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TABLE I 

[NaBr]/mol dm" [Q] /mol dm -3 k'/s" k /mol^dmV 1 

0.01 

0.01 

0.01 

0.005 

0.14 

0.28 

0.70 

0.14 

11 

19 

50 

9 

75 

56 

71 

61 

I o _ 1 
It was found that the average value of k is about 68 mol '•dm-'s 
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THE REDUCTION OF FORMALDEHYDE IN CONCENTRATED SOLUTIONS USING 
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R e c e n t l y , t h e r e h a s b e e n a c o n s i d e r a b l e i n t e r e s t i n t h e 
h y d r o d i m e r i s a t i o n o f f o r m a l d e h y d e t o e t h y l e n e g l y c o l ( 1 , 2 ) . 
T h i s p r o c e s s o c c u r s a t h i g h c o n c e n t r a t i o n s o f f o r m a l d e h y d e 
a n d t h e c a t h o d i c r e a c t i o n o c c u r s b y t h e m e c h a n i s m 

C H 2 ( 0 H ) 2 t » HCHO + H 2 0 

2HCHO + 2e • CH?OH 
CH 2OH 

w h e r e t h e d e h y d r a t i o n r e a c t i o n i s t h e r a t e d e t e r m i n i n g s t e p . 
The E l e c t r o s y n t h e s i s Company h a s d e v e l o p e d a v e r y 

e f f i c i e n t p r o c e s s ( 3 ) a n d t h e r e c o m m e n d e d c o n d i t i o n s i n c l u d e 
a l o w m e t h a n o l c o n t e n t f o r m a t e e l e c t r o l y t e , pH 5-7, 
c o n t a i n i n g a t e t r a a l k y l a m m o n i u m s a l t , a h i g h f o r m a l d e y d e 
c o n c e n t r a t i o n ( 40 %), a h i g h t e m p e r a t u r e ( 8 02C) a n d a c a t h o d e 
c h o s e n f r o m a r a n g e o f c a r b o n s . 

We h a v e c a r r i e d o u t a s t u d y o f f o r m a l d e y d e r e d u c t i o n a t 
m i c r o e l e c t r o d e s i n c o n d i t i o n s a s c l o s e a s p o s s i b l e t o t h e 
E l e c t r o s y n t h e s i s Company's p r o c e s s . H o w e v e r , s i n c e i t i s n o t 
p o s s i b l e t o m a n u f a c t u r e c a r b o n m i c r o e l e c t r o d e s w i t h s u r f a c e s 
w h i c h c a n be d e m o n s t r a t e d t o h a v e t h e p r o p e r t i e s n e c e s s a r y 
f o r p r o d u c t i o n o f e t h y l e n e g l y c o l i n g o o d y i e l d , m o s t o f t h e 
e x p e r i m e n t s h a v e e m p l o y e d m e r c u r y m i c r o e l e c t r o d e s . 

i - E c u r v e s were r e c o r d e d f o r a c o n c e n t r a t i o n r a n g e f r o m 
0.04 t o 4 0 % i n f o r m a l d e h y d e a n d f o r a r a n g e o f t e m p e r a t u r e s . 
F i g u r e 1 shows a t y p i c a l i - E c u r v e f o r 4 0 % c o n c e n t r a t i o n o n 
f o r m a l d e h y d e a t room t e m p e r a t u r e . 

Portugaliae Electrochimica Acta, 7 (1989) 51-54 



- 52 -

- E / V v s S C E 

F i g u r e 1. i - E c u r v e a t a Hg p l a t e d Au m i c r o d i s c e l e c t r o d e 
( d i a m e t e r 10 urn) f o r t h e r e d u c t i o n o f f o r m a l d e h y d e 4 0 % i n 1 
m o l d m - 3 s o d i u m f o r m a t e a t room t e m p e r a t u r e . P o t e n t i a l s c a n 
r a t e : 50 mV/s. 

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

I = 4 n F D c / r 

w h e r e D i s t h e d i f f u s i o n c o e f f i c i e n t , c t h e b u l k 
c o n c e n t r a t i o n a n d r t h e r a d i u s o f t h e m i c r o e l e c t r o d e . 

C l e a r l y , t h e r e d u c t i o n o f f o r m a l d e h y d e i s a l w a y s 
k i n e t i c a l l y c o n t r o l l e d , l a r g e l y d u e t o t h e s l o w d e h y d r a t i o n 
o f f o r m a l i n . 

