
CHAPTER II
LITERATURE SURVEY

2.1 Supramolecular Chemistry

S u p r a m o le c u le s  o r ig in a lly  can  b e  c la im e d  as a natural s y s te m  w h e n  a 
s p e c if ic  m o le c u le  or a grou p  o f  m o le c u le s  fo rm s a m o le c u la r  a sse t to  in teract  
w ith  a n o th er  s p e c ie s  o f  m o le c u le  or a grou p  o f  m o le c u le s  or io n  s p e c ie s  (F ritz . 
1 9 9 3 ). T h e  id ea l stru ctu re o f  su p r a m o le c u le s  can  b e referred  to  th e  n u c le ic  
a c id  b a se  on  p a ir in g  sy s te m , th e  d o u b le  h e lix  o f  D N A . R N A  s y s te m , and the  
o lig o p e p t id e  m o le c u le s .  C o n c e p tu a lly , su p r a m o le c u le s  are fo rm ed  b y  u s in g  
in tera ctio n  a m o n g  tw o  ty p e s  o f  m o le c u le s  under th e se c o n d a r y  fo r c e s , su ch  as 
h y d r o g e n  b o n d in g , v a n  der W a a ls , d ip o le -d ip o le  in tera c tio n , p o la r  or n o n p o la r  
a ttra ctiv e  fo rce , and 7โ- 7โ s ta c k in g  (R e b e k . Jr. 1 9 9 6 ).

U p  to  n o w , su p r a m o le c u le s  h a v e  b een  k n o w n  u n d er th e  n a m e o f  h o st-  
g u e st  or in c lu s io n  c o m p o u n d s . T h e  b a s ic  structure o f  in c lu s io n  or h o s t-g u e s t  
c o m p o u n d  is  d e f in e d  as a m o le c u la r  a s se m b ly  o f  h o st c o n c a v e  an d  g u e st  
c o n v e x  s ta b iliz e d  u n d er th o se  se c o n d a r y  fo rces  (F ish er , 1 8 9 4 ).

A r tif ic ia l in c lu s io n  c o m p o u n d s  h a v e  b e e n  r e c e iv e d  m u ch  a tten tio n  in 
ord er to  crea te  a m o le c u le  or a grou p  o f  m o le c u le s  that can  p r o v id e  a s p e c if ic  
in tera c tio n  to  a c c e p t  a n oth er  m o le c u le  or ion  s p e c ie s  as g u e sts .

2.2 History of Host-Guest Compound

F lo st-g u est p h e n o m e n a  w ere  firs t re p o rte d  by S ch len k  (1 9 5 1 ) w h o
p ro p o se d  th e  h o n e y c o m b  s tru c tu re  o f  u rea  and  th io u rea . In 1956. C la se n  et al.
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p r o v ed  th e  c o n c e p t  o f  in c lu s io n  p o ly m e r iz a tio n  b y  urea and th io u rea  as a h o st  
m o le c u le  for  b u ta d ie n e  m o n o m er . P ed ersen  (1 9 6 0 )  rep orted  that c r o w n  eth er  
in tera c ted  w ith  a lk a li and  a lk a lin e  earth m eta l io n s  as p ro v en  b y  a n a ly tic a l  
te c h n iq u e . F arin a  et al. (1 9 6 4 ) ,  v e r if ie d  that h y d r o tr ip h e n e n y le n e  w a s  a lso  a 
h o st c o m p o u n d  for d ie n e  p o ly m e r iz a tio n .

