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INTRODUCTION 

The work d e s c r i b e d here i s concerned w i t h the e l u c i d a t i o n of the 

mechanism of the r e d u c t i o n of the dye f l u o r e s c e i n . i n aqueous 

s o l u t i o n , when t h i s i s c a r r i e d out a t mercury e l e c t r o d e s i l l u m i n a t e d 

w i t h 390 nm. r a d i a t i o n . I n p a r t i c u l a r i n - s i t u e l e c t r o c h e m i c a l ESR i s 

used to p r o v i d e m e c h a n i s t i c i n f o r m a t i o n and to demonstrate the 

intermediacy of the s e m i - f l u o r e s c e i n r a d i c a l anion. The work 

d e s c r i b e d u t i l i s e s an apparatus d e s c r i b e d p r e v i o u s l y and shown to be 

s u i t a b l e f o r such s t u d i e s [ 1 ] . T h i s i s b u i l t around a channel 

e l e c t r o d e c e l l f a b r i c a t e d i n s i l i c a which can be l o c a t e d w i t h i n an ESR 

c a v i t y without damaging the s e n s i t i v i t y of the l a t t e r , p e r m i t t i n g the 

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

r e a c t i o n s . Moreover the known p a t t e r n of fl o w i n the channel c e l l 

enables the c a l c u l a t i o n of the c o n c e n t r a t i o n p r o f i l e s of 

e l e c t r o g e n e r a t e d r a d i c a l s and i n t h i s way the s t e a d y - s t a t e ESR s i g n a l 

(S) can be r e l a t e d to the e l e c t r o d e g e n e r a t i n g c u r r e n t ( I ) , the 

s o l u t i o n f l o w r a t e ( V / c m 3 s _ 1 ) and the e l e c t r o d e geometry [ 2 - 6 ] . 
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RESULTS AND DISCUSSION 

Fi g u r e 1. ESR spectrum a t t r i b u t e d to the s e m i - f l u o r e s c e i n r a d i c a l 

We co n s i d e r f i r s t the r e d u c t i o n of f l u o r e s c e i n a t h i g h pH (0.1 M 

NaOH). T h i s was c a r r i e d out a t a mercury-coated copper f o i l channel 

e l e c t r o d e . A n a l y s i s of the recorded c u r r e n t v o l t a g e curves were 

c o n s i s t e n t w i t h a on e - e l e c t r o n r e v e r s i b l e r e d u c t i o n (E°=l.19 V vs 

sa t u r a t e d calomel) as evidenced by T a f e l a n a l y s i s (which gave a slope 

of 59mV/decade) and L e v i c h a n a l y s i s [7] (which gave a d i f f u s i o n 

c o e f f i c i e n t of 3 . 2 x l 0 ~ 6 c m 2 s _ 1 , c o n s i s t e n t w i t h the l i t e r a t u r e value 

[ 8 ] , by assuming a o n e - e l e c t r o n p r o c e s s ) . I n - s i t u e l e c t r o c h e m i c a l ESR 

measurements c a r r i e d out a t p o t e n t i a l s corresponding to the r e d u c t i o n 

wave re v e a l e d s t r o n g ESR s i g n a l s a t t r i b u t a b l e to the s e m i - f l u o r e s c e i n 

r a d i c a l (S*) - see F i g u r e 1 - co n f i r m i n g the dark r e d u c t i o n process to 

be 

F + e" = S- (a) 
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where 

and 

The s t a b i l i t y of S* under these c o n d i t i o n s was e s t a b l i s h e d from the 

ESR s i g n a l - c u r r e n t - flow r a t e behaviour. We have p r e v i o u s l y shown 

[1] that f o r a s t a b l e r a d i c a l 

S = c o n s t a n t . I . V " 2 / a (1) 

F i g u r e 2 shows a l o g - l o g p l o t of (S/I) vs V and the l i n e drawn through 

the experimental p o i n t s has the slope of (~2/3) r e q u i r e d by equat i o n 

( 1 ) . A l s o shown i n F i g u r e 2 i s the corresponding behaviour when the 

e l e c t r o d e i s i l l u m i n a t e d w i t h 390 ran r a d i a t i o n . The l o s s of ESR 

s i g n a l i n t e n s i t y , p a r t i c u l a r l y a t low flow r a t e s , i s i n d i c a t i v e of a 

pho t o c h e m i c a l l y induced decomposition of S*. 

