
C H A P T E R  II
EXPERIMENTAL INVESTIGATION

2.1 General Material Handling

B e c a u s e  th e  startin g  m a ter ia ls  an d  th e  p ro d u cts  are su s c e p t ib le  to  
m o istu r e  and air, a ll r ea c tio n s  w e r e  carried  o u t u n d er  n itr o g e n  a tm o sp h e r e  and  
p r o d u c ts  w e r e  sto red  in  v ia ls  after p u r g in g  w ith  n itr o g e n  g a s . T h e  g la s sw a r e  
w a s  o v e n  d ried  p rior  to  u se .

A m o r p h o u s , p rec ip ita ted  s i l ic o n  d io x id e , w ith  a m u lt ip o in t  B E T  su r fa ce  
area  o f  182  m ^ /g , w a s  d o n a ted  b y  P P G  S ia m  S il ic a  C o ., L td . an d  u se d  as  
r e c e iv e d . C a te c h o l and 4 -te r t-b u ty lc a tec h o l w e r e  p u rch a sed  fro m  F lu k a  
C h e m ik a , an d  h y d ro q u in o n e  w a s  o b ta in ed  from  R ie d e l-d e H a e n . E th y le n e  

g ly c o l ,  w a s  p u rch a sed  from  F a rm ita lia  C arlo  E rba (B a r c e lo n a ) , an d  d is t i l le d  
u n d er  n itro g en . T r ie th y len e te tra m in e  w a s  d o n a ted  b y  fro m  U n io n  C a rb id e  
T h a ila n d  L im ite d  and p u r if ie d  b y  v a c u u m  d is t illa t io n . M e th a n o l w a s  
p u r c h a se d  fro m  J .T .B a k er  In c . (P h illip sb u rg , U S A ) ,  d is t ille d  fro m  m a g n e s iu m  
m eta l a c tiv a te d  w ith  io d in e  u n d er n itro g en  a tm o sp h ere , and  th en  sto red  in  

d ried  b o tt le s  w ith  m o le c u la r  s ie v e s  4 A ° .
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2.2 Instrumentation/ Characterization

2 .2 .1  S p e c tr o sc o p ic  C h a ra cter iza tio n
2.2.1.1 F ourier Transform  In frared  Spectroscopy (FTIR). F T IR  

sp ec tra  w e r e  reco rd ed  o n  a B io -R a d  F T -4 5 A  F ou rier  T ra n sfo rm  Infrared  

S p e c tr o m e te r  w ith  a r e so lu tio n  o f  8 c m ' l .  A n a ly t ic a l grad e (K B r ) fro m  F lu k a  
C h e m ik a  w a s  p r e sse d  h y d r a u lic a lly  in to  p e lle ts ,  and  u se d  as a b a c k g r o u n d  

sp ec tru m . S a m p le s  w e r e  grou n d  w ith  o v e n  d ried  K B r  (1 :2 0 )  f o l lo w e d  b y  
h y d r a u lic  p r e ss in g  in to  p e lle ts  and q u ic k ly  tak en  to  th e  ch a m b er . T h e  p e lle t  
w a s  flu sh e d  w ith  dry n itro g en  g a s to  r e m o v e  carb on  d io x id e  in  th e  c h a m b er  
b e fo r e  d ata  a c q u is it io n . T h e  fu n c tio n a l g ro u p s o f  p ro d u cts  w e r e  ch a ra c ter ized .

2.2 .1 .2  N uclear M agnetic  R esonance (NMR). 1I I -N M R  an d  13C -  
N M R  sp ectra  w e r e  o b ta in ed  at ro o m  tem p eratu re  u s in g  5 0 0  M H z  JE O L  

sp e c tr o m e ter  at th e S c ie n t if ic  and In stru m en ta l R e sea rch  E q u ip m e n t C en ter , 
C h u la lo n g k o m  U n iv e r s ity  and !H -N M R  sp ectra  w e r e  reco rd ed  at a fr e q u e n c y  
o f  1 0 ,0 0 0  H z  u s in g  16 sc a n s , a p u lse  w id th  o f  5 .5  se c , a  p u lse  d e la y  o f  3 0  s e c  
an d  a s w e e p  w id th  o f  1 6 ,0 0 0  H z . 1 3 C -N M R  sp ectra  w e r e  r eco rd ed  at 9 0 6 5  H z  

u s in g  4 ,0 0 0 s c a n s ,  a p u lse  d e la y  o f  2 .5  s e c  and a s w e e p  w id th  o f  2 0 ,0 0 0  H z .  
D eu tera ted  d im e th y lsu lfo x id e  (d g -D M S O ) and te tr a m eth y ls ila n e  (T M S )  w e r e  
u se d  as s o lv e n t  and standard  in tern al r e fe re n ce , r e sp e c t iv e ly .

