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1. Introduction. ,

C o n sid e rab le  p ro g re s s  h a s  b e e n  m a d e  in  in te r p r e t in g  th e  p ro p e r t ie s  
o f  p o ly m e r  so lu tio n s  a n d  gels in  th e  l ig h t  o f  s ta t i s t ic a l  c a lc u la tio n s  o f  th e  
e n tr o p y  o f  m ix in g  o f  p o ly m e rs  w i th  liq u id s . ‘ T h e  b a s is  o f  m o s t  o f th e s e  
a p p lic a t io n s  h a s  b e en  th e  a s s u m p tio n  t h a t  t h e  G ib b s  free  e n e rg y  o f 
d i lu t io n  AG® o l  su c h  a  m ix tu re  b y  th e  l iq u id  w a s  e x p re ss ib le  in  t e rm s  o f 
th e  e n tr o p y  o f d i lu t io n  AS©, a s  c a lc u la te d  s ta t i s t ic a l ly  o n  th e  a s s u m p tio n  
o f  r a n d o m  m ix in g , a n d  a  h e a t  o f  d i lu t io n  A H  o p ro p o r t io n a l  t o  t h e  s q u ^ e  
o f  th e  v o lu m e  f r a c t io n  t/r o f  th e  p o ljo n e r . H u g g in s  h a s  sh o w n  t h a t  a  w id e  
v a r ie ty  o f th e rm o d y n a m ic  d a ta  c a n  b e  r e p r ^ e n t e d  in  th is  w a y ; t h e  p re s e n t  
p a p e r  w ill in c lu d e  a  m o re  se n s itiv e  t e s t  o f th e  v a l id i ty  o f th e  a s su m p tio n .

F re e  e n e rg ie s  o f d i lu t io n  o f  p o ly m e r so lu tio n s  h a v e  b e e n  c a lc u la te d  • 
f ro m  d a ta  o n  v a p o u r  p re ssu re , o sm o tic  p re ssu re , sw ellin g  p re ssu re , a n d  
free z in g  p o in t  d e p re ss io n . C o rre sp o n d in g  v a lu e s  fo r  th e  h e a ts  o f  d i lu t io n  
a re  a lm o s t  e n ti re ly  la c k in g , a n d  i t  is  th e re fo re  im p o ss ib le  t o  c h e c k  w h e th e r  
t h e  q u a n t i t y  e m p lo y e d  to  r e la te  t h e  th e o re t ic a l  e n tr o p y  t o  th e  e x p e r i­
m e n ta l  f ree  e n e rg y  is  e q u a l t o  t h e  h e a t  o f  d ilu tio n , o r  w h e th e r  i t  c o n ta in s  
a lso  a n  e m p ir ic a l  c o rre c tio n  fa c to r .  T h e  d ir e c t  m e a su re m e n t o f  h e a ts  
o f  d i lu t io n  fo r  p o ly m e r  sy s te m s  is  e x c e e d in g ly  d i£ & cu lt; a  n e w  a t t e m p t  
t o  d o  so  fo r  m ix tu re s  of n a tu r a l  r u b b e r  +  b e n ze n e  is  n o w  in  p ro g re s s . 
H e re  w e  p re s e n t  e s t im a te s  o f  th e  h e a ts  o f m ix in g  o f n a tu r a l  r u b b e r  w i th  
a  n u m b e r  o f liq u id s , b a se d  o n  c a lo r im e tr ic  m e a su re m e n ts  o f th e  h e a ts  
o f  m ix in g  o f  lo w  m o le c u la r  l iq u id  h o m o lo g u es o f  r u b b e r  w i th  t h e  sa m e  
liq u id s , a n d  o f  th e  e n tro p ie s  o f  m ix in g  o b ta in e d  b y  c o m b in in g  th e s e  w ith  
v a p o u r  p re ssu re  d a ta .

2. Heat and Volume Changes on M ixing Dihydromyrcene and
Squalene with other Liquids.

A  q u a n t i t y  o f d ih y d ro m y rc e n e  a n d  a  m u c h  sm a lle r  a m o u n t  o f sq u a le n e  
w ere  m a d e  a v a ila b le  t o  u s  b y  D r . E . H .  F a rm e r ,  t o  w h o m  o u r  th a n k s  a re  
d u e . T h ese  su b s ta n c e s  c o n ta in  re sp e c tiv e ly  tw o  a n d  a x  iso p re n e  u n i ts  
p e r  m o lecu le , a n d  m a y  th m  b e  re g a rd e d  a s  v e iy  lo w  m o le c u la r  h o m o lo g u es 
o f n a tu r a l  ru b b e r .  T h e  h e a ts  o f  m ix in g  o f  d ih y d ro m y rc e n e  w ith  a  se ries 
o f l iq u id s  w e re  m ea su re d  in  t h e  c a lo r im e te r  sh o w n  in  F ig . i .  In  o rd e r  
t o  c o n se rv e  m a te r ia ls  i t  w a s  n e c e ssa ry  t o  w o rk  w i th  re la t iv e ly  sm a ll 
v o lu m es o f  l iq u id s  (n o t m o re  t h a n  ro  c .c . d ih y d ro m 5nrcene fo r  t h e  w ho le  
se rie s  o f m e a su re m e n ts  on  e ac h  liq u id ) . T h e  h e a t  a b s o rp t io n  to  b e  m e a su re d  
in  a  ty p ic a l  m ix in g  w a s  th u s  o f th e  o rd e r  o f i  c a l. A t te m p ts  t o  d o  th is  
in  a  sm a ll v a c u u m  ja c k e t te d  c a lo r im e te r  o f sm a ll  h e a t  c a p a c i ty  w ere
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Trans. Farad. Soc., 1942 . 3 8 , 2 7 6 , 4 1 8  ; 1 9 4 4 . 40, 4 6 3 . 4 6 8 . Ann. Repts. 

