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the f i rs t r e d u c t i o n peak , the v o l t a m m o g r a m i s u n a l t e r e 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 r o l y s i s h a v e b e e n c a r r i e d o u t for 
the 4 -p i c o l y l pheny l th i o e the r i n D M F / B u 4 N B F 4 at j u s t 5 0 m V after the 

f i rs t r e d u c t i o n peak . 

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

e l e c t r o l y s i s w a s l i n e a r a n d the n u m b e r o f e l e c t r o n s i n v o l v e d pe r 

mo l e cu l e o f s t a r t i n g m a t e r i a l w a s equa l to 2. 

I n t h i s case , t h i o p h e n o l w a s iden t i f i ed a s a p r o d u c t w i t h a 

y i e l d o f the the o rde r o f 8 5 % . 
A l m o s t i d e n t i c a l d a t a w a s o b t a i n e d i n D M F / N a C 1 0 4 . H 2 0 . 

T h i s m e d i u m h a s the a d v a n t a g e s t h a t t h e w a t e r w i l l m e d i a t e the 

s t r ong l y b a s i c c o n d i t i o n s c rea ted d u r i n g the e l ec t ro l ys i s a n d t h a t the 

s o d i u m sa l t i s r ead i l y s epa ra t ed f r om p r o d u c t s b y wa t e r e x t r ac t i on . 

T h u s , t h e c l eavage b y c a t h o d i c r e d u c t i o n o f t h e p i c o l y l 

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

w h i c h m a y w e l l m a k e i t a ve ry s u i t a b l e p r o t e c t i n g g r o u p of the t h i o l 

f unc t i on . 

[1] M. I . M o n t e n e g r o , Electrochimica Acta, 31 (1986) 6 0 7 . 

[2] H . L . S . M a i a , M . J . M e d e i r o s , M. I . M o n t e n e g r o , D . C o u r t a n d D . 

P l e t cher , J . Electroanal. Chem, 164 (1984) 3 4 7 . 

[3] H . L . M a i a , M . J . M e d e i r o s , M . I . M o n t e n e g r o a n d D . P l e t c h e r , 

Portugaliae Electrochimica Acta, 2 (1984) 1. 

[4] H . L . M a i a , M . J . M e d e i r o s , M . I . M o n t e n e g r o a n d D . P l e t che r , J . 

Electroanal. Chem., 200 (1986) 3 6 3 . 

[5] H . L . M a i a , M . J . M e d e i r o s , M. I . M o n t e n e g r o a n d D . P l e t che r , J . 

Chem. Soc. Perkin Trans. ZL (1986) 4 0 9 . 

T H E E F F E C T O F E L E C T R O L Y T E C O N C E N T R A T I O N ON T H E 
BEHAVIOUR O F ELECTROCHEMICAL SYSTEMS 

M.F. Bento, M .J . Medeiros, M.I. Montenegro, M . A Queirós 
Centro de Química Pura e Aplicada da Universidade do Minho 

Largo do Paço, 4719 Braga Codex, Portugal 

and D. Pletcher 
Department of Chemistry, The University, Southampton, S09 5NH, 

UK. 

T h e e l e c t r o c h e m i c a l t e c h n i q u e s u s u a l l y e m p l o y h i g h 

c o n c e n t r a t i o n s o f e l e c t r o l y t e b e c a u s e i) i t l o w e r s t h e s o l u t i o n 

r es i s tance , w h i c h is p a r t i c u l a r l y h i g h i n m a n y o rgan ic so l vents , ii) i t s 

p r e s e n c e s u p r e s s e s the m i g r a t i o n c u r r e n t . T h i s i s , howeve r , a 

d i sadvan tage of e l e c t r o chemis t r y w h e n c o m p a r e d w i t h spe c t r o s cop i c 

t e c h n i q u e s , s u c h as N M R , E S R , etc., w h o s e m e a s u r e m e n t s have n o 

equ iva l ent r e qu i r emen t for a d d i t i o n of e lectrolyte. In fact, the a d d i t i o n 

of a n e l ec t ro ly te l i m i t s the u s e f u l n e s s o f v o l t a m m e t r i c s t u d i e s i n 

t h e r m o d i n a m i c s , k i n e t i c s a n d a n a l y t i c a l i n v e s t i g a t i ons . There fore , i t 

w o u l d be h i g h l y des i rab le i f e l e c t r o chemica l s tud i e s c o u l d be c a r r i e d 

out i n the absence of electrolyte. 

