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6i STUDY OF MECHRNICRL DEGRRDRTION OF ' 
POLYMER IN HIGH PERFORMQNCE GPC 

Ye Mei-Ling and Shi Liang-He 
Institute of Chemistry 

Qcaderni a Si nica 
beijing, People's Republic of China 

RBSTRQCT -------- 

Fo r narrow distribution polystyre e samples (M  = 2.7 x 

tetrahydrofuran and the solutions were passed through a 
Shodex R-80M column at a concentration of approximately 
1 x 18-3 g/rnl, injection volume of 500 microliters, and 
a flow rate of 2 ml/min (i.e., rnaximun flow rate 
allowable for this column). Molecular weights of 
eluants were then determined by viscosity and laser 
1 i g h t  scattering methods; concentrat ions were 
determined by ultra- violet spectrophotometry. From 
the results of analysis of the eluate, it was shown 
that no significant degradation was detectable for all 
four samples in this colulmn which was packed with a 
crclss-1 inked polystyrene gel. When a si 1 ica gel 
(irregular shaped) column wa5 used, under same 
operating conditions, only sample PS-4, with a 
molecular weight of M = 7 x 106 
up to 15%. High pressure exerted on the columrc is 
believed to be the main cause of the degradation. 

laB , 6 x 106 , 6.5 x 186 , 7 x 10 2 ) were dissolved in 

underwent degradation 

Presented a t  t h e  GPC Symposium, Chinese Chemical Soc ie ty ,  G u i l i n ,  
Peop le ' s  Repub l ic  of China, June 2-6 ,  1981. 
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INTRODUCTION ------------ 

YE AND SHI 

When a p o l y m e r  s o l u t i o n  p a m r e s  t h r o u g h  a GPC 

colLimn a t  h i g h  p r e s s u r e ,  t h e  h i g h  molecular w e i g h t  

p o r t i o n  of t h e  s a m p l e  may be d e g r a d e d  by s h e a r i n g  

stress. T h e  d e g r a d a t i o n  of p o l y s t y r e n e  (M  = 187 ) and 

p o l y i s o b u t y l e n e  (M = 18 6 )  i n  convent ional  DPC ha5 

a l r e a d y  b e e n  r e p o r t e d  {L,Z) . T h e  d e g r a d a t i o n  is 

e x p e c t e d  to be rncwe s e r i c ~ u s  i n  h i g h  p e r f o r m a n c e  a n d  

h i g h  t e m p e r a t u r e  GPC. D e g r a d a t i o n  was o b s e r v e d  for 

p c l l y s t y r e r ~ e  1M = 4 x i B  b ) i n  1 , Z , 4 - t r i c h l o r o b e n z e n e  a t  

1 5 5 o C  a n d  for PE (M  = 7.5 x l B 5  ) i n  t h e  same s o l v e n t  

a n d  t e m p e r a t u r e ,  even a t  l o w  f l o w  ratex31 . Fls a 

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

p o r t i o n  of t h e  s a m p l e ,  errors are  i n t r a d u c e d  b o t h  t o  

t h e  c a l i b r a t i o n  cisrve and t o  t h e  c a l c u l a t e d  a v e r a g e  

molecular w e i g h t  far h i g h  m o l e c u l a r  w e i g h t  s a m p l e s .  

T h e r e f o r e  i t  is w o r t h  w h i l e  to l o o k  d e e p e r  in to  t h e  

p r o  b 1 e r n  of d e g r-ad a t i on of h i g h - r m  1 ec u 1 a r  w e  i g h t p o  1 yrfler 

a f t e r  p a s s i n g  thr-ough a GPC column.  GPC 

c h r o m a t o g r a p h e r s  a re  v e r y  much c o n c e r n e d  a b o u t  t h e  

q u e s t i o n  of what  is t h e  u p p e r  limit of molecular w e i g h t  

of polymer t h a t  w i l l  not u n d e r g o  d e g r a d a t i o n  i n  h i g h  

p e r f o r r n a n c e  GPC a t  rctctrn t e r n p e r a t  u r e .  Since p o l y s t y r e n e  
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MECHANICAL DEGRADATION OF POLYMER 1261 

is w i d e l y  used  a5 s t a n d a r d  s a m p l e  t o  c a l i b r a t e  13PC 

columns ,  cwr s t u d y  i n i t i a l l y  i n v o l v e d  t h i s  polymer.  

