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ABSTRACT 

This  paper d e s c r i b e s  a n  a s s o c i a t i o n  theory  of the  thermo- 

dynamic p r o p e r t i e s  of  mixtures  of a non-polar polymer wi th  a po la r  

so lven t ,  based on t h e  Flory-Huggins equat ion.  The so lven t  molecules 

are assuriied t o  a s s o c i a t e  t o  l i nea r  complexes which form an  athermal  

Flory-Huggins mixture ,  whi le  the  polymer and t h e  so lven t  complexes 

form a Flory-Huggins mixture  with a s i n g l e  in te rchange  energy 

parameter.  

The experimental  d i l u t i o n  p r o p e r t i e s  of mixtures  of 

polypropylene wi th  d ie thylke tone  and wi th  d i - i sop ropy l  ketone, 

obtained from vapour p re s su re  measurements, a r e  shown t o  be 

s a t i s f a c t o r i l y  descr ibed  by the theory.  The volumes of mixing 

e x h i b i t  the  cubic  type  of dependence on composition p o s s i b l e  

t h e o r e t i c a l l y ,  bu t  t h e  va lue  of  t h e  Flory-Huggins parameter r equ i r ed  

i s  i n c o n s i s t e n t  w i t h  t h e  other d i l u t i o n  p r o p e r t i e s .  
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1. In t roduc t ion  

The Flory-Huggins theory  accounts very  w e l l  on the  whole f o r  

t he  mixing p r s p e r t i e s  of some non-polar polymers i n  non-polar 

so lven t s  . However, i t  i s  no t  so success fu l  for  po lar  so lven t s ,  
1 F . '  

L ,  and n e i t h e r  i s  the  more soph i s t i ca t ed  ve r s ion  of t he  l a t t i c e  

theory developed by Huggins, Guggenheim and Miller. One of t he  

c h a r a c t e r i s t i c  f e a t u r e s  of a polymer s o l u t i o n  conta in ing  a po la r  

so lvent  i s  i t s  abnormally high vapour pressure when only small 

amounts of so lven t  a r e  present ,  and the  r a p i d  drop i n  the  f r e e  

energy of d i l u t i o n  a s  more solvent  i s  added. 

almost c e r t a i n l y  due t o  the  o r i e n t a t i o n a l l y  dependent po lar  fo rces  

between t h e  so lven t  molecules, and a s t a t i s t i c a l  theory  which 

should be a p p l i c a b l e  t o  these  systems has been given by Barker 

and by Tompa . However, t he  de t a i l ed  l a t t i c e  model on which the  

theory i s  based, and the  complexity of t he  r e s u l t i n g  equat ions ,  

de t e r r ed  the  au tho r s  from at tempting t o  apply i t  t o  the  experimental  

r e s u l t s  obtqined by them i n  co l l abora t ion  wi th  Gee . The present  theory was 

t h e r e f o r e  developed i n  the  attempt t o  f ind  a simpler and more f l e x i b l e  

way of desc r ib ing  the  d i f f e rence  between polar  and non-polar s o l v e a t s .  

This  behaviour i s  
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The bas i c  idea  i s  simply t o  t r e a t  t he  so lvent  a s  an a s soc ia t ed  

l i qu id  i n  t h e  chemical sense.  Such a s s o c i a t i o n  t h e o r i e s  occur 

f r equen t ly  i n  t h e  l i t e r a t u r e  of phys i ca l  chemistry , and al though 

they a r e  r e a l l y  only appl icable  t o  hydrogen-bonded l i q u i d s ,  they 

should a l s o  g ive  a rough desc r ip t ion  of po lar  l i q u i d s  gene ra l ly .  
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One novel  f ea tu re  of t h e  theory  presented he re  i s  t h a t  i n s t ead  of 

making t h e  usua l  p o s t u l a t e  t h a t  the  assoc ia ted  complexes form an  

idea l  mixture i t  i s  assumed t h a t  they form an athermal  F lo ry -  

Huggins mixture.  This  assumption i s  made p r i m a r i l y  i n  order  t o  

s impl i fy  the theory,  which i s  based on the  Flory-Huggins equat ion  

fo r  a non-polar polymer s o l u t i o n .  It has been shown by Pr igogine  

and h i s  colleagues5 t h a t  t he  assumption i s  a bad one f o r  s o l v e n t s  

wi th  hydroxyl groups, which mainly form d i m e r  and trimer complexes, 

bu t  i t  should be more reasonable  fo r  po la r  l i q u i d s  which do no t  

involve hydrogen bonding. 

