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n a v e  b e e n  w id e ly  
T h e  p u rp o se  o f th is  p a p e r  is  t o  p re s e n t  a  n ew  th e o re t ic a l
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T h e  r e la t iv e  m e r i ts  o f t h e  o sm o tic  a n d  v isc o s ity  
te r m in a t io n  o f th e  m o le c u la r  w e ig h ts  o f  h ig h  p o ly  
d iscu ssed .
ju s t if ic a t io n  fo r  th e  o sm o tic  m e th o d , a n d  to  d ra w  a t t e n t io n  to  th e  c o n d i­
tio n s  u n d e r  w h ic h  th e  v isc o s ity  m e th o d  m a y  b e  em p lo y e d .

Osmotic Pressure Measurements.
T h e  e x p e r im e n ta l  d e ta i ls  o f o sm o tic  p re ssu re  m e a su re m e n ts  on  h ig h  

p o ly m e r  so lu tio n s  h a v e  b e e n  d e sc rib e d  re c e n tly  b y  a  n u m b e r  o f a u th o rs .^  
T h e  re s u l ts  o b ta in e d  g iv e  th e  o sm o tic  p re ssu re  w o f th e  so lu tio n  a s  a  fu n c tio n  
o f  th e  p o ly m e r  c o n c e n tr a t io n  C. T h e  p ro b le m  to  b e  co n s id e re d  h e re  is  t h a t  of 
d e d u c in g  th e  m o le c u la r  w e ig h t M  o f th e  p o ly m e r fro m  th e s e  d a ta .  T h e  
cleissical o sm o tic  p re s su re  e q u a t io n  is  t h a t  o f v a n 't  H off

n  R T
c M .................................................. (I)

R T
a c c o rd in g  to  w h ic h  U/c sh o u ld  b e  in d e p e n d e n t  o f C a n d  e q u a l to

I n  g e n e ra l,  p o ly m e r  so lu tio n s  d o  n o t  o b e y  th is  law , b u t  77/C in c re a se s  
a p p ro x im a te ly  l in e a r ly  w ith  C, th e  s lo p e  d e p e n d in g  o n  th e  n a tu r e  o f  th e  
s o lv e n t. A n  i l lu s t r a t io n  o f th is
b e h a v io u r  is  g iv e n  b y  F ig . 
sh o w in g  so m e  o f D o b r y 's  m e a s ­
u re m e n ts  o f  th e  o sm o tic  p re ssu re  
o f n itro c e llu lo se  in  v a r io u s  so l­
v en ts .* (a ) T h ese  r e s u l ts  show  
t h a t  th e  l im itin g  v a lu e  o f TljC 
a t  in f in ite  d i lu t io n  is  t h e  sam e  
fo r  a ll  t h e  so lv e n ts  e x am in ed . 
N o  c a se  h a s  b een  re p o r te d  in  

jBA^hich th is  h a s  b e en  p ro v e d  to  
^ e  u n tru e ,  b u t  in  th e  c ase  of 

p o ly m e rs  o f v e ry  h ig h  m o le c u la r  
w e ig h t i t  is  n o t  u su a lly  p o ss ib le  
to  d e m o n s tr a te  i t  w i th  c e r ta in ty ,  
o w in g  to  th e  d iff ic u lty  o f e x t r a ­
p o la t in g  d a ta  sh o w in g  a  la rg e  
slo p e . T h is  p ro b le m  of e x t r a ­
p o la t io n  fu rn ish e s  o n e  o f th e

(a) Acttone.
^  (b)Mtrhyt Mo!.

{c)Nitrobtnt€ne.
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F ig . I . — Osm otic P ressures of N itro ­
cellulose Solutions a t  2 2 ® C.

