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RAMAN SPECTRUM OF CRYSTALLINE POLYETHYLENE AT 15K 

Key Words: p o l y e t h y l e n e ,  Raman s p e c t r o s c o p y ,  

c o r r e l a t i o n  s p l i t t i n g  

I a n  S .  B u t l e r  and Anton Neppel 

Department o f  Chemis t ry ,  M c G i l l  U n i v e r s i t y ,  
8 0 1  Sherbrooke  S t . ,  W., Mont rea l ,  Que.,  

Canada, H3A 2 K 6 .  

INTRODUCTION 

P o l y e t h y l e n e ,  - ( C H 2 - C H 2 )  n-,  i s  one  o f  t h e  s i m p l e s t  

polymers  known and i t s  i r  and Raman s p e c t r a  have been  

e x t e n s i v e l y  s t u d i e d  o v e r  t h e  p a s t  25 y e a r s .  I n  i t s  

c r y s t a l l i n e  s t a t e ,  a t  ambient  t e m p e r a t u r e ,  t h e  polymer 

h a s  a p r i m i t i v e  or thorhombic  l a t t i c e  (Pnma, D 2 h )  w i t h  

two molecu la r  c h a i n s  p e r  B r a v a i s  u n i t  c e l l  . There i s  

ev idence  t h a t  t h e  v i b r a t i o n s  o f  t h e s e  ne ighbour ing  

c h a i n s  i n t e r a c t  because  c o r r e l a t i o n  s p l i t t i n g  h a s  been  

observed  a t  77K f o r  m o s t  o f  t h e  i r - a c t i v e  fundamenta ls  

1 6  

2 

3-5 

However, w h i l e  s i m i l a r  s p l i t t i n g s  have been d e t e c t e d  f o r  

a few bands i n  t h e  Ramanl r6 ,  it i s  clear t h a t  t h e  d a t a  

a r e  f a r  from comple t e .  S e v e r a l  o f  t h e  Raman 

fundamenta ls  r e p o r t e d  a s  s i n g l e  peaks  ough t  t h e o r e t i c a l l y  

t o  be s p l i t  i n t o  d o u b l e t s  under  h i g h  enough r e s o l u t i o n ,  

and moreover ,  t h e s e  s p l i t t i n g s  shou ld  be more e a s i l y  
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420 BUTLER AND NEPPEL 

TABLE 1 

V i b r a t i o n a l  S p e c t r a  of C r y s t a l l i n e  P o l y e t h y l e n e  (an-') 

A s s i g n m e n t  b Ir (77KIa  Raman (15K)  

2917 

2848 
2883' 

2881' 

2846 

1 4 7 5  

1 4 6 0  
1 4 6 6  

1453a  

1 4 4 2  

1 4 1 5  

1 3 7 1  

1 2 9 6  

1 2 9 3  

1 1 7 4  
1173d  

1171d  

11 33 

1 0 6 4  

1 0 6 2 . 5  

1 0 5 0  

7 3 3  
721 .5  

I 3 7  
1 1 0  

1 1 0  

72  

blg)  a r o c k ( C H 2 )  
q - .  

a b vs(C-C) 
9' 19 

b2g  ] va (C-CI 
3 g  

b 
blu t w i s t  ( C H 2 )  

b3u] r o c k  ( C H 2 )  
b2u 

r o t a t i o n  about 
c h a i n  a x i s  

2 u t r a n s l  a t  i o n  
bju of c h a i n  I 
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CRYSTALLINE POLYETHYLENE 4 2 1  

d i s c e r n e d  a t  v e r y  low t e m p e r a t u r e s .  With t h i s  i n  mind, 

w e  have now examined t h e  Raman spec t rum o f  h igh ly -  

c r y s t a l l i n e  po lye thy lene  a t  15K and w e  p r e s e n t  t h e  

r e s u l t s  h e r e .  

RESULTS AND DISCUSS I O N  

A group t h e o r e t i c a l  a n a l y s i s  f o r  c r y s t a l l i n e  

po lye thy lene  y i e l d s  t h e  f o l l o w i n g  f o r  one  r e p e a t  u n i t  

on t h e  b a s i s  o f  D2h symmetry: 7 , 8  

r v i b  + 2b + 2b2u  + b + 2b3u = 3ag + a U  + 2blg + blu 
2 9  39 gen 

Taking i n t o  accoun t  t h e  complete  i n t e r a c t i o n  o f  one 

molecu la r  c h a i n  w i t h  t h e  o t h e r  i n  t h e  B r a v a i s  u n i t  ce l l  

a f f o r d s  t h e  fo l lowing  i r r e d u c i b l e  r e p r e s e n t a t i o n s :  

r v i b  = 5a + 5b + 3b + 3b + 2aU + 2blu 
i n t  ( c r y s t )  9 19 2 9  39 

+ 4b2u + 4b3u 

Foo tno te s  t o  Table 1 

a Data f o r  an  o r i e n t e d  sample,  r e f .  1. 

