
CHAPTER IV
SYNTHESIS OF CHROMOPHORES MODIFIED 

POROUS CLAY HETEROSTRUCTURE

4.1 Abstract

B e c a u se  o f  th e  ad v a n ta g e  o f  p o ro u s  c la y  h e tero stu ctu r e  (P C H ) and  
fu n c t io n a liz e d  P C H  o n  barrier p ro p erties , h igh  su r fa ce  area and  a b ility  o f  g a s  
a b so rp tio n , p o r o u s  m ateria l is  the o n e  o f  m o s t  p op u lar startin g  m a te r ia ls  for m a n y  
a p p lica tio n . In th is  w ork , th e  fu n c t io n a liz e d  P C H  w ith  a m in o  gro u p  (A P P C H ) and  
P C H  w ere  m o d if ie d  w ith  p H  d y e  eith er  m e th y l red or b r o m o th y m o l b lu e  for u s in g  as  
c o lo r im e tr ic  in d ica tor . T o  co n firm  th e fo rm a tio n  o f  p o ro u s  stru ctu re, th e  p ro d u cts  
w e r e  ch a ra cter ized  b y N 2 a d so rp tio n -d e so r p tio n , X R D , S E M  and F T IR  te c h n iq u e s . 
T h e  resu lts  r e v e a le d  that P C H  had the h ig h  su rfa ce  areas o f  5 2 4 .1  m 2/g , a v era g e  p ore  
d ia m eter  o f  4 .8 5  n n i and p ore  v o lu m e  o f  0 .6 4  c c /g  w h i le  th e  fu n c t io n a liz e d  P C H  
(A P P C H ) had  th e  d ecrea se  o f  su rfa ce  area  and pore v o lu m e  in  th e  ran g e  o f  1 1 9 .8 -
3 2 0 .5  m 2/g  an d  0 .3 3 -0 .4 2  c c /g , r e sp e c tiv e ly . T h e  ru gg ed  su r fa ce  o f  S E M  im a g e  and  
n o  o b se r v e d  th e  o b v io u s  p ea k  from  X R D  sp ectra  w a s  u se d  to c o n fir m  the p o ro u s  
stru ctu re in  A P P C H  and P C H . T h e in co rp o ra tio n  o f  m e th y l red in  A P P C H  and  
b r o m o y h y m o l b lu e  in  P C H  w a s  in v e s t ig a te d  b y N 2 a d so r p tio n -d e so r p tio n , X R D  and  
S E M . T h e  r e su lts  sh o w e d  that su rfa ce  area  and p ore v o lu m e  o f  A P P C H  and  P C H  
d e c r e a se d  a fter  m o d if ie d  w ith  p H -d y e  in d ic a te d  that th e  in co rp o ra tio n  o f  p H  d y e  in  
A P P C H  and P C H  w a s  su c c e s s fu l.

K ey w o rd s: P o r o u s  c la y  h etero stu ctu re  (P C H )/ c h r o m o p h o res

4.2 Introduction

P oro u s C la y  H eterostru ctu re  (P C H ) is  a p o ro u s  m ateria l that h as b e e n  
d e v e lo p e d  d u e  to  th e  sp e c ia l p rop erties  i .e . im p r o v e s  th e  a b ility  o f  a d so rp tio n  b y  h ig h  
su r fa ce  area. P C H  can  b e  prep ared  b y  u s in g  su rfactan t in co rp o ra ted  w ith in  th e
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g a lle r ie s  o f  c la y . C a tio n ic  su rfa cta n ts  w ill  in terca la te  b e tw e e n  th e  sh e e ts  o f  c la y . 
T h en  P C H  is  sy n th e s iz e d  b y  p o ly m e r iz a tio n  o f  th e  s i l ic a  so u rce  su c h  as  
te tr a e th o x y s ila n e  (T E O S ) in the p r e se n c e  o f  su rfactan t m ic e l le s .  H o w e v e r , in  th e  
p rep aration  o f  P C H s, c a lc in a tio n  at h ig h  tem p era tu re  (6 0 0 -6 5 0 ° C )  or so lv e n t  
ex tra ctio n  m e th o d  are n e c e ssa r y  to  r e m o v e  the su rfa cta n t in  ord er to ob ta in  c o m p le te  
p oro u s s i l ic a  structure.

S u b se q u e n tly , to  p rod u ce  P C H  w ith  o r g a n ic - in o r g a n ic  h yb rid  stru ctu re, the  
structure o f  in o rg a n ic  fram e w o rk s is  c o m b in e d  w ith  o rg a n ic  gro u p  in  P C H  in  ord er  
to  p r o v id e  th e  h ig h  ad so rp tio n  p rop erty  for g a s  m o le c u le s  and  h ig h  s e le c t iv ity  for  
o rg an ic  c o m p o u n d .

