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F i g . 4 - C o m p l e x p l a n e p l o t s 

a ) m o d u l a t e d n o r m a l i z e d t r a n s m i t t a n c e 

b ) c o m p l e x c a p a c i t a n c e 
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ABSTRACT 

The a n o d i c b e h a v i o u r o f an h y d r i d e - i s o c y a n i d e i r o n ( I I ) 
c o m p l e x , [ F e H ( C N M e ) ( d p p e ) 2 J [ B F 4 ] , was i n v e s t i g a t e d u s i n g a 
d i g i t a l s i m u l a t i o n computer program a p p l i e d t o 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 s . The p r o p o s e d mechanism i s o f an 
ECECE t y p e , and t h e homogeneous r a t e c o n s t a n t s were e v a l u a ­
t e d . 

RESULTS and DISCUSSION 

The a n o d i c o x i d a t i o n o f t h e i r o n ( I I ) complex 
[ F e H ( C N M e ) ( d p p e ) 2 ] [ B F 4 ] (dppe = P h 2 P C H 2 C H 2 P P h 2 ) was s t u d i e d 
by c y c l i c v o l t a m m e t r y , a t a p l a t i n u m e l e c t r o d e , i n a 0.2M 
[ B u 4 N ] [ B F 4 ] / T H F e l e c t r o l y t e s o l u t i o n , and by c o n t r o l l e d 
p o t e n t i a l e l e c t r o l y s i s a t a p l a t i n u m gauze i n t h e same 
e l e c t r o l y t e s o l u t i o n , as d e s c r i b e d p r e v i o u s l y [ 1 ] . 

The c y c l i c voltammogram shows two a n o d i c waves. The 
c u r r e n t f u n c t i o n f o r t h e f i r s t wave i n c r e a s e s f o r l o w e r s c a n 
r a t e s , whereas t h e s e c o n d wave d i s a p p e a r s a t h i g h s c a n 
r a t e s . 

The number o f e l e c t r o n s i n v o l v e d , as d e t e r m i n e d by c.p.e., 
a r e two f o r t h e f i r s t wave and one f o r t h e s e c o n d wave. 

The p r o d u c t o b t a i n e d by c o n t r o l l e d p o t e n t i a l e l e c t r o l y s i s 
a t t h e f i r s t wave was i s o l a t e d f r o m t h e e l e c t r o l y t e s o l u t i o n 
and i d e n t i f i e d as t h e f l u o r o - i s o c y a n i d e complex o f i r o n ( I I ) 
[ F e F ( C N M e ) ( d p p e ) 2 ] [ B F 4 ] ; i t s c y c l i c voltammogram shows a 
s i n g l e - e l e c t r o n r e v e r s i b l e o x i d a t i o n wave a t ^^/2 c o i n c i d e n t 
w i t h t h a t o f t h e above m e n t i o n e d s e c o n d wave. 

Through t h e a n a l y s i s o f t h e s e r e s u l t s and c o m p a r i s o n w i t h 
p u b l i s h e d d a t a [ 2 ] , we have p r o p o s e d t h e ECECE mechanism f o r 
t h e a n o d i c b e h a v i o u r o f t h a t complex i n d i c a t e d i n t h e 
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scheme, where t h e f l u o r i d e i o n was o r i g i n a t e d f r o m BF^ . 

I I + - e I I I 2 + k I + - e I I 2 + 

[FeH(CNMe)] <—> [FeH(CNMe)] - 4 [Fe(CNMe)] ^ [Fe(CNMe)] 
- B 

k I I + - e I I I 2+ 

- 4 [FeF(CNMe)] —> [FeF(CNMe)] 
+ F 

Scheme - P o s t u l a t e d mechanism f o r t h e a n o d i c o x i d a t i o n o f 
[FeH(CNMe) ] [BF ] ; [Fe] s t a n d s f o r t r a n s - F e (dppe) 2 

A] - SIMULATION PROGRAM: 
I n o r d e r t o i n v e s t i g a t e t h i s p o s t u l a t e d mechanism we have 

d e v e l o p e d a s i m u l a t i o n program w h i c h was w r i t t e n i n Turbo 
P a s c a l ( f r o m B o r l a n d I n t e r n a t i o n a l ) and r u n on an IBM PS/2 
50 e q u i p p e d w i t h a math c o p r o c e s s o r ( f r o m I n t e l 80287-10) t o 
s peed up t h e c a l c u l a t i o n t i m e . 