2.2.1.3 M ass Spectroscopy (MS). D ir e c t p ro b e  in je c t io n  w a s  u se d  
fo r  e le c tro n  im p a ct io n iz a tio n  (E I+  m o d e )  u s in g  an io n iz a tio n  e n e r g y  o f  7 0  e V .  
P er flu o ro tr ib u ty la m in e  w a s  u sed  as a standard  for p ea k  c a lib ra tio n  an d  th e  
ra n g e  s tu d ied  w a s  se t  from  m /z  2 0  to  8 0 0 . M a ss  sp ec tra  w e r e  re c o r d e d  o n  a 
F in n ig a n  M A T  In c o s  5 0  m a ss  sp ec tro m eter  in stru m en t, at th e  F a c u lty  o f  
S c ie n c e ,  M a h id o l U n iv e r s ity .
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2 .2 .2  T h erm a l A n a ly s is
2.2.2.1 Therm ogravim etric A nalysis (TGA). T G A  p r o f ile s  w e r e  

reco rd ed  u s in g  a N E T Z S C H  T G A  2 0 0  th erm o g ra v im etr ic  a n a ly z e r  to  o b ta in  
d e c o m p o s it io n  o f  p ro d u cts as a fu n c tio n  o f  tem p eratu re  ( T j )  an d  to  m ea su re  

th e  p ercen t ce r a m ic  y ie ld  at 9 5 0 ° c .  S a m p le s  w e r e  lo a d ed  in  a lu m in a  p an , 
h ea ted  fro m  ro o m  tem p eratu re  to  9 5 0 ° c  w ith  a h ea tin g  rate o f  2 0 ° c /m in . ,  and  

carried  o u t u n d er  N 2 /O 2 a tm o sp h ere  w ith  a f lo w  rate o f  15 m l/m in , th e  
b a la n c e  f lo w  se t  at 4 0  m l/m in .

2.2 .2 .2  D ifferen tia l Scann ing  C alorim etry (DSC). D S C  p r o f ile s  
w e r e  o b ta in ed  b y  u s in g  a N E T Z S C H  D S C  2 0 0  (G erm a n y ). S a m p le s  w e r e  
p a c k e d  in  h e r m e tic a lly  se a le d  a lu m in u m  p a n s, and  h ea ted  u n d er  f lo w in g  N 2 in  
th e  D S C  ch a m b er  fro m  a m b ien t tem p eratu re  to  450°c at a ram p rate o f  10° 
c /m in  to  d e term in e  sa m p le  tra n sitio n  tem p eratu res.

2 .2 .3  X -ra y  D iffr a c tio n  (X R D )
X R D  sp ectra  w e r e  o b ta in ed  u s in g  a P N  3 7 1 0  P h ilip  A n a ly t ic a l  

In stru m en t at th e  M eta llu rg y  and M a ter ia ls  S c ie n c e  R e se a r c h  In stitu te . 
S a m p le s  w e r e  grou n d  and p a ck ed  in a g la ss  sp e c im e n  h o ld er , p la c e d  in  th e  

g o n io m e te r  u s in g  C u (K a )  sm a ll rad iator and op era ted  at 4 0  k v  an d  3 0  M A . 
S c a n s  w e r e  m ea su red  in  th e  ra n g e  o f  5 -8 0  d e g r e e  2 0  at a sc a n  sp e e d  o f  0 .6  

d e g r e e  fo r  2 0  m in  and 0 .0 2  d e g r e e  2 0  in crem en ts . T h e  d iffr a c tio n  p a ttern s  

d ete r m in e d  th e  c r y sta llin ity  o f  p ro d u cts.
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2.3 Experimental

T h e  e x p er im en ta l s e c t io n  is  d iv id e d  in to  tw o  parts. T h e  first part 

d e sc r ib e s  th e o n e  step  sy n th e s is  o f  an o r g a n o s ilic o n  c o p o ly m e r  from  SiC>2 , 
c a te c h o l, h y d r o q u in o n e , and 4 -te r t-b u ty lc a tec h o l b y  v a r y in g  th e  m o le  ratio  o f  
c o m o n o m e r , n a m e ly , h y d ro q u in o n e , 4 -te r t-b u ty lc a tec h o l, and  s tu d y in g  th e  
e f f e c t s  o f  c a ta ly s t  c o n cen tra tio n  (T E T A ) on  th e  rea c tio n . T h e  o th er  o n e  
d e sc r ib e d  th e  c h e m ic a l k in e tic  m eth o d  to  d e term in e  th e  ord er w ith  r e sp e c t  to  
SiC >2 an d  th e a c t iv a tio n  e n erg y .

