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DETERMINQTION OF THE MOLECULRR WEIGHT DISTRIBUTION OF 
POLYETHYLENE TEREPHTHRLRTE nY GEL 

PERMERTION CHROMRTOGRRPHY * 

Ming-Min Sang and Narc-Ni Jin 
Beijing Institute o f  Chemical Industry 
Heijing, People’s Republic o f  China 

and 
Er-Fang Ji ang 

Shanghai Institute o f  Synthetic Resins 
Shanghai, People’s Republic of China 

RBSTRRCT 

The determination of the molecular weight distri- 
but ion of polyethylene terephthalate by GPC at room 
temperature is described. The solvent used is o- 
chlorophenol-chloroform ( 1  :9) and pure chloroforrfl is 
used as eluent. K and alpha of the Mark-Houwink equa- 
tion of  polyethylene terephthalate and of polystyrene 
in this solvent system were obtained. It was shown 
that the universal calibration can be applied. 

I NT RODUCT I ON ------------ 

The determination o f  the molecular weight distri- 

bution o f  polyethylene terephthalate (PET) is a very 

important problem. m-Cresol was furmerly used as the 

* P r e s e n t e d  a t  t h e  GPC Symposium, Chinese  Chemical  S o c i e t y ,  G u i l i n ,  
P e o p l e ‘ s  R e p u b l i c  of  China ,  J u n e  2-6, 1981. 
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1666 SANG, J I N ,  AND JIANG 

LiPC s o l v e n t .  S i n c e  m-cresol h a s  a v e r y  h i g h  v i s c o s i t y ,  

t h e  GPC e x p e r i m e n t  must b e  p e r f o r m e d  a t  a r a t h e r  h i g h  

t e m p e r a t u r e .  T h i s  is not o n l y  i n c o n v e n i e n t  b u t  i t  is 

also v e r y  d i f f i c u l t  t o  a v o i d  p a r t i a l  d e g r a d a t i o n  of t h e  

s a m p l e  d u r i n g  t h e  e x p e r i m e n t  (1). R e c e n t l y ,  P a s c h k e  

( 2 )  d e v e l o p e d  a s o l v e n t  s y s t e r n  for GPC d e t e r r n i n a t  i o n  at 

rccmi t e m p e r a t u r e ,  i n  w h i c h  d e g r a d a t i o n  cif PET w a s  e l i -  

m i n a t e d .  The p r o c e d u r e  was t r o u b l e s o m e ,  s ince h i g h  

t e m p e r a t u r e  f i l t r a t i o n  h a d  to b e  u s e d  f o r  s a m p l e  p r e p a -  

raticon. J i a n g  (3 )  r e p o r t e d  t h e  u s e  of o - c h l o r o p h e n o l  - 
c h l o r o f o r m  as a s o l v e n t  f o r  GPC. 

T h i s  p a p e r  d e s c r i b e s  t h e  u s e  o f  o - c h l o r a p h e n o l  - 

c h l o r r J f s r r n  as a s o l v e n t  a n d  c h l o r c t f u r m  a5 e l u e n t  a t  

rcmrn t e m p e r a t u r e  f o r  t h e  d e t e r r n i n a t  i o n  a f  r n o l e c u l a r  

w e i g h t  d i s t r i b u t i a n  of PET. I t  w a s  shown t h a t ,  i n  t h i s  

sys te rn ,  t h e  u n i v e r - s a l  c a l i b r a t i o n  method can b e  ap-  

p l i e d .  The i n t r i n s i c  v i s c o s i t y  a n d  molecular w e i g h t  

re 1 a t  i u n s h  i p for PET a n d  f o r  PS w e r e  ctbt a i n e d ,  p r o v  i - 
d i n g  t h e  v a l u e s  of K a n d  a l p h a  t h a t  must  b e  u s e d  i n  t h e  

u n i v e r s a l  c a l i b r a t i o n .  

R s t a n d a r d  s a m p l e  of PET w a s  p r e p a r e d  i n  o w  

l a b o r a t o r y .  S e v e r a l  PET s a m p l e s  w e r e  d i s s o l v e d  i n  phe-  
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POLYETHYLENE TEREPHTHALATE 1667 

no1 - t e t r a c h l o r o e t h a n e  ( 1  : 1 )  and w e r e  f r a c t i o n a t e d  by 

a d d i n g  pe t ro l eu rn  e t h e r  (38-120 deg.  C. 1 .  I n t r i n s i c  

v i s c a s i t  ies of f r a c t i o n s  t h u s  o b t a i n e d  w e r e  d e t e r m i n e d  

i n  phertal - t e t r a c h l o r o e t h a n e  ( 1  : 1). The r n o l e c u l a r  

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

e q u a t i o n  (4) : 

-2 MQ.82 [r)]  = 2 . 1  x 10 

The r a n g e  of molecular w e i g h t s  of f r a c t i o n s  w a s  from 

4888 t o  38, pr88. 

