
CHAPTER IV
RESULTS AND DISCUSSION

4.1 Adsorption Isotherm of Triton X-100 on AeroxiI®OX 50
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Figure 4.1 Adsorption isotherms o f Triton X-100 surfactant on silica.

The adsorption isotherm o f Triton X-100 on nonporous silica 
(Aerosil®OX50) is shown in Figure 4.1. The Triton X-100 adsorption isotherm 
shows the traditional sigmodial shape. The adsorption o f Triton X-100 molecule on 
silica surface take place through hydrogen bonding between the large size of 
hydrophilic group and silanol group o f silica. The plateau region shows the 
maximum adsorption o f Triton X-100 approximately 150 pmol o f Triton X-100 per 
gram o f silica.
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4.2 Adsolubilization of Styrene by Triton X-100 Surfactant

In the absence o f  surfactant, there was neglig ib le  styrene adsorption 
on silica  (Tan and O ’H aver, 2004). W hereas in the presence o f  surfactant the 
am ount o f  adso lub ilized  styrene increased slow ly w ith  increasing  equilibrium  
styrene concentration  in the bulk phase. W ith the su rfactan t concentration 
below  the CM C the isotherm  was studied at two d ifferen t levels o f  surfactant 
concentra tion  w hich are 100 and 50 pm oles/g  o f  silica. F igure 4.2 showed that 
the am ount o f  styrene adsolubilized  at high surfactan t loading (100 pm oles/g 
o f  silica) was h igher than at low surfactant loading only at high equilibrium  
styrene concentrations. H owever, it was d ifficu lt to say exactly  what the 
“m axim um ” styrene adsolubilization  was. Because the curves becam e nearly 
vertical at h igh  styrene concentration.
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Figure 4.2 Styrene Adsolubilization isotherm in Triton X-100 surfactant.
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4.3 Fourier Transform infrared Spectroscopy Result

In o rder to confirm  the form ation o f  a polym eric film  on the substrate, 
spectra  o f  extracted  m aterial was com pared to the standard  polystyrene. Figure
4.3 show s the com parison betw een FTIR  spectra  o f  extracted  m aterial and 
polystyrene standard. The extracted m aterial was extracted  from  m odified 
silica  conducted  in the condition o f  Triton X -100 100 pm ol/g : styrene 400 
pm ol/g  (1:4). The results showed that the spectra  o f  the extracted  m aterials 
w ere fully consisten t w ith the spectra o f  the polysty rene standard. In 
particu lar, they clearly  showed im portant peaks representing  the benzene ring 
w hich are arom atic C-H stretching at 3100-3000 c m '1, arom atic c=c 
stre tch ing  at 1600 c m '1, 1500 c m '1, 1450 c m '1, and C-H deform ation  (out-of- 
p lane) at 700 c m '1.

Figure 4.3 FTIR  spectra o f  polystyrene standard and extracted  m aterial.
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However, the peaks o f polystyrene were not clearly represented on spectrum 
o f the modified silica because polystyrene peaks coincide with some o f the high 
intensity silica adsorption bands and the amount o f polystyrene coated on silica 
particles was very low when compared to the amount o f silica. So it is difficult to see 
the characteristic spectrum o f polystyrene. Therefore, after modified silica was 
passed through the polymer extraction process, the extracted material was 
characterized. Figure 4.4 shows the spectra o f polystyrene standard, Triton X-100, 
modified silica and unmodified silica.

