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DETERMINATION OF POLYMER MOLECULAR 
WEIGHT BY GPC IN THE LOW 
MOLECULAR WEIGHT REGION 

CONSTANTINOS TSITSILIANIS 
AND ANASTASIOS DONDOS 

Department o f  Chemical Engineering 
University o f  Patras 
261 10, Patras, Greece 

ABSTRACT 

In order to determine the molecular weight of a polymer 
by GPC in the low MW region, a secondary calibration method 
can be established when polymer standards of the analysed po- 
lymer are not available (I). The efficiency of this method has 
been checked for the system poly (methyl methacrylate) (PMMA- 
methyl ethyl ketone (MEK) using polystyrene (PS) standards. 
When the solvent is poor for one of the polymers, limitations 
arise due to the secondary separation effects. Furthermore, 
a GPC method is proposed for the determination of the Dondos- 
Benoit constants ( A l , A 2 )  which must be known for the above- 
mentioned calibration. This method uses either two or at least 
one polydisperse polymer sample. 

INTRODUCTION 

Gel permeation chromatography is one of the most popular 

techniques for the determination of average molecular weights 

of polymers. When the GPC apparatus is not equipped with a 

low-angle laser light scattering detector (LALLS), a primary 

calibration curve must be first established using polymer stan- 

dards of very narrow molecular weight distribution. 
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3028 TSITSILIANIS AND DONDOS 

Limi ta t ions  t o  t h i s  method a r i s e  from t h e  l ack  of such 

polymer s t anda rds ,  which a r e  a v a i l a b l e  on ly  f o r  few common po- 

lymers. 

To overcome t h i s  d i f f i c u l t y  an i n d i r e c t  c a l i b r a t i o n  m e -  

thod has been proposed, based on t h e  u n i v e r s a l  c a l i b r a t i o n  con- 

c e p t  ( 2 )  and t h e  Mark-Houwink-Sakurada ( M H S )  i n t r i n s i c  v i sco-  

s i t y  molecular weight r e l a t i o n  ( 3 , 4 )  . 
I n  t h e  low molecular weight range (M<100.000) t h e  log lq ]  

v s  log  M p l o t  h a s  been found ( 5 , 6 )  t o  d e v i a t e  from l i n e a r i t y ,  

l ead ing  t o  erroneous r e s u l t s  i n  t h e  de t e rmina t ion  of t h e  mole- 

c u l a r  weight when t h e  s t anda rd  va lues  of MHS c o n s t a n t s  a r e  

used ( 7 ) .  

Very r e c e n t l y  a new i n d i r e c t  c a l i b r a t i o n  method has been 

proposed based on t h e  Dondos-Benoit (DB) equat ion  (1  ,8 )  which 

provides  a very  good l i n e a r i t y  i n  t h e  vs  M-' p l o t  ( 9 ) .  

I n  t h i s  communication w e  check t h e  e f f i c i e n c y  of our  m e -  

thod by e s t a b l i s h i n g  an i n d i r e c t  c a l i b r a t i o n  curve  f o r  t h e  GPC 

a n a l y s i s  of po ly  (methyl methacry la te )  (PMMA) i n  methyl e t h y l  

ketone (MEK) u s ing  po lys ty rene  s t anda rds .  Th i s  system i s  in-  

t e r e s t i n g  because t h e  s o l v e n t  i s  good for PMMA (MHS exponent 

c1 i s  0 . 7 2 )  and poor f o r  PS (a=O.63). 

A s  t h e  DB c o n s t a n t s  are n o t  a v a i l a b l e  f o r  a g r e a t  number 

of polymer-solvent systems, a GPC method us ing  one or two po- 

l y d i s p e r s e  polymer samples i s  proposed f o r  t h e  de t e rmina t ion  

of t h e s e  cons t an t s .  

CALIBRATION METHOD 

According t o  t h e  u n i v e r s a l  c a l i b r a t i o n  concept  a l l  poly- 

m e r s  e l u t i n g  a t  a g iven  VR have t h e  same hydrodynamic volume 
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GPC DETERMINATION OF LOW MW POLYMER 3029 

[q]M, provided that all secondary separation effects (e.g. ad- 

sorption or partition) are absent. Consequently, we may write 

[d pMp = t d  SMS (1 ) 

where [q] is the intrinsic viscosity and M is the molecular 

weight of the polymer: the subscripts p and s refer to the po- 

lymer under analysis and to a standard polymer respectively. 