2.3 Expectation on Applications

T h e  h o s t -g u e s t  c o m p o u n d s  are th e a sse ts  or a s s e m b ly  o f  m o le c u le s  
fo r m in g  w ith  th e  u n iq u e  structure r e c o g n iz e d  ea ch  o th er  at th e  m o le c u la r  le v e l  
(A tw o o d , 1 9 9 1 ) . In natural sy s te m  th e m o le c u la r  r e c o g n it io n  p r o v id e s  th e  
u n iq u e  p ro p er tie s  that ea ch  o f  in d iv id u a l m o le c u le  can  n ot p er fo rm , su ch  as 
io n  tran sp ort in b io sy s te m , tran sfer  R N A , m e sse n g e r  R N A , D N A . and s o  on  
(L e h n , 1 9 9 5 ). In a rtific ia l sy s te m , h o s t-g u e s t  c o m p o u n d s  are e x p e c te d  for  
a d v a n c e d  a p p lic a tio n  o w in g  to  th e sp e c if ic  p ro p er tie s  in d u ced  from  th e  
m o le c u la r  r e c o g n it io n . T h e  m o le c u la r  r e c o g n it io n  can  b e  w h e n  th e  h o st  
in tera cts  w ith  e ith er  neutral m o le c u le  g u est (S o n e , 1 9 8 9 ) , or m o n o m e r  s p e c ie s  
(B r o c h sz ta in , 1 9 9 9 )  or io n ic  s p e c ie s  (C ram , 1 9 8 5 ). T h u s, th e  a p p lic a t io n s  o f  
a rtific ia l h o s t -g u e s t  can  b e  ra ised  as; u ltra -h ig h  p u r ifica tio n  (W e b e r , 1 9 8 4 ) , 
d is s o lv a t io n  im p r o v e m e n t in o rg a n ic  sy n th e s is  (S o n e , 1 9 8 9 )  an d  p o ly m e r  
p rod ru g  (B r o c h sz ta in , 1 9 9 9 )  w h e n  th e  g u est m o le c u le  is  n eu tra l s p e c ie s ,  or 
w a ste  w a te r  trea tm en t (W eb er , 1 9 8 4 ) , ion  ca ta ly st  (K ita g a w a , 1 9 9 8 ) , w h e n  the  
g u e st m o le c u le  is io n ic  sp e c ie s , and stereo reg u la r  p o ly m e r  s y n th e s is  
(C h k v e ta d z e w h e n , 1 9 9 6 )  w h e n  g u e st m o le c u le  is m o n o m e r  s p e c ie s .

2.4 Types of Host Compounds

T h e  ty p e s  o f  h o st c o m p o u n d s  in e ith er  a r tific ia l or natural s y s te m  can  
b e  c a te g o r iz e d  in to  tw o  m ain  ty p e s , i.e ., m a c r o c y c lic  and n o n c y c l ic  ty p e
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(A tw o o d , 1 9 9 1 ) . M a c r o c y c lic  h o st m o le c u le s  are d e f in e d  as a g ro u p  o f  
m o le c u le s  b o n d e d  c o v a le n t ly  to  form  a c y c l ic  r in g  w ith  a sp a c e  to  en trap  g u e st  
m o le c u le s .  N o n c y c l ic  h o st m o le c u le s  are a g ro u p  o f  m o le c u le s  a lig n e d  in a 
s p e c if ic  m a n n er  to  form  an a sse m b ly  g iv in g  a ch a n n e l or la y er  for g u e st . T h e  
u n iq u e  fea tu re  o f  m a c r o c y c lic  is th e f ix e d  c y c l ic  stru ctu re w ith  h y d r o p h ilic  or 
h y d r o p h o b ic  or io n ic  r in g , w h ile  that o f  th e n o n c y c lic  o n e  is a f le x ib le  
stru ctu re  b a sed  o n  h y d r o g e n  b o n d in g  and v a n  der W a a ls  fo r c e s .

T h e  k n o w n  stru ctu res o f  a rtific ia l h o st c o m p o u n d s  for m a c r o c y c lic  
ty p e s  can  b e  ra ised  as n o n a ctin , en n ia tin , v a lin o m y c in  and e n tero b a c tin , w h ile  
for  n o n c y c l ic  ty p e s  can  b e  ra ised  as D N A , R N A  h e lic e s  (C ra m  et a i,  1 9 7 4 ).  
M a c r o c y c lic  a r tific ia l h o s t-g u e s t  c o m p o u n d s  are referred  to  c r o w n  ether, 
c y c lo d e x tr in , an d  c a lix a r e n e s , as th e  first, s e c o n d , and third h o st g e n e r a tio n , 
r e s p e c t iv e ly . F o r  n o n c y c lic  ty p e s , th e  w e ll-k n o w n  h o sts  are c h o lic  a c id  an d  its  
d e r iv a t iv e s , an d  a c e ty le n ic  a lc o h o l d e r iv a tiv e s .

