
CHAPTER I 
INTRODUCTION

D y e -se n s itiz e d  so la r  c e lls  (D S S C s) h av e  been  s tu d ie d  and  re c e iv e d  a tten tio n  
fo r sev e ra l y e a rs  b ecau se  o f  th e ir  p rac tic a l q u a litie s ; th ey  a re  m o re  flex ib le , 
ren ew ab le , l ig h tw e ig h t and  lo w -c o s t th an  s ilico n  trad itio n a l so la r c e lls . D S S C s  are  
o n e  ty p e  o f  th e  p h o to v o lta ic  d e v ic e s  fo r co n v e rs io n  o f  th e  su n lig h t in to  e lec tric ity . 
T h e  firs t D S S C  w a s  su c c e ss fu lly  p ro d u ced  by  O ’R e g a n  and  G râ tze l in  1991. 
H o w e v e r th e  c o n v e rs io n  e ff ic ie n c y  o f  the  D S S C s  (c o n v e rs io n  e ffic ien cy  ~ 1 1% ) w as 
m u c h  lo w er th a n  th a t  o f  th e  s ilic o n  so la r c e lls  (~ 3 3 % )

T he p r in c ip le  o p e ra tio n  o f  D S S C s is s im ila r  to  th e  p h o to sy n th es is  in  the  u se  
o f  d y e  as  th e  lig h t h a rv este r. T h e  D S S C  c o n s is ts  o f  w id e  b a n d g ap  o f  s e m ic o n d u c to r  
o n  th e  c o n d u c tiv e  g la ss , se n s itiz e d  dye , re d o x  e lec tro ly te  a n d  co u n te r e le c tro d e . A lso  
D S S C  can  b e  d iv id e d  in to  tw o  ty p es  d ep en d  o n  ty p es o f  d y e : sy n th e tic  D S S C  an d  
n a tu ra l D S S C . T h e  h ig h e s t e ff ic ie n c y  o f  n a tu ra l D S S C  o f  1 .26%  w a s  fa b ric a te d  by  
C a lo g e ro  et al. in  2 0 1 0  w ith  red  tu rn ip  b a sed  on  TiC>2 sem ico n d u c to r. F o r  sy n th e tic  
D S S C , TiCty w ith  b la c k  dye  w h ic h  w as p ro d u c e d  by  C h ib a  et al. in  2 0 0 6  h a d  b een  
re a c h e d  th e  h ig h e s t c o n v e rs io n  e ffic ien cy  eq u a lin g  to  11.1% . T o  c o m p e n sa te  
a lte rn a tiv e  TiC>2 s e m ic o n d u c to r, Z n O  w as  c h o se n  due  to  it h a s  s im ila r  b a n d  g ap  to  
TiC>2 an d  its  e le c tro n  m o b ility  is  h ig h e r  th an  TiC>2.

O v e r th e  la s t few  y ea r, q u an tu m  d o ts  (Q D s) h a v e  w id e ly  s tu d ie d  th a n k s  to  
th e ir  p ro p ertie s . F irs t o f  a ll, w h e n  th ey  a b so rb  th e  su n lig h t w ith  h ig h e r  e n e rg y  th an  
th e ir  b an d g ap , th e y  can  g e n e ra te  m o re  th an  tw o  e le c tro n s  fro m  th e  s in g le  p h o to n  
(e le c tro n -h o le  p a ir)  (S a m b u r et al., 2010 ). M o reo v er, Q D s h a v e  h igh  su rfa c e  a rea  a n d  
p o ro s ity  as  th e  sa m e  a s  se m ico n d u c to r.

T h e  m a in  p ro b lem  th a t re su lts  in  th e  lo w  c o n v e rs io n  e ff ic ie n c y  o f  th e  
D S S C s  is th e  in te ra c tio n  b e tw e e n  Z n O  an d  n a tu ra l dye. F u rth e rm o re , l ig h t a b so rp tio n  
b a n d  o f  n a tu ra l d y e  is  n a rro w . A cco rd in g  to  th o se  p ro b le m s , th e  o p tic a l p ro p e rtie s  
an d  a b so rp tio n  m e c h a n ism  o f  so m e  n a tu ra l dye  w ere  s tu d ie d . In  o rd e r to  g e t b ro ad  
lig h t ab so rp tio n , tw o  n a tu ra l d y e s  w ere  m ix e d  to g e th e r. M o reo v er, q u a n tu m  d o ts  
(Q D s) w h ich  w e re  p ro d u ced  on  se m ic o n d u c to r  w ere  u se d  to  in c rease  lig h t a b so rp tio n
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c a p a b ility  o f  D S S C . C o n se q u e n tly , a  g rea te r  p o w e r  c o n v e rs io n  e ffic ie n cy  o f  D S S C  
can  b e  ex p ec ted .

T h e re fo re , th is  s tu d y  h a s  fo cu sed  o n  a n  in v es tig a tio n  o f  Z n O /m ix e d  n a tu ra l 
d y e s /Q D s u sed  as  a  p h o to a n o d e  fo r D S S C . T h e  Z n O  film  w as fab rica ted  b y  d o c to r
b la d in g  m e th o d . T h e  e x tra c te d  n a tu ra l dyes h a v e  b een  em p lo y ed  a s  a  sen s itiz e r . T h e  
Q D s w ere  p ro d u c e d  by  c h e m ic a l ba th  d e p o s itio n  m e th o d  (C B D ). T h e  crysta l 
s tru c tu re s  o f  Z n O  a n d  Q D s w ere  id en tified  b y  X -ra y  d iffra c tio n  (X R D ). T h e  su rface  
m o rp h o lo g ie s  w e re  s tu d ied  b y  f ie ld  e m iss io n  scan n in g  e le c tro n  m ic ro sc o p y  (F E - 
S E M ). T h e  o p tic a l p ro p e rty  o f  e le c tro d e -  w as m e a su re d  by  U V -V is  
sp e c tro p h o to m e te r. T h e  a b so rp tio n  m e c h a n ism  w a s  s tu d ied  by  F o u rie r  tra n s fo rm  
in fra re d  sp ec tro m e te r, u n d e r b o th  k in e tic  b a tc h  รณdy  an d  iso th e rm a l study . T h e  
p h o to v o lta ic  p ro p e rtie s  w ere  d e te rm in e d  by  a  d ig ita l K e ith ley  2 4 0 0  m u ltim e te r .
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