
CHAPTER I 
INTRODUCTION

1.1 Rationale and Problems

A s  th e  in c r e a se  in  th e  g lo b a l e n e r g y -s o u r c e  p r o b le m s  and  th e  g lo b a l  
e n v ir o n m e n t p r o b le m s , o n e  o f  p r o m is in g  t e c h n o lo g ie s  for  th e  fu tu re that can  s o lv e  
th e se  p r o b le m s  is  p h o to c a ta ly s is  b e c a u se  it is  e n v ir o n m e n ta lly  fr ie n d ly , w h ic h  
u t i l iz e s  th e  c le a n  and  ab u n d an t e n e r g y  ' r e so u r c e  o f  so la r  e n e r g y , to  p erform  the  
rea c tio n s . T h e  p h o to c a ta ly s is  can  b e  a p p lie d  in  b oth  o r g a n ic  p o llu ta n t e lim in a tio n  
an d  h y d r o g e n  p r o d u c tio n , a s  c la im e d  in  se v e r a l r e se a r c h e s . T h e  p h o to c a ta ly t ic  
p r o c e s s  h a s b e e n  d e m o n stra ted  a s  a p o ten tia l m e a n s  fo r  c o m p le te  p h o to d e g r a d a tio n  
o f  o r g a n ic  p o llu ta n ts  at a  lo w  c o s t  and  w ith  s im p lic ity  in  o p e r a tio n  a s  it ca n  b e  
o p era ted  at a m b ie n t  c o n d it io n s . M o r e o v e r , it d o e s  n o t u t i l iz e  an y  t o x ic  m ater ia ls . In 
a d d it io n , th e  p h o to d e g r a d a tio n  o f  m o s t  o r g a n ic  p o llu ta n ts  g e n e r a lly  p r o d u c e s  C O 2 

an d  H 2 0 .  T h e  f in a l p ro d u ct o f  H 2 is  a lso  p ro d u ced  fro m  th e  w a ter  s p lit t in g  reac tio n . 
T h e  a ttr a ctiv e  fea tu res  o f  h y d r o g e n  are a s  f o l lo w s :  h y d r o g e n  c a n  b e  p r o d u c e d  from  
c le a n  and  r e n e w a b le  so u r c e s  a s  w a ter  and so la r  e n e r g y , le a d in g  to  th e  c le a n  and  
r e n e w a b le  l i f e  c y c le  o f  h y d r o g e n ; h y d r o g e n  h a s an  e x c e l le n t  e n e r g y  d e n s ity  b y  
w e ig h t , its  h e a t in g  v a lu e  is  m u ch  h ig h er  than  an y  o th er  fu e ls  (2 .5  t im e s  h ig h e r  than  
h y d ro ca rb o n  f u e ls  and  n e a r ly  5 t im e s  h ig h e r  than m e th a n o l and  e th a n o l);  and  
h y d r o g e n  is  an  e n v ir o n m e n ta lly  fr ie n d ly  fu e l w ith o u t  r e le a se  o f  p o llu ta n ts  (su c h  as  
g r e e n h o u se  g a s s e s ) .

T h e  d ra w b a ck  o f  th e  o r g a n ic  p o llu ta n t p h o to d e g r a d a tio n  is  its  s lo w  rea c tio n  
rate that m a k e s  th is  p r o c e s s  n o t to  b e  w id e ly  a p p lie d  for  w a s te w a te r  treatm ent. 
S im ila r ly  in  h y d r o g e n  p r o d u ctio n  a p p lic a t io n , th e  so la r -to -h y d r o g e n  e n e r g y  
c o n v e r s io n  e f f ic ie n c y  is  to o  lo w  for th e  te c h n o lo g y  to  b e  e c o n o m ic a l ly  so u n d . T h e  
s lo w  rates o f  a ll p h o to c a ta ly s ts  m a in ly  resu lt fro m  th e  rap id  r e c o m b in a tio n  o f  p h o to -
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g e n era ted  e le c tr o n s  an d  p h o to -g e n e r a te d  h o le s , a s  w e l l  as th e  b a c k w a r d  r e a c tio n s  and  
th e  p o o r  a c t iv ity  o f  p h o to c a ta ly s ts  t h e m s e lv e s ,  e s p e c ia l ly  u n d er  v is ib le  lig h t  
irrad ia tion . In r e sp o n se  to  th e se  d e f ic ie n c ie s ,  m a n y  g ro u p s  h a v e  b e e n  c o n d u c tin g  
r e se a r c h e s  w ith  an  e m p h a s is  o n  e f f e c t iv e  r e m e d y  m e th o d s . O n e  o f  in terestin g  
a p p ro a c h e s  is  to  u se  sa c r if ic ia l r e a g e n ts  and  c a r b o n a te  sa lts  to  p ro h ib it  th e  rapid  
r e c o m b in a tio n  o f  e le c tr o n -h o le  p a irs an d  b a ck w a rd  r e a c tio n s  (A v u d a ith a i and K u tty , 
1987; S a y a m a  an d  A r a k a w a , 1992, 1994, 2000; T a k a ta  et a l,  1998; L i et a l, 2003). 
O th er a p p r o a c h e s  are m e ta l lo a d in g , m e ta l io n  d o p in g , d y e  s e n s it iz a t io n , c o m p o s ite  
se m ic o n d u c to r , a n io n  d o p in g  and m eta l io n -im p la n ta tio n  (A s a h i et a i, 2001; Ish ii et 
al., 2004; K o n ta  et al., 2004; O h n o  et al., 2004, 2005; K u d o , 2006; S u b ra m an ia n  et 
al., 2006).

