
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3.1.1 T e tra iso p ro p y l o r th o tita n a te  (T IP T , T i(O C H (C H 3)2)4)
3 .1 .2  T e trae th y l o rth o s ilic a te  (T E O S , CgPhoCTiSi)
3 .1 .3  E o sin  Y (E .Y ., C jo H ô B ^N aaO s)
3 .1 .4  L au ry lam in e  h y d ro c h lo r id e  (L A H C , C H 3 (C H 2) i 1N H 2 H C I)
3 .1 .5  A c e ty la c e to n e  (A C A , C H 3 C O C H 2C O C H 3 )
3 .1 .6  D ie th a n o la m in e  (D E A , (H O C H 2C H 2)2N H  )
3 .1 .7  A ce to n e  (C H 3C O C H 3)
3 .1 .8  H y d ro ch lo ric  ac id  (HC1)
3 .1 .9  S o d iu m  h y d ro x id e  (N aO H )
3 .1 .1 0  D is tilled  w a te r
3 .1.11 H y d ro g en  h e x a c h lo ro p la tin a te  (IV ) h e x a h y d ra te  (H 2P tC l6 ’6 H 2 0 )
3 .1 .12  H y d ro g en  te tra c h lo ro a u ra te  (III)  h y d ra te  (H A U C I4 4 H 2O )

3.2 Equipment

3.2.1 T h e rm o g ra v im e tr ic /d e r iv a tiv e  th e rm o g ra v im e tr ic  a n a ly z e r  
(T G -D T G , P e rk in  E lm e r/P y ris  D iam o n d )

3 .2 .2  X -ray  d iffra c to m e te r  (B ru k e r  A X S /D 8  A d v a n c e )
3 .2 .3  S u rface  a rea  a n a ly z e r  (S A A , Q u a n ta c h ro m /A u to so rb  1)
3 .2 .4  S can n in g  e le c tro n  m ic ro sc o p e  (S E M , H ita c h i/S -4 8 0 0 )  e q u ip p e d  

w ith  e n e rg y  d isp e rs iv e  X -ray  (E D X ) a n a ly z e r
3 .2 .5  T ra n sm iss io n  e lec tro n  m ic ro sc o p e  (T E M , JE O L /JE M  2 1 0 0 ) 

E quipped  w ith  e n e rg y  d isp e rs iv e  X -ray  (E D X ) a n a ly z e r
3 .2 .6  G as ch ro m a to g ra p h  (G C , P e rk in  E lm e r/A R N E L )
3 .2 .7  U V -v is ib le  sp e c tro p h o to m e te r  (S h im a d z u /U V -2 5 5 0 )
3 .2 .8  H 2 c h e m iso rp tio n  a p p a ra tu s
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3 .2 .9  O v en  (C A R B O L IT E /C W E  1100)
3 .2 .1 0  pH  m e te r (H A N A A /p H  2 11)
3 .2.11 M ag n e tic  s tirre r
3 .2 .1 2  C en trifu g e  m ach in e  (H E R M L E  Z 3 8 3 )
3 .2 .1 3 . V is ib le  lig h t so u rce  (3 0 0 -W  X e n o n  a rc  lam p , K X L -3 0 0 /W A C O M  

E lec tric )
3 .2 .1 4  u v  lig h t so u rce  ( 1 1-W  lo w -p re ssu re  m e rc u ry  lam p , P h ilip s)
3 .2 .15  U V  c u t-o f f  f ilte r (B -4 8 S /A T G )

3.3 Methodology

T h e  m e so p o ro u s-a sse m b le d  T i0 2 - S i0 2-b a se d  n an o c ry s ta l p h o to c a ta ly s ts  
w ere  sy n th e s iz e d  by  a  so l-g e l p ro cess  w ith  th e  a id  o f  a  s tru c tu re -d ire c tin g  su rfac tan t 
a cco rd in g  to  th e  fo llo w in g  p ro ced u re :

a. T h e  T IP T  and  T E O S  w ere  f irs tly  m ix ed  to g e th e r  w ith  v a rio u s  
T i 0 2 and  S i 0 2 m o la r co n c e n tra tio n s  (v a r io u s  X  v a lu e s  in  x T i0 2- ( l - x ) S i 0 2).

