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sromroa OK THI> astHflTO « « B HraMaapamic ACiaS 

B. A. AJOTCAB, FOtfi&vH Bo? COLLEGE, 

She behaviour of BOOtie, propionic eind butyrio acids 
at the solution-vapour interface at 30* has been studied 
systematically* The surface tensions and vapour-pressures 
of fourteen systems wore measured and too Gfibbs adsorption 
equation used to calculate surface excesses, rc~N > whilst 
the Amounts of the individual components at tho interface 
were calculated by well-kaaown mothods. I t i s assumed that 
the thickness of the adsorbed phase i s essentially monolayer 
i n character* The orientation of tho acids at the 
interface i s assumed to be the •parallel' one for adsorption 
from benzene, carbon tetrachloride and cyftlohexane and the 
'perpendicular* one for adsorption from ethyl alcohol end 
water. Uwo factors, - a f f i n i t y between acid and solvent i n 
the bulk and rate of lowering of surface tension o f acid + 
solvent mixtures by tho acids, have been used to account for 
the eattent of acid adsorption at the interface* 

Sn general adsorption of acid increases with increasing 
chain length, although for the oyclbhexane systems i t 
decreases with increasing acid chain length ."̂ he occur ranee 
of a mixed monolayer at the interface i s observed for a l l 
the systems, and a uni~monoltvye;r of acid i s formed only 
from the pure component* 

For tho water systems i t i s possible' for the adsorbed 
layer to contain two water molecules along the length of 
the acid molecule due to the much smaller aiase of tho water 
molecule* 

the present investigations have thrown further l i g h t 



on adsorption behaviour at the solution-vapour interface* 
A complete understanding of adsorption phenomenon at the 
interface* involving a reasonable assessment of thiehness of 
the fldsorbod layer 9 composition and orientations at the interface* oto*, depends on the partioulsir systeme involved, 
on the proportion of the solutions* and on the intormoleculor 
interactions possible both i n bulk solution and at the 
interface* 
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CHAPTER 1. 

GENERAL INTRODUCTION., 

A d s o r p t i o n i s an i m p o r t a n t phenomenon which occurs,;: 

a t i n t e r f a c e s . T h i s t e r m i s used t o d e s c r i b e t h e phenomenon 

associated w i t h t he e x i s t e n c e o f a h i g h e r c o n c e n t r a t i o n o f 

a substance a t t h e s u f f a c e of a l i q u i d or s o l i d t h a n i s 

pr e s e n t i n t h e b u l k phase. S t u d i e s on t h e s t r u c t u r e o f 

th e s u r f a c e l a y e r o f s o l u t i o n s i s an i m p o r t a n t t o p i c i n 

t h i s c e n t u r y and such s t u d i e s are g e n e r a l l y pursued by 

i n d i r e c t methods, which may i n v o l v e t h e a p p l i c a t i o n of t h e 

Gibbs a d s o r p t i o n e q u a t i o n t o s u r f a c e t e n s i o n and a c t i v i t y 

d a t a . 

A d s o r p t i o n from s o l u t i o n s may be s t u d i e d a t d i f f e r e n t 

i n t e r f a c e s v i z l i q u i d - l i g u i d , l i q u i d - v a p o u r and l i q u i d -

s o l i d . Of these t h e f i r s t two a r e , i n p r i n c i p l e , t h e 

s i m p l e s t , because t h e use of pure substances g i v e s a 

homogeneous adsorbed i)hase. However, t h e m a j o r i t y of 

workers have p a i d s p e c i a l a t t e n t i o n t o the l a s t i n t e r f a c e 

and much l e s s work has been r e p o r t e d on t h e f i r s t two 

i n t e r f a c e s . I n the p r e s e n t work t h e systems chosen c o n s i s t 
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of c o m p l e t e l y m i s c i b l e b i n a r y l i q u i d s and an a t t e m p t 

i s made t o s t u d y the n a t u r e and c o m p o s i t i o n of t h e l i q u i d -

vapour i n t e r f a c e . 

The s u r f a c e energy of a pure l i q u i d c o n s i s t i n g of 

one species o f molecule tends t o be m i n i m i s e d by t h e 

d i m i n u t i o n of t h e t o t a l s u r f a c e t o the minimum p o s s i b l e , 

and molecules leave t h e s u r f a c e f o r t h e i n t e r i o r under t h e 

a c t i o n o f i n w a r d a t t r a c t i v e f o r c e s e x e r t e d on the s u r f a c e 

m o l e c u l e s . I n t h e case o f s o l u t i o n s o f two or more 

substances, the molecules which have t h e g r e a t e r f i e l d s 

o f f o r c e t e n d t o pass i n t o t h e i n t e r i o r and those w i t h 

t h e s m a l l e r f i e l d s remain a t or near t h e s u r f a c e . As 

a r e s u l t o f t h i s tendency of t h e f r e e energy of t h e s u r f a c e 

t o decrease, a s o l u t e h a v i n g a lower s u r f a c e t e n s i o n w i l l 

t e n d t o c o n c e n t r a t e on the s u r f a c e . T h i s c o n c e n t r a t i o n o f 

one component of a s o l u t i o n a t t h e s u r f a c e i s c a l l e d 

a d s o r p t i o n . I f t h e r e i s an i n c r e a s e of c o n c e n t r a t i o n of 

one component of a s o l u t i o n a t t h e s u r f a c e t h e n t h e 

a d s o r p t i o n i s p o s i t i v e and i n t h e case''.- of a decrease i n 
c o n c e n t r a t i o n , t h e a d s o r p t i o n o f t h a t component i s n e g a t i v e . 
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Q u a l i t a t i v e l y t h e r u l e f o r a d s o r p t i o n i s t h a t , i f 

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

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

i t has a l a r g e r s u r f a c e t e n s i o n , t h e s o l u t e i s d r i v e n as 
1 

f a r as p o s s i b l e i n t o t h e i n t e r i o r . 

Gibbs deduced t h e q u a n t i t a t i v e r e l a t i o n between t h e 
2 

amount of a d s o r p t i o n and t h e change i n s u r f a c e t e n s i o n . 

The Gibbs a d s o r p t i o n e q u a t i o n may be w r i t t e n i n t h e form. 
RT 7>lnaj., . u ' 

¥here f7~ i s excess c o n c e n t r a t i o n o f t h e s o l u t e per square 

cm. o f s u r f a c e as compared w i t h t h a t i n t h e b u l k o f t h e 

s o l u t i o n , 1 i s t h e s u r f a c e t e n s i o n o f the s o l u t i o n , ' t j ^ i s 

t h e a c t i v i t y o f t h e s o l u t e , R i s t h e gas c o n s t a n t and T 

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

a s o l u t e causes a decrease i n s u r f a c e t e n s i o n o f t h e 

s o l v e n t , r-^— w i l l be n e g a t i v e , and a d s o r p t i o n o f t h e 
dlnaj. 

s o l u t e w i l l be more a t t h e s u r f a c e . S i m i l a r l y i f t h e s o l u t e 

causes an i n c r e a s e i n s u r f a c e t e n s i o n of t h e s o l v e n t , • ~ 
^lna,. 

w i l l be p o s i t i v e , and a d s o r p t i o n o f t h e s o l u t e w i l l be 

l e s s a t t h e s u r f a c e , D i f f e r e n t w o r k e r s , f o r example 
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3 4 5 6 
Gu r w i t s c h , H a r k i n s & Wampler, B e l t o n and K i p l i n g have 

used t h e above e q u a t i o n i n t h e s t u d y o f t h e l i q u i d - v a p o u r 

i n t e r f a c e and t h e i r r e s u l t s agree, i n g e n e r a l , w i t h t h e 

re q u i r e m e n t s o f e q u a t i o n ( l ) . 
4 

H a r k i n s and Wampler used t h e f o r m o f Gibbs e q u a t i o n 
i— 7 

which g i v e s t h e s u r f a c e excess as it. . Guggenheim and Adam 

p o i n t e d out t h a t /I c o u l d be c a l c u l a t e d a c c o r d i n g t o 

d i f f e r e n t c o n v e n t i o n s and t h e s u r f a c e excess c a l c u l a t e d 

had c o r r e s p o n d i n g l y d i f f e r e n t v a l u e s . The s u r f a c e excess 

f o r u n i t area o f s u r f a c e denoted by i s t h e excess of 
« 

t h e s o l u t e i n the s u r f a c e l a y e r over t h e number o f moles 

o f s o l u t e i n t h a t p a r t o f t h e b u l k r e g i o n c o n t a i n i n g t h e 

same number o f moles o f s o l v e n t . 

Surface t e n s i o n v a l u e s are necessary i n order t o be 

able t o c a l c u l a t e s u r f a c e excess. A c c o r d i n g t o t h e Gibbs 

e q u a t i o n t h e s u r f a c e t e n s i o n change i s r e s p o n s i b l e f o r t h e 

change i n t h e s u r f a c e excess v a l u e s . The second i m p o r t a n t 

r e q u i r e m e n t f o r c a l c u l a t i n g s u r f a c e excess i s a c t i v i t y 

d a t a . 

I n t h e p r e s e n t work t he s u r f a c e excess f o r some systems 
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have been determined w i t h t h e h e l p of s u r f a c e t e n s i o n and 

a c t i v i t y d a t a , and t h e i n d i v i d u a l amounts of each o f t h e 
6 

components a t the i n t e r f a c e are deduced by well-known methods. 

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

s o l v e n t i s t h e n d i s c u s s e d . 
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CHAPTER 2 

T h e o r e t i c a l Approaches t o t h e S u b j e c t . 

The Surface Excess. 

There are two concepts of a d s o r p t i o n as a p p l i e d t o 

m i x t u r e s . The f i r s t , a p p l i e d t o a d s o r p t i o n from a m i x t u r e 

of s e v e r a l components, i s r e f e r r e d t o as p r e f e r e n t i a l or 
g 

s e l e c t i v e a d s o r p t i o n , and t h e measured a d s o r p t i o n corresponds 

t o a s u r f a c e excess. T h i s i s a measure of t h e e x t e n t t o whic 

the b u l k l i q u i d i s i m p o v e r i s h e d w i t h r e s p e c t t o one component 

as the s u r f a c e l a y e r i s c o r r e s p o n d i n g l y e n r i c h e d . The 

second i s the t r u e a d s o r p t i o n of an i n d i v i d u a l component, 

and r e f e r s t o t h e a c t u a l q u a n t i t y o f t h a t component p r e s e n t 

i n t h e adsorbed phase. 

A d s o r p t i o n a t t h e l i q u i d - v a p o u r j>hase boundary i s 

c o n s i d e r e d t o be m a i n l y due t o p h y s i c a l f o r c e s and t h i s 

has been an j m p l i c i t assumption i n t h e t h e o r e t i c a l t r e a t m e n t 

o f such systems. S o l i d s , however, are known t o adsorb 

gases c h e m i c a l l y , even a t low t e m p e r a t u r e s , and b o t h 
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c h e m i s o r p t i o n and p h y s i c a l a d s o r p t i o n may occur i n t h e 

same system i n a d s o r p t i o n from s o l u t i o n s on t o s o l i d 
9 

s u r f a c e s . For e l e c t r o l y t e s which c o n s i s t s o f i o n s w h i c h 

are b u l k y i n s i z e a d s o r p t i o n may be c o n s i d e r e d t o be 

governed e s s e n t i a l l y by Van der ¥aals' f o r c e s because t h e 

i o n i s l a r g e i n r e l a t i o n t o t h e magnitude of i t s charge? 

The thermodynamic t r e a t m e n t o f a d s o r p t i o n began 

e f f e c t i v e l j r w i t h t h e Gibb's e q u a t i o n which has been an 

e s s e n t i a l f e a t u r e of t h e t r e a t m e n t of t h e l i q u i d - v a p o u r and 

t h e l i q u i d - l i q u i d i n t e r f a c e s . Gibbs t r e a t m e n t compares 

t h e a c t u a l system w i t h a p h y s i c a l l y i m p o s s i b l e system i n 

which two l a y e r s t o u c h w i t h o u t any t r a n s i t i o n a l l a y e r . 

L e t us c o n s i d e r a s o l u t i o n w i t h ©4.and as t h e upper and 

lower phases t o t h e t r a n s i t i o n a l r e g i o n . A. normal t o t h e 

s u r f a c e i s moved round so as t o enclose a volume of c r o s s -

s e c t i o n A p e r p e n d i c u l a r t o t h e s u r f a c e . The volume may^ig.fl) may (P13.A) 

Pt9 
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be f i n a l l y d e f i n e d by drawing s u r f a c e s Q^and P^ Qfl 

X ^ a r a l l e l t o t h e p h y s i c a l surface© Next we may c o n s i d e r 

an i d e a l i z e d volume o f t h e same l e n g t h and c r o s s - s e c t i o n 

i n which t h e two phases are separated n o t by an a c t u a l 

p h y s i c a l s u r f a c e b u t by a mathematical plane,£F;} B ) . 

|~ f j — may be re g a r d e d as t h e s u r f a c e excesses of 

components 1,2., i , r e s p e c t i v e l y , per u n i t area 

m 1 y ^ . . . . m i (where m± = A j f ) f o r t h e s u r f a c e excesses 
i n t h e whole area A c o n s i d e r e d . 

Now t h e r e i s a d i f f e r e n c e i n t h e amount o f energy and 

of e n t r o p y between t h e a c t u a l and t h e i d e a l i z e d system. 

The excess of energy i n the f i r s t over t h e second system 

may be t a k e n as XL and t h e excess o f e n t r o p y M per 
s 

u n i t area £ 3 +1 where A£.$ . The energy o f t h e system 

may be expressed as a sum o f terms, each of which i s t h e 

p r o d u c t of a c a p a c i t y f a c t o r and an i n t e n s i t y f a c t o r . 

T a king e n t r o p y , volume V, area A and amounts o f t h e 

components m^f a s t h e c a p a c i t y f a c t o r s , and choosing tem

p e r a t u r e , p r e s s u r e , s u r f a c e t e n s i o n and chemical p o t e n t i a l s , 

ji^t u.2> JU2 v«i> a s the i n t e n s i t y f a c t o r s , t h e 
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i n c r e a s e i n energy of t h e a c t u a l system i n any s m a l l 

r e v e r s i b l e change when i n e q u i l i b r i u m i s g i v e n by t h e 

e q u a t i o n ; 

The i n c r e a s e of energy of each phase o f t h e i d e a l i z e d 

system, s e p a r a t e l y , i s g i v e n as: A 

etc = T<I n - ' ^ 

But by t h e d e f i n i t i o n o f s u r f a c e excess 

^ € - ^ - ^ . & 

m. = m. — m,- — rat i 1 «• 

_ _ — CO 

S u b t r a c t i n g e q u a t i o n s ( 3 ) and (4) from ( 2 ) , we have 
PS- s s-

d£ = Tdn. + i&k + p., dm, + j H 2
d m 2 ' * &mi • _ - - ( 8 ) 

Since equation ( 8 ) i s a homogeneo\is f u n c t i o n o f t h e f i r s t 

degree i t may be i n t e g r a t e d t o 

which i s an o p e r a t i o n c o r r e s p o n d i n g p h y s i c a l l y t o a f i n i t e 

i n c r e a s e of area w i t h o u t change of c o m p o s i t i o n . . 

D i f f e r e n t i a t i n g e q u a t i o n ( 9 ) , one o b t a i n s 
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and comparing (10) w i t h (8) we have 
•S s A d / = - rjdT - m, du.( - - mi d ^ i m (11) 

For u n i t area of s u r f a c e , 

d y ='n s
d T - IT d * i - -rr d J * i . (12) 

E q u a t i o n (12) i s t h e g e n e r a l form o f t h e Gibbs r e l a t i o n 

between s u r f a c e t e n s i o n , t e m p e r a t u r e , s u r f a c e excesses, 

and chemical p o t e n t i a l s f o r a system o f any number of 

components. A t c o n s t a n t temperature and f o r systems o f 

two components e q u a t i o n (12) becomes 
d / = ~ /T~ d - f T d * 2 . — - - (13) 

I f t h e mathematical plane between th©!f>two phases i s f i x e d 

then, t h e surface, excess o f component 1 vanishes and we 

get d y = - f ^ a ^ ----- - ~ - (14) 

I f t h e a c t i v i t y c o e f f i c i e n t o f second component i s f 2
 a n d 

i t s mole f r a c t i o n N2 t h e n 

d Y = - RT IZ~N d / i 2 • (15) 

But M I = M? + RT l°g«. * i N 2 5 ~ - - (16) 

hence d / = -RT d l o g t f 2 ^2 t - - (17) 

= - — 
RT d I n f 2 N 2 ; , __. - — (18) 
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° r 'x- = - B T . " ^ ( ^ 2 ) " ~ ~ ( 1 9 ) 

I f component 2 i s v o l a t i l e and i t s vapour pressure 

obeys the p e r f e c t gas lows w i t h s u f f i c i e n t exactness, the 

p a r t i a l pressure i n the vapour being P2, 

' ^ - - - f e - . - - •'*» 
For i d e a l s o l u t i o n s , w i t h a c t i v i t y c o e f f i c i e n t u n i t y , 

equation ( 1 9 ) becomes 

For d i l u t e and i d e a l s o l u t i o n s where the concentration 
C 2 i s p r o p o r t i o n a l t o mole f r a c t i o n and f,,= 1 K--2) 

T — ( u S j t ^ . _ - - O-*-

Guggenheim and Adam have discussed various a l t e r n a t i v e 
* 

1 
d e f w u i i i o a i s o f f t made- by f i x i n g the mathematical 

surface of an i d e a l i z e d system i n d i f f e r e n t way£- The 

d i f f e r e n t conventions considered are discussed below. 

Convention (1 ) Cribbs choice of f i x i n g the mathematical 

surface so t h a t vanishes, means t h a t a p o r t i o n of the 

l i q u i d c ontaining u n i t area of surface contains ^rnoles 

of each species more than a p o r t i o n i n the i n t e r i o r which 

contains e x a c t l y the same number of molecules of species 1 . 

This may be c a l l e d convention 1. .The value of the 
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Corresponding t o t h i s convention w i l l be s p e c i f i e d as 

f—(l)= O . _ - - - (23) -
S i m i l a r l y i f we define £ as the excess number of 

moles of the species i i n a p o r t i o n of l i q u i d w i t h u n i t 

surface area over a p o r t i o n in. the i n t e r i o r containing 

e x a c t l y the same number of moles of the species. 2, then 

the n o t a t i o n used i s £ ^ and i s r e f e r r e d as convention 2. 

r ~ C = 0 . - - - - - - - (24) 
12. 

A general and precise fawm the Gibbs equation i s 
- dV =E/T^ cL^\ ^JT cL^CL^ _ - - ( 2 5 ) 

c 
and f o r a two component mixture; 

4 fin 
-d Y = /7~~ d H f d M 2 - -• ~ ~~ " ( 2 6 ) 

whence, from the Gibbs - Duhem equation 
X,dwT + x L d M2 = 0 - - ~ ~ ( 2 7 ) 

we have - / ; — — IZ~~ <?L ^ , - " " (28) 
or x,<^r _ r — , • x • - - " -- ( 2 9 ) 

Also Kv- i ^ _ /;— T[ ̂  . — — - (30) 

¥here ">ii_^2L has the s i g n i f i c a n c e of 
QL M., —•• 
surface excess. 

i 
Now keeping i n view the convention 1 we have f o r a two 



13 

component mixture 
I C J 

=• r r " — - ( 3 1 ) 
or J T " ^ « L ^ * - ( 3 2 ) 

or 

Thus ^ — - (33) 
I d » 

" HT d l n a 2 " — — (34) 
Convention N For comparison of d i f f e r e n t i n t e r f a c e s t h i s 

. 1*/> 
convention i s probably the most u s e f u l . /; i s the 

excess of component i i n the surface layer of u n i t area 

compared w i t h the amount present i n the q u a n t i t y of bulk 

l i q u i d which contains the same t o t a l number of moles of a l l 

species. Thus f o r a two component mixture we have 

t z t * » = rz~ yc^ ( + c r ) - - - ( 3 5 ) 

tz—^ -= r r ~ ^ , _ i — TC^. (36) 
TT _ c l 1 / _ _ (37) 

or j - T t . o f V _ — (38) 
r r - ^ = = ->c, ̂ — _ - (39) 

¥here 7 i s the surface t e n s i o n of s o l u t i o n , i s the 

a c t i v i t y of component 2 and x 1 i s the mole fiEaction of 

component 1. 

or 

or 
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Contention M " 

Here JJ- i s defined as the number of moles of th e species 

i i n a p o r t i o n of the l i q u i d contained i n u n i t area of the 

surface more than i n a p o r t i o n i n the i n t e r i o r of e x a c t l y 

the same mass. Thus f o r a two component mixture: 

where and are the molecul&r weights of component 

1. and 2, r e s p e c t i v e l y , and M i s the mean molecular weight 

of the s o l u t i o n . Then 

^ = - ^ / C f Z ^ l * - " ( 4 2 ) 

Convention Y 

Here /J i s denoted as the number of moles of the 

species i . i n a p o r t i o n of the l i q u i d contained i n u n i t 

area o"f -surface more than i n a p o r t i o n i n the i n t e r i o r of 

exac t l y the same volume. Thus f o r a two component mixture: 
' u ~ V ^ - T ^ U ^ L ~ ~ ( 4 3 ) 

where and V are the p a r t i a l molar volume of component 1 

and the mean p a r t i a l molar volume of the s o l u t i o n , respect

i v e l y . The r e l a t i o n s h i p between the surface excesse.s 
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c a l c u l a t e d according t o the d i f f e r e n t conventions i s g j v e n 

below: 

FT^ - ITT^ - m r ^ = - ^ c ( " J - ( 4 4 ) . 

I t i s only w i t h convention V t h a t the geometrical surface 

coincides w i t h the physical boundary of the l i q u i d . 

Nature of the adsorbed l a y e r . 

Once the surface excess has been c a l c u l a t e d i t i s 

possible t o get the actual surface concentrations f o r 

each component. I n the present work convention N has been 

used t o c a l c u l a t e the surface excess as i t i s the most 

us e f u l convention f o r the comparison of d i f f e r e n t i n t e r f a c e s 

/u~ ̂  i s represented by the equation ( 3 9 ) . For a l i q u i d -
1 0 

s o l i d i n t e r f a c e the surface excess i s given by the equation 
— — — = -y\t yc-u — T I L K I . — — — ( 4 5 ) 

Where m i s the weight of adsorbent brought i n t o contact 

w i t h Tig moles of l i q u i d . respresents the change i n 

mole f r a c t i o n of the l i q u i d w i t h respect t o component 1 , 
s s 
n-j and n-j are the number of moles of component 1 and 2 

r e s p e c t i v e l y , t r a n s f e r r e d onto the surface o£ u n i t weight 
the 

of s o l i d , x^ and ^ r e f e r t o / e q u i l i b r i u m mole f r a c t i o n s 
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of components 1 and 2, r e s p e c t i v e l y , i n the l i q u i d phase. 
The surface concentration i n the liquid-vapour i n t e r f a c e 
corresponds t o the terms n^ and n^ of equation (45) 
and the surface excess t o the term * V . For comparison 
of the liquid-vapour and l i q u i d - s o l i d i n t e r f a c e s , we can 
w r i t e - / T — ^ ^ r-^> ^ A X L • - - - (46) 

"Inhere S i s the s p e c i f i c surface area of the s o l i d . 

The surface concentration f o r each component, when 

surface layer i s assumed t o be one molecule t h i c k , can be 

obtained by s o l v i n g the equation (36) and the f o l l o w i n g 

equation: 
i — 5 r,—~s 

where (/J *)^and {JZ~'j^are the number of moles of 

components 1 and 2, r e s p e c t i v e l y , t o form a complete 

monolayer. /J ^ and n i are the t o t a l number of 

moles of components 1 and& r e s p e c t i v e l y , present i n the 

adsorbed layer per u n i t area of surface. The f i r s t two 

q u a n t i t i e s can be c a l c u l a t e d from the area occupied by 

each molecule, assuming a d e f i n i t e o r i e n t a t i o n at the 

i n t e r f a c e . 
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Proposals have also been made t o ca l c u l a t e the a c t u a l 
concentration of each component at the i n t e r f a c e from 

13 
B a r t e l l and Banner used the equation 

-2Lv. = / C ^ - f ^J^r J _ _ - - (48) 

where Zg i s the number of molecules of solute (component 2 ) 

present i n 1 sq.cm. of i n t e r f a c e , i s the molar volume 

of the s o l u t e , m i t s molar area, i t s mole f r a c t i o n 

i n the s o l u t i o n and V the molar volume of the solute-. 

I n order t h a t Z2 may be obtained by using t h i s , an estimate 

must be made of the molecular area of the solute at the 

i n t e r f a c e , but t h i s procedure i s not i d e n t i c a l t o the one 

based on the N convention i n which molecular areas of 
both components i s considered. I n p r i n c i p l e , when the 

1 "(YJ 
values of I are used i t would seem desirable t o 

estimate Ẑ  and i f the r e s u l t s are t o be as s a t i s f a c t o r y 

as those based on the K. convention. 

Although there has been some controversy concerning 

the thickness of the adsorbed layer a t the l i q u i d - s o l i d 

i n t e r f a c e , i t seems g e n e r a l l y t o have been assumed t h a t 

the adsorbed phase at the liquid-vapour i n t e r f a c e i s confined 
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to the thickness of one molecule. This, as Guggenheim 

and Adam pointed oul i s the simplest assumption t o be 

made. The general assumption appears t o be accepted 

mainly because i t gives r e s u l t s compatible w i t h the 

values of f" derived from Gibbs equation. 

Systems l i k e water + methyl alcohol and water + 
14 

ethanol have been studied and the adsorbate has been 

shown t o be confined t o a monolayer. Here the analysis 

depended on the choice of s u i t a b l e molecular areas f o r 

the two components, f o r water, 10 sq.A, and f o r ethanol, 18.4 

sq.A, which corresponds t o the o r i e n t a t i o n w i t h the major 

axis of the molecule perpendicular t o the surface and the 

-OH group p o i n t i n g towards the s o l u t i o n . Fox methyl alcohol 

the molecular area was taken as 16.#£. 
15 

Sc h o f i e l d and Rideals' treatment f o r d i l u t e s o l u t i o n s 

i s another j u s t i f i c a t i o n f o r the monolayer hypothesis. 