2 .  Assumptions 

( a )  The so lvent  c o n s i s t s  of l i n e a r  complexes s~ ( 9 =  2,3,.. 

. . ad  i n f . )  formed by t h e  a s s o c i a t i o n  of po la r  monomer 

molecules s, i n  a chemical fash ion ,  s o  t h a t  

(b )  The Gibbs f r e e  energy of a s s o c i a t i o n  of s, w i t h  any 

. complex s,) i s  t h e  same f o r  a l l  va lues  of 3 
(c)  The complexes s, form an a thermal  Flory-Huggins mixture .  

(d)  The polymer and the  so lven t  complexes form a F lo ry -  

Huggins mixture  w i t h  t h e  Same in te rchange  energy parameter 3( 
(e )  Any volume changes on mixing can be neg lec t ed  i n  c a l c u l a t i n g  

-I 

I 

f r ee  ene rg ie s  and h e a t s  of mixing. 
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3.  Gibbs Free  Ecergy and P o t e n t i a l s  

P Consider a mixture  conta in ing  fi, moles of so lvent  and n 

and j$ = I - $ s .  moles of polymer, wi th  volume f r a c t i o n s  

I n  accordance wi th  asslimption (a) l e t  the so lven t  c o n s i s t  of 

moles of complex s, with  volume f r a c t i o n  $ 9  , so  t h a t  

#s 
% 

c 

and t h e  molar mass of the complexes and unassoc ia ted  molecules i s  

I f  the  so lvent  complex S, i n t e r a c t s  with t h e  po~yiner w i th  8:: 

energy paramecer 

Flory-Huggins theory  i s  

, then  the t o t a l  Gibhs free energy on the  31 9 P  

1 

i s  the  p o t e n t i a l  of pure s ,  a t  the  given 

/.A; 
i s  t h a t  of t he  pure polymer. 

where 

temperature  and pressure ,  and 

The p o t e n t i a l  of 5, i n  s o l u t i o n  can be obtained by 

d i f f e r e n t i a t i n g  (3.2) wi th  r e spec t  t o  f ly and i s  

( 3 . 3 )  
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where p i s  he re  t h e  r a t i o  of t h e  molar volume of t h e  polymer 

t o  t h a t  of t h e  so lven t  monomer s, , and 3 = n,/M i s  t h e  

average degree of a s s o c i a t i o n .  The corresponding p o t e n t i a l  f o r  

the  pure so lvent  is 

- 

where a l l  t h e  q u a n t i t i e s  r e f e r r r i n g  t o  t h e  pure so lven t  have been 

d i s t ingu i shed  by t h e  s u p e r s c r i p t  or s u f f i x  0 . 

4. As s oc i a  t i on Equi l i b r  ium 

For chemical equ i l ib r ium between t h e  s p e c i e s  s, , s2. , e t c . ,  

When equat ion  ( 3 . 3 )  i s  s u b s t i t u t e d  i n t o  t h i s  r e l a t i o n  i t  becomes 

In t roducing  assumption (b) ,  t h a t  i s  

( 4 . 3 )  
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L 

and assumption (a), that is 

'P 

and putting 

L 

equation (4 .2 )  can be written in the form 

Eliminating $, , by means of (3.1) we get 

The distribution of complexes is thus a geometric one for mutual 

equilibrium. 
c 

The average degree of association 3 is given by 

90 

I 
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S u b s t i t u t i n g  from ( 4 . 6 )  f o r  #) and summing leads  t o  3 

c 

It follows t h a t  

or no a s s o c i a t i o n  (KO = 0) when 3 2  1 . It can e a s i l y  be seen  

t h a t  t he  degree of a s s o c i a t i o n  has  a maximum a t  

where t h e  s o l v e n t  i s  more a s soc ia t ed  than when i t  i s  pure.  The 

phys ica l  i n t e r p r e t a t i o n  of t h i s  i s  t h a t  when 

the  tendency for  mixing wi th  t h e  polymer t o  d i s s o c i a t e  t he  s o l v e n t  

by d i l u t i o n  i s  overcome by the  reduced h e a t  of mixing of t h e  

a s soc ia t ed  complexes a s  compared wi th  t h e  d i s s o c i a t e d  monomers; 

t he  comparison i s  between an s, complex wi th  h e a t  parameter 3( 
and 9s, molecules wi th  hea t  t e r m  3 x  . 

