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I ntroduction

One of the puzZing feaures of dye-sensitised
nanocrystalline solar cdlsisthe slow eledron transport in
the titanium dioxide phase. The avail able experimental
evidence & well astheoreticd considerations siggest that
the driving forcefor eledron coll edion at the substrate
contad arises primarily from the concentration gradient,
ie the contribution of drift is negligible. The transport of
eledrons has been charaderised by small amplitude pulse
or intensity modulated illumination [1]. Here, we show
how the transport of eledrons in the dye-sensitised cel
can be described quantitatively using trap distributions
obtained from a novel charge extradion method[2]. In
additi on we will present extensions to the model to
establi sh the influence of electrolyte transport and
readion processs.

Theory

Eledronsinjeded by the photoexcited dye may move
by random walk to avacant trap site, where they will be
locdised for aperiod d time that depends on the trap
depth relative to the cnduction band. Eledrons may also
be transferred to the oxidised dye D", but this processis
usually unimportant if dye regeneration from D" by
eledron transfer from I” is sufficiently fast. Eledrons
may also be transferred acossthe soli d/eledrolyte
interfaceto |5 ions, resulting in formation of I” ions. This
processrepresents alossof pathway that deaeases the
efficiency for photocurrent generation. Here it has been
assumed that the readion of eledrons with I3 can take
place é@her viathe mnduction band or via dedron
transfer from surfacetraps. In bah cases, thereadion is
taken to be ether first or second order in eledron density
[1]. Eledrons reading the substrate can passinto the
conduction band of the anode.

The ontinuity equation for the conduction band
eledron density n as afunction of paosition x along the cél
starting from the anode and timet is

on 4°n }

E = Dbarea7 - kcb(nu - ntljlark) +al o€ =1
Here the first term isthe diffusion current [Dpare iS the
diffusion coefficient without traps], the second term the
bad readion with I3 ions from the conduction band [k,
isthereadionrate, Ny« isnif lgiszero where |y isthe
light intensity, and p =1 for 1st order, p =2 for 2nd order
readions]|, and the third term is the generation of
conduction eledrons through eledron injedion into the
TiO, particles, [a isthe &sorption coefficient]. The
fourth term

Itrap =< ktrapn(l_ f) -k Ntof >

isthe net trapping rate for atrap density Ny, trappingrate
Kirap @d detrapping rate Kgerap. < A > represents an
average over the trap dstribution for any quantity A,
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is the probabili ty of finding atrap in the energy range Er
— Er + dE7 . Theform chosen is consistent with the trap

distribution deduced in [2]. We obtain the probability of
trap occupation f from solving
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where the average occupied trap density Nyap = Np<f >,
ki, istherate for the badk reaction of the trapped eledrons
with the I3 ions and Nigark 1S Nygp if lpis zero. A similar
model isused for eledrolyte transport.
Results

The results for the IPCE and Upneo Shown in figure 1
are encouragingly close to the experimental data reported
in [1] — note that Upnato in [1] isinV not mV. The IPCE is
sensitive to the value of 8. With 8= 0.1, corresponding to
amuch broader trap dstribution than 8= 0.2, the IPCE is
much smaller. The results for n, f and the extraded
charge, photovoltage and photocurrent from transient and
modulated light intensities for various trap distributions
will be presented and compared with experimental data.
We will discussif the back reaction is more likely to be
1% or 2" order and present results for eledrolyte
transport.
Conclusions

We have predicted how the photocurrent and
photovoltage vary with the trap distribution with a 2nd
order readion of elearons with I5” and the results for the
IPCE and dc photovoltage show good agreement with
experiment. Our model can be used to elucidate the
kinetics of the bad readion with I3
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Fig 1. Predicted steady state photovoltage (V) (top panel)
and | PCE (bottom panel) dependenceon I, (cm?s™) for a
2nd order badk readion. Top panel 3 = 0.2 Bottom panel:
B=0.1(solidline), B = 0.2 (dashed line).