Chem. Soc., 1 9 4 2 , 7 . Recent Advances in Colloid Science, Vol. 2 (In terscience 
Publishers, in press). y

• I a n d  especially H uggins. Ann. N .Y . Acad. Sci., 1 9 4 2 . 4 3 , i  ; Ind. 
Sng. Chem.. 1 9 4 3 . 35. 2 1 6 . ^



\

r e n d e re d  in a c c u ra te  b y  r e la tiv e ly  la rg e  h e a t  losses, a n d  th e  a r ra n g e m e n t 
sh o w n  w a s f in a lly  a d o p te d . I t  c o n s is te d  o f a  t h e r m o s ta t t e d  v a c u u m  
v esse l a lm o s t  filled  w ith  w a te r , in  w h ic h  w ere  su sp e n d e d  tw o  c o a x ia l 
b u lb s , th e  tu b e  o f th e  in n e r  b u ll)  b e in g  a  c lose  f it  in to  th e  o u te r  so  a s  to  
m in im ise  lo ss b y  e v a p o ra tio n . T h e  liq u id s  A  a n d  B  w e re  in  th e  o u te r  a n d  
in n e r  b u lb s  re sp e c tiv e ly , th e  lo w er e n d  o f  th e  l a t t e r  b e in g  se a le d  b y  a  p o o l 
o f  m e rc u ry . M ix in g  o f th e  tw o  liq u id s  
w a s  a cc o m p lish e d  b y  ra is in g  th e  in n e r  
b u lb  o u t  o f  th e  m e rc u ry  a n d  r o ta t in g  i t  so  
t h a t  th e  l iq u id  w as  s t i r r e d  b y  th e  v a n e s  
a t t a c h e d  to  th e  in n e r  b u lb . S ev e ra l 
sa m p le s  o f B  c o u ld  b e  a d d e d  su ccess iv e ly  
w i th o u t  re m o v in g  th e  c a lo r im e te r  f ro m  
th e  th e rm o s ta t ,  th e  in n e r  b u lb  b e in g  co m ­
p le te ly  e m p tie d  e ac h  t im e  b y  p a ss in g  a  
g e n tle  s t r e a m  o f  n i tro g e n  th ro u g h  i t .
T h e  w a te r  in  t h e  c a lo r im e te r  w a s  s t i r r e d  
b y  a  slow  s t r e a m  of a ir  p r e s a tu r a te d  w ith  
w a te r  v a p o u r . A  la y e r  o f  c o rk , C, w as 
fo u n d  n e c e ssa ry  in  o rd e r  t o  p re v e n t  w a te r  
sp la sh in g  th ro u g h  th e  e x i t  tu b e .  T h e  
te m p e ra tu r e  c h a n g e  w a s  m e a su re d  b y  
te n  c o p p e r-e u re k a  th e rm o c o u p le s , T , in  
series , a r ra n g e d  a t  d iffe re n t leve ls, w i th  
th e  c o ld  ju n c tio n s  in  a  seco n d  v a c u u m  
v esse l a lso  filled  w ith  w a te r ,  a n d  c o n ­
ta in e d  in  th e  sam e  t h e r m o s t a t ; th e  c o n ­
n e c t in g  lea d s  p a sse d  th r o u g h  a  s h o r t  
le n g th  o f  le a d  tu b in g . T h e  ^ e a te r  H  
w a s  o f ca. 1 0  o h m s re s is ta n c e , a n d  p e r ­
m it te d  sm a ll  m e a su re d  quE in tities o f e n e rg y  
to  b e  in tro d u c e d  in  o rd e r  t o  d e te rm in e  
th e  h e a t  c a p a c ity .  T h is  w a s  a p p ro x i­
m a te ly  6 5  ca ls ., so  t h a t  th e  te m p e ra tu re  
c h a n g e  to  b e  m e a su re d  w as  o f th e  o rd e r  
o f a  h u n d r e d th  of a  deg ree , a n d  th e  
th e rm o e le c tr ic  e .m .f. a  few  m ic ro v o lts .
T h is  w as  m e a su re d  d ir e c tly  b y  m e a n s  of 
a  T in s le y  t a u t  su sp en s io n  g a lv a n o m e te r , 
o f re s is ta n c e  9 - 5  o h m s a n d  s e n s i t iv i ty  
1 8 0  m m s . p e r  m ic ro a m p . T h e  o v e ra ll
s e n s i t iv i ty  (m a x im u m  5  m e tre s  p e r  deg ree ) w a s  d e te rm in e d  b y  c a l ib ra t in g  
a g a in s t  B e c k m a n n  th e rm o m e te rs ,  th e  g a lv a n o m e te r  d e flec tio n  b e in g  v e ry  
n e a r ly  p ro p o r t io n a l  t o  th e  te m p e ra tu r e  d iffe ren ce  b e tw e e n  th e  h o t  a ^ d  
co ld  ju n c tio n s . .

I n  o rd e r  to  m a k e  th e  h e a t  in te rc h a n g e  w ith  th e  s u rro u n d in g s  d u r in g  
a n  e x p e r im e n t sm a ll  c o m p a re d  w ith  t h e  q u a n t i t y  t o  b e  m ea su re d , i t  w as 
n e c e ssa ry  t h a t  b o th  h o t  a n d  c o ld  ju n c tio n s  sh o u ld  b e  v e ry  n e a r  t o  th e  
t h e r m o s ta t  te m p e ra tu re .*  I n  o rd e r  to  e n su re  th is , i t  w as fo u n d  d e s irab le  
to  c h e c k  th e  cold  ju n c t io n  t e m p e ra tu r e  b e fo re  a n d  d u r in g  a n  e x p e r im e n t 
b y  a  B e c k m a n n  th e rm o m e te r ,  a n d  to  le a v e  th e  c a lo r im e te r  in  th e  th e rm o ­
s t a t  o v e rn ig h t  b e fo re  m a k in g  th e  f irs t  a d d it io n . S u b s e q u e n t  a d d it io n s  
c o u ld  b e  m a d e  a f te r  a n  in te rv a l  o f  i  to  2  h o u rs . U n d e r  th e s e  c o n d itio n s , 
t h e  c o rre c tio n  fo r  h e a t  in te rc h a n g e  w ith  th e  s u rro u n d in g s  w as  sm a ll, a n d  
th e  te m p e ra tu re  c h a n g e  o n  m ix in g  w a s  n e a r ly  t h a t  c a lc u la te d  fro m  th e  
m a x im u m  g a lv a n o m e te r  d e flec tio n .

• A further precaution was to make the thermocouples of sufficiently fiae 
wire for heat loss by conduction to be negligible ; 20 s.w.g. eureka and 38 s.w.g. 
copper were actually employed.
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Fig. 1 .— Calorimeter.