3 > I except for  t h e  pure polymer (4, -to) - 
(bs-I/)f i f  % >  1 , 

x i s  l a rge  enough 

5. Pure Solvent 

I t  i s  ev iden t  t h a t  t h e  p o t e n t i a l  of t he  pure s o l v e n t ,  

0 i s  equa l  t o  t h a t  of  t he  monomer, )4, , and i s  t h e r e f o r e  given 

by equat ion  ( 3 . 4 ) .  The f r e e  energy of a s s o c i a t i o n  of t h e  s o l v e n t ,  

gp, , can be obtained by s u b s t i t u t i n g  from the  equa t ions  of 

f 4  i n t o  ( 3 . 4 ) ,  and i s  given by 
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where '5, 
of unassociated molecules, given by 

i s  the  r a t i o  of t h e  number of complexes t o  the  number 

When the  s tandard  f r e e  energy of a s s o c i a t i o n  gt i s  la rge  and 

p o s i t i v e ,  so  t h a t  

a s s o c i a t i o n  is  s l i g h t ,  (5.2) can be expanded t o  give 

KO , given by equat ion  (4.5), i s  small and 

(5.3) 

On the  o ther  hand, when gt i s  l a rge  and negat ive  

which correspond s t o  c omp l e  te as s oc i a  t ion .  

6.  Solvent  i n  So lu t ion  

The Gibbs f r e e  energh of mixing of t he  s o l u t i o n  may be 

w r i t t e n  i n  t h e  form 



c 

8 

FH I 
where A5 i s  t h e  Flory-Huggins term given by 

and cq 
fol lows  from the equat ions  of $8 3 and 4 t h a t  

i s  a term due t o  a s s o c i a t i o n  of the  so lvent .  It 

where 5 i s  t h e  r a t i o  of t h e  number of complexes t o  t h e  number 

of unassociated so lven t  molecules i n  so lu t ion ,  and i s  given by 

A*c, 
i n  t he  s o l u t i o n  i s  less than or g r e a t e r  t han  t h a t  i n  t h e  pure 

s o l v e n t ;  the  cond i t ion  f o r  pq 

i s  p o s i t i v e  or nega t ive  depending on whether a s s o c i a t i o n  

t o  be nega t ive  i s  

which i s  only poss ib l e  i f  x > 1 . 
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It i s  c l e a r  t h a t  t he  e f f e c t i v e  so lvent  p o t e n t i a l  i n  s o l u t i o n ,  

Pl * rs , i s  equal  t o  t h a t  of the  unassociated molecules 

The free energy d i l u t i o n  of the so lvent  can t h e r e f o r e  be found from 

the  equat ions of t he  previous sec t ions ,  and s p l i t  i n t o  two p a r t s :  

where t h e  Flory-Huggins t e r m  i s  

and t h e  a s s o c i a t i o n  t e r m  i s  given by 

* 
For t h e  pure so lvent  Aps vanishes,  while  f o r  t h e  pure polymer 

w e  f ind  t h a t  

where hops i s  t h e  f r e e  energy of a s s o c i a t i o n  of t h e  pure 

s o l v e n t ,  given by (5.1). This  means t h a t  d i s s o c i a t i o n  i s  

i n i t i a l l y  complete when an assoc ia ted  so lvent  i s  added t o  pure 

polymer. 
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Rather than cons ider  A>s i t s e l f  i t  i s  more i n t e r e s t i n g  t o  

in t roduce  an e f f e c t i v e  Flory-Huggins parameter 

t he  equat ion 

by means of 

s o  t h a t  

The behaviour of  re^ as a func t ion  of composition is  shown i n  

F igure  1 for  va r ious  va lues  of 3( and KO . It can be seen 

t h a t  f o r  the p u r e  polymer 

P 

and for  t h e  pure so lven t  

(6.8) 

where eo = / ( I +  ICo) i s  the  volume f r a c t i o n  of unassoc ia ted  

molecules i n  the  pure so lven t .  

