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coefficient for calcite calculated using the following parameters: H* diffusion coefficient = 

7.46x10-5 e m V , kinematic viscosity of water = 0.01 c m V , density of calcite = 3.0 g cm . The 

rate of the surface 

proton reaction is shown by means of the horizontal line. It can be seen that for small particles 

the rates of mass transport and interracial kinetics are approximately equal. However for the 

small particles (<100|i) used in lake-liming it can be seen that the rate-determining step will be 

dissolution as opposed to mass transport as hitherto assumed [7-12]. 
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EUDCTROCHEMICAL CßQDATION OF EISCKIjOPENTAIXErraMOL^r3EeNUM 
COMPLEXES. EFFECT CF COORDEVÄTED AMKÄNES. 
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In r ecent y ea r s , m u c h a t t en t i on h a s b e e n p a i d to m e c h a n i s m s of 

ox ida t i on - r educ t i on of t r a n s i t i o n me ta l a n d organometa l l i c c o m p o u n d s 

II]. The 17- e lec tron species r e su l t i n g f rom ox ida t i on are i m p o r t a n t as 

ca ta l ys t s or p roposed in t e rmed ia t es i n m a n y ca ta l y t i c p rocesses [2J. 

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

d imer i z a t i on , d i sp ropo r t i ona t i on , reduct ive e l i m i n a t i o n of l i g ands a n d 

act ivat ion of l i gands after e lectron transfer to the meta l . 

In t h i s w o r k we report r e su l t s of the e l ec t rochemica l o x i da t i on of 
two types of complexes , b o t h c on ta in ing the M o C p 2 moiety, w i t h 
che l a t ed N . N ' - d i a r y l a c e t a m i d i n a t o l i g a n d s (I) a n d m o n o c o o r d i n a t e d 
a m i d i n e s (II) 

C . H 4 R , 

I 
Cp N 

\ / \ 
Mo ' C - C H , 

Cp X N ' X 

I 
C 8 H 4 R 3 

H . R 
C p _ ^ ^ N= 

Mo ^ N H , 

1 R , = R a = H 

2 R, ' fcH; R , = CH j 

3 R , = R a = C H s 

4 R ^ R ^ O C H , 

X R 
6 CI C H 3  

5 CI C B H , 
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C y c l i c v o l t a m m e t r y a n d c o n t r o l l e d p o t e n t i a l e l e c t ro l yses were 

car r i ed out i n order to ox id ise a n d ob ta in evidence for the m e c h a n i s m 

of chem i ca l react ions coup led w i t h the e lectron transfer . 

Fig. 1- Cyc l i c voltammograms of complex 4 (1.1 mmo l dm* 3 ) i n 
A C N / [ B u 4 N ] [ B F 4 ] (0.1 mol dm-3) at a carbon disc electrode. Potential 

scan rate 0.1 V s " 1 . 

Figure 1 shows cyc l ic vo l tammograms typ ica l of type I complexes 
i n A C N - 0 . 1 m o l dm-3 [ B u 4 N ] [ B F 4 ] at a v i t reous c a r b o n electrode, i n 

the range 0-1.7 V vs. S C E . It is s h o w n that the complex undergoes two 

ox i da t i on p rocesses . The f i rs t o x i da t i on h a s a l l the proper t i e s of a 

reversible one e lec t ron t rans fer process for po ten t ia l s c a n rates faster 

t h a n 0.3 V s * 1 , i f the s c a n is reversed before the second ox ida t i on . The 

second ox i da t i on i s i r revers ib l e a n d i s assoc ia t ed w i t h p eak 3 ; t h i s 

co r r esponds to the r e d u c t i o n of a n in te rmed ia te p r o d u c e d after the 

second ox ida t i on , b u t i t i s a lso observed w h e n the s c a n i s reversed 

before the second ox idat ion . 

The c u r r e n t f unc t i on for the f irst process i s cons tan t for po tent ia l 

s c a n rates above 0.3 V s - 1 , b u t it increases as the s c a n rate decreases i n 

the range 0 .05 -0 .30 V s - J . T h i s gives evidence for a n E C E process or a 

d i sp ropo r t i ona t i on of the 17- e lec t ron ca t i on formed after l oss of one 

e l ec t ron . 
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Comp l exe s 1-3 s h o w s i m i l a r b e h a v i o u r s a n d the e l e c t r o chemica l 
d a t a for these complexes i s s u m m a r i s e d i n the tab l e . T h e d i f fus i on 
coeff icients were es t imated f rom the cur r en t func t i ons presented i n the 
table. 

