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Abstract. A dye-sensitized photoelectrochemical cell made from a nano-porous composite 
film consisting of tin(IV) and zinc oxides generates exceptionally high photocurrents at an 
optimum mixing ratio of the two oxides. It is suggested that this phenomenon originates from 
ballistic transport of electrons injected by the excited dye molecules along the Interconnected 
chains of tin(IV) oxide nanocrystallites to a zinc oxide crystallite. 

1. Introduction 

The dye sensitization (DSN) of semiconductor surfaces or 
the process by which an excited dye molecule adsorbed 
at a semiconductor surface injects carriers into the bands 
[1-3] is a topic of intense discussion, mainly because of 
the potential applications in solar energy conversion [4-7]. 
Dye-sensitized (DS) solar cells based on nano-porous films 
of high-bandgap semiconductors generate photocurrents at 
nearly 100% quantum efficiency and reasonably high energy 
conversion efficiency [4-6]. Much effort is diverted to 
improve the efficiency and stability, of these devices and 
resolve technical problems involved in fabrication. 

On the theoretical side, the most intriguing is the 
mechanism of electron transport in DS nanocrystallite 

.'semiconductor films [8,9]. Although the basic principles 
of DSN are fairly well understood and several pertinent 
measurements have been conducted, the mechanism of 
the transport of injected electrons along the interconnected 
nanocrystallites is poorly understood [8,9]. In this note, 
we present for the first time the evidence which suggests 
that DSN could involve ballistic injection of electrons to 
the conduction band (CB) of the semiconductor, which 
facilitates transport of electrons along the nanocrystalline 
aggregates. In semiconductor physics ballistic transport 
[10-131 means the injection of electrons at high velocity 
into a semiconductor and subsequent transport to a distance 
which is large compared with the mean free path (i.e. the 
mean free path of the thermalized carriers) without significant 
scattering. A crucial requirement for ballistic transport is the 
initial launching ofthe electron into the semiconductor at high 
velocity [ 10-13j. A simple method of achieving this has been 
through the transfer of electrons across a high-bandgap to 
low-bandgap lattice-matched semiconductor heterojunction 

[10,11]. Here the potential energy of electrons in the 
high-bandgap material is converted into kinetic energy in 
the low-bandgap region. The other methods of achieving 
ballistic transport are also dependent on conversion of 
electronic potential energy in one region to kinetic energy 
in another region [10-13]. We point out that, under 
suitable conditions, DSN affords an ideal method for ballistic 
injection of electrons into a semiconductor. The energy of the 
photoexcited dye molecule adsorbed on the semiconductor 
surface is well above the CB (figure 1). Furthermore, as 
DSN is a single-band process and the electron injection 
is not accompanied by simultaneous generation of a hole 
in the VB, electron-hole recombinations and scattering 
that dissipate energy are completely absent. Although it 
is generally assumed that an electron transferred into a 
semiconductor via DSN relaxes to the bottom of the CB 
(just as other carriers in semiconductor bands under normal 
circumstances), there is no evidence to ru>-<JuVthe ballistic 
or quasi-ballistic transport.. We have noted that the high 
short-circuit photocurrent (/«) and open-circuit voltage (V„c) 
of a DS photoelectrochemical solar cell made from a film 
consisting of a mixture of tin(tV) and zinc oxides [7] can be 
explained on the basis of ballistic transport. 

2. Experimental details 

Porous composite films comprising Sn02 and ZnO were 
prepared by the following method. A colloidal 15% aqueous 
dispersion of SnO? (Alpha Chemicals) of crystallite size 
~0.015 u,m (1.5 ml), acetic acid (0.1 mi) and ZnO of 

' crystallite size ~ 1 fim (0.3 g) was ground in an agate mortar, 
mixed with 20 ml of methanol and agitated ultrasonically for 
30 min. The dispersion was then sprayed onto fluorine-doped 
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