S t a n d a r d  s a m p l e s  of p o l y s t y r e n e  w e r e  s u p p l i e d  

rnos t ly  by Knauer ,  Inc . ,  West Germany and by Waters 

Qssociates, M i l f o r d ,  Mass., USQ. 

Chlo ra fo rm,  Q. R. ,  w a s  d r i e d  a v e r  a n h y d r o u s  sod ium 

s u l f a t e  or by p a s s a g e  t h r o u g h  a s i l i c a  g e l  column. 

T w o  g e l  perrneat i o n  c h r o m a t o g r a p h i c  s y s t e m s  were 

used  for GPC measurements .  The first s y s t e m  w a s  a 

Knauer  d e v i c e .  E x p e r i m e n t a l  p a r a m e t e r s  w e r e  a s  fo- 

l l o w s :  Two colurnns i n  series (8.75 X 60 c m  P-188) 

packed  w i t h  S p h e r o n  g e l  af  28-48 m i c r o n s ;  d e t e c t o r ,  UV, 

a t  254 nm; f l o w  rate B . 6  wl/rnin; t e m p e r a t u r e  approx .  25 

deg. C. ; i n j e c t i o n  volume, 28 microliters (0.25%). 

The s e c o n d  sys te rn  w a s  a Waters Model 244 GPC. 

T h r e e  colurnns of M i c r o s t y r a g e l  of 18,888, 10,000, and 
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1668 SANG, JIN, AND JIANG 

1, 8Q8 FJnc~strarns w e r e  s e l e c t e d .  T h e  t o t a l  number  o f  

t h e o r e t i c a l  p l a t e s  w a 5  17,G?8@. Detector, UV, a t  254 

nm; f l a w  r a t e  1.121 ml/min; t e m p e r a t u r e  a p p r o x .  Z 5  deg.  

C. : i n j e c t  i o n  volcime, Z8-48 microliters (8. 1-8. 2%). 

The s a m p l e  s o l u t i o n s  w e r e  p r e p a r e d  a s  f o l l o w s :  PET 

s a m p l e s  w e r e  w e i g h e d  i n t o  18 m l  v o l c t r n e t r i c  f l a s k s  arid 1 

ml o - c h l ~ t r o p h e n o l  w a 5  a d d e d  t o  e a c h .  T h e  f l a s k  w a s  

warmed t s  Ej8 deg.  C. u n t i l  t h e y  w e r e  d i s s o l v e d .  They  

were t h e n  d i l u t e d  w i t h  c h l o r o f o r m  to lld m l .  

Froni t h e  t h e r m o d y n a m i c  p o i n t  of view,  a p o l y m e r  

w i l l  d i s s c ~ l v e  i n  a s o l v e n t  o n l y  i f  t h e  free e n e r g y  of 

m i x i n g  is r l e g a t  i v e .  S i n c e  

= A H ,  - TASM, and AHM 

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

w i 1 1 b e  f a v o r e d  when 

z e r o .  The  v a l u e  of AH, c a n  b e  r e l a t e d  t o  t h e  d i f f -  

erence b e t w e e n  t h e  s o l u b i l i t y  p a r a m e t e r s  o f  t h e  p o l y m e r  

a n d  s o l v e n t .  When t h e  s o l u b i l i t y  p a r a m e t e r  o f  a sol-  

vent  is similar t o  t h a t  of t h e  p o l y m e r ,  d i s s o l u t i o n  

is v e r y  small or a p p r o a c h e s  
AHM 
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POLY ETIPILENE TEREPHTHALATE 1669 

w i l l  be f a v o r e d .  The s o l u b i l i t y  p a r a m e t e r  o f  PET w a s  

r e p o r t e d  i n  t h e  l i t e r a t u r e  a s  a p p r o x i m a t e l y  9.7 t o  

18.7. We e x p e c t  t h a t  c h l o r o f o r m ,  w i t h  a s o l u b i l i t y  

p a r a m e t e r  of 3.3, s h o u l d  b e  a p o t e n t i a l  s o l v e n t .  Due 

t u  t h e  h i g h  c r y s t a l l i n i t y  of PET, i t  w a 5  found  t o  be 

i n s o l u b l e  i n  p u r e  c h l o r o f o r m .  The s a m p l e  w a s ,  t h e r e -  

fore, first d i s s o l v e d  i n  a small arflount of o-chlorophe-  

rtal. F o l l u w i n g  c o m p l e t e  s o l u t  i on ,  c h l o r o f o r m  w a s  added 

and a r a t h e r  s t a b l e  clear s o l u t i o r ~  w a s  o b t a i n e d  which 

would r e m a i n  clear l o n g  enough for GPC measurements .  

