
CHAPTER III
EXPERIMENTAL SECTION

In  th is  ch ap ter , th e  p rep aration  m e th o d  o f  s i l ic a  p a r tic le  w a s  o v e r v ie w e d . It 
a lso  in c lu d e d  th e  c o llo id a l  so lu t io n  for  h o s t in g  a ll o f  th e  fo rm a tio n  m e c h a n ism s ,  
th e  c h e m ic a l  co n st itu e n ts  req u ired , and th e  c o n tr o lle d  c o n d it io n s  u se d  in  th is  
s tu d ie d  sy s te m . M o r e o v e r , th e  te c h n iq u e s  u se d  to  ch a ra c ter ize  th e  m o r p h o lo g y  

( i .e . ,  d im e n s io n )  w e r e  d e sc r ib e d , an d  th e fu n d a m en ta l k in e t ic s  o f  s i l ic a  p a r tic le  
fo rm a tio n  in  พ /( ว  m ic r o e m u ls io n  sy s te m  w a s  m e n tio n e d .

3.1 Materials

T h e  h ig h  p u r ified  and q u a lif ie d  n o n io n ic  su rfactan t, P o ly o x y e th y le n e  

d o d e y lp h e n y l e th er  (P O E ), w a s  u se d  to  p rep are w /o  m ic r o e m u ls io n  so lu tio n .  
P O E  h a s an  a v e r a g e  o f  s ix  o x y e th y le n e  g ro u p s p er  m o le c u le  (D P 6 , C H 3 - (C H 2 )

1 1  “ © > - (O C 2 H 4 )g O H ) an d  its  m o le c u la r  w e ig h t  is  a p p r o x im a te ly  5 2 6 . T h is  
su rfa cta n t w a s  a c o m p lem en ta ry  from  R H O N E -P O U L E N C  C h e m ic a l  
C o m p a n y , w h ic h  h as c o m m e r c ia l n u m b er  o f  Ig e p a l R C 5 2 0 . T h e  H P L C  gra d e  o f  

n -h e p ta n e  (o i l  m e d ia )  and 1-b u ta n o l (c o -su r fa c ta n t)  w e r e  o b ta in e d  fro m  F ish er  

C h e m ic a l C o m p a n y , C h ic a g o . A ld r ich  C h e m ic a l C o m p a n y  su p p lie d  H P L C  

grad e o f  2 8 %  a q u e o u s  a m m o n ia  an d  98%  tetrab u th y l o r th o s ilic a te  (T B O S , S i 
(O C q H 9 )4 , M .w .  3 2 0 .5 5 )  that u t iliz e d  as a b a se  c a ta ly s t  and in it ia l r ea g en t, 
r e s p e c t iv e ly . T h e  w a ter  u se d  w a s  d e io n iz e d  at 18 M o h m  b y  u t i l iz in g  D I-w a te r  

g e n e r a tin g  m a c h in e  that w a s  m a n u fa ctu red  b y  F ish e r  C h e m ic a l C o m p a n y .
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3.2 Experimental Methods

3 .2 .1  P h a se  D ia g r a m  S tu d y
T h e  s in g le -p h a s e  b o u n d a r ies  o f  th e  พ / o  m ic r o e m u ls io n  k n o w n  as 

th e  so lu b iliz a t io n  lim it  w e r e  d e term in ed  b y  titra tion  w ith  a q u e o u s  c o m p o n e n t  
in to  th e  p r e m ix e d  s to c k  so lu t io n . T h is  so lu t io n  that p r o v id e d  fro m  th e  m ix tu re  
c o n ta in in g  D P 6 /h e p ta n e  w a s  p la c e d  in  2 0 -m l s c r e w -c a p p e d  v ia ls .  T itra tio n  w a s  
carried  o u t b y  g ra d u a lly  a d d in g  a q u e o u s  c o m p o n e n t, d ro p -b y -d r o p , in to  th e  

p r e m ix e d  so lu tio n . A fte r  ea ch  a d d itio n  o f  th e a q u e o u s  c o m p o n e n t , th e  sa m p le  

w a s  sh a k en  g e n t ly  an d  k ep t at c o n sta n t tem p eratu re  o f  22°c. O n c e  th e  sa m p le  
tu rn ed  tran sp aren t b lu ish , it in d ica ted  th e  rea c tio n  a lrea d y  r e a c h e d  th e  so lu b le  
eq u ilib r iu m .