They defined a q u a n t i t y F ; 

P = Y 0 - Y - - — - (49) 

where V a i s the surface tension of the pure solvent and Y 

i s t h a t of s o l u t i o n , and found t h a t a number of data 
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f i t t e d the equation 

F (A - B) = k T X . - _ - — — (50) 

"Where A i s the area a v a i l a b l e t o each solute molecule i n 

the surface l a y e r , B the minimum area which each solute 

molecule can occupy, k i s the Boltzmann. constant and ~tC 

i s a measure of molecular cohesion. A p p l i c a t i o n of t h i s 
16 

equation t o data obtained by Szyszkowski showed t h a t 

n - b u t y r i c , n - v a l e r i c and n-caproic acids have the same 

molecular o r i e n t a t i o n w i t h an area close t o t h a t expected 

f o r formation of a complete monolayer. 
The s o l u b i l i t y of b u t y r i c a c i d i n ( p o l a r ) water has 

17 «° 
been reported by Harkins as d u e t o t h e P°lar -C h-
or carboxyl group and i t s s o l u b i l i t y i n (Won p o l a r ) 

benzene due t o the non-polar C HyCB^-CB^- or a l k y l 

group. At the i n t e r f a c e however each end of the molecule 

can be i n t h a t phase i n which i t i s most soluble, t h a t i s , 

the carboxyl group w i l l dissolve i n water and the hydrocarbon 

chain i n the benzene i f the i n t e r f a c e between water and 

benzene i s considered. Thus the s o l u b i l i t y of b u t y r i c a c i d 

should be greater at the i n t e r f a c e than i n e i t h e r phase, 
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and t h a t t h i s i s true i s i n d i c a t e d by the' f a c t t h a t t h i s 

a c i d g r e a t l y decreases the i n t e r f a c i a l tension i n such 

a system. 

At the i n t e r f a c e between two pure l i q u i d s the molecules 

are o r i e n t e d i n such a way t h a t t h e i r l i k e p a r t s come t o g e t h 

er i n conformity w i t h the general p r i n c i p l e . Hence a t 

i n t e r f a c e s between organic l i q u i d s and water f o r example 

the organic r a d i c a l sets towards the organic l i q u i d . 

I f the Aolvent i s p o l a r , as water, then solutes w i l l , i n 

general, be p o s i t i v e l y adsorbed at the surface i f they 

are less polar than water, and the l e a s t polar end of 

the molecules w i l l be turned away from the water. 

Solutes more polar than water are n e g a t i v e l y adsorbed. 

The v a r i a t i o n of the surface tensions of r e l a t i v e l y 

concentrated aqueous s o l u t i o n s of soluble f a t t y acids 

w i t h concentration can be represented by an equation of 
18 

the form proposed by B. Szyszkowski 
-y-a = 1-X I n ~ . - _ _ _ ( 5 1 ) 

where Y and "YC are the surface tensions of s o l u t i o n of 
concentration c and of pure water, r e s p e c t i v e l y , and X 
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and T are constants; X i s a constant f o r a series of f a t t y -

acids containing from two t o s i x carbon atoms, but X 

decreases w i t h increasing l e n g t h of the hydrocarbon chain. 

I f equation ( 5 1 ) i s d i f f e r e n t i a t e d w i t h respect t o I n c, 

i t f o l l o w s t h a t 

ttc 3 - * V ' • ( 5 2 ) 

I f t h i s value of e£kTc" •'•s s u b s t i t u t e d i n the approximate 

form of the Gibbs equation, i n which concentrations 

replace a c t i v i t i e s , i t i s seen t h a t 

Yo . ~ - - ( 5 3 ) 

Since X i s the same f o r a series of f a t t y acids and 'Yo i s 

constant, i t i s evident tha,t i n t h e f a i r l y concentrated 

s o l u t i o n s considered, the excess of f a t t y a c i d at the a i r -

s o l u t i o n i n t e r f a c e becomes constant and independent of the 

nature of the a c i d . Such a r e s u l t i s best explained by 

supposing t h a t the m a t e r i a l adsorbed at the i n t e r f a c e 

forms a s i n g l e layer of molecules, and t h a t as the concen

t r a t i o n of f a t t y acid i n the buJk phase increases the 
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amount adsorbed increases u n t i l a complete unimolecular 

layer i s formed. 

O r i e n t a t i o n of the molecules at an i n t e r f a c e i s of 

great importance i n i n t e r p r e t a t i n g surface excess data. 

Thus , i f a molecule i s h i g h l y unsymmetrical, the o r i e n t a 

t i o n which i t adopts may considerably a l t e r the number of 

molecules A/hich can occupy u n i t area of surface and hence 

the. magnitude of / 2. 

Surface Tension. The fundamental property of l i q u i d surfaces 

i s t h a t they tend to contract t o the smallest possible 

area. This tendency i s shown i n the s p h e r i c a l form of 

small drops of l i q u i d , i n the tension exerted by soap f i l m s 

as they tend to become less extended, and i n many other 

p r o p e r t i e s of l i q u i d surfaces. Molecules possess size and 

shape, and they are f r e e t o move r e l a t i v e t o one another, 

i n . l i q u i d s they are kept close t o each other by the 

cohesional forces between them. 

I n the i n t e r i o r of a l i q u i d each molecule i s surround

ed by other molecules on every side; i t i s t h e r e f o r e , 

subject t o a t t r a c t i o n i n a l l d i r e c t i o n s . At the surface, 
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however, conditions are e n t i r e l y d i f f e r e n t . The molecules 

at the surface are a t t r a c t e d inwards and sideways by t h e i r 

neighbours, but there i s no outward a t t r a c t i o n t o balance 

the inward pull,. Hence every surface molecule i s subject 

t o a strong inward a t t r a c t i o n perpendicular t o the surface. 

This inward a t t r a c t i o n causes the surface t o dim i n i s h i n area 

because the surface molecules are continuously moving 

inwards more r a p i d l y than others move out\/ards t o take 

t h e i r places; the number of molecules i n the surface i s 

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

the surface continues u n t i l the maximum possible number of 

molecules are i n the i n t e r i o r , i . e . u n t i l the surface i s 

the smallest possible f o r a given valume, subject t o the 

external conditions or forces a c t i n g on the curved surface. 

The f a c t t h a t a l i q u i d surface contracts spontaneously 

shows t h a t there i s f r e e energy associated w i t h i t , t h a t 

work must be done t o extend the surface. This f r e e energy 

i n the surface i s of fundamental importance; a vast 

number of problems r e l a t i n g to the e q u i l i b r i u m Sf surfaces 

can be solved without knowing more than, the magnitude of 
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t h i s f r e e energy. I n the s o l u t i o n of such problems 

i t i s o f t e n possible t o s u b s t i t u t e f o r the surface f r e e 

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

p a r a l l e l t o the surface, equal t o the fr e e surface energy. 

This i s what i s ge n e r a l l y known as the surface t e n s i o n . 

Such a surface tension has, of course the same dimensions 

as surface energy (— R
 ;D) » and i t must have the same 

Z"' v t i m e ' 
numerical magnitude. The work done i n (Extending a 

surface which i s p u l l i n g w i t h a tension ^ dynes per cm. 

by one sq. cm. w i l l be ̂  ergs per sq.cm. and hence the 

fre e energy of such a surface w i l l be Y ergs per sq. cm. 

Surface tension i s simply defined as the force i n dynes 

a c t i n g on the surface a t r i g h t angles t o any l i n e of one 

cm. le n g t h . 
19 

The innumerable methods t h a t have been described f o r 

the measurement of surface tension can be c l a s s i f i e d i n t o 

s i x main groups; (a) d i r e c t measurement of c a p i l l a r y p u l l 

(b) c a p i l l a r y r i s e (c) bubble pressure (d) size of drops 

(e) shape of drops or bubbles (f)dynamic methods. The 

d i f f e r e n t i a l c a p i l l a r y r i s e method i s one of the most conve 
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-nient and q u i t e accurate absolute methods and i s the one 

used i n t h i s work. 

The elementary" theory of c a p i l l a r y r i s e equates the 

upAirard p u l l of surface t e n s i o n , i.TTi.'/ ( r i s i n t e r n a l 

radius of the c a p i l l a r y tube and V = surface tension) 

w i t h the weight of column of l i q u i d , TTrhdg , where d i s 

the d e n s i t y of l i q u i d . Hence f o r two tubes 

r,h, = r 2 h 2 _ _ (54) 

and the d i f f e r e n c e of l e v e l , A h (= h, - h 2 ) » i s given 
by: 

Z [ j t i - t " ) ] . - - - <»> 
For greater accuracy the Poissi»n-R«eiylRl^l formula can be 

used t o allow f o r the weight of l i q u i d contained i n the 

mfiniscus . This c o r r e c t i o n i s equivalent t o the a d d i t i o n 

of a small height t o the c a p i l l a r y r i s e , . The 

e f f e c t i v e height H i s given by 
H = = h + L D . ia.fr* £ o-ji.a. l L . _ _ - (56) rdg 3 T 
For tubes having r smaller than 0.2 mm. the l a s t two terms 

are q u i t e n e g l i g i b l e , and even f o r tubes up t o r = 1mm. the 

l a s t term can be neglected i f an accuracy of 0.1/6 i s 

http://ia.fr*


2 6 

s u f f i c i e n t . 

When these cor r e c t i o n s are applied t o the d i f f e r e n t i a l 

apparatus, the two c a p i l l a r y r i s e s are given by 

H 2 = %Q - - " " ' <58) 

The d i f f e r e n t i a l height A & i s t h e r e f o r e given by the equation 

A c t i v i t y . The departure from i d e a l behaviour of a s o l u t i o n 

may be represented i n terms of a property known as 

a c t i v i t y . The concept of a c t i v i t y i s equally a p p l i c a b l e 

t o s o l u t i o n s of e l e c t r o l y t e s and n o n - e l e c t r o l y t e s . The 

t o t a l f r e e energy change f o r the t r a n s f e r of one mole of 

solvent from one s o l u t i o n t o another s o l u t i o n (of the same 

solvent and solute but of d i f f e r e n t concentration) i s 
8 

given by the equation 
AP = RT I n -P" 

P ( 6 0 ) 

Tfhere p 1 i s the vapour pressure f o r one s o l u t i o n at which 

the s o l u t i o n and i t s vapours are i n e q u i l i b r i u m , p" i s the 

vapour pressure f o r a second s o l u t i o n at which i t i s i n 

e q u i l i b r i u m w i t h i t s vapours. 
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I f F' represents the a c t u a l f r e e energy of one mole 

of solvent i n one s o l u t i o n and P the value i n the other / 
t 

s o l u t i o n , then sinc e the l a t e r s o l u t i o n gains one mole / 

while the former l o s e s one mole, the f r e e energy i n c r e a s e 

i s equal to F-F and (60) can be w r i t t e n as 

F " - F'= RT £n -2- • _ ._. — - (61) 
p. 

I f both s o l u t i o n s behave i d e a l l y , the vapour pressure w i l l 

be proportional to the mole f r a c t i o n of the solvent i n 

the p a r t i c u l a r s o l u t i o n , and hence for i d e a l s o l u t i o n , 

equation (61) becomes 

F"- P = RT I n -2£ , - — — — (62) 

where x,x|' are mole f r a c t i o n s of the solvent i n the two 

s o l u t i o n s . 

For non-ideal s o l u t i o n s t h i s r e s u l t i s not a p p l i c a b l e 

but the a c t i v f i t y of the solve n t , represented by a 7 i s 

defined i n such a way that the f r e e energy of t r a n s f e r of 

one mole of solvent from one s o l u t i o n to the other i s given 
by 

F - F = RT 2n —- • __ _ _ (63) 
A. 

T h i s means that the a c t i v i t y i s a property f o r r e a l s o l u t i o n s 
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that takes the place of the mole S-action for an i d e a l 

s o l u t i o n , i n the f r e e energy equation. Equation (63) 

does not define the a c t u a l or absolute a c t i v i t y but r a t h e r 

the r a t i o of a c t i v i t i e s of the^ p a r t i c u l a r substances i n two 

s o l u t i o n s . I n order to be able to express a c t i v i t i e s 

n umerically, i t i s convenient to choose for each c o n s t i t u e n t 

of the s o l u t i o n a reference s t a t e or standard s t a t e i n which 

the a c t i v i t y i s a r b i t r a r i l y taken as u n i t y and equation 

(63) becomes 

F " - p' = RT fna. _ ._ _ - (64) 

I f the molar concentration or molarity of the sojute i s c 

moles per l i t r e , i t i s p o s s i b l e to express the a c t i v i t y a 

by the r e l a t i o n s h i p a = f c or f = j — - - ( 6 5 ) 

where f i s known as a c t i v i t y c o e f f i c i e n t of the s o l u t e . 

Upon i n s e r t i n g t h i s i n t o equation (64) we get the expression 

p"- F ' = RT I n f c J _ _ _ _ _ _ (66) 

which i s a p p l i c a b l e to i d e a l and non-ideal s o l u t i o n s . 

S e v e r a l methods have been devised f o r the determination 

of a c t i v i t i e s . I n the present work these are evaluated 

from vapour pressure data. The comparison of equation (6$) 
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with (63) shows t h a t the a c t i v i t y of the solvent i n a 

s o l u t i o n must be proportional to the vapour pressure of the 

solvent over the given s o l u t i o n . So a == -2 0 where p i s 

the vapour pressure of s o l u t i o n and p° i s of pure solvent 

at a given temperature; but t h i s r e l a t i o n gives and 

approximate values of a c t i v i t y . 

Mar t i r e , . Pecsok and P u r n e l l have used the fol l o w i n g 

r e l a t i o n f o r c a l c u l a t i n g the a c t i v i t y c o e f f i c i e n t s of 

some so l v e n t s a t d i f f e r e n t mole f r a c t i o n s and here a 

s i m i l a r r e l a t i o n was used f o r c a l c u l a t i n g the a c t i v i t i e s 
z 

of the s o l v e n t s . 
Rs,,--v/;XPN FO ~ j I n f I n (67) 

¥here f, = A c t i v i t y c o e f f i c i e n t of s o l v e n t . 

p̂  = P a r t i a l vapour pressure f o r s o l v e n t . 

x ( = Mole f r a c t i o n of solvent i n the l i q u i d phase. 

p" = Vapour pressure of pure s o l v e n t . 

Y° = Molar volume of solvent at t«.mp; T°°K . 

^ = T o t a l vapour pressure of the system. 

T = Temperature i n °K. 

R = Gas constant. 
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B|( = Second v i r i a l c o e f f i c i e n t o f s o l v e n t . 

Using t h i s method one can c a l c u l a t e the c o e f f i c i e n t s of 

a c t i v i t y f o r the solvents but a more convenient 

procedure f o r a not so v o l a t i l e component, e.g. the solut e 

i s to c a l c u l a t e the a c t i v i t y using another method, but 

making use of the a c t i v i t y of the solvent obtained from 

vapour pressure data. Thus the chemical p o t e n t i a l of any 

component i i n a l i q u i d s o l u t i o n i s given by 

RT In P i f _ _ _ _ — (68) 

where i s the vapour pressure of the component i n the 

vapour i n equilibrium with the s o l u t i o n , jut i s a constant 

a t a f i x e d temperature and pre s s u r e . For non-ideal 

s o l u t i o n s bj i n the above equation must be replaced by 

zdL̂  the a c t i v i t y of the component, i . 

Since the chemical p o t e n t i a l i s a p a r t i a l molal 

quantity, i t follows t h a t on combining (68) with a form of 

Gibbs-Duhem. r e l a t i o n n-j -d^ + ^ d ^ = ° ~ ~ (69) 

we have n, c/.-Cv»«.,+tj V«U**= o , - _ (70) 

where n^ & are. numbers of moles of solvent and solut e 

r e s p e c t i v e l y . But f o r a s o l u t i o n , ~K\ +1(2 = 1 
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or d * 4 + dX 2 = o so that (71) 

where x denotes mole f r a c t i o n . Hence 

X v c { ^ , C a r O. _ - - - (73) 

Subtracting (73) from (70) 

On re-arranging and i n t e g r a t i n g equation (74) between n^ 

and i n f i n i t e d i l u t i o n we have 

X , ^ _ _ C ' ^ ^ ' ^ (75) 

| u _ _ ^ u ^ -f, . . _ - <»6) 

I n the present work the a c t i v i t i e s of s o l u t e s were 

c a l c u l a t e d by using the equation (76) . The area under the 

curve of against -vv»-{ between the l i m i t s =-Cand 

that corresponding to a given concentration gives the 

value of I n f - . 
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CHAPTER 3 

Surface Excess a t the Liquid-Vapour I n t e r f a c e : 

H i s t o r i c a l Developments. 

I t i s a well-known p r i n c i p l e i n thermodynamics, t h a t 

any process tends to occur s p o n t a n e o u s l y , i f i t i s 

accompanied by a decrease i n f r e e energy. I f therefore 

the a d d i t i o n of b u t y r i c a c i d to water lowers the surface 

t e n s i o n or f r e e surface energy, i t i s to be expected t h a t 

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

region from the body of the l i q u i d i n order to bring about 

as great a reduction i n f r e e energy as p o s s i b l e . I n 

general, a concentration of any.component i n the i n t e r f a c e 

region should be smaller or greater than i n the adjacent 

phases according as an i n c r e a s e i n concentration of the 

component i n c r e a s e s or decreases the free i n t e r f a c i a l 

energy. These two p o s s i b i l i t i e s can be r e f e r r e d to as 

negative and p o s i t i v e adsorption r e s p e c t i v e l y . This 

thermodynamic consequence was f i r s t recognised and 

q u a n t i t a t i v e l y formulated by J.¥.Gibbs i n 1876 i n the form 
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of the d i f f e r e n t i a l equation 

a y , r - ^ , -n~i^ -- < 7 7 ) 

where Y i s the f r e e i n t e r f a c i a l energy, /J-J p.^ • • • -^n 

are the chemical p o t e n t i a l s of various components i n the 

phases on both s i d e s of the i n t e r f a c e . While I7~ .71" J "TZ 
are the number of grams of these components t h a t must 

be added to the system to maintain the corresponding 

p o t e n t i a l s constant when the i n t e r f a c e i s i n c r e a s e d by 
2 

1cm. , temperature, pressure, and any other v a r i a b l e s being 

constant. For two component systems the following 

equation was reported by Gibbs which has b§en of great 

help to d i f f e r e n t workers: 

" RT dlna2 ' ~ 
where IZ i s the excess surface concentration of s o l u t e , 

as a l r e a d y defined. 

Harkins and ¥amplef determined the a c t i v i t y values 

for. s o l u t i o n s of n-butyl a l c o h o l and water* by the use of 

a s p e c i a l l y designed apparatus f o r the determination 

of the lowering of the f r e e z i n g point. They used the 
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following Gibbs equation f o r the c a l c u l a t i o n of the 

adsorption: u = - j L - - , _ _ - - ( 7 8 ) 

where the value of adsorption (u) gives the number of 

moles of solute which must be added to the whole s u l u t i o n 

i n order to keep the a c t i v i t y of the solute constant 

when the area of the surf a c e of the s o l u t i o n i s i n c r e a s e d 

by one sq. cm. They concluded that the f i l m of alcohol 

on i t s aqueous s o l u t i o n s was monomolecular and t h a t the 
2 

area per molecule of alcohol i n the f i l m was 23.7A. To 

obtain the t o t a l number of moles of solute " 5 i n the 

surface l a y e r , they added to the surface excess the number 

of moles of solute which would be present i n u n i t area of 
surface i f |j_ ^were zero. This l a t t e r term was estimated, 

2 
for 1cm. of su r f a c e , as the two-thirds power of the number 
of moles present i n 1 ml. of s o l u t i o n . 

20 

B u t l e r did not agree with the assumptions of Harkins 

and Wampler. He pointed out t h a t the number of moles of 

solvent i n u n i t area of surface can be c a l c u l a t e d from 

the following equation: 
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where X2 and are. the r e s p e c t i v e mole f r a c t i o n s of the 

s o l u t e and the solvent i n the bulk phase. 1Z~~* i s the 

number of moles of so l u t e per u n i t area of s u r f a c e . 

B u t l e r and ¥ightman ha.ve di s c u s s e d the t h i c k n e s s 
2-1 

of the adsorbed l a y e r of e t h y l alcohol + water system.. 

They gave the following r e l a t i o n s between the Gibbs 

adsorption ( s u r f a c e excess) and the t o t a l number of 

molecules present at the s u r f a c e : f\ ,-+• ft-^Pi- •=- I °") 

rr = V. - - W > v» 

where N 1 and W2 are the molar f r a c t i o n s i n the bulk of 

the s o l u t i o n of the two components, and Aj> are the 

s u p e r f i c i a l areas of the two components, -j^ i s the maximum 

number of molecules of component 2 which can be present 

i n u n i t area, and ""̂ ^ represent the number of molecules 

of components 1 and 2 r e s p e c t i v e l y per sq.cm. of the 

surface l a y e r . They concluded that the observed adsorptions 

are i n c o n s i s t e n t with the hypothesis t h a t only a s i n g l e 

l a y e r of molecules a t the stirface d i f f e r s i n composition 

from the bulk of the s o l u t i o n . 



Guggenheim and Adam i n d i s c u s s i n g the thermodynamics 
1 

of adsorption at the surface of s o l u t i o n s , s t a t e d t h a t 

"the Gibbs adsorption equation was deduced with the a i d 

of a p a r t i c u l a r choice of the p o s i t i o n of a mathematical 

s u r f a c e , such that the surface excess of one of the com

ponents v a r i e d . They examined the form taken by the 

General Gibbs equation when other conventions r e l a t i n g 

to the p o s i t i o n of the d i v i d i n g surface were chosen. The 

q u a n t i t a t i v e r e l a t i o n s between the values of the surface 

excess of each component, obtained by the use of various 

conventions were thus e s t a b l i s h e d . They took the water + 

eth y l a l c o h o l system as an example and c a l c u l a t e d the 

surface excess according to convention N. 

. B e l t o ^ c a l c u l a t e d the a d s o r p t i o n at the surface of 

some binary l i q u i d mixtures with the help of surface 

tension and a c t i v i t y data. I n the case of the system 

benzene + a c e t i c a c i d he reported that the adsorption 

of benzene i n c r e a s e d with i n c r e a s i n g benzene concentration 

i n the l i q u i d phase, reached a miximum and then f e l l to 

zero a f t e r which a c i d was adsorbed p r e f e r e n t i a l l y . But 
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i n the case of the system benzene + carbon dis u l p h i d e he 

reported that benzene was p r e f e r e n t i a l l y adsorbed throughout, 

and a maximum was r a p i d l y a t t a i n e d a f t e r which the adsorption 

f e l l to very low va l u e . I n the benzene + carbon t e t r a c h l o r i d e 

system the l a t t e r component was adsorbed, at f i r s t i n i n c r e a s i n g 

amount with i n c r e a s i n g carbon t e t r a c h l o r i d e content; no maximum 

was however observed and teat the adsorption tended to a steady 

value. 

Schay, Nagy and Szekrenyesy studied the adsorption 

equilibrium of l i q u i d mixtures on s o l i d / l i q u i d and l i q u i d / g a s 
22 

i n t e r f a c e s • 22!. ^ n e systems chosen were AcOH + C^H cand AcOH + 
C, + charcfflaL. The adsorption at the l i q u i d - vapour i n t e r f a c e 

by surface t e n s i o n determinations by the drop-weight method, and 

the adsorption on the s o l i d s u r f a c e s was determined by 

concentration changes occurring i n the l i q u i d phase. Going 

from one type of i n t e r f a c e to the other they noted a r e v e r s a l 

i n the surface excess values and postulated t h a t f o r such a 

r e v e r s a l to occur the fr e e energies of the pure components must 

be small and the mixtures must deviate from i d e a l behaviour. 
23 

Connford, K i p l i n g and Wright have applied a method of 
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an a n a l y s i s to. some systems i n estimating the t h i c k n e s s 

of the adsorbed phase at the l i q u i d - s o l i d and l i q u i d -

vapour i n t e r f a c e s . They considered the datfc, c a l c u l a t e d 

by Guggenheim and Adam for e t h y l alcohol + water mixtures 
Q 

at 25 and have suggested t h a t the adsorption was confined 
to approximately one molecular l a y e r , i n c o n t r a s t to 

21 
e a r l i e r suggestions t h a t i t was more complex. . 

K i p l i n g has made much co n t r i b u t i o n i n the f i f c l d of • 

adsorption. Although much of h i s work has been on s o l i d -

l i q u i d i n t e r f a c e y e t h i s work on the other i n t e r f a c e s i s 
6 

of considerable, importance. He examined the surface 

composition of aqueous s o l u t i o n s of some a l c o h o l s . For 

surface excess he p r e f e r r e d the use of the convention 

denoted as /^""^which i s the number, ofimoles of component 2 

i n u n i t area of the surface i n excess of the number present 

i n t h a t part of the bulk phase which contains the same t o t a l 

number of moles of solute plus s o l v e n t . From f^"" values he 

c a l c u l a t e d H * and TZ~* (the t o t a l number of moles of so l u t e 

and solvent r e s p e c t i v e l y present i n u n i t area of the s u r f a c e ) 

by the use of the following equations: 
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,v . i
 5 . . . _ .—• s. TZ~~' = /•»- ' '< * T ~ — ~ — ( 3 6 ) 

J E l l + -HZl _ , (47) 
err;-. C77-), - 1 

He reported that the values of c a l c u l a t e d from f C ^ f o r 
butyle alcohol and water system agreed c l o s e l y with those 

c a l c u l a t e d on s l i g h t l y a more approximate b a s i s from FZ~^ 

The i n d i v i d u a l isotherms fo r d i f f e r e n t systems were 

presented and he reported t h a t the complete monolayer of 

a l c o h o l was formed only from the pure components. The 

isotherms were s i m i l a r f o r the f i r s t three a l c o h o l s 

and for the higher a l c o h o l s , such as n-amyl a l c o h o l and 

n-hexyl a l c o h o l , the curves were s i m i l a r to t h a t of b u t y l 

a l c o h o l . 

K i p l i n g concluded that the surface l a y e r d i d not tend 

to form a complete monolayer of but y l a l c o h o l molecules 

but approximated to a 1/1 r a t i o of a l c o h o l and water 

molecules at the higher r e l a t i v e concentration. • T h i s 

r e s u l t was contrary to the one put forward by Harkins and 
4 

Sampler, -who concluded t h a t the surface l a y e r tended to a 

complete monolayer of but y l a l c o h o l (the molecules being 

oriented with the major a x i s p a r a l l e l to the s u r f a c e ) as 

the concentrations tended to the m i s c i b i l i t y l i m i t . The 
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molecular area used was 10 sq. A. f o r water and 18.4 sq. A 

f o r the a l c o h o l s with the exception of methyl alcohol for 

which a value of 16 sq. A was used. 

24 

Trapeznikov and Ogarev have studied monolayers of 

higher secondary alc o h o l s (C "to Czi) at w a t e r - a i r i n t e r f a c e 

at 20. They concluded that a l l a l c o h o l s formed l i q u i d 

expanded monolayers except CHj(CH^nCHOH-CH-;,which formed 

a condensed l a y e r . 

Rusanov and Levichev has applied the concept of 

" f i n i t e t h i c k n e s s l a y e r " to derive equations f o r the 

c a l c u l a t i o n of surface tension isotherms and composition 

of surface l a y e r s from the data on v a p o u r - l i q u i d e q u i l i b r i u m . 

They found t h a t i n the hexane + e t h y l a l c o h o l and hexane + 

acetone systems the concept of a unimolecular surface l a y e r 
25 

was i n v a l i d over a c e r t a i n bulk concentration range. 

Rusanov, Levichev and Tyushin studied the composition 
U 

of the surface l a y e r i n the b i n a r y system n-hexane + acetone. 

