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Summary: The e l e c t r o c h e m i c a l behaviour and complexation p r o p e r t i e s of s y n t h e t i c 
m a c r o c y c l i c crown e t h e r s with s i x and seven oxygen donor atoms i n the macroring. and 
at t a c h e d to an anthraquinone u n i t towards the a l k a l i n e - e a r t h c a t i o n s , Mg 2 + and B a 2 + , are 
examined by c y c l i c voltammetry. The r e s u l t s i n d i c a t e d i f f e r e n t c a t i o n b i n d i n g 
enhancements w i t h these e l e c t r o c h e m i c a l l y switched systems. The l a r g e r c a t i o n s i z e and 
l a r g e r number of macroring donor atoms fa v o u r a s t r o n g e r i n t e r a c t i o n between the c a t i o n s 
and the reduced l i g a n d s . 

C r o w n e t h e r s f o r m an i m p o r t a n t g r o u p of s y n t h e t i c m a c r o c y c l i c 

p o l y e t h e r s w h i c h h a v e been s u b j e c t of a wide s t u d y as c o m p l e x i n g 

a g e n t s t o w a r d s s e v e r a l i o n i c s p e c i e s . These i o n o p h o r i c c ompounds c a n 

for m complexes w i t h h i g h s t a b i l i t y a n d show s e l e c t i v e r e c o g n i t i o n f o r 

s p e c i f i c metal c a t i o n s . 1 - 2 These p r o p e r t i e s c a n be a l t e r e d b y the 

p r e s e n c e of e l e c t r o a c t i v e g r o u p s a t t a c h e d to the c r o w n e t h e r s y s t e m s i f 

t h e y a r e a p p r o p r i a t e l y s i t u a t e d to i n t e r a c t w i t h t h e c a t i o n s . The 

b i n d i n g s t r e n g t h a n d c a t i o n i c s e l e c t i v i t y g i v e n b y th e s e i o n o p h o r e s c a n 

be m o d i f i e d a n d c o n t r o l l e d b y e l e c t r o c h e m i c a l p r o c e s s e s r e l a t i v e l y to 

the p r o p e r t i e s s h o w n b y the h o s t s i n t h e i r n e u t r a l f o r m . 3 ' 4 

I n t h i s w o r k we r e p o r t some r e s u l t s of a s t u d y on the 

e l e c t r o c h e m i c a l c h a r a c t e r i s t i c s a n d complexation b e h a v i o u r of r e c e p t o r 

molecules (L) w i t h s i x a n d s e v e n o x y g e n d o n o r atoms i n the m a c r o r i n g 

t o g e t h e r w i t h a n a n t h r a q u i n o n e moiety (scheme I) t o w a r d s t h e a l k a l i n e -

e a r t h metal c a t i o n s M g 2 + a n d B a 2 + . The s t u d y was c a r r i e d o u t i n 0.1 M 

t e t r a b u t y l a m m o n i u m p e r c h l o r a t e + a c e t o n i t r i l e , u s i n g c o n v e n t i o n a l c y c l i c 

v o l t a m m e t r y . E x p e r i m e n t a l d e t a i l s a r e as p r e v i o u s l y d e s c r i b e d . 4 

The r e s u l t s o b t a i n e d f r o m t h e c y c l i c voltammograms (CVs) i n the 

abs e n c e a n d p r e s e n c e of metal c a t i o n s f o r v a r i o u s l i g a n d - t o - c a t i o n r a t i o 
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scheme 

a r e s u m m a r i z e d i n T a b l e 1. The e l e c t r o c h e m i c a l r e d u c t i o n of t he h o s t 

molecules A a n d B p r o v i d e d CVs e x h i b i t i n g two s u c c e s s i v e one e l e c t r o n 

r e d u c t i o n s as a r e s u l t of the f o r m a t i o n of a n i o n r a d i c a l s L — * - L — (E°j) 