F ig u re  4.4 FTIR  spectra o f  polystyrene standard, T riton  X -100, U nm odified 
silica and m odified  silica.
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4.4 T h e rm og ra v im e tr ic  A n a ly s is  R esu lt

T h e r m o g r a v i m e t r i c  a n a l y s i s  w a s  a b l e  to  v e r i f y  t h e  e x i s t e n c e  o f  
p o l y s t y r e n e  f o r m e d  o n  s i l i c a  s u r f a c e .  In  t h i s  w o r k  t h e r m a l  s t a b i l i t y  o f  T r i to n  
X - 1 0 0  s u r f a c t a n t ,  m o d i f i e d  s i l i c a ,  e x t r a c t e d  s i l i c a ,  s t a n d a r d  p o l y s t y r e n e  a n d  
e x t r a c t e d  p o l y s t y r e n e s  w e r e  s t u d i e d .  T h e  r e s u l t s  w e r e  p l o t t e d  i n to  tw o  y - a x i s  
w h i c h  a r e  w e i g h t  lo s s  ( % )  a n d  d e r i v .w t .  ( % / ° C )  a n d  t h e  d e g r a d a t i o n  
t e m p e r a t u r e .

(a )  T h e r m o g r a m  o f  T r i to n  X -1 0 0
p o ly s ty r e n e

(c )  T h e r m o g r a m  o f  m o d if ie d  s i l ic a  (d )  T h e r m o g r a m  o f  e x t r a c te d  s i l ic a

Figure 4.5 (a )  T h e r m o g r a m  o f  T r i to n  X - 1 0 0 ,  (b )  th e r m o g r a m  o f  e x t r a c te d  
p o ly s ty r e n e ,  ( c )  th e r m o g r a m  o f  m o d if ie d  s i l ic a ,  a n d  (d )  th e r m o g r a m  o f  e x t ra c te d  
s il ic a .
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T h e r m o g r a m s  s h o w e d  th a t  T r i to n  X - 1 0 0  d e g r a d e s  in  th e  r a n g e  2 0 0 ° c  to  
4 0 0 ° c  w h i le  th e  e x t r a c te d  p o ly m e r  d e g ra d e d  in  th e  r a n g e  b e tw e e n  3 0 0 ° c  to  4 7 0 ° c .  
M o d i f ie d  s i l ic a  d i s p la y e d  tw o  s te p s  o f  w e ig h t  lo s s  b e tw e e n  te m p e r a tu r e  r a n g e s  o f  
3 0 0  ° c  to  6 0 0  cc .  T h e  f ir s t  s te p  d e g r a d a t io n  in  th e  te m p e r a tu r e  o f  3 0 0 ^ 4 5 0 ° c  s h o u ld  
b e  T r i to n  X - 1 0 0  a n d  s o m e  lo w  m o le c u la r  w e ig h t  p o ly s ty r e n e  w h i le  th e  s e c o n d  lo s s , 
b e tw e e n  4 5 0  to  5 5 0  ° c ,  w a s  d u e  to  th e  d e c o m p o s i t io n  o f  r e la t iv e ly  h ig h  m o le c u la r  
w e ig h t  p o ly s ty r e n e .  T h e  w e ig h t  lo s s  b e tw e e n  1 0 0 - 2 0 0 ° c  is  m o s t  l ik e ly  w a te r  lo ss . 
W h e n  c o m p a r in g  th e  th e r m o g r a m s  o f  m o d if ie d  s i l ic a  b e f o r e  a n d  a f te r  e x t r a c t io n ,  a n  
a b s e n c e  o f  w e ig h t  lo s s  b e tw e e n  4 5 0 - 5 5 0  ° c  c o n f i rm e d  th a t  b o th  p o ly m e r  a n d  
s u r f a c t a n t  w e r e  r e m o v e d  f ro m  th e  s i l ic a  p a r t ic le s .

S in c e  th e  d e c o m p o s i t io n  te m p e r a tu r e  o f  T r i to n  X - 1 0 0  is  c lo s e  to  th a t  o f  
s ty re n e  it  is  d i f f ic u l t  to  m e a s u r e  th e  e x a c t  q u a n t i ty  o f  fo rm e d  p o ly s ty r e n e  f ro m  
p e r c e n t  w e ig h t  lo s s  o f  T G A  re s u lt s .

