
- 270 -

T a b l a 3. Parâmetros p a r a el método LA . 

I A 
0 

A 
1 

B 
0 

B 
1 

A / m V 

0 . 5 0 . 0 1 7 5 5 9 0 0 2 1 7 9 8 - 0 . 0 6 5 6 4 6 0 . 0 2 1 7 9 8 0 . 0 3 

1 - 0 . 0 3 1 8 9 5 0 0 0 4 0 5 7 - 0 . 0 5 5 6 8 2 0 . 0 0 4 0 5 7 0 . 0 2 

2 - 0 . 0 5 8 8 3 3 0 0 0 6 2 6 2 - 0 . 0 2 6 4 2 2 0 0 0 6 2 6 2 0 . 0 6 

3 - 0 . 0 8 2 9 5 2 0 0 0 3 7 7 6 - 0 . 0 1 9 6 7 2 0 0 0 3 7 7 6 0 . 0 7 

4 - 0 . 0 9 7 4 6 4 0 0 0 0 3 7 7 - 0 . 0 0 8 2 7 4 0 0 0 0 3 7 7 0 . 0 7 

ër 0 [Á ~B )i n / n = 0 / 2 5 ; T cr=0 . 0 4 mV. 

I A 
0 

A 
1 

B 
0 

B 
î 

A / m V 

0 . 5 0 . 0 1 7 5 5 9 0 0 2 1 7 9 8 - 0 . 0 6 5 7 4 6 0 0 2 2 4 1 3 0 0 3 

1 - 0 . 0 3 1 8 9 5 0 0 0 4 0 5 7 - 0 . 0 5 5 8 8 7 0 0 0 4 6 7 1 0 0 2 

2 - 0 . 0 5 8 8 3 3 0 0 0 6 2 6 2 - 0 0 2 6 8 3 2 0 0 0 6 8 7 7 0 0 6 

3 - 0 . 0 8 2 9 5 2 0 . 0 0 3 7 7 6 - 0 0 2 0 2 8 6 0 0 0 4 3 9 0 0 0 7 

4 - 0 0 9 7 4 6 4 0 . 0 0 0 3 7 7 - 0 0 0 9 0 9 4 0 0 0 0 9 9 2 0 0 7 

g = 0 . 0 0 0 2 0 5 ; n / n = 0 / 2 5 ; 
r 

tr=0 0 6 m V . 

parâmetros correspondientes a los dos e l ec t ro l i t os , a p a r t i r de los datos 

expérimentales de l p r imero de e l los . 
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ABSTRACT 

The photochemical reaction of 1-iodoanthraquinone under electrochemical reduction 

in acetonitrile with tetrabutylammonium perchlorate as supporting electrolyte, is 

investigated. Irradiation with light corresponding to an absorption band of the 1-

iodoanthraquinone radical anion, is shown to produce the radical anion of anthraquinone 

via a mixed ECE/DISP1 mechanism. The rate of iodide anion expulsion is quantified: 

excitation at 565 nm is approximately 7.5 times faster than excitation at 417 nm. 

INTRODUCTION 

We have shown previously1 how channel electrode methodology can be employed 

to study photoelectrochemical processes. Using this approach we investigate here the 

light-induced iodide expulsion from the electro-generated radical anion of 1-

iodoanthraquinone (AQI). The efficiency of this process is investigated at two different 

absorption wavelengths. 

EXPERIMENTAL 

Electrochemical, photoelectrochemical and in-situ ESR experiments employed a 

channel electrode of standard construction and dimensions1, with a gold working electrode. 

Experiments were performed using solutions of AQI (ca 10"3M) in dried acetonitrile solution 

containing 0.1M tetrabutylammonium perchlorate (TBAP) as supporting electrolyte. 

Solutions were purged of oxygen by outgassing with prepurified nitrogen prior to 

electrolysis. AQI was prepared according to the method of Goldstein2. 

RESULTS AND DISCUSSION 

The 'dark' electrochemical behaviour of AQH and AQI was investigated initially in 

the medium specified, showing, in each case, one electron reversible reductions to the 

corresponding radical anions AQH" (P = 0.900 V) and AQI" ( P = 0.826 V). In-situ 

Portugaliae Electrochimica Acta, 9 11991) 271-274 



- 272 -

channel electrode/ESR experiments showed that reduction at the potentials cited above led 

to strong ESR signals. In both cases spectra obtained were identical to those reported for, 

A Q H " 3 and AQI" 4 . The UV/visible spectrum of AQI measured using an OTTLE 1 showed 

absorption bands centred on 565nm and 417nm. These bands had extinction coefficients 

in the ratio e ^ / e ^ = 0.50±0.06 and a value of 7.0x103 dm3mol"1cm"1 was estimated for EX5. 

