
C H A P T E R  II

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

2.1 E q u ip m e n t

2 .1 .1  T h e rm a l A n a ly s is  (T A )
T h e rm o g ra m s  w e re  d e te rm in e d  u s in g  d if fe re n tia l  s c a n n in g  

c a lo rim e try  (D S C ) an d  th e rm o g ra v im e tr ic  an a ly sis  (T G A ) m o d e s . T h e y  w e re  
ca rried  o u t on  a N e tz c h  in s tru m e n ts . T h e  m o d e ls  u sed  w e re  D S C  2 0 0  c e ll and  
T G A  209  ce ll, re sp e c tiv e ly , w ith  T A S C  4 14 /3  co n tro lle r. H e rm e tic a lly  sea led  
a lu m in iu m  p a n s  w e re  u se d  fo r D S C  stu d ie s , w h ile  p la tin u m  p a n s  w e re  u se d  for 
T G A . S a m p le  s ize s  w e re  a b o u t 10-20 m g , and  the  e x p e rim e n ts  w e re  c a rr ie d  ou t 
in N 2 - F o r D S C  m e a su re m e n ts , a N 2  p u rg e  flow  rate  w as se t a t 40 m L /m in , and  
for T G A  m e a su re m e n ts , it w as  se t a t e ith e r  60  or 40 m L /m in . T h e  te m p e ra tu re  
an a ly s is  ra n g e  in th e  D S C  w a s  fro m  25 ° to  450°c, at a h e a tin g  ra te  o f  1 0 °C /m in , 
w h ile  T G A  m e a su re m e n ts  w e re  c o n d u c te d  from  25° to  9 0 0 °C , w ith  a h e a tin g  
ram p  ra te  o f  2 0 ° c /m in .

2 .1 .2  F o u r ie r  T ra n s fo rm  In fra red  S p ec tro sco p y  (F T IR )
F T IR  sp e c tra  w e re  a c q u ire d  u sin g  a F T -4 5 A  B io -R a d  in s tru m en t. 

K B r w as p re sse d  h y d ra u lic a lly  in to  p e lle t and rap id ly  ta k e n  to  th e  F T -IR  
sam p le  ch a m b e r. T h e  c h a m b e r  w as p u rg e d  w ith  N g fo r 20  m in  to  re m o v e  C O 2  

b e fo re  in itia tin g  d a ta  a c q u is itio n . T h e  K B r sp ec tru m  b a c k g ro u n d  w as  c o llec ted  
w ith  a m in im u m  o f  64  scan s . A fte r  th e  b ack g ro u n d  sp e c tra , th e  sa m p le  w as
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th en  m ix e d  w ith  d ried  K B r at an  a p p ro x im a te  ra tio  o f  1 :20 sa m p le :K B r. T h e  
re so lu tio n  fo r th is  m e th o d  w as  +  4 cm " 1.

2 .1 .3  N u c le a r  M a g n e tic  S p e c tro sc o p y  fN M R )
I f f -  an d  ^ C - N M R  sp ec tra  w ere  o b ta in ed  on  a 5 00  M H z  JE O L  

sp e c tro m e te r  a t ro o m  te m p e ra tu re  at th e  S c ien tific  and  In s tru m e n ta l R e se a rc h  
E q u ip m e n t C e n te r , C h u la lo n g k o m  U n iv e rs ity . D e u te ra ted  d im e th y l su lfo x id e  
(D M S O -d ô ) w a s  u se d  as so lv e n t. ^H -N M R  sp e c tra  w ere  re c o rd e d  a t 10 ,000  H z  
u s in g  16 sc a n s , a p u lse  w id th  an d  a p u lse  d e lay  o f  5.5 sec  a n d  30 sec , 
re sp e c tiv e ly  a n d  a sw eep  w id th  o f  16 ,000  H z. sp e c tra  w e re  re c o rd e d
at 9065 H z  u s in g  4 ,0 0 0  scan s, a p u lse  w id th  o f  4 .75  sec, a p u lse  d e la y  o f  2 .5  sec  
and  a sw eep  w id th  o f  2 0 ,0 0 0  H z . T e tra m e th y ls ila n e  (T M S ) w a s  u se d  as th e  
in te rn a l re fe ren c e .

2 .1 .4  M e lt R h e o m e te r
T h e  s to rag e  m o d u lu s  and  loss m o d u lu s  o f  p o ly m e r  f ilm  w e re  

ex am in ed  u s in g  a m e lt rh e o m e te r  by  R h e o m e tric  S c ien tific  In s tru m e n t m o d e l 
R E S . T h e  m e a su re m e n t w as  c a rr ie d  ou t u s in g  d y n am ic  s tra in  sw e e p  m o d e  and  
d y n am ic  te m p e ra tu re  ram p  m o d e . D y n a m ic  s tra in  sw eep  m o d e  w a s  u se d  fo r 
m e a su rin g  th e  a p p ro p ria te  s tra in  th a t gave  th e  co n stan t sh e a r  m o d u lu s . T h is  
s tra in  w as th e n  u se d  in d y n a m ic  te m p e ra tu re  ram p  m o d e  to  m e a su re  th e  s to ra g e  
m o d u lu s  and  lo ss  m o d u lu s  by  v a r ia tio n  o f  tem p era tu re  from  2 5 -2 5 0 °C  w ith  th e  
te m p e ra tu re  ra m p  o f  5 ° c /m in .
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2 .2  M a t e r i a l s  a n d  M e th o d