i s  very  high then  

When t h e  degree of a s s o c i a t i o n  
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. P s 
Tck i s  always g r e a t e r  than 7( , b u t  whether &t, is  g r e a t e r  

o r  less than  3( depends on t h e  va lues  of 7 and k, I f  k, 
i s  ve ry  l a r g e  i t  l i e s  between x and 5 ; i f  KO i s  ve ry  

smal l  i t  i s  less than  3( when 

The second v i r i a l  c o e f f i c i e n t  A2 for  a polymer i n  t h e  

. It follows from so lven t  i s  p ropor t iona l  t o  s I -.if:, 
equat ion  (6.9) t h a t  t h e  e f f e c t  of a s s o c i a t i o n  i s  always t o  lower A 2  a 

7. Phase Separa t ion  and C r i t i c a l  Mixinq 

For s o l u t i o n s  of high polymers (p >> 1) phase s e p a r a t i o n  

w i l l  nrr.iir i f ;  on adding so lvent ,  t h e  p o t e n t i a l  of the  so lven t  

i n  s o l u t i o n ,  ps , r ises  above t h e  va lue  for  t he  pure so lven t ,  

. The c o r d i t i o n  for  s a t u r a t i o n  i s  t h e r e f o r e  P i  
c 

If Ars i s  w r i t t e n  i n  t h e  form (6 .7) ,  t h i s  cond i t ion  g ives  

as a func t ion  of t he  s a t u r a t i o n  composition; the  r e l a t i o n  i s  

shown a s  a dashed l i n e  i n  Figure 1 . For given va lues  of 2 and KO 



t h e  s a t u r a t i o n  composition ( i f  any) i s  given by the  i n t e r s e c t i o n  of 

t he  yq0 curve with the dashed curve.  

The c r i t i c a l  mixing composition f o r  polymers of h igh  molecular 

weight i s  almost t h a t  of t he  pure so lvent ,  and the  cond i t ion  for  

c r i t i c a l  mixing becomes simply t h a t .  f o r  t h i s  composition i s  

6 equa l  t o  1/2 , or  by (6.9) 

Since 5, and w i l l  depend on temperature,  t h i s  cond i t ion  

determines t h e  c r i t i c a l  mixing temperature  T' f o r  i n f i n i t e l y  

h igh  polymers ( the  F l o r y  tempera ture) .  

a s s o c i a t i o n  a f f e c t s  the  va lue  of 3( , which i s  1 / 2  f o r  a non- 

a s s o c i a t i n g  so lven t .  A s  a n  equat ion  i n  3( ( 7 . 1 )  has two r o o t s ,  

of which one i s  always negat ive  and may be ignored s i n c e  t h e  theory 

It i s  of i n t e r e s t  t o  s ee  how 
c 

cannot be expected t o  cover c a s e s  of s p e c i f i c  a t t r a c t i o n  between 

so lven t  and polymer molecules.  The p o s i t i v e  r o o t  i s  

and shows t h a t  t h e  e f f e c t  of a s s o c i a t i o n  i s  t o  lower the  c r i t i c a l  

va lue  of 1( 
gene ra l  above the  va lue  p red ic t ed  by t h e  Flory-Huggins equat ion .  

I n  the  l i m i t  of complete a s s o c i a t i o n  Tc= 0 . 

and t h e r e f o r e  t o  r a i se  the  F l o r y  temperature  i n  

12 
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8. Heat and Entropy of D i lu t ion  

The h e a t  of mixing A H  can be der ived from equat ions  (6.1)  

by d i f f e r e n t i a t i n g  wi th  r e s p e c t  t o  temperature,  and (6 .2 )  fo r  bq 
and i s  given by 

. 

where h t  

def ined by 

i s  the  s tandard h e a t  of a s s o c i a t i o n  of  t h e  so lvent  

af = - 7% >(gt/T)/aT 

i s  t h e  Flory-Huggins "heat" parameter 

= - - r X ( / 2 T .  

(8.2) 

defined by 

(8 .3 )  

Both terms i n  equat ion  (8.1) have a d i r e c t  p h y s i c a l  i n t e r p r e t a t i o n .  

S ince  

depending on whether t h e  solvent  i s  more or less a s soc ia t ed  i n  the  

s o l u t i o n  than  when pure.  

