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CALCULATION O F  INTRINSIC VISCOSITY F R O 3  SIZE EXCLUSION 

CHROMATOGRAPHY DATA. THE INFLUENCE O F  CONCENTRATION. 

BY 

A n i l  K .  M u k h e r j i  
. s l a t e r i a l s  A n a l y s i s  Area 

Xerox  C o r p o r a t i o n  
W e b s t c r ,  N. Y .  14580  

I n c r e a s i n g  u s e  o f  d a t a  p r o c e s s o r s  t o m s n i p u l s t 2 t h e  s i z e  

e x c l u s i o n  c h r o m a t o g r a p h y  d a t a  makes  i t  p o s s i b l e  t o  c a l c u l a t e  

i n t r i n s i c  v i s c o s i t y  w i t h o u t  any  a d d i t i o n a l  e x p e r i m e n t a l  work .  

I n  t h e r m o d y n a m i c a l l y  good s o l v e n t s ,  wh ich  a re  m o s t  g e n e r a l l y  

u s e d  f o r  s i z e  e x c l u s i o n  c h r o m a t o g r a p h y  work ,  t h e  c o n c e n t r a t i o n  

e f f e c t  i s  n o t  n e q l i g i b l e .  E f f e c t  of t h i s  p a r a m e t e r  o n  t h e  

c a l c u l a t i o n  o f  i n t r i n s i c  v i s c o s i t y  i s  shown. 

INTRODUCTION -_.-- 

The v i s c o s i t y  a v e r a g e  m o l e c u l a r  w e i g h t  (kv)  c a n  b e  

c a l c u l a t e d  f r o m  t h e  s i z e  e x c l u s i o n  c h r o m a t o g r a p h y  (SEC) d a t a  

w h e r e  H i  i s  t h e  h e i g h t  of t h e  c h r o m a t o g r a m  a t  e q u a l l y  s p a c e d  

i n t e r v a l s  a l o n g  t h e  r e t e n t i o n  vo lume  a x i s ;  Mi, m o l e c u l a r  

w e i q h t  o f  s p e c i e s  e l u t i n g  f r o m  t h e  co lumn a t  p o i n t s  w h e r e  

H i  v a l u e s  a r e  t a k e n :  a n d  a, t h e  Mark-Houwink e x p o n e n t .  Us ing  

t h e  ?Iv o n e  c a n  c a l c u l a t e  i n t r i n s i c  v i s c o s i t y  [ n ]  u s i n g  t h e  

74 1 
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742  ML'K1iER.J t 

C,mi 1 i a r  Mark-flouwink rc l a  t i o n s h  i p ,  

[ i l l  = KMa o r  \ [ r i ]  - ( 2 )  
KMa+ 1 

V 

wherc  t h c  c o n s t a n t s  K a n d  J are  u s u a l l y  d e t e r m i n e d  us inq  

n a r r o w  d i s p e r s i t y  s t a n d a r d s .  F q i i a t ~ o n s  ( 1 )  a n d  ( 2 )  c a n  b e  

u s e d  t o  c a l c u l a t e  liil , t h e  i n t r i n s i c  v i s c o s i t y  of a n  unknown 

sample  a s  i t  i s  f r a c t i o n a t e d  i n t o  a se r ies  of n a r r o w l y  d i s p e r s e d  

f r a c t i o n s  hy t h e  S E C  p r o c e s s .  Thc  a d v a n t a g e  o f  t h i s  t e c h n i q u e  

f i r s t  p o i n t e d  o u t  by C a z e s  (1) a n d  He l lman  ( 2 )  i s  c o n v e n i e n c e .  

Once t h e  p o l y m e r  s o l u t i o n  i s  i n j e c t e d  to  t h e  SEC c o l u m n s ,  no  

r u t - t h r r  e x p e r i m e n t a l  work i s  n e c e s s a r y .  I t  i s  c v c n  more 

c o n v e n i e n t  w i t h  Waters 7 3 0  Data Modulc w h i c h  n o t  o n l y  p r o v i d e s  

v a l u e s  f o r  t h e  s i z e  e x c l u s i o n  ch romatogram ( c . g . ,  number 

a v e r a g e ,  w e i g h t  a v e r a g e ,  Z - a v e r a y e  a n d  v i s c o s i t y  a v e r a g e )  b u t  

s i rnu l  tancous1 .y  p r o v i d e s  t h e  i n t r i n s i c  v i s c o s i t y  v a l u e ,  p r o v i d e d  

p r o p e r  %ark-llouwi nk c o n s t a n t s  a r e  i n s e r t e d  i n  t h e  p r o g r a m .  

