
CHAPTER III

RESULTS AND DISCUSSION

3.1 Characterization of Benzoxazine

S tru c tu ra l C h a ra c te riz a tio n
T h e  m e th y la m in e -b a se d  b e n z o x a z in e  m o n o m e r w a s  p re p a re d  a c c o rd in g  

to  N in g , X . et a l., 1994 a n d  th e  s tru c tu re  w as ch a ra c te riz e d  by F T IR .
IR  (K B r, c m - 1) ; 3 4 0 0 -3 2 0 0  (N -H )

1499 (tr i-su b s titu te d  b en zen e  rin g  )
1 2 4 0 -1 0 2 0  (C -N -C  : an tisy m m etric ),
8 3 0 -7 4 0  (C -N -C  : sy m m etric )
1 2 4 0 -1 2 1 0  (C -O -C  : an tisy m m etric ),
1 0 4 0 -1 0 2 0  (C -O -C  : sy m m etric )
2 8 1 0 -2 7 9 4  (N -C H 3 )

O lig o m e r w as  o b ta in e d  by th e rm a l p o ly m eriza tio n . In th e  p re s e n t w o rk , 
in o rd e r to  e s ta b lish  th e  in c lu s io n  p h e n o m e n a  at th is  v e ry  firs t s tep , th e  ap p lied  
m o n o m e r w as p re p a re d  by c u rin g  at 100°c for 4 h o u rs. W h en  th e  cu rin g  
p ro c e e d s , th e  sa m p le  w ill c h an g e  from  the w h ite  p o w d e r to  th e  p a le  y e llo w  
rig id  sh ee t. A n  a tte m p t to  q u a lita tiv e  the  deg ree  o f  p o ly m e riz a tio n  w a s  d o n e  by 
F T IR . It is e x p e c te d  th a t w h en  th e  o lig o m er is fo rm ed , h y d ro x y l g ro u p  w ill be 
in c reased  an d  th e  m e th y le n e -a m in e -m e th y le n e  b rid g e  w ill o ccu r, th u s  th e  IR  
p eak  a t 3 5 0 0 -3 3 0 0  an d  1480 w ill ap p e a r s ig n ifican tly . F ig . 6  re v e a ls  th a t B -m  
m o n o m e r fo rm s o lig o m e r  q u a n tita tiv e ly .
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Fig. 6  F T IR  sp e c tra  o f  B -m  o lig o m er.
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3.2 Molecular Weight Determination

In o rd e r to  in v estig a te  o lig o b e n z o x a z in e  for a fu n c tio n  o f  h o st 
co m p o u n d , it is im p o rta n t to  s tu d y  th e  m o le c u la r  w e ig h t. S ince  the  
o lig o b e n z o x a z in e  is d ifficu lt to  d is so lv e  in m o s t o rg a n ic  so lv e n ts , th e  m o lecu la r 
w e ig h t can  n o t be m easu red  by th e  gel p e rm e a tio n  c h ro m a to g ra p h y  tech n iq u e .

It is fo u n d  th a t o lig o m er can  sw e ll in th e  m e th y le n e  c h lo r id e  so lv en t, and  
th e  d e te rm in a tio n  o f  th e  m o le c u la r  w e ig h t can  be  p o ss ib ly  d e te rm in e d  by the  
lig h t sc a tte r in g  tech n iq u e . H o w e v e r, th e re  w e re  so m e  p ro b le m s  ab o u t th e  
u n d isso lv e d  p a rtic le s  (even  th e  f iltra tio n  w a s  o p e ra te d )  d u e  to  th e  o lig o m ers  
w h ic h  c o u ld  n o t sw ell and  ac t as an  im p u rity  in th e  sy s tem , w h ic h  m ad e  the 
re su lts  u n re p e a ta b le . H en ce , th e  m o le c u la r  w e ig h t o f  o lig o m e r can  n o t be  
ac h ie v e d  by the  o rd in a ry  tech n iq u es .