EX PER1 MENTFIL ------------ 

i .  I n s t r u m e n t  s: 

T w o  sets o f  co lumns  w e r e  u s e d  i n  a Waters 

Rssociates Model RLC/GPC 244 i n s t r u m e n t .  The first set 

w a s  a Shodex R-8BM column (inner d i a m e t e r  = 8.8 crn ,  

t h e o r e t i c a l  p l a t e s  = 18088 p l a t e s  / 56 cm). The s e c o n d  

set was a s i l i c a  g e l  ( i r r e g u l a r  s h a p e )  co lumn ( i n n e r  

d i a m e t e r  = 8.8 cw, 58 cm i n  l e n g t h  t h e o r e t i c a l  p l a t e s  = 

16Pr80 p l a t e s  / 541 cm). T h i s  p r e p a r e d  p o r o u s  s i l i c a  g e l  

w a s  s u p p l i e d  by J i l i n  I n s t i t u t e  of Chemica l  I n d u s t r y .  

2. Samples  

PS-1 M = 2.7 x 18 b (Waters s t a n d a r d  s a m p l e )  

PS-E ( P o l y s c i e n c e s ,  Inc .  1 

M i  = 6 x llEb (measn red  by LRLLS i n  our 

l a b o r a t c l r y )  

PS-3 ( J i l i n  I n s t i t u t e  of Chemica l  I n d u s t r y )  

PS-4 ( PS pa 1 yrner i zed  a t  rocm t e m p e r a t  L i r e  and  

f ract  i u r t a t e d  t w i c e )  
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3. E l u e n t :  T e t r a h y d r o f u r a n  (THF) 

YE AND S H I  

4. Detect ion method f o r  r n o l e c u l a r  w e i g h t  a n d  

c o n c e n t r a t  ion: 

The  e x  p e r  i r n e n t  a1 p r o c e d u r e  w a s  c a r r i e d  o u t  as 

fa l lows:  R s a r n p l e  was c o l l e c t e d  as  i t  e l u t e d  from t h e  

c h r o m a t o g r a p h i c  colurfln. I t s  MW w a s  d e t e r m i n e d  a n d  

c o m p a r e d  w i t h  t h e  v a l u e  o b t a i n e d  for  a " b l a n k "  t h a t  w a s  

riot p a s s e d  t h r o u g h  t h e  GPC colurnn. T h e  concentrat ion  

o f  e l u a t e  w a s  d e t e r m i n e d  w i t h  a UV S p e c t r o p h o t o m e t e r  

( S p e c o r d  UV-VIS) : M o l e c u l a r  w e i g h t s  of t h e  s a m p l e s  

were d e t e r m i n e d  w i t h  a laser l o w  a n g l e  l i g h t  s c a t t e r i n g  

p h o t o m e t e r  ( C h r o m a t i x  K M X - 6 ) .  Due t o  t h e  e x t r e m e l y  l a w  

c o n c e n t r a t  ion of t h e  e l u a t e ,  t h e  e x p e r i m e n a t a l  errwr i n  

t h e  1 i g h t  s c a t t e r i n g  m e a s u r e m e n t  w a s  r a t h e r  l a r g e .  

I n t r i n s i c  v i s c o s i t i e s  w e r e  a l so  m e a s u r e d  to suppler f len t  

t h e  l i g h t  s c a t t e r i n g  d a t a .  Rny c h a n g e s  i n  intrinsic 

v i s c o s i t i e s  w e r e  t a k e n  a s  a m e a s u r e  of t h e  d o g r a d a t i o n .  

T h e  l o w  concentration (ca 3 - 8 x l+  g / m l )  a f  s a r n p l e  

i n  t h e  e l u a t e  from GPC c o l u m n  necessitated a p r o p e r  

c h o i c e  of v i s c c w e t e r .  Two viscosimeter~ w i t h  q u i t e  

l o n g  e f f l u x  times ( to  = 27'18"8 f o r  THF a t  25X) were 

selected a n d  an e f f l u e n t  time d i f f e r e n c e A t  , between 
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MECHANICAL DEGRADATION OF POLYMER 1263 

polymer  so lu t ion  and  p u r e  s o l v e n t  o f  m o r e  t h a n  10 

s p c o n d s  c o u l d  b e  o b t a i n e d .  I n  s u c h  a way, t h e  

irttrirtsic v i s c o s i t i e s  { 1 of d i l u t e  s ~ l u t i o r t s  w e r e  

d e t  e r r n i  ned w i t h good r e p r o d u c i  b i  1 i t  ies. 
7 

GPC Experirnertt : 