4.5 Ge l Permeation Chrom atography Result

T h e  e f f e c t  o f  s u r f a c ta n t  a n d  m o n o m e r  lo a d in g  o n  th e  n u m b e r  a v e ra g e  

m o le c u la r  w e ig h t  ( Mn), w e ig h t  a v e r a g e  m o le c u la r  w e ig h t  ( M w ), a n d  m o le c u la r

w e ig h t  d i s t r ib u t io n  ( M W D )  o f  th e  o b ta in e d  p o ly s ty r e n e  w e r e  s tu d ie d  b y  C e l  
p e r m e a t io n  c h r o m a to g r a p h y  (G P C ) . T h e s e  p o ly s ty r e n e  w e r e  e x t r a c t e d  f ro m  
n o n p o r o u s  s i l ic a  s u b s tr a te  w h ic h  w e r e  m o d if ie d  b y  tw o  d i f f e r e n t  T r i to n  X -1 0 0  
c o n c e n t r a t io n s  (5 0  a n d  1 0 0  p m o l /g  o f  s i l ic a )  a n d  v a r io u s  m o n o m e r  lo a d in g .  T a b le

4 .1  a n d  4 .2  s h o w  Mn , M w , M W D  o f  e x t r a c te d  p o ly s ty r e n e  in  T r i to n  X - 1 0 0  5 0  a n d  

1 0 0  p m o l /g  o f  s i l i c a  r e s p e c t iv e ly .
T h e  r e s u l t s  s h o w  th a t  th e  G P C  c u r v e  o f  e x t r a c te d  m a te r ia l  a r e  d i f f e r e n t  

w h e n  o n e  c o m p a r e s  th e  h ig h  a n d  lo w  s u r f a c ta n t  c o n c e n t r a t io n s .  A t  lo w  s u r f a c ta n t  
c o n d i t io n s  (5 0  p m o l /g  o f  s i l ic a ) ,  th e  G P C  c u r v e  s h o w e d  o n ly  o n e  p e a k  w h ic h  
r e p r e s e n ts  th e  lo w  m o le c u la r  w e ig h t  p o ly s ty r e n e .

A t th e  h ig h  s u r f a c ta n t  c o n d i t io n  th e  G P C  c u rv e  s h o w e d  tw o  p e a k s  
r e p r e s e n t in g  h ig h  a n d  lo w  m o le c u la r  w e ig h t  p o ly m e r .
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Tab le  4.1 M w , Mn, a n d  M W D  o f  e x t r a c te d  m a te r ia ls  p r o d u c e d  in  T r i to n  X -1 0 0  a t 

5 0  p m o l /g  a d s o rp t io n

T r i to n  X - 1 0 0 ads01p : S ty re n e ads01 
( p m o l /g )  ( g m o l /g )

F irs t  p e a k S e c o n d  p e a k
\ A1V1 ท M W D K - M W D

2 5 :5 0 ,  (2 :1 ) - - - 6 5 7 8 9 0 1 .354
5 0 :5 0 , ( 1 :1 ) - - - 7 1 9 9 9 2 1 .380

5 0 :1 0 0 , ( 1 :2 ) - - - 6 8 4 9 5 4 1 .4 00

5 0 :1 5 0 , ( 1 :3 ) - - - 7 0 2 9 5 9 1 .3 67

5 0 :2 0 0 , ( 1 :4 ) - - - 7 8 2 1 0 8 0 1 .382

5 0 :2 5 0 , ( 1 :5 ) - - - 7 9 4 10 75 1 .354

5 0 :3 0 0 , ( 1 :6 ) 1 6 05 3 3 3 0 9 2 2 .0 6 1 8 6 2 1 2 10 1 .404

Table 4.2 M  11, 5 Mn , a n d  M W D  o f  e x t r a c te d  m a te r ia ls  p r o d u c e d  in  T r i to n  X -1 0 0  a t 

