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CONCLUSIONS 

Hydrolysis reaction inside flow system avoids sample handling and control of 
hydrolysis time unlike other methods published (6). Futhermore, the use of oxidative 
detection mode avoids the need to remove dissolved oxygen. 

With the proposed method it is possible to determine Paraoxon in the presence 
of Parathion, with an error lower than 5% for Parathion/Paraoxon ratios below two. 
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DEVELOPMENT OF FLOW INJECTION AMPEROMETRIC MONITORS FOR 

DETERMINATION OF NITRATE AND OTHER SPECIES 

THE 

A r n o l d 6. F o g g , S. P a u l S c u l l i o n and Tony E . Edmonds 

D e p a r t m e n t o f C h e m i s t r y , L o u g h b o r o u g h U n i v e r s i t y o-f T e c h n o l o g y , 

L o u g h b o r o u g h , L e i c e s t e r s h i r e , UK 

Our s t u d i e s o f a p p l i c a t i o n s o-f -flow i n j e c t i o n a n a l y s i s w i t h 

a m p e r o m e t r i c d e t e c t i o n s u i t a b l e -for u s e i n m o n i t o r i n g s i t u a t i o n s h a v e 

been c a r r i e d o u t m a i n l y u s i n g a l a b o r a t o r y b u i l t w a l l - j e t d e t e c t o r 

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

p a r t l y immersed i n a s u i t a b l e e l e c t r o l y t e i n c o n j u n c t i o n w i t h 

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

e l e c t r o d e s . P h o s p h a t e c a n be d e t e r m i n e d by i n j e c t i n g s a m p l e s i n t o a 
2 

c a r r i e r s t r e a m o-f an a c i d i c m o l y b d a t e r e a g e n t . T he 12-molybdo— 

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

e l e c t r o d e h e l d a t +300 mV v s SCE. F o r d e t e r m i n a t i o n s i n i n e x p e n s i v e 

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

i n j e c t i o n method ( r F I A ) , i n w h i c h a c i d i c m o l y b d a t e r e a g e n t i s i n j e c t e d 

i n t o a s a m p l e s t r e a m , c a n be u s e d more a p p r o p r i a t e l y . ^ 

The s h a p e s o f s i g n a l s o b t a i n e d i n r F I A w o u l d be e x p e c t e d t o be 
4 

d i f f e r e n t f r o m t h o s e o b t a i n e d i n n o r m a l F I A . In n F I A r e a c t i o n o c c u r s 

i n i t i a l l y a t t h e two e x t r e m i t i e s o f t h e s a m p l e b o l u s b u t a f t e r 
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r e l a t i v e l y l i t t l e d i s p e r s i o n an e x c e s s o f r e a g e n t r e a c h e s t h e c e n t r e 

o f t h e b o l u s and a c o n v e n t i o n a l l y s h a p e d s i n g l e peak i s o b t a i n e d . In 

r F I A t h e s a m p l e c o n c e n t r a t i o n a t t h e c e n t r e o f t h e r e a g e n t b o l u s i s 

i n i t i a l l y z e r o . W i t h i n c r e a s i n g d i s p e r s i o n , h o w e v e r , t h e e q u i v a l e n t 

s a m p l e c o n c e n t r a t i o n i n c r e a s e s t h r o u g h o u t t h e r e a g e n t b o l u s t o t h e 

l i m i t i n g c o n c e n t r a t i o n i n t h e s a m p l e s t r e a m . The s h a p e s o f t h e s e 

p e a k s h a v e been d i s c u s s e d e l s e w h e r e . * 6 The a d v a n t a g e s o f u s i n g r F I A 

a r e t h a t r e a g e n t s a r e c o n s e r v e d , t h e .sample i s d e t e r m i n e d w i t h m i n i m a l 

d i l u t i o n , and d e t e r m i n a t i o n s o f s e v e r a l s p e c i e s c a n be made on t h e 
2 

same s a m p l e s t r e a m u s i n g d i f f e r e n t c h e m i s t r i e s . r F I A s i g n a l s a r e 

more p r o n e t o t h e f o r m a t i o n o f d o u b l e p e a k s and i t i s u s u a l l y 

n e c e s s a r y t o u s e s m a l l i n j e c t i o n v o l u m e s i n o r d e r t o o b t a i n " s i n g l e " 
6 

p e a k s . 