Recen t deve l opments i n m ic roe l e c t rodes des i gn , i n s t r u m e n t a t i o n 

a n d t h e o r y have s h o w n t h a t m a n y n e w p o s s i b i l i t i e s a re o p e n for 

e l e c t r ochemica l sc i ence . In p a r t i c u l a r , t h i s h a s been d e m o n s t r a t e d b y 

v o l t a m m e t r i c s t u d i e s i n s o l u t i o n s c o n t a i n i n g l ow c o n c e n t r a t i o n s o f 

e l e c t ro l y t e f l ] , i n the absence of e lectrolyte [2] , i n g lasses[3] a n d i n 

so lvents w i t h very l ow d ie lectr ic constant [4 ] . 

In t h i s w o r k we repor t p r e l i m i n a r y r e s u l t s of a n i nves t i ga t i on of 

t h e effect o f the e l e c t r o l y t e c o n c e n t r a t i o n o n the r e d u c t i o n o f 

n i t r o t o luene i n N ,N -d ime thy l f o rmamide at go ld m i c r o d i s c s . 

Portugaliae Electrochimica Acta, 9 (1991) 181-188 
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F i g u r e 1 s h o w s a n I - E curve for the r e d u c t i o n of a s o l u t i o n of 

n i t ro to luene 4x1 ( H m o l d m - 3 i n N ,N -d ime thy l f o rmamide a n d BU4NBF4 

(TBAB) (4x10-2 m o l d m ' 3 ) , at a gold m i c r o d i s c e lectrode. 

.076 

- E / V (Hg pool) 

Figure 1. I-E curve for the reduct ion of a so lut ion of nitrotoluene 4 x l 0 " 3 m o l d m " 3 

i n N,N-dirnethylformamide and BU4NBF4 (TBAB) ( 4 x l 0 - 2 mo l d m " 3 ) , at a gold microd isc 

electrode. 

Two waves are observed a t approx imate l y -1.1 V a n d -2 .2 V vs H g 

a n d the rat io be tween l i m i t i n g c u r r e n t s i s c lose to 3 . T h e f i r s t p rocess 

co r responds to a revers ib l e monoe l e c t r on i c r e d u c t i o n b e c a u s e E 3 / 4 -

E1/2 s 6 0 m V . 

U n d e r s i m i l a r c o n d i t i o n s , I -E c u r v e s o f n i t r o t o l u e n e we r e 

recorded u s i n g m i c r o d i s c s w i t h dif ferent r a d i i . It w a s observed t h a t a 

p lot of the p l a t e au c u r r e n t i n t ens i t y of the f i rst p rocess as a f u n c t i o n o f 

the r a d i u s , r, of the m i c r o d i s c w a s l i nea r , (F igure 2) a c c o r d i n g to the 

equat i on 

I d = 4 n F D c r 

F r o m the s l ope of the c u r v e the d i f f u s i on coe f f ic ient , D , w a s 

de termined to be 1 . 7 x l 0 " 5 c m 2 s - i , a s s u m i n g n = l . 
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r/cm 

Figure 2. Var ia t ion of Id vs r for a set of T B A B concentrations. 