3.3 Ion Extraction Property

B y co n s id e rin g  b en z o x a z in e s  s tru c tu re s , it can  be  e x p e c te d  tha t 
b e n z o x a z in e s  g ive  a sp ec ific  c o n firm a tio n  as a h o st c o m p o u n d  to  form  
c o m p le x e s  w ith  so m e guest m o lecu le s . A s k n o w n  in all c a ses  o f  H o st-G u est 
c o m p o u n d s , w h en  the guest m o le c u le s  are tra p p e d  in s id e  th e  h o s t cav ity , the  
in c lu s io n  p h e n o m e n a  can  be c o n firm e d  by so m e  an a ly tic a l te c h n iq u e s , such  as 
u ltra v io le t  s p e c tro p h o to m e try , in f ra re d  s p e c tro sc o p y , a to m ic  a b so rp tio n  
sp e c tro sc o p y , n u c lea r m ag n e tic  re so n a n c e  sp e c tro sc o p y , m ass  sp ec tro sco p y ,
etc.
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S ince th e  s tru c tu re  o f  b e n z o x a z in e  m o n o m e r u n it is v e ry  s im ila r  to  th a t 
o f  ca lix a ren e , it is v ery  in te re s tin g  to  c o n s id e r  th e  in c lu s io n  p h e n o m e n a  o f  
b en zo x az in es  by re fe rrin g  to  c a lix a ren es .

C a lix a ren es  can  be fo rm ed  as m an y  ty p es  o f  h o s t c o m p o u n d s , su ch  as 
C a lix [4 ]a ren es , C a lix [6 ]a ren es, C a lix [8 ]a ren es, w h ic h  sh o w  th e  w ell k n o w n  
in c lu sio n  p h e n o m en a  by  tra p p in g  v a rio u s  ty p e s  o f  m e ta l ions. It is re p o rte d  
th a t th e  sp ec ific ity  and  se le c tiv ity  o f  c a lix a re n e s  a re  c o n s id e re d  from  th e  resu lt 
o f  spec ific  co n firm a tio n  o f  th e  co m p o u n d .

In the  p re sen t w o rk , in  o rd e r to  e x p lo re  th e  in c lu s io n  p h e n o m e n a  o f  
o lig o b e n z o x a z in e , m eta l io n s are  fo cu sed  as g u ests  an d  th e  ion  ex tra c tio n  
p ro p e rty  o f  o lig o b e n zo x az in e  w a s  stu d ied .

P e d e rse n ’s te c h n iq u e  is ap p lied  to  s tu d y  th e  ion  e x tra c tio n  p ro p e rty  in 
liq u id /liq u id  sy stem . (P e d e rse n , C .J ., 1968). N o rm a lly , th e  p ic ra te  w ill p re se n t 
in aq u eo u s p h ase  and  g ive  th e  y e llo w  c o lo r  to  th e  p h ase  w h ile  th e  o rg an ic  p h ase  
is co lo rle ss . I f  the  o lig o b e n z o x a z in e  p ro v id e s  a s tru c tu re  as a ho st m o le c u le  
and  ac ts  as an  io n o p h o re , w h en  o lig o b e n z o x a z in e  is ad d e d  to  th e  sy stem , the  
m eta l ion w ill be sh ifted  to  th e  o rg an ic  p h ase  as soon  as th e  ion  c o m p le x  is 
fo rm ed . T hus, ion ex tra c tio n  can  be in v e s tig a te d  by d e te rm in a tin g  the  ch a n g in g  
o f  p ic ra te  co n cen tra tio n  in aq u e o u s  p h ase  an d  q u a n tita tiv e  can  be  ac h ie v e d  by 
u ltrav io le t sp e c tro p h o to m e te r  a t th e  ab so rp tio n  w a v e le n g th  o f  th e  p ic ra te .

In o rd e r to  id en tify  o lig o b e n z o x a z in e  as an io n o p h o re , and  e x p lo re  the  
in c lu sio n  p h en o m en a , it is n e c e ssa ry  to  s tu d y  so m e  fac to rs  c o n c e rn in g  d irec tly  
th e  s tru c tu re  o f  h o s t-g u e s t co m p o u n d s . In th e  p re se n t w o rk , th e  fo llo w in g  
fac to rs  are in v estig a ted ;



1. F a c to r  o f  m o le c u la r  a ssem b ly
2. F a c to r  o f  o rg a n ic  p h ase  in liq u id -liq u id  sy stem
3. F a c to r  o f  m e ta l ion  sp ec ies
4. F a c to r  o f  B - m  c o n c e n tra t io n

3.3.1 F a c to r  o f  M o le c u la r  A ssem b ly
F Io st-G u est co m p o u n d  can  be  fo rm ed  from  e ith e r  th e  m o n o m e rs  

g a th e rin g  o r th e  o lig o m e r lin k in g  to  each  o th er, and  as a re su lt , fo rm in g  a 
m o le c u la r  a sse m b ly . G en e ra lly , w h en  the m o le c u la r a sse m b ly  is e s ta b lish e d , 
so m e  s ig n if ic a n t p ro p e rtie s  w ill ap p ear o w in g  to  th e  sp e c if ic  c o n firm a tio n  o f  
th e  a sse m b ly  sy s tem .