1(a) Dobry, ] .  chim. physique, 1935, 3 3 , 5 0 ; Koll. Z„  1937. I90. {b)
C arte r a n d  R ecord, J.C.S., 1939, 660. (c) Gee, Trans. Faraday Soc., 1940, 3 6 ,
; i 62 ; 1942. 3 8 , 147 . (d) Flory, J.A.C .S., 1943. 65, 372. («) Fuoss a n d  Mead,
J. Physic. Chem., 1943, 4 7 , 59 .



m a jo r  e x p e r im e n ta l  d ifficu lties  o f th e  o sm o tic  m e th o d , a n d  i s  p e rh a p s  
b e s t  d e a l t  w ith  b y  c h o ice  o f a  so lv e n t w h ich  re d u c e s  th e  d e p e n d e n c e  • of 
n jC  o n  C. H a v in g  e s t im a te d  th e  l im itin g  v a lu e  w e w rite

\ z j . - M ........................................................

B efo re  o n e  c a n  p lac e  a n y  re lian c e  o n  m o le c u la r w e ig h ts  d e r iv e d  fro m  
(2 ) i t  is  n e c e ssa ry  to  c o n s id e r  i t s  th e o re tic a l  b a sis . B y  th e rm o d y n a m ic  
re a so n in g , i t  m a y  b e  sh o w n  th a t ,  fo r  d i lu te  so lu tio n s  o f any  so lu te,*

/7F„=-AG„= TAS„-Ai/„ . . (3)
w h e re  K , is  th e  m o la r  v o lu m e  of th e  so lu te  a n d  AG„, ASo, AHo a re  th e  
in c re a se s  in  G ib b s ’ free  e n erg y , e n tro p y  a n d  h e a t  c o n te n t  w h e n  o n e  m ole  
o f so lv e n t  is  a d d e d  to  a  la rg e  b u lk  of so lu tio n . F o r  id e a l  so lu tio n s , 
A / / ,  =  o, a n d  e q u a t io n  (3 ) g iv es  a  r e la tio n  b e tw e e n  th e  o sm o tic  p re ssu re  
a n d  th e  e n tr o p y  of d i lu t io n  AS„. N o w  i t  is  p o ss ib le  t o  c a lc u la te  AS„ 
s ta t i s t ic a l ly  fo r  s im p le  sy s te m s  b y  m a k in g  use  o f B o l tz m a n n ’s e q u a t io n  * 
r e la t in g  th e  e n tr o p y  S  of a  sy s te m  w ith  i ts  p r o b a b il i ty  P  :

S  =  fc In P  .................................................. (4 )

T h u s , if th e  so lu te  a n d  so lv e n t m olecu les a re  of s im ila r  size, w e m a y  c a lc u ­
l a te  P,  a n d  th e re fo re  S,  b y  c o n sid e rin g  th e  n u m b e r  o f w a y s  of a r ra n g in g  
th e  m olecu les o n  a  p se u d o -c ry s ta l  la t t ic e . I t  is r e a d i ly  sh o w n  in  th is  
w a y  t h a t  th e  e n tro p y  of d ilu t io n  is  g iv e n  b y  ‘

/  N  
AS„ =  i ? l n  ' - ' •( . + 1 )  . . . . (5 )

w h e re  N„  a re  th e  n u m b e rs  of so lu te  a n d  so lv e n t m o lecu les in  th e  
m ix tu re . F o r  d i lu te  so lu tio n s , th e  log. t e r m  m a y  be  e x p a n d e d , g iv in g

R V
A S , ^ R N , / N , ^ ^ ° C .  . . . (6 )

I f  AHf  =  o, s u b s ti tu tio n  o f  (6 ) in to  (3 ) lead s a t  o n ce  to  v a n ’t  H o ff’s law .
I f  A/^o is  n o t  neg lig ib le , i t  m a y  b e  sh o w n  s ta ti s t ic a l ly  * th a t ,  fo r d ilu te  
so lu tio n s ,

AH,  =  «FoC« . . . . (7 )
w h e re  a  is  a  c o n s ta n t .

