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F i g . I -Potential response o f a si lver sulphide membrane electrode vs. free silver concentration, 

s o l i d l i n e - working curve In the absence o f the ligands; dotted line - readings In the 

presence o f the ligands (O-ethylenedlamlne; • - d i ethyl enet r I amine ; A - glycine; A - Imino

diacetic a c i d ; • - n l t r l lo t r lacet lc acid). 

s p e c i e s and a b e t t e r p r e c i s i o n o f the s t a b i l i t y c o n s t a n t s than the c a l c u 

l a t i o n s through pH v a r i a t i o n . 
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INTRODUCTION 

The most common contaminant of o r g a n i c s o l v e n t s i s water which i s 

c u r r e n t l y removed by d r y i n g and f r a c t i o n a l d i s t i l l a t i o n . The need f o r 

a n a l y s i s of water content as a p u r i t y c o n t r o l of s o l v e n t s or as a measure 

of the e f f i c i e n c y o f p u r i f i c a t i o n treatments i s a r o u t i n e procedure in many 

areas of a chemical l a b o r a t o r y . 

The w i d e l y used technique f o r q u a n t i t a t i v e water d e t e r m i n a t i o n i s 

the Karl F i s c h e r t i t r a t i o n , which r e q u i r e s s p e c i a l care w i t h reagents and 

op e r a t i o n in order to o b t a i n r i g o r o u s r e s u l t s . Several other methods are 

a v a i l a b l e , among them those based on d i e l e c t r i c p r o p e r t i e s which can be 

c a r r i e d out in s a f e r c o n d i t i o n s of water contamination than t i t r a t i o n s 1 . 

In t h i s paper r e s u l t s f o r the a n a l y s i s o f t r a c e s o f water in o r g a n i c 

s o l v e n t s by o s c i l l o m e t r y are presented. The method c o n s i s t s in measuring the 

change of c a p a c i t a n c e of a l i q u i d owing to the presence of water. As the 

d i e l e c t r i c c onstant o f water i s high, methods based on t h i s p r o p e r t y have 

good s e n s i t i v i t y in determining t h i s compound in o r g a n i c s o l v e n t s , e s p e c i a l l y 

f o r those o f low d i e l e c t r i c c o n s t a n t . 
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The d i e l e c t r i c constant can a l s o be used as a process to d e t e c t 

not only water but the presence of any contaminant in the s o l v e n t . 

EXPERIMENTAL 

D i e l e c t r i c measurements were c a r r i e d out w i t h a Sargent O s c i l l o 

meter which a l l o w s a d e t e r m i n a t i o n of a reactance of a l i q u i d f o l l o w i n g 

the v a r i a t i o n o f the frequency of an o s c i l l a t i n g c i r c u i t where the sample 

i s i n s e r t e d . A high frequency o s c i l l a t i n g c i rcu i t, cons i s t i ng of an inductajn 

ce,L, and a high p r e c i s i o n v a r i a b l e capacitance, C arranged in p a r a l l e l to 

the sample c e l l , i s balanced at 5 MHz. For zero reading the c i r c u i t was 

brought to resonance w i t h the empty c e l l and w i t h Cp at i t s maximum v a l u e 

(32,000 u n i t s ) by means an a u x i l i a r y v a r i a b l e c a p a c i t o r in p a r a l l e l to 

Cp. When the c e l l i s f i l l e d w i t h l i q u i d , to r e s t o r e resonance, c a p a c i t a n c e 

has to be removed from C^ equal to the ca p a c i t a n c e of the sample. Readings 

are in a r b i t r a r y u n i t s and to convert them i n t o d i e l e c t r i c constant v a l u e s , 

a c a l i b r a t i o n w i t h l i q u i d s of known d i e l e c t r i c constant i s needed. 

L 
, n r o . 