A  ty p ic a l  sc rie s  o f  m e a su re m e n ts  o f th e  h e a t  o f  m ix in g  o f t h e  tw o  liq u id s  
w a s  p e rfo rm e d  in  tw o  p a r ts .  I n  th e  f irs t, 5  c .c . o f l iq u id  A  in  th e  o u te r

F ig . 2 .— H e a t of 
m ixing of OS, and 
d ihydrom yrcene.

b u lb  w a s  d i lu te d  w ith  fo u r  su ccess iv e  a d d it io n s  o f l iq u id  B , u n t i l  th e  
m ix tu r e  c o n ta in e d  a p p ro x im a te ly  e q u a l v o lu m e s  o f  A  a n d  B . T h e  
p ro c e d u re  w a s  th e n  re p e a te d , w i th  th e  l iq u id s  in te rc h a n g e d . T h e  h e a t

a b s o rp tio n s  m e a su re d  w ere  u se d  to  c a lc u ­
l a te  th e  h e a t  o f  m ixings A H »  o f  c .c . o f 
l iq u id  A  w ith  ( i  — Vy) c .c . o f  l iq u id  B ; 
r e s u l ts  o b ta in e d  in  th is  w a y  fo r  C S , -j- d i-  
h y d ro m y rc e n e  a re  ^ o w n  in  F ig . 2 . I n  
a c c o rd a n c e  w ith  t h e  u sa g e  o f e a r l ie r  p a p e rs  
t h e  v o lu m e  f r a c t io n  o f  d ih y d ro m y rc e n e  
(reg a rd e d  a s  “  r u b b e r  ” ) is  w r i t te n  v , ; 
t h a t  o f  t h e  o th e r  l iq u id  v^. P o in ts  in  th e  

fO tw o  h a lv e s  o f  t h e  e x p e r im e n t a r e  d iffe re n tly  
in d ic a te d , a n d  i t  w ill b e  n o te d  t h a t  a ll  lie  
o n  a  sm o o th , a lm o s t  p a ra b o lic  c u rv e . T h is  
c u rv e  w o u ld  b e  e x a c t ly  p a ra b o lic  i f  H ild e ­
b r a n d ’s  e x p re ss io n  * fo r  t h e  h e a t  o f  m ix in g  
w a s  o b e y ed  :

=  aVfiUt . . ( i)
T h e  d e v ia t io n  fro m  th is  fo rm  c a n  b e  re p re ­
s e n te d  m o s t  re a d ily  b y  e m p lo y in g  e ac h  
e x p e r im e n ta l  p o in t  to  c a lc u la te  a  v a lu e  
o f a ; th e  r e su lts  fo r  a  se rie s  o f l iq u id s  
a r e  sh o w n  in  F ig . 3 . I t  Is e v id e n t  t h a t  
e q u a t io n  ( i)  is  o b e y e d  w ith  c o n s id e ra b le  
a c c u ra c y  b y  m o s t o f  th e  l iq u id s  e x a m in e d , 
o n ly  a c e to n e  a n d  c h lo ro fo rm  sh o w in g  la rg e  
d e v ia t io n s . T h e re  a p p e a rs  t o  b e  a  rea l.

f 'O

F ig . 3 .— H eats of m ixing of liqu ids w ith  
dihydrom yrcene.

1. Acetone. 5 . H ep tane .
2 . Benzene. 6 . CCL.

CS,. 7 .. CHCl,.
4. Toiuene.

th o u g h  sm a ll, d e v ia t io n  in  th e  CS» d a ta ,  a l th o u g h  th e  e x tre m e  p o in ts  a re  
less a c c u ra te  t h a n  th e  re m a in d e r .

• H ildebrand , Soluinlity (Reinhold, 1 9 3 6 ).



T h e  c o n s ta n t  a  is  g iv en , a c c o rd in g  to  H i ld e b ra n d 's  th e o r y  b y

«= (V«0 -  VSr)* . . . . (2)
w h e re  «« a n d  a re  t h e  co h es iv e  e n e rg y  d e n s itie s  o f th e  l iq u id  a n d  o f  d i-  
h y d r o m y r c e n e ; a  sh o u ld  th u s  a lw a y s  b e  p o a t iv e ,  so  t h a t  (2 ) e v id e n tly  
b re a k s  d o w n  fo r  C H C l, a n d  CCI4 . B y  c o m p a riso n  w i th  o th e r  h y d ro c a rb o n s  
w e  m a y  e s t im a te  y/e^ fo r  d ih y d ro m y rc e n e  a s  7 *4 ,  ( c a l ./c .c .)^  fo r  s q u a le n e  
a s  7 7 ,  (ca l./c .c .)*  w h ile  th e  v a lu e  fo r  n a tu r a l  r u b b e r  h a s  b e en  p re v io u s ly  
e s t im a te d  * a s  7 *98 . I n  T a b le  I ,  v a lu e s  o f  a  c a lc u la te d  fro m  (2 ) a re  co m -

T A B L E  I .—H e a t  a n d  V o lu m e  C h a n g e s  in  DravDROMYRCENE M ix tu r e s .

UqukL

B enzene .
Toluene
H ep tan e

:
A cetone 
CHCl, .

v«*.

{cal./c.c.)*'

9 0 ,
7'5o

IO‘Oj
®'5b
977
9 -J.

calc.

3-io

OOi
6-9

5*5
3*5

a(cal./c.c.).

obs.

5*1
1 6 0
0 7 .
4-2

- 1 7  
8 t o  l 6  

~ i * 6  t o  — 3 5

XOO ----------  (C .C .).

I '5 
0*2 

- 0 - 4  
1*2 

- 0 - 3  
0-4 
0*2

p a re d  w i th  t h e  e x p e r im e n ta l  v a lu e s , a n d  i t  is  e v id e n t  t h a t  w h ile  th e r e  is 
a  ro u g h  a g re e m e n t a s  to  o rd e r  o f  m a g n itu d e  fo r  b e n ze n e , to lu e n e , h e p ta n e ,  
C Sj, a n d  a c e to n e , th e  h a lo g e n a te d  h y d ro c a rb o n s  fa ll  c o m p le te ly  o u t  o f 
lin e .