H en ce , S  ^  ~  ..................................................

f ro m  w h ic h  (2 ) fo llow s a t  once.
T h e  p ro b le m  o f c a lc u la tin g  A S , b eco m es m u ch  m o re  d ifficu lt w h en  th e  

s o lu te  m olecu les a re  la rg e , b u t  a n  a p p ro x im a te  s o lu tio n  hsis been  o b ta in e d  ’ 
fo r th e  sp ec ia l c ase  t h a t  th e  p o ly m e r  co n s is ts  of long  flex ib le  c h a in s  w h ich  
m a y  be  re g a rd e d  a s  d iv is ib le  in to  se g m en ts , e ac h  th e  size of a  s o l v e n t s ,  
m o lecu le , w ith  c o m p le te  freed o m  of r o ta t io n  b e tw e e n  se g m en ts . I t  h a s  
b e en  sh o w n  t h a t  th is  m o d el le a d s  to  a n  e q u a t io n  of th e  sa m e  fo rm  a s  (8 ), 
a n d  th e re fo re  t h a t  (2 ) is  sa tis fied . T h is  m o d el is  c le a rly  to o  s im p le  to  be  
a p p lic a b le  to  p o ly m e r  so lu tio n s  g e n e ra lly , b u t  in  th e  n e x t  se c tio n  i t  w ill

’ Gee, Trans. Faraday Soc., 19 4 0 , 3 6 , 1 1 7 1 .
• Guggenheim , Modern Thermodynamics (M ethuen, 1 9 3 3 ), p. 9 7 .
‘ Fow ler and  Guggenheim , Statistical Thermodynamics (Cambridge, 19 3 9 ), 

p. 6 2 .*
* Ibid., p. 1 6 3 .
* T his has been confirm ed experim entally.*
• H ildebrand , Solubility of Non-electrolytes (Reinhold, 1 9 3 6 ), ch. 3 .
’ F lory , J. Chem. Physics, 19 4 2 , 1 0 , 5 1 . H uggins, Ann. N .Y . Acad. Set., 

*9 4 2 , 43. I- Miller, Proc. Canib. Phil. Soc., 1 9 4 2 , 3 8 , 10 9  ; 1 9 4 3 , 3 9 , 1 3 1 .



b e  sh o w n  t l i a t  e q u a t io n  (2 ) is in  f a c t  a p p lic a b le  to  s o lu te  m o lecu les  o f  a n y  
s ize  a n d  sh a p e .

Limiting Form of the Entropy of Dilution.
W e c o n s id e r  t h e  a r ra n g e m e n t,  o n  a  l a t t ic e  o f N„ +  f iN,  s ite s , of 

so lv e n t m o lecu les, e ac h  o c c u p y in g  o n e  s ite , a n d  N ,  p o ly m e r  m olecu les, 
e a c h  re q u ir in g  n  s ites , a n d  w e co n fin e  o u r  a t t e n t io n  t o  h ig h ly  d i lu te  so lu ­
t io n s , so  t h a t  n N,  < < N„. T h e  la t t ic e  is  t o  b e  filled  b y  a r ra n g in g  th e  
p o ly m e r  m o lecu le s  first, a n d  i t  is  e v id e n t  t h a t  a ll  th e  s ite s  a r e  a v a ila b le  to  
t h e  f ir s t  s e g m e n t o f  th e  f ir s t  p o ly m e r m o lecu le . H a v in g  fix ed  th e  f irs t 
se g m e n t, t h e  n u m b e r  o f w a y s  o f a r ra n g in g  th e  re m a in in g  se g m e n ts  o f th is  
m o lecu le  w ill b e  so m e d e f in ite  n u m b e r , sa y , w h ic h  w ill d e p e n d  o n  th e  
size, s h a p e  a n d  f le x ib ili ty  o f t h e  p o ly m e r m o lecu le . T h e  t o ta l  n u m b e r  of 
a r ra n g e m e n ts  o f  t h e  f ir s t  p o ly m e r  m o lecu le  o n  th e  la t t ic e  w ill th u s  b e  
pi{No - f  nN,)  I f  th e  so lu t io n  is  su ffic ie n tly  d ilu te , th e r e  w ill b e
v e ry  n e a r ly  t h e  sa m e  n u m b e r  o f w a y s  o f a r ra n g in g  e a c h  re m a in in g  p o ly m e r 
m o lecu le , sin ce  in te r fe re n c e  of o n e  p o ly m e r w i th  a n o th e r  w ill b e  neg lig ib le . 
H e n c e  th e  t o ta l  n u m b e r  o f w a y s  o f a r ra n g in g  th e  N ,  p o ly m e r  m o lecu les  
w ill b e  a p p ro x im a te ly  ipiN,t)^». T h e  n u m b e r  o f  w a y s  o f a r ra n g in g  th e s e  
N ,  p o ly m e r  m o lecu les  o n  n N ,  s i te s  {i.e. in  t h e  p u re  p o ly m e r)  is  u n k n o w n , 
b u t  w e m a y  w r i te  i t  £is p^. U s in g  B o l tz m a n n ’s  e q u a tio n , t h e  in c re a se  of 
e n tr o p y  o n  m ix in g  th e  N ,  p o ly m e r m o lecu le s  w ith  so lv e n t  m o le ­
c u le s  is  se e n  to  b e