2.5 Types of Guest Compounds

In g en era l, ty p e s  o f  g u ests  can  be neutra l s p e c ie s ,  r e a c t iv e  neutra l 
s p e c ie s  or m o n o m e r , and ion  sp e c ie s . C ro w n  eth er  is k n o w n  for  th e  io n  d ip o le  
in tera c tio n  to  fo rm  in c lu s io n  c o m p le x  w ith  m eta ls  d e p e n d in g  o n  th e  p o ly e th e r  
r in g , e .g . ,  1 4 -c r o w n -4 , 1 5 -cro w n -5  an d  1 8 -c r o w n -6  w ith  c a v ity  d ia m e te r  for  
g u e s t  in th e ra n g e  o f  1 .2 ~  1 .5 , 1 .7 ~  2 .2  and 2 .6 ~  3 .2  a n g str o m , r e s p e c t iv e ly  
(P e d e r se n . 1 9 6 7 ) . U p  to  n o w , m a n y  rep orts h a v e  c la r if ie d  that c r o w n  eth er  can  
form  c o m p le x  w ith  a lk a li, a lk a lin e -ea r th  m e ta ls , h e a v y  m e ta ls  an d  so  on . 
C y c lo d e x tr in  is rep orted  for th e in c lu s io n  p h e n o m e n a  re la tin g  to  th e  s iz e  o f  the  
c y c l ic  stru ctu re (B r e s lo w , 1 9 9 3 ) , i .e .,  a -c y c lo d e x tr in  for b e n z e n e  an d  p h e n o l, 
p -c y c lo d e x tr in  for n a p h th a len e , l - a n i l in o - 8 -n a p h th e n e -su lp h o n a te  an d  y- 
c y c lo d e x tr in  for a n th ra cen e , l - a n i l in o - 8 -n a p h th a le n e -su lp h o n a te  (D u c h e n e  and  
W o u e s s id je w e . 1 9 9 2 ). C a lix a r e n e s  are k n o w n  to  in teract w ith  e ith er  ion
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s p e c ie s  or n eu tra l m o le c u le s .  C a lix -4 . 5 , and  6 -a r e n e s  and th e ir  m ajor  
d e r iv a t iv e s  are k n o w n  to  form  c o m p le x  w ith  m eta l io n s , su c h  as lith iu m , 
so d iu m , p o ta s s iu m  and s o  o n . S o n e  et al. (1 9 8 9 ) ,  rep orted  that c a lix a r e n e s  
in tera cted  w ith  b e n z e n e , a c e to n e , d io x a n e , d ic h lo r o m e th a n e  an d  1 ,2 - 
d ic h lo r o e th a n e  in  th e  ratio  o f  1:1, 1:1, 2 .1 , 2 .1 , 2 .1 , r e s p e c t iv e ly . M iy a ta  et al. 
(1 9 9 0 ) ,  rep o rted  that c h o lic  a c id  and its d e r iv a t iv e s  en tra p p ed  a lc o h o l  
d e r iv a t iv e s , p h e n o l d e r iv a tiv e s  and v in y l m o n o m e r s  m o s t ly  in a ra tio  o f  1 : 1 , 
1 :2 , or 2 : 1 , r e s p e c t iv e ly .

2.6 Benzoxazine: A Novel Host Compound

T h e  e x p e c ta t io n  for b e n z o x a z in e  as a h o st c o m p o u n d  is  r e a so n a b le  as 
c o m p a r e d  to  that o f  c a lix a r e n e s , w h ic h  is w e ll  k n o w n  h o s t -g u e s t  c o m p o u n d  
fo r m in g  th e c o m p le x  w ith  m eta l io n s  or o rg a n ic  m o le c u le s  (F ig u r e  2 .1 ) .