3 .2 .2  S il ic a  P a r tic le s  P rep aration  in w / o  M ic r o e m u ls io n s
T h ere  w e r e  tw o  e x p e r im e n ts  b e in g  carried  o u t, th e  first e x p e r im e n t  

w a s  th e  s tu d y  o f  k in e tic s  o f  s i l ic a  p a r tic le  fo rm a tio n  in  w /o  m ic r o e m u ls io n s  
from  T B O S ; th e  s e c o n d  e x p e r im e n t w a s  to  d e term in e  th e  e f f e c t  o f  b u ta n o l o n  

th e  s iz e  d is tr ib u tio n  o f  s i l ic a  p a r tic le s . P rior to  th e  p rep a ra tio n  o f  sa m p le s  for  
b o th  e x p e r im e n ts , a ll th e  c h e m ic a ls  u se d  (n -h e p ta n e , 1 -b u ta n o l, an d  d e io n iz e d  

w a ter ) w e r e  filte red  b y  u s in g  5 0  p m  in p o re  s iz e  filter  p a p ers in  ord er  to  r e m o v e  

a ll c o n ta m in a n ts .
F o r  th e  p rep aration  o f  w /o  m ic r o e m u ls io n s  or r e v e r se  m ic e l le  

so lu t io n , th e  g iv e n  a m o u n ts  o f  a q u eo u s  a m m o n iu m  an d  D I w a te r  w e r e  ad d ed  

in to  th e  p r e m ix e d  so lu t io n  o f  D P 6 /n -h e p ta n e . T h e  m ix tu re  w a s  th e n  sh a k en  

v ig o r o u s ly  t ill  it b e c a m e  h o m o g e n e o u s ly  tran sp aren t. A fte r  that, th e  d e f in e d  
a m o u n t o f  T B O S  w a s  a p p lie d  to  th e  so lu tio n . T h e  s i l ic a  p a r t ic le s  o ccu rred  
im m e d ia te ly  th ro u g h  th e  h y d r o ly s is  an d  c o n d e n sa tio n  r e a c tio n s  o f  T B O S . T h e  
en tire  rea c tio n  w a s  carried  o u t in  a 2 0  m l t ig h tly  c a p p e d  T e f lo n  v ia l .  T h e
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tem p era tu re  w a s  a lso  k ep t c o n sta n t at 2 2  ° c  th ro u g h o u t th e  e x p e r im e n t. T h e  
o c c u r r e n c e  o f  b lu is h -w h ite -o p a le s c e n c e  c o lo r  w a s  u se d  to  in d ic a te  th e  p r e se n c e  

o f  s i l ic a  p a r tic le s  fo rm ed .
T o  co n tro l th e  s iz e  d is tr ib u tio n  o f  s i l ic a  p a r tic le s , th e  d e f in e d  a m o u n t  

o f  b u ta n o l w a s  a d d ed  in to  th e  so lu t io n  c o n ta in in g  5 0  g  D P 6 /n -h e p ta n e . T h e  
further s te p s  and o p era tin g  c o n d it io n s  w e r e  p er fo rm ed  u n d er  th e  sa m e  o p era tin g  

c o n d it io n s  u se d  in  th e  a b o v e  e x p er im en t. T h e  d e ta il o f  a ll p r o c e d u r e s  is  sh o w n  
sc h e m a t ic a lly  in  th e  F ig u r e 3 .1.

3.3 Characterization Techniques

3 .3 .1  F o u rier  T ra n sfo rm  Infrared  S p e c tr o sc o p y  (F T IR )
F o u rier  tra n sfo rm  in frared  sp e c tr o sc o p y  w a s  u se d  to  s tu d y  th e  

k in e t ic s  o f  T B O S  h y d r o ly s is  in  th e  m ic r o e m u ls io n  so lu tio n . T h e  lo c a t io n  and  
th e  in te n s ity  o f  IR  sp ectra  a b so rp tio n  b an d s w e r e  u se d  to  q u a n tify  th e  

c o n c e n tr a tio n  o f  T B O S . T h e  IR  sp ectra  lo c a t in g  at w a v e n u m b e r  o f  8 0 5  an d  9 0 5  
n m f l  are S i-O -S i s tre tch in g . T h e  in te n s it ie s  o f  e a c h  b an d  are d iffe r e d  
c o n s id e r a b ly  fro m  th e  a b so rp tio n  b a ck g ro u n d  that co n tr ib u ted  b y  h e p ta n e  and  
D P 6 su rfactan t. T h e  tr a n sm iss io n  F T IR  sp ec tra  o f  m ic r o e m u ls io n  so lu t io n s  
w e r e  d e te r m in e d  b y  u s in g  a s in g le -b e a m  M a ttso n  C Y G N U S  1 0 0  F T IR  

