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INTRODUCTION 

Crown ether d e r i v a t i v e s ( m a c r o c y c l i c p o l y e t h e r s ) have been 

used as components i n l i q u i d membrane e l e c t r o d e s e x h i b i t i n g 

potassium i o n s e n s i t i v i t y ( 1 ) . N e v e r t h e l e s s , the performance 

c h a r a c t e r i s t i c s of such crown compound based e l e c t r o d e s , 

e s p e c i a l l y the s e l e c t i v i t y data were found i n f e r i o r to those 

of the a n t i b i o t i c v a l i n o m y c i n based sensor ( 2 ) . 

S y n t h e t i c urethane l i n k e d bis-crown ether l i g a n d s were 

designed as ionophores f o r potassium i o n - s e l e c t i v e membranes 

at the T e c h n i c a l U n i v e r s i t y of Budapest ( 3 , 4 ) . The a n a l y t i c a l l y 

important p r o p e r t i e s of these s y n t h e t i c l i g a n d based e l e c t r o d e s 

exceed the r e l e v a n t c h a r a c t e r i s t i c s of other m a c r o c y c l i c p o l y -

ether based sensors and are comparable w i t h those of the 

va l i n o m y c i n based e l e c t r o d e , the i o n - s e l e c t i v i t y of such 

sensors being advantageously a f f e c t e d not only by the r i n g s i z e 

of the crown e t h e r s and i t s s u b s t i t u e n t s , but a l s o by the 
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chemical s t r u c t u r e of the conne c t i n g c h a i n . 

I t was found t h a t bis-crown ether d e r i v a t i v e s form 1:1 

sandwich type complexes w i t h most a l k a l i n e i o n s y i e l d i n g a 

d i s t i n g u i s h e d s e l e c t i v i t y f o r potassium i o n s ( 5 ) . 

As known (6) th e r e e x i s t s a c l o s e c o r r e l a t i o n between the 

s t a b i l i t y c o n s t a n t s of the inophore - c a t i o n complexes and the 

r e l e v a n t p o t e n t i o m e t r i c s e l e c t i v i t y f a c t o r s . Thus, the aim of 

our work, i n t h i s l i n e , i s to determine the s t a b i l i t y c o n s t a n t s 

of some bis-crown other l i g a n d s of d i f f e r e n t s t r u c t u r e s w i t h 

v a r i o u s c a t i o n s , i n d i f f e r e n t media. 

In the present study, p o t e n t i o m e t r i c method, having a 

l a r g e dynamic c o n c e n t r a t i o n range has been used f o r . f o l l o w i n g 

the complexation r e a c t i o n and the ex p e r i m e n t a l c o n d i t i o n s were 

c l a r i f i e d i n order to enable f u r t h e r s t u d i e s . 

EXPERIMENTAL 

Materials 

The bis-crown d e r i v a t i v e (BME-15) has been s y n t h e t i s e d 

a c c o r d i n g t o the procedure d e s c r i b e d i n r e f . 3, having the 

formula shown i n F i g . 1. 

F i g . 1. Formula of the urethane l i n k e d 15-crown-5 

bis-crown e t h e r d e r i v a t i v e (BME-15). 
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The other c h e m i c a l s , e.g. KCl,NaCl and L i - A c e t a t e , as w e l l 

as the s o l v e n t s , methanol and c h l o r o f o r m , were of a n a l y t i c a l 

grade. Double quartz d i s t i l l e d water was used f o r the 

p r e p a r a t i o n of s o l u t i o n s . 

Electrodes, Apparatus 

N a - s e l e c t i v e g l a s s e l e c t r o d e s ( R a d e l k i s OP-Na-8204) and 

a double j u n c t i o n s i l v e r - s i l v e r c h l o r i d e r e f e r e n c e e l e c t r o d e 

were employed i n the f o l l o w i n g arrangement 

Ag.AgCl KC1 (aq.) 
1 mol.dm 

L i Ac.(aq.,) 
1 mol.dm 

sample s o l u t i o n Ion selective 
e l e c t r o d e 

Before measurements, the i o n s e l e c t i v e e l e c t r o d e s were 
-1 -3 

p r e t r e a t e d by o v e r n i g h t soaking i n 10 mol.dm s o l u t i o n of 

the a p p r o p r i a t e primary i o n , i n i n c r e a s i n g l y c o n c e n t r a t e d 

methanol/chloroform: water m i x t u r e , d u r i n g one week. 

The e.m.f. measurements were c a r r i e d out wi t h a R a d e l k i s 

0P-208 pH/mV meter. 