C a lix [n ]a r e n e s  B e n z o x a z in e  o lig o m e r
Figure 2.1 R e se m b le  stru ctu res o f  c a lix [n ]a r e n e s  and th e o p e n  r in g  

b e n z o x a z in e  o lig o m e r .
T h e  r e p e a tin g  unit o f  b e n z o x a z in e  c o n s is ts  o f  th e  h y d r o p h ilic  h y d r o x y l  

grou p  at o n e  s id e  w h ile  th e  h y d r o p h o b ic  b e n z e n e  r in g  at th e  o th er. T h ere  are 
lo n e  pair e le c tr o n s  at o x y g e n  in the h y d r o x y l grou p  and n itro g en  in th e  tertiary  
a m in e  lin k a g e  at ea ch  m o n o m e r  u n it, as sh o w n  in F ig u re  2.1 (D u n k e r s , 1 9 9 5 ), 
w h ic h  is p a r tia lly  s im ila r  to  th e  c a lix a r e n e s . B y  v a r y in g  th e  fu n c tio n a l g ro u p s, 
R  and R, can  co n tro l th e h y d r o p h o b ic ity  o f  b e n z o x a z in e s .
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S ir ip a tta n a sa ra k it et al. (1 9 9 7 ) .  rep orted  that B is p h e n o l-A  b a sed  
b e n z o x a z in e  m o n o m e r  and its o lig o m e r  a cted  as io n o p h o r e  an d  s h o w e d  that 
th e se  b e n z o x a z in e  c o m p o u n d s  can  in teract w ith  io n  m e ta ls , a lk a li and  a lk a lin e  
earth  m eta l io n s . W h en  so lu b ility  o f  th e o rg a n ic  p h a se  is  c lo s e  to  0 .3 4  ion  
ex tra c tio n  a b ilit ie s  are sh o w n  s ig n if ic a n t ly  w h ile  io n o p h o re  c o n c e n tr a tio n  
c o n tr o lle d  th e  io n  ex tra c tio n  ab ility . P h o n g ta m ru g  et al. ( 1 9 9 8 ) ,  rep o rted  that 
b e n z o x a z in e  m o n o m e r  fo rm ed  a sse m b ly  to  entrap  a lk a li and  a lk a lin e  earth  
m eta l io n s  v ia  its  in c lu s io n  p h en o m en a . Ion  ex tra c tio n  a b ility  p er fo rm ed  
d iffe r e n tly  d e p e n d in g  on  th e fu n ctio n a l grou p  o f  b e n z o x a z in e  m o n o m e r . 
T e c h a k a m o lsu k  et al. (1 9 9 9 ) ,  d em o n stra ted  that b e n z o x a z in e  d im e r  w a s  a h o st  
c o m p o u n d  to  in teract w ith  a lk a li and a lk a lin e  earth m eta l io n s . T h e  io n  
ex tra c tio n  a b ility  o f  th is  d im er  w a s  s ig n if ic a n t  w h e n  in tra m o lecu la r  h y d r o g e n  
b o n d in g  o f  d im e r  w a s  d ec r e a se d  w h ile  th e  lo n e  pair e le c tr o n s  w a s  in crea sed .

2.7 Benzoxazine and the Approach for Ion Extraction Resin

It is an in tere stin g  th em e to a p p ly  io n  ex tra c tio n  p ro p erty  fo r  ion  
ex tra c tio n  re s in . T h e  m ateria l can  b e  a c h ie v e d  b y  e ith er  c u r in g  b e n z o x a z in e  
m o n o m e r  d ir e c t ly  or c o u p lin g  w ith  a sta b le  m a ter ia l, su c h  a s s ilic a .  
Y o sw a th a n a n o n t  et al. ( 1 9 9 9 ) ,  rep orted  that b e n z o x a z in e  m o n o m e r  c a n  act as  
io n  e x tr a c tio n  re s in  v ia  c o u p lin g  b e n z o x a z in e  on  s i l ic a  su r fa c e  b y  u s in g  s i la n e  
c o u p lin g  a g en t in th e m o n o m e r  p rep aration  step . T h is  s i l ic a  re s in  s h o w e d  h ig h  
io n  e x tr a c tio n  a b ility  for a lk a li and a lk a lin e  earth  m eta l io n s  w ith  a g o o d  
s ta b ility  as u sed  m a n y  t im e s  for ex tra c tio n  p ro cess .

