
CHAPTER I
INTRODUCTION

I. 1 Background

D ir e c t io n a lly  d e p e n d e n t a n iso tr o p ic  p ro p ertie s  are o b se r v e d  in d e p e n d en t  
o f  th e  sta te  o f  a g g r e g a tio n  o n ly  fo r  su b sta n c e s  h a v in g  a reg u la r  a rran gem en t o f  
c o n s t itu e n t  m o le c u le s .  I f  th e  d e g r e e  o f  ord er is  3 -d im e n s io n a l in  nature th en  
th e  su b sta n ce  is  a  c r y s ta llin e  so lid , w h ile  2 -  or  1-d im e n s io n a l order is  
ch a r a c te r is tic  o f  l iq u id  c r y sta ls  [S te in str â sse r  R . an d  P o h l L .,1 9 7 3 ] ,

T h e  ord ered  r e g io n s  in  th e  liq u id  c r y s ta llin e  are c a lle d  m e so p h a se s ,  
w h ic h  e x h ib it  p ro p er tie s  n o t fo u n d  in  th e  l iq u id  or  so l id  sta te . M o s t  liq u id  
c r y s ta ll in e  p o ly m e r s  are u su a lly  o rg a n ic  a ro m a tic  p o ly e s te r s  or  p o ly a m id e s .  
R e c e n t ly , l iq u id  c r y s ta llin e  p o ly m e r s  that c o n ta in  so m e  in o r g a n ic  e le m e n ts  
h a v e  b e c o m e  an in te r e s t in g  resea rch  [D . Jean  R a y  e t  a l., 1 9 9 3 ],

P o ly m e r  c o m p o u n d s  c o n ta in in g  in o r g a n ic  e le m e n ts  are in tere stin g  
b e c a u s e  in o r g a n ic  e le m e n ts  g e n e r a te  c o m b in a tio n s  o f  p ro p er tie s  in  p o ly m e r s  
th at are d iffe r e n t  fr o m  th o s e  a c h ie v e d  w ith  ca rb o n  [G ray , G .W .;  G o o d b y ,
J . W .; 1 9 8 4 ] , F or e x a m p le , th e  b o n d s  fo r m e d  are o fte n  stro n g er , lo n g e r  
( fa c il ita t in g  c o n fo r m a tio n a l c h a n g e s ) , m o re  re s is ta n t to  free  ra d ica l c le a v a g e  
r e a c tio n s  th an  th o s e  fo r m e d  b y  ca rb o n  s in c e  m a n y  o rg a n ic  p o ly m e r s  d eg ra d e  
b y  r e a c tin g  w ith  o x y g e n  or o z o n e  or  o n  e x p o su r e  to  ra d ia tio n , a n d  a lso  b u m , 
o fte n  w ith  th e  r e le a s e  o f  t o x ic  sm o k e . I f  th e  in tro d u c tio n  o f  in o r g a n ic  e le m e n ts  
in to  th e  b a c k b o n e  o f  a p o ly m e r  ca n  c h a n g e  th e  b o n d  a n g le s  a n d  b o n d  to r s io n a l  
m o b ility , th e  m a ter ia l m a y  e x h ib it  n o v e l  p ro p erties .
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T h u s, th e  d e v e lo p m e n t  o f  in o rg a n ic  m a ter ia ls  that p r o v id e  n e w  c h e m ic a l  
an d  p h y s ic a l  p r o p e r t i e s ,  a n d  n e w  c o m b in a t io n s  o f  p r o p e r t ie s  in  
m a c r o m o le c u le s  in  so lu t io n  an d  in  th e  so lid  sta te , w il l  a d v a n c e  te c h n o lo g y .

S i l ic o n  is  o n e  o f  th e  m o st  ab u n d an t e le m e n t  (ca . 2 8 %  o f  th e  ea r th ’s 
cru st), d e v o id  o f  s p e c if ic  e le m e n ta l to x ic ity  u n lik e  a r sen ic , lea d , p lu to n iu m , 
an d  is  to  lo n g  a s s o c ia te d  w ith  th e  in s id e s  an d  o u ts id e s  o f  l iv in g  sy s te m s[  
R o c h o w , E .G ., 1 9 8 7 ] , T h e  w id e sp r e a d  a v a ila b ility  o f  S i 0 2 an d  its  e x tr e m e ly  
lo w  c o s t  m a k e  it an  e x c e l le n t  m ateria l fo r  u se  as a  s i l ic o n  fe e d s to c k  c h e m ic a l.  
H o w e v e r  th e  p rim ary  p r o b le m  w ith  S i 0 2 is  h ig h  c h e m ic a l b o n d  stren gth , and  
h ig h  m e lt in g  tem p eratu re  w h ic h  m a k e s  it  a sta b le  m a ter ia l th a t is  d if f ic u lt  to  
m a n ip u la te  c h e m ic a lly .