Using the Dondos-Benoit relation which is linear in the 

low MW region (9) 

(where A1 and A2 are constants characterizing the polymer-sol- 

vent system at a given temperature) and substituting [q] from 

eq. ( 2 )  for the polymer (p) and standard (s )  into eq. (1) , we 
obtain 

M P 3/2/Alp-A 2P M P 'I2 = Ms3l2/Als-A 2s M s 'I2 (3) 

or 

By putting 

eq. (4) can be rewritten as 

which has one real solution 

1 3  3 1 2  
+ AlpJs-( A2pJs + 7 AlpJ; 2/3- 5 A2pJs ( 6 )  

Eq.(6) can be used to establish a secondary calibration curve 

for the analysed polymer by converting the experimental cali- 
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3030 TSITSILIANIS AND DONDOS 

b r a t i o n  curve  obta ined  by s t anda rds  of ano the r  polymer. I t  i s  

obvious t h a t  t h e  DB c o n s t a n t s  ( A l p , A 2 p , A l s , A  

m e r s  must be  known. 

) f o r  bo th  poly- 2 s  

DETERMINATION OF A1 AND A2 

Contrary t o  t h e  MHS c o n s t a n t s ,  A1 and A 2  have been d e t e r -  

mined f o r  a few polymer-solvent systems only  ( 9 ) .  A GPC method 

for t h e  de t e rmina t ion  of t h e s e  c o n s t a n t s  has  been a l r eady  re- 

por ted  by I t o  e t  a l .  who use  t h e  l ea s t - squa res  method i n  which 

more than  two po lyd i spe r se  samples must be a v a i l a b l e  (8,101. I n  

t h e  fo l lowing  we s h a l l  show t h a t  A, and A2 can be  found from 

two or  a t  l e a s t  one po lyd i spe r se  polymer sample. 

Yhe weight-average and number-average molecular weights  

and t h e  i n t r i n s . i c  v i s c o s i t y  of a polymer may be  w r i t t e n  as 

=t wiMi 
i MW 

Mn = I /  .Wi/Mi 
i 

[n] = wiJi/Mi 
i 

( w i = h i / x  hi ) 
i 

( 7 )  

where wi,  hi, Ji and Mi a r e  i n  t u r n  t h e  weight f r a c t i o n ,  t h e  

chromatogram he igh t ,  t h e  hydrodynamic volume and t h e  molecular 

weight of t h e  i - t h  spec ie s .  

M .  may b e  g iven  a s  a f u n c t i o n  of Ji, A, and A2 from 

eq. ( 6 )  which can be  r e w r i t t e n  as - - 

(1 0) 1 3 3 1 2 2 1 / 2  
+ [: A I J i - (  A 2  Ji + 7 A, Ji ) 

Using equa t ions  (71, ( 8 )  and ( 9 )  combined wi th  eq. ( 1 0 1 ,  

w e  can  determine A1 and A2 ,  s i n c e  wi and Ji can b e  ob ta ined  
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GPC DETERMINATION OF LOW MW POLYMER 3031 

from a GPC chromatogram o f  a po lyd i spe r se  sample and t h e  uni -  

v e r s a l  c a l i b r a t i o n  curve  (F ig .1 ) .  

RESULTS AND DISCUSSION 

C a Z i b r a t i o n  method f o r  PMMA/MEK s y s t e m  

To avoid  a c o n t r a c t i o n  of t h e  packing (UStyrage l )  i n  MEX 

(a poor s o l v e n t  f o r  P S ) , s i l i c a  modified by e t h e r  groups  

(mondage l )  w a s  used a s  t h e  packing. F igu re  2 shows t h e  c a l i -  

b r a t i o n  p l o t  ( i . e .  log  M v e r s u s  r e t e n t i o n  volume VR) f o r  t h e  

system PMMA, PS/MEK/mondagel a t  25OC. A primary c a l i b r a t i o n  

curve  w a s  f i r s t  ob ta ined  us ing  PS s t anda rds  (dashed l i n e ) .  A 

secondary c a l i b r a t i o n  curve  was then  e s t a b l i s h e d  by conve r t ing  

t h e  PS exper imenta l  curve  by m e m s  of eq.  ( 6 )  ( f u l l  l i n e ) .  The 

va lues  of A1 and A2 f o r  t h e  polymer (p)  and t h e  s t anda rd  ( s )  

w e r e  r e s p e c t i v e l y  (12.2, 8 . 8 ~ 1 0 - ~ )  and (20 .4 ,  1 4 . 3 ~ 1 0 - ~ )  * *  