D u e  to  the a d v a n ta g e  o f  P C H  an d  fu n c t io n a liz e d  P C H , th e  p o ro u s m a ter ia ls  
w ere  w id e ly  u sed  in  ord er to e n h a n c e  th e  p ro p erties  for th e  d es ired  a p p lica tio n . 
R e c e n tly , p o ro u s  m ateria l is  the o n e  o f  m o st  p op u la r  startin g  m a ter ia ls  for p rep arin g  
n a n o c o m p o s ite  f ilm s  b y  in co rp o ra tin g  w ith  c o m m u n ity  p la s t ic  in  ord er to d e v e lo p  
a c t iv e  and  sm art p a ck a g in g . B e c a u se  o f  th e  im p r o v e m e n t in  th e  p rop erties  o f  th e  
n a n o c o m p o s ite  f i lm s  w il l  b e  o b ta in e d  from  th e su p er ior  p ro p er tie s  o f  p o ro u s  
m ateria ls  su c h  as barrier p rop erties  im p r o v e m e n t, h ig h  su rfa ce  area  an d  a b ility  o f  g a s  
ab so rp tio n .

T h e  a im  o f  th is  s tu d ied  w a s  to  e n h a n c e  th e c o lo r im e tr ic  p ro p erties  o f  
ch ro m o p h o r e s  and  barrier p rop erties  o f  P C H  and  fu n c t io n a liz e d  P C H  (A P P C H ) b y  
m o d ific a tio n  o f  c h r o m o p h o res  m o d if ie d  P C H  and  fu n c t io n a liz e d  P C H  for u s in g  in  
f ilm  p a c k a g in g . S u b se q u e n tly , th e  o b ta in ed  A P P C H -M R  w a s  b le n d e d  w ith  
p o ly p r o p y le n e  (P P ) and  P C H -B T B  w a s  b len d ed  w ith  lo w  d e n s ity  p o ly e th y le n e  
(L D P E ) in  ord er to  p rod u ce  th e  n a n o c o m p o s ite  f i lm s  for  sm art p a c k a g in g  
a p p lica tio n .

4.3 Experimental

A. P r e p a r a t io n  o f  O r g a n o m o d if ie d  B e n to n ite
A  0 .1  M  s o lu t io n  o f  th e  su rfactan t (C ety l tr im eth y l a m m o n iu m  b ro m id e , 

C T A B ) w a s  p repared . 3 g  o f  c la y  (S o d iu m  b en to n ite , N a -B T N )  w a s  ad d ed  to  5 0  m l 
o f  th is  so lu t io n  and th e  m ix tu re  w a s  stirred  for 2 4  h  at 5 0 ° c .  A fte r  th e  e x c h a n g e
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c a t io n  rea c tio n , th e  c la y  w a s  filtra ted  from  th e so lu t io n  and  w a sh e d  w ith  th e m ix tu re  
o f  d is t ille d  w a ter  and  m eth a n o l (1 :1 )  u n til p H  o f  9  w a s  reach ed . T h e m o d if ie d  c la y  
w a s  d ried  at 5 0 ° c  for 2 4  h an d  gro u n d  in to  p o w d e r  u s in g  cen tr ifu g a l b a ll m il l  w ith  
4 0 0  rpm  for 3 0  m in  b e fo re  sc r e e n e d  th rou gh  a m e sh  #3 2 5 .
B. P r e p a r a t io n  o f  F u n c tio n a l iz e d  P o r o u s  C la y  H e te r o s tr u c tu r e

T h e  sy n th e s iz e d  o r g a n o c la y  w a s  ad d ed  to a  n eutra l a m in e  su ch  as 
d o d e c y la m in e  an d  the m ix tu re  o f  te tr a e th o x y s ila n e  (T E O S ) and  3- 
a m in o p r o p y ltr ie to x y s ila n e  (A P T E S )  in  th e  f o l lo w  m o la r  ratio: 
o r g a n o c la y /d o d e c y la m in e /T E O S : A P T E S  =  1 /2 0 /1 5 0 . In first step , o r g a n o c la y  w a s  
m ix e d  w ith  d o d e c y la m in e  and stirred  at 5 0 ° c  for  3 0  m in . A fte r  that th e  m ix tu r e  o f  
T E O S  and  A P T E S  in m o le  fra c tio n  o f  0 .9 7 : 0 .0 3 , 0 .9 5 : 0 .0 5  and 0 .9 0 :  0 .1 0  w a s  
ad d ed  to th e  m ix tu re  a l lo w e d  r e a c tin g  for 4  h  at roo m  tem p era tu re u nder c o n tin u o u s  
stirrin g  b y  c o -c o n d e n sa t io n  m e th o d . A fte r  rea c tio n , the m o d if ie d  c la y  w a s  filtrated  
from  th e so lu t io n  an d  w a sh e d  w ith  m eth a n o l. T h e  m o d if ie d  c la y  w a s  d ried  at roo m  
tem p era tu re for  2 4  h. F or ex tr a c tio n  p r o c e ss , 1 g  o f  a s -sy n th e s iz e d  P C H  w a s  ad d ed  to 
4 5  m l o f  m eth a n o l and  5 m l o f  co n cen tra ted  HC1 and r e f lu x e d  for  2 h. T h e n , the  
m o d if ie d  c la y  w a s  f iltered  o f f  an d  w a sh e d  w ith  m eth a n o l and  w a ter  and a ir-d ried  at 
roo m  tem p era tu re o v e r n ig h t b e fo r e  sc reen ed  th ro u gh  a m e sh  #3 2 5 . T h e  m o d if ie d  c la y  
b y  A P T E S  w a s  n a m ed  A P P C H . 
c .  P r e p a r a t io n  o f  P o r o u s  C la y  H e te r o s tr u c tu r e  (P C H )

