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STUDIES ON IODINATED COMPOUNDS. IV. 
HIGH PERFORMANCE LIQUID CHROMATO- 

GRAPHIC DETERMINATION OF IODIDE WITH 
A COMPLEX OF PRIMARY AMMONIUM 

ION - CROWN ETHER 

Mashiro Miyashita and Saburo Yamashita 
Department of Clinical Chemistry 

Hoshi College of  Pharmacy 
2-4-41 Ebara, Shinagawaku, Tokyo 142 

ABSTRACT 

D e t e r m i n a t i o n  of i o d i d e  (I-) was per formed u s i n g  a complex 
of  p r i m a r y  ammonium i o n  - crown e t h e r  a s  t h e  c o u n t e r  i o n  on 
r e v e r s e d - p h a s e  high_ per formance  l i q u i d  chromatography (HPLC) ,  
R e t e n t i o n  o f  t h e  I i n  t h e  p r e s e n t  s y s t e m  i n c r e a s e d  more t h a n  t h e  
c o r r e s p o n d i n g  c o u n t e r  i o n  s y s t e m ,  u s i n g  t h e  o n l y  p r i m a r y  ammonium 
i o n ,  The rate of i n c r e a s e  of t h e  r e t e n t i o n  w a s  d e p e n d e n t  on 
pRs’ ,  c o n c e n t r a t i o n  of crown e t h e r  and o r g a n i c  s o l v e n t s  of  t h e  
e l u e n t .  
18-crown-6 w i t h  a UV d e t e c t o r  a t  225 nm, The c a l i b r a t i o n  c u r v e  
was l i n e a r  from 25 pmoles  to  25 nmoles ,  and  t h e  l ea s t  d e t e c t i o n  
o f  I- was 1 pmole. 

D e t e r m i n a t i o n  o f  I- was i n v e s t i g a t e d  w i t h  hexylamine  and  

I N T R O D U C T I O N  ~ - -  

I o d i d e  (I-) w a s  d e t e r m i n e d  w i t h  h i g h  s e n s i t i v i t y  on t h e  h i g h  

p e r f o r m a n c e  l i q u i d  chromatography (HPLC) by s e p a r a t i o n  w i t h  
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2144 MIYASHITA AND YAMASHITA 

r e v e r s e d - p h a s e  i o n  p a i r  p a r t i t i o n  methods and d e t e c t i o n  w i t h  a UV 

d e t e c t o r  ( 1 - 4 ) 0  I n  t h e  above s y s t e m ,  amines were used  a s  t h e  

c o u n t e r  i o n s  i n  t h e  e l u e n t ,  and  p r i m a r y ,  s e c o n d a r y  amines and  

even  q u a r t e r n a r y  ammonium i o n  c o u l d  b e  used f o r  s u c h  p u r p o s e s ,  

On the o t h e r  hand ,  crown e t h e r s ,  which are  known t o  form 
complex w i t h  c a t i o n s ,  have  been  u s e d  i n  t h e  HPLC s y s t e m  (5) .  The 

a u t h o r s  a l so  t r i e d  t o  a p p l y  some crown e t h e r s  i n  t h e  

d e t e r m i n a t i o n  o f  I-; a crown e t h e r ,  18-crown-6 (18-C-6), w a s  

added  t o  t h e  amine c o n t a i n i n g  e l u e n t .  It w a s  found t h a t  when an 

e l u e n t  c o n t a i n i n g  p r i m a r y  amine a n d  18-C-6 w a s  u s e d ,  r e t e n t i o n  of 

I- i n c r e a s e d  more t h a n  p r i m a r y  amine a l o n e .  

due t o  t h e  f o r m a t i o n  o f  complex be tween t h e  p r i m a r y  amine 

( p r i m a r y  ammonium i o n )  and  crown e t h e r  (6) .  In o t h e r  words,  

h y d r o p h o b i c  p r o p e r t y  o f  t h e  crown e t h e r  might  c o n t r i b u t e  t o  t h e  

n a t u r e  of t h e  c o u n t e r  i o n .  Thus formed more h y d r o p h o b i c  c o u n t e r  

i o n  i n c r e a s e d  r e t e n t i o n  o f  I-. 