The parent AQI shows negligible absorption above 400nm1. 

Photoelectrochemical experiments used a channel flow cell located in the cavity of 

an ESR spectrometer. A solution of AQI was flowed through the cell, reduced 

electrolytically to AQI and the ESR spectrum of the latter recorded. The cell was then 

irradiated (417nm or 565nm) inside the cavity. Strong ESR signals corresponding to AQH" 

were observed along with substantial photocurrents. The photo-induced expulsion of 

iodide from AQI" was inferred. The precise mechanism of this process was deduced with 

measurements of dark currents and photo-currents recorded over a wide range of flow 

rates (V,) and different light intensities, I, (0-40mWcm 2). The electrode was held at a 

potential corresponding to the transport limited reduction of AQI and AQH. The 'effective' 

number of electrons transferred in the photo-reaction, N e f f, was calculated for each flow 

rate by dividing the photocurrent by the dark current. N e f f was found to vary such that 

1<Netf<2, consistent with the transformation of AQI into AQH". Also N e f f - * 2 as V f -» 0 or I -» 

oo: this is suggestive5 of an ECE/DISP process. The following mechanistic scheme is 

proposed: 

ELECTRODE AQI + e' 1 AQr (0 

* i 
SOLUTION AQI' + Av • AQH (»0 

ELECTRODE AQH + e~ , AQH' (Hi) 

SOLUTION AQH + AQI , AQH" + AQI (iv) 

The basis for the resolution of these various possibilities via the flow rate dependence of 

N e t f has been presented elsewhere5. For mechanisms where the first-order reaction (ii) is 

rate-determining, a normalised rate constant5, « k, V,'2'3 is employed and values are 

deduced from N e f f via a 'working curve'5. If the deduced values of K, are plotted against 

V,"273 a straight line through the origin will result, but only in the case of the correct 

mechanism having been selected: this is the basis of the required mechanistic 
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discrimination. The photocurrent data obtained at 565nm when analysed exhibited a 

mixed ECE/DISP1 mechanism. Modelling was performed for different values of the rate 

constant, k2, for reaction (iv) in the forward direction. The rate constant for the reverse 

direction was deduced from k2 since these are related through the equilibrium constant, K*, 

for reaction (iv) and this is readily deduced from the formal potentials for the AQH/AQH" 

and AQI/AQI" redox couples, (K* = 0.056). The best fit was obtained when k2=108cm3mol' 

V . Figure 1 shows this analysis, for five separate light intensities. Knowledge of the cell 

geometry gave the rate constant k, = 1.91 s"1 (l= 39.9 mWcm'2) (figure 1). 

10 30 SO 
( V f / c m 3 s ' V 2 / 3 

Figure 1 Analysis of photocurrent measurements from excitation 

of AQI at 565nm for light intensities (o) 1.7, (x) 3.7 (+) 8.2 

(A) 18.0 and (v) 39.9 mWcm2. 

Next photocurrent/flow rate experiments were performed using light of wavelength 

417nm corresponding to a different absorption band of AQI ". The procedure was identical 

to that used at 565nm and values of dark current and photocurrent gave N e f f for each flow 

rate and different light intensities. These were analysed using the working curve as 

before, keeping the parameters k2 = 108cm3mol"1s"1 and K*=0.056. K, was deduced from 

the experimental values of N e f f and plotted against V f

 2 / 3. The resulting straight lines are 

shown in figure 2 and show the ECE/DISP1 mechanism to be again appropriate. It 

may be concluded that the mixed ECE/DISP1 mechanism is operating at both wavelengths 

studied, but the kinetics are much slower at 417nm. 
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Figure 2 Analysis of photocurrent measurements from excitation 

of AQI at 417nm for light intensities (o) 1.7, (x) 3.7 (+) 8.2 

(A) 18.0 and (v) 39.9 mWcm 2 . 