. - E / V (Hg pool) 

Figure 3. I-E curves for the so lut ion of 4 x l 0 " 3 mo l d m - 3 of ni trotoluene i n D M F 

containing a) 4 x l 0 ' 2 mo l d m " 3 ; b) 4 x l 0 - 3 mo l d m - 3 ; c) 4 x l 0 " 4 m o l d m - 3 of T B A B A u 

microdisc, r=5x !0-4 cm.-
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I -E c u r v e s were r e c o rded for o the r e l ec t ro ly te c o n c e n t r a t i o n s , 

name ly , 4 x l 0 " 2 , 4 x l 0 " 3 a n d 4 x l 0 " 4 m o l d n r 3 . The r e su l t s ob t a ined are 

presented i n F i gu re 3 for three concen t ra t i ons . 

T a b l e 1 s h o w s v a l u e s o f D c o r r e s p o n d i n g to t h e d i f f e ren t 

e lectrolyte c o n c e n t r a t i o n s u s e d . The decrease i n the v a l u e o f D w i t h 

[TBAB] c a n be exp la ined i n t e rms of the inc rease of the v i s cos i t y of the 

so lut ions . 

Table 1. Va lues of diffusion coefficient as a funct ion of T B A B concentrat ion. 

[ T B A B ] / m o l d m " 3 D / c m Y 1 

1 5.7 x l O " 6 

0.4 1.0 x l O " 5 

0.04 1.3 x l O ' 5 

0.004 1.3 x l O " 5 

0 .0004 1.3 x l O " 5 

It i s observed t h a t a l t h o u g h the wave c o r r e s p o n d i n g to the f i rs t 

p rocess does no t s h o w p r o n o u n c e d change ( p robab l y for s o l u t i o n s 

c o n t a i n i n g l ower c o n c e n t r a t i o n s of e lectro lyte the wave w i l l be l e ss 

steep d u e to o h m i c drop) the wave c o r r e s p o n d i n g to th e s e c o n d 

process no t on l y d i m i n i s h e s i n he ight b u t a lso sh i f ts to more negat ive 

p o t e n t i a l v a l u e s as the e l e c t ro l y t e c o n c e n t r a t i o n d e c r e a s e s . F o r 

[TBAB] = 0 the ra t io between the two l i m i t i n g c u r r e n t s approaches 1. 

F i gu re 4 s h o w s the v a r i a t i o n of E1/2 w i t h log [TBAB] . T h e p lo t is 

l i n ea r w i t h a s lope c lose to 100 m V , sugges t ing a m e c h a n i s m of the 

E C E type. 

A poss ib l e e xp l ana t i on for t h i s b ehav i ou r c a n be g i ven i n t e rms of 

the r e d u c t i o n m e c h a n i s m of n i t r o t o luene i n ap ro t i c a n d mode ra t e l y 

p r o t i c m e d i a . In a p r o t i c m e d i u m n i t r o t o l u e n e p r o b a b l y r e d u c e s 

a c c o r d i n g to the f o l l ow ing m e c h a n i s m ( n i t r obenz ene h a s a s i m i l a r 

r e d u c t i o n mechanism [5 ] ) : 

p - N O a - T o l + l e ^=S: [p -N<VTol f E x 

[ p - NO2-T0I f + 1 e — - [ p- NO2-T0I ] 2 " £3 
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2.5 

1.8-J • • , , 
- 4 - 3 - 2 - 1 0 

LOG [TBAB] 

F i g u r e 4. Var ia t i on of E1/2 w i th log [TBAB], for so lut ions of 4 x l 0 " " 3 m o l d m - 3 of 

nitrotoluene i n D M F and two electrode radi i , a) r = 5 x l 0 - 4 cm ; b) r = 1 2 . 5 x l 0 ' 4 cm . 