T h e  o b ta in e d  o r g a n o c la y  prep ared  w ith  the su rfa cta n t (C ety l tr im eth y l  
a m m o n iu m  c h lo r id e , C T A C ) w a s  ad d ed  to a n eu tra l a m in e  su c h  as d o d e c y la m in e  and  
te tr a e th o x y s ila n e  (T E O S ) in  th e  f o l lo w  m olar  ratio: o r g a n o c la y /d o d e c y la m in e /T E O S  
=  1 /2 0 /1 5 0 . In first step , o r g a n o c la y  w a s  m ix e d  w ith  d o d e c y la m in e  and  stirred  at 
5 0 ° c  for  3 0  m in . A fte r  that te tr a e th o x y s ila n e  (T E O S ) w a s  ad d ed  to th e  m ix tu re  
a llo w e d  rea c tin g  for  4  h at ro o m  tem p era tu re under c o n tin u o u s  stirr in g . A fte r  
rea c tio n , th e  m o d if ie d  c la y  w a s  filtrated  fro m  the s o lu t io n  and  w a sh e d  w ith  
m eth a n o l. T h e  m o d if ie d  c la y  w a s  d r ied  at ro o m  tem p era tu re for  2 4  h. F or ex tr a c tio n  
p r o c e ss , 1 g  o f  a s -sy n th e s iz e d  P C H  w a s  ad d ed  to  4 5  m l o f  m eth a n o l and  5 m l o f  
co n cen tra ted  HC1 an d  r e flu x e d  for  2  h. T h en , the m o d if ie d  c la y  w a s  filtered  o f f  and  
w a sh e d  w ith  m eth a n o l and w ater. A fte r  that, it w a s  a ir-d ried  at room  tem p era tu re  
o v ern ig h t b e fo re  s c r e e n e d  th rou gh  a  m e sh  #3 2 5 .
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D . P r e p a r a t io n  o f  C h r o m o p h o r e s  M o d if ie d  F u n c tio n a l iz e d  P C H
T h e fu n c t io n a liz e d  P C H  from  3 .3 .1 .2  (A P P C H ) w a s  c o n s e q u e n tly  m o d if ie d  

w ith  pH  d y e  (m e th y l red) at v a r io u s  w e ig h t  ratio  o f  A P P C H : d ye  (1 0 :1 , 20 :1  and  
3 0 :1 ) . F irst, m e th y l red is  d is s o lv e d  in  0 .0 5 M  HC1 so lu t io n . T h en , m eth y l red  
so lu t io n  w a s  a d d ed  in to  the fu n c t io n a liz e d  P C H  under c o n tin u o u s  s tirr in g  to ob ta in  
c h r o m o p h o r e s  m o d if ie d  fu n c t io n a liz e d  P C H . A fter  that th e  m o d if ie d  c la y  w a s  
f iltered  o f f  an d  d ried  in  v a c u u m  o v e n  b e fo r e  screen ed  th rou gh  a m e sh  #3 2 5 . T h e  
m e th y l red m o d if ie d  A P P C H  w a s  n am ed  A P P C H -M R .
E. P r e p a r a t io n  o f  C h r o m o p h o r e s  M o d if ie d  P C H

T h e P C H  w a s  m o d if ie d  w ith  pH  d y e  (b ro m o th y m o l b lu e )  at w e ig h t  ratio o f  
P C H : d y e  o f  1 0 :1 , 20:1 and 3 0 :1 . F irst, b ro m o th y m o l b lu e  w a s  d is s o lv e d  in  so lu tio n  
o f  0 .0 5  M  N a O H . T h en , b r o m o th y m o l b lu e  so lu t io n  w a s  a d d ed  in to  th e  P C H  under  
c o n tin u o u s  stirr in g  to  ob ta in  ch ro m o p h o res  m o d if ie d  P C H . A fte r  that th e  m o d if ie d  
c la y  w a s  filtered  o f f  and d ried  in  v a cu u m  o v e n  b efo re  sc r e e n e d  th rou gh  a  m e sh  #3 2 5 . 
T h e  b r o m o th y m o l b lu e  m o d if ie d  P C H  w a s  n a m ed  P C H -B T B .
F. C h a r a c te r iz a t io n s

T h e X -r a y  d iffra c to m eter  u s in g  B ru k er A X S  m o d e l D iffr a c tr o m e te r  D 8  w a s  
u se d  to  id e n tify  the in terlayer sp a c in g  o f  N a -b e n to n ite  and  m o d if ie d  c la y . T h e  
e x p e r im e n t  w a s  p erform ed  in  th e  2 0  ran ge o f  2 -1 0  d e g r e e s  w ith  sc a n  sp e e d  2  
d e g r e e /m in  and  sc a n  step  0 .0 1  d eg ree .

