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CHARACTERIZATION AN0 VIBRATIONAL PROPERTIES OF UNDOPED AN0 
ASF~-OOPED (CeH4lx 

s.  KRICHENE~’ , J .P. BUISSON~) , s. L E F R A N T ~ ’ ,  G .  F R O Y E R ~ ’ ,  

F. MA~RICE~), J.Y. G O E L O T ~ ) ,  Y .  P E L O U S ~ ’ ,  c .  FAERE‘) 
a )  L a b o r a t o i r e  de P h y s i q u e  C r i s t a l l i n e  [ERA CNRS no 131, 

U n i v e r s i t 6  de Nantes ,  44072 Nantes  CBdex, F r a n c e  
b )  Ogpartement R O C / T I C ,  CNET. 22301 Lann ion ,  F r a n c e  
c l  L.E.R.M., B.P. 45, 63170 Aub iB re ,  F r a n c e  

A b s t r a c t  A v i b r a t i o n a l  s t u d y  o f  p o l y - p - p h e n y l e n e  [PPP) 
p r e p a r e d  by t h e  K o v a c i c  method i s  p r e s e n t e d .  A compar ison 
is made between t h e  v i b r a t i o n a l  f e a t u r e s  [ i n  b o t h  I R  and 
Ramanl of undoped PPP, PPP c h e m i c a l l y  doped u s i n g  AsF5 o r  
e l e c t r o c h e m i c a l l y  doped w i t h  AsF6-, and f i n a l l y  dedoped by  
a t h e r m a l  t r e a t m e n t .  I n  t h e  l a s t  case, u s i n g  t h e  e x c i t i n g  
w a v e l e n g t h  A L  = 647.1 nm, a d d i t i o n a l  modes a re  o b s e r v e d  i n  
t h e  Raman s p e c t r a  (460  cm- l ,  920 cm-I  and 1700 c rn - l ) .  I n  
AsF5 doped PPP, t h e  IR a b s o r p t i o n  spec t rum r e v e a l s  a l s o  
new modes (1552 cm-1, 1273 cm-I  and 1184 c m - l ) .  These 
f e a t u r e s  a r e  d i s c u s s e d  i n  t h e  b a s i s  o f  a v i b r a t i o n a l  model.  

-___ 

3 UNOOPEO PPP [ K o v a c i c l  

Raman s p e c t r a  o f  undoped PPP a r e  a lways  p e r t u r b e d  by  a v e r y  s t r o n g  

f l u o r e s c e n c e  w i t h  a maximum peaked a round  600 nm, and w h i c h  de- 

pends upon t h e  s y n t h e t i s  o f  t h e  m a t e r i a l  as w e l l  as upon t h e  

wash ing  p rocedure .  C a t a l y s t  r e s i d u e s ,  f o r  example,  l e a d  t o  a 

s l i g h t  d o p i n g  o f  t h e  PPP powder,  and q u i n o i d  s t r u c t u r e s  o r  o t h e r  

d e f e c t s  a r e  expec ted  t o  be c r e a t e d .  The c a t a l y s t  r e s i d u e s  c o n t e n t s  

can, a c c o r d i n g  t o  r e f .  111, g i v e  r i s e  t o  p o l y m e r  powders o f  d i f -  

f e r e n t  c o l o r s  [ d a r k  brown o r  c l e a r  b r o w n ] ,  whose i n f r a r e d  s p e c t r a  

a r e  s i m i l a r  e x c e p t  a band a t  1600 c m - l .  I t  i s  r e p o r t e d  t h a t  t h e  

d a r k  brown powder may c o n t a i n  more q u i n o i d  s t r u c t u r e  i n  t h e  c h a i n ,  

l e a d i n g  t o  a s h i f t  t o  385 nm o f  t h e  o p t i c a l  a b s o r p t i o n  band [21  

w h i l e  t h e  maximum a b s o r p t i o n  o f  a p - p o l y p h e n y l  sample i s  p r e d i c t e d  

30 1 
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302 S. KRICHENE et al. 

a t  339 nm w h e n  n i s  i n f i n i t e  (31. 

1 

0 cm-' 

FIGURE 1 Raman s p e c t r a  o f  PPP [Kovac ic l  a t  T = 10 K f o r  
= 457 .9  nm,  488 nm and 514 .5  nm. 

I n  f i g u r e  1 are  whown t h e  Rarnan s p e c t r a  o f  a PPP p r e p a r e d  by 

t h e  Kovacic  p r o c e d u r e  [ d a r k  brown powder1 f o r  d i f f e r e n t  e x c i t a t i o n  

wave leng ths ,  i n  which t h e  f l u o r e s c e n c e  background has  been s u b s -  

t r a c t e d .  They a r e  composed o f  a s t r o n g  band a t  1600 cm-l and many 

weaker bands  a t  1220 ,  1250,  1275 and 1341 crn-l. 

I1 AsFyOOPEO PPP 

Rarnan s p e c t r a  of AsFg-doped PPP have  been r e p o r t e d  p r e v i o u s l y  ( 4 1 .  

Upon dop ing ,  t h e  f l u o r e s c e n c e  d i s a p p e a r s  c o m p l e t e l y  and th ree  Raman 

bands  a r e  main ly  o b s e r v e d  : 1598 cm-1, 1320 crn-l and 1236 cm-I f o r  

AL = 647.1  nm. The mode a t  1598 cm-1 does  n o t  depend on A,. On t h e  

c o n t r a r y ,  g o i n g  t o  A L  = 647.1 nrn t o  A L  = 406.7 nrn, it m u s t  be no- 
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CHARACTERIZATION AND VIBRATIONAL PROPERTIES . .. 303 

t i c e d  t h a t  t h e  1236 and 1320 cm-1 d e c r e a s e  i n  i n t e n s i t y  w h i l e  two 

o t h e r  modes a t  1216 and 1275 cm-l a p p e a r ,  r e s u l t i n g  i n  an a p p a r e n t  

s h i f t .  By e l e c t r o c h e m i c a l  dop ing ,  similar results are  r o u g h l y  ob- 

served,  t h e  Raman s p e c t r a  o f  PPP doped e l e c t r o c h e m i c a l l y  b e i n g  

composed o f  modes a t  1224,  2280 and 1595 cm-l r e s p e c t i v e l y .  