The surface t e n s i o n measurements were done by the maximum 

bubble pressure method, and vapour pressure data were obtained 
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6 at 25 • The r e g u l a r composite isotherm, which was i n 
agreement with the conditions of thermodynamic s t a b i l i t y , 

was obtained when a d i — or t r i - m o l e c u l a r l a y e r was 

considered. They a l s o reported that the t h i c k n e s s of the 

l a y e r i n c r e a s e d with temperature. 

M a r t i r e , Pecsok and P u r n e l l measured the surface 

t e n s i o n and a c t i v i t y c o e f f i c i e n t s of h i g h l y d i l u t e s o l u t i o n s 
2 

of a v o l a t i l e s o l u t e i n a i n v o l a t i l e s o l v e n t . The date 

which were for the region of zero concentration were used 

i n the. Gibbs adsorption isotherm to compute surface excesses 

at the liquid-vapour interface.. The general equation derived 

f o r the monolayer mole f r a c t i o n of the solute i s given below: 

~ ~^7r^H A; - *0+' " ~ " ( 8 2 ) 

Where A,and A are the areas per mole of the c o n s t i t u e n t s and 

^ r e p r e s e n t s the monolayer mole f r a c t i o n of the s o l u t e . 
e 

Aveyard has measured the surface t e n s i o n at 20 C f o r 

b i n a r y n-alkane mixtures (6+16, 7+16, 8+16, 10+16, 6+1.4, 

1.0+14: and 6+12)where the numbers r e f e r to the numbers of 

carbon atoms i n the c h a i n ) . He t e s t e d the a p p l i c a b i l i t y of 



42 

some surface t e n s i o n equations to these data and found a good 

agreement between experiment and theory on the assumption t h a t 

the alkanes l i e f l a t a t the s u r f a c e . He c a l c u l a t e d the 

adsorption f o r the above systems a t the solution/vapour, s o l u t i o n / 

water and solution/Graphon i n t e r f a c e s , at 20°C. and t e s t e d the 

Gibbs equation on the assumption t h a t the adsorbed l a y e r was one 

molecule t h i c k and that the alkane molecules on average l i e f l a t 

at the liquid/vapour i n t e r f a c e . 

The surface excess p l o t s for octane + hexadecane mixtures 

at the three i n t e r f a c e s showed t h a t octane was p r e f e r e n t i a l l y 

adsorbed a t the solution-vapour i n t e r f a c e ; at the solution-water 

i n t e r f a c e i t was s t i l l p r e f e r e n t i a l l y adsorbed although to a much 

smaller extent. At the solution-Graphon s u r f a c e , however, 

hexadecane was reported to be st r o n g l y adsorbed. 

Present Work. The work i n t h i s t h e s i s i s concerned with a 

systematic sttidy of the behaviour of three monocarboxylic a c i d s 

at the solution-vapour i n t e r f a c e a t 30°C. With t h i s aim i n view 

the surface t e n s i o n and the vapour pressure ( t o t a l as w e l l as 

p a r t i a l ) of fourteen systems have been experimentally determined 
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a t v a r i o u s c o n c e n t r a t i o n s . 

The s u r f a c e e x c e s s fCTM and the amounts of the i n d i v i d u a l 

components a t the i n t e r f a c e have been c a l c u l a t e d from t h e 

s u r f a c e t e n s i o n and a c t i v i t y d a t a . The systems chosen c o n s i s t e d 

of t h r e e s o l u t e s ( a c e t i c a c i d , p r o p i o n i c a c i d and b u t y r i c a c i d ) 

and f i v e s o l v e n t s ( b e n z e n e , carbon t e t r a c h l o r i d e , cyclohexa,ne, 

e t h y l a l c o h o l and w a t e r ) . The s u r f a c e e x c e s s has been c a l c u l a t e d 

by t h e use of Gibbs e q u a t i o n ( 3 9 ) i n w h i c h c o n v e n t i o n N. i s 

i n v o l v e d . sLy a n d a ^ ^ v e r e d e t e r m i n e d from graphs drawn f o r s u r f a c e 

t e n s i o n v s I n a^« 

The i n d i v i d u a l amounts of t h e components were c a l c u l a t e d w i t h 

the us e of e q u a t i o n (.36) and ( 4 7 ) . The use of e q u a t i o n ( 4 7 ) 

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

e s s e n t i a l l y t o a u n i - m o l e c u l a r l a y e r . T h i s i s the s i m p l e s t 

a s s u m p t i o n t o make, but i f s u c h an a s s u m p t i o n were not v a l i d f o r 

a p a r t i c u l a r system, t h i s would show up i n the i n d i v i d u a l 

i s o t h e r m s so c a l c u l a t e d . I t s h o u l d be p o i n t e d out, however, t h a t 

models i n v o l v i n g a m u l t i m o l e c u l a r a d s o r b e d l a y e r may a l s o be 

c o n s i s t e n t w i t h the surfa.ce e x c e s s o b t a i n e d f o r the s y s t e m s . 
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The a d s o r p t i o n i s o t h e r m s have been drawn f o r a l l 

t h e s y s t e m s . The b e h a v i o u r of each a c i d a t t h e i n t e r f a c e 

when mixed w i t h d i f f e r e n t s o l v e n t s and t h e b e h a v i o u r of 

each s o l v e n t when mixed w i t h the t h r e e a c i d s , s e p a r a t e l y , 

a r e d i s c u s s e d . 
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CHAPTER 4 

PURIFICATION OF THE CHEMICALS. 

A c e t i c a c i d of AnalaR grade was r e f l u x e d f o r two 

hours w i t h 2fo chromium t r i - o x i d e and t h e n d i s t i l l e d . 

Then the t h e o r e t i c a l amount of a c e t i c a n h y d r i d e was 

added t o t h e middle f r a c t i o n and t h e m i x t u r e was r e f l u x e d 

f o r one hour and f r a c t i o n a t e d . The f r a c t i o n c o l l e c t e d a t 

118°C was t h e n c r y s t a l l i z e d t o remove f u r t h e r i m p u r i t i e s . 

The a c i d u s e d had = 1.3717 ( c f . p r e v i o u s v a l u e of 

1 . 3 7 1 6 ) ? 8 

P r o p i o n i c a c i d of ' T e c h n i c a l ' grade was f i r s t d r i e d 

over anhydrous sodium s u l p h a t e and t h e n f r a c t i o n a l l y 

d i s t i l l e d . The middle f r a c t i o n was c o l l e c t e d i n t h e range 

139-141°C and r e f r a c t i o n a t e d over p o t a s s i u m permanganate. 

The f r a c t i o n c o l l e c t e d a t 140.5 had np = 1.3864 ( c f . 
29 

p r e v i o u s v a l u e of 1.3865). 

n - B u t y r i c a c i d was f r a c t i o n a l l y d i s t i l l e d and t h e 

f r a c t i o n c o l l e c t e d a t 163°C had n^ = 1.3981 ( c f . p r e v i o u s 
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30 
v a l u e of 1.39796). 

Benzene of AnalaR grade was d r i e d over p h o s p h o r i c 

o x i de.and f r a c t i o n a l l y d i s t i l l e d . The f r a c t i o n c o l l e c t e d 
e 

a t 80 C was f u r t h e r p u r i f i e d by f r a c t i o n a l c r y s t a l l i s a t i o n . 

The p u r i f i e d benzene had n^ = 1,5010 ( c f . p r e v i o u s v a l u e of 
31 

1 . 5 0 1 1 ) . 

Carbon t e t r a c h l o r i d e of AnalaR grade was f r a c t i o n a l l y 

d i s t i l l e d over p h o s p h o r i c o x i d e and the f r a c t i o n c o l l e c t e d 
32 

a t 76.8 had n^ = 1.4602 ( c f - p r e v i o u s v a l u e of 1,4604 and 

1 . 4 6 0 3 ) ? 3 

E t h y l a l c o h o l of AnalaR grade was p u r i f i e d by 

d i s s o l v i n g some sodium i n i t and t h e n r e f l u x i n g i t a f t e r 

t h e a d d i t i o n of e t h y l s u c c i n a t e (about 25 g m s . / l i t . ) . I t 
was t h e n f r a c t i o n a l l y d i s t i l l e d and t h e f r a c t i o n c o l l e c t e d 

x.o 30 a t 78"C had n^ = 1.3613 ( c f . p r e v i o u s v a l u e of 1.3614). 

The sample of water u s e d was r e d i s t i l l e d l a b o r a t o r y 

d i s t i l l e d w a t e r w i t h r e f r a c t i v e i n d e x EL! = 1.3330 ( c f , 
34 

p r e v i o u s v a l t i e of 1 . 3 3 3 0 ) . 
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Cycl o h e x a n e of t e c h n i c a l grade s u p p l i e d by t h e 

B.D.H. was d r i e d over P-„Orand f r a c t i o n a l l y d i s t i l l e d . 

I t was t h e n f r a c t i o n a l l y c r y s t a l l i z e d . The r e f r a c t i v e 

i n d e x of c y c l o h e x a n e u s e d had i t ^ = 1.4263 ( c f . p r e v i o u s 
35 

v a l u e of 1. 4 2 6 2 ) . 
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CHAPTER 5 

MEASUREMENT OF SURFACE TENSION. 

S u r f a c e t e n s i o n was measured by t he c a p i l l a r y r i s e 

method w h i c h i s c o n s i d e r e d t o be a most a c c u r a t e a b s o l u t e 

method. V o l a t i l i t y of some of t h e s o l v e n t s was a n o t h e r 

f a c t o r w h i c h s u p p o r t e d t h e use of t h i s method d u r i n g t h e 

p r e s d n t work. The f o l l o w i n g two d i f f i c u l t i e s were a v o i d e d 

by t h e use of two c a p i l l a r y t u b e s of d i f f e r e n c e d i a m e t e r s . 

1. The n e c e s s i t y of h a v i n g a v e r y wide s u r f a c e 

of l i q u i d f o r t he lower l e v e l i f i t i s t o be 

measured p l a n e , and t he consequent need f o r 

much l i q u i d . 

2. The a s s o c i a t e d e x p e r i m e n t a l d i f f i c u l t y of 

a c c u r a t e l y m easuring t h e l e v e l of a wide s u r f a c e 

of l i q u i d . 

A s t a n d a r d a l l - g l a s s d i f f e r e n t i a l c a p i l l a r y r i s e 

a p p a r a t u s was u s e d . Two c a p i l l a r y t u b e s of t h e a p p a r a t u s 

u s e d had i n t e r n a l d i a m e t e r s of 0.156 cm. and 0,065 cm. 

r e s p e c t i v e l y . 

The a p p a r a t u s was t h o r o u g h l y c l e a n e d w i t h chromic'.. 
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a c i d , t h e n w i t h w a t e r , and f i n a l l y w i t h benzene. I t was 
C 

d r i e d i n an oven a t 100 C. A s u f f i c i e n t amount of t h e 

s o l u t i o n , whose s u r f a c e t e n s i o n was t o be measured, was 

poured i n t o t h e r e s e r v o i r bulb of the a p p a r a t u s , and the 

^ - . . s o l u t i o n was s u c k e d up and pushed down s e v e r a l t i m e s by 

means of s u c t i o n fcubber b u l b s t o wet t h e i n s i d e of t h e 

c a p i l l a r y t u b e s . The a p p a r a t u s was t h e n plae&d i n a 

t h e r m o s t a t a t 30 C, ( P l a t e A ) , and a l l o w e d t o a t t a i n 

e q u i l i b r i u m . The h e i g h t s of t h e l i q u i d l e v e l s i n t h e 

c a p i l l a r y t u b e s were measured by means of a c a t h e t o m e i e r . 

The p r o c e d u r e was r e p e a t e d f o r thesame s o l u t i o n as a check. 

The d i f f e r e n c e between the l e v e l s of l i q u i d s i n both t h e 

c a p i l l a r y t u b e s was t h e n u s e d . i n t h e e q u a t i o n ( 5 9 ) f o r t h e 

c a l c u l a t i o n of s u r f a c e t e n s i o n . The d e n s i t y of t h e 

s o l u t i o n was measured b e f o r e t h e measurement of s u r f a c e 

- t e n s i o n ; f o r t h i s a d r i e d and weighed d e n s i t y b o t t l e was 

us.e.d. The a p p a r a t u s was a g a i n c l e a n e d w i t h chromic a c i d 

and t h e n w i t h w a t e r and l a s t l y w i t h benzene and d r i e d , and 

t h e p r o c e d u r e r e p e a t e d f o r o t h e r c o n c e n t r a t i o n s of the 

s o l u t i o n . 



c 
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CHAPTER 6 

MEASUREMENT OF VAPOUR PRESSURE. 

H a l f of t h e p r e s e n t e x p e r i m e n t a l work c o n s i s t s of t h e 

measurement of t o t a l and p a r t i a l vapour p r e s s u r e s of v a r i o u s 

s y s tems f o r v a r i o u s c o n c e n t r a t i o n s a t SO^C. Thus t h e method 

put f o r w a r d by R o s a n o f f and h i s c o l l a b o r a t o r s was adopted 
36 

f o r t h e measurement of vapour p r e s s u r e s . 

The a p p a r a t u s , f i g u r e 1, c o n s i s t e d of a mercury 

manometer M and a main s i d e tube t o w h i c h t h e vacuum pump 

was c o n n e c t e d . The t e m p e r a t u r e of t h i s tube was k e p t j u s t 

above 30 C by t h e use of an e l e c t r i c a l l y c o n t r o l l e d a i r 

t h e r m o s t a t . The b i g g e r b u l b A c o n t a i n i n g t h e o r i g i n a l 

s o l u t i o n was co n n e c t e d t o t h e s i d e tube t h r o u g h E . The 

c o n t e n t s of b u l b A were s t i r r e d by t h e use of a magnetic 

s t i r r e r . The s m a l l b u l b B was con n e c t e d t o t h e main s i d e 

tube through D. The working of t h e manometer was c o n t r o l l e d 

by the use of g l a s s s t o p p e r s F, G and H. The bul b K s e r v e s 

t h e purpose of a vapour t r a p . 

P r o c e d u r e . About 40 c.c. of t h e m i x t u r e was t r a n s f e r r e d t o t h e 
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b i g g e r b u l b A, and t h e s o l u t i o n was s o l i d i f i e d w i t h t h e 

l i q u i d oxygen i n a f l a s k . The sustera was e v a c u a t e d by 

opening t h e t a p E and t h e n the s o l u t i o n was a l l o w e d t o m e l t 

( a f t e r c l o s i n g E ) t o remove a i r from the s o l u t i o n . E a c h 
-2 

s o l u t i o n was s o l i d i f i e d , e v a c u a t e d t o 10 mm. and m e l t e d 

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

D u r i n g t h e s e e v a c u a t i o n s P was k e p t c l o s e d . F i n a l l y 

t a p E i s c l o s e d , F, G and H opened, and the whole system 

t h o r o u g h l y e v a c u a t e d . 

The s o l u t i o n , a f t e r t h e f i n a l e v a c u a t i o n , was s t i r r e d 
o 

and h e a t e d a t a c o n s t a n t t e m p e r a t u r e of 30 C. Then t a p s 

C and G a r e c l o s e d and t a p E opened. The s o l u t i o n - v a p o u r 

s y s t e m was a l l o w e d t o come t o e q u i l i b r i u m i n t h e whole 

a p p a r a t u s , w i t h t a p G. c l o s e d and t a p s F and H opened. The 

d i f f e r e n c e of h e i g h t of the mercury column was t a k e n as t h e 

vapour p r e s s u r e . The s o l u t i o n w i t h vapour was f r o z e n i n 

a p p l y i n g a c o l a n t around b u l b A, and the p r o c e d u r e r e p e a t e d 

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

The second s t a g e of the experiment was t o d e t e r m i n e 

t h e c o n c e n t r a t i o n of vapour i n e q u i l i b r i u m w i t h the s o l u t i o n 
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i n b u l b A a t 30 C i n o r d e r t o be a b l e t o c a l c u l a t e t h e 

p a r t i a l p r e s s u r e s . T h i s was done by d i s t i l l i n g f r a c t i o n s 

i n t o t h e s m a l l e v a c u a t e d b u l b s a t B which were a l w a y s k e p t 

c o l d by t h e use of l i q u i d oxygen. I n t h i s way from 5 t o 10 c c 

of e a ch d i s t i l l e d f r a c t i o n was c o l l e c t e d i n each of the f o u r 

s m a l l b u l b s . 

At t h e end of t h e experiment the t o t a l vapour p r e s s u r e 

of t h e s o l u t i o n l e f t i n A was a g a i n measured a t the same 

t e m p e r a t u r e . A f t e r t h i s t h e f o u r s m a l l b u l b s were weighed 

and t h e c o n c e n t r a t i o n s of the f i v e i n d i v i d u a l f r a c t i o n s were 

d e t e r m i n e d by measuring t h e i r r e f r a c t i v e i n d i c e s and comparing 

them w i t h a r e f r a c t i v e i n d e x - c o m p o s i t i o n c u r v e f o r the p a r t i c u 

l a r s y s t e m . E x t r a p o l a t i o n t o z e r o weightft of f r a c t i o n 

d i s t i l l e d over gave t h e c o m p o s i t i o n of vapour i n e q u i l i b r i u m 

w i t h s o l u t i o n i n b u l b A. 



CHAPTER. 7 

R E S U L T S . 

I n t h i s chapter a l l the r e s u l t s , observed as w e l l as 

calculated, have beer, reported. The main r e s u l t s include the 

following:-

1- Vapour-pressures of a l l the systems; 

2- A c t i v i t y c o e f f i c i e n t s of the components;1; 

3- A c t i v i t y c o e f f i c i e n t s of the components, 2; 

if- Surface tensions and surface excesses; 

5- Monolayer values and Individual isotherms; 

6- The fractions of the surface covered by the three acids i n 

different systems at di f f e r e n t concentration;;! of acid i n the 

l i q u i d phase. 
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TABLE I . 

Vapour-Pressure of a c e t i c a c i d + benzene system. 

Mole f r a c t i o n Total P a r t i a l Pressure P a r t i a l Pressure 
of acid, i n bulk Pressure of acid of benzene.. 

0.0 117.5 ram 0.0mm 117.5 mm 
0.13 108.0 5.0 103.5 
0.26 96.0 9.5 86.4 
0.44 85.0 12.0 72.0 
0.46 82.0 12.5 68.0 
0.70 62.0 16.5 45.0 
0.89 42.0 19.0 25.0 
0.93 36.0 19.5 15.0 
0.99 23.0 19.8 2.5 
1.00 20.0 20.0 0.0 

TABLE 2. 

Vapour-Pressure of ac e t i c acid + carbon tetrachloride system. 

Mole fr a c t i o n Total P a r t i a l Pressure P a r t i a l Pressur 
of acid Pressure of a c i d of 

0.0 139-5 mm 0.0 mm 139.5 mm 
0.15 128.0 5.0 123.0 
0.26 116.0 8.5 106.0 
0.30 112.0 9.0 103.0 
0.46 105.0 11.5 96.0 
0.53 95.0 13.5 86.0 
0.64 85.0 15.5 71.0 
0.67 80.0 16.4 69.5 
0.99 24.0 20.5 2.0 
1.00 20.0 20.0 0.0 
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Pressure 
i n mm 

fro 

V 

0 

*2 
mole f r a c t i o n of a c i d i n l i q u i d , phase 

F i g . 2 - Vapour-pressure curves f o r ace t i c , acid+benzene 
system a t 30 C. 
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mole f r a c t i o n of a c i d i n l i q u i d phase 
Pig.3- Vapour-pressure curves f o r a c e t i c a c i d + 

carbon t e t r a c h l o r i d e system a t 30 C. 
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TABLE 3 

Vapour-Pressure of acetic acid + cyclohexane system. 

M'.F. of acid Total Pressure P.P. of acid P.P. of cycl. 
in liquid phase 

0.0 121 .0 ram 0.0 
0.26. 117.0 12.0 
0.38 113-0 14.0 
OJ+9 110.0 16.0 
0.62 106.0 17.5 
0.83 93.0 18.5 
0.95 70.0 19.0 
0.99 22.0 19.0 
1 .00 20.0 20.0 

121.0 mm 
110.0 
102.0 

96.0 
86.0 
72.0 

• 54.0 
3.0 
0.0 

TABLE 4. 

Vapour-Pressure of acetic acid + ethyl alcohol system. 

M.F. of acid 

0.0 
0.2 
0.3 
0.38 
0.49 
0.56 
0.64 
0.78 
0.90 
1.00 

Total Pressure 

78.0 mm 
66.0 
60.0 
56.0 
49.5 
45.0 
40.0 
30.0 
25.0 
20.0 

P.P. of acid 

o.o •v~~-
3.5 
5.5 
6.5 
9.0 

10.5 
13.0 
15.0 
18.0 
20.0 

P.P. of alcohol 

78.0 mm 
61 .5 
54.0 
48.5 
40.0 
33-0 
28.V0 
17.0 

7.5 
0.0 
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O pressure. 
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(3 
2o 

i 

•f x 2 •« . •* 
mole f r a c t i o n of a c i d i n l i q u i d phase. 

F i g . 4 - Vapour-pressure curves f o r a c e t i c a c i d + 
cyclohexane system at' 30* CU 
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Pig.5- Vapour -pressure, curves f o r a c e t i c a c i d + 

e t h y l alcohol, system a t 30 C. 
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TABLE 5. 

Vapour-Pressure of acetic acid + water system, 
M.F. of acid Total Pressure P.P. of acid P.P. of water 

0.0 31.5 mm 0.0 mm 31 .5 mm 
0.08 . 31 .0 1.5 29.0 
0.22 29.0 4.0 24.0 
0.34 28.0 7.0 19.0 
0.52 25.0 10.0 15.0 
0.60 23.5 12.0 12.5 
0.70 23.0 14.0 9.0 
0.80 22.0 16.0 6.0 
0.90 21 .0 18.0 3.0 
1,00 20.0 20.0 . 0.0 

TABLE 6. 

Vapour-Pressure of propionic acid + benzene system. 

M.F. of acid Total Pressure . P.P. of acid P.P. of benzene 
0.0 117*5 ™» 0.0 mm 117.5 
0.08 110.0 1.0 108.0 
0.20 96.0 1.5 93.0 
0.35 82.0 2.0 78.0 
0.45 74.0 2.0 70.0 
0.61 56.0 2.5 51.0 
0.86 24.0 3.5 18.0 
0.98 6.0 4.0 2.0 
1.00 4.0 4.0 0.0 
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Z-5 
pressure 

i n mm 

mole f r a c t i o n of a c i d i n l i q u i d phase 
F i g . 6 - Vapour-pressure curves f o r a c e t i c a c i d + 

water system a t 30 C. 



loo 

pressure 
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F i g . 7 - Vapour-pressure curves f o r propioniffl a c i d + 

benzene system a t 30 C 
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TABLE 7. 

Vapour-Pressure of propionic acid + carbon tetrachloride system. 

M.F. of acid Total Pressure P.P. of acid P.P. of crAk 

0.0 139.5 mm 0.0 mm 139.5 mm 
0.12 127.0 1 .0 123.0 
0.25 112.0 1 .5 107.0 
0.38 95.0 1.5 89.0 
0.55 78.0 2.0 72.0 
0.70 58.0 2.5 51.0 
0.90 30.0 2.5 24.0 
1 .00 4.0 4.0 0.0 

TABLE 8. 

Vapour-Pressure of propionic acid + cyclohexane system. 

M.P. of acid Total Pressure P.P. of acid P.P. of cycl. 

0.0 121.0 mm 0.0. mm 121.0 mm 
0.12 115.0 1 .0 113.0 
0.24 112.0 2.0 108.0 
0.36 106.0 3.0 1Q1 .0 
0.54 93.0u 3.5 87.0 
0.66 84.0 3.5 72.0 
0.84 60.0 4.0 40.0 
0.96 28.0 4.0 10.0 
1.00 4.0 4.0 0.0 
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mole f r a c t i o n of a c i d i n l i q u i d phase 

Fig.8-Vapour-pressure curves f o r propionic a c i d + 
carbon t e t r a c h l o r i d e a t 30°C. 



x2_ 

mole f r a c t i o n of a c i d i n l i q u i d phase 

Fig.9-Vapour-pressure curves for. propionic, a c i d + 
cyclohexane system a t 30* C. 
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TABLE 9. 

Vapour-Pressure of propionic acid + ethyl alcohol system. 
M.ff. n-P a.nir! Total Pressure P.P. pf acid P.P. of ethanol 

0.0 78.0 mm 0.0 mm 78.0 mm 
0.15 67.5 1.5 66.5 
0.30 57.0 2.0 55.5 
0.45 46.0 2.5 31.0 
0.72 25.0 3.0 22.0 
0.90 11.0 3.5 8.0 
0.96 7.0 4.0 3.0 . 
1.00 4.0 4.0 0.0 

TABLE 10. 

Vapour-Pressure of propionic acid + water system, 

M.F. of acid Total Pressure P.P. of acid P.P. of water 

0.0 31.5 mm 0.0 mm 31 .5 ram 
0.06 30.0 1.0 29.0 
0.12 28.5 1.5 27.5 
0.24 26.0 2.0 24.0 
0.40 23.0 2.5 21 .0 
0.60 17.0 3.5 15.0 
0.80 12.0 3.5 7.5 
0.90 9.5 4.0 5.0 
1 .00 4.0 4.0 0.0 
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2 

mole f r a c t i o n of a c i d i n l i q u i d phase. 

Fig.tO-Yapour-pressure curves f o r propionic a c i d 
e t h y l a l c o h o l system a t 30"C. 
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F i g . 1i:-Vapour-pres sure curves f o r propionic a c i d + 
water system a t 30 C. 
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Vapour-Pressure of "butyric acid + benzene system. 

M.F. of acid Total Pressure P.P. of acid P.P. of benzene 

0.00 117,5 ram 0.00 mm 117.5 mm 
0.09 108.0 0.30 106.0 
0.21 96.0 0.50 93.0 
O.33 84.0 0.80 80.0 
0.45 66.0 1.00 62.0 
0.60 50.0 1 .00 46.0 
0.72 34.0 1 .30 30.0 
0.84 20.0 1 .50 18.0 
0.93 10.0 2.00 8.0 
1.00 2.00 2.00 0.0 

TABLE 12. 

Vapour-Pressure of butyric acid + carbon tetrachloride system. 

M.S'. .of acid Total pressure P.P. of acid P.P. of CCI4 

0.00 139.5 mm 0.0 mm 139.5 
0.12 127.0 0.5 125.0 
0.24 110.0 ' 0.6 107.0 
0.36 94.0 0.8 90.0 
0.54 68.0 1.0 64.O 
0.66 52.0 1.5 48.0 
0.78 35.0 1.8 32.0 
0.90 18.0 2.0 14.0 
1.00 2.0 2.0 0.0 
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mole f r a c t i o n of a c i d i n l i q u i d phase 

Pig.12-Yapour-pressure curves f o r b u t y r i c a c i d + 
benzene system a t 3(f C... 
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Fig,l3-Vapour-pressure. curves f o r b u t y r i c a c i d + 
carbon t e t r a c h l o r i d e system a t 30 C 
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TABLE 13. 

Vapour-Pressure of butyric acid + cyclohexane system. 

M.P. of acid Total Pressure P.P. of acid P.P. of c y c l . 

