becomes negligible if the voltammetric experiments are
started below this potential. :
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Figure 1: Cyclic voltammograms of bare platinum electrode in 0.1 M phosphate buffer
under N, saturation. Scan rate 100 mV sec™. (a) pH =7 (b) pH = 3.
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Figure 2: -Cyclic voltammograms of bare platinum electrode under N, saturation in
(a) 0.1 M NaCl (b) 0.1 M KCl. Scan rate 100 mV sec.
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Figuré 3: Cyclic voltammograms of bare platinum electrode in HCI solutions by
additions of NaOH under N, saturation. Scan rate 100 mV sec. The pH of
the solution (a) 1.0 (b) 3.0 (¢) 5.6 (d) 7.0 (e) 9.0 (f) 11.0.
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The effect of the change in solution pH on the voltammetric behaviour (in
buffered systems) is interesting. The platinum oxide reduction peak is actually
a combination of two peaks, although it appears as a single peak when the
starting potential is high. In the phosphate buffer system of pH 3, the two peaks
(A and B) are resolved if the starting potential is kept below +0.9 V (Fig. 1b).
Cyclic voltammetric scans of a bare platinum electrode in chloride electrolytes
(LiCl, NaCl and KC1) show a different behaviour compared to that in the buffered
systems discussed earlier. A new reduction peak appears at a potential, which
is 0.5 V more positive than the platinum oxide combined peak of reduction (Fig. 2).

Further studies of platinum electrodes in 0.1 M HCl electrolyte solutions at
different pH values gave an insight to the platinum chloride complex formation.
The reduction peak associated with the complex formation was observed at about
+0.4 V and the peak potential was not changed when the pH of the medium was
increased by the addition of a strong base, concluding that there is no involve-
ment of H* or associated species for the appearance of this peak (Fig. 3).

DISCUSSION

The presence of two peaks in Fig. 1b is probably associated with the formation
of two types of surface platinum oxides formed during the potential scan towards
the positive potentials. The current of peak A is enhanced with increasing
starting potential, concluding that the platinum oxide complex that leads to
peak Ais formed at higher potentials and the platinum oxide associated with the
other peak (peak B) is formed at lower values. It has been pointed out that the
formation of surface oxide is a complicated process and that there are several
types of surface oxides.!® The resolution of the two reduction peaks is decreased
with increasing pH. Furthermore, the currents associated with hydrogen
adsorption/desorption processes are increased with increasing pH showing the
strong influence of the acidity on these processes. In all cases, two distinct
reduction and oxidation peaks were observed in the hydrogen adsorption/
desorption region as reported elsewhere. ' '

It is proposed that the new reduction peak observed in the chloride electro-
lyte systems is associated with the reduction of the platinum-chloride complex
of unknown stoichiometry, which is formed when the platinum electrode is given
an oxidative potential scan. Such a complex is probably formed by adsorption of
chloride species to platinum atoms, which are at an excited state at high positive
potentials. Alternatively, molecular chlorine, the oxidation product of chloride,
forms a complex with platinum atoms through chemisorption. The potential
required for the formation of this complex is higher than that required for
common platinum oxide formation, because the new reduction peak is observed
when the starting potentlal is greater than +0.6 V. Platinum is well known for
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the formation of complexes with anions and electron donating species. The
formation of platinum-methanol and platinum-pyridyl complexes have already
been reported .3

The decrease in the current of the new reduction peak and the increasein the
current of the platinum oxide reduction peak with increasing pH (Fig. 3) leads
to the conclusion that there is an equilibrium between chloride and hydroxide
anions present in the medium. Similar equilibrium between acetate and
hydroxide ions has already been observed earlier.” The following mechanism
may explain the proposed equilibrium between the solution anions:-

Equilibrium process

PtCl + nOH  —— P#(OH)_+ nCI
First electrochemical reduction (new peak)

PtCl + ne <—— Pt +nCl

Second electrochemical reduction (combined peak)

Pt(OH)_ + nH* + ne =——— Pt + nH,0 (acidic medium)

Pt(OH)_ + ne =———= Pt + nOH" (basic medium)

Such studies would be of great significance in order to understand the
reactivity of platinum surfaces in electrochemical reactors, including fuel cells
and chromatographic systems. It would be difficult to optimize reaction condi-
tions of such systems, if a complete understanding of the electrochemical
behaviour in simple electrolyte solutions is not available. Electrochemical
characterization of bare platinum surfaces in mixed aqueous/nonaqueous
solvent systems that are commonly used in liquid chromatographic separations
would be the next logical step in this work.
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