Table- Ctychcvoltammetric data of complexes i n ACN/IBu 4 N] [BF 4 ) (0.1 
mol dm 3) at a carbon electrode. 

Complexr • E ; A 

fV) 
b 

AE (mV) 
b 

•n/'i; 
10'. 'i;v-"v 

lAV'̂ ŝcmmol"1) 
J E ; 

(V) 
10*D (em's-1) 

l-[MoCp,(dlam)irPF,| 1.15 60 1.0 1.4 1.75 2.8 

2-[MoCp1(ftam)I[PFJ 1.12 65 1.0 1.1 1.70 1.8 

3 - [MoCpa(dtam)][PF J 1.10 60 1.0 1.2 1.61 2.0 

4 - IMoCp j(daain)] [PF J 1.02 60 0.9 1.2 1.45 2.1 

5 - [MoCp.CUbmH)] [PF.l 0.85 65 0.9 0.9 1.28 1.1 

6 - [MoCp,a (amHJl fPF,| 0.88 65 1.0 0.9 -- 1.2 

a) Potentials us.SCE. 
b) Values taken at 0.3 Vs* 1 . 

C o n t r o l l e d po t en t i a l e l ec t ro l ys i s were c a r r i e d o u t at po t en t i a l s 

s l i gh t l y above the f i rst ox ida t i on po tent ia l . The c u r r e n t aga ins t charge 

p lo t presented i n f igure 2 i s t yp i ca l of type I complexes . T h e cur r en t , 

after some t ime , a s s u m e s va lues tha t are h i ghe r t h a n expected for a 

l i nea r decay. T h i s c a n be exp la ined i n t e rms of the regenera t ion of the 

s ta r t ing complex . 

X / Mfl 

16 • 

Fig. 2- Plots of charge passed vs. cell current for the electrolysis of 50 
H-mol of complex 3 in ACN/[Bu 4 N][BF 4 ] at a Pt gauze electrode. 
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A c c o r d i n g to the r e su l t s presented here the fo l l ow ing m e c h a n i s m 

c a n be proposed: 

[ M o C p 2 (am)]+ - [ M o C p 2 (am) ] 2 + + l e 

[ M o C p 2 (am)]2+ - 1/2 [ M o C p 2 (am)]+ + 1/2 [ M o C p 2 (am)]3+ 

[ M o C p 2 (am) ] 2 + - [ M o C p 2 (am)]3+ + l e 

[ M o C p 2 (am)]3+ • X 

A s espected the po tent ia l s for the f i rs t o x i da t i on p rocess ref lect 

the e lectron dona t ing ab i l i ty of the subs t i tuen t s o n the a romat i c r ings of 

the a c e t a m i d i n a t o l i g a n d s . A good l i n e a r c o r r e l a t i o n w a s obse rved 

between the ox ida t i on potent ia ls a n d the a+ H a m m e t t paramete rs of the 

s u b s t i t u e n t s . T h i s shows tha t the i r in f luence o n the redox o r b i t a l i s 

essent ia l l y mesomer i c . 

Cyc l i c vo l tammetry (figure 3) shows tha t type II complexes undergo 
a m o n o e l e c t r o n i c a n d reve rs ib l e o x i d a t i o n i n A C N - 0 . 1 m o l d m - 3 

[ B u 4 N ] [ B F 4 ] , at a ca rbon d isc electrode, to give a p roduc t w h i c h ox id ises 

at h igher potent ia ls . 

I/mAcm' 

Fig. 3- Cyc l ic voltammograms of complex 5 (1.0 mmol dm" 3 ) in, 
A C N / [ B u 4 N ) [ B F 4 ] (0.1 mol dm- 3 ) at a carbon disc electrode. Potential 

scan rate 0.1 V s " 1 . 

These complexes are more eas i l y ox id i sed t h a n type I complexes . 

Cyc l i c vo l t ammet r i c a n d cont ro l l ed po ten t ia l r e su l t s do no t s h o w a n y 

evidence for the d i sp ropor t i ona t i on reac t ion referred to above for type I 

complexes . 
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K o t z et al. o b t a i n e d s i m i l a r c y c l i c v o l t a m m o g r a m s for the 

complexes [ M o C p 2 X 2 J [3] a n d [MoCp 2 ( SR ) 2 ] [4]. These a u t h o r s proposed 

a n ox idat ive ly i n d u c e d reduct ive e l emina t i on m e c h a n i s m to exp l a in the 

behav iour of those complexes. 

