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STABILITY OF LIQUID JUNCTION POTENTIALS 

C r i s t i n a R . R . O l i v e i r a , 11. J . F . R e b e l o , M . F . G . F . C . Camões 

CECUL - I N I C , F a c u l d a d e de C i ê n c i a s - U n i v e r s i d a d e de L i s b o a , 

R. E s c o l a P o l i t é c n i c a , 5 8 , 1294 L i s b o a C o d e x 

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

v a r i e d f i e l d s - f r o m e n v i r o n m e n t t o c l i n i c a l c h e m i s t r y , e t c , a s 

w e l l a s r e n e w a l o f i n t e r e s t i n t r a n s f e r e n c e d a t a o f 

e l e c t r o l y t e s o b t a i n e d f r o m emf o f c e l l s w i t h 1 i q u i d - 1 i q u i d 

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

f o r m i n g t h a t j u n c t i o n . 

The m o s t r e c e n t t r a n s f e r e n c e d a t a o b t a i n e d by t h e 

d e t e r m i n a t i o n o f t h e e l e c t r o m o t i v e f o r c e o f c e l l s w i t h l i q u i d -

l i q u i d j u n c t i o n r e f e r t o c e l l v e s s e l d e s i g n s w h i c h seem t o be 

p r o n e t o i n s t a b i l i t y . S e v e r a l a u t h o r s u s e t h e c e l l v e s s e l 

d e s i g n w h i c h i s p r e s e n t e d by F . K i n g and M. S p i r o (1 ) ( e . g . 

( 2 ) , ( 3 ) ) , o t h e r s u s e . t h e o n e d e v e l o p e d by R u p e r t (4 ) and 

a d a p t e d by B r a u n a n d W e i n g a r t n e r (5 ) ( e . g . ( 6 ) , ( 7 ) , c f . F i g . 

1 , 2 . 

The c e l l v e s s e l d e s i g n u s e d i n o u r w o r k , i n w h i c h t h e 

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

c y l i n d r i c a l s y m m e t r y , was d e v e l o p e d t o o b t a i n o p e r a t i o n a l pH 

v a l u e s ( 8 ) , (9 ) p r o d u c i n g v e r y s t e a d y and r e p r o d u c i b l e v a l u e s , 

e v e n t h o u g h t h e r e was h y d r o g e n b u b b l i n g i n b o t h c o m p a r t m e n t s . 

H o w e v e r , w e a r i n g o f t h e g r o u n d g l a s s o f t h e Y t a p s ( w h i c h 
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Flg. 2 . Cell design for the concentration cell. A.B. electrode compartments; C. threc-
way stopcock; D, glass cube; E, glass rubes wiih stopcock, F, fluoride-selective 
electrodes; G. plastc caps; H, position of the liquid junction; K. potassium-selective 
electrodes. 
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i n t e r c o n n e c t the compartments) a f t e r s e v e r a l y e a r s of use, and 

the f a c t t h a t some taps do not have a good q u a l i t y f i t n e s s 

between the socket and the b a r r e l , lead to leakage of s o l u t i o n s 

from one compartment to another. As a consequence, the 

s l i g h t e s t v a r i a t i o n i n h y d r o s t a t i c head between these 

compartment r e s u l t s i n v a l u e s which vary from the average by 

2mV or more. 

Once a good q u a l i t y f i t n e s s between the s o c k e t and the 

b a r r e l i s guaranteed, lack of s t a b i l i t y or r e p r o d u c i b i l i t y of 

the p o t e n t i a l of the c e l l s can be a t t r i b u t e d to the s o l u t i o n s 

or to m a l f u n c t i o n i n g of the e l e c t r o d e s . F i g s . 3, 4 and 5, 6 

i l l u s t r a t e what has been s a i d so f a r . 

R e s u l t s 

Measurements of c e l l s 

Ag AgCl HCl 
0.09917 
mol kg 1 

KCl 
0.10000 
mol kg 1 

AgCl Ag ( I ) 

and 

Ag AgCl KCl 
0.09917 
mol kg 1 

KCl 1.75 mol dm 
KNQ 1.75 mol dm 

KCl 
0.10000 
mol kg 1 

AgCl Ag ( I I ) 

were made at 25 C i n a water thermostated bath. 

The same c e l l v e s s e l design was used f o r both c e l l I and 

I I . Potassium c h l o r i d e f i l l e d the middle compartment and the 
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same HC1 s o l u t i o n the other two, i n c e l l I , thus forming two 

c e l l s i n one v e s s e l . 

