
S Y N T H E S I S  O F  S P I R O S I L I C A T E S  D I R E C T L Y  F R O M  S I L I C A  A N D  

E T H Y L E N E  G L Y C O L / E T H Y L E N E  G L Y C O L  D E R I V A T I V E S

M r .  ร น ท  C h i v i n

A  T h e s i s  S u b m i t t e d  i n  P a r t i a l  F u l f i l l m e n t  o f  t h e  R e q u i r e m e n t s  

f o r  t h e  D e g r e e  o f  M a s t e r  o f  S c i e n c e  

T h e  P e t r o l e u m  a n d  P e t r o c h e m i c a l  C o l l e g e ,  C h u l a l o n g k o r n  U n i v e r s i t y  

i n  A c a d e m i c  P a r t n e r s h i p  w i t h  

T h e  U n i v e r s i t y  o f  M i c h i g a n ,  T h e  U n i v e r s i t y  o f  O k l a h o m a ,  

a n d  C a s e  W a s t e r n  R e s e r v e  U n i v e r s i t y  

2 0 0 0

I S B N  9 7 4 - 3 3 4 - 1 9 5 - 1

T 'บา 7 > o c  า o o



T h e s i s  T i t l e S y n t h e s i s  o f  S p i r o s i l i c a t e s  D i r e c t l y  f r o m  S i l i c a  a n d  

E t h y l e n e  G l y c o l / E t h y l e n e  G l y c o l  D e r i v a t i v e s  

B y  ะ M r .  ร น ท  C h i v i n

P r o g r a m  ะ P o l y m e r  S c i e n c e

T h e s i s  A d v i s o r s  : 1 . P r o f e s s o r  M a t s u o  I s h i d a

2 .  A s s o c .  P r o f .  S u j i t r a  W o n g k a s e m j i t

A c c e p t e d  b y  t h e  P e t r o l e u m  a n d  P e t r o c h e m i c a l  C o l l e g e ,  C h u l a l o n g k o r n  

U n i v e r s i t y ,  i n  P a r t i a l  F u l f i l l m e n t  o f  t h e  R e q u i r e m e n t s  f o r  t h e  D e g r e e  o f  M a s t e r  

o f  S c i e n c e .

. . . . C o l l e g e  D i r e c t o r

( P r o f .  S o m c h a i  O s u w a n )

T h e s i s  C o m m i t t e e :

( P r o f .  H a t s u o  I s h i d a )

( A s s o c .  P r o f .  S u j i t r a  W o n g k a s e m j i t )

A y  _

( D r .  N a n t a y a  Y a n u m e t )



Ill

A B S T R A C T

4 1 7 2 0 2 9 0 6 3  : P O L Y M E R  S C I E N C E  P R O G R A M

K E Y  W O R D S  : T e t r a c o o r d i n a t e d  S p i r o s i l i c a t e /  S p i r o s i l i c a t e /

S i l i c a

ร น ท  C h i v i n :  S y n t h e s i s  o f  S p i r o s i l i c a t e s  D i r e c t l y  

f r o m  S i l i c a  a n d  E t h y l e n e  G l y c o l / E t h y l e n e  G l y c o l  

D e r i v a t i v e s .  T h e s i s  A d v i s o r s :  P r o f .  E l a t s u o  

I s h i d a  a n d  A s s o c .  P r o f .  S u j i t r a  W o n g k a s e m j i t ,  

5 9 p p ,  I S B N  9 7 4 - 3 3 4 - 1 9 5 - 1 .