In o rde r to i so la te the o x i d a t i o n p r o d u c t , c o n t r o l l e d p o t e n t i a l 
e lectro lyses were u n d e r t a k e n together w i t h c h e m i c a l o x i d a t i o n u s i n g 
F e C l 3 . 6 H 2 0 . 

F i g u r e 4 s h o w s a cyc l i c v o l t a m m o g r a m o b t a i n e d f r om a n A C N 

so lu t i on of the p roduc t of chemica l ox ida t i on of comp lex 5 (A), together 

w i t h a cyc l i c v o l t a m m o g r a m r u n after a d d i t i o n o f c o m p l e x 5 to t h i s 

s o l u t i o n . T h i s s h o w s t h a t c o m p l e x 5 i s c omp l e t e l y o x i d i s e d a n d 

t rans fo rmed in to a p roduc t whose ox ida t i on peak appears at the same 

potent ia l as the second ox idat ion of complex 5. 

Fig. 4- Cyclic voltammograms of the oxidation product of complex 5 i n 
ACN/[Bu 4 N] [BF 4 ) (A) and after addition of complex 5 to this solution (B). 
Potential scan rate 0.1 V s " 1 . 

T h i s w o r k i s i n progress a n d we are n o w l ook ing at the k ine t i c s of 
the fo l low-up chemica l react ion, b y m e a s u r i n g cur r en t rat ios at different 
po t enc i a l s c a n rates a n d u s i n g a me thod desc r ibed b y N i c h o l s o n a n d 
S h a i n [5]. 

The m e c h a n i s m c a n be assessed after complete i d en t i f i c a t i on of 
the reac t ion p roduc t . 
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WITTIG TYPE REACTIONS INDUCED BY ELECTROGENERATED BASES 

A.P. Bettencourt, A.P. Esteves, A.M. Freitas and M J . Montenegro 
Centro de Química Pura e Aplicada da Universidade do Minho 

Largo do Paço, 4719 Braga Codex, Portugal 

Recent ly , a great dea l of progress has been made i n u n d e r s t a n d i n g 

the m e c h a n i s m s b y w h i c h o rgan i c r e a c t i o n s m a y be c a r r i e d o u t 

e l ec t rochemica l l y a n d the advantages of these routes have b e en w ide l y 

d i s c u s s e d . Therefore, organic chemis t s become i n c r e a s i n g l y in t e res t ed 

i n t h e p o s s i b i l i t y o f u s i n g e l ec t ro l yses as a n a l t e r n a t i v e to th e 

convent iona l chemica l methods . 

It h a s been s h o w n for severa l years t h a t the de l ibera te ca thod i c 

generat ion of an i on i c bases , i n apro t i c so lvents , m a y be p a r t i c u l a r l y 

convenient for preparat ive purposes s ince factors s u c h as base s t r eng th 

and concentrat ion c a n be easi ly contro l led [1]. 

T h e synthes is of unsa tu ra t ed c ompounds f rom o rganophosphorous 

reagents a n d ca rbony l c ompounds h a s been largely exp lored a n d ole f in 

format ion by means of phosphonate ca rban ions h a s been referred as the 

W i t t i g -Ho rne r r eac t i on . Di f ferent t e c h n i q u e s have b e e n emp l oyed to 

generate the c a r b a n i o n r e s u l t i n g f r om the phosphona t e depro tona t i on . 

T h e t e c h n i q u e d e s c r i b e d here i s b a s e d o n the d e p r o t o n a t i o n b y 

electrogenerated bases . C o m p o u n d s w h i c h f o rm e lectrogenerated bases 

(EGB) by e lectroreduct ion, s u c h as azobenzene, are ca l l ed probases (PB). 

L u n d [2] h a s s h o w n tha t s t i lbene r e su l t s f r om the e l ec t ro lys is , at the 

a zobenzene r e d u c t i o n p o t e n t i a l , o f a m i x t u r e o f b e n z a l d e h y d e , 

b e n z y l t r i p h e n y l p h o s p h o n i u m b r o m i d e a n d a z o b e n z e n e i n N , N -

d imethy l f o rmamide (DMF) . T h e phosphona t e c a r b a n i o n s , however , are 

genera l ly more react ive t h a n the c o r r e s p o n d i n g p h o s p h o r a n e s , a n d 

therefore the phosphonates are less ac id ic . T h e poss ib i l i t y o f genera t ing 

the bases in situ i s , therefore, h i gh ly des i rab le a n d the success o f these 

react ions h a s already been pre l im inary observed [3]. 

W e report here examples o f W i t t i g -Ho rne r r eac t i ons c a r r i e d o u t 

e lectrochemica l ly w i t h different probases . 
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