s e c o n d a r y ,  t e r t i a r y  o r  q u a t e r n a r y  ammonium i o n s  w i t h  18-C-6 i n  

t h e  e l u e n t  d i d  n o t  a l t e r  t h e  r e t e n t i o n  o f  I- under  t h e  same 

c o n d i t i o n s  as i n  t h e  case of  p r i m a r y  amine. The f a c t  may b e  due 

t o  t h a t  t h e  amines e x c e p t  p r i m a r y  o n e s  do n o t  form s u c h  complex 

w i t h  crown e t h e r s  ( 6 ) .  

The f ac t  might  b e  

I n t e r e s t i n g  t h i n g  i s  t h a t  

I n  t h e  p r e s e n t  p a p e r ,  w e  have  i n v e s t i g a t e d  t h e  s e p a r a t i o n  

a n d  d e t e r m i n a t i o n  of I- on HPLC u s i n g  p r i m a r y  ammonium i o n  - 
crown e t h e r  complex as  t h e  c o u n t e r  i o n "  

MATERIALS AND METHODS 

Reagents  

Hexylamine and 18-crown-6 were t h e  e x t r a  p u r e  r e a g e n t  g r a d e  

r e a g e n t s  o b t a i n e d  from N a k a r i  Chem. Co.. K I ,  b u t y l a m i n e  and  

o c t y l a m i n e  were t h e  g u a r a n t e e d  g r a d e  r e a g e n t s  o b t a i n e d  from Wako 

P u r e  Chem. Co.. O t h e r  r e a g e n t s  were t h e  a n a l y t i c a l  g r a d e  o n e s .  

Water u s e d  as  t h e  e l u e n t  on HPLC was o b t a i n e d  by r e - d i s t i l l i n g  
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DETERMINATION OF IODIDE 2145 

ion-exchanged wa te r .  A c e t o n i t r i l e  (MeCN), methanol (MeOH) and 

t e t r a h y d r o f u r a n  (THF) were HPLC grade  ob ta ined  from Kanto Chem. 

co Y . 
Ins t rumen t s  - 

HPLC sys tem was composed of  Waters’ Type 6000A pump and 

u n i v e r s a l  U6K i n j e c t o r ,  and v a r i a b l e  wave l e n g t h  UV d e t e c t o r  Type 

NS-310A of  Nippon S e i m i t s u  Kagaku Co.. HPLC column was Rad ia l  

Compression S e p a r a t i o n  System of  Waters’ and a c a r t r i d g e  

Radia lpak  Novapak C ( 8  mm i. d. x 100 mm, 5 pm) w a s  used. 1 8  

Determina t ion  

E luen t  (15% M e C N  / 5 mM hexylamine phosphate (pH 4.0)  + 5mM 

18-C-6) was p repa red  a s  fo l lows:  To 0.51 g (5 mmoles) o f  

hexylamine, 980 m l  o f  d i s t i l l e d  wa te r  w a s  added t o  d i s s o l v e  and 

pH of t h e  s o l u t i o n  w a s  a d j u s t e d  t o  4.0 wi th  phosphor ic  a c i d ,  and 

t h e  f i n a l  volume w a s  a d j u s t e d  t o  1000 m l  w i th  d i s t i l l e d  wa te r .  

Then, 1 .32 g (5 mmoles) of 18-C-6 w a s  d i s s o l v e d  i n  t h e  s o l u t i o n ,  

and t h u s  made s o l u t i o n  was added t o  150 ml of MeCN up t o  1000 m l .  

The s o l u t i o n  was f i l t e r e d  through a 0.45 pm f i l t e r .  

e l u e n t s  were p repa red  by t h e  s i m i l a r  p rocedures .  

Other  

HPLC was performed a t  room tempera ture  (20 - 23 “ C )  w i th  

2.5 m l  / min flow r a t e ,  and I- was d e t e c t e d  a t  225  nm. 