b. A  sp ec if ied  am o u n t o f  an a ly tic a l g ra d e  A C A  w a s  in tro d u c e d  in to  
th e  T IP T /T E O S  m ix tu re  w ith  th e  (T IP T + T E O S )-to -A C A  m o la r  ra tio  eq u a l to  u n ity .

c. T h e  m ix ed  so lu tio n  w as th en  g e n tly  sh ak en  u n til h o m o g e n e o u s  
m ix in g . A fte rw a rd s , a 0.1 M  L A H C  a q u e o u s  so lu tio n  w ith  pH  o f  4 .2  w a s  a d d ed  to  
th e  A C A -m o d if ie d  T IP T /T E O S  so lu tio n , in w h ic h  th e  (T IP T + T E O S )-to -L A H C  
m o la r  ra tio  w as  ta ilo red  to  a v a lu e  o f  4.

d. T h e  m ix tu re  w as k ep t c o n tin u o u s ly  s tirr in g  a t 40  ๐c  fo r 8 h  to  
o b ta in  tra n sp a re n t y e llo w  sol.

e. T h en , th e  so l-c o n ta in in g  so lu tio n  w as p laced  in to  an  o v en  at 80 
°c fo r a  w eek  in  o rd e r to  o b ta in  co m p le te  gel fo rm a tio n .

f. T h e  gel w as  d ried  at 80 °c to  e lim in a te  th e  so lv en t fo r  3 d, w h ich  
w as m a in ly  th e  d is tilled  w a te r  u sed  in  th e  p re p a ra tio n  o f  L A C H  a q u e o u s  so lu tio n .

g. T h e  d ried  gel w as f in a lly  c a lc in e d  at v a rio u s  te m p e ra tu re s  (5 0 0 - 
8 00  ๐บ ) fo r 4 h to  rem o v e  th e  L A H C  an d  c o n se q u e n tly  p ro d u c e  th e  d e s ire d  T i 0 2- 
S i 0 2 m ix ed  o x id e  p h o to ca ta ly s ts .
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(h . - k. are  th e  ad d itio n a l s tep s  fo r th e  p re p a ra tio n  o f  P t- a n d /o r  A u- 
lo ad ed  m eso p o ro u s-a sse m b le d  T i0 2 -SiC>2 m ix ed  o x id e  p h o to c a ta ly s ts  b y  a 
p h o to c h e m ic a l d e p o s itio n  (P C D ) m e th o d .)

h. A  T iC ^-S iC b  m ix ed  o x id e  p h o to ca ta ly s t, w h ic h  w as in itia lly  
p rep a red  by  th e  so l-g e l m e th o d , w as  first d isp e rsed  in  d is tille d  w a te r  and  
u ltra so n ica ted  fo r 15 m in .

i. T h en , a d es ired  a m o u n t o f  h y d ro g e n  h e x a c h lo ro p la tin a te  (IV ) 
h e x a h y d ra te  a n d /o r h y d ro g e n  te tra c h lo ro au ra te  (III) h y d ra te , m e th an o l, an d  d is tilled  
w a te r  w a s  ad d ed  to  o b ta in  a  50 v o l.%  m e th an o l a q u e o u s  so lu tio n .

j .  T h e  m ix tu re  w as m a g n e tic a lly  s tirred  and  irra d ia te d  by  a  se t o f  11 
พ  lo w -p re ssu re  H g  lam p s (to ta l ligh t in ten sity  o f  44  พ )  fo r 2 h.

k. A fte r  th e  irrad ia tio n , the  Pt a n d /o r A u -d e p o s ite d  p h o to c a ta ly s t 
p o w d e rs  w ere  reco v e red  by  filtra tio n , rep ea ted ly  w ash ed  w ith  h o t d is tilled  w a te r, and  
d ried  at 80 °c.