I t  h a s  b een  s u ^ e s t e d  * t h a t  t h e  g e n e ra l so u rc e  o f  d is a g re e m e n t b e tw ee n  
c a lc u la te d  a n d  e x p e r im e n ta l  h e a ts  o f m ix in g  o f  l iq u id s  a r is e s  f ro m  th e  
fa ilu re  o f  th e  a s s u m p tio n  in v o lv e d  in  t h e  d e r iv a tio n  o f  e q u a t io n  (2 ) t h a t  
th e r e  is  n o  v o lu m e  c h a n g e  o n  m ix in g . I n  o rd e r  t o  t e s t  th e  im p o r ta n c e  of 
t h is  f a c to r  in  th e  p re s e n t  case  th e  v o lu m e  c h an g e s  o n  m ix in g  w ere  m e a su re d  
in  a  s im p le  m o d if ic a tio n  of t h e  a p p a r a tu s  d e sc rib e d  b y  H ild e b ra n d  a n d  
C arter.®  I t  c o n s is te d  o f a  U - tu b e  o f  t o ta l  v o lu m e  ca. 7  c .c ., th e  u p p e r  
p a r t s  o f  th e  tw o  lim b s  b e in g  o f  c a p i l la ry  tu b in g , c lo sed  a t  th e  o u te r  en d s  
b y  s to p p e rs . T h e  tu b e  w as filled  w ith  3  c .c . o f  m e rc u ry  p lu s  2  c .c . o f e ac h  
l iq u id  u n d e r  e x a m in a t io n  a n d  th e r m o s ta t te d ,  t h e  m e rc u ry  fo rm in g  a  s ^  
b e tw e e n  th e  tw o  liq u id s . A f te r  re a d in g  th e  l iq u id  lev e ls  in  t h e  c ap illa rie s , 
t h e  tw o  l iq u id s  w e re  m ix e d  b y  a llo w in g  th e  m e rc u ry  to  flow  fro m  lim b  to  
h m b  a n d  th e  lev e ls  a g a in  n o te d . T h e  e x p a n s io n s  o b se rv e d  c .c . /c x .  
o f t o ta l  liq u id ), a r e  g iv e n  in  T a b le  I ,  e x p re sse d  a s  1 0 0  AK«/t>oVr, w in ch  is  
re p ro d u c ib le  t o  ±  0 - 2  c .c . T h e  e n e rg y  re q u ire d  to  c o m p re ss  t h e  m ix tu re  
is o th e rm a lly  t o  th e  v o lu m e  i t  w o u ld  h a v e  if  m ix in g  o c cu rre d  w i th o u t  c h a n g e  
o f  v o lu m e  is  a p p ro x im a te ly  T a v A 7 ®/4 i*3 i5 c a l. w h e re  a v (d e g .- ‘), ^ (a tn i“‘) 
a re  th e  co effic ien ts o f c u b ic a l e x p a n s io n  a n d  c o m p re s s ib i l i ty  o f  th e  m ix tu re .  
F o r  m o s t  l iq u id s  a t  ro o m  te m p e ra tu r e  T aT /4 i*3 ^ ^  1 0 0  c a l ./c .c .,  t o  t h a t  
th e  l a s t  c o lu m n  is  a p p ro x im a te ly  e q u a l, n u m e ric a lly , t o  t h e  c o n tr ib u t io n  
t o  t h e  h e a t  o f m ix in g  fro m  th e  w o rk  d o n e  a g a in s t  th e  in te rm o le c u la r  
fo rce s  in  th e  o b se rv e d  e x p a n s io n . T h is  c o n tr ib u t io n  is  b y  n o  m e a n s  
n ^ H g ib le  fo r  b e n ze n e  a n d  O S, b u t  th e  la c k  o f c o rre la t io n  b e t w ^  th e  
la s t  tw o  c o lu m n s  sh o w s t h a t  i t  d o es n o t  a c c o u n t  q u a n t i t a t iv e ly  fo r  to e  
d is c re p a n c y  b e tw e e n  th e  c a lc u la te d  a n d  o b se rv e d  v a lu e s  o f  a . I n  v i ^  
o f  th is  co n clu sio n , i t  w as n o t  c o n s id e re d  w o r th  w h ile  t o  in v e s tig a te  th e  
c o n s ta n c y  o f  t h e  fu n c tio n  A F “ /uoVr.

«Gee. I .R .l. Trans.. 1943. *8» 266.
‘  Scatchard. Trans. Farad. Soc., 1937. 33» i^o.
•Hildebrand and Carter, J.A.C.S.. 1932, 54. 339«-



3. Estim ation of Heats of Dilution of R ubber from  C alori- 
m etric  Data.

I n  o rd e r  t o  o b ta in  th e  hefet o f  d i lu t io n  A i/o , w e  re -w rite  e q u a t io n  ( i)  
to  give the heat absorbed M l, on mixing iVo moles of liquid (molar vol. 
To) with Nt moles of rubber (molar volume V,) in the form :

AH =

and differentiate, to  obtain AH,, = 

If a is constant, the result is

C b^H \
^ U N j s r  '

AHo/Vp» =  aK o

( O

(2 )

(3)

If a is not constant, we may still express the experimental results in 
terms of a, and it  may thep be shown tha t

A H o -  /  3 a (4)

Using values of from the smoothed curves of Fig. 3, we thus obtam
AHJvt* as functions of Vt for dihydromyrcene in acetone and chloroform;

for the other liquids (3) may be used with 
sufficient accuracy.

We have now to consider the relation 
P ^ / g between the heats of dilution of dihydro­

myrcene and of rubber by the same liquid. 
If we denote the respective “ constants *’ 
of equation ( i )  by «d, a ,,  (2 ) gives
otd =  ( V^o -  7 *4 2 )* ; « i =  ( -  7 *9 8 )*,

whence
2 ttd -  a, =  i'i2(V «o -  7'7o)- • (5)

A  /^m 

' c.)

0 2  0-4 Of OS hO

F ig . 4.— H eats  of m ixing of 
squalene w ith  benzene (i). Hep* 
ta n e  (2 ).

This equation should be true provided 
th a t the difference between the heats of 
dilution of dihydromyrcene and rubber 
can be represented completely by the 
difference of cohesive energy density, i.e. 
provided th a t the factors responsible for 
the failure of equation (2) are equally oper- 

cases. This is clearly a plausible assumption, and one 
to  hold much more closely than (2). A limited t ^ t  of

ative in both 
would expect
its validity has been made by comparing the heats of mixing of benzene 
and heptane with dihydromyrcene and squalene. Denoting the constant 
of mixtures with the latter by ob, equation (5) should be replaced by

otd -  =  0-72 (V^o -  7-60) • • • (s')
The experimental data for the squalene mixtures are given in Fig. 4, 
which shows equation (i) to  be very well obeyed. Table I I  shows tha t 
the observed and calculated values of (aa — ag) are in excellent agreement t

T A B L E  I I .— H e a t s  o f  M ix in g  w it h  S q u a le n e  a n d  D ih y d ro m y rc e n e .

Uquld. ad> Os. ttd —

(obs.) (calc.)
B enzene . 5-1 396 I ’l l
H e p tan e  . 0-65 to  0*8 0*8 to  0*7 ±o-i„ 0*07



V alu es  o f  otfFo h a v e  th e re fo re  b e en  c o m p u te d  b y  u s in g  th e  e x p e r im e n ta l  
v a lu e s  o f  aa a n d  v a lu e s  o f (aa — ocr) c a lc u la te d  fro m  e q u a tio n  (5 ) g i v in g :

T A B L E  I I I .

Uquid.
(caL/mole).

