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Abstract 
The adsorbed molecular species, such as H2O and I_, that produce electron 
acceptor states on the T i 0 2 surface are found to generate 1 / / noise in the 
electric current through nanocrystalline films of Ti0 2 . It is suggested that 
the trapping and detrapping of electrons at the surface states is the cause of 
this noise. When the T i 0 2 film surface is coated with dyes, the passivation 
of the active surface sites suppresses 1 / / noise/Implications of 1 / / noise 
on the functioning of the dye-sensitized solar cell, notably the effect of 
adsorbed iodine in inducing recombinations, are discussed. 

The electric current through a conductor at a constant bias 
voltage and temperature undergoes fluctuations around a mean 
[ 1 - 5 ] . In addition to the frequency ( / ) independent thermal 
and shot noises, conducting materials and electrical devices 
also display a noise whose spectral power density exhibits 1 / / 
dependence [ 1 - 5 ] (more generally l/f * variation where S is 
a positive index, generally close to unity). In many instances, 
the spectral power density S ( / ) of this noise can be described 
by H o o g e s empirical relation [6] 

A I2 

(1) 

where / 0 is the mean value of the fluctuating current I(t) = 
lo + X(t), with (X(t)) = 0 and 

,2\ 
S(f) = l im, - . (2) 

The constant A in (1) which measures the level of noise 
generally takes the form [6] A = T/N, where N is the total 
number of free charge carriers in the sample and the parameter 
T is referred to as Hooge's constant. The interactions of 
carriers with defects, surface states and associated events 
such as recombination and trapping-detrapping are believed 
to be the major causes o f l/f noise in semiconductors [ 1 - 7 ] . 
Consequently, 1 / / noise measurements receive considerable 
attention as a tool for characterization and understanding the 
nature of carrier relaxation processes in semiconductors [ 2 , 3 ] . 
In electronic measuring devices, the lowest possible level of 
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1 / / noise is desired to improve the detectivity. Also , a high 
l/f noise level usually indicates an underlying dissipative 
process [8], Both bulk [ 1 , 2 , 7 ] and surface [ 1 , 2 , 9 ] interactions 
of carriers contribute to 1 / / noise in semiconductors. Because 
of the large surface to volume ratio, surface effects are 
expected to be a major cause o f 1 / / noise in nanocrystalline 
semiconductors. Furthermore, the slow charge transport in 
nanostructured materials has been attributed to the trapping 
and detrapping o f electrons in intraband-gap surface states 
[ 1 0 - 1 2 ] . In this letter, w e describe our observations on 1 / / 
noise in bare and dye-coated nanocrystalline films of TiC_. It 
is found that in bare nanocrystalline TiC_ films, the adsorbed 
molecular species that produce electron acceptor surface states 
(e.g., water vapour, iodine) induce 1 / / noise, whereas in dye-
coated TiC_ films, the passivation o f active sites on the TiC_ 
surface by the dye suppresses the generation o f l/f noise. 
The implications of these observations on the functioning of 
the dye-sensitized solar cells are discussed. 

T i 0 2 nanocrystalline films used for noise measurements 
were prepared as follows. The electrical connectivity o f 
a conducting tin oxide glass sheet (1.5 x 2 c m 2 , sheet 
resistance 12 Q s q _ 1 ) was broken by scribing a line 
( ~ 8 fim thick) with a diamond point glass cutter. A layer of 
colloidal T1O2 (thickness ~ 1 2 /xm) was screen printed above 
the scribe by the procedure used for the fabrication of dye-
sensitized solar cells and sintered at 4 3 0 °C for 30 min to 
form the sample geometry [13] represented in figure 1(a). In 
some experiments, films were coated with bromopryogallol 
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