AS5 . ^ M N , I n ( / . , J V . )  . . . (9 )

R e p e t i t io n  o f th is  c a lc u la tio n  w i th  th e  n u m b e r  o f  so lv e n t  m o lecu le s  in ­
c re a se d  b y  8N 0 g iv es  fo r  th e  e n tr o p y  o f m ix in g  o f N ,  p o ly m e r
m o lecu le s  w ith  {N^ +  8Nq) so lv e n t  m o lecu le s  :

N ow , b y  d e fin itio n ,

AS„ =  +

w h e re  N  is  A v o g a d ro ’s n u m b e r .
S u b s t i tu t in g  fro m  (9 ) a n d  ( 1 0 ) in  ( 1 1 )

 (6)

S in ce  i t  h a s  a lr e a d y  b e en  a s su m e d  t h a t  th e  so lu t io n  is  so  d i lu te  t h a t  p o ly m e r- 
p o ly m e r  c o n ta c ts  a re  n eg lig ib le , i t  fo llow s t h a t  f u r th e r  d i lu t io n  d o es n o t  
c h a n g e  th e  n u m b e r  o r  n a tu r e  o f th e  in te rm o le c u la r  c o n ta c ts ,  so  t h a t  
A H q =  0 . A  b e t t e r  w a y  o f e x p re ss in g  th is  c o n c lu s io n  is  t o  s a y  t h a t  i t  is 
e v id e n t  f ro m  th is  m o d e l t h a t  a t  su ff ic ie n tly  h ig h  d i lu t io n  AHo b eco m es 
n e g lig ib le  c o m p a re d  w ith  T A S ,. I t  fo llow s, th e re fo re , t h a t  v a n ’t  H o ff’s 
la w  is  t h e  c o r re c t  l im itin g  la w  a t  in f in ite  d ilu tio n , w h a te v e r  m a y  b e  th e  
s ize  a n d  s h a p e  o f th e  s o lu te  m o lecu les.

I f  w e  w r i te  v a n 't  H o ff’s  e q u a t io n  in  t h e  fo rm

teT
............................................................ (^2 )

w h e re  V  is  t h e  v o lu m e  o f so lv e n t in  w h ic h  N ,  s o lu te  m olecu les a re  d isso lved , 
i t  is e v id e n t  t h a t  w h a t  w e a c tu a l ly  o b ta in  b y  o sm o tic  m ea su re m e n ts  is  
t h e  n u m b e r  o f so lu te  m o lecu les, i.e., th e  n u m b e r  o f k in e tic a lly  d is t in c t
u n i ts  o f so lu te . I f  e ac h  o f th e s e  is  a sso c ia ted  w ith  a  n u m b e r  o f so lv e n t
m olecu les, t h e  l a t t e r  w ill n o t  b e  in c lu d e d  in  th e  m o le c u la r  w e ig h t. If,



h o w e v er, tw o  o r  m o re  s o lu te  m o lecu les a re  a s so c ia te d  w ith  e a c h  o th e r ,  th e  
m o le c u la r  w e ig h t fo u n d  w ill b e  t h a t  o f t h e  c o m p le x . A sso c ia tio n  o f th e  
so lv e n t  w ill h a v e  n o  e ffe c t o n  th e  re su l t,  w h ich  is  a lso  in d e p e n d e n t  o f  th e  
n a tu r e  o f t h e  so lv e n t. I t  w ill b e  sh o w n  in  a  su b s e q u e n t  p u b lic a tio n  t h a t  
th is  is  a lso  t r u e  o f m ix e d  so lv e n ts .