The "BOX METHOD" [3] was a p p l i e d t o s o l v e t h e p a r t i a l 
d i f f e r e n t i a l e q u a t i o n s t h a t d e s c r i b e t h e mechanism. 

Twenty boxes have been c o n s i d e r e d i n o u r c a l c u l a t i o n s , a 
number t h a t i s c o n s i d e r a b l y s m a l l ; n e v e r t h e l e s s , t h e r e s u l t s 
a r e i n good agreement w i t h e x p e r i m e n t a l c y c l i c v o l t a m m e t r y , 
b o t h a t h i g h and low s c a n r a t e s . 

-3 
We have u s e d a box t h i c k n e s s o f 10 cm, w h i c h gave a 

d i f f u s i o n l a y e r t h i c k n e s s o f 0.2 mm. 
The method u s e d t o i n t e g r a t e t h e s e d i f f e r e n t i a l e q u a t i o n s 

was t h e 4 t h o r d e r RUNGE KUTTA method. 

B] - THE INFLUENCE OF THE HOMOGENEOUS RATE CONSTANTS: 
We have s t u d i e d t h e i n f l u e n c e o f t h e homogeneous r a t e 

c o n s t a n t s , a t c o n s t a n t v a l u e s o f a l l t h e o t h e r i n v o l v e d 
p a r a m e t e r s . By i n c r e a s i n g t h e s e c o n d homogeneous r a t e 
c o n s t a n t (k„) ( f i g . l ) , an i n c r e a s e i n t h e f l u o r i d e complex 

nd 
c o n c e n t r a t i o n r e s u l t s , as e x p e c t e d , and t h e 2 wave becomes 
b e t t e r d e f i n e d . T h e r e i s a l s o a s m a l l i n c r e a s e i n t h e peak 

s t 
c u r r e n t f o r t h e 1 wave w h i c h becomes more i m p o r t a n t f o r 
h i g h e r v a l u e s o f t h e f i r s t homogeneous r a t e c o n s t a n t . 
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Upon i n c r e a s i n g t h e f i r s t homogeneous r a t e c o n s t a n t ( k 1 ) , 
f o r a c o n s t a n t v a l u e o f k 2 , an enhancement o f t h e f i r s t wave 
i n t e n s i t y i s o b s e r v e d i n agreement w i t h t h e f o r m a t i o n o f a 
g r e a t e r amount o f i r o n ( I ) complex w h i c h i s t h e n o x i d i z e d a t 
t h i s p o t e n t i a l . M o r e o v e r , t h e amount o f f l u o r i d e complex 
fo r m e d i n c r e a s e s w i t h k 1 , t h e r e f o r e l e a d i n g t o a c o n c o m i t a n t 
i n c r e a s e o f t h e peak c u r r e n t f o r t h e s e c o n d wave. 
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Figure 1 - I n f l u e n c e o f t h e s e c o n d homogeneous r a t e 
c o n s t a n t on t h e s i m u l a t e d voltammograms f o r an ECECE 
mechanism, e v a l u a t e d a t 200 mv/s. k 1 = 5 s _ 1 , k 2 v a r i e d f r o m 
0 t o i n f i n i t y . The h e t e r o g e n e o u s r a t e c o n s t a n t s were a l l 

_ i 

made e q u a l t o 0.01 cm.s and t h e a p a r a m e t e r s were 
c o n s i d e r e d t o be 0.5 f o r a l l t h e e l e c t r o d e r e a c t i o n s . 
C u r r e n t i n an a r b i t r a r y u n i t . 

