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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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at t h i s C o n f e r e n c e 1 . In the same paper are given the o u t l i n e s o f t h e 

technique used in measurements. 

The instrument works at a resonance frequency o f 5 MHz and t h e 

ca p a c i t a n c e readings are expressed in a r b i t r a r y u n i t s . For c o n v e r t i n g 

i n s t r u m e n t a l readings i n t o d i e l e c t r i c c onstants a working curve i s needed, 

which was ob t a i n e d u s i n g l i q u i d s of known d i e l e c t r i c c o n s t a n t , most of them 

recommended as d i e l e c t r i c standards. 

The c e l l i s a space between two c o n c e n t r i c g l a s s c y l i n d e r s whose 

e x t e r n a l s u r f a c e w a l l s are covered by fused m e t a l . 

A l l s o l u t i o n s were prepared by weight i n h u m i d i t y - f r e e c o n d i t i o n s 

and the l i q u i d s d r i e d and d i s t i l l e d before use. 

RESULTS 

The i n s t r u m e n t a l readings o b t a i n e d f o r d i e l e c t r i c s tandard l i q u i d s 

in the range of d i e l e c t r i c c o n s t a n t s 1.882 and 17 .51 , u s i n g a h.3 UH 

inductance i n s e r t e d in the e l e c t r i c a l c i r c u i t in s e r i e s wi th the c e l l , are 

represented in F i g . 1. The data f i t the equat i o n 

S = 2 ^ ( e - 0 
1+0.021 e 

S are the readings in the i n s t r u m e n t a l s c a l e u n i t s and e are the d i e l e c t r i c 

c o n s t a n t s . 

Fig. I. Instrumental readings against d i e l e c t r i c constants 

for U.9 UH series inductance 

The v a l u e s of e f o r c y c l o -

hexanol as a f u n c t i o n o f the 

temperature are p l o t t e d i n 

F i g . 2. It can be observed t h a t 

at temperatures h i g h e r than 

22.4° C c y c l o h e x a n o l behaves as 

a l i q u i d , s i n c e e decreases 

r e g u l a r l y (0.125 per degree 

c e n t i g r a d e ) as temperature 

i n c r e a s e s . At temperatures below 

18.6 the compound i s in the 

s o l i d s t a t e , as e i s co n s t a n t 

w i t h temperature (e = 15 • 7) - J u s t 

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

change occurs g i v i n g r i s e to a 

more f a v o u r a b l e alignment of the 

d i p o l e s and hence to an i n c r e a s e 

The e x i s t e n c e of polymorphism in the s o l i d c y c l o h e x a n o l has been 

w e l l e s t a b l i s h e d s i n c e a long time however o n l y one author has found a 

c r y s t a l l i n e form t r a n s i t i o n j u s t before m e l t i n g 2>3. 

The v a l u e s quoted in l i t e r a t u r e f o r the m e l t i n g p o i n t of the c y c l o 

hexanol are very d i f f e r e n t from each o t h e r 4 ' 5 . From our r e s u l t s the v a l u e 

found i s 2 2 . 1 * ° C. 
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ig. 2. D i e l e c t r i c constant of cyclohexanol in the temperature range 12 - 35 0 C 

The v a l u e o b t a i n e d f o r e o f the cy c l o h e x a n o l at 2 5 ° C i s 15•79, 

s i g n i f i c a n t l y d i f f e r e n t from that given by W i l l i a m s 5 . 

In F i g . 3 the r e s u l t s o b t a i n e d f o r £ are p l o t t e d a g a i n s t the molar 

volume f r a c t i o n of c y c l o h e x a n o l . In the same f i g u r e a l i n e c o r r e s p o n d i n g to 

the Bòttcher formula f o r eye 1ohexano1/eye 1ohexane i s drawn. T h i s i s one of 

the v a r i o u s formulae d e r i v e d f o r e of s p h e r i c a l p a r t i c l e s o f random 

o r i e n t a t i o n u n i f o r m l y embedded in a continuous medium 7. 

The curves o b t a i n e d f o r both mixtures are i d e n t i c a l and both seem 

to show that up to 0 = 0 . ^ the non-polar component produces a decrease in £, 

w h i l s t f o r <(> > 0 . k the s t r u c t u r a l o r d e r i n g i s dominated by m o l e c u l a r 

i n t e r a c t i o n s between p o l a r m o l e c u l e s , although a p p a r e n t l y the non-polar 

component favours the d i p o l e alignment. 

For lower the m o l e c u l a r i n t e r a c t i o n s between non-polar p a r t s o f 
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both components are 

s t r o n g enough to make 

more d i f f i c u l t the d i p o l e 

o r i e n t a t i o n of the p o l a r 

molecules towards the 

e l e c t r i c f i e l d - F o r * > 0 . i + , 

i n t e r a c t i o n s between polar 

molecules are important 

and the r e s u l t i n g s t r u c t u 

re f a v o u r s a p a r a l l e l 

o r i e n t a t i o n of the dipoles. 

However t h i s o r d e r i n g 

seems to be r e i n f o r c e d by 

the non-polar molecules 

s i n c e f o r m i x t u r e s r i c h e r 

in c y c l o h e x a n o l z is higher 
0 12 04 06 0.8 a I 

than should be expected. 
Fig. 3. D i e l ec t r i c constant V3 f ract ion molal volume of 

eye lohexanol /non-po I ar solvent mixtures. T h i s means that in the pre 
• CycIohexanoI/eyeIohexane. ^CycIohexanoI/caroon tetrachlor ide 

sence o f the non-polar mo

l e c u l e s the alignment of the d i p o l e s i s b e t t e r than i n pure c y c l o h e x a n o l . 

The e f f e c t of the non-Dolar molecule appears to remain up to a) = 0 . 9 3 

f o r cyclohexane and to $ = 0 . 9 8 f o r carbon t e t r a c h l o r i d e , where e reaches a 

max i mum. 
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Sao muitas as situações que requerem a avaliação a n a l i t i c a de 

grande numero de amostras num d i m i n u t o espaço de tempo. P a r a o e f e i t o , 

t o r n a - s e i m p e r i o s a a utilização de técnicas a n a l i t i c a s adequadas. 

Uma das p o s s i b i l i d a d e s de c o n c i l i a r tempo e q u a l i d a d e de r e s p o s t a 

r e s i d e na aplicação de análise por injecção em f l u x o , FIA, que b a s i c a 

mente e n v o l v e a injecção duma amostra, d i r e c t a m e n t e num t r a n s p o r t a d o r 

de f l u x o , que pode ou nao r e a g i r com a amostra e que conduz a zona de 

amostra para um d e t e c t o r a p r o p r i a d o . 

Recorrendo a 

. co n d u t o r e s de pequeno diâmetro i n t e r n o (ordem de 0,5 mm) 

. d e t e c t o r e s de passagem de f l u x o de pequeno volume 

. grandes v e l o c i d a d e s de f l u x o 

. automatização 

r e s u l t a um s i s t e m a que o f e r e c e 

. rápida a n a l i s e de grande numero de amostras 

. anulação de tempos mortos 

. e l e v a d a precisão 
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