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

s i t u a t i o n s i n v o l v e s i n j e c t i o n o f n i t r i t e i n t o an a c i d i c b r o m i d e 

carrier s t r e a m : 7 t h e n i t r o s y l b r o m i d e f a r m e d i s d e t e r m i n e d r e d u c t i v e l y 

a t a g l a s s y c a r b o n e l e c t r o d e h e l d a t +20O mV v s SCE. 

S e v e r a l c h e m i s t r i e s h a v e been d e v e l o p e d f o r o n — l i n e u s e i n w h i c h 

a m o n i t o r a n d i s p r o d u c e d i n t h e r F I A manner and p a r t o f t h i s i s 

consumed by a d e t e r m i n a n d d i s p e r s i n g i n t h e n F I A manner. ' ' T h u s 

i f a c i d i s i n j e c t e d i n t o a s l i g h t l y a l k a l i n e carrier s t r e a m c o n t a i n i n g 

n i t r i t e and e x c e s s o f b r o m i d e , n i t r o s y l b r o m i d e i s f a r m e d i n t h e 

r e v e r s e F I A manner. I f an a c i d i c s o l u t i o n o f an a r o m a t i c a mine i s 

i n j e c t e d i n s t e a d some o f t h e n i t r o s y l b r o m i d e i s consumed i n 

d i a z o t i s i n g t h e amine and a r e d u c e d s i g n a l i s o b t a i n e d , t h e r e d u c t i o n 
Q 

i n s i z e b e i n g p r o p o r t i o n a l t o t h e amine c o n c e n t r a t i o n . S i m i l a r l y o n 

l i n e b r o m i n a t i o n s (and o x i d a t i o n s by b r o m i n e ) c a n be u s e d t o d e t e r m i n e 
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e . g . a m i n e s and p h e n o l s , t h e c a r r i e r s t r e a m i n t h i s c a s e b e i n g a 
9 

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

c a n be f a r m e d o n - l i n e f r o m i a d a t e , i o d i d e and a c i d and u s e d t o 

d e t e r m i n e e . g . s u l p h i t e and a s c o r b i c a c i d . ^ S i g n a l s o b t a i n e d f o r t h e 

r F I A f o r m a t i o n o f i o d i n e and t h e d e t e r m i n a t i o n o f s u l p h i t e i n d i c a t e 

t h e c h a r a c t e r i s t i c s o f r F I A s i g n a l s : a t low f l o w r a t e s t h e d o u b l e -

p e a k e d n a t u r e o f t h e i o d i n e s i g n a l i s a p p a r e n t and t h i s i s e m p h a s i s e d 

i n t h e p r e s e n c e o f s u l p h i t e . " * 

Work i s now i n p r o g r e s s i n a d a p t i n g t h e a b o v e o n - l i n e c h e m i c a l 

r e a c t i o n s f o r a p p l i c a t i o n i n t h e c a p i l l a r y f i l l d e v i c e <CFD) — a f o r m 

o f d i s p o s a b l e s e n s o r - p a t e n t e d by U n i l e v e r R e s e a r c h . The d e v i c e 

c o n s i s t s o f two p l a t e s f i x e d p e r h a p s 100 um a p a r t . On one p l a t e 

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

s c r e e n p r i n t e d . Sample s o l u t i o n i s t a k e n up by c a p i l l a r y a c t i o n , t h e 

c h e m i c a l s above t h e e l e c t r o d e s d i s s o l v e and a c u r r e n t s i g n a l i s 

o b t a i n e d . We h a v e shown t h a t p r e f o r m e d 1 2 - m o l y b d o p h o s p h a t e g i v e s t h e 

e x p e c t e d r e s p o n s e i n t h e CFD, and we a r e now s t u d y i n g t h e s c r e e n 

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

f o r t h i s c h e m i s t r y . The c h e m i s t r i e s f o r d e t e r m i n i n g n i t r i t e , a m i n e s , 

p h e n o l s and s u l p h i t e w i l l a l s o be t e s t e d . 