A ll g la ssw ares  u sed  for th ese  e x p e rim e n ts  w e re  d rie d  in  an  oven  
at 1 1 0 ° c . S ta rtin g  re a g e n ts  and  so lv en ts  w e re  d ried  p r io r  to  u se , a n d  re ac tio n s  
w ere  c a rr ie d  o u t in an inert a tm o sp h e re  (n itro g en ).

F u sed  s ilico n  d io x id e  or H I-S IL  927 s ilic a  (SiC>2 ), w ith  a su rface  
a rea  o f  182 m ^ /g , by  B E T , w as d o n a ted  by  P P G  S iam  S ilic a  C o ., L td . I t w as 
u sed  as re c e iv e d . E th y le n e  g lyco l (H O C H 2 C H 2 O H , E G ) an d  G ly cero l 
[H 0 C H 2 C H ( 0 H ) C H 2 0 H ] w e re  p u rc h a s e d  fro m  F a r m ita l ia  C a ro  E rb a  
(B a rc e lo n a ). E G  w as d is tilled  in a frac tio n a l d is tilla tio n  se t an d  u se d  as bo th  
re a c ta n t an d  so lv en t. G ly ce ro l w as u sed  as re c e iv e d . T r ie th y le n e te tra m in e  
(E ^ N (C H 2 C H 2 N H )3 H , E E X A ) ,d o n a ted  by  U n io n  C a rb id e  T h a ila n d  L im ited , 
w a s  u se d  as a b a se  a fte r  u n d e r p re ssu re  d is tilla tio n  p r io r  to  u se . A c e to n itr ile  
( Œ 3 C N ) an d  m eth an o l (C H 3 O H , M eO H ), p u rc h a se d  fro m  J .T . B a k e r  Inc. 
(P h ilip sb u rg , U S A ) and  p u rifie d  by d is tilla tio n  o v e r  c a lc iu m  h y d rid e  and 
m a g n e s iu m  a c tiv a te d  w ith  io d in e , w e re  u se d  as p r e c ip i ta t in g  a g e n ts , 
re sp e c tiv e ly . D io c ty l p h th a la te  (D O P ), p u rc h a se d  fro m  F lu k a , w a s  u sed  as 
rec e iv e d , as a p la s tic ize r.

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

2.3.1 S y n th es is  o f  G lv co la to  S ilo x an e  P o ly m e r

E ffe c t o /T E T A  C o n cen tra tio n  on G ly c o la to  S ilo x a n e  P ro d u c ts
S y n th esis  o f  g ly co la to  s ilo x an e  p o ly m e r w a s  ca rr ie d  o u t b y  p lac in g

15.00 g (2 5 0  m m o l) o f  S iO g , 3 .66 g (25 m m o l, 1 0 0  m m o l o f  N  e q u iv a le n ts )  o f  
T E T A  an d  150 m L  o f  e th y len e  g lyco l (E G ) in to  a 500  m L , th re e -n e ck e d  
reac tio n  fla sk . T h e  reac tio n  to o k  p lace  in a s im p le  d is til la tio n  se t up  u n d e r  บ 2
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a tm o sp h e re . T h e  reac tio n  m ix tu re  w as m a g n e tic a lly  s tir re d  a n d  h e a te d  to  d istill 
o f f  e th y le n e  g ly co l and  b y -p ro d u c t, w a te r, p ro d u c e d  d u rin g  th e  re a c tio n . D u rin g  
th e  co u rse  o f  re a c tio n , an equal am o u n t o f  fresh  and  d ry  E G  to  a m o u n t o f  E G  
d is tille d  o f f  w a s  ad d ed  and d is tilla tio n  w as  c o n tin u e d  u n til th e  re a c tio n  m ix tu re  
w a s  c lear.

T h is  p ro ced u re  w as re p e a te d  w ith  o th e r  T E T A  c o n c e n tra tio n s  o f  
5 .40  g (3 7 .5  m m o l. 150 m m ol o f N  eq u iv a le n t) , 7.31 g (50  m m o l, 2 00  m m o l o f  
N  e q u iv a le n t) , 9 .14  g (62.5 m m o l. 250  m m o l o f  N  e q u iv a le n t)  a n d  10.97 g (75 
m m o l, 300  m m o l o f  N  eq u iv a len t). T he  re a c tio n  m ix tu re s  w e re  a llo w e d  to  h e a t 
fo r 25 h, till th e  m ix tu res  w ere  c lea r so lu tio n , m e a n in g  th a t th e  re a c tio n  w as 
fin ish ed .