O r g a n o s il ic o n  p o ly m e r s  ca n  c o m b in e  th e  th erm al s ta b ility  o f  in o r g a n ic  
m a te r ia ls  w ith  th e  e la s t ic ity  an d  s o lu b ility  o f  o rg a n ic  p o ly m e r s  [A k h m eto r ,
N .S .,  1 9 8 3 ] , T h e  s i l ic o n  a tom  h a s  m o re  e le c tr o n s  ( [ N e ] 3 s 23 p 2])  th a n  carb on , 
an d  a p a r tia lly  o c c u p ie d  d -o rb ita l, w h ic h  ten d  to  fo r c e  fo r m a tio n  o f  s in g le  
b o n d s . S i-E  (E  =  e le m e n t)  m u lt ip le  b o n d s  are u n sta b le , th u s  S i-E  d o u b le  b o n d s  
h a v e  o n ly  b e e n  p rep ared  rather r e c e n t ly  [D . H . P a e  et a l., 1 9 9 1 ] , th u s S i-E  
tr ip le  b o n d s  rem a in  a c h a lle n g e  [C o le g o v e , B  T ., S c h a c fo r  III, H . F ., 1 9 9 1 ], 
H o w e v e r , o r g a n o s il ic o n  p o ly m e r s  w ith  s in g le  S i-E  b o n d s  are c o m m e r c ia l ly  
im p o rta n t to  c e r a m ic  p recu rso rs  [K a n sa l, p ., 1 9 9 4 ] , an d  to  l iq u id  c r y s ta llin e  
p r ecu rso r  [R a n g s itp h o l, J., 1 9 9 5 ],
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1.2 Historical Review

1 .2 .1  S y n th e s is
T h e  s i l ic o n -o x y g e n  b o n d  ca n  o n ly  b e  c le a v e d  d u r in g  s i l ic a  

d e p o ly m e r iz a t io n  u s in g  b a se  c a ta ly s t  s in c e  th e  S i - 0  b o n d  is  q u ite  s ta b le . T h e  
d e p o ly m e r iz a t io n  o f  s i l ic a  to  m o n o m e r  s il ic a te  c o m p o u n d s  w a s  f ir s t  rep orted  
b y  R o s e n h e im  e t a l. [1 9 3 1 ] ,  T h e y  fo u n d  that s i l ic a  c o n v e r ts  to  h e x a c o o r d in a te  
c o m p le x e s  in  w a te r  b y  rea c tio n  w ith  in o r g a n ic  b a se  an d  c a te c h o l, w h ic h  ca n  b e  
u s e d  to  tra n sfo rm  a w id e  v a r ie ty  o f  m eta l o x id e s  in to  c a te c h o la to  c o m p le x e s .  
C o r n u  e t a l. [ 1 9 8 3 , 1 9 8 8 , 1 9 9 0 ]  fo u n d  n e w  sy n th e tic  ro u te s  to  tran sform  
tr ic a te c h o la to s il ic a te  in to  a w id e  v a r ie ty  o f  s i l ic o n  c o n ta in in g  c o m p o u n d , se e  
S c h e m e  I.

