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LIQUID JUNCTION POTENTIALS BETWEEN pH BUFFER SOLUTIONS 

M.J.F. REBELO 

CINIO, CECUL - R. Escola Politécnica, 58, 

1294 Lisboa Codex, Portugal 

Abstract 

The d e t e r m i n a t i o n o f pH i s a m a t t e r o f p r i m e i m p o r t a n c e 

i n p h y s i o l o g y as w e l l as i n many o t h e r f i e l d s . However, t h e 

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

m a t t e r o f c o n t r o v e r s y . The o p e r a t i o n a l d e f i n i t i o n o f pH 

i n c l u d e s a l i q u i d j u n c t i o n p o t e n t i a l . I n o r d e r t o g e t a 

b e t t e r k n o w l e d g e o f t h e l i q u i d j u n c t i o n c o n t r i b u t i o n t o t h e 

o v e r a l l c e l l p o t e n t i a l , measurements o f t h e e.m.f. o f c e l l s : 

Na g l a s s 

e l e c t r o d e 
Na c o n t a i ning J B r i d g e 

s o l u t i o n X i s u l u t i o n 

Na c o n t a i n i n g 

s o l u t i o n Y 

Na g l a s s 

e l e c t r o d e 

were made. 

The l i q u i d j u n c t i o n i s f o r m e d w i t h i n a 1 mm d i a m e t e r 

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 symmetry i n a c e l l v e s s e l 

whose d e s i g n p r o v e d t o g i v e r e p r o d u c i b l e and s t a b l e v a l u e s . 

1. Introduction 

The o p e r a t i o n a l pH i s a v a l u e a s s i g n e d t o a s o l u t i o n LX'J 

by m e a s u r i n g t h e emf o f t h e c e l l CI} CI} 
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The pH o f t h e unknown s o l u t i o n , pHCXD , i s g i v e n by 

pHCXD = pHCPSD - A E j / k + A E j / k 

where pHCPSD i s t h e pH o f t h e p r i m a r y s t a n d a r d C PSD , k 

R T C l n 10D/F and AE , = E X X ) - E j C P S } , t h e l i q u i d j u n c t i o n 

p o t e n t i a l c o n t r i b u t i o n t o t h e c e l l emf, CAED, i s assumed t o 

be z e r o . T h i s i s e f f e c t i v e l y t h e same as mak i n g two s e p a r a t e 

measurements o f s o l u t i o n s PS and X w i t h r e s p e c t t o a 

r e f e r e n c e e l e c t r o d e a s recommended by I UPAC C 23 w i t h t h e 

a d v a n t a g e o f h a l v i n g t h e o p e r a t i o n s needed t o measure t h e 

pH, and a v o i d i n g t h e u n c e r t a i n t i e s due t o t h e r e f e r e n c e 

e l e c t r o d e i t s e l f . 

However, t h e c o n t r i b u t i o n o f t h e l i q u i d j u n c t i o n 

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

s o u r c e o f e r r o r . Though t h i s e r r o r i s n e g l i g i b l e f o r 

s o l u t i o n s h a v i n g i o n i c s t r e n g t h c l o s e t o t h a t o f t h e pH 

s t a n d a r d s i t i s a m a t t e r of c o n c e r n f o r o t h e r m edia o f 

d i f f e r e n t i o n i c s t r e n g t h , e.g. b l o o d p l a s m a and other-

c l i n i c a l media CI = 0.163. I t has been shown C 3D t h a t pH 

measurements i n b l o o d p l a s m a vs. t h e NBS s t a n d a r d s may 

i n v o l v e r e s i d u a l j u n c t i o n e r r o r s a m o u n t i n g t o 0.03 t o 0.05 

pH u n i t . 

As D u r s t C4D r e c e n t l y commented, when d e t e r m i n i n g pH 
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v a l u e s , "one i s f a c e d w i t h two r e q u i r e m e n t s , b o t h e q u a l l y 

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

a c t i v i t y c o e f f i c i e n t ; t h e o t h e r i s t o m i n i m i z e and f u l l y 

c h a r a c t e r i z e t h e l i q u i d j u n c t i o n p o t e n t i a l . B o t h o f t h e s e 

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

I n o r d e r t o g e t a b e t t e r k n o w l e d g e o f t h e l i q u i d 

j u n c t i o n p o t e n t i a l i n v o l v e d i n pH measurements, c e l l s w i t h 

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

e l e c t r o d e s were s t u d i e d . 