2 .3 .1  O n e  s tep  sy n th e s is  o f  an o r g a n o s il ic o n  c o p o ly m e r  fro m  S iC b . 
c a te c h o l, h y d ro q u in o n e , and 4 -ter t-b u ty lca tech o l:
2.3.1.1 Variation o f  hydroquinone: 4 -tert-bu tylca techol m ole ratio.

Table 2.1 M o le  ratio  v a r ia tio n  o f  c o m o n o m e r s

S a m p le E q u iv a le n t  o f  m o le  ratio
H y d ro q u in o n e 4 -te r t-b u ty lc a te c h o l

H T 0 5 0 .0 0 .5 (2 .7 4 2 6  g , 1 6 .5  m m o l)
H T 1 4 0 .1 (0 .3 6 3 4  g , 3 .3  m m o l) 0 .4 (2 .1 9 4 1  g , 1 3 .2  m m o l)
H T 2 3 0 .2 (0 .7 2 6 7  g , 6 .6  m m o l) 0 .3 (1 .6 4 5 6  g , 9 .9  m m o l)
H T 3 2 0 .3 (1 .0 9 0 1  g , 9 .9  m m o l) 0 .2 (1 .0 9 7 1  g , 6 .6  m m o l)
H T 41 0 .4 (1 .4 5 3 5  g , 13 .2  m m o l) 0 .1 (0 .5 4 8 5  g , 3 .3  m m o l)
H T 5 0 0 .5 (1 .8 1 6 8  g , 16 .5  m m o l) 0 .0

S ilic o n  d io x id e  (1 .9 8 3 0 g ,  3 3 m m o l) , c a te c h o l (5 .4 5 0 4 g ,  4 9 .5 m m o l) ,  
h y d r o q u in o n e , an d  4 -te r t-b u ty lc a tec h o l o f  ea ch  m o le  ratio , as sh o w n  in ta b le  1 
w e r e  stirred  th e  at ro o m  tem p eratu re  for 3 0  m in u te s  in  80  m l o f  e th y le n e
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g ly c o l  (E G ), r e su ltin g  in a y e l lo w  h o m o g e n o u s  so lu tio n . T E T A  (1 0 0 % m o l o f  

S iC ^  4 .8 2 5 9  g , 33  m m o l)  w a s  ad d ed  b e fo re  startin g  th e  c o n d e n sa t io n  rea c tio n  
b y  d is t illa t io n  at 210°c (o il  b ath). R e m o v a l o f  H 2O  (b y p ro d u c t)  and a n y  E G  
w e r e  c o n t in u o u s ly  carried  ou t d u rin g  p o ly m e r iz a tio n  for 5 h ou rs. T h e  so lu t io n  
w a s  th en  a llo w e d  to  c o o l d o w n  to  ro o m  tem p eratu re . T h e  c o lo r  o f  so lu t io n  
b e c a m e  darker from  y e l lo w  to  b ro w n . E x c e s s  E G  w a s  r e m o v e d  o u t u n d er  

v a c u u m  ( 1 1 0 °C /2 0 m m H g ). A  v is c o u s  so lu tio n  resu lted  o n  c o o l in g  to  ro o m  
tem p era tu re . T h e  v is c o u s  liq u id  w a s  p rec ip ita ted  an d  w a sh e d  w ith  d ried  
M e O H . T h e  p ro d u ct o b ta in ed  w a s  dried  u n d er N 2 at a m b ien t tem p era tu re  and  
p la c e d  in  a se a le d  v ia l u n d er p u re N 2 g a s . It w a s  f in a lly  c h a ra c ter ized  b y  F T IR , 
T G A , D S C , X R D , N M R , and M a ss  sp e c tr o sc o p y .

2.3 .1 .2  E ffec t o f  TETA concentration  on the reaction. T h e  m o le  

p ercen t o f  T E T A  w a s  v a r ied  at 10, 3 0 , 5 0  % m o le  o f  SiC>2 . T h e  rea c tio n  
p ro ced u re  w a s  th en  rep ea ted  as a b o v e .