In th is  s tu d y , it is e x p ec ted  th a t th e  m o le c u la r a sse m b ly  w ill  lead  to  th e  
ion  c o m p le x  fo rm a tio n  and  th e  p e rcen tag e  o f  ion  ex tra c tio n  w ill be  c h a n g e d  
a c c o rd in g  to  th e  in c lu s io n  p h en o m en a .

A s sh o w n  in F ig . 7, liq u id /liq u id  sy stem  w as  o p e ra te d  by u s in g  
a q u e o u s /C F l2 C l2 . In th e  case  o f  B -m  m o n o m er, w h e n  th e  m o n o m e r 
c o n c e n tra tio n  is in c reased , th e  p e rcen tag e  o f  ion e x tra c tio n  is fo u n d  to  be 
in c re a se d  fo r all ty p e s  o f  m etal ions. T h is  su g g es ted  th a t B -m  h av e  th e  
in te ra c tio n  w ith  ion  sp ec ie s  and  act as an io n o p h o re . It a lso  im p lie s  th a t th e  
fo rm a tio n  o f  io n  c o m p le x  w ith  B -m  m o n o m er is e s ta b lish e d  as a m o le c u la r  
a ssem b ly .

In  th e  case  o f  B -m  o lig o m er, it is fo u n d  tha t th e  p e rc e n ta g e  o f  ion  
e x tra c tio n  is as h ig h  as th a t o f  B -m  m o n o m er. Fig. 10 sh o w e d  th a t B -m  
o lig o m e r can  trap  N a  ion  a lm o st 100 %  w h ile  B -m  m o n o m e r sh o w e d  th e  lo w er 
(90  % ) e x tra c tio n  a ffin ity  (F ig . 7), w h en  th e  B -m  c o n c e n tra tio n  is 2 g  /  100 m l
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F ig . 7 E x tra c tio n  p e rcen tag e  o f  m eta l p ic ra te  by  B -m  m o n o m e r.
Io n o p h o re  co n cen tra tio n  : Mn-1 =  2 g /1 0 0 m l in C H 2 C I2 , 
Mn-2 =  0 . 2  g / 1 0 0 m l in C H 2 C I2  and  Mn-3 =  0 . 0 2  g / 1 0 0 m l in 
C H 2 C12 .

r
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in  C H 2 C I2 . F ig . 8  - F ig . 12 sh o w  th e  ion  ex trac tio n  p e rc e n ta g e  o f  th e  sam e  
c o n d itio n  w h e n  th e  o rg a n ic  p h ases  a re  C H C I3  and  to lu e n e , in d ic a tin g  th a t all 
o lig o m e rs  sh o w  th e  h ig h  ion  e x trac tio n  p e rcen tag e  as th e  m o n o m e r. H o w e v e r, 
th e re  a re  so m e  d iffe re n c e s  b e tw een  th e  ty p e  o f  o rg a n ic  p h a se s  w h ic h  w ill be 
d isc u sse d  in th e  n e x t sec tio n .

T h e  re su lts  im p ly  th a t ion  ex tra c tio n  m e ch an ism  is a c c o m p lish e d  by  th e  
m o le c u la r  a sse m b ly  fo rm a tio n  in th e  ion  ex trac tio n  m e c h a n ism . Y a m a g ish i T. 
e t al. p ro p o se d  th a t th e  ion ic  a ffin ity  o f  th e  cav ity  w h ic h  p re se n te d  in  th e  
m o le c u la r  a sse m b ly  is b a se d  on  th e  p seu d o -cy c lic  c o n fo rm a tio n  (Y a m a k ish i, T . 
et ah , 1996). In th is  s tu d y , it can  be co n c lu d ed  th a t th e  a s se m b lie s  o f  
b e n z o x a z in e  m o n o m e r a n d  o lig o m e r m ay b e  fo rm  a f le x ib le  s tru c tu re , th u s  th e  
io n  e x tra c tio n  can  b e  p e rfo rm e d  to  v a rio u s  m eta l ion  sp e c ie s  a n d  th e  s e le c tiv ity  
is no t v e ry  m u ch  s ig n if ic a n t b e tw een  m o n o m e r and  o lig o m er.