• u r r e c e n t work i n d e v e l o p i n g a F I A a m p e r o m e t r i c m o n i t o r f o r 

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

CFD d e v i c e a s w i l l be s e e n f r o m t h e f o l l o w i n g d e s c r i p t i o n o f o u r work-

i n t h i s a r e a . N i t r a t e i s f r e q u e n t l y d e t e r m i n e d a f t e r r e d u c t i o n t o 

n i t r i t e , b u t t h i s r e d u c t i o n s t e p c a n c a u s e p r o b l e m s . Our i n i t i a l a i m 

was t o p r o d u c e an a m p e r o m e t r i c m o n i t o r b a s e d on n i t r a t i o n a f an 

o r g a n i c compound t h a t would n i t r a t e e a s i l y i n t h e l e a s t c o n c e n t r a t e d 
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s u l p h u r i c a c i d and t o a n i t r o d e r i v a t i v e t h a t w o u l d r e d u c e on a g l a s s y 

c a r b o n e l e c t r o d e a t a p o t e n t i a l more p o s i t i v e t h a n a b o u t -300 mV v s 

3CE, a t w h i c h p o t e n t i a l t h e r e w o u l d be no i n t e r f e r e n c e f r o m d i s s o l v e d 

a;<ygen; demanding r e q u i r e m e n t s ! Of some 15 compounds c h o s e n f o r s t u d y 

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

most s u i t a b l e r e a g e n t . The p a l a r o g r a p h i c method of d e t e r m i n i n g 

n i t r a t e w h i c h was d e v e l o p e d i s s i m p l e : 1 ml o f n i t r a t e s a m p l e 

s o l u t i o n i s v o r t e x mixed w i t h 3 ml of a 10 s o l u t i o n of b e n z o i c a c i d 

i n c o n c e n t r a t e d s u l p h u r i c a c i d f o r 30s and t h e r e s u l t i n g m i x t u r e i s 

d i l u t e d t o 25 ml w i t h w a t e r and p o l a r o g r a p h e d . A r e d u c t i o n peak i s 

o b t a i n e d a t -130 mV due t o c o m p l e t e f o r m a t i o n of 3 — n i t r o b e n z o i c a c i d : 

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

i n t h e s a m p l e r a n g e 1 x 10 5 M t o 5 x 10 T" M. 

U n f o r t u n a t e l y b e n z o i c a c i d was f o u n d t o be n i t r a t e d 

i n s u f f i c i e n t l y r a p i d l y f o r u s e i n an o n — l i n e r e a c t i o n : f u r t h e r t h e 

s i n g l e LSV peak o f 3 — n i t r o b e n z o i c a c i d an a g l a s s y c a r b o n e l e c t r o d e 

o c c u r s a t -450 mV v s SCE. T h i o p h e n e - 2 - c a r b o x y l i c a c i d p r o v e d t o be 

t h e most s u i t a b l e r e a g e n t f a r a n — l i n e u s e b e i n g n i t r a t e d e x t r e m e l y 

r a p i d l y . Two LSV p e a k s a r e o b t a i n e d on a g l a s s y c a r b o n e l e c t r o d e a t 

-190 and -390 mV. The f i r s t peak i s due t o r e d u c t i o n o f t h e 5 - n i t r o 

d e r i v a t i v e ( r e p o r t e d t o be f o r m e d i n 41% y i e l d ) and t h e s e c o n d peak t o 

r e d u c t i o n o f t h e 4 — n i t r o d e r i v a t i v e ( 5 5 % y i e l d ) . R e d u c t i o n o f 

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

wave. A f l o w i n j e c t i o n method was d e v e l o p e d i n w h i c h t h e n i t r o 

d e r i v a t i v e s were f o r m e d i n t h e r F I A m a n n e r . ^ T h i o p h e n e — 2 - c a r b o x y l i c 

a c i d (25 u l , 10 *M i n c o n c e n t r a t e d s u l p h u r i c a c i d ) was i n j e c t e d i n t o 

t h e n i t r a t e s a m p l e s o l u t i o n w h i c h had been made 1.5M i n s u l p h u r i c 

a c i d . 5 - N i t r o t h i o p h e n e - 2 - c a r b o x y l i c a c i d was m o n i t o r e d a t a g l a s s y 
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c a r b o n e l e c t r o d e h e l d a t -300 mV: t h e t r a n s m i s s i o n t u b i n g was 4.2 mm 

l o n g w i t h 0.58 mm i n t e r n a l d i a m e t e r . N i t r a t e was m o n i t o r e d i n t h e 
-4 -3 

r a n g e 1 x 10 t o 5 x 10 M. C o n t a m i n a t i o n o f t h e e l e c t r o d e was 

a p p a r e n t a f t e r a b o u t 15 i n j e c t i o n s c a u s i n g a 10% l o s s o f s i g n a l . 