sp e c tr o p h o to m e te r  eq u ip p ed  w ith  a w id e -b a n d  m e r c u r y -ca d m iu m -te llu r id e  
(M C T ) d etec to r . T h e  sca tter in g  o f  th e  in c id e n t b ea m  b y  s i l ic a  p a r tic le s  w a s  

c o n s id e r e d  n e g lig ib le  for tw o  rea so n s: 1 ) th ere  w a s  d ilu te d  a m o u n t o f  s i l ic a  
p a r tic le s  and th e  s i l ic a  p a rtic le s; 2 )  th e  d ia m eter  o f  4 0 - 5 0  n m  w a s  m u c h  sm a lle r  
th an  th e  w a v e le n g th  o f  in frared  lig h t. A  tr ian gu lar  a p o d iz a tio n  m e th o d  w a s  
e m p lo y e d  fo r  F o u rier  tra n sfo rm in g  th e  in terfero g ra m . T h e  sa m p le  s o lu t io n  w a s  

a c c o m m o d a te d  w ith  a p air  o f  z in c  s e le n id e  (Z n S e )  w in d o w s  w ith  sp a cer , a  0 .2  

m m  th ic k n e ss .
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Figure 3 .1  S c h e m a tic  d ia g ra m  o f  o v e r a ll e x p e r im e n ts
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3 .3 .2  T r a n sm iss io n  E le c tr o n  M ic r o s c o p y  (T E M )
T h e  s iz e  an d  m o r p h o lo g y  o f  th e  s i l ic a  p a r tic le s  sy n th e s iz e d  in  พ /( ว  

m ic r o e m u ls io n s  w e r e  in v e s t ig a te d  b y  u s in g  a JE O L  2 0 0  F X  tr a n sm iss io n  

e le c tro n  m ic r o sc o p e . T h e  s p e c im e n  for  T E M  m e a su r e m e n t w a s  p rep a red  b y  
p la c in g  a sm a ll a m o u n t o f  so n ic a te d  sa m p le  so lu t io n  o n  a 3 0 0 -m e s h  ca rb o n -  
c o a te d  c o p p e r  gr id  (S tru ctu re  P rob e , 3 5 2 0 C )  su p p o rted  o n  filter  p ap er . S in c e  
d ry in g  o v e n  c a n n o t p o te n tia lly  e v a p o ra te  th e  re s id u a l D P 6  su rfa c ta n t that  
r e m a in e d  o n  th e  c o p p e r  grid , d ic h lo r o m e th a n e  w a s  a d d ed  to  w a s h  it o ff .  T h e  

d ia m eter  o f  s i l ic a  p a r tic le  w a s  m ea su red  from  th e  e n la r g e d  im a g e  o f  th e  T E M  

m icro g ra p h s  b y  V ie w  C ap tu re A p p a ra tu s. T h e  a v e r a g e  d ia m eter  o f  th e  s i l ic a  
p a r tic le  w a s  d e term in ed  from  th e  m ea su red  v a lu e s  o f  2 0 0  p a r tic le s . F o r  th e  

p a r t ic le -s iz e  d istr ib u tio n , th e  standard  d e v ia t io n , <7, w e r e  c o m p u te d  u s in g  th e  

a v e r a g e  d ia m eter , <D>, as

3 .3 .3  D y n a m ic  L ig h t S ca tter in g  (D L S )
D y n a m ic  lig h t sca tter in g  w a s  e m p lo y e d  to  e s t im a te  th e  ap p aren t  

h y d r o d y n a m ic  d ia m eter  (D h )  o f  w / o  m ic r o e m u ls io n  d ro p le t e n t it ie s  in  th e  

sa m p le  so lu tio n . F or c o llo id a l  e n t it ie s  that ra n d o m ly  m o v e  in  liq u id  m e d ia , th e ir  
se c o n d  ord er  a u to co rre la tio n  fu n c tio n  (g 2 ) m ea su red  b y  D L S  is  g iv e n  as

w h e r e  T is  th e  co rre la tio n  tim e , q  is th e  m a g n itu d e  o f  th e  sc a tte r in g  v e c to r  an d  0 

is  th e  sc a tte r in g  a n g le  o f  in c id e n t lig h t. T h e  term  o f  g  2 is  a lso  e x p r e s se d  as:

(3 .1 )

(3 .2 )