I
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T h e  flo w  ch a rt fo r th e  sy n th e s is  o f  m eso p o ro u s-a sse m b le d  T i0 2 -S i0 2 - 
b a se d  n an o c ry s ta l p h o to c a ta ly s ts  w ith o u t and  w ith  Pt a n d /o r A u  lo ad in g  is sh o w n  in 
F ig u re  3.1 :

Figure 3.1 S y n th e s is  p ro c e d u re  fo r m e so p o ro u s-a sse m b le d  T i0 2 -SiC>2-b ased  
p h o to c a ta ly s ts : (a ) T i0 2 -S i0 2 m ix e d  o x id es  an d  (b ) P t- a n d /o r  A u -lo a d e d  T i0 2-S i0 2  

m ix e d  o x id es  by  P C D  m eth o d .
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3.4 Photocatalyst Characterizations

a. S im u lta n e o u s  th e rm o g ra v im e try  an d  d iffe re n tia l th e rm a l a n a ly s is  (T G -D T A ) 
w as u sed  to  s tu d y  th e  th e rm a l d e c o m p o s itio n  b e h a v io r  o f  th e  a s -sy n th e s iz e d  
d ried  T i0 2 -S i0 2  ge l an d  o b ta in  a su itab le  c a lc in a tio n  te m p e ra tu re  for 
re m o v in g  th e  L A H C  su rfac tan t. T h e  d ried  gel o f  5 -1 5  m g  w as  h ea ted  fro m  
50 °c to  800  °c w ith  a h e a tin g  ra te  o f  10 ° c /m in  in a s ta tic  a ir  a tm o sp h e re  
w ith  ( X - A I 2 O 3 as th e  re fe ren ce .

b. T h e  su rface  a rea  w as m e a su re d  by  B E T  su rfa c e  a re a  an a ly ze r. T h e  
p h o to c a ta ly s t sam p le  w a s  f irs tly  o u tg a ssed  to  rem o v e  th e  h u m id ity  an d  
v o la tile  a d so rb e n ts  ad so rb e d  on  su rfa c e  u n d e r v a c u u m  at 150 ๐c  fo r 4  h  p rio r  
to  th e  an a ly sis . T h en , N 2 w a s  p u rg ed  to  a d so rb  on  th e  su rface , an d  th e  
q u an tity  o f  gas a d so rb e d  o n to  o r d eso rb ed  fro m  th e ir  so lid  su rface  at so m e  
eq u ilib r iu m  v a p o r p re ssu re s  w as  m e a su re d  by  s ta tic  v o lu m e tr ic  m eth o d . T h e  
so lid  sam p le  w as m a in ta in e d  at a  c o n s ta n t te m p e ra tu re  o f  th e  sa m p le  ce ll u n til 
th e  eq u ilib r iu m  w as e s tab lish ed . T h is  v o lu m e -p re s su re  d a ta  w ere  u sed  to  
ca lc u la te  th e  sp ec ific  su rface  area .

c. X -ray  d iffra c tio n  (X R D ) w as u sed  to  id en tify  c ry s ta llin e  p h a se s  p re se n t in  th e  
sam p le s  by  u s in g  a  B ru k e r A X S  sy stem  (D 8  A d v a n c e )  w ith  a c o p p e r  tu b e  fo r 
g e n e ra tin g  C u K a  ra d ia tio n  (1 .5 4 0 5 6  Â ) a t 40  k v  an d  30  m V  and  a n ick e l 
filte r. A  p h o to c a ta ly s t sam p le  w as  p re ssed  in to  a  h o llo w  o f  g la ss  h o ld e r  and  
he ld  in p lace  by  g la ss  w in d o w . T h e  g o n io m e te r  p a ra m e te rs  w e re  d iv e rg e n t 
s lit =  1° (20 ); sc a tte rin g  slit =  1° (20 ); and  re c e iv in g  s lit =  0 .3  m m . T h en , it 
w as scan n ed  in th e  2 0  ran g e  o f  2 0 ° to  60° in th e  c o n tin u o u s  m o d e  w ith  th e  
ra te  o f  1 ๐/m in  w ith  scan  s tep  o f  0 .02  (20). T h e  X R D  re su lts  sh o w  p eak  
p a ra m e te rs , in c lu d in g  th e  cen tro id  2 0 , th e  fu ll w id th  at h a lf  th e  m a x im u m  o f  
in ten s ity  (P ), d -v a lu e , an d  in ten sity . T h e  m ean  c ry s ta llite  s ize  w as ca lcu la ted  
from  th e  j(R D  d a ta  u s in g  X -ray  line  b ro ad en in g . T h e  sig n a l w a s  sen t to  th e  
o n lin e  c o m p u te r  to  reco rd  and  a n a ly ze . T h e  S c h e rre r  eq u a tio n  as  e x p re ssed  in 
E q u a tio n  3.1 sh o w s th e  re la tio n sh ip  b e tw een  th e  c ry s ta llite  s ize  (D ) an d  th e
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b ro a d e n in g  (P) o f  the  d iffra c tio n  line  c o rre sp o n d in g  to  th e  B rag g  an g le  (0) 
an d  X -ray  w a v e le n g th  (X).