and d i a n i o n s L — —*~ L 2 - ( E ° 2 M The a d d i t i o n of M g ( C 1 0 4 ) 2 a n d B a ( C 1 0 4 ) 2 

to t h e s o l u t i o n s of c r o w n e t h e r s A a n d B s h i f t e d t h e e l e c t r o c h e m i c a l 

r e s p o n s e to a more p o s i t i v e p o t e n t i a l r a n g e t h a n t h a t c o r r e s p o n d i n g to 

the u n c o m p l e x e d l i g a n d s . The new re d o x waves were a t t r i b u t e d to t h e 

r e d u c e d complexed l i g a n d s , M 2 + L —«~M 2+L - ( E 0 ^ ) a n d M 2 + L •- — M 2 + L 2 -

(E°'2). The f o r m a l p o t e n t i a l s h i f t s f o r more p o s i t i v e v a l u e s r e f l e c t a 

s t r o n g e r b i n d i n g s t r e n g t h of the c a t i o n s to t h e e l e c t r o c h e m i c a l l y 

r e d u c e d l i g a n d s t h a n to t h e i r u n r e d u c e d forms. These s h i f t s , A E ° 1 

a n d A E ° 2, s h o u l d be t a k e n as a q u a n t i t a t i v e estimate of the e f f e c t i v e 

i n c r e a s e of t h e c a t i o n b i n d i n g on the s p e c i e s formed. 5 

The c a t i o n s i n t e r a c t w i t h the n e u t r a l l i g a n d s t h r o u g h the m a c r o r i n g 

o x y g e n atoms b y e l e c t r o s t a t i c f o r c e s of the i o n - d i p o l e t y p e . The 

e l e c t r o c h e m i c a l r e d u c t i o n of t he l i g a n d s p r o d u c i n g a n i o n r a d i c a l s , 

s h o u l d i n d u c e an a d d i t i o n a l i n t r a m o l e c u l a r c h a r g e - c h a r g e i n t e r a c t i o n 

between t h e mo n o r e d u c e d e l e c t r o n i c a c c e p t o r g r o u p b e l o n g i n g to t he 

m a c r o r i n g a n d the m a c r o r i n g b o u n d c a t i o n . The e l e c t r o n i c c h a r g e 

d e n s i t y of th e a n i o n r a d i c a l s b e i n g a p p r o p r i a t e l y s i t u a t e d w i t h i n t h e 

m a c r o r i n g w i l l c o n t r i b u t e to a more e f f e c t i v e i n t e r a c t i o n w i t h the 

m a c r o r i n g b o u n d c a t i o n s . The e l e c t r o c h e m i c a l f o r m a t i o n of the d i a n i o n s 

does not i n d u c e s u c h s t r o n g b i n d i n g enhancements as i s s hown b y the 
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Table 1. E l e c t r o c h e m i c a l data f o r the f r e e and complexed l i g a n d s A and B with Mg 2 + and 
B a 2 + c a t i o n s . a , b , c 

Compound M 2 + -E°j/V d -E° 2/V d -E°'1/V d -E°' 2/V d AE°j/V e A E ° 2 / V e 

A - 1.24 1.76 
Mg 2 t 1.23 - f 1.06« 1.68 0.17" 0.08 
B a 2 + 1.22 - 0.92 1.64 0.32 0.12 

B - 1.36 1.82 
Mg 2 + 1.35 1.80 1.08 - 0.28 
B a 2 + 1.40 1.88 0.95 1.74« 0.41 0.14 h 

a p o t e n t i a l s a r e r e p o r t e d vs. Ag/0.01 M A g + i n a c e t o n i t r i l e ; b v a l u e s recorded were 
o b t a i n e d from L/M 2 + = l / l ; c scan r a t e = 100 mV s - 1 ^ E° l and E ° 2 a r e the formal 
p o t e n t i a l s o f the uncomplexed l i g a n d s , E ° ' ^ and E ° ' 2 are the formal p o t e n t i a l s of the 
complexed l i g a n d s ; they were estimated from the c a t h o d i c and an o d i c peak p o t e n t i a l s E r e d 