Cp 

CELL 

F i g . 1 O s c i l l a t i n g c i r c u i t 
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The c e l l i s o double w a l l 10 ml stoppered g l a s s tube whose 

e x t e r n a l s u r f a c e s are fused metal. The e l e c t r o d e s are not in c o n t a c t w i t h 

the l i q u i d s . A v a r i a b l e inductahce, L s, can be in t r o d u c e d i n s e r i e s w i t h the 

c e l l which provides expansion of readings and an i n c r e a s e of the s e n s i t i v i t y 

From a.c. c i r c u i t the f o l l o w i n g equation r e l a t i n g the r e a d i n g s , S, 

to the d i e l e c t r i c c o n s t a n t , e, can be d e r i v e d 

s = °(e - 1) 

1 + 0 £ 

wi t h 0 = C 0 C g / ( C g + C Q - C 0 O J 2 L s) and B = C Q/C g - CQ to 2 L s 

where Cg and C Q are the c a p a c i t a n c e s corresponding to g l a s s wa 1 1 s o f 

the c e l l and to the c e l l f i l l e d w i t h a i r and u i s the e l e c t r i c f i e l d 

frequency. 

In F i g . 2 one can see the i n f l u e n c y of L s on the d e t e r m i n a t i o n of 

water i n e t h a n o l . 

The c e l l was placed i n s i d e a double w a l l copper c o n t a i n e r thermally 

i n s u l a t e d from room by p l a s t i c foam and c o n t r o l l e d at 2 5 ° C by c i r c u l a t i n g 

water through the metal sleeve from a constant temperature water bath. 

The s o l u t i o n s were prepared by weight. To a c e r t a i n weight o f 

solvent an ammount of water i s added and the readings taken a f t e r thermal 

e q u i l i b r i u m was reached. 

RESULTS 

S i m i l a r l y to ethanol ( F i g . 2 ) , p l o t s of readings as a f u n c t i o n of 

water percentage f o r a l l s o l v e n t s i n the range of c o n c e n t r a t i o n s s t u d i e d i s 
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a s t r a i g h t l i n e . For each 

system s e r i e s inductance values 

were chosen in order to have a 

h i gh sens i t i v i t y . 

In Table I are given the 

s o l v e n t s used in t h i s study and 

t h e i r d i e l e c t r i c c o n s t a n t s , the 

range of the water content and 

the values of the inductance in 

s e r i e s wi th the c e l l employed. 

In t h i s t a b l e , the values o b t a i 

ned f o r the slope o f the l i n e 

of readings vs water c o n t e n t , 

F i g . 2 . I n s t r u m e n t a l r e a d i n g s a s a f u n c t i o n o f w a t e r estimate of e r r o r of f i t t i n g 
c o n t e n t a t two i n d u c t a n c e v a l u e s f o r e t h a n o l t h g , . n g > g n d c o n f i d e n c e 

i n t e r v a l s f o r the water c o n t e n t , are a l s o i n c l u d e d . 

T a b l e I - S o l v e n t s s t u d i e d , e x p e r i m e n t a l c o n d i t i o n s and a n a l y t i c a l r e s u l t s 

So 1ven t 
Range o f Ls S l o p e 
w a t e r c o n t e n t / % uH u n i t s / ? w 

W a t e r d e t e r m i n a t i o n 
c o n f i d e n c e i n t e r v a l 

D1ETHYLETHER k 3 * 0 - 0 78 13 50 5kBk 62 t 0 0 0 2 

D1CHLOROETHANE 10 36 0 - 0 16 5 75 1108 13 ± 0 005 

ACETONE 20 70 0 - 1 36 k 1 0 i)60 17 ± 0 01 

ETHANOL Ik 30 0 - 1 78 3 75 3^5 8 ± 0 01 

D1 METHYLSOFOXIDE i)6 68 0 - 1 53 2 75 2 8 9 12 ± 0 03 

The r e s u l t s show that the method has a good p r e c i s i o n even f o r 

l i q u i d s whose d i e l e c t r i c c o n s t a n t s are as high as 50. 
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