0.00 121 .0 mm o.o 121 .0 mm 
0.12 115.0 0.5 113.0 
0.24 107.0 0.8 104.0 
0.36 99.0 1 .6 96.0 
0.48 89.0 1.3 86.0 
0.60 77.0 1.6 73.0 
0.72 63.0 2.0 60.0 
0.84 42.0 2.3 38.0 
0.96 14.0 2.5 11.0 
1.00 2.0 2.0 0.0 ' 

TABLE 14. 

Vapour-Pressure of butyric acid + water system. 

M.F. of acid Total Pressure P.P. of acid P.P. of water. 

0.00 31 .5 mm 0.0 ~~ 31 .0 mm 
0.06 30.5 0.5 30.0 
0.09 30.0 1.0 29.0 
0.18 29.0 1.5 27.5 
0.30 26.5 1.8 25.0 
0.54 20.0 2.0 18.0 
0.72 14.5 2.3 11.5 
0.90 7.5 2.5 4.5 
1.00 2.0 2.0 0.0 



mole f r a c t i o n of a c i d i n l i q u i d phase 

Fig.14-Yapour-!-pressure curves for., b u t y r i c a c i d + 
cyclohexane system a t 30 C. 
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mole f r a c t i o n of a c i d i n l i q u i d phase 
F i g . 1.5-Vapour-pressure curves f o r b u t y r i c a c i d + 

water system a t 30 C. 
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TABLE 29. 

Activity coefficients of acid in acetic acid + benzene system. 

M.F. of M.P. of *' In f, In f u log f z 
f 2 act . 

acid x a benz.x t at x ( coefrt 

0.13 0.87 6.69 0.01 0.1 9.0 0.11 0.05 1 .11 6 
0.28 0.72 2.57 0.03 0.2 4.0 0.17 0.07 1 .185 
0.46 0.54 1.17 0.15 0.3 2.3 0.25 0.11 1.286 
0.70 0.30 0.43 0.25 0.4 1.5 0.37 0.16 1.447 
0.89 0.11 0.12 0.53 0.5 1 .0 . 0.45 0.19 1.568 

,;0.93 • 0.07 0.07 0.66 0.7 0.4 0.57 0.24 1.765 
0.95 0.05 0.05 0.70 0.9 0.11 0.60 0.27 1.866 

TA3LB 30. 
Activity coeeffts. of acid in acetic acid + carbon te t . system. 

M..F. of M.P. of x ( In f, X x. In f 
\ 

log f f act 
acid x x CCI^ x, at x ( < I . 

0.09 0.91 10.11 0.02 0.1 9.0 0.31 0.13 1.367 
0.24 0.76 3.16 0.07 0.2 4.0 0.51 0.22 1.593 
0.40 0.60 1.50 0.18 0.4 1.5 0.80 0.35 2.236 
0.60 0.40 0.66 0.35 0.5 1 .0 0.88 0.38 2.430 
0.78 0.22 0.28 0.55 0.7 0.4 1.07 0.47 2.900 
0.90 0.10 0.11 0.66 0.9 0.1 1.32 0.57 3.750 
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TABLE 31 . 

Activity coeffts . of acid in acetic acid +cyclohexane system. 

MVF of. M.F. of In f X In f ^ l o g f L 
f 

acid x cyc l . x ' x». at x , 

0.10 0.90 9.00 0.067 0.1 9.0 0.64. 0.278 1.89 
0.30 . 0.70 2.30 0.220 0.2 4.0 1 .18 0.512 1.25 
0.48 0.52 1 .08 0.418 0.3 2.33 1.38 0.600 3.98 
0.60 0.1+0 0.66 0.605 0.5 1.0 1.73 0.751 5.60 
0.78 0.22 0.28 0.999 0.7 0.4 1.90 0.825 6.68 
0.90 0.10 0.11 0.691 0.9 0.1 1.99 0.862 7.32 

TABL3 32. 

Activity coeffts . of acid in acetic acid + ethanol system. 

M.F. of M.F. of x ( In f, X 
V 

x , In f log f L *2 
acid x^ eth. at x, x v 

0.10 0.90 9.0 0.002 0.1 9.0 0.020 0.007 1 .016 
0.24 0.76 3.1 0.004 0.2 4.0 0.025 0.011 1.026 
0.40 0.60 1.5 0.007 0.3 2.3 0.031 0.013 0.031 
0.60 0.40 0.6 0.010 0.5 1.0 0.035 0.015 . 1.037 
0.78 0.22 0.3 0.015 0.7 0.4 0.040 0.017 1 .041 
0.90 0.10 0.1 0.019 0.9 0,1 0.042 0.018 1 .042 
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TABLE 33. 

Activity coefi'ts. of acid in acetic acid + water system. 

M.F. of M.F. of 25. In f x t In f 2 log f 2 
f 2 

acid x^ water x, X U at x, X v 

0.10 0.90 9.00 0.003 0.1 9.0 0.032 0.0i,4 1.033 
0.30 0.70 2.33 0.004 0.2 4.0 0.039 0.017 1 .042 
0.50 0.50 1 .00 . 0.006 0.3 2.3 • 0.041 0.018 1.043 
0.60 0.40 0.66 0.010 0.5 1.0 0.045 0.022 1.046 
0.70 0.30 0.42 0.016 0.7' ;0.4. 0.051 0.022 1.052 
0.90 0.10 0.11 0.022 0.9 0.1 0.052 0.023 1.054 

"TABLE 34. 

Act ivi ty coeffts . of acid in propionic acid + "benzene system. 

M'.F. of M.F. of In f, X 
2-

X In f 2 log f 2 
f 2 

acid x L benz.x, at x, x._ 

0.08 0.92 11.50 0.005 0.1 9.0 0.08 0.035 1.08 
0.21 0.79 3.76 0.020 0.2 4.0 0.14 0.063 '1.15 
0.35 0.65 1.85 0.032 0.3 2.3 0.17 0.076 1.19 
0.6i • 0.39 • 0.64 0.138 0.5 1.0 0.24 0.104 1 .27 
0.86 0.14 ' 0.16 0.268 0.7. 0.4 0.29 0.126 1.34 
0.98 0.02 0.02 0.408 0.9 0.1 0.31 . 0.135 1.36 
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TABLE 35. 

Activity cbeffts . of acid in propionic acid + carbon tet . system. 

M.P. of M.P. of x, In fi x^ x, 1 3 1 f 2 l o S f 2 f 2 
acid x CCl^x, z t at x ( x u 

0.09 0.91 10.1 0.016 0.1 . 9.0 0.14 0.06 1.15 
0.24 0.76 3.16 0.035 0.2 4.0 . 0.19 0.08 1 .21 
0.40 0.60 1.50 0.065 0.3 2.3 0.27 0.11 1.31 
0.60 0.40 0.66 0.157 0.5 1.0 0.35 0.15 1.42 
0.78 0.22 0.28 0.340 0.7 0.4 0.44 0.19 1.55 
0.90 0.10 0.11 0.59 0.9 0.1 0.51 0.22 1.66 

TABLE 36. 

Activity coeffts . of acid in propionic acid + cyciohexane system. 

P. of M.P. of Xi In f, *• In f 2 log f 2 f 2 
•id x u eye. x, X at x, x v . 

0.09 0.91 10.11 0.048 0.1 9.0 0..61 0.26 1.85 
0.30 0.70 2.33 0.203 0.2 4.0 0.99 0.47 2.98 
0.48 0.52 1.08 0.399 0.3 2.3 1.26 0.55 3.54 
0.60 0.40 0.66 0.537 0.5 1.0 1.54 0.67 4.68 
0.72 • 0.28 0.39 0.740 0.7 0.4 1.70 0.73 5.43 
0.90 0.10 0.10 1.140 0.9 0.1 1.76 0.76. 5.84 
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TABLE 37. 

Activity coeffts . of acid in propionic acid +ethanol system. 

M.F. of M.F. of 
acid x eth. x 

i * 

In f ( 

x L , at x, 
X 

r 
In f. log | 

0.09 0.91 10.11 0.001 0.1 9.0 O.Oi 0.004 1 .010 
0.24 0.76 3.16 0.002 0.2 4.0 0.015 0.007 1 .020 
0.40 0.60 1.50 0.004 0.3 2.3 0.025 0.010 1 .025 
0.60 0.40 0.66 0.006 0.5 1.0 0.027 0.012 1.029 
0.78 0.22 0.28 0.009 0.7 0.4 0.029 0.013 1 .030 
0.90 0.10 0.11 0.011 •0.9 0.1 0.030 0.013 1 .031 

TABLE 38. 

Activity coeffts . of acid in propionic acid + wa.ter system. 

M.F. of M.F. of In f. X 2E. In f 2 log f 2 
f 2 

acid x^ water x ( at x x ^ 

0.09 0.91 10.11 0.005 0.1 9.0 0.104 0.04 1 .11 
0.25 0.75 3.00 0.016 0.2 4.0 0.124 0.05 1.13 
0.40 0.60 1.50 0.034 0.3 2.3 0.151 0.06 1.16 
0.60 0.40 0.66 0.077 0.5 1.0 0.189 0.08 1.21 
0.80 0.20 0.25 0.151 0.7 0.4 0.238 0.10 1 .26 
0.90 o.io 0.11 0.347 0.9 0.1 0.247 0.11 1 .28 
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TABES 39. 

Activity coeffts . of acid in butyric acid + benzene system. 

M.F. of M.F. of x In f ( x x , In f 2 log f 2 f 2 

acid x^ benz. x f x at xt x ^ 

0.09 0.91 10.11 0.003 0.1 9.0 0.048 0.021 1 .05 
0.21 0.79 3.76 0.009 0.2 4.0 0.078 0.034 1 .08 
0.32 0.68 2.12 0.013 0.3 2.3 0.090 0.039 1.09 
0.46 . 0.54 1.17 0.022 0.5 1.0 0.107 0.046 1.11 
0.71 0.29 O.41 O.041 0.7 0.4 0.117 0.051 1.12 
0.90 0.10 0.11 0.052 0.9 0.1 0.121 0.052 1.13 

TABLS 40. 

Activity coeffts . of acid in butyric acid + CC1^ system 

M.F. of M.F. of x, In f, x x, In f 2 log f 2 f 2 

acid x CC1i± xt x,_. at x _ x ^ 

0.09 0.91 10.11 0.007 0.1 9.0 0.105 0.045 1.11 
0.24 0.76 3.16 0.014 0.2 4.0 O.136 0.059 1.14 
0.40 0.60 1 .50 0.019 0.3 2.3 0.178 0.077 1.19 
0.60 0.40 0.66 0.028 0.5 1.0 0.190 0.080 1 .20 
0.78 0.22 0.28 0.034 0.7 0.4 0.196 0.085 1.21 
0.90 0.10 0.11 0.049 0.9 .0.1 0.199 0.086 1 .22 
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TABLE 41 . 

Activity coeffts . of acid in butyric acid + cyclohexane system. 

M.ff. of M.F. of X In f, X * • 
l n f 2 log f 2 *2 

acid eye. x , x ^ at x, I — 

0.09 0.91 10.11 0.04 0.1 9.0 0.530 0.230. 1.70 
0.30 0.70 2.33 0.17 0.2 4.0 0.980 0.425 2.66 
0.48 0.52 1 .08 0.32 3.0 2.3 1 .120 0.486 3.06 
0.60 0.40 0.66 0.42 5.0 1 .0 1.360 0.592 3.91 
0.78 0.22 0.28 0.63 7.0 0.4 •1.480 0.646 4.42 
0.90 0.10 0.11 0.76 9.0 0.1 1.510 0.655 4.52 

TABLE 42. 

Activity coeffts . of acid in butyric acid + water system. 

M.JB'.. of M.£*. of x ( In f 
acid x water x. x. at x' 

0.09 0.91 10.11 0.018 
0.25 0.75 3.00 0.086 
0.40 0.60 1 .50 0.1 65 
0.60 0.40 0.66 0.229 
0.80 0.20 0.25 0.290 
0.90 0.10 0.11 0.402 

X x. 
X i_ 

In f 2 log f 2 
f 2 

0.1 9.0 0.23 0.123 1.33 
0.2 4.0 0.53 . 0.232 1.70 
0.3 2.3 0.65 0.282 1.91 
0.5 1 .0 0.76 0.332 2.15 
0.7 0.4 0.81 0.351 2.25 
0.9 0.1 0.84 0.367 2.32 
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a c e t i c , a c i d + benzene system a t 3 6 C . 
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Fig..20-Plot of I n a & a g a i n s t surface t e n s i o n of 
a c e t i c a c i d + cyclohexane system a t 30 C. 
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Pig.22- P l o t of I n a^against s u r f a c e t e n s i o n of 
a c e t i c a c i d + ethanol system at 30 C» 
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Eig.24— P l o t of I n a a g a i n s t s u r f a c e t e n s i o n of 
a c e t i c a c i d + water system a t 30 C. 
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Fig.26- P l o t of I n a a g a i n s t s u r f a c e t e n s i o n of 
propionic a c i d + benzene, system a t 30. G. 
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Fig.28- S l o t of I n a^against s u r f a c e t e n s i o n of 
propionic a c i d + carbon t e t r a c h l o r i d e 
system a t 30.'C. 
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Fig.30- P l o t of I n a 4 a g a i n s t surface t e n s i o n of propionic 
a c i d + cyclohexane system a t 30° C,,* 
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propionic a c i d + ethanol system a t 30 C. 
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Fig.40- P l o t of I n a x a g a i n s t s u r f a c e t e n s i o n of 
b u t y r i c a c i d + cyclohexane system a t 30" C. 
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b u t y r i c a c i d + water system a t 30 C«. 
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TABLE 57. 

NumDer of moles o f d i f f e r e n t components r e q u i r e d t o 
form a complete monolayer. 

Component O r i e n t a t i o n Area 
Sq.A 

No. o f Moles f o r monolayei 

A c e t i c 
a c i d 

P a r a l l e l 
perpendicular 

23.1 
25.8 

5.91 
6.43 

^L-moles/sq.m. 

Brdpidnic 
a c i d 

P a r a l l e l 
perpendicular 

33.1 
20.5 

5.02 
8.11 

i t 

B u t y r i c 
a c i d 

P a r a l l e l 
perpendicular 

38.0 
20.5 

4.37 
8.11 

i t 

Benzene P a r a l l e l 43.0 3.86 i t 

Carbon tefc U5.0 3.69 i t 

Cyclohexane P a r a l l e l 48.0 3.46 i t 

Ethanol Perpendicular 7-7>5 i t 

Water - 10.0 16.60 
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TABLE 58. 

Amounts o f the i n d i v i d u a l components at the i n t e r f a c e 
f o r the a c e t i c a c i d + "benzene system. 
Solvent and so l u t e molecules o r i e n t e d p a r a l l e l to surface. 

M.P. o f 
acid x x 

M.P. o f 
"benz. x, 

Surface 
excess 

.— tj 
' t . 

•—s 
' v . 

a c i d 
rrs 

"benzene 

0.05 0.95 +0.10 0.29 3.70 yL moles/sq..m. 
0.10 0.90 +0.15 •0.52 3.42 " 
0.20 0.80 +0.20 1 .00 3.16 " 
0.30 0.70 +0.18 1 .21 2.88 " 
0.45 0.55 +0.12 2.20 2.42 " 
0.60 0.40 -Q.Qh 2.87 1.98 " 
0.70 0.30 -0.13 3.39 1.64 " 
0.80 0.20 -0.10 4.13 1.16 " 
0.99 0.10 -0.06 4.95 0.62 » 
0.95 0.05 -0.003 5.41 0.29 " 

TABLE 59. 
Amounts of the i n d i v i d u a l components at the i n t e r f a c e 
f o r the a c e t i c a c i d + CC1^ system. 
Solvent and s o l u t e molecules o r i e n t e d p a r a l l e l to surface. 

M.P. o f M.P. o f Surface a c i d 
a c i d x CC1 U x, excess /—s r$—& 

0.05 0.95 +0.095 0.28 3.51 ju.. moles/sq..m. 
0.10 0.90 +0.100 0.48 3.38 " 
0.20 0.80 +0.100 0.90 3.13 
0.30 0.70 +0.050 1 .30 .2.88 " 
0.45 0.55 -0.140 1 .83 2.55 
0.60 0.40 -0.195 2.61 2.06 " 
0.70 0.30 -0.160 3.28 1.64 " 
0.80 0.20 -0.120 4.05 1.16 " 
0.90 0.10 . -0.07 4.91 O.83 " 
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TABLE 60. 

Amounts o f the i n d i v i d u a l components at the i n t e r f a c e 
f o r the cyclohexane system.-
Solvent and s o l u t e molecules o r i e n t e d p a r a l l e l t o surface, 

M.P. o f M.P. o f surface ST' r, * 
a c i d Xx. c y c l . x, excess ac i d cyclohexane 
0.05 0.95 +0.060 0.21+ 3.32 yx. moles/sq..m. 
0.10 0.90 +0.075 0.1+6 3.20 " 
0.20 0.80 +0.080 0.75 2.97 • " 
0.1+5 0.55 +0.01+5- 1 .97 a.31 " 
0.60 0.1*0 -0.037 2.71 1.87 " 
0.70 0.30 -0.092 3.28 
0.80 0.20 -0.11+5 ' 3.92 1.16 " 
0.95 0.05 -0.125 5.20 0.1+1 " 

TABLE 61 . 
Amounts o f the i n d i v i d u a l components at the i n t e r f a c e 
f o r the ethanol system. 
Solvent and soltate molecules o r i e n t e d - p e r p e n d i c u l a r l y . 

M.P. o f M.P. of surface / •£ 
'x- -. 

a c i d x^ e t h . x ( excess a c i d ethanol 
0.05 0.95 • -0.13 0.21+ 7.27 Jtt moles/sq.m. 
0.10 0.90 -0.23 0.50 6.91+ 
0.20 0.80 -0.37 1 .11 6.22 " 
0.30 0.70 -0.1+8 1 .72 5.U0 " 
0.1+5 0.5.5 -0.1+8 2.67 1+.20 " 
0.60 0.40 -0.1+3 3.82 3.26 " 
0.70 0.30 -0.36 i.39 2.39 
0.80 0.20 -0..25 5.08 1.56 " 
0.90 0.10 -0.13 5.76 0.78 ** 
0.95 0.05 -0.07 6.10 0.39 
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Amounts of the i n d i v i d u a l components at the i n t e r f a c e 
f o r the water system. 
Solvent and solute molecules o r i e n t e d p e r p e n d i c u l a r l y . 

i — 4 

M.F. of M.F. o f Surface a c i d x L water excess ac i d water 

0.05 0.95 3.70 4.20 5.78 >A moles/scL.m. 
0.10 0.90 3.60 4.54 4.90 
0.20 0.80 3.30' • 5.03 3.63 " 
0.50 0.70 2.95 5.38 2.72 " 
0.45 0.55 2. kO 5.77 1 .71 " 
0.60 0.40 1 .80 6.03 • 1.02 » 
0.70 0.30 1 .ho 6.18 0.65 " 
0.80 0.20 1.00 6.31 0.33 ? 
0.90 0.10 0.50 6.38 0.15 

TABLE 63. 

Amounts of the i n d i v i d u a l components at the i n t e r f a c e 
f o r the pr o p i o n i c a c i d + "benzene system. 
Solvent and s o l u t e molec.ules o r i e n t e d p a r a l l e l to surface. 

M.F. o f M.F. o f Surface / I - " " 4 ft—4 

a c i d xL benz. excess a c i d "benzene 

0.05 0.95 0.21 0.31 3.73 >L moles/sq..m. 
0.10 0.90 0.18 0.58 3.U1 " 
0.20 0.80 0.20 1 .02 3.07 " 
0.30 0.70 0.23 1.47 2.67 " 
0.50 0.50 0.20 2.L.1 2.00 " 
0.70 0.30 0.14 3.39 1.25 " 
0.80 0.20 • 0.0Q 3.89 0.86 11 

0.90 0.10 0.04 4.43 0.45 
0.95 0.05 0.01 • 4.68 0.23 " 
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TABLE 64. 

Amounts o f the i n d i v i d u a l components a t the i n t e r f a c e 
f o r the pr o p i o n i c a c i d + carbon t e t r a c h l o r i d e system. 
Solvent and solute molecules o r i e n t e d p a r a l l e l to surface. 

M.P. of M.P. o f Surface i f 5 

a c i d Xj. CC% x, . excess a c i d carbon t e t r a c h l o r i d e 

0.05 0.95 0.120 0.31 3.46 p~ moles/sq..m. 
0.10 0.90 0.110 0.49 3.-33 " 
0.20 0.80 0.110 0.91 3.07 " 
0.30 0.70 0.055 1 .31 2.77 
0.50 • 0.50 -0.055 3.09 1 .42 " 
0.70 0.30 -0.065 3.09 . 1.42 " 
0.80 0.20 -0.050 3.68 0.98 
0.90 0.10 -0.030 4.31 0.51 " 

TABLE 65. 
Amounts of the i n d i v i d u a l components at the i n t e r f a c e 
f o r the cyclohexane system. 
Solvent and s o l u t e molecules o r i e n t e d p a r a l l e l t o ;--,sur-f ace. 

M.P. o f M.P. of Surface r,—•* r,—-* 
a c i d Xt, eye. x, excess a c i d cyclohexane 

0.05 0.95 -0.01 0.16 3.35 p moles/sq.m. 
0.10 0.90 -0.02 0.33 • 3.23 
0.20 0.80 -0.01+ . 0.69 2.98 » 
0.30 0.70 -0.06 1 .07 2.72 11 

0.50 0.50 -0.10 1.93 2.13 " 
0.550 0.30 -0.10 2.96 1 .42 • " 
0.80 0.20 -0.09 3.56 1 .00 " 
0.90 0.10 -0.06 4.23 0.54 
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TABLE 66. 

Amounts o f the i n d i v i d u a l components a t the i n t e r f a c e 
f o r the p r o p i o n i c a c i d + e t h y l a l c o h o l system. 
Solvent and so l u t e molecules o r i e n t e d p e r p e n d i c u l a r l y . 

M.F. of M.F. o f surface 
a c i d x 2 ethanol excess a c i d ethanol 
0.05 0.95 -0.200 0.18 7,38 %L moles/sq.m 
0.10 0.90 -0.360 0.39 7.20 " 
0.20 0.80 -0.1+80 1.04 6.57 " 
0.30 0.70 -0.510 1.78 5.87 " 
0.50 0.50 -0.1+50 3.44 4.34 ' " 
0.70 0.30 -0.340 5.11 2.60 , f 

0.90 0.10 -0.11+0 7.00 0.93 " 

TABLE 67 

Amounts of the i n d i v i d u a l components a t the i n t e r f a c e 
f o r the pr o p i o n i c a c i d + water system. 
Solvent and s o l u t e molecules o r i e n t e d p e r p e n d i c u l a r l y . 

M.F. o f • M.F. of surface 
a c i d x v water excess ac i d water 

0.05 0.95 1+.25. 4.78 6.80 )Ji moles/sq..m 
0.10 0.90 1+.00 5.06 6.29 " 
0.20 0.80 3.60 5.60 5.17 " 
0.30 0.70 3.20 6.18 4.00 " " 
0.50 0.50 2.30 6.94 2.42 " 
0.70 0.30 1 .50 7.54 1.27 " " 
0.80 0.20 1 .00 7.72 0.80 " 
0.90 0.10 0.55 7.98 0.34 

MAY !969 ^ 



OQ 
» 
V I 
to 

I £ M 
H- P 
et- P-
P* H-

<t 
H- H-
tr P» 
to e p 
B H-p 

5 e-i. H- 5 O 01 o 4 o ct- ® 
P tr 
X CD (D 4 4 
oj B P OJ a-.. o . & Hi H) 

O O 
C 4 P O 
c*- P o 
tr P- Ha 

01 
B o P O 4 O MhS H-CD e*- P-
O H-
P O H-M P P (D 
W O 1—1 

H> H* 
Ti >Q 
(D W P 4 4 H-

*d O P-<D »b 
P H- • t i 
Pi O P* 
H- P P 
a H- OB 
P o CO 
}-> 
P P 4 O H-
<+ P" O 

P 
e*- P 
tr p. 0 CD 
to et-
P P* 4 P 
H» P 
P O O M 



cr Pi 



102 

TABLE 68. 

Amounts o f the i n d i v i d u a l components at the i n t e r f a c e 
f o r the b u t y r i c a c i d + "benzene system. 
Solvent and sol u t e molecules o r i e n t e d p a r a l l e l to surface. 

M.P. o f M.P. o f Surface i 

a c i d x u "benz. x, excess a c i d "benzene 

0.05 0.95 0.15 0.34 3.55 J* moles/sq..m. 
0,10 0.90 0.21 0.60 3.33 !> 

0.20 0.80 0.25 1 .05 2.93 If 
0.30 0.70 0.25 1 .k5 2.56 tl 
0.45 0.55 0.24 2.09 

2.69 
2.11 It 

0.60 0.40 0.19 
2.09 
2.69 1 .48 II 

0.70 0.30 0.16 3.11 1.08 II 
0.80 0,20 0.11 3.52 0.744 11 

0.90 0-.10 0.05 3.93 0.38 If 

TABLE 69. 

Amounts o f the i n d i v i d u a l components at the i n t e r f a c e 
f o r the carbon t e t r a c h l o r i d e system. 
Solvent and s o l u t e molecules, o r i e n t e d p a r a l l e l to surface. 

M.P. of M.P. o f surface / l 

a c i d xx. CCt°k x, excess a c i d CC^£ 
0.05 0.95 +0.150 0.33 3.41 M moles/sci.m, 
0.10 0.90 +0.140 0.52 3.25 " 
0.20 0.80 +0.100 0.93 3.00 '* 
0.30 0.70 +0.050 1.36 2.68 " 
0.45 0.55 -0.0^5 1.73 2.22 " 
0.60 0.40 -0.520 2.38 1.68 " 
0.70 0.30 -0.040 2.85 1.28 " 
0.80 0.20 -0.030 3.33 0.87 « 
0.90 0.10 -0.020 3.92 0.46 11 





=1 
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TABLE 70. 

Amounts of the i n d i v i d u a l components a t the i n t e r f a c e 
f o r the jgjtE "butyric a c i d + cyclohexane system. 
Solvent and s o l u t e molecules o r i e n t e d p a r a l l e l to- surface. 

M.F. o f M.P. o f surface, 
a c i d Xx, eye. x ; excess 

, — j .. s 
a c i d cyclohexane 

0.05 0.95 -0.030 0.156 3.33 M moles/sq.ra. 
0.10 0.90 -0.01+5 0.300 3.21 » 
0.20 0.80 -0.060 0.660 2.9h 
0.30 0.70 -0.080 1.021 2.65 " 
0.k5 0.55 -0.102 1 .600 2.19 " 
0.60 o.ko -0.111 2.2U5 1.68 
0.70 0.30 -0.115 2.700 1.32 " 
0.80 0.20 -0.105 3.200 0.93-
0.90 0.10 -0.065 3.85 0.500 " 

TABLE 71 . 

Amounts of the i n d i v i d u a l components at the i n t e r f a c e 
f o r the "butyric a c i d & water system. 
Solvent and s o l u t e molecules o r i e n t e d p e r p e n d i c u l a r l y . 

