
E X P E R IM E N T A L
CHAPTER III

3.1 Materials

F u m ed  s ilica  (S i0 2 ), G 4 P A M A M  d e n d rim er am in e -te rm in a ted  and  iron
(III) ch lo rid e  (F eC l3) w e re  p u rch ased  fro m  A ld rich  C h em ica l C o. T itan iu m  d io x id e  
(TiCE) and  h y d ro g e n  p e ro x id e  (H 2O 2) w as p u rch ased  from  C arlo  E rb a . E th y le n e  
g ly co l (E G , H O C H 2C H 2O H ), su lfu ric  acid , so d iu m  h y d ro x id e , ace tro n itr ile  (C H 3C N ) 
tr ie th a n o la m in e  (T E A , N (C H 2C H 2 0 H )3) and s ty ren e  m o n o m e r w e re  su p p lied  by 
L a b sc a n  A sia  C o ., and u sed  as rece iv ed . A lk y ltr im e th y la m m o n iu m  b ro m id e  
(C n T M A B ) w as p u rch ased  fro m  S ig m a  C h em ica l Co.

3.2 Materials Characterization

F T IR  sp ec tro sco p ic  • an a ly s is  w as  co n d u c ted  u s in g  a  B ru k e r  In s tru m en t 
(E Q U IN O X 5 5 ) w ith  a re so lu tio n  o f  4 c m '1. T h e  so lid  sam p le  w as p re p a re d  by 
m ix in g  1%  o f  sam p le  w ith  an h y d ro u s  K B r. T herm al p ro p e rtie s  w e re  an a ly zed  u s in g  
D u  P o n t In s tru m en t T G A  2 9 5 0  th e rm o g ra v im e tr ic  an a ly sis  (T G A ). T he m eso p o ro u s  
p ro d u c t w a s  ch a rac te riz ed  u s in g  a R ig ak u  X -ray  d iffra c to m e te r (X R D ) w ith  C u K a  
so u rce  a t a scan n in g  sp eed  o f  0 .75 d eg ree /sec . T h e  w o rk in g  ra n g e  w as  20  =  1 .5-10. 
E le c tro n  m ic ro sc o p e  s tu d y  (T E M  m ic ro g rap h s  and  e lec tro n  d iffrac tio n  p a tte rn s )  w e re  
ca rried  o u t u sin g  JE O L  201 OF. S u rface  a rea  and  av e rag e  p o re  s ize  w e re  d e te rm in ed  
by  B E T  m e th o d  u s in g  a  Q u an ta so rb  JR . (A u to so rb -1 ). T he p ro d u c t w as  d eg assed  at 
2 5 0 ° c  fo r 12 hr p r io r  to  analysis. D iffu se  re fle c tan c e  u ltra v io le t sp e c tro sc o p y  w as 
u sed  to  id en tify  th e  lo ca tio n  and th e  co o rd in a tio n  o f  tra n s itio n  m eta l in  h ex ag o n a l 
s tru c tu re . T h e  re f le c tan c e  o u tp u t fro m  th e  in s tru m e n t w as  c o n v e rte d  u s in g  K u b e lk a - 
M u n k  a lg o rith m . T h e  m e ta l c o n te n t w a s  ch arac te rized  u s in g  S E M /E D S  and  X R F. 
P a rtic le  s ize  an a ly z e r w a s  co n d u c ted  u s in g  M a lv e rn  In s tru m en t. T h e  ca lc in a tio n  w a s  
co n d u c ted  u sin g  a C a rb o lite  F u rn ace  (C F S  1200) w ith  th e  h ea tin g  ra te  o f  l ° c /m in .
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3.3 Precursor Synthesis

3.3.1 S ila tran e  S y n th esis
W o n g k a se m jit’s sy n th e tic  m e th o d  w as fo llo w ed  by  m ix in g  s ilico n  

d io x id e , and tr ie th a n o la m in e  in  a s im p le  d is tilla tio n  set u s in g  e th y len e  g ly co l so lven t. 
T h e  reac tio n  w a s  d o n e  at th e  b o ilin g  p o in t o f  e th y len e  g ly co l u n d e r  n itro g en  
a tm o sp h e re  to  rem o v e  w a te r  as a b y -p ro d u c t a long  w ith  e th y len e  g ly co l fro m  th e  
sy stem . T he reac tio n  w a s  ru n  fo r 10 hr and  th e  rest o f .e th y le n e  g lyco l w a s  rem o v ed  
u n d e r  v acu u m  ( 1 6  P a ) at 1 1 0 °c . T h e  b ro w n ish  w h ite  so lid  w as  w a sh e d  w ith  
a ce to n itr ile  fo r  th re e  tim es  to  o b ta in  th e  final w h ite  p o w d e r p ro d u c t hav in g  
th e o re tic a l c e ram ic  y ie ld  o f  a ro u n d  19%.