F o r  a c e to n e  a n d  C H C l, c o m b in a tio n  o f
(4 ) a n d  (5 ) g iv es  :

A i/o /F o V r“ =
- V o  3 a d /c > v , - I ‘i 2 ( V « o - 7 7 0 ) -  (6 )

V a lu es  o f  A/fo/Vr* p lo t te d  in  F ig . 5  w ere  
c a lc u la te d  fro m  th is  e x p ress io n . T h ese  
r e s u l ts  (T ab le  I I I  a n d  F ig . 5 ) c o n s t i tu te  
o u r  e s t im a te s  o f  th e  h e a ts  o f  d i lu t io n  o f 
n a tu r a l  r u b b e r  b y  th e  se v e n  l iq u id s  c o n ­
c e rn e d .

O n e  r a th e r  p u z z lin g  f e a tu re  i s  th e  
a p p a r e n t  c o n s ta n c y  o f AH o/t;,* fo r  m o s t 
o f t h e  liq u id s , s ince  t h e  n u m b e r  o f c o n ­
t a c t s  b e tw e e n  r u b b e r  a n d  l iq u id  w ill 
d e p e n d  o n  th e i r  r e la tiv e  m o le c u la r  s u r ­
faces, w h ic h  w ill n o t  b e  p ro p o r t io n a l  to  
th e  v o lu m e  fra c tio n s , e x c e p t  in  th e  
a r ti f ic ia l  c ase  o f  in f in ite  c o -o rd in a tio n  
n u m b e r ,  I t  is  t r u e  t h a t  th is  c o n s ta n c y  
h a s  o n ly  b e e n  p ro v e d  e x p e r im e n ta l ly  
fo r  m ix tu re s  w i th  d ih y d ro m y rc e n e  a n d  
sq u a le n e , b u t  th e  c a se  o f b e n ze n e  +
sq u a le n e  a ffo rd s  a  v e ry  s t r ik in g  e x a m p le  o f  th e  d is a g re e m e n t b e tw ee n  
th e o r y  a n d  e x p e r im e n t ; a c c o rd in g  t o  O r r 's  c a lc u la tio n s  t h e  v a lu e  o f  
AHo/Vr* a t  Vr o sh o u ld  b e  o n ly  a b o u t  o n e  h a lf  o f  t h a t  a t  v, =  i .  T h e  
o r ig in  o f t h e  d is c re p a n c y  re m a in s  o b scu re , b u t  th e s e  e x p e r im e n ta l  re su lts ,  
so  f a r  a s  t h e y  go, s u p p o r t  th e  u su a l p ra c t ic e  o f  a s su m in g  A H  0 *  fo r 
p o l3n n e r  -f- l iq u id , a s  w ell a s  fo r  m ix tu re s  o f tw o  liq u id s .

T h e  h e a t  o f  d i lu t io n  o b ta in e d  fo r  b e n ze n e  d o es n o t  a g ree  w i th  o u r  
d i r e c t  e s t im a te  re p o rte d  e a r lie r  “ a c c o rd in g  to  w h ic h  AH*/Vr“ v a r ie s  f ro m  
1 6 0  c a l./m o le  a t  v , =  i  to  6 0  c a l ./m o le  a t  t/r =  o  ; w e  w ish  to  d e fe r  co m ­
m e n t  o n  th is  u n t i l  f u r th e r  w o rk  o n  b en zen e , n o w  in  p ro g ress , is  c o m p le te d .

E stim ation of Entropies of Dilution.
T h e  free  e n e rg y  o f d i lu t io n  o f  n a tu r a l  r u b b e r  b y  e a c h  o f  th e s e  l iq u id s  

h a s  b e e n  c a lc u la te d  fro m  th e  a v a i la b le  v a p o u r  p re s su re  d a ta ,  a n d  c o m b in e d  
w ith  t h e  a b o v e  th e rm a l  m e a su re m e n ts  to  g iv e  a n  e s t im a te  o f  th e  e n tro p y  
o f  d ilu t io n . T h e  r e su lts  a re  sh o w n  in  F ig s . 6  a n d  7 , in  w h ich  AS^/Wr* is

F ig . 5 . —  E stim ated  h ea t of 
d ilu tion  of n a tu ra l ru b b e r b y  : 
( i)  acetone, (2 ) CHCl,.

’ (a) Gee a n d  Treloar, Trans. Farad. Soc., 1 9 4 a, 3 8 , 1 4 7 . ip) O rr, ibid., 
4 0 , 3 2 0 .
Gee. ibid., 1 9 4 2 . 3 8 , 4 1 8  ; cf. 7 (a).

1 9 4 4 , 4 0 , 320



p lo t te d  a g a in s t  v„ a n d  c o m p a re d  w i th  t h e  th e o re t ic a l  v a lu e  o b ta in e d  fro m  
M ille r’s e q u a t io n  »  •

A5 g =  - i ?  l n ( i  - W r )  . . (7 )

I n  F ig . 6  c u rv e s  a r e  sh o w n  fo r  th r e e  v a lu e s  o f  th e  c o -o rd in a tio n  n u m b e r  
Z , v iz . 4 , 6 , 00. W ith  Z  =  00, (7 ) re d u c e s  t o  F lo r y ’s e x p re ss io n  ; “

^ S ,  =  -  J? [h l( l -  Vr) +  Vr] . .

I t  is  e a s ily  sh o w n  fro m  (7 ) t h a t

4  0

5-5

JO

I
I

h

A  So
■2-5

cal/m olf^C

2 ’0

15

V
I j l

Av
/  / I

/J ^
' j f

---------
0-5

/

O-f 0 -Z 0^3 0 4 - ChS 0-6  O-J 0-8  O 'S  hO

(8 )

(9)

F ig. 6.— Entropy of dilution of natural rubber by hydrocarbons.
O  B enzene a t  2 5 ° C.'* A  H ep tan e  a t  4 0® C.• X Toluene a t  2 5 ® C.“  

D o tted  curves calculated  from  equaticm  (7 ).

so  t h a t  p lo ts  o f  A 5o/vr* Vr fo r  d if ie re n t  v a lu e s  o f Z  a r e  n e a r ly  su p e r-  
p o sa b le  b y  a d d in g  s u ita b le  c o n s ta n ts .  H u g g in s  ‘ h a s  sh o w n  t h a t  a  v e rv  
w id e  r a n g e  o f  th e rm o d y n a m ic  d a ta  ( i n c l u d i ^  t h a t  u se d  h e re ) c a n  b e  r ^  
p re se n te d  b y  a n  e q u a t io n  o f t h e  fo rm

(1 0 )

** Unpublished experiments.
M eyer a n d  Boissonnas, Helv. Chim. Acta, 1 9 4 0 , 3 3 , 4 3 0 .
Mffler. Proc. Camb. Phil. Soc., 1 9 4 3 , 3 9 , 3 4 , 1 3 1 .

