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Cuprous lhmcyanale (a p-type SemIconductor) was found 
acceplors _rro’e ruddy Dean mos1 marennls generally used 

compared wllh Ihose of n-TO?_ 

1. Introduction 

Semiconductor dispersions capable of photogener- 
ating oxygen from water have attracted much attention 
[l&Most systems of thiskind reported in the literature 
employ n-type semiconducting materials [I-5]. How- 
ever, n-type materrals more readily photoadsorb 02, 
producmg 0% and removing any oxygen resultmg 
from reactions with the valence band holes [6-71 
Photoadsorbed O2 1s consumed m secondary photo- 
corrosion, e.g., in CdS [2] or forms bound peroxo- 
complexes, e-g, in TrO, [S]. p-type semrconductors 
on the other hand photoadsorb 0, less readily [6, 
7] and the minority carriers (electrons) tunnelmg 
mto the solutron become easily available to the elec- 
tron acceptor_ Unfortunately, the farnitiar p-type 
materials are unsuitable as oxygen-generating photo- 
catalysts because of rapid photocorrosion (e g. Cu20, 
CuO, p-Sic) and/or unfavourable band positrons (e-g, 
p&P). We have found that cuprous throcyanate is a 
photostable p-type semrconductor of band gap 3 2 
eV [8,9], with a conduction band at -0.78 V versus 
SCE(pH 7). As expected, pCuCNS was found to be 
an efficient photocatalyst for 0, generation from 
aqueous persulphate at a rate faster than TiO, (bare 
or Cu02 coated); it is superior to aLt familiar n-type 
materials wrth comparable band positions 
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IO phowoxldlze waler m Ihe presence or sacnkal electron 
Tar lhls purpose Pholocatalyrlc propernes or p-CuCNS are 

2. Experimental 

CuCNS was prepared by adding 0.1 M solutron of 
KCNS dropwise to 0 1 M copper sulphate kept satu- 
rated with SO2 (Analar grade reagents were used) 
The white precipitate of CuCNS washed and dried 
at 70°C was found to consist of microcrystals wrth a 
surface area of approxrmately 10 m2 g-l _ The diffuse 
reflectance spectrum of the powder taken with a 
Unicamp SP 500 spectrophotometer indicared an 
optical absorption edge at 375 nm, corresponding 
to a band gap of 3.2 eV [S]. Hall measurements, 
thermoelectric tests and cathodic photoeffects [8] 
showed that the material is p-type Capacitance 
measurements were carried out with CuCNS deposited 
on copper plates and the flat-band potential of CuCNS 
was estimated to be -0 78 V versus SCE@H 7) A 
quartz cell (35 ml 1n volume) thermostatted at 26°C 
and equipped with a calibrated membrane polaro- 
graphm detector (Applied Photophysics) was used to 
detect 0,/H, and their photo-uptake rates The light 
source used was a 200 W medium-pressure Hg lamp 
and light intensities were measured with an Interna- 
tional Light IL 700 radiometer. The cell containing 
the dispersion (25 mg CuCNS in 35 ml) was degassed 
with N2 and the 02 evolution rate was noted For 
comparison,, the 02 photogeneration rate from TIOZ 
(anatase BDH) bare and loaded with RuO, was also 
recorded As T102 drspersrons had higher Light absor- 
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bance per unit weight than CuCNS dispersions, the 
quantity of T102 givmg the same absorbance (350 run) 
was determined spectrophotometncally 

3. Results and discussion 

Fig 1 compares the photo-oxidation rates of water 
for the catalysts p-CuCNS and n-T102 wrth persulphate 
as the electron acceptor_ It is seen that the rate is 
faster for pCuCNS_ Fig. 2 illustrates photo-uptake 
of O2 by illuminated dispersions of these two materrals 
havmg the same light absorbance_ The oxygen photo- 
uptake is slow and the saturation 1s reached quickly 
in the case of CuCNS 

I50 

IO0 

L 

CuCNS 

0 60 

Fig I_ 02 evolution from 10 mg of potasnum persulphate 
m 35 ml of water for catalysts CuCNS. 3502 and TlO,/RuQ 
(0 3 wt%) Weights of the catalysts used were 25, 15,15 mg 
respectively (a mersion of 25 mg of CuCNS gives the same 
absorbance at 350 nm as 15 mg of T102)_ 
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Fy 2 02 photo-uptake by CuCNS (25 mg) and liOp (15 mg) 
suspended in 35 ml of water Illumination as described in 
section 2 

The conduction band position of CuCNS is more 
favourably placed for photoreduction of water than 
that of T10,. However, it was noted that T10, (even 
in the absence of Pt and RuO2) photoreduces water 
at a rate much faster than CuCNS Hydrogen photo- 
generation rates of the two catalysts wrtb propan-2-ol 
as the electron donor are indicated m fig 3. Hydrogen 
photo-uptake rates of T102 and CuCNS are found to 
be similar (fig 4) The superiority of TiO, as a 
catalyst for photoreductron of water probably arises 
from the second factor mentIoned m the introductron 
In an n-type semiconductor, holes tunnel mto the 
solution and their reaction with the electron donor 
1s the rate-determming step for photogeneration of 
hydrogen_ 

The above mvestigations demonstrate that stable 
p-type materials with correct band positions are better 
photocatalysts for oxidation of water. p-CuCNS 1s 
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F% 3. Hz evolution from 35 ml of 25% propan-2-1 Catalysts 
CuCNS (25 mg) and -EOz (15 mg) 

not the ideal rnatenal for this purpose, it is sensitive only 
to UVhght and chermcally unstable in alkaline solution. 
The search for new p-type materials suitable for photo- 
oxidation of water may be a fruitful area of investiga- 
tion 
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