S i n c e  d e g r a d a t i o n  occurs r n c r s t  r e a d i l y  a t  h i g h  

c o n c e n t r a t  icm and  h i g h  f low rate ,  a h i g h  c c t n c e n t r a t  i o n  

of 1 - 2 x 18-3 g/ml a n d  a h i g h  f l o w  r a te  o f  2 ml/min 

w e r e  used  for b o t h  t h e  Shodex F I - 8 0 M  and  s i l i c a  g e l  

co 1 urnns. 

( 1 )  F o u r  p o l y s t y r e n e  s a m p l e s  (M = 2.7 x 18 b - 7 x 10 b 

) w e r e  i n j e c t e d  i n t o  a Shctdex W 8 0 M  colurfln a t  a 

c c t n c e n t r a t  ion  o f  a p p r a x i m a t e l y  1 x 10-3 g/ml,  in ject ion 

volume o f  588 microliters and  a f l o w  rate o f  2 ml/min, 

( p r e s s u r e  g a u g e  i n d i c a t i n g  38@ p s i ) .  f i l l  o f  t h e  

f r a c t i o n s  w e r e  c o l l e c t e d  i n  o n e  b o t t l e  and  a n a l y z e d  by 

t h e  v i s c o s i t y  method. The d e t e r m i n a t i o n s  w e r e  r e p e a t e d  

s e v e r a l  times. The r e s u l t s  are l i s t e d  i n  T a b l e  1. 

Under  i d e n t i c a l  o p e r a t i n g  c o n d i t  i cws ,  s o l u t i o n s  of  t w o  
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1266 YE AND SHI 

p o l y s t y r e n e  s a m p l e s  (M = 6 x 1Plb , 7 x l a b  ) w e r e  

p a s s e d  t h r o u g h  t h e  sil ice g e l  cc~lurnn  ( p r e s s u r e  g a u g e  

i n d i c a t i n g  1588 p s i ) .  T h e  v i scos i t i e s  of t h e  f ract ions 

w e r e  d e t e r m i n e d  s i r n i l a r l y .  R e s u l t s  a r e  g i v e n  i n  T a b l e  

2. 

(2) I t  is o b v i o u s  f r o w  T a b l e  1 t h a t  a l l  f o u r  s a m p l e s  

p a s s i n g  t h r o u g h  t h e  S h o d e x  W 8 8 M  c o l u m n  were n o t  

d e g r a d a t e d  a t  a l l .  O n  t h e  s i l i c a  g e l  calurnn,  t h e  

s i t u a t i o n  w a s  q u i t e  d i f f e r e n t .  S a m p l e  PS 4 u n d e r w e n t  

d e g r a d a t i o n  to a e x t e n t  o f  a p p r o x i m a t e l y  l!%, (see 

T a b l e  2). F l o w  r a t e  a n d  inject ion c o n c e n t r a t  ion  cm t h e  

t w o  co lurnns  were t h e  same. T h e  o n l y  d i f f e r e n c e  was 

p r e s s u r e  on t h e  t w o  c o l u m n s .  T h e  p r e s s u r e  on t h e  

s i l i c a  colurnn w a s  much h i g h e r  t h a n  t h a t  of S h o d e x  a-8BM 

column.  We b e l i e v e  t h a t  culurnn p r e s s u r e  is v i t a l  t o  

t h e  o c c u r r e n c e  of s h e a r  d e g r a d a t i o n .  

(3) T h e  d a t a  o f  T a b l e  l a n d  T a b l e  2 show t h a t  t h e  

d e g t - r d a t i o n  o f  PS-THF s y s t e r n  is not 50 s e r i o u s  i n  t h e  

h i g h  p e r f o r m a n c e  GPC ccll urnn a t  ram t e r n p e r a t  u r e  as w e  

first t h o u g h t .  O u r  data  p o i n t e d  to t h e  f a c t  t h a t  

m e c h a n i c a l  d e g r a d a t i o n  is n e g l i g i b l e  when PS s a m p l e s  

w i t h  m o l e c u l a r  w e i g h t s  u p  to 6 x 1Vlb are u s e d  a s  

s t a n d a r d  s a m p l e s  fo r  c o l u m n  cal i b r a t  ian. 
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