T o  select a s u i t a b l e  p r o p o r t i o n  for t h e  mixed sol- 

v e n t ,  PET and PS s a m p l e  s o l u t i o n s  i n  a v a r i e t y  a f  d i f f -  

e r e n t  p r o p o r t  i c m s  u f  m i  xed s a l v e r &  w e r e  p r e p a r e d  and  

t h e i r  r e t e n t  i o n  volumes  w e r e  measured u n d e r  i d e n t i c a l  

c o n d i t i u n s .  The d a t a  o b t a i n e d  are g i v e n  i n  T a b l e  1 and  

TABLE 1 

The Influence of Different Proportions of Solvent f o r  
PET and PS on Their Retention Volumes 

5 PS (gn = 3.5X10 ) 4 PET (E = 2.99X10 ) 
rl 

o-Ch1orophenol:Chloroform V2,ml o-Chloropheno1:Chloroform V r n l  -+ 
1 4 18.2 1 4 15.2 

1 9 18.2 1 9 15.2 

1 19 18.3 1 13 15.1 

0 100 15.2 
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1670 SANG, J I N ,  AND J I A N G  

TABLE 2 

The Retention Volumes of PS of Different Molecular Weight 
in Mixed Solvent and Chloroform 

- 
Mn 

- 
5 3.5 x 10 

2 .18  x 10 

1.11 x 10 

4 3 . 6  x 10 

9 .05  x 10 

3.57 x 10 

1 .79  x 10 

8.11 x 10 

2 6 . 0  x 10 

5 

5 

3 

3 

3 

2 

o-Chlorophenol: Chloroform( 1: 9)  
V ,ml 

e 

Chloroform 
Ve,ml 

15.2 

16.0 

17 .7  

1 9 . 8  

23.8 

25 .1  

25.9 

2 7 . 6  

28 .1  

15.1 

1 6 . 0  

17 .7  

1 9 . 8  

23.9 

25.0 

25.9 

27.4 

28.2 

T a b l e  2, w h i c h  show t h a t  a p r o p o r t i o n  o f  one v o l u m e  o f  

o-c h 1 oro phencl 1 t o n i ne v o  1 umes  o f  c h 1 oro f cwrn i s good ,  

since a r o u n d  t h i s  p r o p o r t i o n ,  a n y  v a r i a t i o n  o f  t h e  ra- 

t io o f  t h e  c o m p o n e n t s  c h a n g e s  t h e  r e t e n t  ion v o l u m e s  of 

PET a n d  PS w i t h i n  1%. T h i s  w i l l  e n s u r e  t h e  r e l i a b i l i t y  

o f  t h e  e x p e r i m e n t a l  r e s u l t .  T h e  p r e s e n c e  bf  t h e  o- 

c h l o r o p h e n o l  i n  t h e  m i x e d  s o l v e n t  does not interfere 

w i t h  t h e  GPC chro rna t  agrarn af t h e  PET s a m p l e ,  b e c a u s e  
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POLYETHYLENE TEREPHTHALATE 1671 

C 

A 

I I 

10 20 XI 
Ve, ml 

F i g u r e  1. FI t y p i c a l  chromatogram o f  PET i n  mixed 
s o l v e n t .  ( F I  - PET Polymer:  B - PET o l i g o -  
m e r ;  C - o-Ch lo ropheno l ) .  

t h e  peak  for o - c h l o r u p h e n o l  is f a r  b e h i n d  t h a t  o f  t h e  

PET sample .  FI t y p i c a l  chromatogram is shown i n  Figure 

I. 

The e l u t i o n  volumes  of t w o  sets of PET s t a n d a r d s  

and PS s t a n d a r d s ,  measured  i n  t w o  GPC s y s t e m s ,  u n d e r  

c o n d i t i o n s  d e s c r i b e d  above ,  are  l i s t e d  i n  T a b l e  3 and 

T a b l e  4. 