T h e  a b o v e  d isc u ss io n  sh o w s t h a t  th e  th e o re tic a l  b a s is  o f th e  o sm o tic  
m e th o d  is  f irm ly  e s ta b lish e d , a n d  t h a t  if  (/7/C)o c a n  be  fo u n d  a c c u ra te ly , 
t h e  a b so lu te  m o le c u la r  w e ig h t o f th e  s o lu te — a s  d isp e rse d  in  th e  so lv e n t 
w h ic h  h a s  b e e n  e m p lo y e d — m a y  b e  c a lc u la te d  fro m  i t  w ith  c o m p le te  
confid en ce .

T he V iscosity M ethod.
M u ch  th e  s im p le s t  atkd m o s t w id e ly  u sed  m e th o d  o f o b ta in in g  th e  

m o le c u la r  w e ig h t o f  lo n g  c h a in  p o ly m e rs  d e p e n d s  o n  th e  m e a su re m e n t o f 
th e  v isc o s ity  o f a  d i lu te  so lu tio n . T h e  th e o re tic a l  a n d  e x p e r im e n ta l  b a s is  
o f th is  h a s  b e e n  w id e ly  d iscu ssed , * a n d  a ll  t h a t  c a n  b e  d o n e  in  th is  b r ie f  
p a p e r  is  t o  in d ic a te  t h e  a u th o r ’s o w n  v iew s a s  to  th e  u se fu ln ess  o f v isc o s ity  
m e a su re m e n ts .

V a rio u s  a t t e m p t s  t o  c a lc u la te  t h e  v isc o s ity  o f  p o ly m e r  so lu tio n s  h a v e  
led  t o  e q u a t io n s  o f th e  g e n e ra l fo rm

i r i \ = K M ^ .................................................. (13)

w h e re  [rf], th e  in tr in s ic  v isc o s ity  is  t h e  lim itin g  v a lu e  a t  in f in ite  d i lu t io n  o f 
Vgpic' %p b e in g  th e  spec ific  v isc o s ity  o f th e  so lu tio n . K , jS a r e  c o n s ta n ts ,  
th e  l a t t e r  b e in g  a ss ig n e d  v a r io u s  v a lu e s  b e tw e e n  o a n d  2 , a c c o rd in g  to  
t h e  s h a p e  o f t h e  p o ly m e r  m o le c u le  in  so lu tio n , a n d  th e  p a r t ic u la r  m o d e l 
u se d  in  th e  a n a ly s is . S ta u d in g e r ’s w e ll-k n o w n  e q u a t io n  is  se e n  to  b e  a  
sp e c ia l c a se  o f {1 3 ), w ith  ^  =  i .  I n  th e  p re s e n t  s t a te  o f t h e  th e o ry ,  i t  
d o e s  n o t  se e m  p o ss ib le  t o  c a lc u la te  a b so lu te  v a lu e s  o f  e ith e r  K  o r  ^  fo r 
a n y  p a r t ic u la r  p o ly m e r  so lu tio n , a lth o u g h  th e  th e o r y  g iv es g o o d  g ro u n d  
fo r  b e lie v in g  t h a t  a n  e q u a t io n  o f th e  fo rm  ( 1 3 ) sh o u ld  h o ld  fo r  a  se rie s  o f 
p o ly m e rs  d iffe rin g  o n ly  in  m o le c u la r  w e ig h t. T h e  m o s t c o n v e n ie n t  w a y  
o f t r e a t in g  th is  is  t o  p lo t  log. [ij] a g a in s t  log. M , a n d  in  F ig . 2 so m e  re c e n t  
d a ta  o n  f r a c t io n a te d  p o ly m e rs  a re  p re se n te d  in  th is  w ajr. I t  is  e v id e n t  
t h a t  t h e  e q u a t io n  h o ld s  o v e r  a  w id e  ra n g e  o f M , g iv in g  th e  fo llo w in g  v a lu e s  
o f |3