5 1 1 1 1 
-30 -20 

log10(V/cmV1) 

F i g u r e 2. V a r i a t i o n of S/I w i t h f l o w r a t e f o r S- r a d i c a l s i n the dark 

(0) and under i l l u m i n a t i o n w i t h 390 nm l i g h t ( x ) . 
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I r r a d i a t i o n a l s o induced s i g n i f i c a n t photocurrents to flow - up 

to a maximum of twice the dark c u r r e n t under c o n d i t i o n s of low flow 

r a t e and h i g h l i g h t i n t e n s i t y . T h i s suggested that the f o l l o w i n g 

r e a c t i o n , i n v o l v i n g an o v e r a l l two e l e c t r o n t r a n s f e r , was t a k i n g 

p l a c e ; 

H + + S- + S-* > F + LH (b) 

where 

R H 

and S- denotes e x c i t e d s e m i - f l u o r e s c e i n and LH i s l e u c o f l u o r e s c e i n . 

I t i s p o s s i b l e to conceive of r e a c t i o n (b) o c c u r r i n g v i a one of 

s e v e r a l mechanisms. These a r e l i s t e d i n Table 1. By analogy w i t h the 

w e l l known dark e l e c t r o d e r e a c t i o n mechanisms [9,10] we i d e n t i f y 

"photo-DISPl" and "photo-DISP2" as conce i v a b l e mechanisms. W i t h i n the 

second category two p o s s i b l i t i e s - A and B - present themselves. 

TABLE 1 

"photo-DISPl" 

F + e" = S¬

S- + hv = S-* 

s . * + H
+ 2l2I> SH-k r 

• + + S- ----> F + LH 

"photo-DISP2" 

(A) 

F + e" = S¬

S- + hv = S-* 

S . + S - * 2±2*> p»- + F k r 
F 2~ + H + iS5i> LH 
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(B) 

F + e" = S¬

S- + hv = SH-* 

S-* + H + = SH- + 

SH- + + S- -—-> F + LH k 

In the case of present i n t e r e s t the photo-DISP2(B) mechanism -

which i n v o l v e s a p r o t o n a t i o n before the r a t e d e termining step - was 

r a p i d l y e l i m i n a t e d s i n c e the photocurrents d i s p l a y e d no pH dependence 

w i t h i n the (approximate) range 12.4 - 13.0. The two remaining 

p o s s i b i l i t i e s were d i s t i n g u i s h e d by c a l c u l a t i n g the photocurrent -

flo w r a t e behaviour through e v a l u a t i n g the ' e f f e c t i v e ' number of 

e l e c t r o n s t r a n s f e r r e d (N ..: 1 <N ci,<2) i n terms of the a p p r o p r i a t e v e f f e f f J 

n o r m a l i s e d r a t e constant K l or K2 where 

photo-DISPl K l = 2Ie [^e^SO^] ^ ^ 
1 + k f 

photo-DISP2 K2 = 2 I e k r [ F ] [ h 2 x e 2 / g g 2 D ] 1 / 3 (3) 

where D i s the d i f f u s i o n c o e f f i c i e n t of F, I i s the i n t e n s i t y of 

i n c i d e n t l i g h t (assumed to be constant a c r o s s the c e l l d epth), e i s 

the e x t i n c t i o n c o e f f i c i e n t of S*, k r represents the f i r s t - o r d e r r a t e 

constant f o r the decay of S** i n the absence of chemical r e a c t i o n , h 

i s the h a l f - h e i g h t of the channel [ 1 ] , U ( c m s - 1 ) i s the mean s o l u t i o n 

v e l o c i t y i n the channel and x g the e l e c t r o d e length. The two 'working 

curves' a r e shown i n F i g u r e 3. The c a l c u l a t i o n of these working 