3 .3 .2  F a c to r  o f  O rg a n ic  P h ase  in L iq u id /L iq u id  S y stem
T h e  o rg a n ic  p h a se  in liq u id /liq u id  system  is o n e  o f  th e  im p o r ta n t ro le  in 

th e  io n  e x tra c tio n  step . T su ru b o u , ร. et al. (1 9 9 5 ) re p o rte d  th a t w h e n  th e  s ize  o f  
so lv e n t is m u ch  sm a lle r  th an  th e  ion  o r ion co m p lex , th e  d is tu rb a n c e  o f  th e  
so lv en t m o le c u le  w ill b e  less. T h u s, th e  ion can  b e  in te ra c te d  e a s ie r  to  th e  
io n o p h o re , in o th e r  w o rd s , th e  ion  ex trac tio n  can  be c o n tro lle d  b y  th e  s iz e  o f  th e  
o rg an ic  so lv e n t in th e  liq u id /liq u id  system .

T h e  ion  e x tra c tio n  se lec tiv ity  can  be e s tab lish ed  w h e n  th e  a p p ro p ria te  
so lv en t is a p p lie d  u n d e r  a ce rta in  h y d ro d y n am ic  c o n tin u u m  a tm o sp h e re  
(W a n d lo w sk i, T . et al. 1989). In th e  p resen t w o rk , m e th y le n e  c h lo rid e , 
c h lo ro fo rm  an d  to lu e n e  w h ic h  are  d iffe ren t in th e  so lv e n t m o le c u le  s iz e  are  
u sed  to  s tu d y  th e  fa c to r o f  o rg an ic  p h ase  in th e  liq u id /liq u id  sy s te m . I f  th e
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Fig. 8 E x trac tio n  p e rc e n ta g e  o f  m e ta l p ic ra te  by  B -m  m o n o m er. 
Io n o p h o re  c o n c e n tra tio n  : Mn-1 = 2 g /1 0 0 m l in C H C I3 , 
Mn-2 =  0 .2  g /1 0 0 m l in C H C I3  and  Mn-3 =  0 .02  g /1 0 0 m l in 
C H C I3 .
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Fig. 9 E x tra c tio n  p e rc e n ta g e  o f  m e ta l p ic ra te  by  B -m  m o n o m er.
Io n o p h o re  c o n c e n tra tio n  : Mn-1 =  2 g /1 0 0 m l in to lu en e , 
Mn-2 = 0 .2  g /1 0 0 m l in to lu e n e  an d  Mn-3 =  0 .0 2  g /1 0 0 m l in 
to lu en e .
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Fig. 10 E x trac tio n  p e rc e n ta g e  o f  m eta l p ic ra te  by  B -m  o lig o m er.
Io n o p h o re  c o n c e n tra tio n  : Bm-1 = 2 g /1 0 0 m l in C H 2 C I2 , 
Bm-2 =  0 . 2  g /1 0 0 m l in C H 2 C I2  and  Bm-3 =  0 . 0 2  g /1 0 0 m l in 
C H 2 C12 .
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Fig. 11 E x trac tio n  p e rc e n ta g e  o f  m eta l p ic ra te  by  B -m  o lig o m er.
Io n o p h o re  c o n c e n tra tio n  : Bm-1 = 2 g /1 0 0 m l in C H C I3 , 
Bm-2 =  0.2  g /1 0 0 m l in C H C I3 and  Bm-3 = 0 .02  g /1 0 0 m l in 
C H C I3 .
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Fig. 12 E x tra c tio n  p e rc e n ta g e  o f  m eta l p ic ra te  by  B -m  o lig o m e r.
Io n o p h o re  c o n c e n tra tio n  : Bm-1 =  2 g /1 0 0 m l in to lu e n e , 
Bm-2 =  0 .2  g /1 0 0 m l in to lu en e  and  Bm-3 =  0 .0 2  g /1 0 0 m l in 
to lu en e .
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h y d ro d y n a m ic  c o n tin u u m  is ac h ie v e d  in the sy stem , it c an  b e  c o n c lu d e d  th a t 
b e n z o x a z in e s  ac t as an  io n o p h o re  to  fo rm  the ion co m p lex es .