2 .3 .2  K in e tic  stu d y:
2.3.2.1 Variation o f  reaction  time. F or th e  d e term in a tio n  o f  th e  

rate, e x p e r im e n ta l data  g iv e  s p e c ie s  c o n cen tra tio n  at v a r io u s  t im e s  d u r in g  th e  
r ea c tio n . E lo w e v e r , th e  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 w e r e  d if f ic u lt  to  m ea su re  b e c a u se  th e y  w e r e  s e n s it iv e  to  
m o istu r e , air and d e c o m p o s e  at h ig h  tem p eratu re . T h e  u n rea cted  SiC >2 c a n  th en  
b e  o b ta in e d  to  d e term in e  th e order w ith  r e sp ec t to  SiC >2 o n ly .

T h e  in itia l rate m eth o d  m e a su r e s  th e in itia l rate, ro, for th e  tw o  
d iffe r e n t  in itia l co n cen tra tio n s  o f  SiC>2 (3 3 m m o l and 16 .5  m m o l in  8 0  m l o f  
E G ) w h ile  th e  o th er  c o n c e n tr a tio n s , rea c tio n  tem p eratu re , an d  p ressu re  o f  N 2 

g a s  w e r e  k ep t co n sta n t.
SiC>2 (33mmol or 16.5mmol), catechol (5.4504g, 49.5mmol),

hydroquinone (0.7267 g, 6 .6mmol), and 4-tert-butylcatechol (1.6456 g,
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9 .9 m m o l) ,  w e r e  stirred  at ro o m  tem p eratu re  for 3 0  m in  in 8 0  m l o f  e th y le n e  
g ly c o l  (E G ). T h e  m ix tu re  g a v e  a y e l lo w  h o m o g e n o u s  so lu tio n . A fte r  a d d in g  
T E T A  (1 0 0 %  m o l o f  SiC>25 4 .8 2 5 9  g , 3 3 m m o l)  u n d er  N 2 a tm ., th e  rea c tio n  w a s  
started  b y  d is t illa t io n  at 2 0 0 ° c  u s in g  an o il bath. R e m o v a l o f  b y p ro d u ct H 2O  

an d  an y  E G  w e r e  c o n tin u o u s ly  carried  o u t d u rin g  p o ly m e r iz a tio n  w h ile  th e  
p ressu re  o f  N 2 g a s  w a s  k ep t co n sta n t for  0 .5 , 1 .0 , 1 .5 , 2 .0  h. A fte r  th e  rea c tio n  
w a s  s to p p e d , th e  m ix tu re  w a s  c o o le d  to  ro o m  tem p eratu re  to  g iv e  a dark b ro w n  

so lu t io n  w ith  u n rea cted  SiC>2 at th e  b o tto m  o f  th e  rea c tio n  fla sk . E th y le n e  
g ly c o l  s o lv e n t  w a s  ca r e fu lly  c o lle c te d  b y  v a c u u m  d is t illa t io n  at 1 3 0 ° c .  
M e th a n o l w a s  th en  ad d ed  to  w a sh  a ll u n rea cted  startin g  m a ter ia ls , but SiC>2 , 
fro m  v is c o u s  so lid , fo l lo w e d  b y  filtra tio n  u n d er N 2 a tm o sp h ere , and  w a s h in g  
w ith  d ried  M e O H . T h e  rem a in in g  u n rea cted  SiC>2 w a s  a g a in  w a s h e d  w ith  d ried  
M e O H  fo l lo w e d  b y  fu rn a ce  d ry in g  at 1 0 0 0 ° c .  SiC >2 w a s  f in a lly  w e ig h e d  at 
r o o m  tem p eratu re .

2.3 .2 .2  Variation o f  reaction tem perature. S in c e  th e  rate c o n sta n t  
d e p e n d s  s tr o n g ly  o n  tem p eratu re , th is  re la tio n sh ip  can  b e  u sed  to  d e te r m in e  th e  

a c t iv a t io n  e n e r g y . T h e  rea c tio n  tem p eratu re  w e r e  v a r ied  at 2 0 0 ° ,  2 1 0 ° ,  and  
2 2 0 ° c  to  g iv e  th e rate co n sta n t o f  ea ch  tem p eratu re . T h e  rea c tio n  p ro ced u res  

w e r e  rep ea ted  as a b o v e .
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