D b = K-X

P-COS0
(3 .1 )

w h ere :
Db =  C ry s ta llite  s ize  (Â )
K  =  S ch e rre r c o n s tan t, 0 .9  
X =  X -ray  w av e le n g th  (A )
p =  F u ll w id th  at h a l f  m a x im u m  o f  p eak  at 20 (rad ian )
0 =  B rag g  an g le  o f  th e  re f le c tio n  (rad ian )

d. U V -v is ib le  sp e c tro p h o to m e te r  w as u sed  to  id e n tify  a b so rp tio n  a b ility  o f  th e  
p h o to c a ta ly s ts . T h e  a n a ly s is  w as o p e ra te d  u n d e r  sc a n n in g  w a v e le n g th  o f  
2 0 0 -9 0 0  n m  u s in g  BaSC >4 as  th e  re fe ren ce .

e. T h e  sam p le  m o rp h o lo g y  w as o b se rv ed  b y  a  sc a n n in g  e le c tro n  m ic ro sc o p e  
(S E M ) and  a  tra n sm iss io n  e lec tro n  m ic ro sc o p e  (T E M ). F o r S E M  a n a ly s is , the  
sam p le  w as co a ted  w ith  A u  b efo re  m e a su re m e n t fo r im p ro v in g  c o n d u c tiv ity  
o f  sam p le . F o r T E M  an a ly s is , the  p h o to c a ta ly s t sa m p le s  w ere  g ro u n d  in to  
fin e  p o w d e r an d  u ltra so n ic a lly  d isp e rse d  in e th an o l. A  sm all d ro p le t o f  the  
su sp e n s io n  w a s  d e p o s ite d  on  a c o p p e r g rid  w ith  p o ly v in y l d es ica te , an d  the  
so lv e n t w as  ev ap o ra ted  p r io r  to  lo ad in g  th e  sa m p le  in to  th e  m ic ro sco p e . T h e  
T E M  w as ca rried  o u t o p e ra tin g  at an  a c c e le ra tin g  v o ltag e  o f  2 0 0  k v  in  b rig h t 
f ie ld  m o d e . A  b eam  w as p a sse d  th ro u g h  a  se rie s  o f  len ses  to  fo rm  a  m a g n if ie d  
im ag e  o f  a sam p le  th a t w as  in se rted  in  th e  a rea  o f  th e  o b je c tiv e  lens. T h e  
im ag e  fro m  se lec ted  a rea  w as v iew ed  th ro u g h  p ro je c tio n  o n to  a  v ie w  o f  
sc reen . H o w ev e r, e le c tro n  b eam s can  be e a s ily  sc a tte re d  by  a ir m o le c u le s , 
an d  T E M  c o lu m n  m u st be  kep t u n d e r h ig h  v acu u m . A d d itio n a lly , th e  
e le c tro m a g n e tic  len ses  w ere  u sed  fo r fo c u s in g  th e  e le c tro n  b eam . T h e  en e rg y  
d isp e rs iv e t X -ray  (E D X ) an a ly z e r a tta c h e d  to  b o th  th e  S E M  and  T E M  w as 
u sed  to  o b ta in  e lem en ta l m a p p in g s  o v e r  a  d e s ire d  re g io n  o f  a  p h o to c a ta ly s t.

