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Abstract 

The composite electrode comprising n-type TiOj and p-type NiO oxides when sensitized with Ru-dye showed short-circuit photocurrent 
( / s c ) o f 1 7 m A / c m 2 and open-circuit photovoltage (K^) of 730 mV compared to / s c o f 12 m A / c m 2 and 700 m V FORTI02 electrodes. Formation 
of a n-p junction between T I 0 2 and NiO oxicjs layers contributes to the enhanced photocurrent, photovoltage, fill factor and efficiency. In 
addition to the junction effect, NiO acts as a barrier for charge recombination leading to higher cell performance. The efficiency o f the NiO 
coated T I 0 2 solar cell is 3 0 % more than that o f bare T I 0 2 - The negative shift o f the flat-band potential o f the NiO coated T I 0 2 electrode 
compared to T i 0 2 also could be one of the reasons for higher photovoltage observed for T i 0 2 / N i O electrode. The highest cell efficiencies 
were obtained immersing T1O2 thin films in N i 2 + solution and converting them to NiO by firing and the optimum NiO coating thickness was 
found to be only a few angstroms. The energy levels o f the excited dye and the band positions of T i 0 2 and NiO suggest that the electron 
transfer from the excited dye to the underlying n-type oxide layer occurs by tunneling through the p-type N i O layer. 
© 2004 Published by Elsevier B.V. 
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1. I n t r o d u c t i o n 

D y e s e n s i t i z e d p h o t o e l e c t r o c h e m i c a l c e l l s ( P E C ) c o n ­
structed u s i n g n a n o - p o r o u s films are g a i n i n g recogn i t i on as 
p r o m i s i n g p h o t o v o l t a i c d e v i c e s for c o n v e r s i o n o f solar energy 
[ 1 - 5 ] . T h e ef f ic ient s ens i t i za t ion o f s e m i c o n d u c t o r n a n o c r y s -
tal l i tes w i t h inorganic and o r g a n i c d y e s h a v e b e e n d e m o n ­
strated [ 6 - 8 ] . P E C s w i t h R u - b i p y r i d y l d y e c o a t e d T i 0 2 films 
in redox e l e c t r o l y t e genera te short -c ircui t photocur-

rents ( / s c ) at near un i ty inc ident p h o t o n s to photocurrent c o n ­
v e r s i o n e f f i c i e n c i e s (1PCE) a n d 1 0 % e n e r g y c o n v e r s i o n effi­
c i e n c y (77) has b e e n a c h i e v e d [ 3 ] . T h e large e l e c t r o n ef fect ive 
m a s s in T1O2 f o u n d to b e o n e o f the m a j o r reasons for its 
h i g h e r e n e r g y c o n v e r s i o n e f f i c i ency as h i g h e lec tron m a s s 
prevents the l e a k a g e o f trapped e l e c t r o n s into the e lec tro lyte 
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interface [ 9 ] , In sp i te o f better ce l l p e r f o r m a n c e o f d y e s e n ­
s i t i z e d T i 0 2 , dur ing the past f e w years , reports have b e e n 
appeared in literature that d e s c r i b e the cons truc t ion o f D S 
P E C s from m o d i f i e d T i 0 2 e l e c t r o d e s [ 1 0 - 1 3 ] . T h e at tempts 
h a v e b e e n m a d e to increase the so lar p o w e r e f f i c i ency m i n i ­
m i z i n g the c h a r g e r e c o m b i n a t i o n p r o c e s s e s . In order to m i n ­
i m i z e the charge r e c o m b i n a t i o n , it is imperat ive control o f 
e l e c t r o n transfer f rom nanocrys ta l l ine films and c o n d u c t i n g 
I T O to r e d o x m e d i u m . T h e back e lec tron transfer from T i 0 2 

and other o x i d e s has b e e n m i n i m i z e d u s i n g a thin insulat ing 
layer o n the s e m i c o n d u c t i n g nanocrys ta l l ine films [ 9 - 1 1 ] . 

T h e e l e c t r o d e mater ia l , f i lm m o r p h o l o g y , p h o t o p h y s i c a l 
a n d structural propert ies o f the sens i t i zer and the redox c o u ­
p l e u s e d are f o u n d to b e the major factors , w h i c h control the 
overa l l ce l l p e r f o r m a n c e . In s e m i c o n d u c t o r s u s p e n s i o n , the 
p r e s e n c e o f S c h o t t k y barrier h e l p s charge separat ion , h o w ­
e v e r in n a n o c r y s t a l l i n e s e m i c o n d u c t o r films, an ideal S c h o t ­
tky barrier is absent and h e n c e the dr iv ing force for charge 
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