T h e  fu n c tio n a l grou p  o f  N a -b e n to n ite  and  m o d if ie d  c la y  w er e  id e n tif ie d  by  
N ic o le t  N e x u s  6 7 0  F T IR  sp ectro m eter . F T IR  w a s  carried  ou t in  th e  tr a n sm iss io n  
m o d e  w ith  6 4  sc a n s  b e tw e e n  4 0 0 0 -4 0 0  c m '1 at a  so lu t io n  o f  4  c m '1.

T h e  su r fa ce  m o r p h o lo g y  o f  N a -b e n to n ite  and m o d if ie d  c la y  w e r e  o b se r v e d  by  
u s in g  ร - 4 8 0 0  f ie ld  e m is s io n  sc a n n in g  e le c tr o n  m ic r o sc o p e .

T h e  p o re  s iz e , su rfa ce  area and p ore  v o lu m e  o f  p o ro u s s a m p le s  w ere  
m ea su red  and  the in flu e n c e  o f  in co rp o ra tin g  fu n c tio n a l gro u p  and  pH  d y e  in to  p oro u s  
sa m p le  w a s  d e term in ed  by n itro g en  a d so r p tio n -d e so r p tio n  iso th erm s o n  su r fa ce  area  
a n a ly z e r  u s in g  Q u a n ta ch ro m e A u to so r b -1 . T h e  sa m p le s  w e r e  d e g a sse d  at 2 5 0 ° c  for  
17 h  in  a  v a c u u m  fu rn ace b e fo r e  an a ly sis .

T h e p H  d y e  (m e th y l red ) ad so rb ed  o n to  the A P P C H  co m p a red  to  P C H  w a s  
m ea su red . 0.1 g  o f  A P P C H  w a s  m ix e d  w ith  5 0  m l a q u e o u s  so lu t io n  c o n ta in in g  2 X
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1 O’4 M  M R . A fte r  o n e  d ay , th e  resid u a l M R  co n ce n tr a tio n  w a s  d e te r m in e d  co m p a red  
w ith  th e in it ia l co n ce n tr a tio n  o f  M R  b y  U V -V is  u s in g  S h im a d z u  M o d e l U V -1 8 0 0  at 
5 2 4  n m . T h e  am o u n t o f  m e th y l red  (M R ) a d so rb ed  o n to  th e  A P P C H  co m p a red  to  
P C H  w a s  c a lc u la te d  f o l lo w in g  eq u a tio n  [6 ].

q =  V ( C o - C )  
m S

W h ere , q = T h e  am o u n t o f  M R  a d so rb ed  o n to  p o ro u s  s a m p le  (m o l/m 2)
Co = T h e  in itia l co n ce n tr a tio n  o f  M R  s o lu t io n  (m o l/1 )
c T h e resid u a l co n ce n tr a tio n  o f  M R  s o lu t io n  (m o l/1 )
V T h e  so lu t io n  v o lu m e  (1)
m  = M a ss  o f  p oro u s sa m p le  (g )
ร B E T  su r fa ce  area o f  p o ro u s  sa m p le  (m 2/g )

4.4 Result and discussion

A . C h a r a c tr iz a t io n  o f  th e  o r g a n o m o d if ie d  b e n to n ite  (O B T N ), P o r o u s  C la y  
H e te r o s tr u c tu r e  (P C H ) a n d  F u n c tio n a l iz e d  P o r o u s  C la y  H e te r o s tr u c tu r e  (A P P C H )  

T h e s o d iu m  b e n to n ite  c la y  (N a -B T N )  an d  the o b ta in e d  m o d if ie d  c la y  (O B T N ,  
P C H  and A P P C H ) w e r e  sh o w n  in  F ig u re  4 .1 .

(a ) (b ) (c )  (d )

Figure 4.1 (a ) N a -B T N , (b )  O B T N , (c )  P C H  an d  (d ) A P P C H .
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T h e  o r g a n o m o d if ie d  b e n to n ite  (O B T N ) w a s  co n fir m e d  th e  e x p a n s io n  o f  
so d iu m  b e n to n ite  (N a -B T N )  layers b y  in co rp o ra tin g  o f  c a t io n ic  su rfactant an d  
stu d ied  th e  e f fe c t  o f  u s in g  d ifferen t su rfactan t b y  X R D . F ig u re  4 .2  sh o w e d  X R D  
r esu lts  o f  N a -B T N  and  O B T N . T h e  X R D  pattern sh o w e d  th e p r e se n c e  o f  th e  ( 0 0 1 )  
r e f le c t io n  p eak . T h e  dooi p ea k  o f  N a -B T N  at 2 0  =  7 .1 0 °  w h ic h  c o rr esp o n d ed  to  th e  
b asa l sp a c in g  o f  1 .2 4  n m  (F igu re  4 .2  a). A fte r  m o d if ie d  N a -B T N  w ith  c a t io n ic  
su rfactan t, c e ty l tr im eth y l a m m o n iu m  b ro m id e  (C T A B ), O B T N  s h o w e d  the dooi p eak  
at lo w e r  a n g le  o f  2 .2 5 °  w h ic h  c o rr esp o n d ed  to th e  b asa l sp a c in g  o f  3 .9 3  nm  (F ig u re
4 .2  b ) in d ic a tin g  the in c r e a s in g  the b a sa l sp a c in g  o f  c la y  la y ers d u e  to  a m m o n iu m  
io n s  from  c a t io n ic  su rfa cta n t in terca la ted  in to  th e  s il ic a te  la yers. In a d d itio n , th e  
X R D  resu lt sh o w e d  that th e  ob ta in ed  O B T N  sy n th e s iz e d  from  th e  su rfactan t, c e ty l 
tr im eth y l a m m o n iu m  c h lo r id e  (C T A C ) as sh o w n  in  F igu re 4 .2  c sh o w e d  th e  
in c r e a s in g  th e  b asa l sp a c in g  o f  c la y  la y ers but the d -sp a c in g  le s s  than  th e  O B T N  
sy n th e s iz e d  from  C T A B  [1 ],