C ellu lose  a c e ta te  in  a c e to n e  * . . M  =  2 5 ,0 0 0  t o  1 2 5 ,0 0 0  p =  0 *6 7 .
P o ly iso b u ty le n e  in  C y c lo h e x an e   ̂ {d} . M  =  6 ,0 0 0  t o  1 ,3 0 0 ,0 0 0  ^  =  0  6 4 . 
R u b b e r  in  b e n ze n e  * * . . . M  =  7 ,0 0 0  t o  3 5 0 ,0 0 0  )S =  0 *9 6 .

T h e  v a lu e  o f ^ fo u n d  fo r  r u b b e r  in  b e n ze n e  is, w i th in  e x p e r im e n ta l  
e r ro r , u n i ty ,  so  t h a t  S ta u d in g e r ’s la w  h o ld s, w h e rea s  i t  c le a r ly  d o es n o t  
h o ld  fo r  t h e  o th e r  so lu tio n s . I t  is, h o w ev er, to  b e  n o te d  fro m  F ig . 2 t h a t  
s q u a le n e  { M , =  4 1 0 ) d o es n o t  fa ll o n  t h e  s t r a ig h t  lin e  d r a w n - to  re p re s e n t  
t h e  d a ta  fo r  th e  r u b b e r  f ra c tio n s , so  t h a t  e q u a t io n  (1 3 ) e v id e n t ly  b re a k s  
d o w n  fo r  su ffic ie n tly  low  v a lu e s  o f M . S im ila r  b e h a v io u r  h a s  b e en  re ­
p o r te d  fo r  o th e r  h o m o lo g o u s  series , a n d  th e  e m p ir ic a l re la tio n s h ip

[t/] =  K M  +  £x . . . . ( 1 4 )
fo u n d  to  fit. I t  seem s q u i te  p ro b a b le  t h a t  a  s im ila r  c o rre c tin g  t e r m  a

* See, fo r a  sum m ary  : Gee, Ann. Repis. Chem. Soc., 1 9 4 2 , 7 .
® B artov ics a n d  M ark, J.A.C.S., 1 9 4 3 , 6 5 , 1 9 0 1 .
* T he p o in t a t  M  =  7.00 0  refers to  a  frac tio n a ted  polyisoprene p repared  by  

m y colleague. D r. BoUand. F u rth e r m ateria ls of th is  k ind  are u n der exam ination  
in  o rd er to  fix th e  lower p a r t  of th e  cu rve  m ore precisely. I t  is hoped to  rep o rt 
th e  resu lts  shortly .
3 0 3 ^  *̂ 3. 2 1 4 2 . F lo ry , ibid., 19 4 0 . 6 3 .



m a y  n e ed  to  b e  a d d e d  to  th e  m o re  g e n e ra l e q u a t io n  (1 3 ) in  o rd e r  t o  e x te n d  
i t s  a p p lic a t io n  to  low  m o le c u la r  p o ly m e rs .

T h e  d isc u ss io n  so  f a r  h a s  b een  c o n fin ed  to  p o ly m e rs  w h ic h  a re  b e liev ed  
to  b e  e s se n tia l ly  l in e a r  in  s tru c tu re ,  a n d  a p p ro x im a te ly  h o m o g en eo u s . 
F o r  su c h  m a te r ia ls  i t  a p p e a rs  
t h a t  v isc o s ity  m e a su re m e n ts  c a n  
b e  u sed  to  m e a su re  m o le c u la r  
w e ig h ts , o n c e  v a lu e s  o f K  a n d  
h a v e  b e en  fo u n d  b y  c a l ib ra t io n  
a g a in s t  th e  o sm o tic  m e th o d . I t  
is  t o  b e  n o te d  t h a t  K  {and p o s ­
s ib ly  to  a  sm a lle r  e x te n t  j8) d e ­
p e n d s  o n  th e  n a tu r e  o f th e  so lv e n t.
W e  h a v e  n o w  to  co n s id e r w h a t  
in fo rm a tio n , if  a n y , c a n  b e  o b ­
ta in e d  fro m  v isc o s ity  m e a su re ­
m e n ts  o n  p o ly m e rs  w h ic h  a re  n o t  
n e c e ssa r ily  e ith e r  h o m o g en e o u s  or 
o f l in e a r  s t ru c tu re .