O n e  o f  p r o m is in g  p h o to c a ta ly s ts  is  s tro n tiu m  tita n a te  (S rT iC b ) b e c a u se  o f  
its  su p er io r  p h y s ic a l an d  c h e m ic a l p ro p er tie s , s u c h  a s  its  e x c e l  le n t , th erm a l s ta b ility , 
p h o to c o r r o s io n  r e s is t ib il ity , and  g o o d  stru ctu re s ta b ility  a s  th e  h o s t  fo r  m eta l d o p in g  
(O h n o  et al., 2004, 2005). E s p e c ia lly , S rT i0 3  c a n  b e  u se d  a s  an  e le c tr o d e  for  
p h o to e le c tr o ly s is  o f  w a te r  (K u m a r et al., 1992) an d  u se d  a s  a  p h o to c a ta ly s t  for  แ 2 

and  O 2 p r o d u c tio n  th o u g h  th e  w a ter  sp lit t in g  b y  lig h t  irra d ia tio n , b e c a u s e  its  red o x  
p o ten tia l o f  e le c tr o n s  an d  h o le s  that are in d u c e d  b y  u v  irra d ia tio n  is  p o w e r fu l  
e n o u g h  to  d e c o m p o s e  w a te r  in to  H 2 an d  O 2 (W a n g  et al., 2005). H o w e v e r , SrTiC >3 

h a s a la r g e  b an d  gap  o f  a b o u t 3.2 e V , an d  it can  u t i l iz e  o n ly  th e  u v  ra d ia tio n , w h ic h  
is  th e  sm a ll fra ctio n  in  th e  so la r  ra d ia tio n  (a c c o u n ts  for  o n ly  4% o f  th e  in c o m in g  
so la r  e n e r g y )  (Z o u  et al., 2001; N i et al., 2007), le a d in g  to  th e  lo w  p h o to c a ta ly t ic  
a c t iv ity  o f  SrTiCL in  th e  v is ib le  re g io n . D u e  to  th e  lo w  p h o to c a ta ly t ic  a c t iv ity  in  th e  
v is ib le  r e g io n , th e  v is ib le - l ig h t  h a r v e stin g  p o te n tia l h a s  b e e n  in d u c e d  in to  SrTiC >3 b y  
d o p in g  w ith  v a r io u s  e le m e n ts , su ch  a s  la n th a n u m  an d  n itr o g e n  c o -d o p e d  SrTiCL  
(W a n g  et al., 2005), c h r o m iu m  d o p e d  SrT iC b (C h a n g  an d  S h e n , 2006), su lfu r  and  
carb o n  c o -d o p e d  SrT iC b (O h n o  et al., 2005), and  N iO -S rT iC L  (A sh o k k u m a r , 1998). 
O th er te c h n iq u e s , su ch  a s  d y e  s e n s it iz a t io n  and  c o m p o s ite  p h o to c a ta ly s t , h a v e  b e e n  
a lso  u se d  to  e n h a n c e  th e  p h o to c a ta ly t ic  a c t iv ity  u n d er  v is ib le  lig h t  irrad ia tion . In 
a d d itio n , th e  p h o to c a ta ly t ic  a c t iv ity  d o e s  n o t d e p e n d  o n ly  o n  lig h t  h a r v e stin g  
p rop erty , b u t a lso  th e  stru ctu re o f  th e  p h o to c a ta ly s ts  (M o u m e n  et a l,  1995; M o tte  
and  P ile n i , 2000; P ile n i , 2003; L iao  an d  L ia o , 2007). S o m e  rese a r c h  g ro u p s  rep orted
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that m e so p o r o u s-s tr u c tu r e d  p h o to c a ta ly s ts  c a n  o f fe r  h ig h e r  p h o to c a ta ly t ic  a c t iv ity  
and  b etter  l ig h t- in d u c e d  h y d r o p h ilic ity  than n o n -p o r o u s-str u c tu r e d  p h o to c a ta ly s ts . A  
n e w  s o lu t io n -b a s e d  a p p ro a ch  that h a s  b e e n  d e v e lo p e d  to  a c h ie v e  m e so p o r o u s -  
stru ctu red  m a te r ia ls  is  th e  s o l -g e l  p r o c e ss  w ith  s e l f -a s s e m b ly  o f  th e  su rfactan t  
te m p la te . T h e  p o r o s ity  o f  m e so p o r o u s  p h o to c a ta ly s ts  c a n  b e  c o n tr o lle d  w h e n  b e in g  
s y n th e s iz e d  b y  u s in g  a  su r fa c ta n t-a ss is te d  te m p la t in g  s o l -g e l  m e th o d  (C a ss ie r s  et al, 
2 0 0 3 ;  Y u s u f  et a l,  2 0 0 3 ;  S a k u lk b a em a ru e th a i et a l,  2 0 0 4 ;  S r e e th a w o n g  et al., 2 0 0 5 a ,  
b).