* T his is a  sim plification of th e  g e n e r^  eq u atio n , va lid  for polym ers of high 
m olecular w eight, ex cep t in  d ilu te  solutions.

“  F lory, J . Chem. Physics, 1 9 4 1 , 9 , 6 6 0 ; 1 9 4 2 , 1 0 , 5 1 .



w h e re  /i is  a  c o n s ta n t ,  
w e  h a v e  a lso

N ow , fo r  th o se  l iq u id s  fo r  w h ic h  A /f*  =*

A G .
TVr^

A S ,
( I I )

H u g g in s ’ o b s e rv a t io n  th u s  re q u ire s  t h a t  fo r  th e s e  l iq u id s  t h e  e n tro p y  
c u rv e s  sh o u ld  b e  e i th e r  id e n t ic a l  o r  a t  le a s t  su p e rp o sa b le  b y  a d d in g  s u ita b le  
c o n s ta n ts .  T h is  is  n e a r ly  t r u e  in  m o s t  cases, a l th o u g h  th e  p re s e n t  m e th o d  
o f  p lo t t in g  p ro v id e s  a  m u c h  m o re  se v e re  t e s t  o f  e q u a t io n  ( lo )  t h a n  t h a t  
e m p lo y e d  b y  H u g g in s . I f  e q u a t io n  ( lo )  h o ld s  fo r  liq ijid s  fo r  w h ich
A H , + ' cutV^v,^ i t  fo llow s t h a t  A5e/Vr* c a n n o t  b e  o f th e  s ta n d a r d  fo rm .

I t  is  e v id e n t  
f ro m  F ig s . 6  a n d  
7  t h a t  o u r  e s t i ­
m a te d  e n tro p ie s  
o f  d ilu t io n , a l ­
th o u g h  g e n e ra lly  
o f  t h e  e x p e c te d  
f o r m ,  d o  n o t  
a g re e  q u a n tita >  
t i v e l y  e i t h e r  
a m o n g  t h e m ­
se lv es  o r  w ith  
t h e  th e o re tic a l  
e q u a tio n . I t  is  
u n lik e ly  t h a t  th e  

, f r e e  e n e rg ie s  d e ­
d u c e d  f r o m  
v a p o u r  p re ssu re  
d a t a  c a n  b e  
se r io u s ly  in  e r ro r  
fo r  Vt >  0 *5 , b u t  
t h e  lo w e r p o in ts  
a r e  m u c h  l e s s  
c e r t a i n .  S o m e  
p a r t  a t  le a s t  o f 
t h e  d isa g re e m e n t 
m a y  a r is e  f ro m  
e r r o r s  i n  t h e  
h e a ts  o f  d i lu t i o n ; 
t h i s  c a n n o t  
a t  p re s e n t  be  
c h e c k e d .  D i s ­
c u ss io n  o f  th e  
o r ig in  o f  th e s e
d if fe re n t e n tro p ie s  o f  d i lu t io n  m u s t  th e re fo re  b e  so m e w h a t t e n ta t iv e  a t  
p re s e n t .  .

T h e  f ir s t  p o in t  t o  b e  n o te d  is  t h a t  ^ n a t i o n  .(7 ) w a s  d e d u c e d  o n  th e  
a s s u m p tio n  o f  ra n d o m  m ix in g , so  t h a t  i t  c a n  o n ly  b e  e x p e c te d  to  a p p ly  
a c c u ra te ly  t o  a th e r m a l  m ix tu re s .  T h e  n e a re s t  a p p ro a c h  t o  th is  c o n d it io n  
is  p ro v id e d  b y  to lu e n e , h e p ta n e  a n d  C S „  a n d  i t  is  s a t is f a c to ry  t o  n o te  
t h a t  th e s e  th r e e  l iq u id s  g iv e  e n tr o p y  c u rv e s  in  fa ir  a g re e m e n t w i th  th e o ry ,  
a s su m in g  lo w  9 0 -o rd in a tio n  n u m b ^  ( 4  t o  6 ) . T h e re  is , o f  c o u rse , n o  
r e a so n  to  s u p p ^  t h a t  t h e  c o -o rd in a tio n  n u m b e r  w ill b e  t h e  s a m e  fo r  a ll  
m ix tu re s  o f  r u b b e r  +  l iq u id , o r  e v e n  t h a t  i t  w ill n e c e ssa r ily  b e  in d e p e n d e n t  
o f  c o n c e n tr a t io n  in  a n y  p a r t ic u la r  m ix tu re .  T h e  e ffec t o f  f in ite  h e a ts

S tam berger, J.C.S., 1 9 *9 , 2 3 2 3 .
Len*. Rec. trav. chim., 1 9 3 2 , 5 1 , 9 7 1 .

F ig . 7 .—E n tro p y  o f d ilu tion  o f n a tu ra l ru b b e r b y  p o lar 
liquids.

Curve 1 . T heoretical (Z =  6 ). Curve 4 . A cetone a t  3 5 ® C.‘*
2 . CS, a t  2 5 ® C.“  5 . C H C l, a t  35° C .»
3 . CCI4 a t  3 5 * C.»« 6 . C H C l, a t  2 5 * C.“



o f  m ix in g  o n  th e  e n tr o p y  o f  d i lu t io n  h a s  b een  e s t im a te d  b y  O r r , ’> a n d  
sh o w n  to  b e  sm a ll  fo r  h e a ts  o f  m ix in g  o f t h e  o rd e r  fo u n d  e x p e r im e n ta l ly  
fo r  m o s t  o f t h e  l iq u id s  w i th  w h ic h  w e h a v e  w o rk e d , t h e  o n ly  p o ss ib le  
e x c e p tio n  b e in g  a ce to n e . T h e  e ffe c t v a n is h e s  fo r  Z  =  oo, a n d  fo r  f in ite  
v a lu e s  o f  Z  is  p o s i t iv e  a t  lo w  Vt, n e g a tiv e  a t  h ig h . U s in g  O r r ’s  e q u a tio n , 
t h e  th e o re t ic a l  e n tr o p y  o f  d i lu t io n  o f r u b b e r  b y  b en zen e , ta k in g  *= 3 1 0  
c a l . ; Z  =  6  is  2*08  cal./nioIe/® C . a t  u , =  o*8 , w h ic h  is  a lm o s t  id e n tic a l  
w i th  th e  v a lu e  c a lc u la te d  fo r  a th e rm a l  m ix in g . T h e  h ig h  e n tro p y  fo u n d  
e x p e r im e n ta l ly  fo r  b e n z e n e  a p p e a rs  t o  b e  a  sp ec ific  effec t, a n d  is  p ro b a b ly  
d u e  to  th e  f a c t  t h a t  th is  l iq u id  is  k n o w n  fro m  o th e r  e v id e n ce  to  b e  r a th e r  
h ig h ly  ordered,^® d u e  n o  d o u b t  t o  a  te n d e n c y  fo r  t h e  f la t  m o lecu le s  t o  p a c k  
w i th  t h e  p la n e s  o f  a d ja c e n t  m o lecu le s  p a ra lle l .  T h e  v e ry  la rg e  e x p a n s io n  
fo u n d  o n  m ix in g  w ith  d ih y d ro m y rc e n e  (T ab le  I) is  a lm o s t  c e r ta in ly  c o n ­
n e c te d  w i th  th e  b re a k d o w n  o f  th is  o rd e re d  a r ra n g e m e n t.