M.F, o f M.P. o f surface T - S • fT'1 

a c i d x\_. water excess a c i d water 

0.05 
0.10 
0.20 
0.30 
0.U5 
0.60 
0.70 
0.90 

0.95 
0.90 
0.80 
0.70 
0.55 
o.uo 
0.30 
0.10 

4.50 

3.36 
2.50 
1 .50 
0.90 
0.50 
0.10 

5.06 w 
5.69 
6.09 
6.66 
6.99 
7.75 

6.22 >umoles/sa.m. 
6.01 
5.39 
h.Sh 
Ii-.11 
2.QU 
2.28 
0.75 

http://Ii-.11
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TABLE 72 

The f r a c t i o n s of the surface covered by a c e t i c a c i d 
i n f i v e systems- a t d i f f e r e n t concentrations of a c i d 
i n the l i q u i d phase. 

M.F. of J S - *7*T?~ 
a c i d Xx water benzene CCf/j. cyclohexane ethanol, 

0.10 0.706 0.100 0.086 0.080 0.078 
0.20- 0.781 0.171 0.156 0.130 0.125 
0.30 0.836 0.215 0.200 0.201 0.199 
0.50 .0.900 0.410 0.360 .0.349 0.330 
0.70 0.960 0.573 0.556 0.534 0.522 
0.80 0.982 0.700 0.685 0.664 0.650 
0.95 0.994 0.920 0.913 0.888 0.880 
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TABLE 73. 

The f r a c t i o n s of the sur-face covered by pr o p i o n i c a c i d 
i n f i v e systems a t d i f f e r e n t concentrations of a c i d i n 
the l i q u i d phase. 

M.P- of ^ l r C ) " T-//T-)- T - f t r % 

a c i d x v water "benzene CC^ cyclohexane ethanol 

0.10 0.622 0.107 0.100 0.070 0.500 
0.20 0.692 0.201+ 0.174 0.137 0.120 
0.30 0.758 0.293 0.250 0.213 0.200 
0.50 0.854 0.480 0.411 0.384 0.370 
0.70 0.922 0.675 0.616 0.589 0.510 
0.80 0.951 0.775 0.733 0.710 0.650 
0.90 0.980 0.882 0.860 . 0.842 0.781 
0.95 0.987 0.932 0.920 0.920 0.872 
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TABLE 74. 

The f r a c t i o n s o f the surface covered by b u t y r i c a c i d 
i n four systems at d i f f e r e n t concentrations o f a c i d 
i n the l i q u i d phase. 

M.F o f water benzene . c c ^ cyclohexane 

0.10 0.637 0.138- 0.118 0.070 
0.20 0.675 0.239 0.193 0.149 
0.30 0.702 0.333 0.272 . 0.233 
0.45 0.752 0.477 0.396 0.366 
0.60 0.823 0.616 0.544 • 0.520 
0.70 0.862 0.713 0.652 0.618 
0.80 0.905 0.810 0.762 0.732 
0.90 0.956 0.899 0.897 0.861 
0.95 0.979 0.950 0.933 0.929 
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TABLE 75. 

Composite Isotherms and Adsorption Equilihrum 
Propionic a c i d + Ethanol system. 

S I "X. I U 
M.F. of M.F. of • x* surface 
e t h . xf a c i d x* excess 

0.10 0.90 0.09 -0.14 -0.64 
0.20 " 0.80 0.16 -0.26 -0.62 
0.30 0.70 0.21 -0.34 -0.61 
0.40 0.60 0.24 -0.41 -0.59 
0.50. 0.50 0.25 -0.45 -0.55 
0.60 0.40 0.24 -0.50 -0.48 
0.70 0.30. 0.21 -0.50 -0.42 
0.80 0.20 0.16 -0.45 -0.35 
0.90 0.10 0.09 -0.25 -0.36 
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TABLE 76. 

Composite Isotherm and Adsorption E q u i l i b r i u m 
B u t y r i c a c i d + Benzene system. 

M.P. o f ' M.P. o f £ surface x& xf. 
benz. x, a c i d xL x 1 x*. e j e c t s r v 

0.10 0.90, 0.09 0.06 1 .50 
0.20 0.80 0.16 0.12 1.33 
0.30 0.70 0.21 0.16 1 .30 
o.uo 0.60 0.2U 0.20 1 .20 
0.50 0.50 0.25 0.22 1.13 
0.60 o.uo 0.2U 0.25 O.96 
0.70 0.30 • 0.21 0.25 0.8U 
0.80 0.20 0.16 0.25 0.6U 
0.90 0.10 0.09 0.20 0.U5 
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CHAPTER 8 

COMPOSITE ISOTHERMS. 

(a ) A c e t i c a c i d systems 

1. Benzene; The composite i s o t h e r m , f i g . 1 7 , f o r t h e 

system a c e t i c a c i d + benzene i s S-type and shows t h a t t h e 

apparent a d s o r p t i o n of a c i d i n c r e a s e s w i t h 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 a c i d i n t h e l i q u i d phase, reaches a 

maximum and t h e n f a l l s t o z e r o . A n e g a t i v e a d s o r p t i o n o f 

th e a c i d i s no t e d i n t h e h i g h e r a c i d c o n c e n t r a t i o n r e g i o n . 

So t h a t a t the lower c o n c e n t r a t i o n s we note p r e f e r e n t i a l 

a d s o r p t i o n o f t h e a c i d and a t h i g h e r c o n c e n t r a t i o n s 

p r e f e r e n t i a l a d s o r p t i o n of benzene. The h i g h e s t v a l u e o f 

/I " i s .about 0.2 moles/s|'.m. and t h e l o w e s t v a l u e i s 

about -0.12 fx mol.es/sq.m. The shape o f t h e composite 

i s o t h e r m i s o f t h e same ty p e as t h a t o b t a i n e d by B e l t o n ^ 

f o r a c e t i c a c i d + benzene system. 

2. Carbon T e t r a c h l o r i d e . The composite i s o t h e r m , f i g . 1 

f o r t h e system a c e t i c a c i d + carbon t e t r a c h l o r i d e i s a l s o 

S-shaped. The apparent a d s o r p t i o n o f t h e a c i d i n c r e a s e s 

w i t h t h e i n c r e a s i n g a c i d c o n c e n t r a t i o n , reaches a maximum 
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v a l u e of about 0.125 >i moles/sq.m. a t a p p r o x i m a t e l y 0.15 mole 

f r a c t i o n of t h e a c i d i n t h e l i q u i d phase and t h e n i t begins 

t o f a l l . N e g a t i v e a d s o r p t i o n begins t o occur between mole 

f r a c t i o n 0.3 and 0.4 o f a c i d , r e a c h i n g minimum v a l u e of -0.2 

ju. moles/sq.m. between 0»5 and 0.6 mole f r a c t i o n o f t h e a c i d 

and t h e n i n c r e a s e s a g a i n and a t t a i n s zero v a l u e a t u n i t mole 

f r a c t i o n . Thus, as f o r the a c e t i c a c i d H- benezene system 

t h e r e i s p r e f e r e n t i a l a d s o r p t i o n of a c i d a t low mole f r a c t i o n s 

of a c i d i n t h e l i q u i d phase and p r e f e r e n t i a l a d s o r p t i o n of 

oaEBoni'-teitrachl'oride a t t h e h i g h e r mole f r a c t i o n s . I t may 

tanoted t h a t f o r t h i s system t h e p r e f e r e n t i a l a d s o r p t i o n of 

carbon t e t r a c h l o r i d e a t the h i g h e r c o n c e n t r a t i o n s i s almost 

t w i c e t h a t o f t h e a c i d a t lower c o n c e n t r a t i o n s ; a g a i n , 

p r e f e r e n t i a l a d s o r p t i o n of a c i d occurs i n o n l y about one-

t h i r d o f t h e whole c o n c e n t r a t i o n range. 

3. Cyclohexane. The composite i s o t h e r , f i g . 2 1 , f o r t h e 

system a c e t i c a c i d + cycl-ohexane i s a g a i n S-shaped. 

P r e f e r e n t i a l a d s o r p t i o n of a c e t i c a c i d takes p l a c e a t lower 

c o n c e n t r a t i o n s of t h e a c i d i n t h e l i q u i d phase, reaches a 

maximum v a l u e of about 0.08 ja. moles per sq.m. a t 0.5 mole 
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f r a c t i o n and t h e n s t a r t s f a l l i n g t o z e r p . ¥ith i n c r e a s i n g 

a c i d c o n c e n t r a t i o n n e g a t i v e a d s o r p t i o n o f t h e a c i d i s n o t e d , 

t h u s i n d i c a t i n g p r e f e r e n t i a l a d s o r p t i o n o f cyclohexane. For 

t h i s system p r e f e r e n t i a l a d s o r p t i o n o f a c i d occurs over about 

h a l f t h e c o n c e n t r a t i o n range. The maximum v a l u e o f apparent 

a c i d a d s o r p t i o n a t low a c i d c o n c e n t r a t i o n i s about h a l f t h e 

v a l u e of p r e f e r e n t i a l cyclohexane a d s o r p t i o n a t h i g h a c i d 

c o n c e n t r a t i o n s , and by comparing t h i s i s o t h e r m w i t h those 

f o r benzene and carbon t e t r a c h l o r i d e i t i s n o t e d t h a t 

p r e f e r e n t i a l a d s o r p t i o n o f a c i d i s low i n t h i s system. 

4. E t h y l a l c o h o l . The composite i s o t h e r m , f i g . 2 3 , f o r 

a c e t i c a c i d + a l c o h o l system i s a r e g u l a r U-shaped c u r v e , 

showing a n e g a t i v e a d s o r p t i o n f o r t h e a c i d over t h e whole 

range of a c i d c o n c e n t r a t i o n i n ̂  t h e l i q u i d phase. T h i s 

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

a s i t u a t i o n n o t encountered w i t h any of t h e o t h e r a c e t i c a c i d 

systems, and a r i s i n g out o f t h e unique a b i l i t y o f e t h y l 

a l c o h o l + a c e t i c a c i d m i x t u r e s t h r o u g h o u t t h e whole concen

t r a t i o n range. The maximum p r e f e r e n t i a l a d s o r p t i o n o f 

a l c o h o l as seen f r o m t h e composite i s o t h e r m i s h i g h and about 
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0.48 jx raoles/sq.m., o c c u r r i n g between 0.3 ancl0.5 mole 

f r a c t i o n of a c i d i n l t h e l i q u i d phase. 

5. Water. The composite i s o t h e r m , f i g . 2 5 , of t h e 

system a c e t i c a c i d + water i s an i n v e r t e d U-shaped t y p e , 

The p r e f e r e n t i a l a d s o r p t i o n of t h e a c i d i s v e r y h i g h even 

a t v e r y low c o n c e n t r a t i o n s o f t h e a c i d i n t h e l i q u i d phase. 

Th i s p r e f e r e n t i a l a d s o r p t i o n of t h e a c i d decreases almost 

l i n e a r l y w i t h i n c r e a s i n g a c i d c o n c e n t r a t i o n i n t h e l i q u i d 

phase b u t t h e i s o t h e r m does n o t show a n e g a t i v e a d s o r p t i o n 

of t h e a c i d over any c o n c e n t r a t i o n r e g i o n . I f t h e maximum 

i n p r e f e r e n t i a l a d s o r p t i o n of t h e a c i d f o r t h i s system i s 

compared w i t h those f o r t h e o t h e r systems, i t w i l l be n o t e d 

t h a t a c e t i c a c i d shows i t s h i g h e s t a d s o r p t i o n , a p p r o x i m a t e l y 

4.0 yk moles/sq.m. i n t h i s system. One may expect t h e a c i d 

and water t o have s t r o n g i n t e r m o l e c u l e r i n t e r a c t i o n s , and 

i t seems l i k e l y t h a t the n a t u r e o f t h e i n t e r f a c e f o r t h e 

system i s markedly d i f f e r e n t f rom t h a t of a c e t i c a c i d w i t h 

t h e s o l v e n t s benzene, carbon t e t r a c h l o r i d e and cyclohexane. 

T h i s p o i n t w i l l be f u r t h e r d i s c u s s e d l a t e r . 
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( b ) P r o p i o n i c a c i d systems. 

1. Benzene. The composite i s o t h e r m , f i g . 2 7 , f o r t h e p r o 

p i o n i c a c i d + benzene system shows p r e f e r e n t i a l a d s o r p t i o n 

of p r o p i o n i c a c i d t h r o u g h o u t t h e whole c o n c e n t r a t i o n range. 

T h i s may be c o n t r a s t e d w i t h t h e c o r r e s p o n d i n g a c e t i c a c i d 

system f o r which t h e r e i s p r e f e r e n t i a l a d s o r p t i o n o f b o t h 

acetic£a,nd benzene a t d i f f e r e n t r e g i o n s a l o n g t h e concen

t r a t i o n a x i s . The apparent a d s o r p t i o n of p r o p i o n i c a c i d i s 

h i g h e r a t t h e lower c o n c e n t r a t i o n s t h a n a t t h e h i g h e r 

c o n c e n t r a t i o n s of a c i d i n t h e l i q u i d phase and h i g h e r t h a n 

f o r a c e t i c a c i d a t a l l c o n c e n t r a t i o n s . The maximum 

p r e f e r e n t i a l a d s o r p t i o n o f t h e a c i d as i n d i c a t e d byi. t h i s 

i s o t h e r m i s a p p r o x i m a t e l y 0.22 j \ moles/sq.m. ( c f . t h e 

maximum o f 0.20 ju moles/sq.m. f o r t h e c o r r e s p o n d i n g a c e t i c 

system). 

2. Carbon t e t r a c h l o r i d e . The composite i s o t h e r m , f i g -

29, o f t h e p r o p i o n i c a c i d + carbon t e t r a c h l o r i d e system i s 

S-shaped. The i s o t h e r m i n d i c a t e s p r e f e r e n t i a l a d s o r p t i o n 

o f a c i d a t t h e lower c o n c e n t r a t i o n s o f a c i d i n the l i q u i d 

phase, b u t p r e f e r e n t i a l a d s o r p t i o n of carbon t e t r a c h l o r i d e 

a t t h e h i g h e r c o n c e n t r a t i o n s . The maximum of p r e f e r e n t i a l 

a d s o r p t i o n of t h e a c i d i s about 0.13 ^ i moles/sq.m. and t h e 

minimum about -0.075 u moles/s^-.m. and t h e i s o t h e r m i s 
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s i m i l a r t o t h a t f o r t h e a c e t i c a c i d + carbon t e t r a c h l o r i d e 
system, b u t f o r t h e p r o p i o n i c a c i d + carbon t e t r a c h l o r i d e 
system p r e f e r e n t i a l a d s o r p t i o n o f a c i d i s s l i g h t l y g r e a t e r 

tha,n t h a t f o r t h e a c e t i c a c i d + carbon t e t r a c h l o r i d e system. 

I t i s n o t e d t h a t t h e p r e f e r e n t i a l a d s o r p t i o n o f carbon 

t e t r a c h l o r i d e i s much lower i n t h i s system as compared w i t h 

a c e t i c a c i d system, thus i n d i c a t i n g a g r e a t e r amount o f 

a c i d i n the adsorbed phase f o r t h e p r o p i o n i c a c i d system. 

3. Cyclohexane. The composite i s o t h e r m , f i g . 3 1 , f o r 

th e p r o p i o n i c a c i d + cyclohexane system i s U-shaped, and 

shows a n e g a t i v e a d s o r p t i o n o f t h e a c i d over the.whole 

range of a c i d c o n c e n t r a t i o n i n t h e l i q u i d phase. T h i s 

i n d i c a t e s p r e f e r e n t i a l a d s o r p t i o n o f cyclohexane a t t h e 

i n t e r f a c e . The p r e f e r e n t i a l a d s o r p t i o n o f cyclohexane 

i n c r e a s e s w i t h t h e i n c r e a s i n g a c i d c o n c e n t r a t i o n i n t h e 

l i q u i d phase, reaches a maximum v a l u e a t v e r y h i g h 

c o n c e n t r a t i o n and t h e n f a l l s , t o z e r o . The maximum i n 

p r e f e r e n t i a l a d s o r p t i o n of cyclohexane, a p p r o x i m a t e l y 0.12 

JOL moles/sq.m. occurs between 0.6 and 0.8 mole f r a c t i o n o f 

th e a c i d i n t h e l i q u i d phase. I t s h o u l d be n o t e d t h a t t h e 
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c o r r e s p o n d i b g a c e t i c a c i d i s o t h e r m i s n o t U-shaped b u t 

S-shaped, a n d t h a t p r e f e r e n t i a l a d s o r p t i o n f o r a c e t i c 

a c i d occurs over about h a l f t h e c o n c e n t r a t i o n range. 

4. E t h y l a l c o h o l . The composite i s o t h e r m , f i g . 3 3 , 

f o r p r o p i o n i c a c i d + e t h y l a l c o h o l i s U-shaped, and shows 

n e g a t i v e a d s o r p t i o n of a c i d over t h e whole range of a c i d 

c o n c e n t r a t i o n i n t h e l i q u i d phase. T h i s i n d i c a t e s 

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

i s s i m i l a r t o t h e c o r r e s p o n d i n g a c e t i c a c i d system. The 

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

i n c r e a s i n g a c i d c o n c e n t r a t i o n s i n t h e l i q u i d phase, reaches 

a maximum and t h e n f a l l s t o z e r o . The maximum v a l u e o f 

a l c o h o l a d s o r p t i o n , a p p r o x i m a t e l y 0.5 u miil.es per sq.m. 

occurs between t h e mole f r a c t i o n s 0.25 and 0.45 of t h e a c i d 

i n t h e l i q u i d phase. I t may be n o t e d t h a t t h e v a l u e o f 

th e maximum p r e f e r e n t i a l a d s o r p t i o n of e t h y l a l c o h o l i s 

about t he same i n t h i s system as i n a c e t i c a c i d + al.cohol 

system. 

5. Water. The composite i s o t h e r m , f i g - 3 5 , o f t h e 

p r o p i o n i c a c i d + water system i s an i n v e r t e d U-shaped 

http://miil.es
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i a o t h e r m , s i m i l a r t o t h a t of t h e c o r r e s p o n d i n g a c e t i c 

a c i d system. The a d s o r p t i o n o f a c i d i s v e r y h i g h a t q u i t e 

low c o n c e n t r a t i o n s o f t h e a c i d i n t h e l i q u i d phase, b u t 

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

i n c r e a s i n g a c i d c o n c e n t r a t i o n i n t h e l i q u i d phase. The 

i s o t h e r m does n o t show a n e g a t i v e a d s o r p t i o n o f a c i d a t any 

c o n c e n t r a t i o n . The v a l u e o f maximum p r e f e r e n t i a l a d s o r p t i o n 

of a c i d , a p p r o x i m a t e l y 4.3 j i moles/sq.m. i s h i g h e r t h a n 

t h a t f o r the a c e t i c a c i d + water system ($.0 u moles/sq.m.) 

( c ) n - B u t y r i c a c i d systems. 

1. Ben zene. Fig.37 shows t h e composite i s o t h e r m f o r t h e 

b u t y r i c a c i d + benzene system. The apparent a d s o r p t i o n of 

th e a c i d i n c r e a s e s w i t h i n c r e a s i n g a c i d c o n c e n t r a t i o n i n t h e 

l i q u i d phase, reaches a maximum, t h e n begins t o f a l l t o ^ e r o . 

I n t h i s system o n l y p o s i t i v e a d s o r p t i o n o f t h e a c i d i s n o t e d , 

i n d i c a t i n g p r e f e r e n t i a l a d s o r p t i o n o f a c i d a t a l l c o n c e n t r a -

t i o n s , as i s t h e case f o r t h e corresponding£acid system. 

The maximum va l u e of p r e f e r e n t i a l a d s o r p t i o n of a c i d i n d i c a t e d 

by t h e i s o t h e r m (about 0.26 moles/sq.m.) i s h i g h e r t h a n t h e 

c o r r e s p o n d i n g v a l u e s of a d s o r p t i o n o f t h e o t h e r two a c i d s i n 

t h i s s o l v e n t (0.2 p. moles/sq.m. f o r a c e t i c a c i d and 0.22 u 

moles/sq.m. f o r p r o p i o n i c a c i d ) . 
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2. Carbon t e t r a c h l o r i d e . The composite i s o t h e r m , f i g . 3 9 , 

f o r t h e system b u t y r i c a c i d + carbon t e t r a c h l o r i d e i s 

S-shaped, s h w i n g b o t h p o s i t i v e and n e g a t i v e apparent 

a d s o r p t i o n o f t h e a c i d . The a d s o r p t i o n of t h e a c i d i n c r e a s e s 

w i t h t h e i n c r e a s i n g a c i d c o n t e n t , reaches a maximum and t h e n 

begins t o f a l l , a f t e r which n e g a t i v e a d s o r p t i o n o f t h e a c i d 

i s n o t e d . So a t t h e lower c o n c e n t r a t i o n s o f t h e a c i d i n t h e 

l i q u i d phase i t i s t h e a c i d which i s p r e f e r e n t i a l l y adsorbed, 

b u t a t h i g h e r c o n c e n t r a t i o n s carbon t e t r a c h l o r i d e i s 

p r e f e r e n t i a l l y adsorbed. T h i s i s s i m i l a r t o t h e correspcmLing 

p r o p i o n i c a c i d and a c e t i c a c i d systems. The maximum v a l u e 

of t h e a c i d a d s o r p t i o n i s about 0.15 ju moles/sq.m. and t h e 

minimum v a l u e i s about-0.07 u moles/sq.m. I t i s n o t e d t h a t 

t h e apparent a d s o r p t i o n o f a c i d , a f t e r a t t a i n i n g a maximum 

v a l u e a t low a c i d c o n c e n t r a t i o n s i n t h e l i q u i d phase f a l l s 

almost l i n e a r l y between a c o n c e n t r a t i o n range of 0.1 and 

0. 4 mole f r a c t i o n of a c i d i n t h e l i q u i d phase. Schay and 

Nagy co n s i d e r e d t h a t t h i s i s most p r o b a b l y due t o /T 5 and 
37 

£ — s r e m a i n i n g c o n s t a n t over t h a t s e c t i o n o f t h e i s o t h e r m , 
1 . e. t h a t f o r t h e range of c o n c e n t r a t i o n over w h i c h t h e 
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i s o t h e r m i s l i n e a r and of n e g a t i v e g r a d i e n t , t h e c o m p o s i t i o n 

of t h e adsorbed.phase remains c o n s t a n t . 

3. ,Cyclohexane. Pig.41 shows t h e composite i s o t h e r m 

f o r t h e system b u t v r i c a c i d + cyclohexane. I t i s a U-shaped 

i s o t h e r m , and shows n e g a t i v e a c i d a d s o r p t i o n over t h e whole 

range of a c i d c o n c e n t r a t i o n i n t h e l i q u i d phase. T h i s 

i n d i c a t e s p r e f e r e n t i a l a d s o r p t i o n o f cyclohexane over t h e 

whole c o n c e n t r a t i o n range. The p r e f e r e n t i a l a d s o r p t i o n of 

cyclohexane i n c r e a s e s w i t h i n c r e a s i n g a c i d c o n c e n t r a t i o n i n 

t h e b u l k phase, reaches a r a t h e r broad maximum a t id*, h i g h 

c o n c e n t r a t i o n and t h e n f a l l s t o z e r o . The maximum v a l u e s of 

p r e f e r e n t i a l cyclohexane a d s o r p t i o n occurs between 0.5 and 

0.8 mole f r a c t i o n s of t h e a c i d i n t h e l i q u i d phase. The . 

i s o t h e r m i s s i m i l a r t o t h a t f o r /the c o r r e s p o n d i n g p r o p i o n i c 

a c i d system. 

4. ¥ater. The composite i s o t h e r m , f i g . 43';, f o r t h e system 

b u t t i c a c i d + water i s an i n v e r t e d U-shaped c u r v e , s i m i l a r 

t o t h e i s otherms f o r the c o r r e s p o n d i n g p r o p i o n i c a c i d and 

a c e t i c a c i d systems. The p r e f e r e n t i a l a d s o r p t i o n o f t h e 

a c i d i s v e r y h i g h a t low c o n c e n t r a t i o n of a c i d i n t h e l i q u i d 

phase, a t t a i n s a maximum, and t h e n decreases w i t h i n c r e a s i n g 

a c i d c o n c e n t r a t i o n i n t h e b u l k . The i s o t h e r m does n o t show 
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a n e g a t i v e a d s o r p t i o n of a c i d a t any c o n c e n t r a t i o n , t h i s 

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

The v a l u e of maximum p r e f e r e n t i a l a d s o r p t i o n , n e a r l y 

4.5 ju moles/sq.m. i s h i g h e r t h a n t h o s e f o r t h e c o r r e s p o n d i n g 

p r o p i o n i c and a c e t i c R v a l u e s . (4.0 u moles/sq.m. f o r a c e t i c 

and 4.3 ji moles/sq.m. f o r p r o p i o n i c a c i d ) . 



CHAPTER 9. 

M o l e c u l a r Areas o f adfeorbed Species. 

A knowledge or m o l e c u l a r areas of t h e adsorbed 

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

from t h e composite ( s u r f a c e excess) i s o t h e r m s . I n t h i s 

c h a p t e r , p o s s i b l e v a l u e s of t h e m o l e c u l a r areas are 

d i s c u s s e d , keeping i n mind t h e p o s s i b i l i t y o f b o t h p a r a l l e l 

and p e r p e n d i c u l a r o r i e n t a t i o n s , where a p p l i c a b l e . The 

m o l e c u l a r areas of some of t h e m o l e c u l e s , f o r a p a r t i c u l a r 

o r i e n t a t i o n s , have been ta k e n f r o m t h e l i t e r a t u r e , whereas 

o t h e r s have been c a l c u l a t e d from bond angles and bond; 

l e n g t h s . 

I n so f a r as choosing an a p p r o p r i a t e m o l e c u l a r area 

f o r a p a r t i c u l a r molecule i n t h e c a l c u l a t i o n of i n d i v i d u a l 

i s o t h e r m s i s concerned, one has t o c o n s i d e r v a r i o u s f a c t o r s 

such, as t h e p o s s i b l e i n t e r a c t i o n s between t h e components 

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

of t h e composite i s o t h e r m concerned. The s e t o f i n d i v i d u a l 

i s o t h e r m s o b t a i n e d by choosing a g i v e n m o l e c u l a r area f o r 

a component o f t e n r e v e a l s i f such a choice i s a reasonable 
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one. 

The area of t h e water m o l e c u l e , has been t a k e n as 
7,23 

10 sq.A which i s t h e g e n e r a l l y accepted, v a l u e . . The 

area per molecule of p r o p i o n i c or b u t y r i c a c i d w i t h major 

a x i s p e r p e n d i c u l a r t o t h e s u r f a c e , has been t a k e n as 
12 

20.5 sq. A. 

3fc 
Area of carbon t e t r a c h l o r i d e molecule ( F i g . 6 3 ) 

Van der ¥aals' r a d i u s f o r CI = 1.80A. 

Dis t a n c e C — C I = 1.77A. 