The exper imenta l  r e s u l t s  ob ta ined  by PMMA monodisperse 

samples a r e  seen  t o  f i t  approximately t h e  secondary c a l i b r a t i o n  

curve  i n  t h e  l o w  molecular weight reg ion .  The u n i v e r s a l  cali-  

b r a t i o n  p l o t  ( i .e .  log([r)]M) ve r sus  V ) i s  p resen ted  i n  F igu re  

3. I t  i s  appa ren t  t h a t  t h e  exper imenta l  p o i n t s  r e l a t e d  t o  PS 

samples tend  t o  s h i f t  towards h ighe r  r e t e n t i o n  volumes, demon- 

s t r a t i n g  t h a t  secondary s e p a r a t i o n  e f f e c t s  a r e  o p e r a t i v e .  The- 

se e f f e c t s  a r e  due t o  polymer-sorbent i n t e r a c t i o n  which beco- 

m e s  s i g n i f i c a n t  i n  a poor s o l v e n t  ( f o r  PS/MEK system cr=O.63) 

(11 ,12 ) .  This  poses  some l i m i t a t i o n s  on t h e  e f f i c i e n c y  of 

t h e  method, sugges t ing  t h a t  t h e  s o l v e n t  must be  good f o r  bo th  

polymers (a>O.65 approximate ly) .  Of cour se  o t h e r  p o s s i b l e  

R 

* The vazues of [qj are  in m Z / g .  
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3032 TSITSILIANIS AND DONDOS 

w,=hi T hi la 

F I G U R E  1. Schematic determination of the weight fraction wi 
and hydrodynamic volume J. of the ifh species from a GPC 
chromatogram and the univkrsal calibration plot. 
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effects which could disturb pure SEC mechanism have to be 

avoided. 

Determinat ion  of A I  and A 2  

To examine the efficiency of the GPC method for the de- 

termination of the DB constants,we have calculated A, and A2 

for PS in THF at 25OC using pStyrage1 columns. 
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3034 TSITSILIANIS AND DONDOS 

PIGUW 3 .  Universa l  c a l i b r a t i o n  p l o t  i n  MEK a t  25OC obta ined  
o n  l.tBondagc1 columns: (a) PMMA, (A) PS. 
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GPC DETERMINATION OF LOW MW POLYMER 3035 

TABLE 1. D e t e r m i n a t i o n  of A, and  A, 

E q u a t i o n s  Samples  
r e q u i r e d  d a t a  3 A1 A2xl 0 

1 2 . 3 5  19.50 [rl] =20.8 1 (8) # ( 9 )  
Mn=24,500 

1 1 2 . 3 0  1 5 . 0 5  [01=41.3 
Mn=6 0 , 4  50 

1 1 . 9 6  17 .29  [ o ]  =41.3 
1 ( 7 1 ,  ( 9 )  

Mw=81,100 

1 ''wlw=81t100 1 2 . 3 0  15 .05  
Mn=60,450 

From v i s c o r n e t r y ,  ref .  (1) 1 2 . 3 0  1 8 . 0 0  

TABLE 2. C a l c u l a t i o n  of MW of PMMA u s i n g  e q . ( 6 )  

PS PMMA 

Mw A 2 x l  0 3 A1 A2x10 3 
A1 Mw 

2 ,500  12 .30a  l e . O o a  
12.35' 19.50b 

1 2 . 3 0  15.05b 

11.96b 17.29' 

12 .10a  8 .77a  2540 

2540 

2520 

2580 

a. v i s c o m e t r i c  d a t a  ( ref .  1) 

b. data  f rom tab le  1 
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3036 TSITSILIANIS AND DONDOS 

The values of A1 and A2 have been calculated using one 

polydisperse sample and a system of two equations which have 

been solved on a computer. The calculated values are in good 

agreement with those obtained by viscometry (table 1). However 

it is worthy to check if the deviations of the calculated A1 

and A2 from the viscometric values could affect the PMMA ca- 

libration established by the proposed procedure. The molecular 

weight of PMMA having the same hydrodynamic volume of a PS 

standard with Mw=2,500 has being calculated using eq.(6). 

Table 2 shows that the calculated values of the molecu- 

lar weight of PMMA using various values of A1 and A2 for the 

PS-THF system obtained from table 1 are in excellent agreement 

with that calculated through direct viscometric data. It is 

obvious that the uncertainties in A1 and A2 resulted from the 

proposed GPC method have not any remarkable effect on the pro- 

posed calibration method. Further work is in progress in which 

corrections for axial dispersion will be applied. 
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