A s sh o w n  in F ig . 7 and  F ig . 12, th e  ion ex tra c tio n  p e rc e n ta g e  is d iffe re d  
a m o n g  the ty p e  o f  o rg a n ic  p h ase . It is found  th a t u n d e r Œ 2 C I2 , th e  e x tra c tio n  
p e rc e n ta g e  fo r all m e ta l ions a re  c o n firm e d  to  be  h ig h e r  th a n  C H C I3 and  
to lu e n e  for b o th  c a ses  o f  B -m  m o n o m e r and  o lig o m er. T h e  lo w e s t ion  
ex tra c tio n  p e rc e n ta g e  in to lu e n e  m ay b e  re fe r to  th e  h in d ra n c e  e f fe c t o f  to lu e n e  
m o lecu le .

T h e  h y d ro d y n a m ic  c o n tin u u m  effec t im p lies  th a t B -m  fo rm s  in c lu s io n  
cav ity  and  a llo w s th e  o rg a n ic  so lv e n t to  in v o lv e  w ith  th e  h o s t-g u e s t  fo rm a tio n . 
R e fe rin g  to  c a lix a re n e s  a n d  c ro w n -e th e r  sy stem s (W a n d lo w sk i, T . e t a l., 1989), 
it can  be  c o n c lu d e d  th a t b e n z o x a z in e s  act as an  io n o p h o re  in liq u id /liq u id  
sy s tem  th ro u g h  th e  in c lu s io n  p h en o m en a .

3 .3 .3  F a c to r  o f  M eta l Ion  S p ec ies
G e n e ra lly , h o s t c o m p o u n d  w ill p ro v id e  th e  sp e c if ic  c a v ity  fo r g u est 

m o le c u le s  o w in g  to  its m o le c u la r  a ssem b ly  s tru c tu re . In  th is  s tu d y , th e  
io n o p h o re  w as v a rie d  in o rd e r  to  in v estig a te  th e  g u est re s p o n s iv e  s tru c tu re  
o w in g  to  the  a sse m b ly  fo rm a tio n  o f  B -m  m o n o m er a n d  o lig o m e r. A lk a li, 
a lk a lin e  ea rth  an d  N i (th e  tra n s itio n  m eta l) a re  u sed  fo r th e  io n  e x tra c tio n  
o b se rv a tio n .

A s su m m a riz e d  in T a b le d ,  s ix  ty p es o f  m etal ion  w e re  a p p lie d  in o rd e r 
to  o b se rv e  th e  ion  e x tra c tio n  ab ility  o f  B -m . It can  be e x p e c te d  th a t  th e re  w ill 
be  an  a p p ro p ria te  io n  s ize  th a t fits th e  cav ity  o f  th e  io n o p h o re . A s sh o w n  in 
F ig . 7 to  F ig . 12, L i a n d  K  te n d  to  sh o w  h ig h e r ion  e x tra c tio n  p e rc e n ta g e . It
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sh o u ld  be n o te d  th a t th e  size  o f  K  is tw o  fo ld s  la rg e r th a n  th a t  o f  L i, w h ile  th e  
io n  e x tra c tio n  p e rc e n ta g es  a re  s im ila r. T h is  m a y b e  e x p la in e d  th a t th e  cav ity  
s iz e  o f  th e  io n o p h o re  is ab o u t th e  ra n g e  o f  0 .6  Â . H o w e v e r, th e  re su lts  ex h ib it 
h ig h  p e rc e n ta g e  o f  ion  e x tra c tio n  to w a rd s  th e  m e ta l io n s  a n d  th e  se le c tiv ity  
o w in g  to  th e  s ize  o f  ion  sp ec ie s  is n o t d is tin g u ish e d .

T a b le  1 S ize  o f  m e ta l ion  sp ec ie s

I o n  S p e c i e s S i z e  ( À )

L i 0 .6

N i 0 .6 2

M g 0 .6 5

N a 0 .9 5

C a 0 .9 9

K 1 .3 3

M iy a ta , M . e t al. (1 9 9 0 ) re p o rte d  th a t w h e n  th e  h o s t m o le c u le  p e rfo rm s  
a f le x ib le  s tru c tu re  fo r th e  g u es t, v a rio u s  ty p e s  o f  g u e s t m o le c u le s  w ill be  
a llo w e d  in th e  cav ity , as seen  in  th e  case  o f  C h o lic  ac id . In th is  case , it can  be  
c o n c lu d e d  th a t B -m  p ro v id es  th e  g u es t re sp o n s iv e  s tru c tu re  w h ile  in c lu s io n  
p h e n o m e n a  is p e rfo rm ed , w ith  th e  lo w  se lec tiv ity .