Si02 + 2 KOH + 3
/OH

'OH
hexacoordinate silicate complex

LiAlH^

S1H4

RL1/H2O 

R4Si + แ3ร101 R4Si + R.3SiOH

RMgBr
HC1

Scheme I

L a in e  e t a l. [ 1 9 9 4 ]  rep o rted  th e  s y n th e s is  o f  p e n ta c o o r d in a te  a n io n ic  
an d  h e x a c o o r d in a te  d ia n io n ic  g ly c o la to  s i l ic a te  c o m p le x e s  b y  d irec t r ea c tio n  
o f  s i l ic a ,  w ith  e q u iv a le n t  a m o u n ts  o f  grou p I/II m e ta l h y d r o x id e s /o x id e  in  
e x c e s s  e th y le n e  g ly c o l  s o lv e n t  (a s  s h o w n  in  e q u a tio n s  1 -3 ). T h e s e  c o m p le x e s  
are p r e c u so r s  to  p h a se  p u re c e r a m ic  p o w d e r s , c o a t in g s  or  f ib e r s . F u th erm o re , 
s o l - g e l  p r o c e s s in g  o f  th e se  m a ter ia ls  p r o v id e s  a c c e s s  to  h ig h  su r fa c e  area  
ce r a m ic  p o w d e r s  w ith  e le c tr o r h e o lo g ic a l p ro p er tie s  [L a in e  e t a l., 1 9 9 4 ] ,
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SiC>2 + MOH + x's HOCH 2 CH2 OH — —*> M
-3H20

L —1 2
LsA / \ h (1)/

M = Li, Na, K, or Cs

Si02 + M'O + x’s HOCH 2 CH2 OH

M' = Ca, or Ba

(3)

B is (c a te c h o la to )s i l ic a te ,  a te tra co o r in a ted  s i lo x a n e , w a s  sy n th e s iz e d  
fro m  S iC ri an d  c a te c h o l in  a ce tro n itr ile  so lv e n t  b y  A llc o c k  [A llc o c k  H .R .,  
N u g e n t  T .A ., S m e ltz  L .A ., 1 9 7 2 ], T h is  sp ir o s ila n e  p o ly m e r iz e s  e a s i ly  to  a  
r o d -lik e  o lig o m e r . T h e  stru ctu re w a s  d e term in ed  b y  H ô n le  e t al. [1 9 8 9 ] ,  T h e  
s y n th e s is  o f  b is (4 - te r t -b u ty l-c a te c h o la to )s il ic a te  is  a n a lo g o u s  [R o b in so n , T .R .,
1 9 9 0 ] , as sh o w n  in  eq u a tio n  4 .

+ 4HC1 (4)

R a y  e t a l. [1 9 9 3 ]  p rep ared  c o p o ly m e r s  b is (c a te c h o la to )s i la n e , b is (4 -  
te r t-b u ty l-c a te c h o la to )s ila n e ;  b y  fo l lo w in g  A l lc o c k ’s ro u te , w ith  h y d r o q u in o n e  
as a c o m o n o m e r  in  x y le n e  so lv e n t , as sh o w n  in  eq u a tio n  5 . T h e  ly o tr o p ic  
n e m a tic  p h a se s  in  x y le n e  o f  v a r io u s  c o p o ly m e r s  s h o w e d  liq u id  c r y sta llin e

S1CI4  + 2
CH3CN

R=H or f-butyl
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properties that varied with the ratio of monomer, reaction temperature, and
reaction time.

(2-2x)

(5)

L a te ly , R a n g s itp h o l J. [1 9 9 5 ]  u se d  th e  “O O P S ” (o x id e  o n e  p o t  
sy n th e s is )  p r o c e s s  to  sy n th e s iz e  b is  ( l ,2 - d io x y p h e n y l) s i la n e  fro m  S i 0 2, 
c a te c h o l, tr ie th y le n e te tr a m in e  (T E T A ) as c a ta ly s t  in  h ig h ly  b o il in g  p o in t  o f  
e th y le n e  g ly c o l  s o lv e n t  (e q u a tio n  6 ).

Si/  \
R e c e n t ly , P h o n g p is itsa k u n  N . [1 9 9 7 ]  (e q u a tio n  7 )  an d  S ilp a -A r c h a  

M . [1 9 9 7 ]  sy n th e s iz e d  o r g a n o s il ic o n  c o p o ly m e r s  u s in g  th e  O O P S  p r o c e ss  
fro m  S i 0 2, an d  c a te c h o l w ith  d iffe r e n t  c o m o n o m e r s  to  o b stru ct th e  fo rm a tio n  
o f  la d d er  stru ctu re , n a m e ly , 4 -te r t-b u ty lc a te c h o l w h ic h  is  an  o r th o -lin k e d  that
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tert-butyl groups as a side group and hydroquinone having a para-linked,
respectively. Both products show different properties.