2  4  6  8 1 0
Degree (29)

Figure 4.2 The XRD patterns of (a) Na-BTN, (b) OBTN (CTAB) and (c) OBTN
(CTAC).
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F rom  th e  F T IR  resu lts  (F ig u r e  4 .3 ) , th e  F T IR  sp ectru m  o f  N a -B T N  (F ig u re
4 .3  a) sh o w e d  th e  p e a k  at arou n d  3 5 0 0  c m '1 a ss ig n e d  to th e  s tre tch in g  v ib r a tio n  o f  
th e  s ila n o l a sso c ia te d  w ith  the s i l ic a  structure and  the p e a k  at arou n d  1 0 0 0  c m '1 
a ss ig n e d  to the s tre tch in g  v ib ra tio n  o f  the SiC >4 u n its . T h e  p e a k s  at arou n d  1 1 0 0  and  
8 0 0  c m '1 w ere  a s s ig n e d  to  the a sy m m e tr ic  and  sy m m etr ic  s tr e tc h in g  v ib ra tio n s  o f  the  
S i-O -S i lin k a ge . T h e  p r esen ce  o f  su rfactant in  th e  layer o f  B T N  w a s  in d ic a te d  by  
F T IR  sp ectra  o f  O B T N  (F igu re  4 .3  b ). T h e  p ea k s  at 2 9 1 9  an d  2 8 5 0  c m '1 w ere  
a ss ig n e d  to  a sy m m etr ic  and sy m m e tr ic  s tre tch in g  v ib ra tio n s o f  m e th y l and  m e th y le n e  
gro u p s o f  h e x a d e c y ltr im e th y la m m o n iu m  io n  r e sp e c tiv e ly . T h e  F T IR  sp ectra  o f  P C H  
(F ig u re  4 .3  c )  and A P P C H  (F igu re  4 .3  d ) w er e  d ifferen t from  N a -B T N  at th e  a b se n c e  
o f  th e  p ea k  at 1 0 0 0  c m '1 b ec a u se  o f  th e  c h a n g in g  o f  c la y  stru ctu re a fter m o d if ic a tio n . 
In a d d it io n , the p ea k  at around 1 5 1 0  c m '1 w e r e  co n fir m e d  th e o r g a n ic  gro u p  ( - N F f )  
fro m  A P T E S  m o le c u le  in  the stru ctu re o f  A P P C H  [2 ],

Figure 4 .3  F ou rier  tran sform  in frared  sp e c tr o sc o p y  sp ectra  o f  (a ) N a -B T N , (b )  
O B T N , (c )  P C H  and  (d )  A P P C H .
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T h e m o r p h o lo g y  o f  N a -B T N  and  m o d if ie d  c la y  w e r e  ch a ra c ter ized  b y  S E M  
im a g e . T h e fla t p la te  structure o f  N a -B T N  w a s  o b se r v e d  (F ig u r e  4 .4  a). A fte r  p o ro u s  
sa m p le s  w ere  sy n th e s iz e d  w ith in  th e  g a lle r ie s  o f  b e n to n ite  b y  th e  p o ly m e r iz a tio n  o f  
te tr a e th o x y s ila n e  (T E O S ) in  th e  p r e se n c e  o f  su rfactan t m ic e l le s ,  th e  r u g g e d  su r fa ce  
o f  P C H  (F ig u re  4 .4  b) and A P P C FI (F ig u re  4 .4  c ) w e r e  p resen ted  b e c a u se  o f  th e  
fo rm a tio n  o f  p o re  structure in  th e  g a lle r ie s  o f  c la y  [3 ],

(b )
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(c)

Figure 4.4 S c a n n in g  E le c tr o n  M ic r o sc o p e  im a g e s  o f  (a ) N a -B T N , (b ) P C H  and (c )  
A P P C H .