1 0 0  p m o l /g  a d s o r p t io n

T rito n  X -1 0 0 adsO[p : S ty ren eads01 
(p m o l/g )  (p m o l/g )

F irst peak - S eco n d  peak

K M W D K M W D
100:50, (2 :1 ) - - - 774 1018 1.368

100:100 , (1 :1 ) - - - 963 1180 1.225

1 0 0 :2 0 0 ,(1 :2 ) t 11533 21147 1.834 852 1051 1.233

1 0 0 :3 0 0 ,(1 :3 ) 13137 32230 2.453 816 900 1.103

1 0 0 :4 0 0 ,(1 :4 ) 13102 42121 3.215 697 728 1.044

100:500 , (1 :5 ) 14186 42813 3 .018 833 877 1.053

1 0 0 :6 0 0 ,(1 :6 ) 19234 45 25 8 2.353 780 1055 1.352

T r i to n  X-lOOadsorp =  A d s o r p t io n  o f  T r i to n  X - 1 0 0 ,( p m o l /g )  ; 

S ty r e n e adsoi =  A d s o lu b i l iz a t io n  o f  s ty r e n e ,( p m o l /g )
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T h e  lo w  m o le c u la r  w e ig h t  e x t r a c te d  p o ly s ty r e n e  is  in  th e  r a n g e  o f  9 0 0 - 1 2 0 0  
g /m o l  w h i le  th e  h ig h  m o le c u la r  w e ig h t  p o ly s ty r e n e  is  in  th e  r a n g e  o f  2 1 0 0 0 - 4 6 0 0 0  
g /m o l .  T h e  e f f e c t  o f  s ty re n e  lo a d in g  o n  th e  m o le c u la r  w e ig h t  o f  p o ly s ty r e n e  in  T r i to n  
X - 1 0 0  c o n c e n t r a t io n  5 0  a n d  10 0  p m o l /g  o f  s i l i c a  is  s h o w n  in  F ig u r e s  4 .6  a n d  4 .7  
r e s p e c t iv e ly .

F igure 4.6 W e ig h t  a v e r a g e  m o le c u la r  w e ig h t  ( M w ) o f  e x t r a c te d  p o ly s ty r e n e  fo rm e d  

a t  th e  le v e l  o f  5 0  p m o l /g  a d s o r b e d  T r i to n  X - 1 0 0  o n  s i l ic a .

F ig u r e s  4 .6  a n d  4 .7  s h o w  th a t  a t  h ig h  le v e ls  o f  T r i to n  X - 1 0 0  a d s o r p t io n ,  th e  
m o le c u la r  w e ig h t  o f  th e  f o rm e d  p o ly m e r  is  h ig h e r  th a n  a t  th e  lo w  le v e l o f  T r i to n  X -  
1 0 0  a d s o r p t io n .  T h is  is  c o n s is te n t  w i th  th e  id e a  th a t  th e  a d m i.o e lle  w i l l  c o n s is t  o f  
la r g e r  a g g r e g a te s  o f  m o le c u le s  a t  h ig h  a d s o r p t io n  le v e ls .  T h u s , p o ly m e r iz a t io n  
o c c u r r in g  in  s m a l l  a g g r e g a te s  w ill  n o t  c o n ta in  s u f f ic ie n t  m o n o m e r  to  f o rm  h ig h  
m o le c u la r  w e ig h t  p o ly m e r . A ls o ,  a t  lo w  le v e ls  o f  s u r f a c ta n t  lo a d in g ,  th e  p a tc h y  
a d m ic e l le  w i l l  h a v e  m o r e  e x p o s u r e  to  th e  s u r r o u n d in g  w a te r  w h ic h  s h o u ld  in c re a s e  
w a te r  p e n e t r a t io n  in to  th e  a d m ic e l le  a n d  th u s  th e  r a te  o f  te r m in a t io n .
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M o re o v e r ,  d u e  to  th e  la rg e  s iz e  o f  h y d r o p h i l ic  g r o u p  o f  n o n - io n ic  s u r fa c ta n t ,  
th e  s u r f a c t a n t  w i l l  l ie  p ro n e  o n  th e  s i l ic a  s u b s t r a te  a t  lo w  s u r f a c ta n t  c o n c e n t r a t io n  
m a k in g  it  m o r e  d i f f ic u l t  fo r  th e  m o n o m e r  to  s o lu b i l i z e  in  th e  h y d r o p h o b ic  re g io n .

