
4 * 

APPLIED 
CATALYSIS 

A: GENERAL 
ELSEVIER Applied Catalysis A: General 208 (2001) 335-341 • -

www.elsevier.coni/locate/apcata 

Photocatalytic activity of dye-sensitized tin(IV) oxide 
nanocrystalline particles attached to zinc oxide particles: 
long distance electron transfer via ballistic transport of 

electrons across nanocrystallites 
K. Tennakone*, J. Bandara 

Institute of Fundamental Studies. Montana Road. Kandy, Sri Lanka 

Received 24 April 2000: received in revised form 7 July 2000: accepted 7 July 2000 

Abstract 

A catalyst comprising chains of dye-sensitized S11O2 minocrystallites (10-15 nm) attached to larger ZnO (~600 rim) particles 
is found to photogenerate hydrogen from water with visible light in the presence of a hole scavenger. The catalytic activity 
originates from ballistic injection of energetic electrons generated in sensitization of SnO?, to the conduction band of ZnO 
which is above that of SnOi. Wide charge separation suppresses recombinations, enabling separated charge to participate in 
chemical reactions. © 2001 Elsevier Science B.V. All rights reserved. 
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1 . Introduction 

The photocatalytic initiation of chemical reactions 
with semiconductor particles as catalysts has been 
extensively discussed in the context of practical ap­
plications as well as basic research in photochemistry 
and catalysis f 1-8]. Photogeneraled carriers (electrons 
and holes) in a semiconductor particle could tunnel to 
a reaction medium and participate in chemical reac­
tions. Catalytic activity depends on the energy of the 
electron-hole pairs produced and the extent of their 
separation. Clearly a wider separation of the electron 
and the hole enhances the catalytic action by suppres­
sion of recombinations. A strategy that is adopted in 
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achieving good charge separation is coupling of two 
semiconductor particles with different band positions 
19-12]. Depending on the relative locations of the 
conduction and valence bands (CB and VB) of the 
two particles in contact, either electrons or holes are 
transferred from one particle to the other. When a dye 
is adsorbed on such a system, the electron injected 
by the sensitization of the semiconductor with higher 
CB position is transferred to the semiconductor with 
the lower lying CB [12]. The improvement of the cat­
alytic activity of the high band gap semiconductors by 
this technique is also recorded in the literature 1111. 
In this work we demonstrate for the lirst time that 
catalysts can also be designed where the sensitization 
of a- semiconductor particle of lower CB position 
injects electrons into another semiconductor particle 
(in contact with the first particle) whose CB position 
is higher. 
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