Fig. 8.— Thermodynamic 
functions for the system 
natural rubber +  methyl al­
cohol.

(1)

(2 )

(3)

(4 )

C.

TVr*

Tv,*
and (2). 

J S ,

at 35  ̂C. 

at 30® C. from (i)

at 30** C. from (i) 

(2) and (3).

A c e to n e  is  a n  e x a m p le  o f  a  l iq u id  p o ssessin g  a  r a th e r  la rg e  h e a t  of 
m ix in g  w ith  ru b b e r ,  th e  tw o  m a te r ia ls  b e in g  o n ly  p a r t ia l ly  m isc ib le . T h e  
te n d e n c y  to w a rd s  s e p a ra t io n  in to  tw o  p h a se s  is  sh o w n  b y  th e  r a p id  fa ll 
o f  b o th  A H o/T vr*  a n d  ASo/Vr* a s  th e  a c e to n e  c o n te n t  is  in c re ased , in d ic a tiv e  
o f  in c re a s in g ly  n o n -ra n d o m  m ix in g . A lth o u g h  in  th e  d ire c tio n  in d ic a te d  
b y  O r r ’s  a n a ly s is , b o th  e ffec ts  a r e  c o n s id e ra b ly  g re a te r  t h a n  w o u ld  b e  
g iv en  b y  th e  th e o ry .  T a k in g  =  lo o o  c a l., Z  = 6 , t h e  c a lc u la te d
v a lu e s  a t  v , =  o *8 a r e  A /?o /vr“ =  6 8 0  c a l . /m o le ;  A5o/vr* «= i *86 
c a l./m o le /°C . T h e  m a x im u m  in h ib i t io n  o f  a c e to n e  b y  r u b b e r  a t  3 5 ° C. 
s h o u ld  b e  o n ly  a b o u t  8  %  b y  v o lu m e, c o m p a re d  w i th  th e  e x p e r im e n ta l  
v a lu e  o f c a .  2 0  % . I t  is  e v id e n t  th e re fo re  t h a t  n e i th e r  th e  c ru d e  th e o ry , 
a s  d e v e lo p e d  b y  F lo ry  a n d  H u g g in s , n o r  O r r 's  re fin e m e n t o f  i t ,  a p p lie s  
q u a n t i t a t iv e ly  t o  th is  sy s te m .

CCI4 a n d  C H C l, p re s e n t  a  d if fe re n t k in d  o f d e p a r tu r e  f ro m  th e  s im p le  
t h e o r y ; t h e  e n tr o p y  o f  m ix in g  is  a g a in  sm a ll, b u t  fo r  th e s e  l iq u id s

** Scatchard, Wood and Mochel, / .  Physic Chem., 1939. 43. H 9 *



is  n e g a tiv e ,  in d ic a tin g  a  te n d e n c y  to w a rd s  c o m p le x  fo rm a tio n  b e tw e e n  
th e  l iq u id  a n d  ru b b e r .  T h e  v e ry  sm a ll  e n tro p ie s  o f  d i lu t io n  a t  lo w  l iq u id  
c o n c e n tra t io n s  a ffo rd s  f u r th e r  e v id e n ce  o f o rd e r  in  th e  m ix tu re ,  a s so c ia te d  
w i th  c o m p le x  fo rm a tio n .

5. Therm odynam ics of the System  R ubber M ethyl Alcohol.
T h e  e v id e n ce  p re se n te d  a b o v e  sh o w s t h a t ,  w h ile  t h e  s t a t i s t ic a l  th e rm o ­

d y n a m ic  th e o ry  o f  p o ly m e r  so lu tio n s  h o ld s  re a so n a b ly  w e ll fo r  n o rm a l 
m ix tu re s  i t  is  less s a t is f a c to ry  w h e n  th e  h e a t  o f m ix in g  is  la rg e . I n  o rd e r  
t o  t e s t  t h e  u se fu ln ess  o f  t h e  p re s e n t  th e o r ie s  in  a n  e x tr e m e  case , w e  h a v e

Fig. 9 .— Theoretical thermodynamic functions for rubber and methyl 
alcohol at 30® C.
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s tu d ie d  th e  th e rm o d y n a m ic  p ro p e r t ie s  o f m ix tu re s  o f  r u b b e r  +  m e th y l  
a lco h o l. O n ly  a b o u t  2  %  o f  m e th y l  a lc o h o l is  im b ib e d  b y  r u b b e r  a t  ro o m  
te m p e ra tu re ,  so  t h a t  a  v e r y  l im ite d  c o n c e n tr a t io n  ra n g e  is  a v a ila b le  fo r 
s tu d y .  V a p o u r  p re ssu re s  w e re  m e a su re d  a t  2 5 ° C. a n d  3 5 ® C. b y  a  m e th o d  
p re v io u s ly  d e sc rib e d  a n d  u se d  to  c a lc u la te  t h e  fre e  e n e rg y  a n d  h e a t  
o f  d ilu t io n . T h e  r e s u l ts  a re  sh o w n  in  F ig . 8 , f ro m  w h ich  th e  fo llow ing  
p o in ts  m a y  b e  n o te d  :—

(i) AHo/Vr* fa lls  v e ry  ra p id ly  a s  t h e  a lco h o l c o n te n t  o f t h e  m ix tu re  
in c re ase s . T h is  b e h a v io u r  is p a ra l le le 4  b y  th e  h e a ts  o f so lu tio n  o f  a lco h o ls

\



in  lo w  m olecule ir h y d r o c a r b o n s , a n d  m u s t  b e  a sc r ib e d  to  t h e  a lm o s t  co m ­
p le te  a s so c ia tio n  o f  a lco h o ls  e x c e p t  in  th e  m o s t  d i lu te  so lu tio n . T h e  v e ry  
la rg e  h e a t  o f d i lu t io n  a s  v® o  r e p re se n ts  th e  e n e rg y  o f th e  h y d ro g e n  
b o n d s , a n d  is  o f th e  sa m e  o rd e r  fo r  m e th y l  a lco h o l in  r u b b e r  a s  fo r  a  ra n g e  
o f  a lco h o ls  in  h e x a n e  a n d  b en zen e .

