
Junralflf 
A N D 

Journal o f Photochemistry and Photobiology A-aoutwrnT 
ELSEVIER A: Chemistry 88 (1995) 3 9 - 4 1 1 

The effect of methyl viologen ion on photocurrent and stability 
of Cu20 photocathodes in I~/I3~ redox electrolyte 

K. Tennakone \ A.R. Kumarsinghe, P.M. Sirimanne 
Institute of Fundamental Studies, Hanlana Road, Kandy, Sri Lanka 

Received 16 August 1994; accepted 1 November 1994 

Abstract 
T h e photocurrent and stability o f a photoelectrochemical cell with a C u 2 0 ca thode in I ' / I j " redox electrolyte are enhanced 

by trace quantit ies of methyl v io logen added to the electrolyte. It is suggested that methyl v io logen ions adsorbed o n the 
CujO surface act as a relay to transfer e lectrons t o the I j " ion. 

Keywords: Methyl viologen ion; Photocurrent; Stability; CUjO Photocathodes; Redox electrolyte 

1. Introduction 

j Photoelectrochemical cells (PECs) and related studies 
i on the photoeffects at the semiconductor-electrolyte 
| interface continue to be an active area of research 
! [1-8]. The main advantage of PECs is the ability to 

use polycrystalline films prepared by simple deposition 
techniques. In a solid state photovoltaic cell, the ap­
plicability of polycrystalline films is largely limited by 
the recombination of the photogenerated carriers before 
separation by the barrier electric field. However, in a 
PEC, the intimate semiconductor surface-electrolyte 
contact creates a more effective charge separation en­
vironment. The chief disadvantage of PECs is the 
instability resulting from photocorrosion. The cause of 
photocorrosion is generally due to the inefficiency of 
the redox couple for minority carrier scavenging. Thus 
thermodynamically favourable photodegradative pro­
cesses remain unsuppressed. Photogenerated minority 
carriers, instead of reacting with redox species in the 
solution, react with the semiconductor material. More 
efficient redox couples reduce photocorrosion and also 
increase the photocurrent. Several workers have studied 
PECs made from cuprous oxide [9-11], which is a highly 
photo- unstable material, susceptible to corrosion. Al­
though cuprous oxide is unlikely to be suitable for 
practical systems, studies on PECs based on this material 
can contribute to an understanding of the methods of 
improvement of PECs. 
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The photocurrent and stability of a cuprous oxide 
photocathode in an r/I," electrolyte is significantly 
improved by the addition of trace quantities of methyl 
viologen dichloride (MVCI2). This has been explained 
by the surface adsorption of MV2* ions, which act as 
an electron relay. 

2. Experimental details 

Copper plates (1.5 cmx2 cm) were mechanically 
polished and ultrasonically cleaned with detergent. 
Cleaned plates were brushed with soap solution, washed 
with distilled water and dried by blowing with a warm 
current of air. Brushing with the soap solution keeps 
the copper surface coated with a thin protective film 
(probably stearic acid) which prevents staining of the 
surface due to atmospheric oxidation. Cuprous oxide 
was thermally grown by heating the plate in an oven 
to 650 °C for approximately 5 min. The simple procedure 
of brushing with soap solution and washing gives uniform 
cuprous oxide films of improved quality. Plates not 
subjected to this treatment are generally non-uniform 
and patchy in appearance. 

PECs were constructed using the cuprous oxide-
coated plate as the photocathode and a Pt mesh as 
the counter-electrode. The electrolyte used was 0.01 
M KI containing 0.001 MI 2. The cuprous oxide electrode 
was biased at - 3 0 mV vs. an Ag/AgCI electrode to 
obtain a zero dark current. A Nikon Monochromator 
Auto Scanner AS-C101 was used to record the pho-
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