T h e r e fo re ,  to  o b ta in  h ig h  m o le c u la r  w e ig h t  p o ly m e r ,  a  h ig h  le v e l o f  T r i to n  
X - 1 0 0  a d s o r p t io n  is  p re fe ra b le .

1 0 0 : 5 0  1 0 0 : 1 0 0  1 0 0 : 2 0 0  1 0 0 : 3 0 0  1 0 0 : 4 0 0  1 0 0 : 5 0 0  1 0 0 : 6 0 0

T r i to n  X - 1 0 0  : s t y r e n e

F igure 4.7 W e ig h t  a v e r a g e  m o le c u la r  w e ig h t  ( M w ) o f  e x t r a c te d  p o ly s ty r e n e  fo rm e d  

a t  th e  le v e l  o f  10 0  p m o l /g  a d s o rb e d  T r i to n  X - 1 0 0  o n  s i l ic a .

In  th e  s a m e  w a y , h ig h  le v e ls  o f  m o n o m e r  lo a d in g  c a u s e s  a n  in c re a s e  in  
m o le c u la r  w e ig h t .  A s  th e  d e n s i ty  o f  s ty re n e  in  th e  a d m ic e l le  in c r e a s e s ,  i t  in c re a s e s  
th e  l i k e l ih o o d  o f  p o ly m e r  d i f f u s in g  in to  a c t iv e  c h a in s  b e f o r e  te r m in a t io n .  T h e  
m o n o m e r s  w il l  h a v e  g r e a te r  m o b i l i ty  a n d  a re  in  c lo s e r  p r o x im i ty  to  r e a c t  m o re  in  th e  
b i la y e r .  A t  lo w  le v e ls  o f  m o n o m e r  lo a d in g , th e  s ty re n e  m o n o m e r  a r e  s p re a d  o u t  in  
th e  a d m ic e l le  a n d  th e  c h a n c e s  fo r  tw o  s ty re n e  m o n o m e r s  to  c o l l id e  a r e  r e d u c e d  
m a k in g  th e  f o r m a t io n  o f  h ig h e r  m o le c u la r  w e ig h t  p o ly m e r  u n l ik e ly .
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T h u s ,  in  th e  c o m p e t i t io n  b e tw e e n  d i f f u s io n  a n d  te r m in a t io n ,  h ig h  m o n o m e r  
lo a d in g  a n d  h ig h  s u r f a c t a n t  lo a d in g  a l lo w  f o r  th e  f o r m a t io n  o f  h ig h  m o le c u la r  w e ig h t 
p o ly m e r .