3 .3 .4  F a c to r  o f  B -m  C o n c e n tra tio n
It is w e ll k n o w n  th a t in c lu s io n  p h e n o m e n a  is re la te d  to  th e  in te ra c tio n  o f  

th e  h o s t an d  g u e s t m o lecu les . W h e n  th e  h o s t c o n c e n tra tio n  is h ig h e r  in th e
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e x c e ss  g u ests  c irc u m sta n c e s , it can  be  e x p ec ted  th a t th e  m o re  a m o u n t o f  g u ests  
w ill b e  in c lu d ed  in th e  h o st co m p o u n d .

In th is  s tu d y , th e  B -m  io n o p h o res  are  v a r ie d  fro m  0 .0 2  to  2 g /1 0 0  m l. in 
C H C I3 , C H 2 C I2  an d  to lu en e  o rg an ic  p h ase . It is fo u n d  th a t  in  th e  case  o f  
C H C I3 , C H 2 C I2  5 w h e n  th e  io n o p h o re  (b o th  B -m  m o n o m e r, F ig . 7 a n d  F ig . 8  

a n d  B -m  o lig o m e r, F ig . 10 an d  F ig . 11) c o n c e n tra tio n s  a re  in c re a se d  to  100 
tim e s  (fro m  0 .0 2 g/ 1 0 0  m l to  2 g / 1 0 0  m l) th e  ion  e x tra c tio n  p e rc e n ta g e  are  
in c re a se d  at least fo r 6 0 % . It sh o u ld  be n o ted  th a t in  th e  c a se  o f  to lu e n e  o rg an ic  
p h a se  w h ic h  th e  io n  ex tra c tio n  p e rcen tag e  are  re la tiv e ly  lo w  (a s  d isc u sse d  in 
3 .3 .3 ) , th e  re la tio n sh ip  o f  th e  io n o p h o re  c o n c e n tra tio n  a n d  io n  e x tra c tio n  ab ility  
is n o t s ig n if ic a n t (a p p ro x im a te ly  10-30% ).

A lth o u g h  io n o p h o re  c o n cen tra tio n  and  ion  e x tra c tio n  a b il i ty  a re  re la te d  
d ire c tly , as k n o w n  in  all c ases  o f  in c lu s io n  c o m p o u n d , it is v e ry  im p o rta n t to  
ta k e  it in to  th e  c o n s id e ra tio n  th a t th e re  are o th e r  e ffe c ts  th a t w ill o v e r la p  th e  ion  
e x tra c tio n  ab ility  w h ic h  m ak es th e  a p p a ren t v a lu e  b e  d if fe re d  fro m  th e  
e x p e c ta tio n . In  th e  case  o f  to lu en e , it can  be sa id  th a t h y d ro d y n a m ic  c o n tin u u m  
fa c to r  is m a in ly  o p e ra te d  on th e  sy stem  and , th u s, th e  io n  e x tra c tio n  a b ility  fo r 
all c a ses  a re  n o t sh o w n  o u t th ro u g h  th e  fac to r o f  c o n c e n tra tio n .

3.4 The Comparison Between B-m and Other Ionophore

C a lix a re n e s , c ro w n -e th e r, and  c y c lo d e x tr in ; a re  w e ll k n o w n  fo r th e  
in c lu s io n  c o m p o u n d s  a n d  so m e  p ra c tic a l  a p p lic a t io n s  a re  e s ta b lish e d . 
A c c o rd in g  to  th e  io n o p h o re  p ro p erty , it is to  th e  in te re s t to  re v ie w  th e  ion  
e x tra c tio n  ab ility  c o m p a rin g  to  the  b e n z o x a z in e  sy s tem .
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T h e  io n  ex tra c tio n  ab ility  o f  th e  w ell k n o w n  io n o p h o re s ; w h ic h  are 
c a lix [4 ]a re n e , c a lix [ 6 ]arene , c a lix [8 ]a ren e , and  1 8 -c ro w n -6 ; fo r th e  ion 
e x tra c tio n  in th e  cases  o f  C a. Li and  N a  io n s  are  su m m a riz e d , as sh o w n  in Fig.
13 - F ig . 15, re sp ec tiv e ly .