T e t r a c o o r d i n a t e d  s p i r o s i l i c a t e s  c a n  b e  s y n t h e s i z e d  d i r e c t l y  f r o m  t h e  

r e a c t i o n  o f  v e r y  i n e x p e n s i v e  a n d  p l e n t i f u l  m a t e r i a l  s i l i c a  { S i 0 2 } a n d  

e t h y l e n e  g l y c o l  { E G }  i n  t h e  p r e s e n c e  o f  t r i e t h y l e n e t e t r a m i n e  { T E T A } ,  a s  

c a t a l y s t  w i t h  a n d  w i t h o u t  p o t a s s i u m  h y d r o x i d e  { K O H }  a s  c o - c a t a l y s t .  T h e  

r e a c t i o n s  w e r e  r u n  u n d e r  n i t r o g e n  g a s  w i t h  c o n s t a n t  m a g n e t i c a l l y  s t i r r i n g  a t  

200°c. T h e  r e a c t i o n s  w e r e  c o m p l e t e d  a t  t h e  r e a c t i o n  t i m e  o f  10-18 h o u r s  

d e p e n d i n g  o n  t h e  c a t a l y s t s .  T h e  r e a c t i o n  u s i n g  o n l y  T E T A  w a s  c o m p l e t e d  i n  

1 8  h o u r s .  W i t h  p o t a s s i u m  h y d r o x i d e  t h e  r e a c t i o n s  o c c u r r e d  m u c h  f a s t e r .  

W h e n  3 - a m i n o - 1 , 2 - p r o p a n e d i o l ,  o r  2 - a m i n o - 2 - m e t h y l -  1 , 3 - p r o p a n e d i o l ,  w a s  

e m p l o y e d ,  t h e  r e a c t i o n  h a d  t o  b e  r u n  u n d e r  v a c u u m  a t  O . l m m H g ,  160°c, a n d  

w a s  c o m p l e t e d  i n  1 4  a n d  2 4  h o u r s ,  r e s p e c t i v e l y .  T h e  s t r u c t u r e s  o f  

s p i r o s i l i c a t e s  w e r e  f u l l y  c h a r a c t e r i z e d  u s i n g  F T - I R ,  ( ' H - ,  13C - ,  2 9 S i - ) N M R ,  

F A B  - M S ,  T G A ,  a n d  D S C .





V

A C K N O W L E D G E M E N T S

T h i s  a c k n o w l e d g e m e n t  i s  g r a t e f u l l y  m a d e  t o  a l l  p r o f e s s o r s  w h o  s o  

e f f i c i e n t l y  t a u g h t  h i m  a t  T h e  P e t r o l e u m  a n d  P e t r o c h e m i c a l  C o l l e g e ,  

C h u l a l o n g k o r k  U n i v e r s i t y .  H e  a l s o  t h a n k s  t h e  C o l l e g e  f o r  t h e i r  k i n d n e s s  i n  

g i v i n g  h i m  t h e  s c h o l a r s h i p  d u r i n g  t h e  t w o  a c a d e m i c  y e a r s  a n d  f o r  t h e  

i n v a l u a b l e  k n o w l e d g e ,  w h i c h  h e  h a s  g a i n e d .  H e  w o u l d  l i k e  t o  g i v e  s p e c i a l  

t h a n k s  t o  t h e  D e v e l o p m e n t  a n d  T e c h n o l o g y  o f  E c o n o m i c s  a n d  C o o p e r a t i o n  

( D T E C )  f o r  t h e  c o n t i n u o u s  f i n a n c i a l  s u p p o r t  a n d  f o r  t h e i r  t a k i n g  c a r e  a n d  t h e  

T h a i l a n d  R e s e a r c h  F u n d s  ( T R F )  f o r  t h e i r  p a r t i a l  f u n d i n g .

H e  a l s o  w o u l d  l i k e  t o  s p e c i a l l y  t h a n k  t o  K i n g d o m  o f  C a m b o d i a ,  

e s p e c i a l l y ,  D r .  N E T H  B a r o m ,  h i s  v i c e - r e c t o r ,  f o r  r e s p e c t i v e  e n l i g h t e n  

s u g g e s t i o n ,  r e c o m m e n d a t i o n ,  a n d  d i s c u s s i o n .

T h e  a u t h o r  g r e a t l y  a p p r e c i a t e s  h i s  a d v i s o r s  a n d  h i s  r e s e a r c h  

c o m m i t t e e ,  P r o f .  H a t s u o  I s h i d a  a n d  A s s o c .  P r o f .  S u j i t r a  W o n g k a s e m j i t ,  D r .  