D u e  to  th e  e x c e lle n t  p ro p erties  o f  SrT iC >3 and  th e  h ig h  p h o to c a ta ly t ic  
a c t iv ity  from  b etter  l ig h t- in d u c tio n  and h ig h e r  h y d r o p h il ic ity  o f  m e so p o r o u s -  
stru ctu red  m a te r ia ls  (B a c s a  and K iw i, 19 98 ; D a i et al., 1 9 9 9 ; S r e e th a w o n g  et al, 
2 0 0 5 c ,  d , e , 2 0 0 6 ) ,  th is  s tu d y  a im s  to  in v e s t ig a te  th e  u se  o f  s o l - g e l  m e th o d  w ith  the  
aid  o f  s tr u c tu re -d irec tin g  su rfa cta n t for  th e  s y n th e s is  o f  m e so p o r o u s -a s s e m b le d  
SrT iC >3 n a n o c r y s ta ls  u n d er  m ild  c o n d it io n s  an d  to  in v e s t ig a te  th e  u s e  o f  th e  
s y n th e s iz e d  SrT iC >3 fo r  th e  p h o to d e g r a d a tio n  o f  o r g a n ic  p o llu ta n ts  an d  for  the  
p h o to p r o d u c tio n  o f  h y d r o g e n  from  th e  d e c o m p o s it io n  o f  w a ter .

1.2 Objectives

1.2 .1  T o  in v e s t ig a te  th e  u se  o f  a  s o l - g e l  m e th o d  w ith  th e  a id  o f  stru ctu re
d ir e c t in g  su r fa c ta n ts  fo r  th e  sy n th e s is  o f  m e s o p o r o u s -a s s e m b le d  S r T iÛ 3 n a n o c r y sta ls  
and  m e ta ls - lo a d e d  m e so p o r o u s -a s s e m b le d  S r T i0 3  n a n o c r y s ta ls .

1 .2 .2  T o  s tu d y  th e  p h o to c a ta ly t ic  a c t iv ity  o f  th e  s y n th e s iz e d  S rT i0 3  

(p r is tin e  S rT i0 3 ) p h o to c a ta ly s ts  fo r  th e  p h o to d e g r a d a tio n  o f  m o d e l o r g a n ic  p o llu ta n ts .
1 .2 .3  T o  a s s e s s  th e  p h o to c a ta ly t ic  a c t iv ity  o f  th e  p r is t in e  an d  m e ta ls - lo a d e d  

SrT iC >3 p h o to c a ta ly s ts  fo r  p h o to c a ta ly t ic  h y d r o g e n  p ro d u ctio n .

