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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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A P P L I C A T I O N OF I N - S I T U S N I F T I R S TO T H E S T U D Y OF 
T H E E L E C T R O R E D U C T I O N OF D I O X Y G E N ON G O L D 
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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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t o n o n - h y d r o g e n - b o n d e d OH g r o u p s at t h e b o r d e r s a n d s u r f a c e s o f 

t h e h y d r o g e n - b o n d e d c l u s t e r s [1] . T h i s l o s s o f w a t e r i s t h e n 

p r o b a b l y r e l a t e d t o t h e b r e a k i n g o f H - b o n d s c a u s e d b y a n i n c r e a s i n g 

p o p u l a t i o n o f c a t i o n s ( K + ) i n t h e d o u b l e l a y e r a s t h e e l e c t r o d e 

p o t e n t i a l g o e s n e g a t i v e . We a s s i g n t h e b a n d a t «3800 c m - 1 t o t h e 

s t r e t c h mode o f a d s o r b e d OH . T h e i n t e n s i t y o f t h i s b a n d f i r s t 

i n c r e a s e s u p t o «860 mV ( -200 m V / S C E ) a n d t h e n d e c r e a s e s a s t h e 

p o t e n t i a l g o e s n e g a t i v e . T h i s f i n d i n g i s in a g r e e m e n t w i t h d a t a 

o b t a i n e d i n 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 o n d i f f e r e n t s u r f a c e s o f 

g o l d [2] . 

b) I n a n o t h e r s e r i e s o f e x p e r i m e n t s , s p e c t r a w e r e t a k e n a t t i m e 

i n t e r v a l s o f 35 s ( t h e t ime n e e d e d t o r u n 100 s c a n s ) a t e a c h o f t w o 

f i x e d p o t e n t i a l s (780 mV a n d 280 mV) a f t e r t h e a d m i s s i o n o f a 0 2 -

s a t u r a t e d 0.7 M KOH s o l u t i o n ; i m m e d i a t e l y p r i o r t o t h i s a d m i s s i o n 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 w i t h t h e g o l d e l e c t r o d e 

i m m e r s e d i n a ^ - s a t u r a t e d 0.7 M s o l u t i o n . S o l u t i o n t r a n s f e r s t o t h e 

c e l l w e r e p e r f o r m e d u s i n g S c h l e n k t e c h n i q u e s . T h e s e s p e c t r a a r e 

s h o w n in F i g 2 a) a n d b ) . 

T h e m a i n f e a t u r e s a t 780 mV a r e g a i n f e a t u r e s . We a s c r i b e t h e 

b a n d a t «1250 c m - 1 t o p e r t u r b e d a d s o r b e d 0 2 ~ [3] , p r o b a b l y 0 2 ~ t h a t 

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

e v i d e n c e o n t h e f o r m a t i o n o f 0 2 ~ ( a d s ) m e a n s t h a t t h e m e c h a n i s m 

p r e v i o u s l y s u g g e s t e d t o a c c o u n t f o r t h e e l e c t r o r e d u c t i o n o f 0 2 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 [4] h a s t o be m o d i f i e d a c c o r d i n g l y . T h e 
-1 9 -

b a n d a t «1400 cm i s d u e t o CO^ r e s u l t i n g f r o m r e s i d u a l C 0 2 i n 

t h e g a s l i n e . B a n d s a t «1640, «2120 a n d «3060 c m " 1 a r e d u e t o H 0 2 ~ , 

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

T h e b a n d a t «3430 c m - 1 c o r r e s p o n d s t o a l o s s o f b u l k w a t e r . 

T h e i n t e n s i t y o f t h e b a n d s d e c r e a s e s w i t h t i m e b e c a u s e o f 

d e p l e t i o n o f 0 2 a n d d i f f u s i o n o f p r o d u c t s o u t o f t h e t h i n l a y e r . 

A t 280 mV we o b s e r v e d t h e same g a i n f e a t u r e s b u t t h e H 0 2 ~ i s 

s h o r t e r - l i v e d . T h e l o s s o f w a t e r i s h i g h e r . 

We a l s o o b s e r v e d t h a t t w o g a i n b a n d s a t 3680 a n d 3740 c m - 1 

d e v e l o p w i t h t i m e a t 780 mV b u t n o t at 280 mV. We t e n t a t i v e l y a s c r i b e 

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

O - H s t r e t c h o f a d s o r b e d O H ~ p r o d u c e d d u r i n g t h e d i s p r o p o r t i o n a t i o n 

o f H 0 2 " . 
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Fig I. SNIFTIRS spectra taken off the Au electrode immersed in a ^-saturated 
0.7 M KOH solution at several potentials and ratioed to the reference spectrum 
(taken at 0.05 V/SCE). 
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A B S T R A C T 
The o x i d a t i o n of fomaldehyde a t p l a t i n u u p o l y c r y s t a l l i n e e l e c t r o d e s i n a l k a l i n e 

s o l u t i o n s was i n v e s t i g a t e d by E l e c t r o c h e n i c a l l y Modulated I n f r a r e d R e f l e c t a n c e Spectroscopy 
(EHIRS). From the assignnent of the IR abso r p t i o n bands, adsorbed s p e c i e s were i d e n t i f i e d as 
l i n e a r l y and bridge-bonded CO (poisoning i n t e m e d i a t e s ) , and as f o r u a t e ( r e a c t i o n p r o d u c t ) . 

I N T R O D U C T I O N 

On t h e b a s i s o f 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 , i t 
was r e c e n t l y d e m o n s t r a t e d t h a t t h e o x i d a t i o n o f 
f o r m a l d e h y d e on p l a t i n u m e l e c t r o d e s i n a l k a l i n e s o l u t i o n s 
c a n o c c u r t h r o u g h d i f f e r e n t p r o c e s s e s , d e p e n d i n g on 
p o t e n t i a l , a n d t h a t t h e r e i s s t r o n g a d s o r p t i o n o f 
i n t e r m e d i a t e s i n t h e h y d r o g e n r e g i o n ( 1 , 2 ) . T h e s e s t r o n g l y 
a d s o r b e d s p e c i e s a r e o x i d i s e d i n t h e p o t e n t i a l r a n g e where 
a P t ( O H ) a d s l a y e r i s f o r m e d . The d e t e r m i n a t i o n o f t h e 
number o f e l e c t r o n s p e r s i t e , N e p S , shows t h a t t h e s e 
s p e c i e s c a n be i d e n t i f i e d a s CO s p e c i e s b o t h i n t h e l i n e a r 
a n d b r i d g e - b o n d e d f o r m s , c h a r a c t e r i z e d by N e p S o f 2 a n d 1, 
r e s p e c t i v e l y . 

F u r t h e r m o r e , i n agueous s o l u t i o n s , f o r m a l d e h y d e i s 
p r e s e n t a s m e t h y l e n e g l y c o l a t e , i t s h y d r a t e d f o r m , t h e 
e g u i l i b r i u m c o n s t a n t o f t h e d e h y d r a t i o n r e a c t i o n b e i n g 
a b o u t 1 0 - 3 ( 3 ) . T h i s shows t h a t two a c t i v e s p e c i e s a r e 
a l w a y s i n e q u i l i b r i u m i n s o l u t i o n , a n d t h a t t h e a d s o r p t i o n 
o f m e t h y l e n e g l y c o l a t e o r i t s d e r i v a t e d f o r m s o n t o t h e 
e l e c t r o d e s u r f a c e must be c o n s i d e r e d . I n t h i s w o rk some 
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