For t h e  purpose of t h e  de t e rmina t ion  of t h e  c a p a c i t y  f a c t o r ,  

3 k ’ ,  t h e  ho ld  up volume of  t h e  column was ob ta ined  wi th  NaNO 

e l u t e d  w i t h  60% MeCN. 

RESULTS AND DISCUSSION 

E f f e c t  of PH of  t h e  E luen t  

The r e t e n t i o n  (k’) of I- a t  v a r i o u s  pHs’ (3 .0  t o  7 , , 0 )  w a s  

i n v e s t i g a t e d  wi th  t h e  e l u e n t  c o n t a i n i n g  5 mM buty lamine ,  

hexylamine o r  oc ty lamine  wi th  o r  w i thou t  5 mM 18-C-6 (F ig .  l)o 
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FIGURE 1 E f f e c t  o f  PH on Re ten t ion  of I- 

Eluent :  + ; 15% M e C N  / 5 mM Butyl-  (Hexyl- o r  Octyl-)  

+ ; 15% M e C N  / 5 mM Butyl- (Hexyl- o r  Octyl-)  
amine Phosphate + 5 mM 18-Crown-6, 

amine Phosphate 

I n  any c a s e ,  k’ of I- i nc reased  by t h e  a d d i t i o n  of  18-C-6, The 

k ’  va lue  of I- i n  t h e  e l u e n t  c o n s i s t i n g  of amine and 18-C-6 

i n c r e a s e d  a s  t h e  pH became lower,  r each ing  a t  t h e  maximum k’ a t  

pH 4.0.  

d i s t i n c t l y  a l t e r e d  by amines wi th  longe r  carbon-chain,  

Changing p r o f i l e  of t h e  r e t e n t i o n  of  I- w a s  more 

One of t h e  r easons  of t h e  pH dependency wi th  crown e t h e r  may 

be t h a t  t h e  complexes of t h e  amines and crown e t h e r  a r e  more 

s t a b l e  a t  lower pH reg ion .  However, when oc ty lamine  was used 

wi thou t  crown e t h e r ,  a lmost  t h e  same r e t e n t i o n  behavior  was 

observed  as hexylamine used wi th  crown e t h e r .  The f a c t  may be 

due t o  t h a t  t h e  pH dependency w i t h  crown e t h e r  i s  a s c r i b a b l e  t o  

primary amines and n o t  t o  t h e  crown e t h e r .  Addi t ion  of  crown 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DETERMINATION OF IODIDE 2147 

e t h e r  mere ly  g i v e s  t h e  same e f f e c t  as t h e  e x t e n t i o n  of  carbon-  

c h a i n  l e n g t h  of  amines,  

E f f e c t  o f  C o n c e n t r a t i o n  o f  Crown E t h e r  i n  t h e  E l u e n t  

Var ious  amounts of t h e  crown e t h e r  18-C-6, f rom 2.5 mM t o  

10.0 mM, were added t o  5 mM hexylamine ,  and t h e  r e t e n t i ! i n  of  I- 

w a s  i n v e s t i g a t e d  ( F i g .  2 ) .  The k’ of I- i n c r e a s e d  as t h e  amount 

of 18-C-6 i n c r e a s e d .  

E f f e c t  of Organic  S o l v e n t s  i n  t h e  E l u e n t  

E f f e c t  of o r g a n i c  s o l v e n t s  (MeOH, M e C N ,  THF) i n  t h e  e l u e n t  

and  t h e i r  c o n c e n t r a t i o n  on t h e  r e t e n t i o n  of  I- were i n v e s t i g a t e d .  

As t h e  r a t i o  of  o r g a n i c  s o l v e n t  i n c r e a s e d ,  r e t e n t i o n  o f  I- 

d e c r e a s e d .  When MeOH o r  MeCN w a s  used  t o g e t h e r  w i t h  18-C-6, 

r e t e n t i o n  o f  I- i n c r e a s e d  a lways ,  b u t  when THF w a s  used w i t h  18- 

C-6, s u c h  tendency  w a s  n o t  observed .  THF i s  known t o  have  some 

a f i f i n i t y  w i t h  c a t i o n s  ( 7 ) ,  and i t  may form complexes w i t h  amines .  