The e l e c t r o d e were prepared by the t h e r m o e l e c t r o l y t i c 

method (10) and were c o n d i t i o n e d i n the s o l u t i o n s where they 

were to be used f o r is l h b e f o r e s e t t i n g the c e l l s . T r a n s f e r e n c e 

of the e l e c t r o d e s s t r a i g h t from HC1 0.1 mole kg 1 (where they 

are s t o r e d o v e r n i g h t ) to the c e l l s r e s u l t s i n e x t r a f e a t u r e s i n 

the v a r i a t i o n of the p o t e n t i a l of the c e l l with time which are 

due to the e q u i l i b r a t i o n of the e l e c t r o d e s with the s o l u t i o n . 

The observed v a l u e s of the emf's of. c e l l s I and I I are 

shown in the t a b l e . 

CELL OBSERVED CALCULATED 

I 

T h i s work 
F i n k e l s t e i n 
and V e r d i e r 

Henderson eq u a t i o n 
u s i n g a c t i v i t i e s 
and l i m i t i n g i o n i c 
mob i 1 i t i e s 

Lewis and Sargent 
u s i n g molar 
c o n d u c t i v i t i e s at 

- 3 
0 . 1 mo 1 dm 

I 
27.66 ± 0.24 
(average of 
11 c e l l s ) 

27. 9B 26 . SB 28 . 51 

I I 3.75 ± 0.44 
(average of 
7 e e l Is) 

4 . 18 3 . 70 

They compare w e l l with F i n k e l s t e i n and V e r d i e r ' s ( 1 1 ) , which 

were o b t a i n e d with calomel e l e c t r o d e s and a i&0)re e l a b o r a t e d s e t 

up f o r which "the s l i g h t e s t mechanical d i s t u r b a n c e was, 

however, enough to d e s t r o y the s t a b i l i t y of the c e l l " . 
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Conclusions 
U B B of the c e l l v e s s e l , f o r m e r l y designed to get 

o p e r a t i o n a l pH v a l u e s , with Ag/AgCl e l e c t r o d e s and l i q u i d 

j u n c t i o n between HC1 and KC1 with and without a b r i d g e 

e l e c t r o l y t e showed t h a t , t h i s i s a more robust, r e p r o d u c i b l e 

and s t a b l e d e s i g n than the p r e v i o u s l y used ones once a good 

q u a l i t y f i t n e s s at the tap i s guaranteed. T h i s way d i s p e r s i o n 

of r e s u l t s can be an i n d i c a t i o n of a b i a s i n any of the o t h e r 

parameters such as s t a b i l i t y of e l e c t r o d e s and s o l u t i o n s . 
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ANALISIS COMPARATIVO DE ALGUNAS ECUACIONES UTILIZADAS EN E L 

AJUSTE DE COEFICIENTES DE ACTIVIDAD DE MEZCLAS DE ELECTROLITOS 

F.Hernández-Luis, L.Fernández-Mérida y M.A .Es teso 

Depar tamento de Química Física. Un i ve rs idad de L a Laguna . 

Tener i fe . Espana 

Muchas han sido las ecuaciones empleadas p a r a a jus t a r los datos 

expérimentales de coef ic ientes de ac t i v idad obtenidos en mezc las de 

electrólitos [1]. Métodos teóricos sumamente compl icados como los de 

F R I E D M A N [2-6] han dejado paso a otros semi-empíricos como los* de SCATCHARD 

(S) [7-10], P I T Z E R (P) [11-14] y, más rec ientemente, a los de L IM (L) 

[15-20]. Es tos métodos permi ten a jus ta r los datos expérimentales a 

ecuaciones semi-empíricas p a r a obtener los coeficientes de mezcla. 

Los métodos (S) y (P) presentan problemas en cuanto a l cumpl im ien to de 

l a Ley Limite de Alto Orden (HOLL) [21,22]. Y así, que se cump la o no d i cha 

ley en e l método (S) depende dei procedimiento de optimización sobre e l 

c u a l no tenemos con t r o l . E n el método (P), a l menos en su formulación 

i n i c i a l , (HOLL) no se cumple [22]. 

P a r a una mezc l a simétrica de electrólitos 1:1, los coe f i c i entes de 

a c t i v i d a d de cada uno de ambos electrólitos pueden ser expresados mediante 

las s igu ientes ecuaciones [17,19,21]: 

l o g ( y A /r ° ) = " (y B I/2 lnlO)|g o + g^I/2 + 3YI/2) + g'Q(l/Z + YI/2) + $1 (la) 

logíy = (y 1/2 l n l 0 ) | g - g d/2 + 3YI/2) + g'(1/2 - YI/2) + $1 
B B A L 1 0 

(lb) 

donde: 

Y = l - 2 y B (2a) 

$ = (2/1) (<p°A- 0° ) (2b) 

g'Q = dgQ/dl (2c) 
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