EXPERIMENTAL PROCEDURE 

For the d e t e r m i n a t i o n of the s t a b i l i t y c onstant v a l u e s , 

the method suggested by Fr e n s d o r f (7) was employed by v a r y i n g 
-3 -3 

the l i g a n d / m e t a l i o n r a t i o . Thus, 10 mol.dm KC1 and NaCl 
_2 

i n 1:4 chloroform/methanol were t i t r a t e d by adding 2.5 x 10 
_3 

mol.dm crown ether s o l u t i o n , i n the same s o l v e n t , by a 

Hamilton s y r i n g e . The s o l v e n t mixture was s e l e c t e d as a r e s u l t 

of high l i p o p h i l i c i t y of the l i g a n d . 
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The f r e e metal i o n c o n c e n t r a t i o n change was f o l l o w e d 

p o t e n t i o m e t r i c a l l y . 

Readings were taken a f t e r 5 minutes of each a d d i t i o n . A l l 

c o n c e n t r a t i o n v a l u e s ( t o t a l c o n c e n t r a t i o n of metal) and 

( t o t a l c o n c e n t r a t i o n of l i g a n d ) were c o r r e c t e d f o r d i l u t i o n . 

The e l e c t r o d e response f u n c t i o n s (e.m.f. vs_ l o g C^) were 

checked before each t i t r a t i o n , i n the c o n c e n t r a t i o n range 
-3 -5 -3 5 x 10 - 5 . 10 mol.dm and s l o p e v a l u e s s, were 

determined. 

RESULTS AND DISCUSSION 

As an example of the r e l i a b i l i t y of the r e s u l t s , the 

t i t r a t i o n data of NaCl(A) and KC1(B) 1 0 " 3 mol.dm - 3 w i t h 2.5 x 
-2 -3 

10 mol.dm l i g a n d are shown i n F i g . 2. 

0 1:1 2:1 
F i g . 2. T i t r a t i o n of NaCl(A) and KC1(B) 10 3 mol.dm 3 

-5 -3 
s o l u t i o n s w i t h 2.5 x 10 mol.dm BME 15 s o l u t i o n 
i n chloroform/methanol 1:4. 
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S t a b i l i t y c o n s t a n t v a l u e s were e v a l u a t e d on the assumption 

of the for m a t i o n of m e t a l - l i g a n d complexes of 1:1 s t o i c h i o m e t r y 

( 5 ) . Thus i t i s 

M + L ML 
(BME-15) (BME-15-M) 

wit h the corre s p o n d i n g s t a b i l i t y c o n s t a n t 

= [ML] 
I M | | L | 

| L | i s the f r e e l i g a n d c o n c e n t r a t i o n 
where | M | i s the f r e e metal c o n c e n t r a t i o n 

| M L | i s the complex c o n c e n t r a t i o n 

Since the metal and the l i g a n d c o n c e n t r a t i o n i n the 

complex i s 

| M L | = C M - | M | 

w h i l e the f r e e l i g a n d c o n c e n t r a t i o n i s 

|L| = C L - ( C M - |M|) 

Then i t i s 

C M - iMl K = M-
|M| ( C L - C M + |M|) 

The f r e e metal c o n c e n t r a t i o n was c a l c u l a t e d from the AE 

values r e p o r t e d to t h a t of the l i g a n d f r e e s o l u t i o n 
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TABLE 1 - S t a b i l i t y c o n s t a n t v a l u e s o f BME 15 - K complex 

T o t a l c o n c e n t r a t i o n 

1 mol.dm ^| 
AV|mV| | K + | K ' 

M e t a l (K) L i g a n d 

AV|mV| | K + | K ' 

9.52 x 1 0 ~ 4  

9.48 x H T 4  

9.43 x 1 0 - 4 

1.17 x I C f 3  

1.28 x I C f 3  

1.39 x 1 0 ~ 3 

66.8 

67 

67 

1.84 x 1 ( T 5  

1.82 x 1 0 " 5  

1.80 x 10~ 5 

2.16 x 1 0 5  

1.46 x 1 0 5  

1.10 x 1 0 5 

Average 1.57 x 1 0 5 

TABLE 2 - S t a b i l i t y c o n s t a n t v a l u e s o f BME 15 - Na complex 

T o t a l c o n c e n t r a t i o n 

1 mol.dm ^| 

AV|mV| |Na + | K* 

Meta l (Na ) L i g a n d 

AV|mV| |Na + | K* 

9.52 x 1CT 4  

9.48 x 1 0 ~ 4  

9.43 x 1 0 ~ 4 

1.17 x ICf" 3  

1.28 x 1 0 ~ 3  

1.39 x I C f 3 

5.7 

5.9 

7.4 

7.30 x 1 0 ~ 4  

7.20 x 1 0 ~ 4  

6.68 x 1 0 - 4 

3.21 x 1 0 2  

3.01 x 1 0 2  

3.69 x 1 0 2 

Average 3.30 x 1 0 2 

The r a t i o of the s t a b i l i t y c o n s t a n t s of the sodium and 

potassium complexes were i n agreement w i t h p r e v i o u s l y 

determined s e l e c t i v i t y c o e f f i c i e n t s ( 4 ) , kl 0»' = wî!r 
v K,Na K(K) 
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