R e s u l t s  a re  p r e s e n t e d  h c r c  on t h e  i n f l u e n c e  of c o n c e n t r a t i o n  

o n  t h e  c a l c n l a t i o n  o f  s u c h  d a t a  f o r  p o l y s t y r e n e  a n d  t h e  random 

copo lymer  styrene-n-butylmcthacrylatc ( 6 5 / 3 5 ) .  

EX PER TMENTAL 

Narrow d i s p e r s i t y  p o l y s t y r e n e s  ( M W O % l .  1) w c r e  o b t a i n e d  

f rom P r c s s t i r c  C h c m i c a l  Company, P i t t s b u r g h ,  P a .  S t y r e n e - n -  

b ~ i t y l m e t h a c r y l a t e  random c o p o l y m c r s  ( 6 5 / 3 5 )  wcrc p r e p a r e d  by  

c u s p c n s i o n  polymcri  z a t i o n .  Thc  w e i g h t  a v e r a g e  m o l e c u l a r  

w e i q ! ~ t s  riinqcc! f rom 2 4 , 5 0 0  t o  2 2 4 , 6 0 0  w i t h  i i n  a v e r a g e  d i s p e r s i t y  

of 2 . 5  a s  dc t - e rmined  by s i z e  e x c l u s i o n  c h r o m a t o g r a p h y  a n d  l i q h t  

s c a t . t e r i n q  measurement -s .  T n t r i n s i c  v i s c o s i t i e s  w e r e  m e a s u r e d  

i n  Carinon-Ubbelohde t y n c  c a p i l l a r y  v i s c o t n e t e r s  a t  25OC i n  

ch loroform ( U u r d i c k  a n d  J a c k s o n ,  Muskeqon,  M i c h i q a n )  . The 

v i s c o m e t e r  c o n s t a n t s  r a n g e d  from 0 . 0 0 1 1 8 0  t o  0 . 0 3 8 3 .  Measure -  
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CALCIII.ATTON OF TNTRINSIC VTSCOSTTY 7 4  3 

m e n t s  were made i n  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  b a t h  m a i n t a i n e d  

a t  25°+0 .010C.  A l l  s o l v e n t s  a n d  s o l u t i o n s  were f i l t e r e d  b e f o r e  

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

v i s c o s i t y  by ancans of HugrJins r e l a t i o n s h i p  ( 3 ) .  

2 
' I  /C  = [ ' - I  + K l [ i l ]  C 

SP 
Waters 1 5 0 C  ALC/GPC w a s  u s e d  w i t h  2X l i n e a r  b-Bondage1  c o l u m n s  

a l q n g  w i t h  Waters 7 3 0  D a t a  Module .  C h l o r o f o r m  w a s  u s e d  as 

s o l v e n t  a t  room t e m p e r a t u r e .  A r e a  s l i ces  were i n t e g r a t e d  fron? 

j u s t  b e f o r e  t h e  emerqence  o f  t h e  p e a k  t o  s l i g h t l y  a f t e r  t h e  

p e a k  when t h e  b a s e l i n e  had  a t t a i n e d  i t s  o r i g i n a l  v a l u e .  

RESULTS AND D I S C U S S I O N  

The  Yark-llouwink r e l a t i o n s h i p  o b t a i n e d  from t h e  v i s c o s i t y  

d a t a  a r e  a s  f o l l o w s :  