The molecule i s almost s p h e r i c a l , hence i t s area can be 

c a l c u l a t e d as 
2 

Area = TT (1.77' + 1.80) 
= TT (3.57) 
= 40.04 sq.A. 

The i s o t h e r m s i n t h i s work have been o b t a i n e d a t 
o 

30 C, and a t t h i s t e m p e r a t u r e work w i t h carbon t e t r a c h l o r i d < 

a t v a r i o u s i n t e r f a c e s has shown t h a t a v a l u e of 45.0 sq.A 

per molecule i s more reasonable f o r carbon t e t r a c h l o r i d e . 

Hence t h e same v a l u e has been used i n t h i s work. 
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Area o f benzene m o l e c u l e . ( F i g . 6 4 ) 

( i ) Major a x i s p a r a l l e l t o t h e s u r f a c e s 

Van der vfaals' r a d i u s f o r Hydrogen = 1..20A 

D i s t a n c e 0. H = 1 ..084A 

D i s t a n c e C C = 1.397A 

x = Cos 60 (1 .39) = 0.698 A 

y = Cos 30 (1.397) = 1.2098 A 

z = Cos 30 (1.084) = 0.938 A 

Length of t h e molecule = (1.2+1.08+0.698+ 1.39+0.695 

+1 .08+1.2) 

= 7.36 A 

¥idth of t h e molecule = (1.2+0.938+1.2098+1.2098+ 

0.938+1.2) 
= 6.697 A 

Area o f t h e molecule = 6.697x7.362 = 49.3 sq.A. 

( i i ) Major a x i s p e r p e n d i c u l a r t o t h e s u r f a c e : 

Area = Length o f t h e molecule x Thickness of t h e a r o m a t i c 

r i n g = 7.36 x 3.7 = 27.20 sqA. 

A value of 43 sq.A has been used i n t h i s work.This value 

xs the same used by some previous workers a t 30 C. 
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3« Area of e t h y l a l c o h o l m o l e cule. ( P i g . 6 5 ) 

( i ) Major a x i s p a r e l l e l t o t h e s u r f a c e : 

( C C O = 109.5 

C 0 d i s t a n c e = 1.48 A 

C C d i s t a n c e = 1.55 A 

0 H d i s t a n c e = 0*96 A 

Van der V a a l s 1 r a d i u s f o r 

CH 3 = 2.0 A 

CH X = 2.OA 

0 = 1.4 A 

x = Cos 19.5 (1.48) = 1.395 A 

y = Cos 70.5 (1.48) = 0.494 A 

Length of t h e molecule = (2.0+1.55+0.494+0.96+1.20) 

= 6.204 A 

Wi d t h o f t h e molecule = (1.4+1.395+2.0) = 4.794 A 

Area of t h e molecule = 6.204 x 4.794 = 29.76 sq.A 

( i i ) Major a x i s p e r p e n d i c u l a r t o t h e s u r f a c e : 

Length o f t h e molecule = 4.794 A 

Width o f t h e molecule = 4.4 A 
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A£ea;. of fcbhe molecule = 4.794 x 4.40 

= 21 .50 set .A. 

A value of 21.5 sq.A has been used i n t h i s work and i t i s 

the same value as c a l c u l a t e d above f o r the perpendicular 

o r i e n t a t i o n * 

38 

Area of t h e Cyclohexane m o l e c u l e . ( F i g . 6 7 ) 

Major a x i s p a r a l l e l t o s u r f a c e : 

Van der Waals 1 r a d i u s f o r CH a= 2.0 A 

D i s t a n c e C C =1.54 A 

<C C C =110 

D i s t a n c e x =1.54 (Cos 70) = 0.53 A 

D i s t a n c e y =1.54 (Cos 20) = 1.45 A 

Length of t h e Molecule =2+1.54+0.53+1.54+2) 
=7.61 A 

W i d t h of t h e M o l e c u l e =(2.0+1.45+1.0+2,0) = 6.45 A 

Area of t h e Molecule =49.10 sq.A. 
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Area f o r a c e t i c a c i d molecule ( d i m e r i c f o r much of th^Q 
c o n c e n t r a t i o n range i n benzene, cyclohexane and C C l ^ 

Major a x i s p a r a l l e l t o s u r f a c e : (Fig.67.) 

D i s t a n c e C—C = 1.54 A 

D i s t a n c e C—0 = 1.43 A 
i 

D i s t a n c e C—0,= 1.24 A 

D i s t a n c e 0--0 = 2.67 A 

( 0 C 0 = 1 3 0 

x = 1.43 S i n 65 = 0.906 (1.43) = 1.296 A 

y = 1.24 S i n 65 = 0.906 (1.24). = 1 .124 A 

z = 1 .34- (0.4226)=0.566 A 

Width of t h e molecule = 1 .4+1 .4+1 .124+1 ..296 = 5.22A 

H a l f l e n g t h = (2.0+1.54+0.56+0.566+2.67+1.54+2) 

= 5.44A 

Area of t h e molecule = 5.44 x 5.22 = 28.10 sq.A. 

The above c a l c u l a t e d vaue of 28.1 sq.A has been used 

as the molecular area of a c e t i c a c i d molecule w i t h major 

a x i s p a r a l l e l to s u r f a c e . 
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Area of t h e P r o p i o n i c A c i d M o l e c u l e . ( F i g . 6 8 ) 

Major a x i s p a r a l l e l t o surface:. 

Van der V a a l s ' r a d i u s f o r CH 3 = 2.0 A 

" " " " f o r Oxygen = 1.4 A 

D i s t a n c e C C = 1.54 A 

D i s t a n c e C 0 = 1.43 A 

D i s t a n c e C o' = 1 .24 A 

D i s t a n c e o' 0 = 2.67 A 

<0 C 0 =130° 

Length of the molecule = (2.0+1.23+1.23+0.56+2.67+0.56 + 

T..23+1 .23+2.0) 

=6.35 A 

Width o f the molecule = (1.4+1.12+1.296+1.4) 

= 5.22 A 

Area of t h e molecule = 6.35 x 5.22 

= 33*11 sq.A. 

The above c a l c u l a t e d value of 33.1 sq.A has been used 

as the molecular area of propionic a c i d molecule with 

major a x i s p a r a l l e l to the s u r f a c e . 
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Area of b u t y r i c a c i d m o l e c u l e . ( F i g . 6 9 ) 

Major a x i s o f t h e molecule p a r a l l e l t o t h e s u r f a c e : 

Van der ¥aals 1 r a d i u s f o r CH 3= 2 A 

" " 11 " f o r Oxygen = 1 . 4 A 

D i s t a n c e C 0 = 1 .43 A 

Di s t a n c e C C = 1.54 A 

Di s t a n c e o' 0 = 2 .67 A 

( O C . O = 130" 

Length o f t h e molecule = ( 2 . 0 + 1 . 2 2 + 1 . 2 3 + 1 . 2 3 + 0 . 5 6 + 1 

= 7 .59 A 

Wi d t h o f t h e molecule = ( 1 . 4 + 1 . 1 2 + 1 . 2 9 6 + 1 . 4 ) 

= 5.22 A. 

Area of t h e molecule = 7 .59 x 5 .22 

= 39 .50 J|a.A. 
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CHAPTER 10. 

Vapour Pressure - Composition Curves: A f f i n i t i e s 

between Components i n t h e l i q u i d phase. 

I n t h e s t u d y of l i q u i d m i x t u r e s i t i s onnvenient 

t o d e f i n e an i d e a l s o l u t i o n as one obeying R a o u l t s ' law 

over t h e whole range of c o n c e n t r a t i o n . !3uppose R a o u l t s 1 

law, ( t h a t t h e p a r t i a l vapour p r e s s u r e of a c o n s t i t u e n t 

i s p r o p o r t i o n a l t o i t s mole f r a c t i o n i n t h e l i q u i d a t a l l 

c o m p o s i t i o n s ) a p p l i e s t o A t h e n 

PA= PAXA 

S i m i l a r l y i f we c o n s i d e r t h e o t h e r c o n s t i t u e n t B, 

t h e n PB= **BXB. 
Here P i s p a r t i a l vapour p r e s s u r e o f any c o n s t i t u e n t and 

o 

x i s i t s mole f r a c t i o n ; P i n d i c a t e s vapour p r e s s u r e o f 

t h e pure component. I f a m i x t u r e o f two l i q u i d s behaves-

i d e a l l y , t h e n a c c o r d i n g t o t h e above eq u a t i o n s t h e p l o t 

of t h e p a r t i a l p r e s s u r e o f each c o n s t i t u e n t a g a i n s t i t s 

mole f r a c t i o n i n t h e l i q u i d phase s h o u l d be a s t r a i g h t 

l i n e p a s s i n g t h r o u g h t h e o r i g i n , and t h e t o t a l vapour 

p r e s s u r e of t h e system P T ( = P A + P 3) a l s o v a r i e s l i n e a r l y 

w i t h c o n c e n t r a t i o n . 
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I f t h e two components of a m i x t u r e d i f f e r i n ( i ) 

i n t e r n a l p r e s s u r e ( i i ) p o l a r i t y ( i i i ) l e n g t h o f h y d r o 

carbon c h a i n or analogous g r o u p i n g or i f ( i v ) one or 

o t h e r o f t h e components i s a s s o c i a t e d i n t h e l i q u i d s t a t e , 

t h e system does n o t behave i d e a l l y ; t h e f o u r f a c t o r s 

mentioned a l l r e s u l t i n p o s i t i v e d e v i a t i o n s from R a o u l t s ' 

law. I f t h e two c o n s t i t u e n t s o f a m i x t u r e are such t h a t 

t h e molecules o f A and B a t t r a c t each another s t r o n g l y 

and p a r t i c u l a r l y i f t h e r e i s p a r t i a a J L l compound f o r m a t i o n 

between A and B i n t h e l i q u i d phase, t h e vapour p r e s s u r e 

of each c o n s t i t u e n t may be l e s s t h a n t h a i t r e q u i r e d by 

R a o u l t s ' law. Such a system can, t h e r e f o r e , e x h i b i t 

n e g a t i v e d e v i a t i o n s from i d e a l b e h a v i o u r . 

I t i s p e r t i n e n t t o t h e q u e s t i o n of t h e ease w i t h 

w hich one component can escape from t h e environment o f 

t h e o t h e r component i n a b i n a r y s o l u t i o n , t o examine t h e 

b e h a v i our of t h e vapour p r e s s u r e curves of the v a r i o u s 

systems. 

1. Benzene. The vapour-pressure curves f o r a c e t i c a c i d + 

benzene, p r o p i o n i c a c i d + benzene and b u t y r i c a c i d + 
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benzene systems are shown i n F i g s . 2, 7 & 12. The 

p o s i t i v e d e v i a t i o n from R a o u l t s ' law decreases w i t h 

i n c r e a s i n g a c i d c h a i n l e n g t h . T h i s i n d i c a t e s t h a t t h e 

a f f i n i t y between a c e t i c a c i d and benzene m o l e c u l e s , i n 

t h e l i q u i d phase, i s weak, and i n c r e a s e s w i t h i n c r e a s i n g 

c h a i n l e n g t h . The curve f o r b u t y r i c a c i d + benzene system 

shows th e two components behave almost i d e a l l y , and t h e 

p o s i t i v e d e v i a t i o n i s q u i t e s m a l l . 

2. Carbon T e t r a c h l o r i d e . F i g s . 3, 8 & 13 show t h e vapour 

p r e s s u r e curves f o r a c e t i c , p r o p i o n i c and b u t y r i c a c i d s i n 

carbon t e t r a c h l o r i d e , r e s p e c t i v e l y . A g a i n , t h e p o s i t i v d 

d e v i a t i o n from R a o u l t s 1 law decreases w i t h i n c r e a s i n g a c i d 

c h a i n l e n g t h . T h i s shows t h a t t h e a f f i n i t y between a c e t i c 

a c i d and carbon t e t r a c h l o r i d e molecules i s s m a l l and 

i n c r e a s e s w i t h i n c r e a s i n g c h a i n l e n g t h of a c i d . The 

v apour-pressure cvirve f o r b u t y r i c a c i d + carbon 

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

t h i s system behaves almost i d e a l l y . 

3. Cyclohexane. The vapour-pressure curves f o r a c e t i c 

p r o p i o n i c and b u t y r i c a c i d s i n cyclohexane systems are 
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shown, i n f i g s . 4, 9 & 14 r e s p e c t i v e l y . Marked p o s i t i v e 

d e v i a t i o n i s shown by a l l t h e t h r e e systems, b u t t h e 

p o s i t i v e d e v i a t i o n decreases w i t h i n c r e a s i n g a c i d c h a i n 

l e n g t h . T h i s i n d i c a t e s t h a t t h e a f f i n i t y between t h e 

components i n t h e l i q u i d phase i s l e a s t i n t h e a c e t i c a c i d 

+ cyclohexane system, and i n c r e a s e s w i t h i n c r e a s i n g c h a i n 

l e n g t h of a c i d . 

4. E t h y l a l c o h o l . The vapour-pressure curves f o r t h e 

system a c e t i c a c i d + a l c o h o l and p r o p i o n i c a c i d + a l c o h o l 

are shown i n f i g s 5 & 10. The d e v i a t i o n from R a o u l t s 1 law 

i s n e g a t i v e f o r b o t h t h e systems; however, i t i s more 

n e g a t i v e f o r t h e f i r s t system. Hence th e a f f i n i t y between 

a c e t i c a c i d and a l c o h o l i s more t h a n t h a t between p r o p i o n i c 

a c i d and a l c o h o l i n t h e l i q u i d phase. For ±si these systems 

t h e a f f i n i t i e s decrease w i t h i n c r e a s i n g c h a i n l e n g t h of a c i d 

5. "Water. F i g s . 6 , 11 & 15 r e p r e s e n t t h e v a p o ur-pressure 

curves f o r a c e t i c , p r o p i o n i c and b u t y r i c a c i d s i n w a t e r , 

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

a c i d + water, system and decreases as t h e a c i d c h a i n l e n g t h 
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get s s h o r t e r . However, i t i s almost l i n e a r , b u t s l i g h t l y 

n e g a t i v e i n t h e case of a c e t i c a c i d , and suggests a 

r e l a t i v e l y s t r o n g a f f i n i t y between a c e t i c a c i d and w a t e r . 

Thus f o r these systems t h e a f f i n i t i e s between t h e two 

components decrease w i t h t h e i n c r e a s i n g c h a i n l e n g t h o f 

a c i d . 
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CHAPTER 11. 

Surface Tension Changes at the Liquid-Vapour I n t e r f a c e . 

The r e l a t i o n s h i p between adsorption and surface tension 
was f i r s t derived by Gibbs (1878) and i s known as the Cribbs 
adsorption equation. As a r e s u l t of the tendency of the 

f r e e energy of a surface t o decree.se, the concentration of 

a solute on the surface may d i f f e r from t h a t i n the bulk of 

the s o l u t i o n . The component w i t h the lower surface tension 

w i l l tend-to concentrate i n the surface, f o r i n t h i s way 

the free energy of the system i s reduced. I t f o l l o w s , 

t h e r e f o r e , from general considerations, t h a t i f a solute 

lowers the surface tension at a given i n t e r f a c e , there w i l l 

•be. a greater p r o p o r t i o n of solute t o solvent at the i n t e r 

face than i n the bulk of the s o l u t i o n . This w i l l con-
* 

srquently represent r.a case of adsorption of the solute a t 

the surface of the s o l u t i o n . On the other hand, i f the 

solute brings about an increase of surface t e n s i o n , i t s 

concentration at the surfa.ce w i l l be less than i n the bulk 

of the s o l u t i o n , and hence a negative adsorption of solute 

w i l l r e s u l t . 

A combination of the f a c t o r s associated w i t h the 

http://decree.se
http://surfa.ce
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e f f e c t on surface tension of adding acid t o a c i d afcd 

solvent mixtures as w e l l as a f f i n i t y between a c i d and 

solvent i n the l i q u i d phase (already discussed i n 

chapter 10) i s re l e v a n t t o a proper understanding of 

surface excess values at the liquid-vapour i n t e r f a c e . 

The surface tension of a l l the systems at various 

concentrations have been measured. The e f f e c t of adding 

aci d t o s o l u t i o n of aci d + solvent f o r a l l the systems 

w i l l now be discussed. 

1. Benzene. (Table-43, 48 & 53). The surface tension 

values of a c e t i c a c i d + benzene system, at various 

concentrations, show t h a t , at f i r s t , increase of aci d 

content lowers the surface tension of the s o l u t i o n ; t h i s 

lowering continues up t o the value of 0.5 mole f r a c t i o n 

of a c i d where a minimum value of 25.6 dynes/cm., 

approximately, i s obtained. A f t e r t h i s f u r t h e r a d d i t i o n 

of a c i d r e s u l t s i n an increase i n the surface tension 

values. I n the case of propionic acid and b u t y r i c a c i d 

i t i s noted t h a t increase of a c i d content i n the respective 

s o l u t i o n s r e s u l t s i n a continuous decrease i n surface 

tens i o n values of the solutions.. For these systems, the 
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r a t e of decrease of surface tension of the s o l u t i o n s w i t h 

ac i d a d d i t i o n increases w i t h increasing chain l e n g t h of 

a c i d . 

2. Carbon t e t r a c h l o r i d e . (Table-44, 49 & 54). The values 

of surface tension of s o l u t i o n s of a c e t i c a c i d , propionic 

a c i d and b u t y r i c a c i d separately i n carbon t e t r a c h l o r i d e 

show t h a t a lowering of surface tension w i t h added a c i d 

occurs f o r a c e r t a i n range of concentration i n each case 

a f t e r which f u r t h e r increase of a c i d concentration causes 

a gradua,l increase i n the surface tension values. I t i s 

f u r t h e r noted t h a t the rate of lowering of surface tension 

values, (over the concentration range f o r which t h i s i s the 

case), on the a d d i t i o n of acid increases w i t h increasing 

a c i d chain l e n g t h . 

3. Cyclohexane. (Table 45, 50 & 55). The surface tension 

of a c e t i c acid + cyclohexane s o l u t i o n s decreases g r a d i i a l l y 

w i t h increasing a c i d concentration f o r a. c e r t a i n concentration 

range, but subsequently f u r t h e r increase of a c i d concentration 

r e s u l t s i n a sharp increase of the surface tension of the 

solution.. I n the case of propionic and b u t y r i c acids, i t i s 
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noted, t h a t the a d d i t i o n of a c i d r e s u l t s i n an increase i n 

the values of surface tensions of the s o l u t i o n s over the 

whole concentration range. 

When the e f f e c t of adding a c i d t o the corresponding 

s o l u t i o n s f o r the three acids i s considered, i t i s noted 

t h a t the "lowering" of surface tension decreases w i t h the 

increasing a c i d chain l e n g t h . 

4. E t h y l Alcohol. (Table 46 & 51). The surface tension 

values of s o l u t i o n s of aceti c and propionic acids i n alcohol 

a t various concentrations of the acids show t h a t increase 

of a c i d concentration increases the surface tension of the 

s o l u t i o n s . I t i s also noted t h a t the r;yte of increase of 

surfacextension of acid + alcohol s o l u t i o n increases i n 

going from a c e t i c a c i d t o propionic a c i d . 

5. ¥ater. (Table 47, 52 & 56). The surface tension values 

of s o l u t i o n s of a c e t i c , propionic and b u t y r i c acids i n 

water, at various concentrations, are lowered by the 

a d d i t i o n of acid t o the s o l u t i o n s , throughout the whole 

concentration range. This lowering of surface tension of 

s o l u t i o n s of acid + water, at d i f f e r e n t concentrations, 

increases i n i t s r a t e w i t h increasing a c i d chain l e n g t h . 
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CHAPTER 12. 

I n d i v i d u a l Isotherms. 

The r e s o l u t i o n of the composite isotherms i n t o the 

i n d i v i d u a l isotherms i s of great help i n the study of the 

nature of i n t e r f a c e s . Equations (36)' and (47) have been 

used t o resolve the composite isotherms obtained i n t h i s 

work i n t o the i n d i v i d u a l isotherms. I t i s .generally 

assumed, throughout the present discussion t h a t the 

thickness of the adsorbed layer i s unimolecular. This -

assumption has been supported, i n general, by experimental 

i n v e s t i g a t i o n s of several previous workers, e.g. G-uggenhiem 
7 4 27 

and Adam, Harkins and ¥ampler, and Aveyard.. D i r e c t 

evidence f o r t h i s assumption i s d i f f i c u l t t o o b t a i n , but 

i t seems t o be ge n e r a l l y accepted because i t gives r e s u l t s 

compatible w i t h values of f c a l c u l a t e d from the Gibbs 

equation. Moreover the values o f / are, f o r almost a l l 

the systems, very much smaller than would be re q u i r e d t o 

s a t i s f y the assumption of m u l t i l a y e r adsorption. 
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I t i s believed t h a t the three acids are e s s e n t i a l l y dimeric 
i n benzene, carbon t e t r a c h l o r i d e and cyclohexane mixtures. 

40 
This i s supported by Harri s and Hobbs and some other workers. 

The acids appear t o show a monomeric behaviour i n alcohol 
41 ,42 

and water. The acid molecules are believed t o be associated 

i n t e r m o l e c u l a r l y w i t h alcohol or water molecules. 

Both p a r a l l e l and perpendicular o r i e n t a t i o n s of the 

molecules of d i f f e r e n t components, i n a l l the sustems, are 

considered i n the c a l c u l a t i o n s but i t appears l i k e l y t h a t 

the most probable o r i e n t a t i o n s of the three acids at the 

i n t e r f a c e f o r s o l u t i o n of benzene, carbon t e t r a c h l o r i d e and 

cyclohexane ^re the ones i n which the molecules of the 

con s t i t u e n t s are or i e n t e d p a r a l l e l t o the surface. 

The p a r a l l e l o r i e n t a t i o n of the three acids used i n 

non-polar solvents i s r e a d i l y understood because the acids 

are l a r g e l y dimer'sed i n such solvents I n t h i s type of 

o r i e n t a t i o n the double hydrogen bonding between the carboxyl 

gruops of the dimer i s preserved on adsorption. When the 

second component (s o l v e n t ) i s non-polar, no strong bond 

between acid and solvent can be formed t o compensate f o r the 
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rupture of the hydrogen bonds i n the dimeric a c i d molecule. 

This o r i e n t a t i o n i s indeed supported by the work of 
5, 275 43 

d i f f e r e n t i n v e s t i g a t o r s . Acid dimers do not appear t o 

be present i n water and alcohol s o l u t i o n s . The most probable 

o r i e n t a t i o n of the three acids i n the above two solvents i s 

considered t o be the one i n which the molecules are 

e s s e n t i a l l y perpendicular t o the surface. With t h i s 

o r i e n t a t i o n a s s o c i a t i o n by hydrogen-bonding between acid and 

solvent can occur i n the adsorbed phase (as already e x i s t s 

i n the bulk s o l u t i o n ) , although the extent of as s o c i a t i o n 

between acid and solvent i n bulk s o l u t i o n and at the i n t e r 

face need not be the same. This type of o r i e n t a t i o n of 

water and alcohol molecules i s supported by Guggenhiem and 

AdaX, and by Cornford, K i p l i n g and Wright?^ 
(A) Acetic Acid Systems. 

1. Benzene. The i n d i v i d u a l isotherms of a c e t i c a c i d and 

benzene are shown i n f i g . 4 4 . The most probable o r i e n t a t i o n s 

of the acid and benzene are the ones, as discussed before, 

i n which the molecules of both the co n s t i t u e n t s are 

ori e n t e d p a r a l l e l t o the surface. This o r i e n t a t i o n requires 

43 sq.A. as the molecular area f o r a benzene molecule and 

28 sq.A. f o r a s i n g l e a c i d molecule. 
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The amount of benzene i s greater than t h a t of the a c i d 

a t the i n t e r f a c e at the lower concentrations of acid mathe 

l i q u i d phase, but w i t h increasing a c i d concentration i n the 

l i q u i d phase the amount of a c i d at the i n t e r f a c e increases 

whereas t h a t of benzene decreases. Eventually the amount 

of ac i d at the i n t e r f a c e becomes greater than t h a t of 

benzene. I t i s clear from the isotherms t h a t a complete 

monolayer of a c i d i s formed only from the pure a c i d . 

I t i s noted t h a t the adsorption of the acids a t the 

i n t e r f a c e , w i t h benzene as solvent, increases w i t h increasing 

a c i d chain l e n g t h . The vapour pressure curves f o r the 

corresponding systems show t h a t the p o s i t i v e d e v i a t i o n from 

Raoults' law decreases w i t h increasing chain l e n g t h , 

i n d i c a t i n g i ncreasing a f f i n i t y between a c i d and benzene, i n 

the l i q u i d phase, w i t h increasing chain l e n g t h . So t h i s 

f a c t o r i s not the dominant one i n the observation of i n c r e a s i n g 

adsorption w i t h increasing chain l e n g t h . Now the second 

f a c t o r , r e l a t i v e l y greater decrease i n surface tension values 

w i t h the increasing a c i d chain length may be considered. I t 

f o l l o w s from general considerations, t h a t i f a solute lowers 

the surface tension at an i n t e r f a c e , there w i l l be a greater 

p r o p o r t i o n of solute t o solvent at the i n t e r f a c e , and i f the 
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r a t e of lowering increases w i t h increasing chain l e n g t h , 

then the amount of a c i d may be reasonably expected t o 

increase accordingly i n these systems. Hence i n the 

systems under discussion i t i s suggested t h a t the r e l a t i v e 

greater l o v e r i n g of surface tension i n the three systems 

i s the f a c t o r which i s dominant over the a f f i n i t y f a c t o r , 

and r e s u l t s i n increasing adsorption w i t h i n c r e a s i n g chain 

l e n g t h . 

2. Carbon T e t r a c h l o r i d e . The i n d i v i d u a l isotherms f o r 

a c e t i c acid and carbon t e t r a c h l o r i d e , a r e shown i n f i g . 4 5 . 

The solvent molecule i s almost s p h e r i c a l i n shape and has 

a c a l c u l a t e d area of 45 sq.A. The molecular area f o r acid 

i s taken as 28 sq.A. The most probable o r i e n t a t i o n of a c i d 

and solvent molecules i s the one i n which the molecules are 

o r i e n t e d p a r a l l e l t o the surface. 

The amount of the a c i d a t the i n t e r f a c e increases as 

the acid concentration i n the l i q u i d phase increases and i t 

i s high at high concentrations of the a,cid i n the l i q u i d 

phase. A.mixed mon&l.ayer over the whole concentration 

range i s noted and a complete monolayer of a c i d i s formed 

only from pure a c i d . 

The number of moles of solute i n the i n t e r f a c e a t any 
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concentration i s lower than thase f o r the other two acids. 
The vapour-pressure curves show the gf e a t e s t p o s i t i v e 
d e v i a t i o n , which, as discussed, i n d i c a t e s weak a f f i n i t y 
between the co n s t i t u e n t s i n the l i q u i d phase and hence 
greater escaping tendency of a c i d from s o l u t i o n . So t h i s 
f a c t o r does not support the above increasing adsorption of 
ac i d w i t h increasing a c i d chain l e n g t h . On the other hand 
i t i s noted t h a t the r a t e of lowering of surface tension i s 
less i n t h i s system than the other two systems. This 
supports less adsorption of acid at the i n t e r f a c e than f o r 
the other two acids. So t h i s l a t t e r f a c t o r would account 
f o r the observed adsorption i n t h i s system as compared w i t h 
other two corresponding systems. 