C o n fin in g  a t t e n t io n  f ir s t  to  
l in e a r  p o ljn n e rs , i t  is  c le a r  t h a t  
s in c e  th e  v isc o s ity  m e th o d  a p p lie s  
t o  h o m o g en e o u s  m a te r ia ls , i t  m u s t 
g iv e  so m e  s o r t  o f a v e ra g e  m o lec ­
u la r  w e ig h t fo r  a  m ix tu re .  T h is  
a v e ra g e  is  n o t ,  h o w e v e r, t h e  sa m e  
a s  t h a t  g iv e n  b y  th e  o sm o tic  
m e th o d , w h ic h  is e a s ily  se e n  to  
c o n fo rm  to  th e  n a tu r a l  d e f in itio n  
o f a n  a v e ra g e  m o le c u la r  w e ig h t 
a s  th e  t o ta l  w e ig h t o f m a te r ia l  
d iv id e d  b y  th e  t o ta l  n u m b e r  o f m o lecu les . T h e  v isc o s ity  a v e ra g e  m o le c . 
u la r  w e ig h t o f m o lecu le s  of m o le c u la r  w e ig h t Af, (w h ere  i  t a k e s  a ll

v 'alues) m a y  b e  sh o w n  to  b e
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F o r  ^  =  I t h is  re d u c e s  t o  a  w e ig h t a v e ra g e .”  F o r  a n y  v a lu e  o f ^  >  o 
t h e  v is c o s i ty  a v e ra g e  is  g re a te r  t h a n  th e  o sm o tic  a v e ra g e , a n d  th e  r a t io  
b e tw e e n  th e m  m a y  b e  a p p ro x im a te ly  2 fo r  a n  u n f r a c t io n a te d  p o ly m e r.*  
I t  is  e v id e n t  t h a t  if  t h e  d is t r ib u t io n  is  u n k n o w n , t h e  v isc o s ity  a lo n e  w ill 
g iv e  o n ly  a n  a p p ro x im a te  m o le c u la r  w e ig h t, th o u g h  th e  o rd e r  o f  m a g n itu d e  
w ill b e  c o r re c t  u n les s  t h e  d is t r ib u t io n  is v e ry  u n u s u a l  [e.g., a  lo w  m o le c u la r  
p o ly m e r  w i th  a  p ro p o r t io n  o f v e ry  h ig h  m o le c u la r  m a te r ia l) .  W h e n  b o th  
o sm o tic  a n d  v isc o s ity  m o le c u la r  w e ig h ts  h a v e  b e e n  d e te rm in e d , a  co m ­
p a r is o n  o f t h e  tw o  g iv es  a  ro u g h  id e a  o f t h e  h o m o g e n e ity  o f t h e  sa m p le . 
T h e  m e th o d  is, h o w e v er, e x tre m e ly  c ru d e , a n d  th e  a p p ro x im a te  a g re e m e n t 
o f th e  tw o  v a lu e s  is  n o t  in c o n s is te n t  w i th  a  m o d e ra te ly  b ro a d  d is t r ib u t io n .

T h e  v isc o s ity  m e th o d  b eco m es o f  m u c h  less v a lu e  w h e n  th e r e  is  a  p o ss i­
b i l i ty  o f  t h e  p o ly m e r  b e in g  n o n - l in e a r  in  s t r u c tu r e .  T h e  in tr in s ic  v isc o s ity  
d e p e n d s  e s se n tia lly  o n  th e  length o f  t h e  p o ly m e r  m o lecu le s  a n d , fo r  a

”  H uggins, Ind. Eng. Chem., 1 9 4 3 , 3 5 , 9 8 0 .
L ansing and  K raem er, J. Physic. Chem., 1 9 3 5 . 3 9 , 1 5 3 .