N a t h a y a  Y a n u m e t  f o r  t h e i r  c o n s t r u c t i v e  c r i t i c i s m ,  s e v e r a l  e n l i g h t e n  

s u g g e s t i o n s ,  r e c o m m e n d a t i o n ,  d i s c u s s i o n ,  e n c o u r a g e m e n t ,  a n d  p r o b l e m  

s o l v i n g  w h i c h  h a v e  r e s u l t e d  in  t h i s  t h e s i s .

H e  w o u l d  e s p e c i a l l y  l i k e  t o  t h a n k  D r .  S o m c h a i  P e n g p r e e c h a ,  M r .  

P r a p a s  K h o r p h u e n g ,  a n d  M i s s .  D a r a n e e  C h a r o e n s u k  ( D e p a r t m e n t  o f  

C h e m i s t r y  I I I , ) ,  a n d  M r s .  W a n n a  S r i r i n n u t h  ( S c i e n c e  a n d  T e c h n o l o g i c a l  

R e s e a r c h  E q u i p m e n t  C e n t e r ) ,  C h u l a l o n g k o r k  U n i v e r s i t y ,  f o r  t h e i r  h e l p  i n  

r u n n i n g  l i q u i d  s t a t e  N M R  a n d  N a t i o n a l  M e t a l  a n d  M a t e r i a l s  T e c h n o l o g y  

C e n t e r  ( M T E C ) ,  f o r  t h e i r  h e l p  i n  r u n n i n g  s o l i d  s t a t e  N M R .



VI

H e  a l s o  w o u l d  l i k e  t o  t h a n k  P P G - S i a m  S i l i c a  C o . ,  L t d .  f o r  t h e i r  

k i n d n e s s  i n  s u p p o r t  US t h e  s t a r t i n g  m a t e r i a l ,  s i l i c a .

M o r e o v e r ,  t h e  a u t h o r  w o u l d  l i k e  t o  t h a n k  a l l  o f  h i s  f r i e n d s  f o r  t h e i r  

h e l p  a n d  p r o v i d i n g  f a c i l i t i e s  d u r i n g  t h e  t w o  a c a d e m i c  y e a r s .

F i n a l l y ,  a c k n o w l e d g e m e n t  i s  g r a t e f u l l y  m a d e  t o  h i s  f a m i l y  f o r  t h e i r  

l o v e ,  u n d e r s t a n d i n g ,  e n c o u r a g e m e n t ,  a n d  f i n a n c i a l  s u p p o r t ,  w h i c h  h a s  b e e n  a  

c o n s t a n t  s o u r c e  o f  i n s p i r a t i o n .



v il

T A B L E  O F  C O N T E N T S

P A G E

T i t l e  o f  p a g e  i

A b s t r a c t  ( i n  E n g l i s h )  i i i

A b s t r a c t  ( i n  T h a i )  i v

A c k n o w l e d g e m e n t s  V

T a b l e  o f  C o n t e n t s  v i i

L i s t  o f  T a b l e s  x i i

L i s t  o f  F i g u r e s  x v i

C H A P T E R

I I N T R O D U C T I O N  1

1 .1  B a c k g r o u n d  1

1 .2  R e s e a r c h  O b j e c t i v e s  9

I I  E X P E R I M E N T A L  P A R T  1 0

2 . 1  M a t e r i a l  1 0

2 . 2  E q u i p m e n t  11

2 . 2 . 1  M a s s  S p e c t r o s c o p y  11

2 . 2 . 2  T h e r m a l  A n a l y s i s  11

2 . 2 . 3  N u c l e a r  M a g n e t i c  R e s o n a n c e  S p e c t r o s c o p y  1 2

2 . 2 . 4  F o u r i e r  T r a n s f o r m  I n f r a r e d  S p e c t r o s c o p y  1 2

2 . 3  P r o c e d u r e  1 3

2 . 3 . 1  S y n t h e s i s  o f  b i s ( e t h a n e - l , 2 - d i y l d i o x y ) s i l a n e  1 3

