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VOLUME AND COMPRESSIBILITY CHANGES OF SOLVENTS 
IN IONIZING PROCESSES 

by 

César A. N. Viana and António R. T. Calado 

Centro de E l e c t r o q u i m i c a e Cinética da Universidade de Lisboa 
I n s t i t u t o Bento da Rocha Cabral 
C. Bento da Rocha C a b r a l , 14 
1200 L i s b o a , Portugal 
Faculdade de Ciências da Universidade de Lisboa e Faculdade de 
Farmácia da Universidade de Lisboa 

Volumic p r o p e r t i e s are of course volume dependent. 
Concentration i s one of these p r o p e r t i e s and the r a t i o between the 
number of molecules and the volume i s a very important property 
which must be taken i n t o account i n the study of s o l v o l y t i c 
mechani sms. 

In t h i s respect two r e a c t i o n s , namely t e r - b u t y l c h l o r i d e and 
e t h y l iodide/triethy1ammine i n d i f f e r e n t a l c o h o l s are here 
analysed. The two mechanisms are e s s e n t i a l l y as f o l l o w 1 ' 2 : 

tBuCl < ' [ t B u + ô C I " 5 ]* -+ Bu - 0 - Me + H + + C l ~ (1) 

Portugaliae Electrochimica Acta, 9 (1991) 245-252 
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and 

I I 

R 
/ \ y 

R H 0 

Q Me H 
E t 3 N + E t I — > E t y s Q {S 

R H v 0. 

I l l iv 

E t N + I " ( R 0 H ) » [ E t N + ( R 0 H ) I " ( R 0 H ) V 
4 m + n < 4 m + n -1 

(ROH) E t N* + I ' ( R O H ) ( 2 ) 
m 4 • n 

B o t h r e a c t i o n s , S N 1 a n d S N 2 m e c h a n i s m s r e s p e c t i v e l y , a r e e a c h 

t i m e o r i g i n a t i n g more i o n i c s p e c i e s a s t h e y g e t f o r w a r d . So t h e 

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

number o f t h e s o l v e n t m o l e c u l e s s o l v a t i n g t h e a c t i v a t e d c o m p l e x 

a r e i n b o t h c a s e s h i g h e r t h a n i n i n i t i a l s t a t e . 

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

o f a c t i v a t i o n a r e o b t a i n e d '•• e v e n t u a l l y a s a f u n c t i o n o f 
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t e m p e r a t u r e , p r e s s u r e a n d s o l v e n t . S u c h p a r a m e t e r c a n be d i s s e c t e d 

i n t w o c o m p o n e n t s a s f o l l o w s : 

A V = A 7 ^ + A 5 " ^ (3 ) 

w h e r e A^V 0 i s c o n c e r n e d w i t h i n t r a m o l e c u l a r s u b s t r a t e v o l u m e 
I 

c h a n g e s a n d t\ V ° r e l a t e s s o l v e n t v o l u m e c h a n g e o n a c c o u n t o f 

s u b s t r a t e - s o l v e n t i n t e r a c t i o n s . F o r t h e s e r e a c t i o n s A^v" v a l u e s 

a r e l a r g e r t h a n A * V a n d t h e A ^ V 0 v a l u e s a r e s t r o n g l y n e g a t i v e s , 

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

. c o m p l e x . 

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

t h e b u l k , V 5 * a n d V , r e s p e c t i v e l y a r e r e l a t e d t r o u g h e q u a t i o n 

AV 2 = v* - vM (4 ) 

T h e s e v a l u e s a r e s h o w n i n t a b l e s 1 a n d 2, 

As i t c a n be s e e n t h e m o l a r v o l u m e s a r o u n d t h e a c t i v a t e d 

c o m p l e x a r e a l w a y s much s m a l l e r t h a n i n t h e b u l k w h i c h s h o w s an 

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

a r e d e v e l o p e d o v e r t h e s u b s t r a c t a a n d a s i t c a n be p r o v e d by t h e 

2 3 -

v a l u e s o f t h e h e a t c a p a c i t i e s o f a c t i v a t i o n ' . E q u a t i n g t h e 

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

V p = V M - V S (5 ) 

w h e r e V , V M a n d V g a r e t h e f r e e volume',^ t h e l i q u i d v o l u m e a n d t h e 

1 - 3 
n o n - o p e r a b l e v o l u m e , i t i s p o s s i b l e t o o b t a i n 
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Table 1 A c t i v a t i o n volumes and molar volumes of tBuCl i n MeOH as f u n c t i o n of pressure (T = 313.15 K) 

p/bar -i ' v'/cm'mol" 1 -A^v^/cn^mo!" 1 V M/cm 3mol" 1 V*/cm 3mol 

1 26 7±1 .2 30 7±2.2 41 47 10 8*2.2 

500 20 7±0. 1 24 7±1 . 1 39 31 1 4 6±1 . 1 

1000 16 6±0. 1 20 6±1 . 1 37 92 17 3±1 . 1 

1500 1 4 4±0. 1 1 8 4±1 . 1 36 89 18 4±1 . 1 

2000 1 3 6±0.3 1 7 6±1 .3 36 0 7 18 4±1 .3 

A v was determined on the b a s i s d e s c r i b e d i n refe r e n c e (1) 

