
C H A P T E R  III  
E X P E R IM E N T A L

3.1 M a te r ia ls

A ll c h e m ic a ls  w e re  u se d  w ith o u t fu r th e r  p u rif ic a tio n . T h e  b e n z o x a z in e s  w a s  
sy n th e s iz e d  u s in g  v a r io u s  ty p e s  o f  a m in e ; a n ilin e  (9 9 % ) w a s  p u rc h a s e d  fro m  P a n re a c  
C o m p a n y , 4 ,4 ’-m e th y le n e d ia n ilin e  (> 9 7 % ), p a ra fo rm a ld e h y d e  p o w d e r  (9 5 % ) an d  
te tra e th y le n e p e n ta m in e  (9 5 % ) w e re  p u rc h a se d  fro m  S ig m a -A ld r ic h  C o ., L td  an d  
P h en o l d e ta c h e d  c ry s ta ls  (9 9 .9 9 % ) w a s  o b ta in e d  f ro m  F ish e r  C h e m ic a l co m p a n y . 
S ilv e r  n itra te  w a s  u se d  to  e n h a n c e  th e rm a l p ro p e rtie s  o f  b e n z o x a z in e s  an d  p u rc h a se d  
fro m  V R B IO S C IE N C E  C o ., L td.

3 .2  E q u ip m e n ts

T h e  fu n c tio n a l g ro u p s  re la te d  to  s tru c tu re  o f  m a te r ia ls  w e re  in v e s tig a te d  b y  
u s in g  F T IR  te c h n iq u e . T h e  F T -IR  sp e c tra  w e re  o b ta in e d  u s in g  a N ic o le t  N e x u s  6 7 0  
F T -IR  sp e c tro m e te r  in th e  freq u e n c y  ra n g e  o f  4 0 0 -4 0 0 0  c m '1 w ith  64  sc a n s  a t a 
re so lu tio n  o f  2 c m '1. K B r  p e lle t te c h n iq u e  w a s  a p p lie d  in  th e  p re p a ra tio n  o f  p o w d e r  
sa m p le s . D S C  a n a ly z e r  w a s  ca rried  ou t u s in g  a P e rk in -E lm e r  D S C  7 in s tru m e n t. T h e  
s a m p le  w a s  h e a te d  f ro m  50  to  30 0  °c w ith  h e a tin g  ra te  10 ๐C p e r  m in u te  u n d e r  N 2 

gas w ith  f lo w  ra te  20  m l p e r  m in u te . F in a lly , th e  h e a tin g  p ro f ile , c u r in g  te m p e ra tu re  
an d  c o m p le te ly  cu red  p o ly b e n z o x a z in e  w e re  o b ta in e d . T G A  in s tru m e n t w as  a lso  
c o n d u c te d  w ith  P e rk in  E lm e r  T h e rm o g ra v im e tr ic /D iffe re n tia l T h e rm a l A n a ly z e r  
(T G -D T A ). T h e  sa m p le  w a s  lo ad ed  in  ra n g  4 -8  m g  on  th e  a lu m in a  p a n  an d  h e a te d  
from  5 0  to  8 0 0  °c u n d e r  n itro g e n  gas w ith  f lo w  ra te  5 0  m l p e r  m in u te  an d  h e a tin g  
ra te  10 °c p e r  m in u te . T h e  p y ro ly z e d  te m p e ra tu re  o f  p o ly b e n z o x a z in e  w as  
in v e s tig a te d  fro m  th e  o n s e t te m p e ra tu re  w h e re a s  c h a r  y ie ld  as th e  w e ig h t re s id u e  at 
80 0  ๐c  w a s  re p o rte d . T h e  X -ra y  p o w d e r  d iff ra c tio n  p a tte rn  o f  th e  c a rb o n  w a s  
o b ta in e d  u s in g  an  X R D  (B ru k e r  A X S  D 8  A D V A N C E ) sp e c tro m e te r  w ith  C u  K a  
ir ra d ia tio n  (k  =  0 .1 5 4 0 6  n m )  a t 4 0  k V  a n d  3 0 m A  to e x a m in e  the  g ra p h itiz a tio n  o f  th e
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p a r tia lly  o rd e re d  c a rb o n  a f te r  c a rb o n iz a t io n . S u rfa c e  a rea  a n a ly z e r  (S A A ) w as  u se d  
to  d e te rm in e d  su rfa c e  a rea , p o re  v o lu m e  an d  p o re  s iz e  d is tr ib u tio n  o f  a c tiv a te d  
c a rb o n . T h e  re su lts  w e re  o b ta in e d  b y  Q u a n ta c h ro m e /A u to s o rb -1 b ased  o n  th e  
B ru n a u e r-E m m e tt-T e lle r  (B E T ) an d  B a rre t-Jo y n e r-H a le n d a  (B JH ) u s in g  n itro g e n  
a d so rp tio n  iso th e rm a l a t 77 K. T h e  s a m p le  w a s lo a d e d  a ro u n d '0 .2  g an d  re m o v e d  g a s  
at 2 5 0  ๐c .  T h e  e le c tr ic a l c o n d u c tiv ity  v a lu e s  o f  th e  p a r tia lly  o rd e re d  ca rb o n s  w e re  
o b ta in e d  b y  m e a su r in g  th e  re s is ta n c e s  an d  c a lc u la te  th e  e le c tric a l c o n d u c tiv ity . T h e  
g e o m e tr ic  c o rre c tio n  fa c to r  w as d e te rm in e d  b y  c a lib ra tin g  the  fo u r-p o in t p ro b e  w ith  
se m i-c o n d u c tin g  s il ic o n  sh ee ts  o f  k n o w n  re s is tiv ity  v a lu e s . A p p lie d  d c  c u rre n ts  w e re  
sm all to  b e  in the  lin e a r  O h m ic  re g im e . T h e  e lec tric a l c o n d u c tiv ity  o f  the p a r tia lly  
o rd e re d  c a rb o n  w as  o b se rv e d  at ro o m  te m p e ra tu re  b y  an  e le c tro m e te r  w ith  tw o -p o in t 
p ro b e  (K e ith le y  m o d e l 6 5 1 7 A )