2 . 3 . 1 . 1  E f f e c t  o f  T E T A  c o n c e n t r a t i o n  1 3

2 . 3 . 1 . 2  E f f e c t  o f  K O H  c o n c e n t r a t i o n  1 4



viii

C H A P T E R  P A G E

2 . 3 . 1 . 3  E f f e c t  o f  E G  q u a n t i t y  1 4

2 . 3 . 1 . 4  E f f e c t  o f  r e a c t i o n  1 5

2 . 3 . 1 . 4 . 1  W i t h o u t  p o t a s s i u m  h y d r o x i d e  1 5

2 . 3 . 1 . 4 . 2  W i t h  p o t a s s i u m  h y d r o x i d e  1 5

2 . 3 . 2  S y n t h e s i s  o f  b i s ( 2 - a m i n o - 2 - m t h y l

p r o p a n e - l , 3 - d i y l d i o x y ) s i l a n e  1 5

2 . 3 . 2 . 1  E f f e c t  o f  r e a c t i o n  t e m p e r a t u r e  1 6

2 . 3 . 2 . 2  E f f e c t  o f  C 4  q u a n t i t y  1 6

2 . 3 . 2 . 3  E f f e c t  o f  J E T A  c o n c e n t r a t i o n  1 7

2 . 3 . 2 . 4  E f f e c t  o f  K O H  c o n c e n t r a t i o n  1 7

2 . 3 . 2 . 5  E f f e c t  o f  r e a c t i o n  1 8

2 . 3 . 2 . 5 . 1  W i t h o u t  p o t a s s i u m  h y d r o x i d e  1 8

2 . 3 . 2 . 5 . 2  W i t h  p o t a s s i u m  h y d r o x i d e  1 8

2 . 3 . 3  S y n t h e s i s  o f  b i s ( 3 - a m i n o p r o p a n e - 1 , 2 - d i y l d i o x y )

s i l a n e  1 8

2 . 3 . 3 . 1  E f f e c t  o f  r e a c t i o n  t e m p e r a t u r e  1 8

2 . 3 . 3 . 2  E f f e c t  o f  C 3  q u a n t i t y  1 9

2 . 3 . 3 . 3  E f f e c t  o f  T E T A  c o n c e n t r a t i o n  1 9

2 . 3 . 3 . 4  E f f e c t  o f  K O H  c o n c e n t r a t i o n  2 0

2 . 3 . 3 . 5  E f f e c t  o f  r e a c t i o n  2 0

2 . 3 . 3 . 5 . 1  W i t h o u t  p o t a s s i u m  h y d r o x i d e  2 0

2 . 3 . 3 . 5 . 1  W i t h  p o t a s s i u m  h y d r o x i d e  2 0

I I I  R E S U L T  A N D  D I S C U S S I O N  2 1

3 . 1  S y n t h e s i s  2 1

3 . 1 . 1  S y n t h e s i s  o f  b i s ( e t h a n e - l , 2 - d i y l d i o x y ) s i l a n e  2 1

3  . 1 . 1 . 1  E f f e c t  o f  T E T A  c o n c e n t r a t i o n  2 1

3 . 1 . 1 . 2  E f f e c t  o f  K O H  c o n c e n t r a t i o n  2 2



ix

C H A P T E R  p a g e

3 . 1 . 1 . 3  E f f e c t  o f  E G  q u a n t i t y  2 3

3 . 1 . 1 . 4  E f f e c t  o f  r e a c t i o n  2 3

3 . 1 . 1 . 4 . 1  W i t h o u t  p o t a s s i u m  h y d r o x i d e  2 3

3 . 1 . 1 . 4 . 2  W i t h  p o t a s s i u m  h y d r o x i d e  2 4

3 . 1 . 2  S y n t h e s i s  o f  b i s ( 2 - a m i n o - 2 - m t h y l p r o p a n e - l , 3 -