C h l o r i d e i s known t o be a p o s s i b l e i n t e r f è r e n t i n n i t r a t i o n 

r e a c t i o n s and u s e was made o f t h i s i n d e v e l o p i n g an e v e n s i m p l e r and 

more s a t i s f a c t o r y m e t h o d 1 ^ In t h i s method 25 u l o f c o n c e n t r a t e d 

s u l p h u r i c a c i d was i n j e c t e d i n t o t h e n i t r a t e s a m p l e s o l u t i o n w h i c h had 

been made 2M i n h y d r o c h l o r i c a c i d . The s i g n a l a t a p l a t i n u m e l e c t r o d e 

(a D i o n e x c e l l was u s e d ) h e l d a t +700 mV v s A g / A g C l due t o r e d u c t i o n 

o f t h e n i t r o s y l c h l o r i d e and c h l o r i n e f o r m e d was m o n i t o r e d . The u s e 

of a 40 cm l o n g s i n g l e b ead s t r i n g r e a c t o r a s t r a n s m i s s i o n t u b i n g 

d e l a y e d d i l u t i o n o f t h e s u l p h u r i c a c i d and e n h a n c e d t h e s i g n a l . The 

s i g n a l t o n o i s e r a t i o i s g r e a t e r when a m o n i t o r i n g p o t e n t i a l o f 700 mV 

i s u s e d r a t h e r t h a n 300 mV a t w h i c h l a t t e r p o t e n t i a l a s l i g h t l y h i g h e r 

s i g n a l i s o b t a i n e d : f u r t h e r , a t 700 mV i r o n ( I I I ) and c o p p e r ( 1 1 ) a r e 

n o t r e d u c e d and do n o t i n t e r f e r e . Na e l e c t r o d e c o n t a m i n a t i o n p r o b l e m s 

were o b s e r v e d w i t h t h i s s y s t e m . 

C l e a r l y t h e s e two f l a w i n j e c t i o n methods s u f f e r f r o m t h e n e e d t o 

i n j e c t c o n c e n t r a t e d s u l p h u r i c a c i d i n t o t h e s a m p l e carrier s t r e a m . 

F o r a p p l i c a t i o n i n a m o n i t o r i n g d e v i c e u s e of t h e p e c k i n g s a m p l i n g 

d e v i c e o f R i l e y e t a l *^might be u s e d w i t h a d v a n t a g e ; we hope t o 

i n v e s t i g a t e t h i s s h o r t l y . 

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

f i l l d e v i c e . P r e v i o u s s t u d i e s by o t h e r s had shown t h a t n i t r a t e c o u l d 

be r e d u c e d e f f e c t i v e l y on a c a p p e r e l e c t r o d e b u t o n l y i f t h e c a p p e r 

6 
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s u r f a c l ; was f r e s h l y f o r m e d . 14 We have u s e d t h e CFD w i t h n i t r a t e 

s o l u t i o n s made 1M s u l p h u r i c a c i d , 5 x 10 M i n c o p p e r s u l p h a t e and 2 
-4 

x 10 M i n s o d i u m c h l o r i d e . When t h e s c r e e n p r i n t e d c a r b o n e l e c t r o d e 

i s h e l d a t -700 mV v s t h e i n t e r n a l r e f e r e n c e e l e c t r o d e c o p p e r i s 

p l a t e d o n t o i t and o x y g e n i n t h e s o l u t i o n i s r e d u c e d . The n i t r a t e c a n 

t h e n be d e t e r m i n e d a t -8B0 mV by s c a n n i n g t o more n e g a t i v e 

p o t e n t i a l s . * S t u d i e s now need t o be made o f t h e s c r e e n p r i n t i n g o f 

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

The a u t h o r s t h a n k t h e A g r i c u l t u r a l and Food R e s e a r c h C o u n c i l f o r 

f i n a n c i a l s u p p o r t , and Dr. B . J . B i r c h o f U n i l e v e r R e s e a r c h f o r u s e f u l 

d i s c u s s i o n s and f o r p r o v i d i n g e q u i p m e n t . 
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