2 .7 .1  T h e  C h em istry  o f  S ila n e  C o u p lin g  A g e n t
N o r m a lly , s ila n e  c o u p lin g  a g en ts  are m o n o m e r ic  s p e c ie s ,  

R - S i( O R ’)3, w h ic h  R  is a r ea c tiv e  grou p  for p o ly m e r  m atr ix . T h e  r e in fo r c e  
b o n d in g  b e tw e e n  s i l ic a  and m atrix  resin  can  b e  p er fo rm ed  b y  s i la n e  c o u p lin g
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a g en t. T h e  c h e m istr y  o f  s ila n e  c o u p lin g  a g en t w a s  sh o w n  b y  Ish id a  (1 9 9 6 ) ,  
in c lu d in g  th e  a p p lica tio n  as c o m p o s ite  m ateria l. E rn st et al. ( 1 9 8 5 ) ,  rep orted  
that 3 -c h lo r o p r o p y ltr ie th o x y s ila n e  and 3 -a m in o p r o p y ltr ie th o x y s ila n e  can  b e  an 
a n ch o r  o n  s i l ic a  g e l su r fa ce  p a rtic le  in th ree d ifferen t ty p e s  as c la r if ie d  b y  2 9 S i-  
N M R .

2 .7 .2  A m in o a lk o x v s ila n e  as an A m in e  in  B e n z o x a z in e  P rep aration
A m in o a lk o x y s ila n e -c o u p lin g  a g en t w a s  u sed  as an a m in e  in th e  m eth o d  

o f  b e n z o x a z in e  sy n th e s is  (L e e  et ai, 1 9 9 8 )  and u sed  as g la s s  fib er r e in fo rced  
p o ly b e n z o x a z in e  c o m p o s ite s . It w a s  sh o w n  that th e  rea c tio n  w a s  c o m p le te d  in 
n o n p o la r  s o lv e n t  to  p rev en t a lk o x y s ila n e  from  h y d r o ly s is  d u e  to  w ater  
m o le c u le  fo rm ed  as b y -p ro d u ct in th e p r o c e ss . Y o sw a th a n a n o n t (1 9 9 9 ) ,  
d em o n stra ted  th e  b e n z o x a z in e  c o u p lin g  o n to  th e su r fa c e  o f  s i l ic a  b y  u s in g  
a m in o p r o p y ltr ie th o x y -s ila n e . It is  in tere stin g  to  ta ilo r  th e  b e n z o x a z in e  d im er  
c o u p lin g  o n to  s i l ic a  resin  in stea d  o f  m o n o m e r  s in c e  it w il l  u se  th e m o le c u la r  
a s s e m b ly  in  th e step  o f  en tra p p in g  w ith  m eta l io n s .

R e c e n t ly , L a o b u th ee  et al., sh o w e d  th e  s u c c e s s fu l  p rep aration  o f  
b e n z o x a z in e  m o n o o x a z in e  d im er  w h ic h  can  b e  a p p lied  to  th is  w o rk . T h u s, th e  
p resen t w o r k  m a k es  u se  o f  m o n o o x a z in e  d im er  c o n c e p t  but a p p lie s  
a m in o p r o p y ltr ie th o x y -s ila n e  as a c o u p lin g  a g en t for s ilic a .

2,8 The Scope of the Present Work

T h e  p resen t w o rk  is e x te n d e d  to  stu d y  on  th e  b e n z o x a z in e - s i l ic a  resin  
b y c o u p lin g  the d im er  d e r iv a tiv e s  on  s i l ic a  su r fa ce . T h e  a im  o f  th e  w o rk  is 
a lso  to  c la r ify  th e  ion  in tera ctio n  a b ility  in order to  e s ta b lish  a n e w  ty p e  o f  ion  
ex tra c tio n  resin .


	CHAPTER II LITERATURE SURVEY
	2.1 Supramolecular Chemistry
	2.2 History of Host-Guest Compound
	2.3 Expectation on Applications
	2.4 Types of Host Compounds
	2.5 Types of Guest Compounds
	2.6 Benzoxazine: A Novel Host Compound
	2.7 Benzoxazine and the Approach for Ion Extraction Resin
	2.8 The Scope of the Present Work