C o m p a r i s o n between t h e s i m u l a t e d and e x p e r i m e n t a l d a t a 
-1 

i n d i c a t e d t h a t t h e b e s t f i t was o b t a i n e d f o r 1/l = 1.5 s 
and k as i n f i n i t y ( s e e f i g . 2 ) . 
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Figure 2 - C o m p a r i s o n b e t w e e n t h e e x p e r i m e n t a l d a t a (•) 
- 1 

a n d a s i m u l a t e d v o l t a m m o g r a m w i t h = 1 . 5 s a n d k 2 a s 

i n f i n i t y . 

A l t h o u g h t h e g e n e r a l a g r e e m e n t b e t w e e n t h e e x p e r i m e n t a l 

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

s t i l l s o m e d i s c r e p a n c i e s , n a m e l y i n v o l v i n g t h e c a t h o d i c p e a k 

c u r r e n t f o r t h e f l u o r i d e c o m p l e x . T h i s c o n c e i v a b l y c a n b e 

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

u n d e r i n v e s t i g a t i o n . 
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T h e la rge m o l e c u l e s y n t h e s i s i s t o t a l l y d e p e n d e n t o n the 

use a n d r e m o v a l o f p ro t e c t ing g r o u p s f r om a m i n e a n d c a r b o x y l i c a c i d 

g r oups a n d a lso some t imes f rom a l coho l s a n d th i o l s [1]. 

E l e c t r o c h e m i c a l m e t h o d s are k n o w n t oday to be c o n v e n i e n t 

a l t e r n a t i v e s to d e p r o t e c t m o l e c u l e s , b e c a u s e t h e c o n t r o l o f the 

p o t e n t i a l p e r m i t s the se l ec t i v i t y be tween di f ferent p r o t e c t i n g g r o u p s 

or even be tween the s a m e g r o u p at d i f ferent s i t es i n the m o l e c u l e . 

T h u s , we have b e e n c o n c e r n e d w i t h the s t u d y o f e l ec t roc l eavage o f 

some g r o u p s of in t e res t for p ro t e c t i on d u r i n g the s y n t h e s i s [2-5]. 

T h e b e n z y l o x y c a r b o n y l g r o u p is the m o s t w i d e l y u s e d g r o u p 

i n p e p t i d e s y n t h e s i s a n d i t i s k n o w n t h a t t h e r e d u c t i o n o f 

b e n z y l o x y c a r b o n y l de r i va t i v e s o f s i m p l e s a m i n e s , a m i n o a c i d s a n d 

p e p t i d e s a t v i t r e o u s c a r b o n e l e c t rodes i n N , N - d i m e t h y l f o r m a m i d e 

(DMF) o n l y o c c u r s a t ve ry negat ive po t en t i a l s , a p p r o x i m a t e l y - 2 .8 V 

vs S C E . 

T h i s e l e c t r o c h e m i c a l p r o c e d u r e , h o w e v e r , h a s s o m e 

e xpe r imen ta l d i f f i cu l t i es d u e to the ve ry negat ive po t en t i a l s . 

F o r t h i s r e a s o n , a t t e m p t s were m a d e to d e s i g n s u b s t i t u t e d 

b e n z y l o x y c a r b o n y l g r o u p s whe re the ro le of the s u b s t i t u e n t i s to sh i f t 

the r e d u c t i o n po t en t i a l to m u c h less negat ive va lues . 

In t h i s pape r we p resen t the r e s u l t s ob t a ined i n the s t u d y of 

t h e c a t h o d i c c l e a v a g e o f 4 - c h l o r o b e n z y l o x y c a r b o n y l a n d 2 , 4 -

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

m o r p h o l i n e a n d of 4 - p i c o l y l g r o u p f r o m t h i o e t h e r s a t a v i t r e o u s 
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