T h is  re sea rch  th e s is  fo c u s e s  o n  th e sy n th e s is  o f  S i c o n ta in in g  
s p e c ie s  d ir e c t ly  v ia  th e  O O P S  p r o c e s s  fro m  S i 0 2, c a te c h o l, h y d r o q u in o n e , and
4 - t e r t - b u t y l c a t e c h o l  in  e t h y l e n e  g l y c o l  s o l v e n t  w h i l e  h a v i n g  
tr ie th y le n e te tr a m in e  as a c a ta ly s t  or s to ic h io m e tr ic  q u a n tit ie s  to  d is s o lv e  S i 0 2, 
a s s h o w n  in  eq u a tio n  8.

if R =H, then R-H or /-butyl and, if R-H, then R =H or /-butyl also



7

1 .2 .2  K in e t ic s
C h e m ic a l k in e t ic s , a lso  c a lle d  rea c tio n  k in e tic s , is  th e  s tu d y  o f  th e  

ra tes a n d  m e c h a n ism s  o f  c h e m ic a l r e a c tio n s . T o  m ea su re  th e  r e a c tio n  rate, r, 
o n e  m u st  f o l lo w  th e  co n cen tra tio n  o f  a  reactan t or p ro d u ct as a fu n c t io n  o f  
tim e .

In th e  c h e m ic a l m eth o d , o n e  p la c e s  sev era l r e a c tio n s  w ith  id e n tic a l  
in it ia l c o m p o s it io n s  in  a co n sta n t-tem p era tu re  bath . A t  in terv a ls , o n e  
w ith d r a w s  sa m p le s  fro m  th e  bath , s lo w s  d o w n  or s to p s  th e  r e a c tio n , and  
ra p id ly  a n a ly z e s  th e  m ix tu re  c h e m ic a lly . M e th o d s  fo r  s lo w in g  th e  rea c tio n  
in c lu d e  c o o l in g  th e  sa m p le , r e m o v in g  a ca ta ly st , g rea tly  d ilu t in g  th e  rea c tio n  
m ix tu re , an d  a d d in g  a s p e c ie s  that q u ic k ly  c o m b in e s  w ith  o n e  o f  th e  reactan ts. 
H o w e v e r , p h y s ic a l  m e th o d s  are u su a lly  m o re  accu ra te  an d  le s s  te d io u s  than  
c h e m ic a l m e th o d s . T h u s, o n e  p refers m ea su r in g  a p h y s ic a l p ro p erty  o f  th e  
r e a c tin g  s y s te m  as a fu n c t io n  o f  tim e .

F or th e  d e term in a tio n  o f  th e  rate, r, e x p e r im e n t d ata  g iv e  s p e c ie s  
c o n c e n tr a tio n  at v a r io u s  t im e s  d u rin g  th e  rea c tio n . T h at is , r  = / ( [ A ] , [ B ] , . . . ) ,  or

r  =  £ [A ]a [ B ] p. . . [ L f
It is  u su a lly  b e s t  to  fin d  th e  ord ers a ,  (3,..., A. an d  th e n  f in d  th e  rate  

c o n s ta n t k. F o u r  m e th o d s  fo r  f in d in g  th e  ord ers are as fo l lo w s :
1. H a lf - l i f e  m e th o d
2 . P o w e ll-p lo t  m e th o d
3. I so la t io n  m e th o d  (R e d u c t io n  c o n c e n tr a tio n  m e th o d )
4 . In itia l-ra te  m e th o d
T h e  rate la w  o f  th e  rea c tio n  w h ic h  is  s tu d ie d  is; 

r  =  / : [ S i0 2]a [c a te c h o l]p[h y d r o q u in o n e ]r[4 -te r t-b u ty lc a te c h o l] ;i
T h e  m e th o d s  1-2 w il l  b e  a p p lie d  w h e n  th e  r e a c tio n  h a s th e  rate la w  

in  th e  fo rm  o f  r -  &[A ]n. A s  fo r  th e m e th o d  3 , it is  m o re  d if f ic u lt  th an  th e  la st  

m e th o d  s in c e  w e  m u st  m a k e  th e  in it ia l c o n c e n tr a tio n  o f  rea c ta n t A  m u c h  le s s
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th an  th e  c o n c e n tr a tio n  o f  a ll o th er  s p e c ie s  (m o re  than  1 0 2 t im e s )  an d  u se  raw  