4.6 A tom ic Force M icroscopy Result

U n m o d i f i e d  a n d  m o d if ie d  s i l ic a s  w e r e  s tu d ie d  b y  A F M  in  o rd e r  to  
d e t e r m in e  th e  d i s t r ib u t io n  a n d  c h a r a c te r i s t ic s  o f  th e  p o ly m e r  f i lm  f o rm e d . F ilm  
th ic k n e s s  w a s  m e a s u r e d  u s in g  to p o g r a p h ic  im a g e s  w h i le  c o n f i r m a t io n  o f  th e  
p r e s e n c e  o f  p o ly m e r  c a n  b e  o b ta in e d  th ro u g h  a  c o m b in a t io n  o f  b o th  to p o g r a p h ic  an d  
p h a s e  im a g e s .  T h e  to p o g r a p h ic  im a g e  o f  ta p p in g  m o d e  im a g e  w a s  in te r p r e te d  b y  
c h a n g in g  th e  o s c i l l a t in g  a m p l i tu d e  o f  th e  t ip  d u r in g  a  t ip  t a p p e d  o n  th e  s a m p le  
s u r f a c e .  T h e  p h a s e  im a g e  c a n  b e  u s e d  to  in te r p r e t  th e  h a r d n e s s  o f  s a m p le  su r fa c e . 
“ S o f t”  s a m p le s  w i l l  b e  s e e n  a s  d a r k e r  c o n t r a s t  r e g io n s  w h i le  h a r d  r e g io n s  w i l l  a p p e a r  
b r ig h te r  in  c o n tr a s t .

F ig u r e  4 .8  s h o w s  th e  a to m ic  fo rc e  m ic r o s c o p y  im a g e  o f  u n m o d i f i e d  s ilica . 
T h e  m ic r o g r a p h  s h o w s  th e  a g g r e g a te d  s i l ic a  p a r t i c le s  w i th  a  s u r f a c e  th a t  is  u n ifo rm ly  
s im i l a r  in  h a r d n e s s .  T h e  d a r k e r  r e g io n s  a t  th e  e d g e s  o f  th e  p r im a r y  s i l ic a  p a r t i c le s  in 
th e  p h a s e  im a g e s  r e p r e s e n t  th e  e d g e  o f  th e  s i l ic a  p a r t ic le s .  T h e  d e la y  in  th e  p h a se  
im a g e  is  c a u s e d  b y  th e  t i p  h a v in g  to  tr a v e l  lo n g e r  d is ta n c e s  to  r e a c h  d o w n  in to  th e  
v a l le y s  b e tw e e n  th e  p r im a r y  p a r t ic le s .  In  o r d e r  to  m a in ta in  th e  c o n s ta n t  fo rc e  o r  
c o n s ta n t  d i s ta n c e  b e tw e e n  t ip  a n d  s u r fa c e , th e  ta p p in g  f r e q u e n c y  w i l l  b e  d e la y e d , 
w h ic h  s h o w s  a s  a  lo w e r  p h a s e  s h if t ,  th u s  a p p e a r in g  a s  d a r k e r  r e g io n s  in  th e  p h a s e  
im a g e ,  m u c h  th e  s a m e  a s  p o ly m e r  f ilm .
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F i g u r e  4 .8  A to m ic  fo rc e  m ic r o g r a p h  o f  u n m o d i f ie d  s il ic a .

F ig u re  4 .9  a n d  4 .1 0  s h o w  th e  a to m ic  fo rc e  m ic r o s c o p y  o f  s i l i c a  m o d if ie d  b y  
a  s y s te m  in c lu d in g  1 0 0  p m o l /g  a d s o rb e d  T r i to n  X - 1 0 0  a n d  6 0 0  a n d  5 0 0  p m o l /g  
a d s o lu b i l i z e d  s ty re n e ,  a  r a t io  o f  a d s o rb e d  s u r f a c ta n t  to  a d s o lu b i l iz e d  m o n o m e r  o f  1:6 
a n d  1:5 r e s p e c t iv e ly .  T h e  s i l ic a  p a r t i c le s  a r e  n e a r ly  e n c a p s u la te d  w i th  p o ly s ty r e n e  
p o ly m e r  w h ic h  c a n  b e  d i s t in g u is h e d  b y  th e  l ig h te r  r e g io n s  in  th e  to p o g r a p h ic  im a g e  
a n d  th e  d a r k e r  r e g io n s  in  th e  p h a s e  im a g e . T h e  a v e r a g e  th ic k n e s s  o f  th e  p o ly s ty r e n e  
f i lm  is  a p p r o x im a te ly  7 .5  n m .