Table 2 A c t i v a t i o n volumes and molar volumes of a Menschutkin r e a c t i o n as a f u n c t i o n of s o l v e n t 

(T = 313.15 K , p = 1 atm) 

Solvent -i'v'/cm'mol"' -A ? iV°/cm 3mol 1 V /cm 3mol _ 1 V*/cm 3mol 1 n 

MeOH 29 8±0 8 21 3±2 5 41 47 20 2±2 5 3 . 7 

EtOH 27 5±0 7 17 0±2 8 59 67 42 9±2 8 1 . 8 

1-PrOH 2 5 7±0 7 1 2 6±2 7 76 32 63 7±2 7 1 . 2 

1-BuOH 20 8±0 4 6 5±1 8 93 28 86 8*1 8 0 . 4 

2-PrOH 28 7±1 0 19 9±1 9 78 22 58 3+1 9 1 . 5 

2-BuOH 26 4±0 7 18 2±1 1 9 3 86 75 7±1 1 1 . 2 

A*V was obtained having i n account the Kondo and c o l ' e q u a t i o n s 4 and the Asano and c o l ' e q u a t i o n s 
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A'V = A^V" + n V F (6 ) 

f r o m w h i c h t h e e x t r a s o l v a t i o n number , n , on a c c o u n t o f t h e 

a c t i v a t e d c o m p l e x f o r m a t i o n , i s o b t a i n e d s i n c e A*V° c a n be 

c o n s i d e r e d c o n s t a n t i n r e l a t i o n t o A*Nr°. So ( a A ^ v V d V ) = n . S u c h 

d e r i v a t i v e i s d e t e r m i n e d t h r o u g h ( A ' S ^ V ) v a r i a t i o n s w h i c h a r e 

a l w a y s v e r y a p p r o x i m a t e l y l i n e a r . An e x a m p l e o f i t i s shown i n 

1 2 

F i g . 1 ' and t h e n v a l u e s a r e a s f o l l o w i n t a b l e 2 . 

H a v i n g i n c o n s i d e r a t i o n t h e e q u a t i o n ( 4 ) t h e f o l l o w i n g 

r e 1 a t i o n s h i p 

X* = - (1 / V*) x (dv* / a P ) T = - O l n V * / d p ) T (7 ) 

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

a c t i v a t i o n a s w e l l a s t h e n o r m a l s o l v e n t c o m p r e s s i b i l i t i e s a r e 

o b t a i n e d . T a b l e 3 shows t h e n o r m a l s o l v e n t c o m p r e s s i b i l i t y as w e l l 

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

s e n s e s , t h e a b s o l u t e v a l u e , % , and t h e v a r i a t i o n o f t h e s o l v e n t 

c o m p r e s s i b i 1 i t y 

A ? i X 2 = X* - .X (8 ) 

r e s p e c t i v e l y , a s a f u n c t i o n o f s o l v e n t . 

As i t c a n be s e e n t h e s o l v e n t c o m p r e s s i b i l i t y d e c r e a s e s a s 

t h e s o l v e n t c a r b o n c h a i n i n c r e a s e s w h i l e t h e s o l v e n t 

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

T h i s i s i n a c c o r d a n c e t o t h e l a r g e r s i z e s o f s o l v e n t m o l e c u l e s 

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

s i t e s as t h e s o l v e n t m o l e c u l e s i n c r e a s e s . 
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Table 3 Normal s o l v e n t c o m p r e s s i b i l i t y and s o l v e n t c o m p r e s s i b i l i t y of a c t i v a t i o n f o r 

a Menschutkin r e a c t i o n as a f u n c t i o n of s o l v e n t 

(T = 313.15 K ) 

Solvent x* x 1 u V b a r " 1 x*1oVbar"' &*x « 1 0* / bar 

MeOH -1.68±0.05 1 . 384 -3.06±0.05 

EtOH -0.43±0.06 1 . 272 -1.70±0.06 

1-PrOH 0.19±0.05 1 . 120 -0.93±0.05 

1-BuOH 0.42±0.04 1 .039 -0.62±0.04 

2-PrOH -0.56±0.06 1 . 278 -1.S4±0.06 

2-BuOH -0.31±0.04 1 . 103 -1.42±0.04 

MeOHa -2.6±0.7 1 .384 -4.0±0.7 

'Reaction of EBuCl (T = 313.15 K) 
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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 
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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 . 
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