I11 - THERMAL ~- STABILITY OF AsF5-0OPED PPP 

l l  I 

FIGURE 2 Raman s p e c t r a  a t  78 K o f  PPP Kovacic  - doped 
c h e m i c a l l y  w i t h  AsF5 and dedoped by h e a t i n g  a t  
250' C d u r i n g  15 inn. 
a ]  AL = 4 5 7 . 9  nm ; b l  AL = 514.5  nm 
c l  AL = 647.1  nm ; d l  AL = 676.4  nm 

Ar AsF5 doped PFP sample  has  been h e a t e d  a t  s e v e r a l  t e m p e r a t u r e s  

f r o m  100' C t o  250' C .  U p t i l  200' C ,  t h e  sample  does  n o t  show any  

a p p a r e n t  m o d i f i c a t i o n  b u t  I t s  c o l o r  g o e s  f rom g r e e n  t o  b l u e  a t  

2 5 G 0  C'. During  t h i s  t r e a t r e n t ,  new modes a p p e a r  a t  920 and 

170C cm-I a s  shuwn on F i E u r e  2 .  Iri a d d i t i o n ,  a mode a t  460 c m - l ,  

which was v e r y  weak i i i  t h e  doped sample ,  i s  I ' I O W  ve ry  s t r o n g  i n  
i n t e n s i t y .  Also, t h e  mode a t  'i240 c m - I  becomes v e r y  s t r o n g .  A i l  
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304 S. KRICHENE et al. 

t n s s e  new f e a t u r e s  are observed  f o r  AL = C47.1 nni or  676 .4  nm. 

When we use a h i g h e r  ene rgy  e x c i t a t i o n  ( 1 ~  = 457 .9  ou 514.5  n m l ,  

t h e  Raman spec t rum i s  v e r y  mLich l i k e  t h a t  o f  t h e  undoped PPP 
( F i g u r e  21. 

I V  CONCLUSION 

The p r o b l e m  whethe r  a q u i n o i d  s t r u c t u r e  e x i s t s  o r  n o t  j.n t h e  PPP 
c h a i n  w i l l  c e r t a i n l y  be r e s o l v e d  f r o m  t h e  v i b r a t i o n a l  s t u d i e s .  

Concs rn ing  t h e  Raman spec t roscopy ,  a v e r y  s t r o n g  m s o r i a i i t  b e h a v i o r  

i s  d e t e c t e d  w i t h  new s t r u n g  modes a p p e a r i n g  i n  t h e  r e d  range e x c i -  

t a t i o n .  T h i s  resonance i s  connec ted  w i t h  t h e  a b s o r p t i o n  i n  t h i s  

r e g i o n  ano t h e  d i f f e r e n c e s  e x i s t i n p  i n  samples w i t h  and w i t h o u t  

c o n t a c t  w i t h  a i r  and m o i s t u r e  [ 5 1 .  Moreover ,  we showed p r e v i o u l y  

( 4 1  t h a t ,  i n  t h e  Reman s p e c t r a  o f  u l i g o m e r s  and PPP p r e p a r e d  by  

t h e  Yamamoto method, t h e  RanIan modes a t  1220 and 1275 cm-' do i i o t  

tiepend on A,, w h i l e  t h e  1246 and 135P r m - l  modes a re  n o t  s e e n .  

T h e r e f o r e ,  t h e  l a t t e r  Raman modes c o u l d  be connec red  t o  a qu ino? 'd  

s t r u c t u r e  i n  P P r  c h a i n s  p r e p a r e d  by t h e  K o v a c i c  method. I t  r u s t  oe  

n o t i c e d  thc l t  t h e  ass ignmen t  o f  t h e  d i t f e r e n t s  modes i s  under  way 

w i t h  d v i b r a t i o n a l  model, as w e l l  as w i t h  t h a t  p r e d i c t e o  r e c e p t l y  

by  Zannon i  and Z e r b i  ( 6 1 .  

REFEKEh'CES 

1 .  J .  Durham, K .  Mc F a r l a n d  and P. Kovac ic ,  J .  o f  Polym. Sc. 

2 .  F. K o v a c i c  and L i -Chen  Hcu, 3 .  o f  Polym. Sc. 4 ,  5 (19661 .  
3. H.H. j a f f e  and M. O r c h i n ,  "Theory  an0 a p p l i c a t i o n s  o f  u l t r a -  

v i o l e t  spec t roscopy" ,  W i l e y ,  NewlYcrk ,  p .  215 (19621 .  
4 .  '3. K r i c h k n e ,  S. L e f r a n t ,  G. F r o y e r ,  F. M a u r i c e  and  Y.  P e l o u s .  

J .  Phys. 44 ,  C3-733 [19831.  
5. 0.  T i e k e . 3 .  Bubeck and G. L i e s e r ,  Makromol.  Chem. Rap id .  

6. Zannon i  and Z e r b i  ( P r e p r i n t  19841.  

'16, 1147 119781. - 

Comm. 5, 261 (1Y821. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
45

 2
0 

Fe
br

ua
ry

 2
01

3 