On the basis of the extinction coefficients cited above it can be seen that the rate of iodide 

expulsion is 7.4 (±0.9) times lower per photon absorbed at 417 nm than at 565 nm. 

CONCLUSION 

Channel electrode studies have shown that the photo-reduction of AQI proceeds via 

a mixed ECE/DISP1 mechanism and the kinetics of iodide expulsion has been quantified. 

It has been found that the different excited states of the AQI radical anion, obtained 

through excitation at either 417 or 565nm, show different dynamic behaviour. In particular 

expulsion is some 7.4 times faster per photon absorbed with 565nm radiation than with 

417nm. Further work, quantifying excited state lifetimes and spin densities, will seek to 

explain this behaviour. 
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T h i s c o m m u n i c a t i o n r e p o r t s p r e l i m i n a r y r e s u l t s o b t a i n e d in a s t u d y 

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

a p p l y i n g i n - s i t u S N I F T I R S . W i th t h i s s t u d y we h o p e t o be a b l e t o 

c h a r a c t e r i z e t h e m a t e r i a l s u r f a c e i n t h e a b s e n c e o f O2 a n d t o d e t e c t 

a n d c h a r a c t e r i z e i n t e r m e d i a t e s o f t h e e l e c t r o r e d u c t i o n r e a c t i o n . We 

s t a r t e d b y e x a m i n i n g O2 r e d u c t i o n o n g o l d i n a l k a l i n e s o l u t i o n s . I n 

o u r e x p e r i m e n t s we u s e d a t h i n l a y e r c e l l w i t h a C a F 2 w i n d o w a n d a 

7 mm d i a m e t e r , 3 mm t h i c k A u d i s c m o u n t e d i n a ' t e f l o n b o d y . 

S a t u r a t e d c a l o m e l a n d H g / H g O e l e c t r o d e s w e r e u s e d a s r e f e r e n c e 

e l e c t r o d e s , b u t h e r e a f t e r p o t e n t i a l s a r e r e f e r r e d t o R H E , t h e 

r e v e r s i b l e h y d r o g e n e l e c t r o d e (0 V / S C E = 1.06 V / R H E a n d 0 V / H g / H g O 

= 0.94 V / R H E ) . S p e c t r a w e r e c o l l e c t e d u s i n g a B i o r a d F T S - 4 0 

s p e c t r o m e t e r i n t e r f a c e d t o a 6 8 0 0 - b a s e d m i c r o c o m p u t e r s u p p l i e d b y 

O x s y S M i c r o s . In t h e f o l l o w i n g f i g u r e s t h e o r d i n a t e r e p r e s e n t s t h e 

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

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

w a v e n u m b e r . F e a t u r e s p o i n t i n g u p , i .e. t o r e l a t i v e r e f l e c t a n c e > 1, 

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

d o w n , i .e. t o r e l a t i v e r e f l e c t a n c e < 1, c o r r e s p o n d t o g a i n o f a 

p r o d u c t . 

T w o t y p e s o f e x p e r i m e n t s w e r e c a r r i e d o n : 

a) I n o n e o f t h e m t h e r e f e r e n c e s p e c t r u m was t a k e n a t 1.11 V 

( c h o s e n a s t h e p o t e n t i a l w h e r e 0 2 i s no t r e d u c e d ) ; t h e n t h e p o t e n t i a l 

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

w e r e c o l l e c t e d . T h e s e s p e c t r a a r e s h o w n i n F i g 1 r a t i o e d t o t h e 

r e f e r e n c e s p e c t r u m . 

T h e s p e c t r a s h o w t w o m a i n l o s s f e a t u r e s a t «1660 a n d «3150 c m - 1 

a n d o n e m a i n g a i n f e a t u r e a t «3800 c m - 1 . We a s s i g n t h e s e t w o l o s s 

f e a t u r e s t o t h e l o s s o f a d s o r b e d w a t e r f r o m t h e e l e c t r o d e s u r f a c e ; 

t h e r e f o r e t h e b a n d s a t 1660 a n d 3150 c m - 1 c o r r e s p o n d r e s p e c t i v e l y t o 

t h e b e n d i n g mode a n d t o t h e O - H s t r e t c h i n g mode o f H 2 0 . T h e low 

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

h y d r o g e n - b o n d e d w a t e r [1] ; t h e s h o u l d e r a t «3580 c m - 1 may be d u e 
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