Measured on a J a r r e l l - A s h  model 25-300 s p e c t r o m e t e r  
u s ing  488.0-nm argon- ion  l a s e r  e x c i t a t i o n  ( ~ 2 0 0  mW a t  
sample)  . The p o l y e t h y l e n e  sample s t u d i e d  w a s  F o r t i f l e x  
RS-187 ( S o l t e x  Polymer Corp., Houston, Texas, U.S.A.); 
t h e  powdery f l a k e s  w e r e  s e a l e d  i n  a Pyrex c a p i l l a r y  
t u b e .  The v a r i o u s  s p e c t r a l  r e g i o n s  were t u d i e d  under  
h i g h - r e s o l u t i o n  c o n d i t i o n s  (0.75-1 . O O  cm-' s l i t  w i d t h s )  
and t h e  l o w  t empera tu re  w a s  ach ieved  u s i n g  a Cryogenic  
Technology I n c .  model 2 1  v a r i a b l e - t e m p e r a t u r e  c r y o s t a t  
(k0.1K).  

C a l c u l a t e d  s p l i t t i n g  a t  room tempera tu re  (2904 - 2899 = 
5.0 c m - l ) ,  r e f .  9 .  

C a l c u l a t e d  s p l i t t i n g  a t  77K (1177.3 - 1174.3 = 3.0 
c m - l )  , r e f .  6 .  
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4 2 2  BUTLER AND NEPPEL 

r v i b  

r a c o u s t i c  

I n  a c t u a l  f a c t ,  e v e r y  a c t i v e  fundamental  o f  t h e  i s o l a t e d  

c h a i n  is  p r e d i c t e d  t o  s p l i t  i n t o  a d o u b l e t  i n  t h e  s p e c t r a  

of t h e  c r y s t a l  e x c e p t  f o r  t h e  blu modes. 

c o r r e l a t i o n  d iagram i s  a v a i l a b l e  i n  r e f .  8 :  a and b 

modes should  s p l i t  i n t o  a + b components,  b and b 

i n t o  b + b components,  a and blu i n t o  a + blu 

components,  and b2u  and b3u i n t o  b2u  + bju components.  

As i n  t h e  c a s e  o f  t h e  i - s o l a t e d  c h a i n ,  t h e  r u l e  of  mutual  

e x c l u s i o n  h o l d s  and a l l  " g "  modes are Raman a c t i v e ,  

whereas  a l l  "u" modes, w i th  t h e  e x c e p t i o n  o f  a U ,  a r e  i r  

a c t i v e  . 

= ag + blg + bZu  + b ju  e x t  ( c r y s t )  

= blu + b2L, + b3u 

The comple te  

19 g 

3g 9 19 2 9  

2 9  39 U U 

I n f r a r e d  d a t a  have been p u b l i s h e d  f o r  c r y s t a l l i n e  

po lye thy lene  a t  7 7 K  and t h e s e  are g iven  i n  Table  1 

t o g e t h e r  w i t h  o u r  Raman d a t a  o b t a i n e d  a t  1 5 K .  The 

v i b r a t i o n a l  a s s ignmen t s  shown a r e  t h o s e  c u r r e n t l y  a c c e p t e d  

i n  t h e  l i t e r a t u r e ' .  

s imilar  t o  t h o s e  r eco rded  e a r l i e r  a t  7 7 K 1 I 6 ,  e x c e p t  t h a t  

more o f  t h e  bands are s p l i t  i n t o  d o u b l e t s  i n  acco rd  w i t h  

t h e  group t h e o r e t i c a l  p r e d i c t i o n s  f o r  c o r r e l a t i o n  

s p l i t t i n g .  There  i s  no ev idence  f o r  a phase  change and 

t h e  observed  s p l i t t i n g s  ( 1 . 5  - 3 . 0  cm-') a r e  i n  e x c e l l e n t  

agreement  w i t h  t h o s e  c a l c u l a t e d  e a r l i e r 6 " .  

show t h a t  c r y s t a l l i n e  p o l y e t h y l e n e  behaves almost 

p r e c i s e l y  a s  expec ted  :in view of i t s  o r tho rhombic  c r y s t a l  

Our Raman band p o s i t i o n s  a r e  v e r y  

Our r e s u l t s  
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CRYSTALLINE POLYETHYLENE 423 

l a t t i c e  and t h e  d a t a  p r o v i d e  a n  e x c e l l e n t  example o f  a 

f a c t o r  group a n a l y s i s  f o r  a polymer.  
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