d i y l d i o x y ) s i l a n e  2 5

3 . 1 . 2 . 1  E f f e c t  o f  r e a c t i o n  t e m p e r a t u r e  2 5

3 . 1 . 2 . 2  E f f e c t  o f  C 4  q u a n t i t y  2 6

3 . 1 . 2 . 3  E f f e c t  o f  T E T A  c o n c e n t r a t i o n  2 7

3 . 1 . 2 . 4  E f f e c t  o f  K O H  c o n c e n t r a t i o n  2 7

3 . 1 . 2 . 5  E f f e c t  o f  r e a c t i o n  2 7

3 . 1 . 2 . 5 . 1  W i t h o u t  p o t a s s i u m  h y d r o x i d e  2 7

3 . 1 . 2 . 5 . 2  W i t h  p o t a s s i u m  h y d r o x i d e  2 8

3 . 1 . 3  S y n t h e s i s  o f  b i s ( 3 - a m i n o p r o p a n e - l , 2 - d i y l d i o x y )

s i l a n e  2 9

3 . 1 . 3 . 1  E f f e c t  o f  r e a c t i o n  t e m p e r a t u r e  2 9

3 . 1 . 3 . 2  E f f e c t  o f  C 3  q u a n t i t y  3 0

3 . 1 . 3 . 3  E f f e c t  o f  T E T A  c o n c e n t r a t i o n  3 0

3 . 1 . 3 . 4  E f f e c t  o f  K O H  c o n c e n t r a t i o n  3 1

3 . 1 . 3 . 5  E f f e c t  o f  r e a c t i o n  3 1

3 . 1 . 3 . 4 . 1  W i t h o u t  p o t a s s i u m  h y d r o x i d e  3 1

3 . 1 . 3 . 4 . 2  W i t h  p o t a s s i u m  h y d r o x i d e  3 2

3 . 2  C h a r a c t e r i z a t i o n  3 4

3 . . 2 . 1  S y n t h e s i s  o f  b i s ( e t h a n e - l , 2 - d i y l d i o x y ) s i l a n e  3 4

3 . 2 . 1 . 1  F o u r i e r  T r a n s f o r m  I n f r a r e d

S p e c t r o s c o p y  3 4

3 . 2 . 1 . 2  N u c l e a r  M a g n e t i c  R e s o n a n c e  S p e c t r o ­

s c o p y 3 4



X

C H A P T E R P A G E

3 . 2 . 1 . 2 . 1  ' h  N u c l e a r  M a g n e t i c  R e s o n a n c e

S p e c t r o - s c o p y  3 4

3 . 2 . 1 . 2 . 2  l3 C  N u c l e a r  M a g n e t i c

R e s o n a n c e  S p e c t r o s c o p y  3 7

3.2.1.2.2 29s N u c l e a r  M a g n e t i c  R e s o n a n c e

S p e c t r o s c o p y  3 7

3 . 2 . 1 . 3  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  3 9

3 . 2 . 1 . 4  D i f f e r e n t i a l  S c a n n i n g  C a l o r i m e t r y  3 9

3 . 2 . 1 . 5  M a s s  S p e c t r o s c o p y  3 9

3 . 2 . 2  S y n t h e s i s  o f  b i s ( 2 - a m i n o - 2 - m e t h y l p r o p a n e - l , 3 -

d i y l d i o x y ) s i l a n e  4 0

3 . 2 . 2 . 1  F o u r i e r  T r a n s f o r m  I n f r a r e d

S p e c t r o s c o p y  4 1

3 . 2 . 2 . 2  N u c l e a r  M a g n e t i c  R e s o n a n c e

S p e c t r o s c o p y  4 1

3 . 2 . 2 . 2 . 1  1H  N u c l e a r  M a g n e t i c  R e s o n a n c e

S p e c t r o s c o p y  4 1

3 . 2 . 2 . 2 . 2  l3 C  N u c l e a r  M a g n e t i c  R e s o n a n c e

S p e c t r o s c o p y  4 1

3 . 2 . 2 . 2 . 3  29s N u c l e a r  M a g n e t i c  R e s o n a n c e

S p e c t r o s c o p y  4 3

3 . 2 . 2 . 3  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  4 5

3 . 2 . 2 . 4  D i f f e r e n t i a l  S c a n n i n g  C a l o r i m e t r y  4 5