T h e  resu lts  from  n itro g en  a d so r p tio n -d e so r p tio n  (T a b le  4 .1 )  sh o w e d  the  
in cr e a s in g  o f  s p e c if ic  su r fa ce  area o f  p o ro u s  m ateria l (P C H  and A P P C H ) co m p a red  
w ith  N a -B T N . T h e  resu lts  r e v e a le d  that P C H  had th e h ig h  su rfa ce  areas o f  5 2 4 .1  
m 2/g , a v era g e  p ore  d ia m eter  o f  4 .8 5  n m  and  p ore v o lu m e  o f  0 .6 4  c c /g . W h ile  th e  
fu n c t io n a liz e d  P C H  (A P P C H ) w ith  a m in o  grou p  ( -N H 2 ) had the d e c r e a se  o f  su r fa ce  
area and  p o r e  v o lu m e  co m p a r e d  to P C H  and th e in cr e a s in g  o f  A P T E S  c o n ten t  
red u ced  su r fa ce  area and  p o r e  v o lu m e . T h e  v a lu e s  o f  su r fa ce  area an d  p o re  v o lu m e  
w e r e  in  th e  ran g e  o f  1 1 9 .8 -3 2 0 .5  m 2/g  an d  0 .3 3 - 0 .4 2  c c /g , r e sp e c tiv e ly . T h e  resu lts  
in d ica ted  that th e  in co rp o ra tio n  o f  a m in o  grou p  ( -N H 2 ) in  p o ro u s  stru ctu re w a s  
s u c c e s s fu l [3 , 4 ,  5 ].
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Table 4.1 S u rfa ce  area , p ore d ia m eters  and p ore v o lu m e  from  n itr o g e n  a d so rp tio n -  
d eso rp tio n

S a m p le
M u ltip o in t  B E T

su rfa ce  area (m 2/g )
A v e r a g e  pore  
d ia m eter  (n m )

P ore  v o lu m e
( c c /g )

N a -B T N 3 1 .0 - -
P C H 5 2 4 .1 4 .8 5 0 .6 4
A P P C H  (0 .9 7 :  0 .0 3 ) 3 2 0 .5 5 .21 0 .4 2
A P P C H  (0 .9 5 :  0 .0 5 ) 2 7 5 .2 6 .0 4 0 .41
A P P C H  (0 .9 0 :  0 .1 0 ) 11 9 .8 1 1 .1 2 0 .3 3

B e c a u se  th e  o b se r v e  p eak  o f  a m in o  grou p  ( -N H 2 ) in  th e  F T IR  is  to o  w ea k . 
T h u s, th e  in co rp o ra tio n  o f  o rg an ic  gro u p  (-N H 2 ) in  A P P C H  w a s  c o n fir m e d  b y  C H N S  
a n a ly s is . F rom  th e  resu lts  (T a b le  4 .2 ) ,  th e  c o n ten t o f  n itrog en  and  o r g a n ic  m o le c u le  
(A P T E S ) in  A P P C H  in crea sed  w ith  A P T E S  co n te n t. T h e  resu lt in d ic a te d  that the  
p r e se n c e  o f  a m in o  gro u p  ( -N H 2 ) in  th e  structure o f  p o ro u s  c la y  w a s  s u c c e s s fu l.

Table 4.2 E le m e n t a n a ly s is  resu lt o f  A P P C H

S a m p le N  (m g /g  sa m p le ) O rg a n ic  m o le c u le  (m m o l/g  sa m p le )
A P P C H  (0 .9 7 0 .0 3 ) 8 9 .9 1 0 .6 4
A P P C H  (0 .9 5 0 .0 5 ) 1 0 0 .0 7 0 .7 1
A P P C H  (0 .9 0 0 .1 0 ) 1 4 1 .1 8 1.01

F rom  th e m o r p h o lo g y  and e le m e n t a n a ly s is  resu lts , th e  A P P C H  (0 .9 5 :  0 .0 5 )  
w a s  se le c te d  to m o d ify  w ith  p H  d y e  (m e th y l red ) b e c a u se  th e  h ig h  s p e c if ic  su r fa ce  
area o f  A P P C H  and th e  co n ten t o f  o rg a n ic  m o le c u le  w a s  s u ff ic ie n t  to  react w ith  p H  
d ye.

T h e  m eth y l red  ad so rp tio n  c a p a b ility  o f  A P P C H  w a s  o b se r v e d  b y  ca lc u la te d  
th e  am o u n t o f  m eth y l red  m o le c u le s  a d so rb ed  o n to  th e  p o ro u s  sa m p le s  A P P C H  
co m p a red  to  P C H  as sh o w n  in T a b le  4 .3 . T h e  resu lt  sh o w e d  th at th e  a d so rp tio n
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am o u n t o f  3 .3 2  X  10 '7 m o l/  m 2 o f  A P P C H  w er e  h ig h e r  than th e a d so rp tio n  a m o u n t o f
1 .5 7  X  10"7 m o l/  m 2 o f  P C H . T h e  A P P C H  a d so rb ed  m eth y l red  m o r e  th an  P C H  as 
s h o w n  in  F igu re 4 .5 . T h is  is  c a u se d  b y  th e  p ro to n a tio n  o f  a m in o  gro u p  in  A P P C H  
e n h a n c e d  th e e le c tr o sta tic  a ttraction  w ith  m eth y l red  [6 ],

Table 4.3 A d so rp tio n  o f  m e th y l red  b y  A P P C H  an d  P C H

S a m p le A d so r p tio n  a m o u n t ( m o l/  m 2)
P C H 1 .5 7  X 10 '7
A P P C H  (0 .9 5 :  0 .0 5 ) 3 .3 2  X 1 0 '7

(a) (b)

Figure 4.5 A d so r p tio n  o f  m e th y l red  b y  (a ) A P P C H  an d  (b ) P C H .

