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The a - d i c a r b o n y l compounds are g e n e r a l l y hyd ra t ed i n aqueous 

s o l u t i o n , i t s degree o f h y d r a t i o n depending on the n a t u r e o f the groups 

ad jacent to the d i c a r b o n y l arrangement. P ro ton-donors are u s u a l l y i n v o l v e d i n 

the e l e c t r o r e d u c t i o n processes o f these compounds on mercury e l e c t r o d e s [1] . 

The two p o l a r o g r a p h i c waves observed i n most cases , are due to the r e d u c t i o n 

o f bo th the f r e e and the monohydrated forms: 

0 0 OH 0 OH OH. 
•II ll I II I I 

R - C - C - R' = = : R - C - C - R' ===== R - C - C - R' 
I I I 
OH OH OH 

2e F i r s t wave 2e Second wave 

The r e d u c t i o n o f t h i s l a s t s p e c i e s occurs a t more n e g a t i v e p o t e n t i a l s 

than t h a t o f the f i r s t one, and i n most cases i s o ve r l apped w i t h the 

d i s c h a r g e o f the s u p p o r t i n g e l e c t r o l y t e . 

The g ene ra l mechanism of these r e d u c t i o n p rocesses can be d e s c r i b e d 

as ECE or CECE, where the r a t e - d e t e r m i n i n g s t ep a t the p o t e n t i a l s c o r r e 

sponding to the r i s i n g p o r t i o n o f the wave i s a p r o t o n a t i o n r e a c t i o n 

i n v o l v i n g any pro ton-donor present i n the s o l u t i o n , i n c l u d i n g the H 3 0 + i on . 

T h i s communicat ion d ea l s w i t h the e f f e c t o f the na ture and 

c o n c e n t r a t i o n o f p ro ton -donors on 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 o f 3 , 4 -

hexanedione ( I ) , from which no r e f e r ences have been found In the l i t e r a t u r e . 

I shows i n dc po la rography a r e d u c t i o n wave below pH 6 and above pH 

8, whereas i n the pH range 6-8 the polarograms show two ve ry c l o s e waves. In 

the same zone o f pH the w id th o f the DP polarograms i s g r e a t e r than those 

ob t a in ed a t pH<6 and pH>8. The l i m i t i n g c u r r e n t of t h i s wave i s pH-dependent, 

as found f o r o the r a - d i c a r b o n y l compounds [2], showing the a c i d - b a s e 

c a t a l y s i s o f the p r e c e d i n g d ehyd ra t i on r e a c t i o n . 

The ha l f -wave p o t e n t i a l o f t h i s wave i s dependent on bo th the na ture 

and the c o n c e n t r a t i o n o f the p ro ton-donors used as background e l e c t r o l y t e . 
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Buf f e r ed s o l u t i o n s o f c i t r i c , a c e t i c + phosphor i c , n i c o t i n i c and m a l i c a c i d s 

were used as s u p p o r t i n g e l e c t r o l y t e s . In a l l cases the E s h i f t e d towards 

nega t i v e v a lu e s when the pH i n c r e a s e s , but the shape o f t h i s v a r i a t i o n (and 

the va lue o f the E i t s e l f ) depends on the s u p p o r t i n g e l e c t r o l y t e used. The 

v a r i a t i o n s approach r ough l y to -60 mV/decade, i n d i c a t i n g tha t one H + i o n i s 

i n v o l v e d i n the p rocess , be fore or i n the r a t e - d e t e r m i n i n g s t ep . 

L o g a r i t h m i c ana l y ses o f the wave, made i n the form o f E vs . 

l o g [ i / ( i L - i ) ] p l o t s , were l i n e a r at pH<6 and pH>8, hav ing s l o p e s c l o s e to -65 

and -40 mV/decade, r e s p e c t i v e l y . The above va lues were a l s o ob t a in ed from the 

DP po larograms, wh ich were symmet r i ca l . Moreover, the expe r imen ta l DP 

polarograms f i t a c c e p t a b l y the equa t i on co r r espond ing to f i r s t - o r d e r 

processes [3 ] . The l o g a r i t h m i c ana l yses show s t r o n g d e v i a t i o n s from l i n e a r i t y 

i n the pH range 6-8. 

From the above da ta i t can be i n f e r r e d tha t below pH 6 the r a t e -

de t e rm in ing s t ep must be a chemica l r e a c t i o n p l a c e d between the two one-

e l e c t r o n t r a n s f e r s . The T a f e l s l opes ( c l ose to -60 mV/decade) t oge ther the 

r e a c t i o n o rder w i t h r e spec t to I c o n c e n t r a t i o n ( c l o s e to the u n i t y ) support 

t h i s c o n c l u s i o n . 

