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E l e c t r o c h e m i c a l o n - l i n e s e n s o r s a r e p a r t i c u l a r l y 
u s e f u l f o r t h e d e t e r m i n a t i o n o f many c h e m i c a l s p e c i e s 
p r e s e n t a t t r a c e l e v e l i n a q u e o u s s o l u t i o n , n o t o n l y f o r 
p o l l u t i o n a n d p r o c e s s c o n t r o l , b u t a l s o f o r m o n i t o r i n g a n d 
o p t i m i s i n g t r a c e e l e m e n t l e v e l s i n b i o l o g i c a l s i t u a t i o n s . 
R e s p o n s e i s r a p i d , t h e h y d r o d y n a m i c c h a r a c t e r i s t i c s [ 1] a s 
w e l l a s r e g u l a r c a l i b r a t i o n e n s u r e g o o d r e p r o d u c i b i l i t y a n d 
a c c u r a c y , a n d a u t o m a t i o n s i g n i f i e s a m i n i m u m o f a s s i s t a n c e . 

We h a v e b e e n d e v e l o p i n g a w a l l - j e t r i n g - d i s c e l e c t r o d e 
a m p e r o m e t r i c f l o w - t h r o u g h s e n s o r f o r t h e d e t e r m i n a t i o n o f 
t r a c e m e t a l s u s i n g t h e d o u b l e e l e c t r o d e t e c h n i q u e o f 
s t r i p p i n g v o l t a m m e t r y w i t h c o l l e c t i o n C S V V O C 2 ] . I n t h i s 
t e c h n i q u e ! ! 33 t h e s p e c i e s o f i n t e r e s t i s p r e c o n c e n t r a t e d b y 
e l e c t r o d e p o s i t i o n o n t o t h e d i s c e l e c t r o d e f o r t i m e t d . . P , 
a n d t h e n s t r i p p e d b y a s t e p c h a n g e i n a p p l i e d p o t e n t i a l , a 
f r a c t i o n Nt:. ( t h e s t e a d y - s t a t e c o l l e c t i o n e f f i c i e n c y ) b e i n g 
c o l l e c t e d a t t h e r i n g e l e c t r o d e , w h o s e p o t e n t i a l i s e q u a l 
t o t h e d i s c d e p o s i t i o n p o t e n t i a l . T h e c h a r g e p a s s e d a t t h e 
r i n g , qpt, g i v e s t h e a n a l y t e c o n c e n t r a t i o n d i r e c t l y 
a c c o r d i n g t o t h e f o r m u l a 

qR = -N,^ i a t . 
I D , t h e d i s c c u r r e n t d u r i n g t h e p r e c o n c e n t r a t i o n s t e p , 
b e i n g p r o p o r t i o n a l t o c o n c e n t r a t i o n . T h e d e s i g n o f t h e 
w a l l - j e t c e l l h a s b e e n d e s c r i b e d e l s e w h e r e C 4 3 . 
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We have p r e v i o u s l y a p p l i e d t h e t e c h n i q u e , u s i n g a 
g l a s s y c a r b o n - p l a t i n u m r i n g - d i s c e l e c t r o d e t o t h e 
d e t e r m i n a t i o n o f c o p p e r , manganese a n d n i c k e l a t t h e 
s u b m i c r o m o l a r l e v e l [ 2 ] . In o r d e r t o d e t e r m i n e z i n c and 
o t h e r c a t i o n s d e p o s i t e d a s t h e m e t a l , i t i s n e c e s s a r y t o 
e x t e n d t h e n e g a t i v e p o t e n t i a l r a n g e a v a i l a b l e . T h i s c a n be 
a c h i e v e d by t h e use o f m e r c u r y t h i n - f i l m e l e c t r o d e s 
o b t a i n e d by in s i t u p l a t i n g o f g l a s s y c a r b o n . T h i s work 
t h e r e f o r e e m p l o y s a g l a s s y c a r b o n - g l a s s y c a r b o n r i n g - d i s c 
e l e c t r o d e . 