(ii) ASo is  v e r y  m u c h  less t h a n  i t s  th e o re t ic a l  v a lu e , e x c e p t  a t  v e ry  
sm a ll  a n d  i t  is  e v id e n t  t h a t  m ix in g  is  f a r  f ro m  ra n d o m .

(ill) T h ese  d e v ia t io n s  a r e  f a r  la rg e r  t h a n  w o u ld  b e  e x p e c te d  o n  th e  
b a s is  o f O r r ’s  c a lc u la tio n  o f th e  e ffec t o f a  h e a t  o f m i x i n g . T h e  d isc re p ­
a n c y  is  n o t  su rp r is in g , s in c e  th e  th e o r y  d o es n o t  m a k e  a llo w a n ce  fo r  
a sso c ia tio n , w h ic h  m u s t  in  th is  c ase  b e  th e  d o m in a tin g  c au se  o f  i r re g u la r i ty .  
F ig . 9  sh o w s th e  th e rm o d y n a m ic  fu n c tio n s  c a lc u la te d  fro m  O r r 's  e q u a tio n , 
a s su m in g  Z  =  6 , w i th  th e  o b se rv e d  h e a t  o f d i lu t io n  e x tr a p o la te d  t o  Vo =  o. 
T h e y  le a d  to  a  p re d ic te d  m a x im u m  im b ib itio n  o f m e th y l  a lco h o l a t  3 0 ® C. 
o f  Vo =  o ‘Oo8 8 , w h ich  is  th e  s a m e  a s  t h a t  c a lc u la te d  fro m  th e  e n tr o p y  
o f  r a n d o m  m ix in g  w i th  AH o/vr* c o n s ta n t .  T h e  e x p e r im e n ta l  v a lu e  is 
so m e  th r e e  t im e s  h ig h e r, a  d is c re p a n c y  v e ry  s im ila r  t o  t h a t  fo u n d  fo r 
a c e to n e . A t  th e  sa m e  t im e , c u rv e  4  o f  F ig . 9  sh o w s t h a t  H u g g in s ’ e q u a t io n  
(1 0 ) is  s t i l l  q u i te  a  good  a p p ro x im a tio n , th e  “ c o n s t a n t ”  v a ry in g  b y  
n o  m o re  t h a n  2 5  %  o v e r  th e  a v a i la b le  c o n c e n tra t io n  ra n g e . O v e r  m o s t 
o f  th is  ra n g e , h o w e v er, i t  is  n o t  e v en  a p p ro x im a te ly  r e la te d  t o  th e  h e a t  o f 
d ilu t io n , a n d  i t  is  c le a r  t h a t  ^  w ill b e  te m p e ra tu r e  d e p e n d e n t.

6. Conclusions.
T h e  s ta t is t ic a h  th e rm o d 3m a m ic  th e o r y  o f p o ly m e r  so lu tio n s  is  co n firm ed  

a s  a  v a lid  a n d  u se fu l f ir s t  a p p ro x im a t io n . I n  g e n era l, th e  f ree  e n e rg y  o f 
d i lu t io n  c a n  b e  e x p re ssed  w ith  c o n s id e ra b le  a c c u ra c y  a s  th e  d iffe ren ce  
b e tw e e n  a n  “  a p p a r e n t  h e a t  o f  d ilu tio n ,* ’ p ro p o r t io n a l  t o  v,* a n d  T  t im e s  
th e  e n tr o p y  o f d i lu t io n  c a lc u la te d  fo r  ra n d o m  m ix in g . T h e  id e n tif ic a tio n  
o f  th e s e  tw o  te rm s  a s  th e  t r u e  h e a t  a n d  e n tr o p y  o f  d i lu t io n  is  n o t  g e n e ra lly  
c o rre c t,  b o th  b e in g  su b je c t  t o  c o n s id e ra b le  v a r ia t io n s  a r is in g  fro m  th e  
e x is te n c e  o f  o rd e r  in  th e  c o m p o n e n ts  o r  in  t h e  m ix tu re .  T h ese  v a r ia tio n s , 
w h o se  e ffec ts  o n  th e  free  e n e rg y  n e a r ly  can ce l, a r e  in  th e  d ire c tio n  to  b e  
e x p e c te d  fro m  O r r ’s  a n a ly s is  o f  th e  e ffec t o f  a  f in ite  h e a t  o f  m ix in g , b u t  
m a y  b e  c o n s id e ra b ly  la rg e r . T h e  p re s e n t  th e o r y  fa ils  m o s t  se r io u s ly  in  
th e  e s t im a tio n  o f  (i) tw o  p h a se  e q u ilib r ia , a n d  (ii) t h e  te m p e ra tu r e  co ­
e ffic ien t o f  t h e  free  en erg y .

Sum m ary.
C a lo rim e tr ic  m e a su re m e n ts  o f  th e  h e a ts  o f m ix in g  o f se v e n  l iq u id s  w ith  

d ih y d ro m y rc e n e  a re  u se d  to  e s t im a te  t h e  h e a ts  o f  d i lu t io n  o f r u b b e r  b y  
th e s e  l iq u id s . C o m b in in g  th e  r e su lts  w i th  f ree  en erg ies  c a lc u la te d  fro m  
v a p o u r  p re s su re  g iv es  e n tro p ie s  o f  d i lu t io n  w h ic h  sh o w  s ig n if ic a n t d e v i­
a t io n s  fro m  th e  p re s e n t  s t a t i s t ic a l  th e o ry .

A  th e rm o d y n a m ic  s tu d y  o f  r u b b e r  4 - m e th y l  a lc o h o l sh o w s s im ila r  
b u t  la rg e r  d e v ia tio n s .

T h is  w o rk  fo rm s  p a r t  o f  a  p ro g ra m m e  o f  fu n d a m e n ta l  re s e a rc h  o n  ru b b e r  
u n d e r ta k e n  b y  th e  B o a rd  o f  t h e  B r i t is h  R u b b e r  P ro d u c e rs ’ R e se a rc h  
A sso c ia tio n .
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