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Flat-Band (FB) potentials of Ti0 2 and Sn0 2 nanoparticles shifted negatively once they were coated with a thin 
insulating MgO layer. For core-shell structured Ti0 2-MgO and Sn0 2-MgO composites, incorporation of 1% 
(w/w) of MgO results in negative shift in FB potential of Ti0 2 and Sn0 2 nanoparticles by -0.15 eV and 
-0.38 eV, respectively. The negative shift of FB increased with the increase of MgO content. The highest shifts 
in FB potential reached -0.85 eV and -0.65-0.70 eV (vs Standard Calomel Electrode) when MgO content was 
equal to 10% (w/w) and 10-15% (w/w) for Sn0 2 and Ti0 2 respectively. In this investigation, interconnection 
between the negative shift in FB potential and the efficiencies of dye sensitized solar cells based on the 
prepared materials are discussed. 

© 2008 Elsevier B.V. All rights reserved. 

1. Introduction 

Shifting of the flat-band (FB) potentials of semiconductors plays an 
important role deciding their photocatalytic as wel l as photoelec-
trochemical properties of thin oxide films and powders. The shifting of 
FB potential can be harnessed in solar energy conversion processes in 
ftumerous ways. In dye sensitized solar cells (DSSC). photovoltage 
(V o c ) is determined by the difference between the quasi-Fermi level of 
electrons in the oxide film and the energy of the redox couple in the 
electrolyte Consequently, the shift of FB potential in the negative 
direction results in increase in barrier height and hence in the 
attainable U o c of the solar cell. Similarly, the FB potential can be shifted 
negatively in order to electrolyze a redox couple that is otherwise too 
positive in the electrochemical series to be reactive at the illuminated 
semiconductor surface [2]. 

In DSSC, dye molecules which are attached to a thin oxide film 
transfer excited electrons from the dye molecules to the conduction 
band (CB) of the oxide [3| . The transferred electrons in the CB of oxide 
thin film either diffuse to the conducting glass or recombine with the 
dye cation formed [ 4 - 6 ] . In DSSC, Vx and lK (short-circuit photo-
current) are critical parameters that determine the energy conversion 
efficiency of the cell and the kinetics of recombination process is 
considered as one of the most important factors that control the 
efficiency of solar cells [7 -10 ] . Specially, V o c is determined by the rate 
of recombination and the band-edge position and consequently V o c 
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can be tuned changing either recombination rate and/or band-edge 
position. 

It has been reported the s low charge recombination in the 
presence of an insulating layer such as MgO or M 2 O 3 on semiconduc­
tor thin films and the retardation of charge recombination in the 
presence of an insulating layer has been utilized to improve the 
photochemical processes [11-13] . In the core-shell structure reported 
in [11-13], the outer MgO (or A I 2 0 3 ) layer acts as a barrier for charge 
recombination and an interrelation between retardation of charge 
recombination and the enhancement of the solar cell efficiency in the 
presence of an insulting layer has been established [13-17]. Similarly, 
it has been reported that the device performance for the different 
metal oxide electrodes depends on differences in acid/base properties 
of the over layers [17], 

Based on these observations, we have investigated how the MgO 
coating on T i 0 2 and S n 0 2 affect their FB potential levels. We noticed 
that a fine tuning of FB potentials of semiconductor nanoparticles 
could be achieved by coating of a thin MgO layer on semiconductor 
particles. Here w e report our observations on how the negative shift in 
FB potentials of semiconductor particles varies with the composition 
of the core-shell oxide-MgO composites and its impact on perfor­
mance of DSSC: 

2. Experimental details 

Colloidal S n 0 2 aqueous solution (1 ml, Alfa Chemicals, 15% S n 0 2 ) 
ground with 100 pi of acetic acid were well dispersed with ethanol 
(10 ml) and finally sonicated for 10 min using ultrasonic horn. To 
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