3. Cyclohexane. The i n d i v i d u a l isotherms of a c e t i c a c i d 

and cyclohexane are shown i n f i g . 4 6 . The most probable 

.orientations •. of the solute and solvent molecules are 

considered t o be the ones i n which the molecules l i e 

p a r a l l e l t o the surface, as already discussed before. This 

o r i e n t a t i o n requires 48 sq.A. and 28 sq.A. as the 

molecular areas of cyclohexane and a c e t i c a c i d , r e s p e c t i v e ^ . 
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The number of moles of aci d per u n i t area of the surfac 

i s small at the lower concentrations of the a c i d i n the 

l i q u i d phase but i t increases w i t h increasing concentration. 

Eventually the amount of acid becomes greater than t h a t of -

the solvent. A complete monolayer of ac i d i s formed only 

from the pure a c i d . 

I t i s noted t h a t the adsorption of acid i s more i n 

t h i s system than the corresponding propionic and b u t y r i c 

a c i d sustems. The vapour-pressure curve f o r t h i s system 

shows very large p o s i t i v e d e viations from Raoults 1 law, 

and also much greater than the ones shown by corresponding 

propionic and b u t y r i c acid systems. This means t h a t the 

a f f i n i t y between a c e t i c acid and cyclohexane i n the l i q u i d 

phase i s much less than t h a t between the c o n s t i t u e n t s of 

other two corresponding systems. The escaping tendency of 

the a c e t i c a c i d from the s o l u t i o n i s thus much greater than 

f o r the other two acids and t h i s appears t o be the dominant 

f a c t o r c o n t r o l l i n g the amount of adsorption i n t h i s system. 

4. E t h y l a l c o h o l . Fig.61 represents the i n d i v i d u a l 

isotherms of a c e t i c a c i d ande^hanol. The most probable 

o r i e n t a t i o n s of a c i d and alcohol molecules are considered 

t o be the ones i n which the major axis of the molecules 
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are perpendicular t o the surface.. This o r i e n t a t i o n 

seems l i k e l y by the f a c t t h a t the polar-OH group of 

a l c o h o l can be a t t r a c t e d s t r o n g l y by the polar carboxyl 

group of a c i d , so t h a t a strong i n t e r a c t i o n between 

these polar groups at the i n t e r f a c e i s p o s s i b l e . The 

area per molecule of alcohol i s taken as 22 sq.A while 

t h a t of a c i d i s taken as 25.8 sq.A. 

The amount of acid i n the i n t e r f a c e i s low a t lower 

concentrations of the acid i n the l i q u i d phase but 

increases w i t h increasing a c i d concentration i n the l i q u i d 

phase. The o v e r a l l s i t u a t i o n a t the i n t e r f a c e i s t h a t 

thd amount of alcohol i s more than t h a t of the a c i d f o r 

more than f i f t y percent of the concentration range. A 

complete monolayer of acid i s formed only from the pure 

a c i d . 

I t has been noted from the surface tension measure

ments- t h a t the a d d i t i o n of a c i d increased the surface 

tension of the a c e t i c acid + alcoho}. mixttires. Hence 

according to general r u l e , the a c i d should show a negative 

adsorption, as i t does (shown by the composite isotherm), 

which means p r e f e r e n t i a l adsorption of the a l c o h o l . 
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Secondly the negative d e v i a t i o n of the vapour-pressure 

curves f o r t h i s system shows t h a t the a f f i n i t y between 

the a c i d and alcohol i s very strong i n the l i q u i d phase 

and hence the escaping tendency of acid from the l i q u i d 

phase w i l l be low. This w i l l also tend t o reduce a c i d 

adsorption. Hence both the f a c t o r s discussed here tend 

to favour p r e f e r e n t i a l adsoisption of a l c o h o l . 

5. Water. The i n d i v i d u a l isotherms f o r a c e t i c a c i d and 

water are shown i n f i g . 4 8 . The most probable 

o r i e n t a t i o n of the aci d i s considered t o be the one i n . 

which the molecules l i e perpendicular t o the surface. 

This o r i e n t a t i o n , as suggested before, i s supported by 

the f a c t t h a t the pioar groups of the two components 

a t t r a c t each other s t r o n g l y , "he molecular area f o r whijah 

water i s taken as 1.0 sq.A and 25.8 sq.A f o r a c e t i c a c i d . 

The isotherms show t h a t the number of moles of water 

at the i n t e r f a c e i s very high at very low concentrations 

of a c i d i n the l i q u i d phase. One of the reasons f o r t h i s 

may be the smaller area of water molecules than those of 

the a c i d molecules and hence a greater number of moles i s 

re q u i r e d t o cover a.given area. However the o v e r a l l 
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p o s i t i o n of the surface, as i s clear from the isotherms, 

i s t h a t there i s more acid than water f o r much of the 

concentration range. A complete monolayer of a c i d 

however i s only obtained from the pure a c i d . 

The adsorption of acid a t the i n t e r f a c e increases 

w i t h increasing a c i d chain l e n g t h . The vapour-pressure 

curves show t h a t the p o s i t i v e d e v i a t i o n decreases w i t h 

decreasing a c i d chain l e n g t h , thus the a f f i n i t y between 

acid and water, i n the l i q u i d phase should decrease w i t h 

increasing chain l e n g t h . So t h i s f a c t o r supports the 

increasing adsorption of a c i d w i t h increasing chain 

l e n g t h . The lower adsorption of a c e t i c a c i d at the 

i n t e r f a c e (than f o r propionic and b u t y r i c acids) i s also 
of 

concordant w i t h the f a c t t h a t the r a t e ̂ Lowering of surface 

tension of acid-water mixtures w i t h the a d d i t i o n of a c i d 

to the l i q u i d phase, increases w i t h increasing a c i d chain 

l e n g t h . This has already been discussed i n chapter 10. 

The d i s t i n c t i o n between monolayer and m u l t i l a y e r 

of adsorption cannot be made r i g i d l y i n many cases. I t 

can only be applied p r e c i s e l y t o systems i n which the 
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molecules of the two components have the same thickness 

at the surface. Few systems f u l f i l t h i s c r i t e r i o n 

e x a c t l y , though many which have been i n v e s t i g a t e d do so 

to a close degree of approximation. 

The water molecule i s smaller i n size than t h a t of 

ac e t i c a c i d and i t seems l i k e l y t h a t more than one 

molecule, w i l l be required f o r the length of a c i d . I t i s 

suggested t h a t two water molecules are present along the 

length of the ac i d molecule which i s believed t o be 

perpendicular t o the surface f o r t h i s system. I n t h i s 

system the f r a c t i o n of surface covered by the a c i d , a t the 

acid concentration where the two i n d i v i d u a l isotherms 

cross each other, i s almost the same ca l c u l a t e d from the 

model indi-eated below: 
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Propionic a c i d systems. 

1. Benzene. The i n d i v i d u a l isotherms of pr o p i o n i c 

ac i d and benzene are shown i n f i g . 4 9 . The most probable 

o r i e n t a t i o n s of the a c i d and benzene, as f o r the 

corresponding a c e t i c a c i d system, are the ones', i n which 

the molecules of both the co n s t i t u e n t s are o r i e n t e d 

p a r a l l e l t o the surface. The'calculated molecular areas 

are 43 sq.A f o r benzene and 33 sq.A f o r the a c i d . 

The i n d i v i d u a l isotherms reveal t h a t the number of 

moles of the acid per u n i t area of the £?urface i s q u i t e 

low at the lower concentrations of acid i n the l i q u i d 

phg,se but t h i s amount increases w i t h the increasing 

a c i d concentration, whereas t h a t of benxene decreases. 

Eventually the amount of a c i d at the i n t e r f a c e becomes 

greater than t h a t of benzene. A complete monolayer of 

ac i d i s formed only from the pure a c i d . 

The vapour^curves show t h a t p o s i t i v e d e v i a t i o n from 

Raoxilts' law i s smaller than the one shown by corresponding 

a c e t i c a c i d system. Thus the a f f i n i t y between acid and 

benzene i n the l i q u i d phase i s expected t o be greater than 

t h a t of aceti c a c i d and hence less adsorption of 

propionic a c i d at the i n t e r f a c e should r e s u l t i f t h i s were 
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the dominant factors c o n t r o l l i n g adsorption. But i-k i s 

noted that the p r e f e r e n t i a l . a d s o r p t i o n of propionic 

a c i d a t the i n t e r f a c e i s more.than t h a t of a c e t i c a c i d . 

This could be explained by the f a c t t h a t a l a r g e r lowering 

of surface t e n s i o n takes place i n t h i s system than i n 

a c e t i c a c i d + benzene system when a c i d i s added to the 

s o l u t i o n s , and hence more adsorption of propionic a c i d 

r e s u l t s a t the i n t e r f a c e . This has been d i s c u s s e d i n 

d e t a i l i n the corresponding a c e t i c a c i d system. 

2. Carbon t e t r a c h l o r i d e . The i n d i v i d u a l isotherms for 

the system propionic a c i d + carbon t e t r a c h l o r i d e are shown 

i n f i g . 5 0 . The most probable o r i e n t a t i o n of the a c i d i s 

considered to be the one i n which the a c i d molecules l i e 

p a r a l l e l to the s u r f a c e , j u s t as f o r the corresponding 

a c e t i c a c i d system. This requii'es an area of 33 sq.A for the 

s i n g l e a c i d molecule. 

The isotherms show th a t p r e f e r e n t i a l adsorption of 

a c i d i s low at the lower concentrations of a c i d i n the 

l i q u i d phase but i t i n c r e a s e s with the i n c r e a s i n g a-cid 

concentration i n the l i q u i d phase and e v e n t u a l l y the amount 

of a c i d at the i n t e r f a c e becomes greater than t h a t of 

carbon t e t r a c h l o r i d e . A complete monolayer of a c i d i s only 

formed from pure a c i d . 
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The adsorption of propionic a c i d at the i n t e r f a c e 

i s greater than t h a t of a c e t i c a c i d for the corresponding-

system. T h i s shows that p r e f e r e n t i a l adsorption of a c i d 

i n c r e a s e s with the i n c r e a s i n g a c i d chain length. The 

a f f i n i t y between the a c i d and the s o l v e n t , as shown by 

the vapour pressure curves, i n c r e a s e s with i n c r e a s i n g 

a c i d chain length. This would tend to cause a decrease 

i n adsorption with i n c r e a s i n g a c i d chain length. So t h i s 

f a c t o r does not help i n e x p l a i n i n g the above f a c t . On 

the other hand i t i s noted that r e l a t i v e lowering of 

s u r f a c e . t e n s i o n of a c i d + carbon t e t r a c h l o r i d e mixtures, 

i n c r e a s e s with i n c r e a s i n g a c i d chain length. Hence t h i s 

f a c t o r i s dominant over the a f f i n i t y f a c t o r i n a f f e c t i n g 

adsorption from carbon t e t r a c h l o r i d e and r e s u l t s i n 

i n c r e a s e of a c i d adsorption a t the i n t e r f a c e , w i t h 

i n c r e a s i n g a c i d chain length. 

3. Cyclohexane. Pig.51 shows the i n d i v i d u a l isotherms 

of propionic a c i d and cyclohexane. The most probable 

o r i e n t a t i o n of the a c i d and. cyclohexane molecules i s 

considered to be the one i n which the molecules l i e 

p a r a l l e l to the s u r f a c e , j u s t as f o r the corresponding 
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a c e t i c a c i d system. T h i s o r i e n t a t i o n r e q u i r e s 33 sq.A 

f o r the molecular area of the a c i d and 48 sq.A f o r the 

molecular area of cyclohexane. I t i s c l e a r from the 

i n d i v i d u a l isotherms that a complete monolayer of a c i d 

i s formed only from the pure a c i d . I n t h i s system i t 

i s noted that the adsorption of a c i d i s lower than the 

adsorption of a c i d i n the corresponding a c e t i c a c i d 

system at s i m i l a r concentrations. This f a c t can be 

understood by the behaviour of the vapour pressure curves 

which show decreasing p o s i t i v e d e v i a t i o n with i n c r e a s i n g 

a c i d chain length and hence i n c r e a s i n g a f f i n i t y between 

the solute and solvent i n the l i q u i d phase. So fhife 

a f f i n i t y between propionic a,cid and cyclohexane i s greater 

than t h a t between a c e t i c a c i d and cyclohexane. Decrease 

i n a c i d adsorption with the i n c r e a s i n g a c i d chain length 

i s again supported by the f a c t t h a t the r e l a t i v e lowering 

of the surface t e n s i o n i s found to be decreasing with 

i n c r e a s i n g a c i d chain length. 

4. E t h y l a l c o h o l . The i n d i v i d u a l isotherms f o r the 

system propionic a c i d and ethanol are represented i n f i g . 

52. The perpendicular o r i e n t a t i o n f o r both the a c i d and 

a l c o h o l molecules, as for the corresponding a c e t i c a c i d 
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system, i s considered to be the most probable 

o r i e n t a t i o n . The area used f o r the al c o h o l molecule 

i s 22 sq.A and t h a t f o r the a c i d molecule i s taken as 

20.5 sq.A. 

The number of moles of a c i d per u n i t area of the 

surface i s small a t the lower concentrations of a c i d i n 

the l i q u i d phase, but t h i s i n c r e a s e s with i n c r e a s i n g a c i d 

concentration i n the l i q u i d phase. There i s more alcohol 

than a c i d a t the i n t e r f a c e over a l a r g e r concentration 

range and a monolayer of a c i d i s formed only from the pure 

a c i d . 

P r e f e r e n t i a l adsorption of alcohol i s greater f o r t h i s 

system than f o r the corresponding a c e t i c a c i d system. T h i s 

can be understood by the f a c t t h a t i n c r e a s e i n surface 

t e n s i o n of a c i d + al c o h o l mixtures, on the a d d i t i o n of 

a c i d i n the l i q u i d phase i n c r e a s e s with i n c r e a s i n g a c i d 

chain length. The decreasing a f f i n i t y between the two 

components, i n the l i q u i d phase, with i n c r e a s i n g a c i d chain 

length which would be expected to r e s u l t i n i n c r e a s i n g 

adsorption of a c i d with i n c r e a s i n g chain length, does not 
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appear to be the dominant f a c t o r c o n t r o l l i n g adsorption 

i n t h i s system. 

5. \7ater. The i n d i v i d u a l isotherms f o r the propionic 

a c i d and water system are shown i n f i g . 5 3 . The most 

probable o r i e n t a t i o n of the a c i d i s considered to be the 

one i n which the a c i d molecules are oriented perpendicular 

to the surface l a y e r and hydrogen-bonded i n chains to water 

molecules or to other a c i d molecules. The molecular area 

f o r water i s taken as 10 sq.A while that of the a c i d i s 

taken as 20.5 sq.A. 

The isotherms r e v e a l t h a t the number of moles of the 

water a t the i n t e r f a c e i s very high a t very low 

concentrations of a c i d i n the l i q u i d phase. T h i s may be 

due to the small area of water molecule which r e q u i r e s a 

greater number of moles to cover a given a r e a . The amount 

of a c i d i n c r e a s e s a t the i n t e r f a c e with i n c r e a s i n g a c i d 

concentration and ev e n t u a l l y a t a r e l a t i v e l y low bulk a c i d 

concentration t h i s amount af the i n t e r f a c e becomes greate r 

than that of water. However, a complete monolayer of 

a c i d i s obtained from the pure a c i d . 

file:///7ater
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P r e f e r e n t i a l adsorption of the a c i d i s more i n t h i s 

system t h a n i n the corresponding a c e t i c a c i d system. 

Th i s i s concordant with the observations t h a t the 

a f f i n i t i e s between the two components i n the l i q u i d phase 

decrease with i n c r e a s i n g a c i d chain length, and a l s o that 

the lowering of surface t e n s i o n of acid-water mixtures by 

a d d i t i o n of acid i n c r e a s e s with i n c r e a s i n g a c i d chain 

length. 

B u t y r i c a c i d systems. 

1. Benzene* The i n d i v i d u a l isotherms for the system 

b u t y r i c a c i d and ben zene are shown i n f i g . 5 4 . The most 

probable o r i e n t a t i o n s of the s o l u t e and solvent molecules 

are considered to be the ones i n which the molecules are 

oriented p a r a l l e l to the s u r f a c e , as f o r the corresponding 

a c e t i c and propionic a c i d systems. The molecular areas of 

a c i d and benzene are taken as 38 sq.A and 43 sq.A, 

r e s p e c t i v e l y . 

The number of moles of the a c i d per u n i t area of the 

s u r f a c e i s small at the lower concentrations of the a c i d 

i n the l i q u i d phase but i n c r e a s e s with i n c r e a s i n g a c i d 
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concentrations. E v e n t u a l l y the amount of a c i d at the 

i n t e r f a c e becomes greater than'that of benzene. A 

complete monolayer of a c i d i s formed only from the 

pure a c i d . 

The amount of a c i d adsorbed at the i n t e r f a c e i s 

greater than the amounts adsorbed for the corresponding 

propionic and a c e t i c a c i d systems at s i m i l a r a c i d 

concentrations i n the. bulk.. The vapour pressure curves 

r e v e a l the l e a s t p o s i t i v e d e v i a t i o n s i n t h i s system, 

which i n d i c a t e s more a f f i n i t y between the c o n s t i t u e n t s 

i n the l i q u i d phase. T h i s would tend to decrease 

adsorption of a c i d from t h i s system, and hence t h i s 

f a c t o r does not appear to be the dominant one c o n t r o l l i n g 

adsorption i n t h i s case. On the other hand i t i s noted 

t h a t r e l a t i v e lowering of surface t e n s i o n i s the 

g r e a t e s t i n t h i s system, and hence i t i s suggested t h a t 

t h i s f a c t o r i s the adsorption - c o n t r o l l i n g f a c t o r , 

r e s u l t i n g i n greater p r e f e r e n t i a l adsorption of b u t y r i c 

a c i d than of a c e t i c and propionic a c i d s at the i n t e r f a c e . 

2. Carbon t e t r a c h l o r i d e . F i g . 55 shows, the i n d i v i d u a l 
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isotherms for the system b u t r i c a c i d + carbon 

t e t r a c h l o r i d e . The most probable o r i e n t a t i o n of the 

a c i d i s considered to be the one i n which the molecules 

l i e with t h e i r major axes p a r a l l e l to the s u r f a c e , thms 

gi v i n g an area of 38 sq.A f o r b u t y r i c a c i d molecule. 

The molecular area of carbon t e t r a c h l o r i d e i s taken to 

be the same as i n the corresponding systems with the 

other a c i d s . 

The adsorption of the a c i d i s low a t the lower 

concentrations of the a c i d i n the l i q u i d phase but 

increases with i n c r e a s i n g a c i d concentration. A mixed 

monolayer i s noted over the whole concentration range, 

and a uni-monolayer of a c i d i s formed only from pure 

acid.. 

P r e f e r e n t i a l adsorption of a c i d at the i n t e r f a c e 

i s greater than t h a t of a c e t i c and propionic a c i d s at 

s i m i l a r concentrations i n the corresponding systems. 

From the vapour pressure curves the a c i d s show l e s s 

p o s s i t i v e d e v i a t i o n s with i n c r e a s i n g a c i d chain length, 

so t h i s f a c t o r cannot be used to e x p l a i n the above f a c t 
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s a t i s f a c t o r i l y , because a f f i n i t y between the components 

i n the l i q u i d phase i n c r e a s e s with i n c r e a s i n g a c i d chain 

length; t h i s would be expected to r e s u l t i n decreasing 

adsorption with i n c r e a s i n g a c i d chain length. The second 

f a c t o r , r e l a t i v e greater decrease of surface tension with 

i n c r e a s i n g a c i d chain length as a c i d i s added to a c i d + 

solvent mixtures, favours i n c r e a s i n g p r e f e r e n t i a l 

adsorption of a c i d with i n c r e a s i n g a c i d chain length. 

3. Cyclohexane. The i n d i v i d u a l isotherms for the system 

b u t y r i c a c i d + cyclohexane are shown i n f i g . 5 6 . The most 

probable o r i e n t a t i o n of the a c i d and cyclohexane molecules 

i s assumed to be the same as i n the case of corresponding 

propionic a c i d system. The molecular areas are 38 sq.A 

f o r b u t y r i c a c i d and 48 sq.A for cyclohexane. A complete 

monolayer of a c i d i s formed only from the pure a c i d . 

The adsorption of b u t y r i c a c i d , as compared with 

other two a c i d s i n the corresponding systems f o r s i m i l a r 

concentrations, i s the l e a s t i n t h i s system. The a f f i n i t y 

between the components i n the l i q u i d phase, as shown by 
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the vapour pressure curves, i s maximum i n t h i s system* 

Hence b u t y r i c a c i d has a lower escaping tendency from 

the s o l u t i o n than the other a c i d s , and t h i s r e s u l t s i n 

a lower p r e f e r e n t i a l adsorption of the a c i d . Also the 

r e l a t i v e lowering of surface t e n s i o n i s found to decrease 

with i n c r e a s i n g a c i d chain length, again favouring . 

decreasing adsorption of a c i d with i n c r e a s i n g chain length. 

4. Water. Fig.57 shows the i n d i v i d u a l isotherms f o r 

b u t y r i c a c i d and water. The most probable o r i e n t a t i o n of 

a c i d i s assumed to be the same as for a c e t i c and propionic 

a c i d systems. The area per molecule of b u t y r i c a c i d i s 

taken as 20.5 sq.A and that for water, 10 sq.A. 

The isotherms reveal- t h a t the number of moles of 

water, at the i n t e r f a c e i s very high for very low a c i d 

concentrations i n the l i q u i d phase. This may be due to 

the. small area of water molecule which r e q u i r e s a greater 

number of moles to cover a given a r e a . The amount of a c i d 

at the i n t e r f a c e i n c r e a s e s s t e e p l y . a t f i r s t with increasing-

a c i d concentration i n the l i q u i d phase and e v e n t u a l l y t h i s 

amount of a c i d becomes greater than t h a t of water. A 
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complete monolayer of a c i d i s formed only from the pure . 

component.. 

I t i s noted that p r e f e r e n t i a l a c i d adsorption i n c r e a s e s 

with i n c r e a s i n g a c i d chain length. This can be understood 

i n terms of both by the a f f i n i t y as w e l l as r e l a t i v e 

lowering of surface t e n s i o n f a c t o r s . The a f f i n i t i e s between 

the components i n thd l i q u i d phase, as shown by the vapour-

pressure curves, decrease with i n c r e a s i n g a c i d chain 

length.. Also the r e l a t i v e lowering of surface t e n s i o n as 

a c i d i s added to a c i d + water mixtures increases: • with 

i n c r e a s i n g a c i d chain length. Both the above f a c t o r s thus 

favour i n c r e a s i n g iaa a c i d adsorption a t the i n t e r f a c e with 

i n c r e a s i n g a c i d chain length. 
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CHAPTER 13> 

V a r i a t i o n i n Nature of the I n t e r f a c e with Solvent. 

(a) A c e t i c a c i d system. The f r a c t i o n s of surface covered 

by a c e t i c a c i d at d i f f e r e n t concentrations i n the l i q u i d 

phase for s o l u t i o n s with the d i f f e r e n t solvents are r e 

presented i n fig.£"8. I t i s noted t h a t the f r a c t i o n of 

the i n t e r f a c e covered by a c i d i n c r e a s e s f o r each solv e n t , 

with i n c r e a s i n g concentration of a,cid i n the l i q u i d , 

phase. 

The p r e f e r e n t i a l adsorption of. a c e t i c a c i d at the 

i n t e r f a c e i s very high i n water and decreases i n the order 

of water, benzene, carbon t e t r a c h l o r i d e , cyclohexane and 

a l c o h o l . 

The vapour pressure curves f o r a c e t i c a c i d + benzene, 

a c e t i c a c i d + carbon t e t r a c h l o r i d e and a c e t i c a c i d + 

cyclohexane systems show p o s i t i v e d e v i a t i o n s , while those 

for a c e t i c a c i d + alcohol and a c e t i c a c i d + water systems 

show small negative d e v i a t i o n s from E a o u l t s ' law. This 

i n d i c a t e s that the a f f i n i t y between the components i n the 

l i q u i d phase, i n the f i r s t three systems, i s lower than 
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for the l a s t two systems. Therefore the amount of a c i d 

adsorbed should be more i n the f i r s t three systems than 

the l a s t two systems. So t h i s f a c t o r cannot be used to 

e x p l a i n s a t i s f a c t o r i l y the order of adsorption of a c i d 

i n a l l the systems. I t i s noted from the vapour pressure 

curves that p o s i t i v e d e v i a t i o n i s small i n the a c i d + 

benzene system, i s l a r g e r i n the a c i d + carbon 

t e t r a c h l o r i d e system and i s even greater s t i l l i n the 

a c i d + cyclohexane system.• This shows that the a f f i n i t y 

i n the l i q u i d phase between the components i n the above 

three, systems decreases accordingly. Thus increasing-

a c i d adsorption may be expected i n t h i s order f o r the 

above three systems i f t h i s were the adsorption 

c o n t r o l l i n g f a c t o r s . T h i s , however i s not the order of 

adsorption observed. 

R e l a t i v e lowering of surface t e n s i o n of a c i d + water 

mixtures, on the a d d i t i o n of a c i d , i s highest, as compare 

with the other systems. Thus the g r e a t e s t adsorption of 

a c i d from t h i s system i s i n accord with t h i s . For the 

other systems., the r e l a t i v e lowering of surface t e n s i o n 

decreases from benzene to cyclohexane and i n alcohol + 
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a c i d system, the a d d i t i o n of a.cid to a c i d + a l c o h o l 

s o l u t i o n s i n c r e a s e s the sufface t e n s i o n . Hence the 

r a t e of lowering of surface t e n s i o n decreases i n the order 

of water, benzene, carbon t e t r a c h l o r i d e , cyclohexane and 

a l c o h o l , which i s a l s o the observed order of decreasing 

adsorption of a c i d . 

The most probable o r i e n t a t i o n of a c i d and water as 

d i s c u s s e d before i s considered to be the one i n which 

molecules are perpendicular to the surface and thus the 

highest value of a c i d adsorption i n t h i s system can a l s o 

be favoured by the f a c t t hat the—OH group a t t r a c t s the 

polar -COOH group of the a c i d . This o r i e n t a t i o n of the 

molecules favours the p o s s i b i l i t y of a strong i n t e r a c t i o n 

between the p i l a r groups at the i n t e r f a c e . I n the three 

non-polar solv e n t s (cyclohexane, carbon t e t r a c h l o r i d e and 

benzene) the a c i d molecules are b e l i e v e d to be e s s e n t i a l l y 

dimeric, and the o r i e n t a t i o n of both molecules i n each of 

the three systems appears to be that f o r which the major 

axes of the molecules are p a r a l l e l to the s u r f a c e , 

(b) Propionic a c i d systems. The f r a c t i o n s of surface 
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covered by propionic a c i d with the various s o l v e n t s a t 

d i f f e r e n t concentrations i n the l i q u i d phase are 

represented i n fig.1>9. I t i s noted t h a t the f r a c t i o n 

of the surface covered by a c i d i n c r e a s e s , for each 

solve n t , with i n c r e a s i n g a c i d concentration i n the l i q u i d 

phase. 