3.3  M e th o d o lo g y

3.3.1 S y n th e s is  o f  A n ilin e -b a se d  P o ly b e n z o x a z in e  (P B Z -A )
T h e  so lv e n tle s s  m e th o d  in v e n te d  b y  Ish id a  (1 9 9 6 )  w as u s e d  to  

sy n th e s iz e  b e n z o x a z in e  p re p o ly m e r  w ith  a m o le  ra tio  o f  P h e n o l: A n ilin e : 
P a ra fo rm a ld e h y d e  is 1: 1 :2 .  T h e  m ix tu re s  o f  p h e n o l, p a ra fo rm a ld e h y d e  an d  a n ilin e  
w ere  h e a te d  at 100 ๐c  u n til th ey  c h a n g e  to  b e  tra n sp a re n t y e llo w  v isc o u s . F ro m  th is  
s tep , a n i lin e -b a se d  b e n z o x a z in e  p re c u rs o r  (B Z -A ) w a s  o b ta in ed . B e fo re  c u rin g  s te p , 
th e  b e n z o x a z in e  p re c u rc e rs  w e re  g r in d e d  an d  th en  c u re d  at 245 ° c  fo r  1 h in a m b ie n t 
air. F in a lly , a n i lin e -b a se d  p o ly b e n z o x a z in e  w ill b e  o b ta in e d .

S ch em e 3.1 S y n th e s is  o f  a n ilin e -b a se d  p o ly b e n z o x a z in e .
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3 .3 .2  S y n th e s is  o f  M e th y le n e d ia n ilin e -b a s e d  P o lv b e n z o x a z in e  (P B Z -M D A ) 
T h e  m ix tu re s  o f  p h e n o l, p a ra fo rm a ld e h y d e  and  m e th y le n e d ia m lin e  

w ith  ra tio  2: 4: 1 w e re  h e a te d  a t 100 ๐c  u n til  th e y  c h a n g e  to  be  tra n s p a re n t y e llo w  
v isc o u s . F ro m  th is  step , m e th y le n e d ia n il in e -b a se d  b e n z o x a z in e  p re c u rs o r  (B Z -M D A ) 
w a s  o b ta in e d . B e fo re  c u r in g  s tep , th e  b e n z o x a z in e  p re c u rc e rs  w e re  g r in d e d  an d  th en  
c u re d  a t 2 3 5  ๐c  fo r  1 h  in a m b ie n t a ir. F in a lly , m e th y le n e d ia n il in e -b a se d  
p o ly b e n z o x a z in e  w ill b e  o b ta in e d .

S ch em e 3.2 S y n th e s is  o f  m e th y le n e d ia n il in e -b a s e d  p o ly b e n z o x a z in e .

3 .3 .3  S y n th e s is  o f  T e tra e th y le n e p e n ta m in e -b a se d  P o lv b e n z o x a z in e  (P B Z - 
T E P A )
T h e  m ix tu re s  o f  p h e n o l, p a ra fo rm a ld e h y d e  '  an d  te tra e th y le n e -  

p e n ta m in e  w ith  ra tio  2: 4: 1 w e re  h e a te d  a t 100 ๐c  u n til th e y  ch a n g e  to  b e  tra n sp a re n t 
y e l lo w  v isc o u s . F ro m  th is  s te p , te tra e th y le n e p e n ta m in e -b a se d  b e n z o x a z in e  p re c u rso r  
(B Z -T E P A ) w a s  o b ta in e d . B e fo re  c u r in g  s tep , th e  b e n z o x a z in e  p re c u rc e rs  w e re  
g r in d e d  a n d  th e n  cu re d  a t 260 ° c  fo r  1 h  in  a m b ie n t a ir. F in a lly , te tra e th y le n e  
p e n ta m in e -b a s e d  p o ly b e n z o x a z in e  w ill b e  o b ta in e d .
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S c h e m e  3 .3  S y n th e s is  o f  te tra e th y le n e p e n ta m in e -b a s e d  p o ly b e n z o x a z in e .