F o r a n o d i c s t r i p p i n g v o l t a m m e t r i c d e t e r m i n a t i o n s , 
t h e r e f o r e , t h e added e l e c t r o l y t e - s o d i u m p e r c h l o r a t e 0.1 
mol dm" 3 - was s p i k e d w i t h 5 x 1 0 " s mol d m - 3 m e r c u r y (I I ) . 
In t h i s way c o p p e r , z i n c and manganese a t s u b m i c r o m o l a r 
l e v e l were d e t e r m i n e d by r e d u c t i o n t o t h e m e t a l , b e i n g 
c o d e p o s i t e d w i t h t h e mercury. Manganese was a l s o e s t i m a t e d 
by o x i d a t i o n t o manganese d i o x i d e on t h e d i s c e l e c t r o d e and 
s u b s e q u e n t c a t h o d i c s t r i p p i n g . The p o t e n t i a l s e m p l o y e d f o r 
t h e v a r i o u s d e t e r m i n a t i o n s a r e shown i n T a b l e 1, a n d an 
example o f r e s u l t s o b t a i n e d i n F i g . 1. C a l i b r a t i o n was 
c a r r i e d o u t by t h e s t a n d a r d a d d i t i o n method. In a l l c a s e s 
e x p e r i m e n t was i n good agreement w i t h w a l l - j e t e l e c t r o d e 
t h e o r y . 

T a b l e 1. D e p o s i t i o n and s t r i p p i n g p o t e n t i a l s employed f o r SVVC 

S p e c i e s d e p o s i t e d D e p o s i t i o n p o t e n t i a l 
/V vs Ag/AgCl 

S t r i p p i n g p o t e n t i a l 
/V v s Ag/AgCl 

Cu* -0.50 +0. 10 
-1.25 -0.95 

Mn» -1. 75 -1.35 
M n u 2

b +0.75 0. 00 

a E l e c t r o l y t e 0. 1M JTaClCLt 
b E l e c t r o l y t e 0.1M K C l / b o r a t e b u f f e r pH 7.2 
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1 0 6 [ M n ( I I ) ] added 

F i g . 1 C a t h o d i c SVVC o f manganese(II) a t w a l l - j e t r i n g - d i s c e l e c t r o d e 
e x p e r i m e n t a l c o n d i t i o n s a s i n T a b l e 1. 
(a) C a l i b r a t i o n p l o t u s i n g s t a n d a r d a d d i t i o n method; 
(b) f M n ( I I ) ] c a l c u l a t e d f r o m e x p e r i m e n t vs. [ M n ( I I ) ] added. 
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In the determination of capper, z i n c and manganese i n 
the same s o l u t i o n there i s i n t e r m e t a l 1 i c compound formation 
between copper and z i n c i n the mercury t h i n - f i l m e l e c t r o d e ; 
the s t r i p p i n g p o t e n t i a l of Cu-Zn i s almost c o i n c i d e n t with 
that of copper. In order to overcome t h i s we determine 
copper alone ( d e p o s i t i o n at -0.5V), and then deposit z i n c 
and copper together (deposition at -1.25V): simple 
s u b t r a c t i o n of the copper c o n c e n t r a t i o n from the copper 
plus z i n c value g i v e s the z i n c concentration. In a d d i t i o n 
to r e g u l a r s t r i p p i n g of the mercury f i l m from the d i s c 
electrode, t h i s was found to give r e l i a b l e and accurate 
r e s u l t s . 

An important advantage i s that the same w a l l - j e t 
sensor can be used f o r capper, z i n c and manganese present 
i n the same s o l u t i o n . We have a p p l i e d i t to the a n a l y s i s 
of these t r a c e elements i n n u t r i e n t s o l u t i o n s f o r 
hydroponic c u l t u r e s . No i n t e r f e r e n c e s from other s p e c i e s 
present i n the n u t r i e n t s o l u t i o n were found. 
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INTRODUCTION 

Data on. d i e l e c t r i c p r o p e r t i e s of c y c l o h e x a n o l are s c a r c e and those 

a v a i l a b l e quoted from r a t h e r o l d sources. As we need the v a l u e s f o r t h e 

d i e l e c t r i c c onstant and e l e c t r i c a l d i p o l e moment f o r t h i s compound some work 

has been done in order to determine these p r o p e r t i e s . 

In t h i s paper r e s u l t s f o r the s t a t i c d i e l e c t r i c c o n s t a n t of c y c l o ­

hexanol at temperatures between 12 and 3 5 ° C and of b i n a r y m i x t u r e s of t h i s 

compound w i t h cyclohexane and carbon t e t r a c h l o r i d e at 2 5 ° C a r e presented. 

From these r e s u l t s i t i s p o s s i b l e to determine the e l e c t r i c a l d i p o l e moment 

of the p o l a r component. The reason f o r u s i n g two non-polar s o l v e n t s i s to 

see to what e x t e n t the non-polar component p l a y s any r o l e in the v a l u e 

o b t a i n e d f o r the d i p o l e moment. 

EXPERIMENTAL 

The d i e l e c t r i c p r o p e r t i e s have been measured w i t h a S a r g e n t 

o s c i l l o m e t e r whose f e a t u r e s have been d e s c r i b e d in another paper presented 
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