B. C h a r a c te r iz a t io n  o f  C h r  o m o p h o r  e s  M o d i f ie d  A P P C H  a n d  P C H
T h e  m o r p h o lo g y  o f  th e  c h r o m o p h o r e s  (m e th y l red an d  b r o m o th y m o l b lu e )  

m o d if ie d  A P P C H  an d  P C H , r e sp e c t iv e ly  w a s  d e te r m in e d  b y  n itr o g e n  a d so rp tio n -  
d e so r p tio n  and  th e resu lts  w e r e  rep orted  in  T a b le  4 .4 . T h e  resu lts  sh o w e d  th at the  
su rfa ce  area  and p ore v o lu m e  o f  A P P C H  and  P C H  d e c r e a se d  w h i le  th e  a v e r a g e  p ore  
d ia m eter  in crea sed  a fter  m o d if ic a t io n  th e  p o r o u s  sa m p le  w ith  p H  d y e . T h e  
ch ro m o p h o r e s  m o d if ie d  A P P C H  (A P P C H -M R ) h a d  th e  su rfa ce  area  o f  6 9 -1 0 3  m 2/g ,  
a v era g e  p o re  d ia m eter  in  ran g e  o f  1 3 .1 0 -1 6 .1 6  n m  an d  p ore v o lu m e  o f  0 .2 8 - 0 .3 4  
c c /g . T h e  c h r o m o p h o res  m o d if ie d  P C H  (P C H -B T B ) h ad  the su r fa ce  area o f  3 2 -5 7  
m 2/g , a v e r a g e  p ore d ia m e te r  in  ran ge o f  2 0 .1 2 -2 5 .7 7  n m  and  p ore  v o lu m e  o f  0 .2 1 -



50

0 .2 9  c c /g . T h e resu lts  in d ica ted  that th e  resu lts  o f  d e crea sin g  o f  th e  su r fa ce  area and  
p o re  v o lu m e  and  in c r e a s in g  o f  p o re  d ia m eter  o f  A P P C H  a fter  in cr e a s in g  th e  p H  d ye  
(m e th y l red) c o n te n t  in d ica ted  th e  p r e se n c e  o f  d y e  m o le c u le  in  th e  stru ctu re o f  
A P P C H  after m o d if ic a tio n . T h e  large d e c r e a se  o f  su rfa ce  area an d  in c r e a se  o f  
a v e r a g e  p ore d ia m eter  o f  P C H  a fter  m o d if ic a tio n  w ith  p H  d y e  in d ica ted  that th e  large  
m o le c u le  o f  b ro m o th y m o l b lu e  in co rp o ra ted  in to  the stru ctu re o f  P C H  and the  
a m o u n t o f  d ye  c o n te n t  n o t h a v e  th e  in flu e n c e  to  d ecrea se  th e  su r fa ce  area.

T h e  c h r o m o p h o res  (m e th y l red and b ro m o th y m o l b lu e )  m o d if ie d  A P P C H  and  
P C H  w e r e  prep ared  a s  sh o w n  in  F ig u re  4 .6 .

Table 4.4 S u rfa ce  area , p ore  d ia m eters  and  p o r e  v o lu m e  fro m  n itro g en  a d so rp tio n -  
d e so r p tio n

S a m p le
M u ltip o in t  B E T  

su rfa ce  area  (m 2/g )
A v e r a g e  p ore  
d ia m eter  (n m )

P ore  v o lu m e
(c c /g )

A P P C H 2 7 5 .2 6 .0 4 0 .4 1
A P P C H -M R  (1 0 :1 ) 6 9 .2 5 1 6 .1 6 0 .2 8
A P P C H -M R  (2 0 :1 ) 8 6 .7 9 1 4 .3 6 0 .3 1
A P P C H -M R  (3 0 :1 ) 1 0 3 .4 13 .1 0 0 .3 4
P C H 5 2 4 .1 4 .8 5 0 .6 4
P C H -B T B  (1 0 :1 ) 3 7 .7 3 2 3 .6 5 0 .2 2
P C H -B T B  (2 0 :1 ) 5 7 .2 1 2 0 .1 2 0 .2 9
P C H -B T B  (3 0 :1 ) 3 2 .9 4 2 5 .7 7 0 .2 1

10:1 20:1
(a)

30:1
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10:1 20:1 30:1
(b)

Figure 4.6 (a) m ethy l red  m o d ified  A P P C H  and  (b) b ro m o th y m o l b lu e  m o d ifie d  
P C H  at v a rio u s  w e ig h t ra tio  o f  c lay  and  pH  dye; 10:1, 20:1 and  30:1 .