In o rd e r  to  co m p are  th e  ion  ex tra c tio n  a b ility  to  th e  m e n tio n e d  
io n o p h o re s , th e  s im ila r  ex p e rim e n ts  w e re  o p era ted . B e n z o x a z in e  m o n o m e rs  
w e re  u se d  as th e  io n o p h o re  w ith  th e  c o n c e n tra tio n  o f  2 .7 x 1 0 ^ M . T h e  re su lts  
w e re  c o m p a re d , as sh o w n  in F ig .13 - F ig . 15.

In  th e  cases  o f  Li and  C a  ion , th e  ion  ex tra c tio n  sh o w s  th e  p e rfo rm a n c e  
in th e  ra n g e  o f  2 0 -5 0 %  fo r the  c a lix a re n es  and  c ro w n  e th e r, w h ile  th e  e x tra c tio n  
p e rc e n ta g e  o f  b e n z o x a z in e  sh o w s at n e a rly  80% . A c c o rd in g  to  th e  h ig h  ion 
se le c tiv ity  p e rfo rm a n c e  fo r c a lix [4 ]a re n e s  on  N a  ion , it is a lso  fo u n d  th a t the  
io n  e x tra c tio n  p e rc e n ta g e  is as h ig h  as th a t o f  b e n z o x a z in e  (n e a rly  9 0 %  fo r bo th  
cases).

B y c o n s id e rin g  th e  ion  e x tra c tio n  ab ility  o f  b e n z o x a z in e s , it can  be 
e x p e c te d  th a t th e  b en z o x a z in e  can  be a n o v e l ty p e  o f  io n o p h o re , o w in g  to  the  
in c lu s io n  s tru c tu re  p ro v id ed  by  th e  m o le c u la r  a sse m b ly . It is a lso  very  
in te re s tin g  th a t b en zo x az in es  sh o w  ra th e r  h ig h  ion  e x tra c tio n  p e rc e n ta g e  
c o m p a rin g  to  o th e r  w ell k n ow n  io n o p h o res . H o w e v e r, th e  im p ro v e m e n t o f  ion 
se le c tiv ity  is req u ire d  fo r the  fu tu re  w o rk .
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Fig. 13 C o m p a riso n  o f  th e  ex trac tio n  p e rc e n ta g e  o f  c a lc iu m  p ic ra te . 
Io n o p h o re  c o n c e n tra tio n  =  2 .7  X  10 '3  M  in C H 2 C I2 .
8 E s : o c ta m e r  o f  ca lix a ren e , 4 E s : te tra m e r o f  c a lix a re n e , 18- 
c ro w n -16 : c ro w n -e th e r  (F ro m  Y am ag ish i e t a l., P o ly m . B u ll. . 
33, 2 8 1 .)  an d  B -m  : B -m  m o n o m er.
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Fig. 14 C o m p a riso n  o f  th e  e x trac tio n  p e rc e n ta g e  o f  lith iu m  p ic ra te . 
Io n o p h o re  c o n c e n tra tio n  =  2.7 X  1 0 '3  M  in C H 2 C I2 .
8 E s : o c ta m e r o f  ca lix a re n e , 6 E s : h e x a m e r o f  c a lix a re n e ,
4 E s  : te tra m e r  o f  ca lix a re n e , 18- c ro w n -16 : c ro w n -e th e r  
(F ro m  Y a m a g ish i e t a l., P o lym . B u ll. , 33 , 2 8 1 .)  a n d  B -m  : B -m
m o n o m er.
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F ig . 15 C o m p a riso n  o f  th e  e x tra c tio n  p e rc e n ta g e  o f  so d iu m  p ic ra te . 
Io n o p h o re  c o n cen tra tio n  =  2 .7  X  1 0 '3  M  in C H 2 C I2 .
8 E s : o c tam er o f  c a lix a re n e , 6 E s : h e x a m e r o f  ca lix a re n e , 
4 E s  : te tram er o f  c a lix a re n e , 18- c ro w n -16 : c ro w n -e th e r  
(F ro m  Y am ag ish i e t ah , P o ly m . B u l l , 33 , 2 8 1 .)  a n d  B -m  : 
B -m  m onom er.
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