Figure 4.9 Atomic force micrograph of silica modified by an adsorbed Triton X-100
1 0 0  (imol/g to adsolubilized styrene 600 pmol/g. ( 1 :6 ).
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F igure 4.10 A to m ic  fo rc e  m ic r o g r a p h  o f  s i l ic a  m o d if ie d  b y  a n  a d s o rb e d  
T r i to n  X - 1 0 0  1 0 0  p m o l /g  to  a d s o lu b i l iz e d  s ty re n e  5 0 0  p m o l /g  (1 :5 ) .

Surface distance 12.888 ท* Horiz distanced.} 9.766 riMUert distance fini/ leSurface distance Horiz distance Uert distance AngleSurface distance Horiz distance Uert distance AngleSpectral period Spectral freq

7.487 กแ 37,478 des

F igure 4.11 T h ic k n e s s  o f  p o ly s ty r e n e  f i lm  m e a s u r e d  o n  s i l ic a  m o d if ie d  b y  a n  
a d s o r b e d  T r i to n  X - 1 0 0  10 0  p m o l /g  to  a d s o lu b i l iz e d  s ty re n e  6 0 0  p m o l/g .  (1 :6 ) .

F ig u r e  4 .1 2  s h o w s  th e  A F M  im a g e  o f  s i l ic a  m o d if ie d  b y  a  s y s te m  
c o n s i s t in g  o f  10 0  p m o l /g  a d s o rb e d  T r i to n  X - 1 0 0  a n d  4 0 0  p m o l /g  a d s o lu b i l iz e d  
s ty re n e ,  a  s u r f a c ta n t  to  m o n o m e r  r a t io  o f  1 :4 . T h e  m ic r o g r a p h  s h o w s  a  n o n -  
c o n t in u o u s  f i lm  th a t  is  c o n c e n t r a te d  in  th e  “ v a l le y s ” o f  th e  s i l ic a  b u t a ls o  e x te n d s  a s  
p a tc h e s  o n to  th e  s u r fa c e , a s  c a n  b e  s e e n  b y  th e  d a r k e r  a r e a s  in  th e  p h a s e  im a g e .



35

H o w e v e r ,  th e  a v e r a g e  th ic k n e s s  o f  f i lm  is  a p p ro x im a te ly  6  n m , w h ic h  is n o t 
m u c h  d i f f e r e n c e  th e  f ir s t  s y s te m  o r  b y  th a t  m o d if ie d  a t  a  r a t io  o f  1 :6  ( 1 0 0  p m o l/g  

a d s o r b e d  T r i to n  X - 1 0 0  to  6 0 0  p m o l /g  a d s o lu b i l iz e d  s ty re n e ) .

F igure 4.12 A to m ic  fo rc e  m ic r o g r a p h  o f  s i l ic a  m o d if ie d  b y  a n  a d s o r b e d  T r i to n  X -  
1 0 0  10 0  p m o l /g  to  a d s o lu b i l iz e d  s ty re n e  4 0 0  p m o l /g  (1 :4 ) .

Figure 4.13 Thickness of polystyrene film measured on silica modified by an
adsorbed Triton X-100 100 pmol/g to adsolubilized styrene 400 pmol/g. (1:4).



36

F ig u r e  4 .1 4  s h o w s  th e  A F M  im a g e  o f  s i l ic a  m o d if ie d  b y  100 p m o l /g  

a d s o r b e d  T r i to n  X -1 0 0  a n d  2 0 0  |a m o l/g  a d s o lu b i l iz e d  s ty re n e  (1 :2  ra tio ) . T h e  
m ic r o g r a p h  s h o w s  a  th in  p o ly s ty r e n e  f i lm . T h is  f i lm  is  c o n c e n t r a te d  in  v a l le y s  o f  th e  
s i l ic a  a n d  e x te n d s  s o m e w h a t  o n to  th e  s u r fa c e . H o w e v e r ,  th e  a v e r a g e  th ic k n e s s  o f  
f i lm  is  a p p r o x im a te ly  3 n m  w h ic h  is  th in n e r  th a n  s i l ic a  m o d if ie d  b y  a n d  a d s o rb e d  

T r i to n  X - 1 0 0  1 0 0  p m o l /g  to  a d s o lu b i l iz e d  s ty re n e  4 0 0 , 5 0 0 , a n d  6 0 0  p m o l /g  o f  s il ic a .