m a ter ia l c o n c e n tr a tio n s  m o re  th an  th e  m e th o d  4.
F o r  th e  in it ia l rate m eth o d , o n e  m u st m ea su re  th e  in it ia l rate, Ao, fo r  

se v e r a l ru n s, v a r y in g  th e  in it ia l co n cen tra tio n  o f  o n e  rea c ta n t at a tim e . 
S u p p o se  w e  m e a su r e  Ao fo r  th e tw o  d iffe r e n t  in itia l A  c o n c e n tr a tio n s  [A]o,i and  
[A ]o,2 w h i le  k e e p in g  [B]o, [C]o,... f ix e d . W ith  o n ly  [A]o c h a n g e d  an d  w ith  th e  

rate la w  a ssu m e d  to  h a v e  th e form : r  =  £ [A ]a [ B ] p...[L ]x , th e  ra tio  o f  in itia l 
ra tes fo r  ru n s 1 an d  2  is:

r J r 0A = ([A]o,2/[A]o,i) 5
fro m  w h ic h  a  is  r e a d ily  fo u n d  (w e  fo u n d  Ao b y  th e p lo tt in g  [A ] v e r su s  t im e  and  

th e  ta n g e n t lin e  at t =  0 ) . T h e  ord er  (3,y, . .., X are a lso  fo u n d  s im ila r ly . F or th is  
w o rk , u n rea c ted  c a te c h o l, h y d r o q u in o n e , an d  4 -te r t-b u ty lc a te c h o l are d if f ic u lt  
to  m e a su r e  w h e n  th e  r e a c tio n s  are s to p p e d  b e c a u se  th e se  rea c ta n ts  are air- 
se n s it iv e  c o m p o u n d s . W e  can  o n ly  f o l lo w  u n rea cted  S i 0 2.

R ate  co n sta n ts  d e p e n d  s tr o n g ly  o n  tem p eratu re , ty p ic a l ly  in c r e a s in g  
ra p id ly  w ith  in c r e a s in g  T. In 1 8 8 9  A rrh en iu s  n o ted  that th e  k(T )  d ata  fo r  m a n y  
r e a c t io n s  f it  th e  eq u a tio n  k  = A e 'EamT w h e r e  A  (p r e -fa c ter )  an d  E a are  
c o n s ta n ts , an d  R  is  th e  g a s  co n sta n t. T h e  u n its  o f  A  are th e  sa m e  a s th o se  o f  k. 
T h e  u n its  o f  E a are th e  sa m e as th o se  o f  RT.

T a k in g  lo g s  o f  A rrh en iu s  e q u a tio n , w e  g e t  
In k  -  In A - (Ea /R T )  or lo g ,0& =  logio A  - (E /2 3 0 3 R T )  

d  \n k/dT  =  E c/ R f
r  =  £ [ A f [ B ] p[C ]y[D ]x -------------->  A- =  J [ A ] a ; J  = yfc[B]p[C ]Y[ D f

T h en , w e  ca n  u se  J  v a lu e s  in s te a d  o f  k  v a lu e s  to  p lo t  In J  v e r su s  \ /T  
to  d e te r m in e  E a fro m  th e  s lo p e  (E a/R ; R = 8 .3 1 4  J K  'm o f 'o r  1 .9 8 7  c a l m o l 'K '1)
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1.3 Objectives

T h is  resea rch  h a s its  a im s to  sy n th e s iz e  an d  ch a r a c te r ize  a n o v e l  
c o p o ly m e r  b y  th e  O O P S  p r o c e s s  d ir e c t ly  fro m  s ilic a , c a te c h o l, h y d r o q u in o n e , 
an d  4 - te r t-b u ty lc a te c h o l, u s in g  tr ie th y le n e te tr a m in e  (tr ien  or T E T A ) as a 
c a ta ly s t  to  d is s o lv e  S i 0 2 in  e th y le n e  g ly c o l  so lv e n t . T h e  p r o d u c ts  w e r e  
c h a r a c te r ize d  u s in g  F T IR , T G A , D S C , X R D , N M R , E I+-M S . T h e  su ita b le  
m o le  ra tio  o f  h y d r o q u in o n e  an d  4 -te r t-b u ty lc a te c h o l, as c o m o n o m e r s , and  
k in e t ic  s tu d ie s  o f  th e  d is so lu t io n  p r o c e s s  w e r e  a lso  s tu d ied , as w e l l .
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