— 276 — 

N 

curves r e q u i r e d the s o l u t i o n of the r e l e v a n t coupled 

c o n v e c t i v e - d i f f u s i o n equations and t h i s was done n u m e r i c a l l y u s i n g the 

Backwards I m p l i c i t Method [11 ] . 

2 0i , 2 0 

eff Nc 

1 

log10K1 
0 1 2 

log 1 0K2 
F i g u r e 3. Working curves showing the e f f e c t i v e number of e l e c t r o n s 

t r a n s f e r r e d as a f u n c t i o n of the a p p r o p r i a t e normalised r a t e constant 

f o r (a) 'photo-'DISP1'; and (b) "photo-DISP2 (A)' processes. 

A n a l y s i s of the experimental photocurrent - flow r a t e data i n 

terms of the two mechanisms produced F i g u r e 4 i n which K l or K2, as 
- 2 / 3 

a p p r o p r i a t e and as deduced v i a F i g u r e 3, i s p l o t t e d a g a i n s t V 

For both mechanisms acce p t a b l e s t r a i g h t l i n e s are generated. However 

the two cases g i v e r i s e to d i f f e r i n g values of the k i n e t i c terms i n 

eqns (2) and ( 3 ) : photo-DISPl: 
2Ie = 0.18s" 1 

1 + k 
r 

k ^ T ] 
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photo-DISP2(A): 

2Iek rr,-. = 2.4 ± 0.6xlO smol~ 1cm 3s" 1. r [ F ] 

T h i s was employed to achieve the sought mechan i s t i c d i s c r i m i n a t i o n by 

a p p l y i n g the Backwards I m p l i c i t Method [11] to generate the S/I/V 

behaviour f o r the two mechanisms u s i n g the a p p r o p r i a t e v a l u e of k^/k^. 

f o r each as deduced from the photocurrent data. The t h e o r e t i c a l 

r e s u l t s are compared w i t h experiment i n F i g u r e 5. I t i s c l e a r that 

s a t i s f a c t o r y agreement i s o n l y found f o r the photo-DISP2(A) mechanism 

which we thus suggest to be the r e d u c t i o n pathway of f l u o r e s c e i n at 

i r r a d i a t e d mercury e l e c t r o d e s . I n t e r e s t i n g l y t h i s i s i n c o n t r a s t to 

the behaviour observed i n the dark a t more a c i d i c pHs (9-10) where a 

DISP1 pathway operates as evidenced by chronoamperometry [12] and the 

half-wave p o t e n t i a l / r o t a t i o n speed dependence [13]. 

(V/cnrV1)-2/3 
F i g u r e 4. The dependence of K l and K2 on the s o l u t i o n flow r a t e . 
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F i g u r e 5. The S/I/V behaviour found e x p e r i m e n t a l l y (0) and as deduced 

from the photocurrent data assuming e i t h e r a 'photo-DISP2(A)' ( ) 

or a 'photo-DISPl' (- - )process. 

CONCLUSIONS 

The r e d u c t i o n of f l u o r e s c e i n a t i l l u m i n a t e d mercury e l e c t r o d e s 

may be deduced as proceeding v i a a "photo-DISP2" pathway by means of 

of combined ESR and photoelectrochemical measurements. On the b a s i s 

of the l a t t e r type of experiment i n i s o l a t i o n unambiguous mechan i s t i c 

assignment i s not p o s s i b l e . The me r i t s of combined e l e c t r o c h e m i c a l 

and s p e c t r o s c o p i c techniques are again evident [14]. 
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