1.3 Scope of Research Work

T h e s o l -g e l  m e th o d  w ith  th e  a id  o f  s tru c tu r e -d ir e c tin g  su rfa cta n ts  w a s  u sed  
to  s y n th e s iz e  SrT iC >3 p h o to c a ta ly s ts  w ith  th ree  d iffe r e n t su rfa cta n ts: la u ry la m in e  
h y d r o c h lo r id e  (L A H C ), c e ty ltr im e th y la m m o n iu m  b r o m id e  (C T A B ), and
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c e ty ltr im e th y la m m o n iu m  c h lo r id e  (C T A C ), and fou r  d if fe r e n t  so lv e n ts :  w a ter  (H2O), 
e th y l a lc o h o l (Eton), e th y le n e  g ly c o l  (EG), and m ix e d  s o lv e n t  b e tw e e n  EtOH and  
EG. T h e c a lc in a t io n  tem p era tu re  w a s  v a r ie d  in  th e  ra n g e  o f  6 0 0 ° c  to  750°c w ith  
d iffe r e n t h e a t in g  rates. T h e  p h o to c a ta ly t ic  a c t iv ity  o f  th e  s y n th e s iz e d  SrT iC >3 

p h o to c a ta ly s ts  fo r  m e th y l o ra n g e  d eg ra d a tio n  w a s  te s te d  to  f in d  o u t th e  b est  sy n th e s is  
c o n d it io n s . T h e n , th e  S r T iÛ 3 p h o to c a ta ly s t  p rep ared  at th e  o p tim u m  c o n d it io n s  w a s  
lo a d e d  w ith  v a r io u s  m e ta ls  for  the e n h a n c e m e n t o f  th e ir  p h o to c a ta ly t ic  a c t iv it ie s  
to w a r d s  b o th  o r g a n ic  p o llu ta n t d eg ra d a tio n  and h y d r o g e n  p ro d u c tio n .

T h e  u lt im a te  g o a l o f  th is  re sea rch  w a s  to  f in d  o u t th e  b e s t  sy n th e s is  
a p p ro ach  for  SrTiC>3 -b a se d  p h o to c a ta ly s ts , w h ic h  p r o v id e  th e  h ig h e s t  p h o to c a ta ly t ic  
a c t iv ity  in  b o th  o r g a n ic  p o llu ta n t d eg ra d a tio n  an d  p h o to p r o d u c tio n  o f  h y d ro g en . 
L itera tu re r e v ie w s  and  a p p lic a t io n s  o f  p h o to c a ta ly s t s /p h o to c a ta ly s is  w i l l  b e  p resen ted  
in  C h ap ter  II. C h a p ter  III w i l l  d e sc r ib e  th e  sy n th e s is  m e th o d  o f  S r T iÛ 3 p h o to c a ta ly s ts  
w ith  d iffe r e n t m eta l lo a d in g  and  the p h o to c a ta ly t ic  te s t in g . T h e  in v e s t ig a t io n  in  the  
s y n th e s is  a p p ro a ch  and  th e  p h o to c a ta ly t ic  a c t iv ity  for  m e th y l o r a n g e  d eg ra d a tio n  o f  
th e  s y n th e s iz e d  SrT iC >3 p h o to c a ta ly s ts  w i l l  b e  p r e se n te d  in  C h a p ter  IV . C h ap ter  V  
w ill  p resen t th e  e f fe c t s  o f  h o le  sc a v e n g e r , Pt c o -c a ta ly s t  lo a d in g , and  rea c tio n  
tem p era tu re  o n  th e  p h o to c a ta ly t ic  a c t iv ity  for  h y d r o g e n  p r o d u c tio n  v ia  w a te r  sp lit t in g  
rea c tio n  o f  th e  s y n th e s iz e d  S r T iÛ 3 p h o to c a ta ly s ts . T h e  e f fe c t s  o f  m e ta l ty p e  and  
lo a d in g  o n  th e  p h o to c a ta ly t ic  a c t iv ity  for  h y d r o g e n  p r o d u c tio n  v ia  w a te r  sp lit t in g  
r ea c tio n  o f  th e  s y n th e s iz e d  S r T i0 3  p h o to c a ta ly s ts  w i l l  b e  d is c u s s e d  in  C h ap ter  V I. 
T h e  e f f e c t  o f  c h e m ic a l stru ctu re an d  p ro p er tie s  o f  h o le  s c a v e n g e r s  o n  th e  
p h o to c a ta ly t ic  a c t iv ity  for  h y d r o g e n  p r o d u c tio n  v ia  w a te r  s p lit t in g  r e a c tio n  o f  th e  
s y n th e s iz e d  SrT iC >3 p h o to c a ta ly s ts  w i l l  b e  p resen ted  in  C h a p ter  V II. C h a p ter  V III  
w ill  in c lu d e  th e  c o n c lu s io n s  o f  th e  resea rch  and th e  r e c o m m e n d a t io n s .
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