F i n a l l y , t h e e f f e c t o f i n c r e a s i n g t h e t e m p e r a t u r e was 
s t u d i e d . W e l l f o r m e d r e d u c t i o n w a v e s w e r e o b t a i n e d f o r t h e 
r e d u c t i o n o f 4 0 % f o r m a l d e h y d e a t t e m p e r a t u r e s b e t w e e n 15 a n d 
9 0 ? C . A s t r o n g i n c r e a s e i n t h e l i m i t i n g c u r r e n t d e n s i t y w i t h 
t e m p e r a t u r e was o b s e r v e d , a s shown i n f i g u r e 2. A l s o shown i n 
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t h e f i g u r e a s a d a s h e d l i n e i s t h e v a r i a t i o n o f t h e d i f f u s i o n 
l i m i t e d c u r r e n t d e n s i t y w i t h t e m p e r a t u r e , c a l c u l a t e d a s s u m i n g 
t h a t D = 5 x l 0 ~ 6 c m 2 s - l a t 2 0 2 C , a n d t h a t t h e e n e r g y o f 
a c t i v a t i o n f o r d i f f u s i o n i s 8 k J / m o l . 

It. /A cm" 

30 

20 

290 320 350 
TV K 

F i g u r e 2. D e p e n d e n c e o f t h e l i m i t i n g c u r r e n t d e n s i t y f o r 4 0 % 
f o r m a l d e h y d e r e d u c t i o n o n t e m p e r a t u r e . The d a s h e d l i n e 
i n d i c a t e s t h e c a l c u l a t e d mass t r a n s p o r t l i m i t e d c u r r e n t . 

I t c a n c l e a r l y b e s e e n t h a t t h e o b s e r v e d l i m i t i n g c u r r e n t 
d e n s i t y a p p r o a c h e s t h e c a l c u l a t e d d i f f u s i o n l i m i t e d c u r r e n t 
d e n s i t y w i t h i n c r e a s i n g t e m p e r a t u r e a n d b y 363K t h e 
d i f f e r e n c e i s l e s s t h a n 1 0 % . H e n c e , a t t h i s t e m p e r a t u r e t h e 
r e d u c t i o n o f f o r m a l d e h y d e i s c l o s e t o d i f f u s i o n c o n t r o l l e d 
a n d , t h e r e f o r e , ij^/c s h o u l d b e p r o p o r t i o n a l t o n. F i g u r e 3 
shows a p l o t o f i j j / c v s c w h i c h s h o w s t h e c h a n g e f r o m a 2 
e l e c t r o n t o a 1 e l e c t r o n p r o c e s s . 



20 AO 
•/• HCHO 

F i g u r e 3. i L / c a s a f u n c t i o n o f % HCHO. T e m p e r a t u r e 363K. 

I t c a n , t h u s , b e c o n c l u d e d t h a t , a t h i g h c o n c e n t r a t i o n s 
o f f o r m a l d e h y d e t h e p r o d u c t i s e t h y l e n e g l y c o l a n d a t l o w 
c o n c e n t r a t i o n s i s m e t h a n o l . T h e s e r e s u l t s c o n f i r m t h e 
n e c e s s i t y o f u s i n g a h i g h c o n c e n t r a t i o n o f f o r m a l d e h y d e a n d 
d e m o n s t r a t e c l e a r l y t h e a d v a n t a g e o f u s i n g a n e l e v a t e d 
t e m p e r a t u r e . 
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Diazinon, 0,0-diethyl 0-(2-isopropyl-6-methyl-4-pyrimidinyl) phosphorotioate, 
is a non-systemic organophosphorated pesticide frequently used againts aphids and 
larvae. 

Diazinon shows, a relatively long residual action and is effective as a control of 
soil, fruit, vegetable and rice insects, is also useful for the control of pest in household 
and on livestock. 

The reported electroanalytical methods (1,2) for the determination of diazinon 
present a detection limits of 2.0 p.p.m., a high value for the determination of this 
pesticide in residues. In this work two methods are proposed for its determination by 
differential pulse polarography, DPP, (detection limit: 2.65 10-6 M) and by adsorptive 
stripping voltammetry, AdSV, (detection limit: 4.01 IO"9 M). 

Reagents and solutions. Stock solutions of pure diazinon were prepared by 
dissolving the compound in methanol. The solutions were stored in the dark to mininise 
the risk of decomposition. The supporting electrolytes were Britton-Robinson buffer 0.12 
M and acetate buffer 0.10 M. Alls chemicals used were of analytical-reagent grade. 

Apparatus. A Metrohm Polarecord E-506, equipped with an E-505 stand, was 
employed. In DC and DPP techniques, a three-electrode system was used, the working 
electrode being a dropping-mercury electrode (DME). The reference electrode was a 
saturated calomel electrode and the counter electrode was a platinum wire. Highly purified 
nitrogen was passed through the solution to remove dissolved oxigen. For the adsorptive 
stripping voltammetry study the working electrode was Metrohm EA-290 hanging 
mercury electrode. 

Polarographic study. In aqueous-methanolic medium and with Britton-Robinson 
buffer as supporting electrolyte, the pesticide shows a reduction wave (DC) or peak 
(DPP) whose currents are function on the percentage of methanol (MeOH) and the time 
elapsed between preparation and measure of the solutions. At a MeOH percentage of 40 
% (v/v) the polarographic current is stable for a minimum of 60 minutes. 
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