3 .3 .2  T itan iu m  G ly c o la te  S y n th esis
A  m ix tu re  o f  tita n iu m  d io x id e  (0 .02 5  m ol, 2 g ), tr ie th y le n e te tra m in e  

(0 .0 0 7  m ol, 3 .7  g), u sed  as a ca ta ly st, and 25 m L  o f  e th y le n e  g lyco l, u sed  as  a so lven t 
w e re  hea ted  to  th e  b o ilin g  p o in t o f  E G  fo r 24 hr, fo llo w ed  by  sep a ra tin g  th e  
u n re a c te d  TiC>2 f ro m  th e  so lu tio n  part. T h e  ex cess  E G  and T E T A  w e re  rem o v ed  by 
v a c u u m  d is tilla tio n  to  o b ta in  th e  c ru d e  w h ite  so lid  p ro d u c t. T h e  cru d e  p ro d u c t w as 
th en  w ash ed  w ith  a ce to n itr ile  and  d ried  in  a v a c u u m  d e s ic c a to r  b efo re  
c h a ra c te riz a tio n  u s in g  F T IR  and  T G A .

3.4 Catalyst Synthesis

3.4 .1  S y n th esis  o f  SB A - 1
T h e  sy n th esis  p ro c e d u re  w as  as  fo llo w s. S o lu tio n  A  w as p re p a re d  by 

a d d in g  th e  req u ired  am o u n t o f  C nT M A B  (ท =  14, 16 and  18) to  w a te r  (3 0  m l) and  
s tirr in g  fo r 0 .5  h to  o b ta in  a  c lea r  so lu tion . S o lu tio n  B w as  p rep a red  b y  ad d in g  
s ila tran e  (1 .4 g , 5 m m ol) to  14 m l o f  H 2S O 4 (0 .3  -  0 .5  M ) and  N a O H  (0 .0 6 8 g , 1.7 
m m o l), and  s tirr in g  fo r 0.5 h to  o b ta in  a  h o m o g e n e o u s  so lu tion . T h e  p H  v a lu e s  o f  th e  
so lu tio n  B is in  th e  ran g e  o f  1.5 -  2 a ro u n d  th e  iso e lec tric  p o in t (IE P ) o f  s ilica . T he 
so lu tio n  B w a s  th e n  add ed  to  th e  so lu tio n  A  u n d e r  v ig o ro u s  s tirrin g  th a t  w as  
co n tin u ed  fo r 4  h. B e fo re  le av in g  th e  m ix tu re  a t ro o m  te m p e ra tu re , w a te r  (3 0  m l) w as 
ad d ed  in to  th e  so lu tio n  m ix tu re . T h en  th e  m ix tu re  w a s  a llo w ed  to  age fo r 2 days at
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th e  d esired  te m p e ra tu re  to  fo rm  w h ite  p rec ip ita te s . T h e  p ro d u c ts  w e re  filte red  and 
w ash ed  w ith  d is tilled  w a te r  and  d ried  o v e rn ig h t in air. T e m p la te  rem o v a l w as  
ach iev ed  by  ca lc in a tio n  a t 5 6 0 ° c  fo r 6  h u s in g  a C a rb o lite  F u rn ace  (C F S  1200) w ith  
a h ea tin g  ra te  o f  0 .5 °c /m in . T h e  m ix tu re  c o m p o sitio n  in  m o la r ra tio  w as 
l.O C nT M A B : 5 S i0 2: 1 .7N aO H : x H 2S 0 4: 3 6 8 0 H 2O.

3 .4 .2  S yn thesis o f  m eso p o ro u s  s ilica  by u s in g  d e n d rim e r p o ro g e n  te m p la te  
S ila tran e  (1 .4  g, 5 m m o l) w a s  su sp en d ed  to  a so lu tio n  o f  0 .3  M  H 2ร 0 4 (14

cm 3), and  a so lu tio n  o f  N a O H  (0 .0 6 8  g , 1.7 m m o l) w a s  ad d ed  to  th e  su sp en sio n . 
A fte r  s tirr in g  fo r 0 .5  h, req u ired  am o u n t o f  d e n d rim e r w a s  ad d ed  to  th e  su sp en s io n  
u n d er v ig o ro u s  stirring . A fte r  0, 10 and 30  cm 3 o f  w a te r  w as ad d ed , th e  m ix tu rè  w as 
stirred  fo r 4 h  and a llo w ed  to  age fo r  2-5 days a t ro o m  tem p e ra tu re . T h e  w h ite  
p re c ip ita te s  w ere  filte red , w ash ed  w ith  w a te r , and d ried  o v e rn ig h t in th e  a tm o sp h e re  
(w ith o u t rem o v ed  th e  tem p la te ) . D l ,  D 2 , D3 and D 4  labe led  to  th e  p ro d u c ts  w ere  
sy n th es ized  v ia  fo u r c o n cen tra tio n s  o f  d e n d rim e r a t 1.41, 2 .81 , 4 .2 2  and  5 .64  m M , 
re sp ec tiv e ly . T h e  p ro d u c ts  th a t 0, 10 and  30  cm 3 o f  w a te r  w e re  ad d ed  w e re  d en o ted  
DnHO, D nH IO  and  D n H 3 0  (ท =  1 -  4), resp ec tiv e ly .