•  T he theo re tical ra tio  for an  un frac tio n a ted  po lyester is ex ac tly  2 if /3 =
“ F lory , J.A.C .S., 1 9 3 6 , 5 8 , 1 8 7 7 .
“  S taud inger and  F ischer, J. prakt. Chem., 1 9 4 1 , I5 7 , 1 9 .



g iv e n  m o le c u la r  w e ig h t, sh o u ld  b e  less fo r a  b ra n c h e d  t h a n  fo r  a  l in e a r  
s t r u c tu r e .  T h is  e x p e c ta t io n  h a s  b e en  a b u n d a n t ly  b o rn e  o u t  b y  so m e 
w o rk  o n  th e  th e rm a l  d e g ra d a tio n  o f  r u b b e r  c a r r ie d  o u t  in  c o lla b o ra t io n  
w ith  D r. B o lla n d .*  A lth o u g h  th e  o sm o tic  a n d  v isc o s ity  m o le c u la r  w e ig h ts  
o f m a n y  o f  th e s e  p ro d u c ts  w e re  a p p ro x im a te ly  e q u a l, f r a c t io n a t io n  sh o w ed  
th e m  to  c o n ta in  a  w id e  ra n g e  o f m o le c u la r  sizes, a n d  to  b e  o f b ra n c h e d  
s t r u c tu r e .  I n  so m e  o f th e  f ra c t io n s  t h e  v isc o s ity  m o le c u la r  w e ig h t w as 
o n ly  a b o u t  o n e -h a lf  o f t h e  o sm o tic  v a lu e . I n  t h e  a b se n c e  o f a n y  f ra c ­
t io n a t io n ,  t h e  o sm o tic  a n d  v isc o s ity  m o le c u la r  w e ig h ts  w o u ld  h a v e  led  t o  
t h e  e n ti re ly  e rro n e o u s  c o n c lu s io n  t h a t  t h e  p ro d u c ts  w e re  a p p ro x im a te ly  
h o m o g en eo u s .

Conclusions.
U n less  a n  u l tra c e n tr ifu g e  is  a v a ila b le , absolute m o le c u la r  w e ig h t d e te r ­

m in a tio n s  m u s t  b e  b a se d  u l t im a te ly  o n  o sm o tic  d a ta .  V isc o s ity  m e a su re ­
m e n ts  fu rn ish  a  c o n v e n ie n t  m e th o d  o f in te rp o la t io n  a n d  g iv e  re lia b le  
r e s u l ts  fo r  h o m o g en eo u s , l in e a r  p o ly m e rs . T h e  v isc o s ity  m o le c u la r  w e ig h t 
o f a  ty p ic a l  u n f r a c t io n a te d  p o ly m e r  w o u ld  n o t  b e  v e ry  se r io u s ly  in  e r ro r  
u n le s s  th e  p o ly m e r w ere  e x te n s iv e ly  b ra n c h e d . N o  re lia b le  c o n c lu s io n s  
a b o u t  m o le c u la r  w e ig h t d is t r ib u t io n  c a n  b e  d ra w n  fro m  m o le c u la r  w e ig h t 
( la ta  a lo n e , w i th o u t  c a r ry in g  o u t  a  f ra c t io n a tio n , a l th o u g h  a  u se fu l g u id e  
t o  th e  h o m o g e n e ity  o f  a  p o ly m e r k n o w n  to  b e  o f l in e a r  s t r u c tu r e  is fu rn ish e d  
b y  th e  r a t io  o f th e  v isc o s ity  a n d  o sm o tic  m o le c u la r  w e ig h ts .

T h e  w o rk  o n  w h ich  th is  p a p e r  is  b a se d  fo rm s  p a r t  o f th e  p ro g ra m m e  of 
f im d a m e n ta l  re se a rc h  o n  r u b b e r  u n d e r ta k e n  b y  th e  B o a rd  o f th e  B r i tish  
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 .

4 8  T em n  Road,
Welwyn Garden City,

Hertfordshire.

* D etails of th is  w ork  will be published elsewhere.
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