T h e r e f o r e ,  THF and  18-C-6 may form complexes w i t h  amines 

c o m p e t i t i v e l y ,  w h i l e  MeOH and  MeCN do n o t  have such  chemica l  

p r o p e r t i e s .  

- C a l i b r a t i o n  Curve and R e p r o d u c i b i l i t y  

Q u a n t i t a t i v e  d e t e r m i n a t i o n  of  I- on t h e  HPLC was performed 

u s i n g  15Z MeCN / 5 mM hexylamine phosphate  (pH 4.0)  + 5 mM 1 8 - C -  

6 ,  as  t h e  e l u e n t .  

t h e  maximum wave l e n g t h ,  225 nm ( E =  1.47 x 10  ). The 

c a l i b r a t i o n  c u r v e  w a s  p r e p a r e d  a s  f o l l o w s :  t h e  s t a n d a r d  s o l u t i o n  

of K I ,  lom5 M,  

p1 a t  0.01, 0.1 and  1.0 AUFS ( a b s o r b a n c e  u n i t  f u l l  s c a l e )  

r e s p e c t i v e l y ,  and  t h e  o b t a i n e d  peak  h e i g h t s  were p l o t t e d .  The 

r e g r e s s i o n  f o r m u l a e  by t h e  l e a s t - s q u e r  method are o b t a i n e d  

( T a b l e  1 ) .  The c u r v e s  are l i n e a r  i n t e r s e c t i n g  n e a r  t h e  o r i g i n a l  

p o i n t .  

Wave l e n g t h  f o r  t h e  d e t e c t i o n  of I- w a s  set a t  
4 

M a n d  M were i n j e c t e d  from 2.5 )11 t o  25 
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FIGURE 3 E f f e c t  o f  Organic Solvent  on Re ten t ion  of I- 

E luen t :  i)- ; MeOH (MeCN o r  THF) / 5 mM Hexylamine 
Phosphate (pH 4.0)  + 5 mM 18-Crown-6, 
+ ; MeOH (MeCN o r  THF) / 5 mM Hexylamine 

Phosphate (pH 4.0)  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DETERMINATION OF IODIDE 2149 

TABLE 1 

Regres s ion  L ines  of t h e  C a l i b r a t i o n  Curves f o r  I- 

- 
D e t e c t o r  I 

S e n s i t  i v i . t y  Level  
(AUFS) (nmoles)  

Regres s ion  C o r r e l a t i o n  
L ine  F a c t o r  

0.9987 1 2.5 x 

2.5 x 10 

2.5 x 10-1 

2.5 x 10  

2.5 x 10 

2 ,5  x 10 

Y = 5.61 x 10 X + 1.57  x 10-1 5 -1 

$ 0  

Y = 5.45 x 10-h - 2.39 x lo-' I 1  

0.01 

0.9999 0 Y = 6.10 x 10 X - 2.70 x lo-' 0.1 

0 

0.9999 1.0 

- 
Y: Peak Height  (cm), X: 1 (nmoles) 

K I  s t a n d a r d  s o l u t i o n ,  10 ~ 1 ,  w a s  r e p e a t e d l y  i n j e c t e d  a t  each  

d e t e c t i o n  s e n s i t i v i t i e s  (n = 5 ) ,  and t h e  c o e f f i c i e n t s  of  

v a r i a t i o n  co r re spond ing  t o  each  peak h e i g h t s  were o b t a i n e d :  

0.67% a t  0,01 AUFS, 0'92% a t  0.1 AUFS, 0.85% a t  1 , 0  AUFS, which 

were shown t o  b e  s a t i s f a c t o r y  r e p r o d u c i b i l i t y .  

The least  d e t e c t i o n  a t  0.005 AUFS was 1 pmol ( S  / N = 3 )  o f  
- 

I .  