The c o r r e s p o n d i n g  cal  i b r a t  i on  c u r v e s  for t h e  t w o  

cc~lumn s y s t e m s  are i l l u s t r a t e d  i n  F i g u r e  Z and  F i g u r e  

3. 
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1672 SANG, JIN, AND JIANG 

TABLE 3 

Data f o r  C a l i b r a t i o n  Curve of Spheron Column 

S t a n d a r d  - 
Mw Sample of PS 
- 

6 

5 

5 

4 

4 

4 

3 

3 

1 2 .0  x 10 

2 4.98 x 10 

3 1.10 x 10 

4 5.0 x 10 

5 3.7 x 10 

6 1.75 x 10 

7 4.0 x 10 

8 2.2 x 10 

Ve,ml 

16.0  

16 .0  

23.0 

28.0 

30.0 

34.5 

44.0 

45.0 

- S t a n d a r d  
Sample of PET M Ve,ml n 

4 

4 

4 

4 

4 

4 

3 

3 

3 

3.43 x 10 

2.78 x 10 

2.46 x 10 

2.14 x 10 

1 . 6 1  x 10 

1.13 x 10 

8.85 x 10 

6.70 x 10 

5.93 x 10 

26.0 

28.0 

29.0 

30.0 

32.5 

35.0 

37.0 

38.5 

40.5 

Standard samples of  PET are not available commev- 

cially. The preparation of  PET standard samples by 

fract iortat ion is troublesome and t ime-consuming. If 

the universal calibration proposed by Benoit is appli- 

cable in this new solvent system, we can then use PS 

samples, which are commercially available, to calibrate 

our column. In the universal calibration treatment, 

Mark-Houwink equations for both polyrflers in the same 
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POLYETHYLENE TEREPHTHATATE 

TABLE 4 

1673  

Data f o r  C a l i b r a t i o n  Curve of S t y r a g e l  Column 

- Standard  
Sample of PS Mn* Ve,ml Sample of  PET M Ve ,ml - -  ...-!I-- 

1 1.50 x l o6  13.3 1 2 . 9 9  x l o 4  1 8 . 2  

- Standard  

2 3.50 x lo5  15 .2  2 2 . 1 1  lo4  19 .6  

3 2 .18  x lo5 16 .0  3 1 . 7 5  lo4  20.0 

5 3.60 x l o4  19.8 5 4 .57  l o 3  23 .6  

4 1.11 lo5 17 .7  4 7 .67  x lo3  2 1 . 5  

6 9 .05  x lo3  23 .8  6 4 .22  x lo3 23.8 

7 3.57 x l o3  25.1 

a 1 .79  x lo3  25.9 
* 

9 8.11 x 10' 27.6 

10 6 .00  x l o2  2 8 . 1  

* Peak Molecular  Weight by GPC. 

solvent are required. Therefore, intrinsic viscosities 

o f  some standard samples af PET and of PS were measured 

in the mixed solvent, o-chlorophenol - chloroform ( 1  :9) 

at 25 deg. C. The log[rl] vs log M plots are shown in 

Figure 4. The corresponding Mark-Houwink equations 

were calculated by a least square method: 
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1674 SANG, JIN, AND J IANG 

6.0 

5 5.c 

0, 

4.c 

t 

1 

20 30 40 50 

Ve, rnl 

Figure 2. GPC calibration curves for Spheron column. 
( o PET x PS) 
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POLYETHYLENE TEREPHTHALATE 

6.C 

5.0 

2 
(3 s 

4.0 

3.0 

I 

15 20 25 

Ve. rnl 

1675 

Figure 3. GPC cc~rves  for Styragel column. 
' (  o PET x PSI 
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1676 SANG,  JIN, AND JIANG 

-1.0 

LOG MpS 

Figure 4. The log [ q ]  vs log M plots for PET and CIS 
in a mixed solvent o f  o-chlorophenol and 
chloroform ( 1  :9), 
( o PET x PS) 
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POLYETHYLENE TEREPHTHALATE 1677 

Ve, rnl 

Figut-e  5. Lag [n] v s  V e  p l o t  f o r  PET and PS i n . a  
mi xed s o l v e n t  o f  o - c h l o r o p h e n o l  and  
c h l o r o f o r m  I 1  : 3 ) .  
( o PET x PS) .  

-4 0.68 [nips = 2.0 X 10 MpS 

The l o g  [Q] v 5  V e  p l o t s  o f  PET and PS w e r e  o b t a i n e d  

frorn t h e  d a t a  g i v e n  above.  plll t h e  p o i n t s  f a l l  on t h e  

same s t r a i g h t  l i n e  as shown i n  F i g u r e  5. T h i s  shows 

t h a t  u n i v e r s a l  c a l i b r a t i o n  is a p p l  i c a b l e  i n  t h i s  5ys-  

tern. 
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