and E o x as ( E r e d + E o x ) / 2 ; e A E ° j = E 0 ^ - E ^ and A E ° 2 = E ° ' 2 - E° 2 ; f I -) no redox 
couple was observed;** a r e d u c t i o n peak and not a redox couple was o b s e r v e d ; 0 ae" v a l u e s 
were deduced from the r e d u c t i o n p o t e n t i a l s of the complexed and f r e e l i g a n d s . 

s m a l l e r v a l u e s of the p a r a m e t e r A E ° 2 compared to A E ^ c o r r e s p o n d i n g 

to the monoanion f o r m a t i o n . The c a r b o n y l g r o u p w h i c h does not b e l o n g 

to t h e m a c r o c y c l i c r i n g , i s i n a p o s i t i o n p h y s i c a l l y i n c a p a b l e of 

i n t e r a c t i n g d i r e c t l y a n d s t r o n g l y w i t h the m a c r o r i n g b o u n d c a t i o n . A t 

the same time, i t s n e g a t i v e e l e c t r i c c h a r g e s h o u l d i n f l u e n c e t h e 

a s s o c i a t i o n w i t h t h e c a t i o n a n d t h e r e f o r e t h e b i n d i n g e nhancement i s 

sm a l l e r t h a n w i t h t h e a n i o n r a d i c a l . 

B e s i d e s t h i s g e n e r i c b e h a v i o u r , t h e d a t a i n d i c a t e t h a t M g 2 + a n d 

B a 2 + h a v e d i f f e r e n t l e v e l s of com p l e x a t i o n a n d a f f i n i t y w i t h t h e r e d u c e d 

l i g a n d s . The r e l a t i v e s i z e of t he m a c r o r i n g c a v i t y to c a t i o n a n d t h e 

s t r u c t u r a l f l e x i b i l i t y of the c r o w n e t h e r s u b u n i t of the l i g a n d w i l l p l a y 

a r e l e v a n t r o l e i n t he i n t e r a c t i o n s t r e n g t h a n d i n the c o m p l e x i n g 

c h a r a c t e r i s t i c s . 6 The m a c r o r i n g of the h o s t s i s s u f f i c i e n t l y f l e x i b l e to 

ad o p t a more f a v o u r a b l e s t r u c t u r a l o r g a n i z a t i o n i n i t s c o o r d i n a t i o n to 

the c a t i o n , t h a t f a v o u r s the c o n t a c t between t h e two s p e c i e s a n d 

c o n s e q u e n t l y c o n t r i b u t e s f o r an enhancement of the c o o r d i n a t i o n 

s t r e n g t h . T he di m e n s i o n s of the Mg 2* a n d B a 2 f c a t i o n s allows b o t h of 

them to e n t e r a n d to be h e l d b o u n d i n s i d e the c a v i t y of t he n e u t r a l 

m a c r o r i n g . 7 I n s p i t e of i t s s t r o n g e r e l e c t r i c f i e l d , M g 2 + f i t s l e s s w e l l 
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i n t o t h e c a v i t y of t h e n e u t r a l m a c r o c y c l i c p o l y e t h e r s o w i n g to i t s 

sm a l l e r s i z e a n d t h e r e f o r e t h e c o n t a c t among t he d o n o r o x y g e n atoms of 

the m a c r o r i n g a n d M g 2 + i s not so f a v o u r e d as i n the case of B a 2 + 

c a t i o n . M g 2 + has more d i f f i c u l t y to o r g a n i z e t h e a v a i l a b l e m a c r o r i n g 

d o n o r atoms a r o u n d i t s e l f a f t e r e l e c t r o c h e m i c a l r e d u c t i o n a n d t h u s 

i n d u c i n g s m a l l e r b i n d i n g i n c r e a s e s , A E ° r The b i n d i n g of B a 2 + i s l a r g e r 

w hen t he l i g a n d s a r e r e d u c e d b e c a u s e i t s l a r g e r s i z e f i t s b e t t e r to the 

m a c r o r i n g c a v i t y a n d i n d u c e s a l a r g e r c a t i o n e n h a n c e m e n t s as i s shown 

b y t h e l a r g e r A E° 1. 