E f f e c t  o f  D i f f e r e n t  Ions  

E f f e c t  of o t h e r  c a t i o n s  t h a n  I- was i n v e s t i g a t e d .  Such 

c a t i o n s  as 100 nmoles KOH, NaOH o r  NH OH w e r e  added t o  1 nmole 

K I ,  and t h e  mix tu re  was i n j e c t e d  i n t o  HPLC sys tem,  and t h e  

o b t a i n e d  chromatograms were compared. No s i g n i f i c a n t  change i n  

t h e  r e t e n t i o n  of I- w a s  shown, and t h e  peak h e i g h t s  w i t h  and 

wi thou t  c a t i o n s  were w i t h i n  5 3% of  d i f f e r e n c e ,  s o  t h a t  

d i s t u r b a n c e  by t h e  c a t i o n s  might  be  n e g l i g i b l e ,  On t h e  o t h e r  

hand,  e f f e c t s  of o t h e r  ha logen  i o n s  were examined u s i n g  100 
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9 
0 

L L L i  - - 
0 5 0 5 

T i m e  (min) 

FIGURE 4 High Per formance  L i q u i d  Chromatogram of  T o d o u r a c i l  and - 
I 

E l u e n t :  a )  15% M e C N  / 5 mM Hexylamine Phosphate  (pH 4 . 0 ) ,  
b )  15% MeCN / 5 mM Hexylamine Phosphate  (pH 4.0)  + 
5 mM 18-Crown-4 

Sample: I o d o u r a c i l  (1.25 E g )  + K I  (0 .25  pg) 
Peak:  1; I o d o u r a c i l ,  2 ;  I 

nmoles KF, K C 1  o r  K B r ,  b u t  t h e s e  h a l o g e n s  d i d  n o t  d i s t u r b  t h e  

d e t e r m i n a t i o n  o f  I- on HPLC under  t h e  c o n d i t i o n s  i n d i c a t e d  h e r e .  

A p p l i c a t i o n  of  t h e  Method t o  t h e  D e t e r m i n a t i o n  of  I- as I m p u r i t y  

Thus d e v e l o p e d  d e t e r m i n a t i o n  method of 1- on HPLC was 

a p p l i e d  f o r  t h e  q u a l i t y  c o n t r o l  of  f r e e  I- i n  commerc ia l ly  

a v a i l a b l e  o r g a n i c  i o d i d e  compounds. The sample  o r g a n i c  i o d i d e  

was i o d o u r a c i l ,  

chromatogram of 

F ig .  4-a) shows 

s o l v e n t  c o n t a i n  

m a n u f a c t u r e d  and s o l d  by N a k a r a i  Chem Co.. HPLC 

s t a n d a r d  i o d o u r a c i l  and I- i s  shown i n  F i g .  4 .  

s e p a r a t i o n  o f  i o d o u r a c i l  and I- e l u t e d  w i t h  a 

ng no crown e t h e r ,  and t h e  b o t h  p e a k s  were n o t  
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s e p a r a t e d .  When t h e  crown e h t e r  was added t o  t h i s  s o l v e n t ,  

r e t e n t i o n  o f  I- w a s  s e l e c t i v e l y  i n c r e a s e d ,  and t h u s  t h e  b o t h  

p e a k s  c o u l d  b e  s e p a r a t e d  s u f f i c i e n t l y  ( F i g .  4 -b) ) .  The 

i n d o u r a c i l  p r e p a r a t i o n ,  5 p g  a p p l i e d  on HPLC, u s e d  i n  t h e  p r e s e n t  

s t u d y  c o n t a i n e d  no f r e e  I . - 

- C o n c l u s i o n  

The p r e s e n t  s t u d y  d e m o n s t r a t e d  u s e f u l l n e s s  o f  t h e  crown 

e t h e r  i n  t h e  d e t e r m i n a t i o n  of  I-; t h a t  i s ,  t h e  complex o f  p r i m a r y  

ammonium i o n  and t h e  crown e t h e r  c o u l d  be u s e d  f o r  t h e  

d e t e r m i n a t i o n  o f  t h e  I- s a t i s f a c t o r i l y ,  S e n s i t i v i t y  and  

r e p r o d u c i b i l i t y  of  t h e  d e t e r m i n a t i o n  were comparable  t o  t h e  

c o n v e n t i o n a l l y  u s e d  HPLC method w i t h o u t  t h e  crnwn e t h e r .  
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