3 .3 .4  S y n th e s is  o f  M e th y le n e d ia n ilin e -b a s e d  P o ly b e n z o x a z in e  w ith  S ilv e r
N itra te  (T B Z -M D A - A g N O f )
T h e  m e th y le n e d ia n il in e -b a s e d  b e n z o x a z in e  p re c u rso r  th a t w as 

o b ta in e d  f ro m  p re v io u s  s tep  a n d  s ilv e r  n itra te  w e re  m ix e d  to g e th e r  w ith  w e ig h t ra tio  
10: 1. T h e  m ix tu re s  w e re  h e a te d  a t 100 ° c  u n ti l  th e y  c h a n g e  to  be  h o m o g e n e o u s  
b ro w n  v isc o u s . B e fo re  c u rin g  s te p , th e  b e n z o x a z in e  p re c u rc e rs  w e re  g r in d e d  an d  then  
c u re d  a t 217 ๐c  fo r  1 h in am b ie n t a ir. F in a lly , m e th y le n e d ia n il in e -b a se d  
p o ly b e n z o x a z in e  w ith  s ilv e r  n i tra te  w ill be  o b ta in e d .

3 .3 .5  P re p a ra t io n  o f  P a r t ia lly  O rd e re d  C a rb o n  b y  P y so ly s is  (N C )
F u l ly  c u re d  p o ly b e n z o x a z in e s  b a se  on  v a r io u s  ty p es  o f  a m in e  w e re  

p y ro ly z e d  a t 5 0 0 , 80 0  an d  12 00  ๐c  w ith  h e a t in g  ra te  2 ° c  p e r  m in u te  a n d  u n d e r  N? 
w ith  f lo w  ra te  5 0 0  c m 3 p e r  m in u te . P a rtia lly  o rd e re d  ca rb o n s  h a v e  b een  o b ta in e d  a f te r  
th e  te m p e ra tu re  g o es  to  ro o m  te m p e ra tu re . P a r t ia l ly  o rd e re d  c a rb o n s  b a se  o n  an ilin e , 
m e th y le n e d ia n il in e  an d  te tra e th y le n e p e n ta m in e  w e re  a b b re v ia te d  to  N C -A , N C - 
M D A  an d  N C -T E P A  re sp e c tiv e ly . F o r  a c tiv a te d  ca rb o n s  b a se  o n  m e th y le n e d ia n il in e  
w ith  s ilv e r  n itra te  w e re  a b b re v ia te d  to  N C -M D A -A g N C b .

3 .3 .6  P re p a ra tio n  o f  A c tiv a te d  C a rb o n
O b ta in e d  p a r t ia l ly  o rd e re d  c a rb o n s  b y  p y ro ly s is  w e re  a c tiv a te d  a t 90 0  

° c  fo r  3 h u n d e r  C O 2 w ith  f lo w  ra te  50 0  c m 3 p e r  m in u te . P a rtia lly  o rd e re d  c a rb o n s  
h a v e  b e e n  o b ta in e d  a f te r  th e  .te m p e ra tu re  g o e s  to  ro o m  te m p e ra tu re . A c tiv a te d  
c a rb o n s  b a se  o n  m e th y le n e d ia n il in e  w as  a b b re v ia te d  to A C -M D A .
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3 .3 .7  C h a ra c te r iz a tio n  o f  P o ly b e n z o x a z in e  an d  N a n o c a b o n
T h e  e f fe c ts  o f  th e  p y ro ly s is  te m p e ra tu re s  on  th e  m ic ro s tru c tu re  o f  th e  

o b ta in e d  p a r tia lly  o rd e re d  c a rb o n  h a v e  b een  in v e s tig a te d . T h e  c h a n g in g  in c h e m ic a l 
s tru c tu re s  o f  p o ly b e n z o x a z in e  w a s  e x a m in e d  b y  F T IR . M o re o v e r , T G A  w as  u s e d  to 
in v e s tig a te  th e  th e rm a l p ro p e rtie s . T h e  p h y s ic a l p ro p e r t ie s  o f  th e  p ro d u c ts  w e re  a lso  
in v e s tig a te d  b y  S A A . In  a d d itio n , X R D  w a s  u s e d  to  d e m o n s tra te  th e  c h a ra c te r is t ic s  d 
sp a c in g  o f  th e  r e su lt in g  p a r tia lly  o rd e re d  ca rb o n . T h e  e lec tric a l p ro p e r ty  o f  p a r tia lly  
o rd e re d  c a rb o n  w a s  o b se rv e d  a t ro o m  te m p e ra tu re  b y  an  e le c tro m e te r  w ith  tw o -p o in t 
p ro b e  (K e ith le y  m o d e l 6 5 1 7 A )
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