The c o m p o u n d B w i t h s e v e n o x y g e n atoms i n t h e m a c r o r i n g a n d a 

l a r g e r c a v i t y shows s i m i l a r v o l t a m m e t r i c b e h a v i o u r to compound A, 

meanwhile t h e b i n d i n g a f f i n i t i e s of t he r e d u c e d compound B a r e 

d i f f e r e n t f r o m t h e a f f i n i t i e s of t he r e d u c e d compound A. The o r d e r of 

b i n d i n g i n c r e a s e of t h e c a t i o n s i s r e t a i n e d a n d the l a r g e r e n h a n c e m e n t s 

f o r t h e r e d u c e d c ompound B may r e f l e c t t h e i n f l u e n c e of the l a r g e r 

n u m b e r of b i n d i n g s i t e s i n t he c r o w n e t h e r m a c r o r i n g . 

The r e s u l t s o b t a i n e d s u g g e s t t h a t the l i g a n d s A a n d B i n the 

r e d u c e d f o r m a r e more e f f e c t i v e c o m p l e x i n g a g e n t s t o w a r d s t h e 

a l k a l i n e - e a r t h metal i o n s M g 2 + a n d B a 2 + t h a n t h e i r n e u t r a l forms. 

M o r e o v e r , t h e l a r g e r c a t i o n s i z e f a v o u r s the l a r g e r i n c r e a s e i n i t s 

i n t e r a c t i o n w i t h t h e r e d u c e d l i g a n d s . 
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Summary 

The electrooxidation of methanol and iso-propanol has been examinated on 

Au(100) and compared with the electrooxidation on non-modified and modified glassy 

carbon electrodes. The studies with Au(100) have pointed out the role of the OH" layer 

formation for the begining of the electrooxidation of alcohols in alkaline solution (1,2) on 

noble metals. The small différencies in the structure of alcohol (CH3OH and iso-

propanol) cause the big différencies in an electrochemical behaviour on noble 

electrochemical surfaces. The ussualy prepared G C electrode (3) is not active for the 

electrooxidation of alcohols at all and modified, Ag /GC electrode shows the different way 

of the adsorption-desorption processes of both alcohols connected with the 

electrochemical activity only deeply in the oxide region (5). The compâration with the 

electrooxidation of CH2O on noble (4) and non-noble electrodes (5) indicates that the 

most simple molecule with the aldehyde group exhibits the unexpected electrocatalytic 

behaviour at A g - G C surfaces in the region of the potential before the oxide formation. 

That means the general conclussion is not possible to make; each molecul requires a 

speciall explanation of the electrocatalytic phenomena. 

The experimental part has been described in (2), (3) and (4). 

In Fig. 1 is presented the electrooxidation of 0.01 M CH3OH and 0.01 M iso-

propanol on Au(100) at different values of the sweep rate. 

It is obvious that sweep rate = 50 mV/sec is too fast for the exhibition of any 

electrocatalytical process in a case of both alcohols. With sweep rate = 5 mV/sec and 0.5 

mV/sec the expected shape of the voltammograms are obtained in a case of iso-propanol, 

very similar to those, obtained with glycerol at Au(100)(2). The incipient potential of the 

reaction corresponds to the potential of A u O H formation on Au(100). 

CH3OH remains unactive at sweep = 5 mV/sec and even at sweep rate = 0.5 

mV/sec there is no signs of any significant oxidation processes. It can be said that only 

adsorption-desorption processes of CH3OH occure at Au(100) under the experimental 
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