T he X R D  p a tte rn s  o f  the  A P P C H  and  c h ro m o p h o re s  m o d if ie d  A P P C H  
(A P P C H -M R ) w as sh o w n  in  F igu re  4 .7  (a) -  (d). T he re su lts  sh o w ed  th a t there  w as 
no  sh arp  p eak  o b se rv ed  in  X R D  p a tte rn s  o f  A P P C H  an d  A P P C H -M R . A  p o ss ib le  
re a so n  m ig h t be  d u e  to  th e  d iso rd e red  o r p o ro u s  s tru c tu re  o f  s ilic a  f ram ew o rk  w as 
fo rm ed  in  th e  g a lle rie s  o f  c lay  sh ie ld in g  a  h ig h ly  reg u la r in te rs tra tif ic a tio n  o f  th e  c lay  
layer.

Figure 4.7  T h e  X R D  p a tte rn s  o f  (a ) A P P C H , (b) A P P C H -M R  10:1, (c) A P P C H -M R  
20:1 and  (d) A P P C H -M R  30 :1 .
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T h e  X R D  p a tte rn s  o f  the  P C H  an d  ch ro m o p h o re s  m o d if ie d  P C H  (P C H -B T B ) 
w as sh o w n  in  F ig u re  4 .8  (a) -  (d). T h e  re su lts  sh o w ed  th a t th e re  w as no  o b v io u s  p eak  
o b se rv ed  in  X R D  p a tte rn s  o f  P C H  as sam e  as A P P C H  an d  A P P C H -M R . W h ile  th e  
X R D  p a tte rn s  o f  P C H -B T B  sh o w ed  th e  p eak s  a ro u n d  20 =  6 . 6  nm  w h ich  
co rre sp o n d ed  to  the  b asa l sp ac in g  a b o u t 1.3 n m  m ig h t be  due  to  th e  fo rm a tio n  o f  th e  
p artia l layer s tru c tu re  o f  P C H  a fte r  m o d ifie d  w ith  b ro m o th y m o l b lue.

Figure 4.8 T h e  X R D  p a tte rn s  o f  (a) P C H , (b) P C H -B T B  10:1, (c) P C H -B T B  20:1 
an d  (d) P C H -B T B  30:1

T h e  re su lts  o f  S E M  im age as sh o w n  in  F ig u re  4 .9  an d  4 .1 0  in d ica ted  th a t th e  
ru g g ed  su rface  o f  th e  A P P C H  an d  PCFI a fte r  m o d ified  w ith  c h ro m o p h o re s  (m e th y l 
red  and  b ro m o th y m o l b lu e ) still rem a in ed .
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(a)

(c)

Figure 4 .9  S E M  im ag es  o f  (a) A P P C H -M R  10:1, (b ) A P P C H -M R  20:1 an d  (c) 
A P P C H -M R  30:1 .
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Figure 4.10 S E M  im ag es  o f  (a) P C H -B T B  10:1, (b ) P C H -B T B  20:1 and  (c) P C H - 
B T B  30 :1 .
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4.5 Conclusions

P o ro u s  c lay  h e te ro stru c tu re  (P C H ) w as sy n th esized  by  p o ly m eriza tio n  o f  the 
s ilica  so u rce  such  as te trae th o x y s ilan e  (T E O S ) in  th e  p re sen ce  o f  su rfac tan t m ice lle s . 
T h e  o b ta in ed  fu n c tio n a lized  P C H  w ith  am ino  g ro u p  (-N H 2 ) w as  sy n th esized  by c o 
c o n d en sa tio n  reac tio n  o f  T E O S  an d  A P T E S  in o rd e r  to  p ro v id e  the  h ig h  se lec tiv ity  
fo r o rg an ic  co m p o u n d . T he  p o ro u s  s truc tu re  o f  A P P C H  and  P C H  w as c o n firm e d  by 
N 2 ad so rp tio n -d eso rp tio n , X R D , S E M  and F T IR  tech n iq u es . T he in co rp o ra ted  o f  
fu n c tio n a l g roup  (-N H 2 ) in to  p o ro u s  m ate ria l w as d e te rm in ed  by the in c rease  o f  
n itro g en  co n ten t in A P P C H  an d  th e  d ecrease  o f  su rface  a rea  an d  po re  v o lu m e  after 
in c rea s in g  A P T E S  co n ten t. In ad d itio n , the  in c o rp o ra tio n  o f  m ethy l red  in A P P C H  
an d  b ro m o th y m o l b lu e  in  P C H  re sp ec tiv e ly  w as co n firm ed  by  th e  d e c rea s in g  o f  the 
su rface  a rea  and  p o re  v o lu m e an d  in c reas in g  o f  p o re  d ia m e te r o f  A P P C H  an d  P C H  
a fte r  m o d ifie d  w ith  p H  dye. M ethy l red  m o d ified  A P P C H  w as a im ed  to be a  sen so r 
fo r d e tec tin g  fish  fresh n ess. B ro m o th y m o l b lu e  m o d ified  w ith  P C H  can  be  a p p lie d  to  
use  as  a  sen so r fo r d e tec tin g  th e  q u a lity  o f  c lim ac te ric  fru it by c o lo r change .
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