3 .4 .3  S yn thesis  o f  F e-S B A -1
T h e  sy n th esis  p ro c e d u re  w as as fo llo w s. S o lu tio n  A  w a s  p re p a re d  by  

ad d in g  C iôT M A B  (0 .4 4 g ) to  w a te r  (30  m l) and  s tirrin g  fo r 0.5 h to  o b ta in  a  c lea r 
so lu tion . S o lu tio n  B w as p rep a red  by  d isso lv in g  s ila tran e  (1 .4g , 5 m m o l) in  14 m l o f
0.3 M  H 2ร O 4 and  N a O H  (0 .0 6 8 g , 1.7 m m o l) by  s tirr in g  fo r 0 .5  h. A  req u ired  a m o u n t 
o fF e C f t  w a s  ad d ed  to  th e  so lu tio n  B an d  stirrin g  co n tin u ed  fo r  0 .5  h. S o lu tio n  B w as  
th en  ad d ed  to  th e  so lu tio n  A  u n d e r  v ig o ro u s  s tirrin g  th a t con tin u ed  fo r  4  h. W a te r  (30  
m l) w as  ad d ed  to  th is  m ix tu re  b e fo re  ag in g  fo r 2  d ay s  at ro o m  te m p e ra tu re  to  fo rm  a 
w h ite  p rec ip ita te . T h e  p ro d u c t w as  filte red , w a sh e d  w ith  d is tilled  w a te r , and d ried  at 
ro o m  te m p e ra tu re  ov ern ig h t. T h e  te m p la te  w a s  re m o v e d  by  ca lc in a tio n  (5 6 0 ° c  /  6  h ) 
in  a C a rb o lite  F u rn ace  (C F S  1200) at a  h ea tin g  ra te  o f  0 .5 °c /m in .

3 .4 .4  S y n th esis  o f  T i-S B A -1
T h e  sy n th es is  p ro c e d u re  w a s  as fo llo w s. S o lu tio n  A  w a s  p re p a re d  by  

ad d in g  C iôT M A B  (0 .4 4 g ) to  w a te r  (30  m l) and  s tirrin g  fo r 0 .5  h  to  o b ta in  a c lea r 
so lu tion . S o lu tio n  B w as p rep a red  by  d isso lv in g  s ila tra n e  (1 .4g , 5 m m o l) in  14 m l o f
0.3 M  H 2ร O 4 and  N a O H  (0 .0 6 8 g , 1.7 m m o l) by  s tirr in g  fo r 0 .5  h. A  req u ired  a m o u n t
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o f  titan iu m  g ly c o la te  w as  added  to  th e  so lu tio n  B and s tirrin g  co n tin u ed  fo r 0 .5h. 
S o lu tio n  B w as th en  added  to  th e  so lu tio n  A  u n d e r v ig o ro u s  s tirr in g  th a t co n tin u ed  
fo r  4 h. W a te r (30  m l) w as add ed  to  th is  m ix tu re  b e fo re  ag in g  fo r 2 days at ro o m  
te m p e ra tu re  to  fo rm  a w h ite  p rec ip ita te . T h e  p ro d u c t w as  filte red , w a sh e d  w ith  
d is tilled  w a te r, and  d ried  at ro o m  te m p e ra tu re  o v ern ig h t. T h e  te m p la te  w as  rem o v ed  
by  ca lc in a tio n  (5 6 0 ° c  /  6  h) in a C a rb o lite  F u rn a c e  (C F S  1200) a t a h ea tin g  ra te  o f
0 .5 °c /m in .

3.5 Catalytic Activity Testing

3.5.1 C a ta ly tic  T es tin g  o f  F e-S B A -1  and  T i-S B A -1
T h e  e p o x id a tio n  o f  s ty ren e  is c a rried  o u t in a 50  m l g la ss  flask  to  be 

h ea ted  w ith  an oil bath . In a ty p ica l run , s ty ren e  (1 .0 4  g, 10 m m o l), an  aq u eo u s  30%  
H 2O 2 (1 .1 4  g, 10 m m o l), w ere  m ix ed  in 10 m l o f  C H 3C N . T h e  ca ta ly s t (50  m g) w as 
ad d ed  in th e  re a c tio n  and  h ea ted  a t 8 0 ° c  w ith  co n tin u o u s  stirring . D u rin g  th e  
reac tio n , th e  p ro d u c ts  w e re  an a ly zed  (by  w ith d ra w in g  sm all a liq u o ts  a fte r  sp ec ific  
in te rv a l o f  tim e ) u s in g  a gas c h ro m a to g ra p h y  (G C ) eq u ip p ed  w ith  a cap illa ry  co lu m n  
(D B -W A X , 30  M x 0 .25  m m ) and a F ID  d e tec to r.
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