2. Experimental 
2.1. Method 

A c e l l v e s s e l , w h i c h i s a s l i g h t m o d i f i c a t i o n C l . 5 a . b 0 

o f a p r e v i o u s one d e v e l o p e d by us t o measure t h e o p e r a t i o n a l 

pH o f s e c o n d a r y s t a n d a r d b u f f e r s was u s e d , F i g . 1. 

Measurements were t a k e n o f t h e c e l l s 

Na g l a s s 

e l e c t r o d e 

Na c o n t a i n i n g 

s o l u t i o n X 

Na c o n t a i n i n g 

s o l u t i o n Y 

Na g l a s s 

e l e c t r o d e 
C U D 

and 

Na g l a s s 

e l e c t r o d e 

Na c o n t a i n i n g 

s o l u t i o n X 

Br i dge 

s o l u t i on 

Na c o n t a i n i n g 

s o l u t i o n S 

Na g l a s s 

e l e c t r o d e 
C 111 J 

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

c y l i n d r i c a l s ymmetry as d e s c r i b e d i n C1D. I t was p r o v e d t h a t 

http://Cl.5a.b0
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t h e s e j u n c t i o n s a r e v e r y s t a b l e and r e p r o d u c i b l e . C e l l I I 

was made f i l l i n g t h e compartment A w i t h t h e s o l u t i o n h a v i n q 

t h e h i g h e s t d e n s i t y , a l l o w i n g i t t o f i l l t h e two c a p p i i a r y 

t u b e s o f compartment B and C, one a t a t i m e , h a l l " way up; 

a d d i n g t h e o t h e r s o l u t i o n f i r s t t o t h e o t h e r h a l f o f t h e 

c a p i l l a r y t u b e s w i t h t h e a i d o f a n e e d l e o f a h y p o d e r nu c -

s y r i n g e and t h e n t h e r e s t o f t h e c o m p a r t m e n t s . I n d o i n g s o 

t h e u s e o f t h i s c e l l v e s s e l a l l o w s two c e l l s t o be made a t 

t h e same t i m e . 

C e l l I I I i s p r e p a r e d i n a s i m i l a r way but f i l l i n g 

c o mpartment A and t h e l o w e r h a l v e s o f t h e c a p i l l a r y t u b e s 

w i t h t h e b r i d g e s o l u t i o n s and c o m p a r t m e n t s B and C w i t h 

s o l u t i o n X and S. 

2.2. Electrodes 
The s o d i u m g l a s s e l e c t r o d e s u s e d were Metrohm Z u r i c h 

60501.000 and O r i o n C a m b r i d g e Mass, 97-11. 

The e l e c t r o d e s were p r e p a r e d f o r u s e as 'recommended by 

t h e m a n u f a c t u r e r s i n s t r u c t i o n s and k e p t i n 0.1 mol dm " NaCl 

when not i n use. The Metrohm s o d i u m g l a s s e l e c t r o d e was n o t 

us e d i n p h o s p h a t e s o l u t i o n s . The e l e c t r o d e s were a l w a y s u s e d 

i n s o l u t i o n s , w h i c h had a s o d i u m c o n t e n t s u c h t h a t pH > pNa 

+ 4, s o t h a t i n t e r f e r e n c e by H + i o n was n e g l i g i b l e . The 

e l e c t r o d e s were c a l i b r a t e d f r e q u e n t l y . Though t h e e l e c t r o d e s 

g ave a f a s t r e s p o n s e o n c e t h e r m a l e q u i l i b r i u m was a t t a i n e d , 

i t was o b s e r v e d t h a t t h e y were s l o w t o r e a c h t h e r m a l 

e q u i l i b r i u m when t e m p e r a t u r e was changed. A c c o r d i n g l y c a r e 
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was t a k e n t o i n s u r e t h a t enough t i m e t o r e a c h t h e r m a l 

e q u i l i b r i u m had passe d , and a l l t h e s o l u t i o n s C r i n s e s o l u t i o n 

i n c l u d e d } were p r e e q u i 1 i b r a t e d a t t h e r e q u i r e d t e m p e r a t u r e . 