(which i s  normally p o s i t i v e )  but i s  always less than  the  corresponding 

Flory-Huggins h e a t  t e r m  

h t  i s  nega t ive ,  t h e  f i r s t  t e r m  i s  p o s i t i v e  o r  nega t ive  

The second t e r m  has  t h e  same s i g n  as q~ 
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The heat  of d i l u t i o n  of the  so lven t  due t o  s s o c i a t i o n  can 

be obtained by d i f f e r e n t i a t i n g  e i t h e r  A>S wi th  r e s p e c t  t o  

C Y . 4 )  
- 

where fo r  convenience w e  have put  7 = n/Vls = l / V  . This  

express ion  vanishes  f o r  the  pure so lven t  .and fo r  t h e  pure polymer 

has  t h e  value 

where i s  t h e  h e a t  of a s s o c i a t i o n  of t he  pure  so lven t .  

It  i s  u s e f u l  t o  in t roduce  an  e f f e c t i v e  Flory-Huggins h e a t  

parameter 

I t s  va lue  f o r  t h e  pure polymer i s  
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which i s  p o s i t i v e  and g rea t e r  than 

absorbed i n i t i a l l y  when so lven t  is  added t o  the  polymer. 

l ( ~  . Heat i s  t h e r e f o r e  always 

An e f f e c t i v e  Flory-Huggins entropy parameter (xeds may be 

def ined by 

Since  the  s tandard  en t ropy  of a s soc ia t ion  

w i l l  be nega t ive ,  corresponding t o  t h e  ioss  of t r a n s l a t i m a ?  azd 

o r i e n t a t i o n a l  freedom of the  so lvent  monomers on a s s o c i a t i n g ,  

t h e  c o n t r i b u t i o n  of a s s o c i a t i o n  t o  (re*)s w i l l  be nega t ive .  

9. Standard Free Energy of Assoc ia t ion  

I f  a non-polar (unassociated)  r e fe rence  l i q u i d  can be found 

whose p r o p e r t i e s  are the  same as those  of t he  unassoc ia ted  so lven t  

s, , then  by comparing t h e  vapour p re s su re  of t he  a s soc ia t ed  

s o l v e n t  wi th  t h a t  of the  r e fe rence  l i q u i d  i t  i s  p o s s i b l e  t o  

c a l c u l a t e  t he  s tandard  free-energy of a s s o c i a t i o n  gf a t  any 

temperature .  Thus t h e  p o t e n t i a l  of the  r e fe rence  l i q u i d  i s  
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and i f  i t  i s  assumed t h a t  t he  so lvent  i s  not  a s soc ia t ed  i n  the  

vapour phase, then  

where 

i s  the  d i f f e r e n c e  between the gaseous and l i q u i d  s t a t e s .  I f  the  

vapours of t h e  so lven t  and r e fe rence  l i q u i d  a r e  pe r fec t ,  then  

where the  hea t  of evaporat ion,  &H , i s  assumed independent 

o f  temperature.  It fol lows from (9.1) and (9.2) t h a t  

where ks('T) and kr(7) a r e  the  vapour p r e s s u r e s  of t h e  so lven t  

and r e fe rence  l i qu id  a t  temperature T . The r a t i o  To can 

t h e r e f o r e  be obtained from the  simple equa t ion  
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(9.5) 

and the  c o n s t a n t  KO 

g t  

a s s o c i a t i o n  ht 

of t h e  so lvent  and r e f e r e n c e  l iqu id  by means of t h e  equat ions 

and the  standard f r e e  energy of a s s o c i a t i o n  

The s tandard h e a t  of can be c a l c u l a t e d  from (5.2) and ( 4 . 4 - ) .  

can then be obtained from the  h e a t s  of evapora t ion  

KH, = A , R r - 4 K s ,  

c, ( 1 -  q, ,a t  

Note t h a t  i f  

then  so  i s  h k, , and h p  i s  then l i n e a r l y  dependent on temperature 

according t o  (9.3).  

46, and Leks a r e  independent of temperature,  
0 0 

The major and obvious d i f f i c u l t y  wi th  t h i s  method of o b t a i n i n g  

g t  

l i q u i d  a p p r o p r i a t e  t o  a p a r t i c u l a r  so lven t .  

i s  t o  formulate p r a c t i c a l  c r i t e r i a  for  choosing t h e  r e f e r e n c e  