The i n f l u e n c e o f the c o n c e n t r a t i o n o f p ro ton-donors on the r e d u c t i o n 

process has been i n v e s t i g a t e d . At cons tant pH and i o n i c s t r e n g t h the l i m i t i n g 

c u r r e n t of the wave remains unchanged when the c o n c e n t r a t i o n o f p ro ton-donor 

i s i n c r e a s e d , i n d i c a t i n g t h a t i t s i n f l u e n c e on the r a t e o f the d e h y d r a t i o n 

r e a c t i o n i s low. On the c o n t r a r y , the ha l f -wave p o t e n t i a l s were s h i f t e d to 

l e s s nega t i v e v a l u e s , a s i s shown i n f i g u r e 1, i n d i c a t i n g tha t the p r o t o n -

donors are i n v o l v e d i n the r e d u c t i o n p rocess . The r e a c t i o n o r d e r s w i t h 

r espec t to the pro ton-donors va ry from zero , a t low va lue s o f c o n c e n t r a t i o n 

o f p r o t on donors , to the u n i t y , a t h i g h va lues o f c o n c e n t r a t i o n . Moreover, 

the p l o t s o f c u r r e n t v s . pro ton-donor c o n c e n t r a t i o n a t p o t e n t i a l s c o r r e 

sponding to the f oo t o f the wave, were l i n e a r w i t h p o s i t i v e i n t e r c e p t s 

( f i gu r e 2 ) . 

Based upon the abovementioned r e s u l t s , i t can be conc luded tha t the 

rds of the process must be a p r o t o n a t i o n r e a c t i o n hav ing a r a t e cons tan t as 

f o l l o w s [1]: 

k = k + k c + E k c (1) 
0 H H HT HT 

1 1 
where k , k and k are the r a t e cons tan t s co r r espond ing to the p r o t o n a t i o n 
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by water , H Ion and proton-donor " i " , r e s p e c t i v e l y . 

F i g u r e 1. V a r i a t i o n o f 
the ha l f -wave p o t e n t i a l 
w i t h the l o g a r i t h m o f the 
c o n c e n t r a t i o n o f p r o t o n -
donor. 

° pH-2.12 

[HT] 

pH-4.70 pH-7.10 

At p o t e n t i a l s c o r r e spond ing to the foo t o f the P o l a r o g r a p h i e wave, 

the c a t h o d i c c u r r e n t can be expressed as : 

i= 2FKK' (k + k c + Ek c )c c exp(-FE/RT) (2) 
0 H H HT HT I H ^ 

i i 

where K accounts f o r the e q u i l i b r i u m cons tan t s of bo th the r e a c t i o n s 

p r e c ed ing the rds and the d i s s o c i a t i o n of the pro ton-donors i n s o l u t i o n , 
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K' accounts f o r the p o t e n t i a l of the r e f e rence e l e c t r o d e , and i s the 

c o n c e n t r a t i o n of I. 

From the above equa t i on i t can be e a s i l y shown tha t the r e s u l t s 

ob ta ined a t the f oo t of the wave agree w i t h the t h e o r e t i c a l p r e d i c t i o n s . In 

the same way are e x p l a i n e d the l o g a r i t h m i c ana l yses and the v a r i a t i o n o f the 

ha l f -wave p o t e n t i a l w i t h bo th the pH and the c o n c e n t r a t i o n o f p ro ton -donor . 

Above pH 8 the p o l a r o g r a p h i c and k i n e t i c parameters show tha t the 

r e d u c t i o n p rocess i s i r r e v e r s i b l e , be ing the rds the second o n e - e l e c t r o n 

t r a n s f e r . The r e a c t i o n o rde rs w i t h r espec t to I and to the H + i o n were 1 and 

zero , r e s p e c t i v e l y . In the pH range 6-8, bo th the l o g a r i t h m i c ana l y s e s and 

the shape o f the v a r i a t i o n o f the h a l f - w i d t h o f DP po larograms w i t h the pH 

i n d i c a t e the occur rence o f the r e d u c t i o n o f two s p e c i e s a t v e ry c l o s e 

p o t e n t i a l s , and r e l a t e d by a p r o t o n a t i o n e q u i l i b r i u m . S i n c e the r e d u c t i o n 

p o t e n t i a l o f the monohydrated spec i e s i s much more nega t i v e , we can conc lude 

tha t above pH 8 the e l e c t r o a c t i v e spec i e s i s the unprotonated form o f I. 

In t h i s case, the i - E r e l a t i o n s h i p at p o t e n t i a l s c o r r e spond ing to 

the f oo t of the wave reads : 

i= 2FKK' C exp[-(l+/3)FE/RT] (3) 

and the p ro ton-donors a re not i n v o l v e d i n the p rocess , as i s e x p e r i m e n t a l l y 

found. 
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INTRODUCTION 

W i t h i n our interest on the e lec t rochemica l inves t iga t ion of the 

electron-donor/acceptor properties of isocyanide l igands C = N R (R=H, a lky l , 

ary l or f e r roceny l - funct iona l i zed species) [1], we now report the anodic 

b e h a v i o u r o f the f o l l o w i n g c o m p l e x e s p r e s e n t i n g p h o s p h o n i u m -

func t i ona l i z ed i socyan ides , w h i c h , to our knowledge , prov ides the f irst 

example o f an electrochemical study of coordinat ion compounds wi th such a 

type of l igands: 

C H 2 P R 3 

[ ( C O ) 5 M - C s N 

[M=Cr; R 3 = M e 3 (JJ or P h 2 B z (2). M=Mo ; R 3 = P h 2 B z (1) or P h 3 (4). 

M=W; R 3 = P h 2 B z (5) or P h 3 (£ ) ] . 
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