2.3. Materials 
P h o s p h a t e s o l u t i o n s were p r e p a r e d w i t h : 

NaH ^PO. . 2H ̂ O, M. E. B. - L a b o r a t o r y c h e m i c a l s 2 4 2 
N a 0 H P 0 4 > A n a l a R , BDH. 

C a r b o n a t e s o l u t i o n s were p r e p a r e d w i t h : 

NaHCO., Merck, P r e a n a l y s i s 

Na.CO , A n a l a R , BDH 

Sodium c h l o r i d e , M e r c k, P r e a n a l y s i s 

P o t a s s i u m c h l o r i d e , BDH, A n a l a R 

T r i s C H y d r o x y m e t h y l D m e t h y l a m i n e , BDH, A n s t a r 

N - T r i s C H y d r o x y m e t h y l D m e t h y l g l y c i n e , BDH, B i o c h e m i c a l s 

NaOH and HC1, Merck, T i t r i s o l 0.1. 

The s o l u t i o n s were p r e p a r e d by w e i g h t w i t h c o n d u c t i v i t y 

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

p ermanganate and s o d i u m h y d r o x i d e were added, under a 

c u r r e n t o f N^. 

2.4. Equipment 
The e l e c t r o d e s u s e d have a v e r y h i g h i m p e d a n c e C ~ 100¬

200 MOD. S i n c e two o f t h e s e e l e c t r o d e s were u s e d i n t h e 

c e l l , i t was n e c e s s a r y t o u s e a d i f f e r e n t i a l d o u b l e h i g h 
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impedance i n p u t a m p l i f i e r w i t h a l o w i n p u t b i a s c u r r e n t t o 

e n s u r e t h a t d.c. c e l l s i g n a l s o f t h e o r d e r of 0.1 mV c o u l d 

be measured a c c u r a t e l y . I t was c o n s t r u c t e d i n t h e e l e c t r o n i c ' 

w o r k s h o p o f t h e Department o f P h y s i c s o f t h e F a c u l t y of 

S c i e n c e s o f L i s b o n . Low i m p e d a n c e l e a d s f r o m t h e a m p l i f i e r -

were l e t t o a H e w l e t t P a c k a r d 3421A d a t a a c q u i s i t i o n / c o n t r o l 

u n i t and a H e w l e t t P a c k a r d 85 computer. A l l t h e s y s t e m was 

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

a c h i eved. 

The c e l l s were m a i n t a i n e d a t c o n s t a n t t e m p e r a t u r e i n a 

water b a t h t h e r m o s t a t i z e d w i t h a J u l a b o - V t h e r m o s t a t . 

3. Results and Discussion 

S e v e r a l pH b u f f e r s , h a v i n g c o m p o s i t i o n s c l o s e t o t h e 

recommended BSI and NBS r e f e r e n c e m a t e r i a l s were s t u d i e d . 

T hese c o m p o s i t i o n s and t h e eml o f c o r r e s p o n d i n g c e l l s CI I , 

H I D a r e s u m m a r i z e d i n T a b l e I . Some m o d i f i c a t i o n o f t h e i r 

c o m p o s i t i o n s were made i n o r d e r t o meet t h e r e q u i r e m e n t s o f 

t h e s y s t e m used. So, p h o s p h a t e and c a r b o n a t e b u f f e r s were 

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

g i v e t h e same s o d i u m i o n c o n c e n t r a t i o n i n b o t h b u f f e r s . The 

c o n c e n t r a t i o n s and i o n i c s t r e n g t h s a r e t h e same as BSI and 

NBS r e f e r e n c e b u f f e r s . The p o t e n t i a l d i f f e r e n c e s C T a b l e ID 

t h u s o b s e r v e d w i t h c e l l I I when t h e s e p h o s p h a t e and 

c a r b o n a t e b u f f e r s a r e compared i s e n t i r e l y due t o t h e 

l i q u i d - l i q u i d j u n c t i o n p o t e n t i a l between them, i f i t i s 

assumed t h a t ;•- + = fC i o n i c s t r e n g t h ! ) o n l y . The v a l u e 
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o b t a i n e d C a f t e r s u b t r a c t i n g t h e b i a s p o t e n t i a l o f t h e s o d i 

g l a s s e l e c t r o d e s " } i s 

t h a t o b s e r v e d when 

i n t e r p o s e d between t 

m o b i l i t i e s o f t h e p h o s p h a t e and c a r b o n a t e i o n s match v e r y 

w e l l e a c h o t h e r . M o r e o v e r , t h e u s e o f t h e KC1 b r i d g e d oes 

not s i g n i f i c a n t l y r e d u c e t h e 1 i q u i d j u n c t i o n p o t e n t i a l and 

c a n be d i s p e n s e d w i t h . 