10. Volume of Mixing 

One of t he  assumptions of t h i s  t reatment ,  assumption ( e )  of f 2, 

i s  t h a t  any volume change on mixing can be neglected i n  c a l c u l a t i n g  

f r e e  energ ies  and h e a t s  of mixing, s o  t h a t  t he  Flory-Huggins 

equat ion ,  which i s  t h e o r e t i c a l l y  a p p r o p r i a t e  t o  cons tan t  volume 

condi t ions ,  can be used a s  a bas i s .  However, t h e r e  i s  bound t o  
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be  some change i n  volune on mixing polar  and non-polar substances 

a t  cons tan t  pressure ,  s ince  a s s o c i a t i o n  of the  so lvent  i s  almost 

c e r t a i n  t o  be accompanied by a con t r ac t ion .  Assuming t h a t  t h e  

volumes of t h e  complexes 5 ,  
t o t a l  volume change i s  

and t h e  polymer are  a d d i t i v e ,  t h e  

00 

(10.1) 

0 
where vy i s  t h e  molar volume of  s $  . 
change of volume (con t r ac t ion )  i s  V fo r  each a c t  of 

L e t  us assume t h e  

t 

assoc ia t ion ,  so t h a t  

t 0 vy - ?V," = C ? - I ) W  . (10.2) 

Then by s u b s t i t u t i o n  

This  equat ion i s  c o n s i s t e n t  wi th  ( 6 . ) )  e t  seq. ,  f o r  a G , and 

can be derived from i t ,  assuming t h a t  on ly  

by means o f  t h e  r e l a t i o n s  

g t  depends on pressure ,  
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The p ropor t iona l  volume change i s  approximately 

(10.4)  

For 0s 7(< I 
of complexes on d i l u t i o n ,  bu t  i f  $( > 1 then  bv 

$s= J / $  and becomes negat ive .  This  "cubic" type of behaviour 

i s  a c t u a l l y  observed w i t h  the  systems compared wi th  theory i n  the  

next  s ec t ion ,  bu t  i t  i s  not  c l ea r  t h a t  t h i s  behaviour i s  e n t i r e l y  

due t o  a s s o c i a t i o n  of t h e  so lvent .  

t h e  volume always inc reases  due t o  t h e  d i s s o c i a t i o n  

changes s i g n  a t  

11. Comparison of Theory and Experiment 

The theory  has  been appl ied t o  the  systems polypropylene + 
4- 

d i e t h y l  ketone and polypropylene + di - i sopropylke tone  . Although 

i t  i s  no t  t o  be supposed t h a t  such ketones a r e  l i t e r a l l y  a s soc ia t ed  

l i q u i d s ,  neve r the l e s s  i t  i s  i n t e r e s t i n g  t o  see how f a r  t h e  

a s s o c i a t i o n  theory  can desc r ibe  the  e s s e n t i a l  d i f f e r e n c e s  between 

po la r  and non-polar so lven t s .  

The va lues  of gt/RT and 1( were chosen t o  f i t  t h e  experimental  

k 0 vapour p re s su re  r e s u l t s  a t  25 C. The c a l c u l a t e d  curves of 

a g a i n s t  t#b a r e  compared with the experimental  po in t s  i n  

F i g u r e  2. The agreement i s  seen t o  be s a t i s f a c t o r y ,  except near 

t h e  pure polymer end of t he  range. This  r e g i o n  has  been f u r t h e r  

i nves t iga t ed6 ,  wi th  t h e  conclusion t h a t  t h e  sharp r i s e  i n  7 i s  Qff 
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due t o  t h e  c r y s t a l l i n i t y  of polypropylene. 

I n  view of t he  f a c t  t h a t  these  ketones a r e  c e r t a i n l y  not  

a s soc ia t ed  l i q u i d s  i n  the  l i t e r a l  sense,  i t  i s  of i n t e r e s t  t o  s ee  

i f  the  

reasonable  i n  comparing t h e  ketones t o  s imi l a r  non-polar l i q u i d s .  

We have the re fo re  used t h e  theory of s e c t i o n  9 t o  compare t h e  

ketones with r e fe rence  hydrocarbons having about t he  same c r i t i c a l  

volume. 

f o r  di- isopropylketone.  

g t  va lues  which f i t  t he  polymer s o l u t i o n  r e s u l t s  a r e  

Thus 2,4-dimethylpentane was used as r e f e r e n c e  l i q u i d  

The r e s u l t s  a r e  : 

Diethylketone : gt/RT = -0.5 ( s o l u t i o n )  

-1.7 ( r e fe rence )  

Di-isopropylketone : g+/RT = 0 ( s o l u t i o n )  

-1.4 ( r e fe rence )  . 