3 . 2 . 2 . 5  M a s s  S p e c t r o s c o p y  4 5

3 . 2 . 3  S y n t h e s i s  o f  b i s ( 3 - a m i n o p r o p a n e - l , 2 - d i y l d i o x y )

s i l a n e  4 7



XI

C H A P T E R  p a g e

3.2.3.1 Fourier Transform Infrared
Spectroscopy 48

3.2.3.2 Nuclear Magnetic Resonance
Spectroscopy 48 -

3.2.3.2.1 'h  Nuclear Magnetic Resonance
Spectroscopy 48

3.2.3.2.2 13c  Nuclear Magnetic Resonance
Spectroscopy 48

3.2.3.2.3 29s Nuclear Magnetic Resonance
Spectroscopy 50

3.2.3.3 Thermogravimetric Analysis 52
3.2.3.4 Differential Scanning Calorimetry 52
3.2.3.5 Mass Spectroscopy 54

I V  C O N C L U S I O N S  55

R E F E R E N C E S  56

C U R R I C U L U M  V I T A E  59



L I S T  O F  T A B L E S

T A B L E  P A G E

3.1. Effect of the TETA concentration on the reaction time 22
3.2. Effect of the EG quality on the reaction time 23
3.3. Effect of the reaction time on the percent ceramic yield in the

absence of KOH 24
3.4. Effect of the reaction time on the percent ceramic yield in the

presence of KOH 24
3.5. Effect of the reaction temperature on the percent ceramic

Yield 26
3.6. Effect of the C4 concentration on the percent ceramic yield 26
3.7. Effect of the reaction time on the percent ceramic yield in the

absence of KOH 28
3.8. Effect of the reaction time on the percent ceramic yield in the

presence of KOH 28
3.9. Effect of the reaction temperature on the percent ceramic

Yield 29
3.10. Effect of the C3 concentration on the percent ceramic yield 30
3.11. Effect of the reaction time on the TETA quantity 3 1
3.12. Effect of the reaction time on the percent ceramic yield in the

presence of KOH 32
3.13. The summary of 'fl-NMR, 13C-NMR, and 29Si-NMR

results of starting materials, solvents, and bis(ethane-l,2- 
diyldioxy)silane 39

3.14. The proposed structure and fragmentation of product 40



X l l l

T A B L E  P A G E
3.15. The summary of'H-NMR, l3C-NMR, and 29Si-NMR

results of starting materials, solvents, and bis(2-amino-2- 
methylpropane-1,3-diyldioxy)silane 43

3.16. The proposed structure and fragmentation of product 47
3.17. The summary of'fl-NMR, l3C-NMR, and 29Si-NMR

results of 3-amino-1,2-propanediol, solvents, and bis(3-amino- 
propane-l,2-diyldioxy)silane 51

3.18. The proposed structure and fragmentation of product 54



XIV

LIST OF FIGURES

F I G U R E P A G E

1 FT-IR of bis(ethane-1,2-diyldioxy)silane 35
2 'H-NMR of bis(ethane-1,2-diyldioxy)silane 36
3 l3C-NMR of bis(ethane-1,2-diyldioxy)silane 36
4 29Si-NMR of bis(ethane-1,2-diyldioxy)silane 37
5 TGA of bis(ethane-1,2-diyldioxy)silane 38
6 FT-IR of bis(2-amino-2-methylpropane-1,3-diyldioxy)

Silane 42
7 1 H-NMR of bis(2-amino-2-methylpropane-1,3-

diyldioxy)silane 44
8 l3C-NMR of bis(2-amino-2-methylpropane-1,3-

diyldioxy) silane 44
9 29Si-NMR of bis(2-amino-2-methylpropane-l,3-

diyldioxy) silane 45
10 TGA of bis(2-amino-2-methylpropane-l,3-diyldioxy)

silane 46
11 FT-IR of bis(3-aminopropane-l,2-diyldioxy)silane 49
12 1 H-NMR of bis(3-aminopropane-1,2-diyldioxy)silane 51
13 l3C-NMR of bis(3-aminopropane-l,2-diyldioxy)silane 51
14 29Si-NMR of bis(3-aminopropane-l,2-diyldioxy)silane 52
15 TGA of bis(3-aminopropane-1.2-diyldioxy)silane 54


	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



