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Abstract. A heterojunction CuS/CuCNS photocathode where the outer film of 
CuCNS is sensitised with rhodamine B is found to have a higher quantum 
efficiency than CuCNS or CuS surface-sensitised with the same dye. The 
enhanced photocurrent quantum efficiency is attributed to the presence of a strong 
space charge electric field that assists charge separation. 

The energy conversion and the quantum efficiencies 
of dye-sensitised photo-electrochemical cells (pecs ) are 
quite low [1-7]. However, they have a number of inter­
esting features and the possibility remains that the sen­
sitised semiconductor/electrolyte interface could be 
utilised in future solar energy conversion [1-7] and 
molecular electronic devices [8]. The photocurrent 
quantum efficiency <p(= short-circuit photocurrent/ 
electronic charge x number of photons incident per s) 
of a sensitised p e c depends on [1-7]: (i) the charac­
teristics of the dye (i.e. photophysical properties, elec­
trical conductivity and redox energies); (ii) properties 
of the semiconductor substrate (i.e. positions of the 
energy bands); (iii) the surface concentration (sc) of 
the dye and (iv) redox reagents and other ionic species 
present in the electrolyte. Although the basic mech­
anism of dye-sensitisation is well understood, the de­
tailed kinetics of photocurrent generation and how <p 
depends on various parameters has not been worked 
out. Recently it has been found that the efficiency of a 
sensitised p e c depends on the donor density of the 
semiconductor material (n-type) from which the photo-
electrode is made [4]. The enhancement of <p with 
increase of donor density is attributed to an increase of 
the electric field of the space charge layer with the 
increase of the donor density. When the electric field 
nasocinted with Hie space charge layer is stronger, charge 
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or holes and dye anions in anodic and cathodlc sen-
sitisation respectively) becomes easier. The electric field 
at the space charge layer can also be increased by 
using a semiconductor heterojunction instead of a single 
semiconductor. As expected, we have observed that the 
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efficiency of the CuS/CuCNS heterojunction (a layer of 
CuCNS pn CuS) sensitised with rhodamine B is higher 
than that of either CuS or CuCNS sensitised with the 
same dye. 

/5-CuCNS (p-type semiconductor of band gap 3.6 e V 
[5, 7]) was deposited on 3 x 3 cm2 copper sheets (elec-
trolytically polished and ultrasonically cleaned) by keep­
ing them immersed in a 0.3 mol I - 1 solution of KCNS 
containing 0.1 mol I - 1 acetic acid. (5-10 ml of propan-
2-ol per 100 ml of the solution was added to keep the 
surface degreased.) A thin layer —10 fim was formed in 
30 min. The thickness of the film was estimated by 
digestion of the CuCNS coated plate in NaOH and 
spectrophotometric estimation for NaCNS with FeCl3. 
The extreme ease with which thin films of /3-CuCNS, 
free from cracks and pin-holes, can be deposited 
depends on the polymeric inter-bonded layered struc­
ture of this material [7, 9]. Copper sulphide surfaces 
were prepared by immersing the cleaned copper sheets 
in 0.05 mol 1"' ammonium sulphide for 5 s. CuS surfaces 
can also be coated with /3-CuCNS by the same method 
(in this case immersing in the coating solution for 
—45 min is necessary to obtain a layer 10 fim thick). 
CuCNS and CuS surfaces readily adsorb thiocyanates 
of cationic dyes and the adsorbed dye remains firmly 
affixed to the surface. The dye used was rhodamine B 
thiocyanate (RCNS) prepared bv double decomposition 

solution of KCNS. CuCNS, CuS and CuS/CuCNS elec­
trodes were coated with RCNS by keeping the respect­
ive plates immersed in a 0.05 mol I - 1 solution of RCNS. 
The amount of the dye adsorbed depends on the dur­
ation of exposure to the solution. The sc of the dye was 
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