I n c y c l i c v o l t a m m e t r y two r e v e r s i b l e m o n o e l e c t r o n i c r e d u c t i o n 

p rocesses o c c u r at po t en t i a l s E i a n d E 2 . In the p r e sence o f a w e a k 

p ro t on donor , however, the m e c h a n i s m i s : 

p- NO2-T0I +1 e" — [ p - N O a - T o l ]• 

[P - N Q 2 - T 0 I ]'+ 1 e ^ — [ p - N O a - T o l ] 2 " % 

[P - N Q 2 - T 0 I ] 2" +H 1 " „ [ p -NOaH-To l ]" 

[ p - N O j H - T o l ]" p - N O - T o l + O H ' 

p - N O -Tol+ 1 e — [p-NO-Tol ] Es 

[ p - N O - T o l ] ' + 1 e" — — [p -NO-To l ] 2 " Es 

[p-NO-Tol] 2"+ 211"*" p - N H O H - T o l 
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S i n c e the e x p e r i m e n t s w i t h m i c r o e l e c t r ode s s u p p o r t a m e c h a n i s m 

invo l v ing 1+3 e lectrons, i t is poss ib le to a s s u m e tha t the m e d i u m u s e d 

D M F / T B A B i s s u f f i c i e n t l y p r o t i c to y i e l d the s e c o n d m e c h a n i s m 

p r e s e n t e d . O n the o the r h a n d , the d e c r e a s i n g of the h e i gh t of the 

s e c o n d p l a t e a u c u r r e n t w i t h the d e c r ea s ing of the c o n c e n t r a t i o n of 

T B A B seems to ind i ca t e tha t the electrolyte i s the p r o t o n source . T h i s 

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

dif ferent p r o t o n donor capab i l i t i e s are u s e d a n d these s t u d i e s are n o w 

i n progress . 

The re are, however , o ther poss ib l e e xp l ana t i ons for the b e h a v i o u r 

of n i t r o t o luene i n the absence of e lectrolyte o r i n the p resence of l ow 

concen t ra t i ons of e lectro lyte . 

A f ter the f o rma t i on of the a n i o n r a d i c a l ( co r respond ing to the f i rst 

process) , t h i s c a n f o rm a n i o n pa i r w i t h the e lectrolyte c a t i o n (Bu 4 N+) 

t h u s fac i l i t a t ing the t rans fe r of the second e lec t ron. T h e r emova l of the 

e lectro lyte i n h i b i t s the f o r m a t i o n of the i on i c p a i r s a n d , therefore , i t 

w i l l d i f f i cu l t the f o r m a t i o n of the d i a n i o n , r e n d e r i n g t h i s r e d u c t i o n 

more negat i ve a n d c a u s i n g a dec rease i n the w ave h e i g h t . T h e 

m e c h a n i s m suggested w o u l d be: 

p - NO2-T0I +1 e" [ p - NO2-T0I ] ' 

[ p - NOa-To l J* + B i ^ N * = ^ [ p- NO2-T0I f' BU4N*" 

[ p -NOa -To l f H ^ N * + 1 e = 5 = [ p - N Q r T o l ] 2 ' B u 4 N f 

O n the o ther h a n d , m i g r a t i o n h a s a lso some effect o n the s e cond 

wave. In the absence of e lectrolyte m a s s t r anspo r t of the a n i o n r a d i c a l 

i n the d i r e c t i on of the e lectrode i s i n h i b i t e d b y a n effect of m i g r a t i o n 

i n the reverse d i r e c t i on . It i s k n o w n theoret ical ly [6] , however , tha t the 

wave w i l l d i m i n i s h o n m a x i m u m 2 0 % d u e to t h i s effect a n d t h u s , 

m ig ra t i on does not e x p l a i n by itself, the d ras t i c decrease i n the he ight 

of the second wave. 

Therefore , the r e su l t s seem to s u p p o r t the ro le of the e lectro lyte 

as a "proton donor , a l t h o u g h i ts p a r t i c i p a t i o n i n the f o r m a t i o n o f i o n 

p a i r s s h o u l d no t be e x c l u d e d . F u r t h e r m o r e , the ro l e o f m i g r a t i o n , 

o h m i c d r o p a n d a l s o the ef fects of t h e d o u b l e l a y e r a s the 

c o n c e n t r a t i o n of e lectro lyte d i m i n i s h e s s h o u l d be c o n s i d e r e d . Thes e 

effects c a n on l y be comple te ly u n d e r s t o o d after more de ta i l ed s tud i e s 

are ca r r i ed out . 
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