A im  (  e \ (3 .3 )

w h e r e  A  is  th e  w a v e le n g th  o f  lig h t  in  v a c u u m , an d  ท is  th e  r e fr a c tiv e  in d e x  o f  

so lu tio n .
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D  is  th e  d if fu s io n  c o e f f ic ie n t  o f  c o l lo id a l  e n t it ie s  in  so lu t io n , w h ic h  

re la te s  to  th e  ap p aren t h y d r o d y n a m ic  d ia m eter , Dfr, o f  c o l lo id a l  ca n  b e  

c a lc u la te d  b y  th e  fo l lo w in g  S to k e s -E in s te in  re la tion :

D  = k T (3 .4 )
2>7TflDh

w h e r e  k  is  th e  B o ltz m a n n  co n sta n t, T  is  th e  a b so lu te  tem p era tu re  o f  so lu t io n ,  

an d  jj. is  th e  v is c o s i t y  o f  so lu tio n .
T h e  D L S  in stru m en t u se d  in  th is  s tu d y  c o n ta in e d  a p h o to n  m u ltip lie r  

tu b e  c o n n e c te d  w ith  a 1 3 6 -c h a n n e l d ig ita l co rre la to r  (C O H E R E N T , I N N O V A  
7 0 ) . A  la ser  so u r c e  w a s  eq u ip p ed  w ith  th e  2 -W  a rgon  b u lb  w h ic h  p r o d u c e s  a 

lig h t  w ith  a w a v e le n g th  o f  5 1 4 .5  n m . T h e  tem p era tu re  w a s  ca rr ied  o u t at 2 9 5  K. 
S in c e  th e  m ic r o e m u ls io n  so lu t io n  c o n ta in s  h ep ta n e , w h ic h  is  a  g o o d  s o lv e n t  for  

a n y  p la s t ic  m a ter ia ls , a  rou n d  q u artz  c e l l  w a s  n e e d e d  to  a c c o m m o d a te  th e  
s p e c im e n s  fo r  D L S  m ea su rem en t.

3.4 Kinetic Analysis of Silica Particles Formation

T h e  c o n c e n tr a tio n  o f  T B O S  o b ta in ed  from  th e  F T IR  sp e c tr o s c o p ic  

m ea su r e m e n t w a s  u se d  to  e x a m in e  th e  k in e tic s  o f  T B O S  h y d r o ly s is .  E x c e s s iv e  
a m o u n t o f  w a te r  w a s  u se d  to  s ta b iliz e  s i l ic a  p a r tic le s  in  m ic r o e m u ls io n  so lu tio n .  
D u e  to  th e  c o n sta n t o f  w a ter  co n cen tra tio n  in  th e  in itia l s ta g e , th e  rate o f  T B O S  
h y d r o ly s is  ca n  b e  a ssu m e d  as a p se u d o -f ir s t  ord er r ea c tio n . T h is  rate eq u a tio n  

w ith  r e sp e c t  to  th e  co n cen tra tio n  o f  T B O S  can  b e  d e sc r ib e d  a s fo l lo w s :

[T B O S ](t)
[T B O S ](0 ) exp(-V) ( 3 .5 )

w h e r e  ku  is  th e  ap p aren t rate c o n sta n t for T B O S  h y d r o ly s is ,  [TBO S](t) and  

[TBOS](0) are th e  c o n c e n tr a tio n s  o f  T B O S  at rea c tio n  t im e  t an d  at th e  start o f  

r ea c tio n , r e sp e c t iv e ly .
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T h e  rate o f  s i l ic a  p a r tic le  g ro w th  ca n  b e  o b se r v e d  b y  th e  en la rg ed  

p h o to g ra p h s  o f  T E M . T h e  p ic tu res  s h o w  th e  in c r e m e n t in  v o lu m e  o f  s i l ic a  
p a r tic le s  ( i .e . ,  d ia m eter ). T h e  rate o f  s i l ic a  p a r tic le  g ro w th  ca n  b e  a ls o  a ssu m e d  

to  b e  a first ord er  rea c tio n , th at ca n  b e  p r e se n te d  as:

'~^S=ex P(~KI) ( 3 ' 6 )

F o r  a fa ir ly  m o n o -d isp e r se  p a r tic le , it ca n  b e  a p p ro x im a ted  in  term s o f  a v e r a g e  

d ia m eter , < D p>  a s fo llo w s :

w h e r e  kc is  th e  ap p aren t rate c o n sta n t for  s i l ic a  c o n d e n sa t io n  ( i .e . ,  s i l ic a  p a rtic le  

g ro w th ); Vp(t) an d  Vp(oo) are th e  v o lu m e s  o f  s i l ic a  p a r tic le s  at t im e  t an d  at th e  

en d  o f  r ea c tio n , r e sp e c t iv e ly .
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