- 4- -0 . 7 1 [7] = 7 . 6  X 10  M v  f o r  p o l y s t y r e n e  

~ 2 . 2 7  10-4-0.65 f o r  s t y r e n e  n - b u t y l m e t h a c r y l a t e  

R e s u l t s  o f  i n t r i n s i c  v i s c o s i t y  d a t a  o b t a i n e d  f rom S E C  a n d  t h o s e  

f rom c a l c u l a t i o n s  v i a  t h e  Mark-i!ouwink r e h t i 0 n s h i . p  a r e  p r e s e n t e d  

i n  T a b l e  1. I t  is o b v i o u s  t h a t  a s  t h e  i n j e c t i o n  vo lume  is 

i n c r e a s e d ,  t h e  [ . ; I  o b t a i n e d  v i a  t h e  SEC d e c r e a s e s .  T h i s  

e f f e c t  is  shown g r a p h i c a l l y  i n  F i g u r e  1. The  d e p e n d e n c e  o f  

e l u t i o n  vo lume  ( V e )  and  t h e  w i d t h  o f  t h e  e l u t i o n  c u r v e  ( w )  o n  

c o n c e n t r a t i o n  ( g )  a n d  volume of p o l y m e r  s o l u t i o n  i n j e c t e d  h a s  

been  o b s e r v e d  by  many w o r k e r s  ( 4 - 9 ) .  The  C o n c e n t r a t i o n  e f f e c t  

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

d i s t r i b u t i o n  f u n c t i o n  a n d  c o n s e q u e n t l y  t h e  c a l c u l a t i o n  of [ I ; ]  

f r om t h r s . 2  d a t a .  O r i g i n a l l y  t h e  r e a s o n  f o r  t h e  c o n c e n t r a t i o n  

phenomenon was a t t r i b u t e d  t o  t h e  v i s c o s i t y  e f f e c t s  i n  t h e  

s y s t e m  ( 4 )  a n d  was c a l l e d  ' v i s c o u s  f i n g e r i n g . '  I t  w a s  

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

XV ( 6 5 / 3 5 )  
a n d  
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744 MUKHERJ I 

Compar ison  o f  I n t r i n s i c  Viscosi t ies  i n  C h l o r o f o r m  

a t  25OC O b t a i n e d  by  SEC a n d  Viscornetric Methods  

P o l y m e r  MW i n 1  Viscometric I n j e c t i o n  [QISEC % D i f f e r e n c e  
(1) Volume ul* ( 2 )  (1-2 1 

P o l y s t y r e n e  4,000 0.258 1 0  

25 
50 

100 

20,500 0.825 

50,000 1.56 

110,000 2.12 

233,000 4.36 

600,000 9.Ob 

10 
25 
50 

10 0 

10 
25 

50 
100 

10 

25 
50 

100 

10 

25 
50 

100 

10 
25 

50 

10 0 

0.232 -10.0 

0.223 -13.0 
0.221 -14.3 
0.208 -19.3 

0.855 t 3.6 
0.834 t 1.1 
0.809 - 1.9 
0.769 - 6.8 

1.54 - 1.3 
1.50 - 3.8 
1.43 - 8.3 
1.34 -14.1 

2.95 + 8.4 
2.18 t 2.2 
2.62 - 3.1 
2.38 -12.5 

5.50 +26.1 
5.04 +15.1 
4.62 t 6.0 

4.13 - 5.3 

10.6 t17.0 
9.34 + 3.1 
8.27 - 8.7 
1.17 -20.1 
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CALCULATION OF INTRINSIC VISCOSITY 7 4 5  

Table 1 (cont'd) 

Polymer MW [TI] Viscomctric Injection [ r l ]  SEC % Difference 
(1) V o l u m e  c1* ( 2 )  ( 1 - 2 )  

styrene-n- 24 ,500  0 . 1 6 1  1 0  
butyl meth- 
acrylate 25 
cop0 lymer 
( 6 5 / 3 5 )  5 0  

100 

66 ,000  

95,200 

132 ,000  

244 ,600  

0 . 2 9 8  

0 .440  

0 . 5 0 2  

0 . 7 1 3  

1 0  

25 

5 0  

1 0 0  

10 

25 

50 

1 0 0  

1 0  

25 

5 0  

100 

1 0  

25  

5 0  

100 

0 . 1 6 3  

0 . 1 6 2  

0 . 1 4 7  

0 . 1 4 4  

0 . 3 2 5  

a .  305 

0 . 2 6 0  

0 . 2 5 0  

0 . 4 6 2  

0 . 4 5 4  

0 . 4 4 2  

0 . 4 3 7  

0 . 4 8 6  

0 . 4 7 1  

0 . 4 6 3  

0 . 4 5 8  

0 . 6 8 1  

0 . 6 7 2  

0 . 6 6 5  

0 . 6 5 5  

+ 1 . 2  

+ 0 .6  

- 8 . 7  

-10 .5  

+ 9 . 1  

+ 2 . 3  

- 1 2 . 7  

- 1 6 . 1  

+ 5.0 

+ 3 . 2  

+ 0 .4  

- 0 . 7  

- 3 . 2  

- 6 .2  

- 1.8 
- 8 . 8  

- 4.5 

- 5.7 

- 6. 7 

- 8 . 1  

* O .  3 3 %  weight/volume concentration 
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- 
1 3un - 