I n o r d e r t o s t u d y t h e b e h a v i o u r o f T r i s b u f f e r w i t h t h e 

p r e s e n t s y s t e m t h e c o m p o s i t i o n o f t h e b u f f e r s were c h o s e n i n 

s u c h a way as t o k e e p t h e s o d i urn i o n c o n c e n t r a t i o n , t h e 

i o n i c s t r e n g t h and t h e b u f f e r components c o n c e n t r a t i o n as 

c l o s e a s p o s s i b l e . The p h o s p h a t e b u f f e r c h o s e n t o match t h e 

above m e n t i o n e d r e q u i r e m e n t s was t h e 0. OS mol kg 1 Na_HPO. : 
2 4 

-1 
0.01429 mol kg NaH^PO^ w h i c h has t h e same i o n i c s t r e n g t h 

-1 
and same s o d i u m i o n c o n c e n t r a t i o n a s 0.05 mol kg T r i s HC1 , -1 -1 0.01667 mol kg T r i s , 0.1143 mol kg N a C l . The p h o s p h a t e 
b u f f e r u s e d , has t h e same c o m p o s i t i o n C3.5:1D C 2D as t h a t 

recommended as r e f e r e n c e s t a n d a r d f o r c l i n i c a l media and t h e 

i o n i c s t r e n g t h C0.1643D s i m i l a r t o t h a t o f t h e b l o o d . 
-1 

The p h t h a i a t e b u f f e r c h o s e n was t h e 0.05 mol kg KHPh 
-1 

t o w h i c h 0.1143 mol kg NaCl was added. The s o d i u m i o n 

c o n c e n t r a t i o n i s t h e same as t h a t o f t h e T r i s b u f f e r c h o s e n , 

and t h e i o n i c s t r e n g t h i s v e r y c l o s e t o t h a t of t h e T r i s 

D u f f e r and b i o o d . 

The p o t e n t i a l d i f f e r e n c e o b t a i n e d f o r c e l l I I i s much 

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

v e r y low: 0.74 mV, and v e r y c l o s e t o 

a b r i d g e o f P^Cl 3.5 mol k g _ 1 

.hem: 0.56 mV. T h i s s u g g e s t s t h a t t 
l s 



- 70 -

C3.96rn\0 t h a n w i t h p h o s p h a t e CI 6. 10 mVD . I t i s e v e n l o w e r 

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

KC1 i s i n t e r p o s e d between t h e p h o s p h a t e and t r i s b u f f e r s . 

T hese r e s u l t s s u g g e s t t h a t , when c o m p a r i n g b u f f e r -

c o n t a i n i n g u n i - u n i v a l e n t i o n s w i t h p h o s p h a t e b u f f e r s , t h e 

h i g h r e s i d u a l l i q u i d - l i q u i d j u n c t i o n p o t e n t i a l i s m a i n l y due 

t o t h e c h a r g e on t h e HPO't i o n . 
4 

T h i s c o n c l u s i o n i s s u p p o r t e d by e x p e r i m e n t s where T r i s 

and T r i c i n e b u f f e r s a r e compared d i r e c t l y w i t h 0.1143 mol 

kg 1 NaCl . The l i q u i d j u n c t i o n p o t e n t i a l i s a l s o l o w C T a b l e 

I I j . T a b l e I I f u r t h e r e v i d e n c e s t h a t l i q u i d j u n c t i o n 

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

h a v i n g t h e same l o w i o n i c s t r e n g t h C~ 0.13. 

4. Conclusions 

T h e r e i s r e a s o n a b l e e v i d e n c e t o c o n c l u d e t h a t t h e 
2- - 2-m o b i l i t i e s o f t h e i o n s HPO. , HLPC> and CO.„ , HCCU match 4 2 4 3 3 

e a c h o t h e r v e r y c l o s e l y . 