F igure 4.14 A to m ic  fo rc e  m ic r o g r a p h  o f  s i l ic a  m o d if ie d  b y  a n  a d s o r b e d  T r i to n  X - 
10 0  1 0 0  p m o l /g  to  a d s o lu b i l iz e d  s ty re n e  2 0 0  p m o l /g  (1 :2 ) .

Figure 4.15 Thickness of polystyrene film measured on silica modified by an
adsorbed Triton X-100 100 pmol/g to adsolubilized styrene 200 pmol/g. (1:2).
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W h e n  th e  r a t io  o f  a d s o rb e d  T r i to n  to  a d s o lu b i l iz e d  s ty re n e  is  r e d u c e d  to  
2 :1 ,  10 0  p m o l /g  T r i to n ,  5 0  p m o l /g  a d s o lu b i l iz e d  s ty re n e , th e  p o ly s ty r e n e  f i lm  is 
o b s e r v e d  o n ly  in  th e  “ v a l le y s ”  b e tw e e n  th e  p r im a r y  s i l ic a  p a r t i c le s . ( F ig u r e  4 .1 6 )

F igure 4.16 A to m ic  fo rc e  m ic r o g r a p h  o f  s i l ic a  m o d if ie d  b y  a n  a d s o r b e d  
T r i to n  X - 1 0 0  10 0  p m o l /g  to  a d s o lu b i l iz e d  s ty re n e  5 0  p m o l /g  (2 :1 ) .

Figure 4.17 Atomic force micrograph of silica modified by an adsorbed Triton X-
100 50 pmol/g to adsolubilized styrene 25 pmol/g (2:1).
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W h e n  y u u  c o m p a re  F ig u re  4 .1 6  to  th e  F ig u r e  4 .1 7 ,  w h ic h  is  a  s y s te m  w ith  
5 0  p m o l /g  T r i to n  X - 1 0 0  a n d  2 5  p m o l /g  a d s o lu b i l iz e d  s ty re n e  (2 :1 , lo w  T r i to n ) . T h e  
im a g e  s h o w s  th a t  th e  p o ly s ty r e n e  f i lm  is  b a r e ly  o b s e r v e d ,  e v e n  in  th e  v a l le y s  
b e tw e e n  s i l ic a  p a r t ic le s .

T h u s , h ig h e r  s u r f a c ta n t  a n d  h ig h e r  m o n o m e r  lo a d in g  c a u s e s  a  th ic k e r , a n d  
m o r e  e x te n s iv e ,  p o ly m e r  f i lm , a s  w o u ld  b e  e x p e c te d .  T h e  a v e r a g e  th ic k n e s s  o f  
p o ly s ty r e n e  is  in  th e  r a n g e  o f  3 -8  n m .

A F M  im a g e s  w e r e  a ls o  u s e d  to  c o n f i rm  th e  e f f ic ie n c y  o f  th e  e x tra c t io n  
p r o c e s s .  F ig u r e  4 .1 8  is  ty p ic a l  o f  a  s i l ic a  w h ic h  h a s  h a d  th e  p o ly m e r  e x t ra c te d  b y  
TF1F. A s  c a n  b e  s e e n , n o  p o ly m e r  p a tc h e s  a re  o b s e r v e d  a n d  th e  s i l ic a  lo o k s  lik e  th e  
u n m o d i f ie d  s i l ic a s .

Figure 4.18 T h e  e x t r a c te d  s il ic a .
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