THEORETICAL 0 8 2  
20% 
4 K )  THEORETICAL 26 

T t I 
10 25 50 100 

INJECTION VOLUME, pL 

t i g u r e  I .  Variation of I n t r i n s i c  Viscosity o f  Polystyrenes 
w i t h  1n.jcc t i o n  V o  1 i i ine .  

t h e  m o b i l e  p h a s e  creates  ' f i n q e r s '  a s  i t  p a s s e s  t h r o u g h  t h e  

co lumn r e s u l t i n q  i n  a d i s t o r t e d  p e a k  a n d / o r  an i n c r e a s e d  V e .  

I t  w a s  a l s o  s u g g e s t e d  t h a t  t h o  d e c r e a s e  i n  h y d r o d y n a m i c  vo lume ,  

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

i n c r e a s e  i n  Ve. Roni a n d  c o w o r k e r s  ( 5 , 6 )  o b s e r v e d  t h a t  t h e  

c h a n y e ,  dVe/dg, w a s  a l i n e a r  f u n c t i o n  of l o g  m o l e c u l a r  w e i g h t .  

n l s o ,  i f  a p o l y d i s p r r s e  s a m p l e  c o n t a i n s  a s i q n i f i c a n t  amount  

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

t.hc i n t c r s t i  t i a l  vo lume  may i n c r e n s c  b e c a u s e  of r e d u c e d  e n t r o p y  

( 7 , 8 ) .  A l t h o u q h  t h i s  e x c l u d e d  vo lume  e f f c c t  may n o t  be 
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7 4 7  CAI.CL‘1.ATION OF INTRINSIC VISCOSITY 

s i g n i f i c a n t  ( 9 ) ,  i t  l e a d s  t o  a p e a k  s h i f t  t o w a r d  a h i g h e r  

e l u t i o n  v o l u m e .  T h e r e f o r e ,  t h e  i n c r e a s e  of i n j e c t i o n  v o l u m e  

r e s u l t s  i n  i n c r e a s e d  V e  a n d  c o n s e q u e n t l y  lowers t h e  v a l u e  of 

I n ] .  T h i s  e f f e c t  i s  v e r y  p r o n o u n c e d  a t  h i g h e r  m o l e c u l a r  

w e i g h t s  f o r  b o t h  p o l y s t y r e n e  a n d  s t y r e n e - n - b u  t y l m e t h a c r y l a t e  

c o p o l y m e r .  I t  h a s  b e e n  shown by v a r i o u s  w o r k e r s  ( 1 0 - 1 3 )  

t h a t  a s  t h e  t h e r m o d y n a m i c  q u a l i t y  of t h e  s o l v e n t  d e t e r i o r a t e s ,  

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

almost d i s a p p e a r s  i n  ( ) - s o l v e n t s .  H o s t  SEC work  is  d o n e  i n  

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

e f f e c t  c a n n o t  b e  a v o i d e d .  T o  m i n i m i z e  t h i s  e f f e c t ,  u s e  o f  

lowes t  c o n c e n t r a t i o n  t h a t  p r o v i d e s  a c h r o m a t o q r a m  w i t h  1 5 - 2 0  

s l i ce s  a t  0 . 1  m i n u t e  i n t e r v a l  i s  r e c o m m e n d e d .  I t  c a n  be s e e n  

f r o m  T a b l e  1 t h a t  a t  t h e  l o w e s t  c o n c e n t r a t i o n  t h e  i n t r i n s i c  

v i s c o s i t y  v a l u e  i s  w i t h i n  1 1 0 %  i n  a l l  cases b u t  t w o .  

1. 

2.  

3 .  

4 .  

5. 

6 .  

7 .  

8 .  

9 .  
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