f. H y d ro g e n  c h e m iso rp tio n  w as u sed  to  d e te rm in e  th e  P t a n d /o r  A u  d isp e rs io n  
on  th e  p h o to c a ta ly s t su rface . It w as p e rfo rm e d  in a c o n v e n tio n a lly  m a d e -u p  
sy stem  c o n n ec ted  to  a th e rm a l co n d u c tiv ity  d e te c to r  (T C D ) u s in g  50  m g  o f
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each  p h o to c a ta ly s t s a m p le  at ro o m  te m p e ra tu re  w ith  2 0 -p l p u lse s  o f  the  
p u rified  แ 2 . T h e  re su lt w as  d e tec ted  w ith  th e  T C D  c o n n e c te d  o n lin e  to  
so ftw a re  to  d e te rm in e  th e  irrev e rs ib ly  b o u n d  c h e m iso rb e d  แ 2 , w h ic h  sh o u ld  
co rre sp o n d  to  น 2 ad so rb e d  on  th e  P t a n d /o r  A u  su rface . T o  c a lc u la te  the  Pt 
a n d /o r  A u  d isp e rs io n , it w as  su p p o sed  th a t th e  a d so rp tio n  s to ic h io m e try  w as 
o n e  H  a to m  fo r o n e  su rfa c e  Pt a n d /o r A u  a tom .

3.5 Photocatalytic แ 2 Production System

T h e  p h o to c a ta ly tic  แ 2 p ro d u c tio n  re a c tio n  w as p e rfo rm e d  in  a  c lo sed  gas 
sy s tem , as  sh o w n  in  F ig u re  3 .2 .

Figure 3 .2  S e tu p  o f  p h o to c a ta ly tic  แ 2 p ro d u c tio n  sy stem .

T h e  p h o to c a ta ly tic  แ 2 p ro d u c tio n  te s ts  w ere  c a rr ie d  o u t a c c o rd in g  to  the  
fo llo w in g  p ro ced u re :

a. A  sp ec if ied  a m o u n t o f  each  sy n th e s iz e d  p h o to c a ta ly s t (0 .2  g) w as  
su sp e n d e d  in  150 m l o f  d ie th a n o la m in e  aq u eo u s  so lu tio n  c o n ta in in g  d isso lv e d  E o sin  
Y se n s itiz e r  by  mfeans o f  m a g n e tic  s tirre r  w ith in  a  re a c to r m ad e  o f  P y rex  g lass.

b. T h e  m ix tu re  w as d e a e ra ted  by  p u rg in g  w ith  A r gas fo r 30  m in  in d ark  
e n v iro n m e n t to  e s ta b lish  a d so rp tio n  eq u ilib riu m .
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c. T h e  reac tio n  w a s  s ta rted  by  ex p o s in g  th e  m ix tu re  w ith  v is ib le  lig h t 
irrad ia tio n  fro m  a  3 00  พ  X e  arc lam p  e m ittin g  lig h t w ith  w a v e le n g th  lo n g e r th an  4 0 0  
nm  u s in g  a  uv c u t-o f f  filter.

d. T h e  g a seo u s  แ 2 p ro d u c e d  w as  p e r io d ic a lly  c o lle c te d  by  a  g a s-tig h t 
sy rin g e  an d  an a ly z e d  by  a gas c h ro m a to g ra p h  (G C ) e q u ip p ed  w ith  a  th e rm al 
c o n d u c tiv ity  d e te c to r  (T C D ). T h e  co n d itio n s  u sed  fo r o p e ra tin g  G C  are  sh o w n  as 
fo llo w s:

- In je c to r  te m p e ra tu re : 150 °c
- O v en  tem p e ra tu re : 45 °c
- D e te c to r tem p e ra tu re : 150 °c
- C a rr ie r  gas: A r

f
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