The order of f r a c t i o n of surface covered by a c i d f o r 

the various solvents i s the same as for a c e t i c a c i d , i . e . , 

water, benzene, carbon t e t r a c h l o r i d e , cyclohexane and 

a l c o h o l . 

The vapour pressure curves show p o s i t i v e d e v i a t i o n 

f o r a c i d + benzene, a c i d + carbon t e t r a c h l o r i d e , a c i d + 

cyclohexane and a c i d + water systems, a s l i g h t negative 

d e v i a t i o n from Raoults' law i s only shown by a c i d + alcohol 

system. This i n d i c a t e s that t h e ' a f f i n i t i e s between the 

components i n the l i q u i d phase are lower i n the f i r s t 

four systems than i n the a c i d + al c o h o l system. Thus more 

adsorption of a c i d may be expected from the four systems 

than from the l a s t system. T h i s can be used to account f o r 
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the s m a l l e s t adsorption of a c i d from a c i d + a l c o h o l 

mixtiires. As f o r as the order of adsorption of a c i d s 

i n the other solvents i s concerned i t i s noted t h a t the 

a f f i n i t y f a c t o r does not account f o r t h i s s a t i s f a c t o r i l y , 

because the r e l a t i v e adsorption of a c i d i n the f i r s t 

three systems would then be expected to be Mghest i n 

the cyclohexane system. 

The r e l a t i v e lowering of surface t e n s i o n of a c i d + 

water mixtures, on the a d d i t i o n of a c i d i n the l i q u i d 

phase i s highest when compared with the other systems. 

This suggests high values of a c i d adsorption i n t h i s 

system and hence the maximum f r a c t i o n of surface covered 

by a c i d i n t h i s system i s s t r o n g l y understood. For the 

other systems r e l a t i v e lowering of surfs.ce t e n s i o n 

decreases from benzene to cyclohexane and i n the case of 

a c i d + alcohol systems, the a d d i t i o n of a c i d i n c r e a s e s 

the surface t e n s i o n . 

Thus the r a t e of lowering of surface t e n s i o n i s 

found to decrease i n the order of water, benzene, carbon 

t e t r a c h l o r i d e , cyclohexane and a l c o h o l , which i s a l s o the 

http://surfs.ce
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o b s e r v e d o r d e r ' o f d e c r e a s i n g p r e f e r e n t i a l a d s o r p t i o n of 

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

of s u r f a c e t e n s i o n of a c i d + s o l v e n t m i x t u r e s on a c i d 

a d d i t i o n a c c o u n t s f o r the o r d e r of a d s o r p t i o n of t h e a c i d 

i n t h e f i v e s o l v e n t s . 

I t i s s u g g e s t e d , i n the c a s e of t h e a c i d + w a t e r 

system, t h a t t h e polar-OH group of w a t e r a t t r a c t s t h e 

p o l a r -COOH group of the a c i d a t t h e i n t e r f a c e . 

F e r p e n d i c u l a r o r i e n t a t i o n of t h e a c i d a t t h e s u r f a c e f a v o u r s 

t h e p o s s i b i l i t y of a s t r o n g i n t e r a c t i o n between the p o l a r 

groups a t the i n t e r f a c e . A s i m i l a r t y p e of o r i e n t a t i o n 

i s f a v o u r e d too f o r the a l c o h o l system, but i n t h i s c a s e , 

p r e f e r e n t i a l a d s o r p t i o n of a l c o h o l r a t h e r t h a n of a c i d , 

i s t h e o b s e r v e d occurrence. 

( c ) B u t y r i c a c i d s y s t e m s . F i g . f f G r e p r e s e n t s t h e f r a c t i o n 

of s u r f a c e c o v e r e d by b u t y r i c a c i d a t d i f f e r e n t a c i d 

c o n c e n t r a t i o n s i n the l i q u i d phase f o r the d i f f e r e n t 

s o l v e n t s u s e d . The f r a c t i o n of s u r f a c e c o v e r e d by j;r;:UI 

3gcfid;-^C£3.a79es>>wfebly i n c r e a s i n g a c i d c o n c e n t r a t i o n i n the 

l i q u i d phase i n e v e r y c a s e . The o r d e r of f r a c t i o n of 

s u r f a c e c o v e r e d by b u t y r i c a c i d i n d e c r e a s i n g sequence 
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i s w a t e r , benzene, carbon t e t r a c h l o r i d e and c y c l o h e x a n e . 

The v a p o u r - p r e s s u r e c u r v e s show p o s i t i v e d e v i a t i o n 

f o r c y c l o h e x a n e and w a t e r systems w h i l e t h e c u r v e s f o r 

benzene and carbon t e t r a c h l o r i d e a r e almost l i n e a r . T h i s 

shows more a f f i n i t y between t h e components i n t h e l i q u i d 

phase, f o r t h e l a s t two s y s t e m s . So i t i s s u g g e s t e d that; 

t h e a f f i n i t y f a c t o r does not s u p p o r t t h e o r d e r of f r a c t i o n 

of s u r f a c e c o v e r e d by t he a c i d , b e c a u se t h i s would mean 

lower a d s o r p t i o n of t he a c i d a t t h e i n t e r f a c e f o r t he 

benzene and carbon t e t r a c h l o r i d e s y s t e m s . 

R e l a t i v e l o w e r i n g of s u r f a c e t e n s i o n of a c i d + w a t e r 

m i x t u r e s i s h i g h e s t f o r the f o u r s y s t e m s . T h i s would 

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

hence t h e maximum f r a c t i o n of surfa,ce c o v e r e d by t h e a c i d 

i n t h i s system i s e x p l a i n e d . R e l a t i v e l o w e r i n g of s u r f a c e 

t e n s i o n i n o t h e r t h r e e systems d e c r e a s e s i n t h e o r d e r of 

benzene, carbon t e t r a c h l o r i d e and c y c l o h e x a n e , t h e same 

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

of a c i d i n t h e s e s y s t e m s • 
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CHAPTER' 14.. 

Thermodynamic c o r r e l a t i o n w i t h E v e r e t t ' s t h e o r y f o r 

A d s o r p t i o n from S o l u t i o n . 

F o r a d s o r p t i o n a t the s o l i d / s o l u t i o n i n t e r f a c e a 

thermodynamic t r e a t m e n t w h i c h h e l p s t o show how t h e n a t u r e 

of the s o l u t i o n d e t e r m i n e s the form of the i s o t h e r m i n 

a d s o r p t i o n on t o a s o l i d s u r f a c e from c o m p l e t e l y m i s c i b l e 
44,45 

l i q u i d s has been dev e l o p e d f o r i d e a l and r e g u l a r s o l u t i o n s . 

A more comprehensive t r e a t m e n t f o r t h e s e systems has 

r e c e n t l y been put f o r w a r d by E v e r e l / k ' . ^ 
TJright has examined r e c e n t l y , i n c o n t i n u a t i o n of h i s 

39,48 
p r e v i o u s work, t h e scope of t h e thermodynamic t h e o r y , and 
c o r r e l a t i o n s f o r a d s o r p t i o n from n o n - i d e a l b i n a r y l i q u i d 

m i x t u r e s c o n t a i n i n g components of a p p r o x i m a t e l y e q u a l 
49 

s i z e s . An a t t e m p t was made by him t o examine how f a r some 

systems d e v i a t e from p e r f e c t s u r f a c e b e h a v i o u r . 

The r e a s o n f o r examining c o r r e l a t i o n s f o r p e r f e c t 

s u r f a c e b e h a v i o u r i n t h i s work i s because t h e i n t e r f a c e ' 

c o u l d be r e g a r d e d a s of Langmuir-type a s d e f i n e d by 

E v e r e t t , ( a s i t u a t i o n d i f f i c u l t t o come by w i t h s o l i d 

a d s o r b e n t s ) , a l t h o u g h a l l the r e q u i r e m e n t s f o r t h e 

p r o p e r t i e s of t h e s o l u t i o n s a r e n o t s a t i s f i e d . 
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An attempt i s made h e r e t o a p p l y t h e thermodynamic , 

t h e o r y of E v e r e t t t o two systems w i t h components w h i c h 

have almost t h e same m o l e c u l a r a r e a s as a d s o r b e d a t t h e 

i n t e r f a c e . N e i t h e r of t h e s e two systems show s t r i c t l y 

p e r f e c t s u r f a c e b e h a v i o u r * 

P r o p i o n i c a c i d w i t h a p e r p e n d i c u l a r o r i e n t a t i o n a t 

the i n t e r f a c e has an a r e a of 20.5 sq.A per m o l e c u l e . 

S i m i l a r l y e t h y l a l c o h o l molecul'e w i t h t h e same o r i e n t a t i o n 

has an a r e a of 22 sq.A. So the m o l e c u l a r a r e a s of both 

m o l e c u l e s , i n t h e p r o p i o n i c a c i d + a l c o h o l system, a r e 

a l m o s t t h e sa,me. F i g . 61 r e p r e s e n t s a p l o t between —f—lr 

and x*, t h e c o n c e n t r a t i o n of a l c o h o l i n t he l i q u i d p h a s e . 
f 

I n t h i s c a s e a l i n e a r graph i s o b t a i n e d f o r x, between 
I 

0.4 and 0.8 but a t lower and h i g h e r v a l u e s of x, t h e graph 

d e v i a t e s , f r o m l i n e a r i t y . 

B u t y r i c a c i d w i t h p a r a l l e l o r i e n t a t i o n a t t h e 

i n t e r f a c e has an a r e a of 38 sq.A per m o l e c u l e and benzene 

m o l e c u l e feith t h e same o r i e n t a t i o n as of the a c i d has an 

a r e a 43 sq.A. F i g 62 i s a p l o t between --' — L and x f o r 
' A -

b u t y r i c a c i d + benzene system. I n t h i s c a s e a l i n e a r 
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i graph i s o b t a i n e d f o r v a l u e s of x ( up to 0.5 but 

t h e r e a f t e r t h e v a l u e s d e v i a t e from l i n e a r i t y . Hence 

t h i s system too does n o t show p e r f e c t s u r f a c e b e h a v i o u r 
46,47 

C o r r e l a t i o n s from the thermodynamic t h e o r y f o r 

b o t h t he systems t h u s do not f i t w i t h p e r f e c t s u r f a c e 

b e h a v i o u r as d e f i n e d by E v e r e t t . 
• J 
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CHAPTER 15> 

CONCLUSION.. 

Although t h e phenomenon* of a d s o r p t i o n has a t t r a c t e d 

t h e a t t e n t i o n of many s c i e n t i s t s i n t h i s c e n t u r y , t h e 

major p a r t of t h e i r c o n t r i b u t i o n has been w i t h t h e l i q u i d 

s o l i d and g a s - s o l i d i n t e r f a c e s . However, some w o r k e r s , 

a l r e a d y mentioned i n c h a p t e r 3, have r e p o r t e d r e s u l t s of 

i n v e s t i g a t i o n s on a d s o r p t i o n a t t h e l i q u i d - v a p o u r 

i n t e r f a c e , a l t h o u g h t h e c o n t r i b u t i o n of a number of them 

i s l i m i t e d t o t h e composite i s o t h e r m s , o n l y ( i . e . s u r f a c e 

e x c e s s i s o t h e r m s ) ; 

Almost a l l t h e wo r k e r s have assumed t h a t t h e 

a d s o r b a t e a t t he l i q u i d - v a p o u r i n t e r f a c e i s c o n f i n e d t o 

th e t h i c k n e s s of one m o l e c u l e . T h i s , as Guggenheim and 

Adam p o i n t e d ou?, i s t he s i m p l e s t a s s u m p t i o n t o be made 

and hence i n t h e p r e s e n t work the same a s s u m p t i o n has 

been adopted. A t r e a t m e n t put f o r w a r d by S c h o f i e l d and 

R i d e a l f o r d i l u t e s o l u t i o n s adds f u r t h e r s u p p o r t t o t he 
1.5 * • 

monolayer h y p o t h e s i s , a l t h o u g h some r e c e n t work by 
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S h e r e s h e f s k y has shown t h a t f o r some s y s t e m s , a mean 

m o l e c u l a r t h i c k n e s s of 2 f o r the adsor b e d phase c o u l d be 
. . 50 more a p p r o p r i a t e . 

Benzene.• F o r a l l t h e a c i d s y stems w i t h benzene, t h e 

a d s o r p t i o n of a c i d i n c r e a s e s w i t h i n c r e a s i n g a c i d c h a i n 

l e n g t h . I t has been s u g g e s t e d t h a t t h e r e l a t i v e g r e a t e r 

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

l e n g t h i s t he f a c t o r w h i c h i s dominant over t h e a f f i n i t y 

f a c t o r i n c o n t r o l l i n g a d s o r p t i o n . T h i s p o i n t i s worth 

n o t i n g e s p e c i a l l y when the b e h a v i o u r of systems a t l i q u i d -
27 

vapour and s o l i d - l i q u i d i n t e r f a c e s a r e t o be compared. F o r 

t h e l a t t e r i n t e r f a c e , s e v e r a l o t h e r f o r c e s of i n t e r a c t i o n 

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

o r i e n t a t i o n of m o l e c u l e s i n t h e above systems has been 

t a k e n t o be t h e one i n w h i c h t h e major axes of t he m o l e c u l e 
5, 27 43 

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

c o n s i s t e n t 'with t h i s a s s u m p t i o n -

I t has been noted t h a t i n t he c a s e of a c e t i c a c i d + 

benzene system t h e composite i s o t h e r m , u n l i k e t h e ones f o r 

o t h e r two s y s t e m s , shows a p r e f e r e n t i a l a d s o r p t i o n of 

benzene a t h i g h e r c o n c e n t r a t i o n of a c i d i n t h e l i q u i d phase 



172 

bu*b t h i s i s i n agreement w i t h t h e composite i s o t h e r m 
5 

o b t a i n e d by B e l t o n f o r t h e same system* 

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

a c i d + benzene system r e s e m b l e s t h e one put f o r w a r d by 
51 

K i p l i n g but t he i n d i v i d u a l i s o t h e r m f o r a c e t i c a c i d i s 

s l i g h t l y d i f f e r e n t fiorn t h e one g i v e n by K i p l i n g f o r t he 

same system. T h i s d i f f e r e n c e may be due t o d i f f e r e n c e s 

/ i n m o l e c u l a r a r e a s u s e d i n t he c a l c u l a t i o n of i n d i v i d u a l 

i s o t h e r m s .' 

The i n d i v i d u a l i s o t h e r m s f o r t h e l a s t two systems 

r e v e a l t h a t t h e number of moles of a c i d per u n i t area, of 

t h e s u r f a c e i s q u i t e low a t t h e lower c o n c e n t r a t i o n s of 

a c i d i n t h e l i q u i d phase but i t i n c r e a s e s w i t h t h e i n c r e a s i n g 

a c i d c o n c e n t r a t i o n . E v e n t u a l l y t h e amount of a c i d a t t h e 

i n t e r f a c e becomes g r e a t e r t h a n t h a t of benzene. A u n i -

rn.onol.ayer of a c i d i s formed o n l y from t h e pure component. 

E v e r e t t ' s general'thermodynamic t h e o r y f o r a d s o r p t i o n 

has been a p p l i e d t o t h e b u t y r i c a c i d + benzene system and 

i t has been n o t e d t h a t t h e system does not show a p e r f e c t 

s u r f a c e b e h a v i o u r . 

http://rn.onol.ayer
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S a r b o n t e t r a c h l o r i d e ; - The composite i s o t h e r m s f o r 

a c e t i c a c i d + catbon t e t r a c h l o r i d e , p r o p i o n i c a c i d + 

c arbon t e t r a c h l o r i d e and b u t y r i c a c i d + carbon 

t e t r a c h l o r i d e a r e S-shaped and show tha.t t h e p r e f e r e n t i a l 

a d s o r p t i o n of a c i d i n c r e a s e s w i t h the i n c r e a s i n g a c i d 

c h a i n l e n g t h . T h i s i s s u g g e s t e d t o beddue t o t h e 

i n c r e a s e i n t h e r a t e of l o w e r i n g of s u r f a c e t e n s i o n by 

a c i d w i t h i n c r e a s i n g c h a i n l e n g t h . The most p r o b a b l e 

o r i e n t a t i o n of t h e m o l e c u l e s i n t h e s e systems i s c o n s i d e r e d 

t o be the one i n w h i c h the major a x e s a r e p a r a l l e l to the 

s u r f a c e , and t h e r e s u l t s o b t a i n e d a r e c o n s i s t e n t w i t h t h i s 

a s s u m p t i o n . 

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

i n t h e t h r e e systems show t h a t t h e amount of a c i d a t the 

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

phase i n c r e a s e s and i t i s h i g h a t t h e h i g h e r c o n c e n t r a t i o n 

of a c i d i n the b u l k phase. A mixed monolayer over t h e 

whole c o n c e n t r a t i o n range i s n o t e d and a complete monolayer 

of a c i d i s formed o n l y from the pure component. 

Although some of the w o r k e r s have s e l e c t e d c a rbon 

t e t r a c h l o r i d e as one of the components of t h e b i n a r y 

s y s tems t h e y i n v e s t i g a t e d , a g e n e r a l r e v i e w of t h e 
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l i t e r a t u r e shows no work on anyone of t h e s e t h r e e s y s t e m s . 

C y c l o h e x a n e : - The composite isotherms" f o r a c e t i c a c i d + 

c y c l o h e x a n e , p r o p i o n i c a c i d + c y c l o h e x a n e and b u t y r i c 

a c i d + c y c l o h e x a n e systems show t h a t p r e f e r e n t i a l 

a d s o r p t i o n of a c i d d e c r e a s e s w i t h i n c r e a s i n g a c i d . c h a i n 

l e n g t h . F o r the f i r s t s y stem t h e i s o t h e r m i s S-shaped 

w h i l e the o t h e r two systems have U-shaped i s o t h e r m s . T.lie 

vapour p r e s s u r e c u r v e s r e v e a l d e c r e a s i n g e s c a p i n g t e n d e n c y 

of a c i d w i t h i n c r e a s i n g c h a i n l e n g t h , from the environment 

of the s o l u t i o n . They c o u l d make a. d e c r e a s i n g p r e f e r e n t i a l , 

a d s o r p t i o n of a c i d w i t h i n c r e a s i n g c h a i n l e n g t h p o s s i b l e . 

A g a i n , by s u r f a c e t e n s i o n f a c t o r , r e l a t i v e l o w e r i n g of 

s u r f a c e t e n s i o n of s o l u t i o n by a c i d i s found t o d e c r e a s e 

w i t h i n c r e a s i n g c h a i n l e n g t h , an o b s e r v a t i o n w h i c h would 

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

l e n g t h . 

The i n d i v i d u a l i s o t h e r m s f o r both the components i n 

t h e above t h r e e systems show -that a uni-monolayer of a c i d 

i s formed o n l y from t h e pure component. The o r i e n t a t i o n of 

t h e components has been t a k e n t h e same as f o r t h e benzene 
s y s t e m s . 
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K i p l i n g and Langman have s t u d i e d t h e c y c l o h e x a n e 

+ p i p e r i d i n e system and t h e y found t h a t t h e i s o t h e r m 
51 

f o r s u r f a c e e x c e s s was U-shaped. A g a i n K i p l i n g has 

r e p o r t e d a d s o r p t i o n from m i x t u r e s of benzene and 

c y c l o h e x a n e a t 20° C a t the l i q u i d - v a p o u r i n t e r f a c e . 

T h i s i s o t h e r m was a l s o U-shaped. Nothing seems t o have 

been r e c o r d e d i n the l i t e r a t u r e about the b e h a v i o u r of 

m o n o - c a r b o x y l i c a c i d s i n c y c l o h e x a n e a t t h e s o l u t i o n -

vapour i n t e r f a c e . 

E t h y l a l c o h o l . A c e t i c a c i d + e t h a n o l and p r o p i o n i c a c i d 

+ e t h a n o l systems show r e g u l a r U-shaped composite i s o t h e r m s 

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

a dsorbed throughout the whole c o n c e n t r a t i o n range of t h e 

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

of a c i d i s about the same i n both t h e s y s t e m s . 

P r e f e r e n t i a l a d s o r p t i o n of a l c o h o l seems t o a r i s e from 

t h e unique a b i l i t y of e t h y l a l c o h o l t o d e c r e a s e the s u r f a c e 

t e n s i o n of a c i d + a l c o h o l m i x t u r e s , throughout t h e whole 

c o n c e n t r a t i o n r a n g e . E o t h t h e s u r f a c e t e n s i o n and a f f i n i t y 

f a c t o r s a r e i n a c c o r d w i t h n e g a t i v e a d s o r p t i o n of the 

a c i d s . 
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The o v e r a l l s i t u a t i o n o f t h e i n t e r f a c e ] ? , as shown 

by t h e i n d i v i d u a l i s o t h e r m s , i s t h a t t h e amount of 

a l c o h o l f o r a g r e a t e r p a r t of t h e c o n c e n t r a t i o n range 

i s more t h a n t h a t of a c i d f o r both s y s t e m s . A u n i -

monolayer of a c i d i s formed o n l y from pure components. 

The most p r o b a b l e o r i e n t a t i o n of t h e c o n s t i t u e n t s i s 

c o n s i d e r e d t o be t h e one i n w h i c h t h e m o l e c u l e s a r e 
7 23 

p e r p e n d i c u l a r t o t h e s u r f a c e . ' 
21 

B u t l e r and Vhiteman have d i s c u s s e d t h e t h i c k n e s s of 

th e a d s o r b e d l a y w r of e t h a n o l + w a t e r system and have 

found t h a t t h e o b s e r v e d a d s o r p t i o n i s c o n s i s t e n t w i t h 

t h e h y p o t h e s i s t h a t o n l y a s i n g l e l a y e r h$ m o l e c u l e s a t 

the surfa-ce d i f f e r s i n c c o m p o s i t i o n from b u l k of t h e 
7 

s o l u t i o n . . Guggenhiem and Adam a l s o d i s c u s s e d t h e same 
system and assumed t h e l a y e r a s u n i m o l e c u l a r . C o n f o r d , 

23 

K i p l i n g and Wr i g h t c o n s i d e r e d the data, c a l c u l a t e d by 

Guggenhiem and Adam f o r the same system and.have found 
t h a t a d s o r p t i o n was c o n f i n e d t o a p p r o x i m a t e l y one m o l e c u l s j 

21 • 6 
l a y e r , i n c o n t r a s t t o e a r l i e r s u g g e s t i o n s . K i p l i n g 
d i s c u s s e d t h e same system and has r e p o r t e d t h a t a complete 
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monolayer of a l c o h o l was formed o n l y from t h e pure 

component. I n t h e p r e s e n t work,- the same c o n c l u s i o n 

has been a r r i v e d a t . 

Water; The composite i s o t h e r m s f o r the a c e t i c a c i d + 

w a t e r , p r o p i o n i c a c i d + w a t e r and b u t y r i c a c i d + w a t e r 

systems show t h a t t h e a d s o r p t i o n of a c i d i n c r e a s e s w i t h 

i n c r e a s i n g a c i d c h a i n l e n g t h . T h i s i s i n a c c o r d w i t h 

( I n c r e a s i n g a f f i n i t y between a c i d and w a t e r , and t h e 

g r e a t e r r a t e of l o w e r i n g of s u r f a c e t e n s i o n by a c i d i n 

t h e above s y s t e m s , w i t h i n c r e a s i n g a c i d c h a i n l e n g t h . 

The i n d i v i d u a l i s o t h e r m s r e v e a l t h a t the number of 

moles of s o l v e n t a t the i n t e r f a c e i s v e r y h i g h a t v e r y 

low c o n c e n t r a t i o n s of a c i d i n t h e l i q u i d p h a s e . T h i s may 

be due t o the r e l a t i v e l y s m a l l a r e a of the w a t e r m o l e c u l e . 

The a d s o r p t i o n of a c i d r i s e s s h a r p l y a t low c o n c e n t r a t i o n s 

of a c i d i n t h e l i q u i d pha,se, but a u n i-monolayer of a c i d 

i s formed o n l y from the pure component. The o r i e n t a t i o n 

of t h e m o l e c u l e s i s c o n s i d e r e d t o be the one i n w h i c h a c i d 

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

hydrogen-bonded to w a t e r m o l e c u l e s or t o o t h e r a c i d 
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m o l e c u l e s . I t i s s u g g e s t e d t h a t more t h a n one w a t e r 

m o l e c u l e s ca,n be p r e s e n t i n the a b s o r b e d l a y e r a l o n g 

t h e l e n g t h of a c i d m o l e c u l e , due t o t h e l a r g e d i f f e r e n c e s 

i n m o l e c u l a r a r e a s of t h e components. K i p l i n g has made 

s i m i l a r o b s e r v a t i o n s f o r the b u t a n o l + w a t e r s y s t e m . 

Many w o r k e r s have c o n s i d e r e d e t h a n o l + w a t e r system 

and have c o n c l u d e d ths,t t h e a d s o r b e d l a y e r was of u n i -

m o l a c u l a r t h i c k n e s s . The w a t e r + b u t y r i c a c i d s y s t e m 
53 

c o n s i d e r e d by Pu and B a r t e l l gave a composite i s o t h e r m 

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

r e v e a l e d as t o whether t h e r e was monolayer a d s o r p t i o n or 

n o t . Some w o r k e r s have c o n s i d e r e d a d s o r p t i o n from the 

t h r e e systems ( a c i d + w a t e r ) a t t h e l i q u i d - s o l i d i n t e r f a c e 

and t he composite BS w e l l as i n d i v i d u a l i s o t h e r m s of the 

p r e s e n t work show some s i m i l a r i t i e s t o some of t h e 

i s o t h e r m s found i n literature» 

The p r e s e n t i n v e s t i g a t i o n s have thrown f u r t h e r 

l i g h t on a d s o r p t i o n b e h a v i o u r a t t h e s o l u t i o n - v a p o u r 

i n t e r f a c e . Too l a r g e a p e r c e n t a g e of the work i n t h e 

l i t e r a t u r e about a d s o r p t i o n b e h a v i o u r a t t h i s i n t e r f a c e 
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has been c o n c e r n e d w i t h aqueous s y s t e m s , and t h e 

c o n c l u s i o n s g e n e r a l l y a r r i v e d a t , t h u s tended t o be 

p a r t i c u l a r r a t h e r t h a n g e n e r a l . A complete u n d e r s t a n d i n g 

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

a s s e s s m e n t of t h i c k n e s s of the i n t e r f a c e , c o m p o s i t i o n 

and o r i e n t a t i o n s a t the i n t e r f a c e , depends on t h e 

p a r t i c u l a r systems i n v o l v e d , on the n a t u r e of t h e 

s o l u t i o n s , and on the i n t e r m o l e c u l a r i n t e r a c t i o n s 

p o s s i b l e b o t h i n the b u l k s o l u t i o n and a t the i n t e r f a c e . 
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