2 .3 .2  C ro ss lin k in g  S tep  w ith  G ly cero l

A d d itio n  o f  G lycero l a fte r  the S y n th e s is  o f  G ly c o la to  S ilo x a n e
G ly c o la to  s ilo x an e  p o ly m e r p ro d u c t w a s  f irs t s y n th e s iz e d  b y  u s in g

15.00 g (2 5 0  m m o l) o f  SiC>2 , 3 .66  g (2 5 .0 0  m m o l) o f  T E T A , a n d  150 m L  o f  
E G . R e a c tio n s  w ere  run  at th e  b o ilin g  p o in t o f  E G  (~ 2 0 0 °C ). D u rin g  th e  
co u rse  o f  re a c tio n , an am o u n t o f  fresh  E G  w as a d d ed  to  re p la c e  th e  a m o u n t o f  
E G  c o m in g  o f f  th e  system . A fte r  25 h, a s to ic h io m e tr ic  e q u iv a le n t o f  g ly ce ro l,
23.00 g (250.00 m m ol) to  SiCD w as th e n  ad d ed . T h e  m ix tu re  w a s  fu rth e r 
h e a te d  at 100°c u n d er h igh  v a cu u m  (10"2 T o rr) fo r 20 h. T h e  o b ta in e d  m ix tu re  
w a s  cast as f ilm s in a v acu u m  o ven  at 80°c . T h is  p ro c e d u re  w a s  re p e a te d  
w ith  o th e r  T E T A  co n cen tra tio n s  5.40 g (37.5 m m o l, 150 m m o l o f  N  
e q u iv a le n t) . 7.31 g (50 m m ol, 200 m m ol o f  N  e q u iv a le n t) , 9.14 g (62.5 m m o l, 
250 m m ol o f  N  eq u iv a len t), and  10.97 g (75 m m o l, 300 m m o l o f  N  e q u iv a len t) .
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2 .3 .3  E ffe c t o f  C ro ss lin k in g  R e a c tio n  T im e  on th e  C ro ss lin k e d  
P o ly m e r P ro d u c ts

G ly co la to  s ilo x a n e  p o ly m e r w as o b ta in e d  fro m  u s in g  15.00 g (250  
m m o l)  o f  SiC>2 , 3 .66  g (2 5 .0 0  m m o l)  o f  T E T A  and  150 m L  o f  E G . T h is  
re a c tio n  w as ru n  at th e  b o ilin g  p o in t o f  E G  fo r 25 h u n d e r  พ 2  . 2 3 .0 0  g (250  
m m o l)  o f  g ly ce ro l and  0 .49  g (0 .5  m o l% ) o f  d io c ty l p h th a la te  w e re  th e n  added  
in to  th e  p ro d u c t m ix tu re , fo llo w e d  by  h e a tin g  at 100°c u n d e r  h ig h  v a c u u m  (10‘ 
-  T o rr) . A  sam p le  w as co lle c te d  at 10, 15 and  20 h, re sp e c tiv e ly , and  d iv id ed  
in to  2 p o rtio n s . O n e  p o rtio n  w a s  ca s t as a film  in a v a c u u m  o v en  a t 80°c. T he 
o th e r  w a s  p re c ip ita te d  in 2 .5 %  o f  d ried  M e O H  in d ried  C H 3 C N .

T h is  p ro c e d u re  w as re p e a te d  w ith  d iffe re n t T E T A  c o n c e n tra tio n s  
o f  5 .40  g (37 .5  m m o l, 150 m m o l o f N  e q u iv a le n t) , 7.31 g (50  m m o l, 2 0 0  m m o l 
o f  N  eq u iv a le n t) , 9 .14  g (62 .5  m m o l, 2 50  m m o l o f  N  e q u iv a le n t) , and  10.97 g 
(75 m m o l, 300  m m o l o f N  eq u iv a le n t) .

2 .3 .4  E ffe c t o f  D io c tv l P h th a la te  C o n c e n tra tio n  on  C ro ss lin k e d  P ro d u c ts

C ro ss lin k in g  p o ly m e r w as o b ta in e d  v ia  th e  p ro c e d u re  in  2.3.2, 
ex c e p t th a t d io c ty l p h th a la te  o f  0 . 2  m o l%  (0 . 2 0  g) w a s  a lso  ad d ed  
s im u lta n e o u s ly  w ith  g ly ce ro l. T he  o b ta in e d  m ix tu re  w a s  d iv id e d  in to  2
p o rtio n s . O n e  p o rtio n  (~50 m L ) w as c as t as film s in a v a c u u m  o ven  at 80°c. 
T h e  o th e r (~50 m L ) w as p re c ip ita te d  in 2.5% o f  d ried  M e O H  in d ried  C H 3 C N .

T he  sam e  p ro c e d u re  w as  a g a in  re p e a te d  w ith  0.29 g (0.3 m o l% ),
0.39 g (0.4 m o l% ), and  0.49 g (0.5 m o l% ) o f  d io c ty l p h th a la te .
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