The only th ing  t o  be s a i d  f o r  the comparison i s  t h a t  t h e  va lues  

p a r a l l e l  each o ther  roughly.  

pu t s  too  great a s t r a i n  on t h e  model. 

It i s  c l e a r  t h a t  t h e  comparison 

The t h e o r e t i c a l  hea t  of d i l u t i o n  i n  s e c t i o n  8 involves  two 

f u r t h e r  parameters XH and ht . 
t he  b e s t  f i t  of the  ca l cu la t ed  curve and exper imenta l  p o i n t s .  

The comparison i s  shown i n  Figure 3. With two e x t r a  parameters ,  

i t  i s  d i f f i c u l t  t o  assess  t h e  s i g n i f i c a n c e  of t he  good agreement 

which i s  obtained.  However, the  b e s t  va lues  of t h e  h e a t s  of 

These have been chosen t o  g ive  
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a s s o c i a t i o n  ht a r e  comparable wi th  those obtained by comparing 

the  pure so lven t s  w i th  r e fe rence  l i q u i d s ,  according t o  t h e  equat ions  

of s e c t i o n  8 : 

Diethyl  ketone : h t /RT = -4.2 ( s o l u t i o n )  

= -4.0 ( r e fe rence )  

D i  - i s  opr opylke tone : ht/RT = - 3 . 3  ( so l u  t ion )  

= -4.2 (1: e f e r  ence ) 

Figure  4 shows some unpublished experimental  r e s u l t s 7  fo r  

t h e  volume change on mixing of t hese  systems. 

were m d e  hecnuse the  a s soc ia t ion  theory  predic ted  a cubic  dependence 

The measurements 

on composition, a s  shown i n  s e c t i o n  10. The cubic  form of the  

exper imenta l  r e s u l t s  was the re fo re  very  g r a t i f y i n g .  However, hV 

only  changes s i g n  t h e o r e t i c a l l y  i f  1( > 1 , and s i n c e  t h e  va lues  

d of A g iv ing  ihe L e s i  I l i a  LV tiic V G P G G ; ~  ~ ; - ~ z z . - ; Y c  Y C Z C ~ ~ C  2 ~ 2  

both  less than uni ty ,  a s soc ia t ion  cannot be the  whole s t o r y .  

CONCLUSION 

The a s s o c i a t i o n  model proposed t o  account for  t h e  d i f f e r e n c e s  

i n  behaviour between polar  and non-polar so lven t s  i n  i n t e r a c t i o n  

w i t h  polymers has  been shown t o  be capable  of desc r ib ing  these  

d i f f e r e n c e s .  However, t he  model i s  c l e a r l y  not  r e a l i s t i c  f o r  , t h e  



ketones t o  which it  has been appl ied .  

u s e f u l  for  so lven t s  which do a s s o c i a t e  through hydrogen bonding. 

I n  defence of t h e  theory,  i t  may c la im t o  have s a t i s f i e d  the touch- 

s tone  of a t r u e  s c i e n t i f i c  hypothesis ,  i n  p r e d i c t i n g  an e f f e c t  

( t h e  cubic  Av ) which was subsequent ly  v e r i f i e d  by experiment.  

Nevertheless ,  i t  may prove 
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Legends for  F igu res  

3(.& as a func t ion  of + Figure  1. T h e o r e t i c a l  curves of f o r  k 
var ious  va lues  of and 1( . The dashed l i n e  i s  

t h e  s a t u r a t i o n  curve. 

F igure  2. Comparison of t h e o r e t i c a l  curves and exper imenta l  p o i n t s  

(25OC) for  1(.FF aga ins t  8 : X Diethylketone + 
polypropylene, g+/RT = -0.5, x = 0.6. 

P 

b Di-isopropylketone + polypropylene, g t /RT = 0 , 
s( = 0.35. 

F igu re  3. Comparison of t h e o r e t i c a l  curves  and exper imenta l  

p o i n t s  (25') f o r  hHs/RT a g a i n s t  8, . 
% Diethylketone + polypropylene, h+/RT = -4.2, 

l(H = 0.95. 

0 Di-isopropylketone + polypropylene, h /RT = -3.27, 

fi lt  = 0.45. 

Experimental volume change on mixing (cc /g)  a g a i n s t  

weight f r a c t i o n  of polymer (25OC). 

K Diethylketone + polypropylene 

0 Di-isopropylketone + polypropylene 

+ 

Figure  4. 
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