T h i s c o n c l u s i o n i s s u p p o r t e d by t h e measured p o t e n t i a l 

d i f f e r e n c e s o f a c e l l where a l i q u i d l i q u i d j u n c t i o n i s 

f o r m e d i n 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 symmetry. T h i s 

c e l l c o n t a i n s e q u a l s t o i c h i o m e t r i c c o n c e n t r a t i o n s o f t h e 

mono and d i v a l e n t , a b o v e m e n t i o n e d , i o n s and o f s o d i u m i o n s 

t o w h i c h t h e e l e c t r o d e s C s o d i u m g l a s s D a r e r e v e r s i b l e . The 

p o t e n t i a l o f t h e c e l l t h u s f o r m e d was 0.74 rnV. 

The " r e s u l t s o b t a i n e d whenever amine b u f f e r s were u s e d , 

l e a d t o t h e c o n c l u s i o n t h a t , when u s i n g t h i s t y p e o f 
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b u f f e r s , c a l i b r a t i o n s o f pH a s s e m b l i e s must be made a g a i n s t 

p o t a s s i u m h y d r o g e n p h t h a l a t e 0.OS mole kg ̂  t o w h i c h s o d i u m 

c h l o r i d e has been added t o match t h e b u f f e r i o n i c s t r e n g t h . 

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

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

shown t o be a d d i t i v e when t h e j u n c t i o n s a r e f o r m e d b e t w e e n 

s o l u t i o n s h a v i n g t h e same l o w , i o n i c s t r e n g t h w i t h a common 

c a t i o n . 
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REPORT ON THE ' IX CONGRESO IBEROAMERICANO DE ELECTROQUIMICA1 

( IXth IBERO-AMERICAN CONGRESS OF ELECTROCHEMISTRY) 

In the week comprised between Ju l y 15th and Ju l y 21st , the ' IX 
Congreso Iberoamericano de E lec t roqu imica ' was held at La Laguna, 
Tene r i f e , Spain. The seat of the Congress was the Universidad de 
La Laguna. This Congress was a new one of a se r i es of e l ec t ro 
chemical meetings which were i n i t i a t e d in Argent ina about 20 years 
ago. The Congress under the present e d i t i o n covered a l l the e l ec 
trochemical communities from Spanish -and Portuguese- speaking 
coun t r i es . 

The organ isat ion of the Congress was run by a Committee headed 
by Prof A. Arevalo from the Un ive rs i t y of La Laguna. The number 
of pa r t i c i pan t s attending the Congress was 194 coming from 13 di f¬
feren ts coun t r ies . The program consis ted of 8 plenary l ec tu res , 23 
i n v i t e d lec tures and 225 f i f t e e n minute presenta t ions . Nearly 470 
authors and coauthors sent communications to the Congress, the 225 
communications was d i s t r i bu ted in the fo l l ow ing areas of e l e c t r o 
chemist ry : i ) Fundamental E lect rochemist ry (75) ; i i ) Electrode Ma
t e r i a l s and E l e c t r o l y t e s (20) ; i i i ) E lect rochemical Methods of Ana
l y s i s (25) ; i v ) Molecular E lect rochemist ry and B ioe lec t rochemis t ry ; 
v) Elect rochemical Energy Conversion (2 ) ; v i ) Cor ros ion , E lec t rode-
pos i t i on and Surface Treatment (74) and v i ) Indus t r ia l E lec t roche
mis t ry and Electrochemical Enginneering (4) . The communications 
were presented in four p a r a l e l l sessions cover ing from Monday to 
Fr iday the en t i r e day, except Wenesday a f ternnon, which was dedica
ted to an excursion to the Teide volcano. 

The abs t rac ts of the Congress were pr in ted in a 730 pages book. 
The book i s ava i l ab le at the Departamento de Quimica F i s i c a , Un i 
vers idad de La Laguna, i t s pr ice being 50 usa d o l l a r s . By the end 
of present year the f u l l tex t of plenary and i nv i t ed lec tures w i l l 
be publ ished by the Secretar iado de Pub l i cac iones (Universidad de 
La Laguna). This book w i l l be ava i l ab le at the same pr ice as the 
abs t rac t book. 


