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ELECTRON PARAMAGNETIC RESONANCE I N  AsF5 DOPED 
POLYPARAPHENYLENE 

F. MAURICE, C .  FONTAINE, A. MORISSON, J . Y .  GOBLOT, G .  FROYER 
C . N . E . T . ,  B.P. 4 0 ,  22301 Lannion,  F rance  

A b s t r a c t  Po lypa rapheny lene ,  PPP, h a s  been polymerized from 
benzene,  a s  d e s c r i b e d  by Kovacic,  and h e a v i l y  doped i n  AsF5 
vapour .  The s p i n  s u s c e p t i b i l i t i e s  were a b o u t  10-6 emu/mole 
ca rbon  f o r  t h e  P a u l i  p a r t ,  p l u s  o n e  C u r i e  s p i n  p e r  1000 c a r -  
bon atoms.  The asymmetry o f  t h e  EPR s i g n a l  o f  p e l l e t s  was 
found t o  b e  i n  good agreement  w i t h  Dyson's t h e o r e t i c a l  pre-  
d i c t i o n s  f o r  s lowly  d i f f u s i v e  s p i n s  i n  t h e  c a s e  of aged 
samples .  On t h e  o t h e r  hand, t h e  o c c u r e n c e  o f  exchange in -  
t e r a c t i o n s  gave r i s e  i n  f r e s h l y  doped samples  t o  enhanced 
m a g n e t i z a t i o n  d i f f u s i o n  rates, and t h e n  t o  more asymmetrical 
EPR l i n e s .  

EXPERIMENTAL 

PPP was s y n t h e s i z e d  from benzene,  CuC12, and 9 A1C13 (1). P-type 

dop ing  was accomplished by expos ing  t h e  PPP powder ( 2 )  t o  a 100 mb 
vapour  p r e s s u r e  o f  AsF5. The 3 h o u r s  dop ing  t i m e  l e d  t o  a concen- 

t r a t i o n  o f  one AsF - a n i o n  p e r  3 p h e n y l s  ( 3 ) .  

f e l t  between 200 and 260 S c m - l .  

6 
The D C  c o n d u c t i v i t y  of t h e  doped material p r e s s e d  t o  p e l l e t s  

The EPR w a s  obse rved  o n  a c o n v e n t i o n a l  X band s p e c t r o m e t e r  
w i t h  f i e l d  modu la t ion  f r e q u e n c i e s  o f  100 and 4 kHz, equipped w i t h  
a c o n t i n u o u s  he l ium f low c r y o s t a t .  

EPR RESULTS 

S u s c e p t i b i l i t y  

0.1 mg of PPP powder w a s  d e p o s i t e d  around a small g l a s s  c y l i n d e r  
(1 .5  mm d i a m e t e r )  e n c l o s i n g  a ruby  s t a n d a r d  ( 4 ) ,  and  p l a c e d  i n  t h e  
bot tom of a n  EPR tube .  Doping w a s  made i n  s i t u ,  and t h e  EPR t u b e  
was t h e n  s e a l e d .  The EPR s i g n a l  was symmetr ic ,  s i n c e  t h e  sample 

319 

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:
44

 2
0 

Fe
br

ua
ry

 2
01

3 



320 F. MAURICE cf 01. 

th ickness  w a s  on ly  one t e n t h  of  t h e  skin-depth,  and l o r e n t z i a n .  

The s p i n  s u s c e p t i b i l i t y  was measured between l i q u i d  hel ium 
and room temperature .  The c o n c e n t r a t i o n  of C u r i e  s p i n s  w a s  about  
1000 ppm ( p e r  carbon atom), i n s t e a d  of 2 ppm i n  t h e  undoped poly- 

mer, and t h e  P a u l i  s u s c e p t i b i l i t y  was about  10 emu/mole carbon.  -6 

Study of Dyson e f f e c t  on p e l l e t s  

Dyson has  c a l c u l a t e d  t h e  EPR l i n e  shape f o r  conduct ion  e l e c t r o n s  
i n  metals (51, g i v i n g  an a n a l y t i c a l  formula i n  t h e  case of f l a t  
p l a t e s  : t h e  a b s o r p t i o n  l i n e  asymmetry can be  d e s c r i b e d  by the 
r a t i o  AfB of t h e  d e r i v a t i v e  extrema. It depends on 016, r a t i o  of 
t h e  p l a t e  t h i c k n e s s  over t h e  skin-depth,  and on TD/T2,  r a t i o  of  

t h e  d i f f u s i o n  t i m e  through t h e  skin-depth over  t h e  sp in-sp in  rela- 
x a t i o n  t i m e  ( f i g .  1 ) .  

e/1 
0 I 

1 2 L 10 20 LO 

FIGURE 1 Asymmetry A/B as a f o n c t i o n  of 016 f o r  d i f f e r e n t  

v a l u e s  of (TD/T2) 112 

The same r e s u l t s  were found by Kaplan ( 6 )  who used t h e  phenomeno- 
l o g i c a l  Bloch equat ions  modif ied t o  i n c l u d e  d i f f u s i o n  of t h e  ma- 
g n e t i z a t i o n  arid c o n d u c t i v i t y .  Thus t h e  paramagnetic c e n t e r s  are 
n o t  n e c e s s a r i l y  the charge carriers. B e r n i e r  e t  a l .  have i n v e s t i -  
gated t h e  Dyson e f f e c t  i n  m e t a l l i c  (CH)x f i l m s  ( 7 ) ,  and have 

found a good agreement w i t h  theory .  
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EPR IN AsF, DOPED POLYPARAPHENYLENE 32 I 

We have p res sed  doped PPP powder i n t o  p e l l e t s  of v a r i o u s  th i cknesses  
and DC c o n d u c t i v i t i e s ,  o b t a i n e d  by a g i n g  i n  d r y  box. F i g u r e  2 g i v e s  
the r e s u l t s  of EPR measurements which a r e  w e l l  f i t t e d  by t h e  theo-  
r e t i c a l  cu rve  f o r  s lowly  d i f f u s i v e  s p i n s  (TD/T2 > 100) w i t h o u t  any  
a d j u s t a b l e  pa rame te r .  

W b  

6 ,  I 

AHPP 
4.25 

4.00 

3.15. 

3.50.. 

FIGURE 2 A s y m t r y r a t i o s  A/B f o r  aged PPP samples  (8) .  
The s o l i d  l i n e  is t h e o r e t i c a l  f o r  TD/T2 + m. 

0.8 

9- 
- , I  0%. 

..O.L 
\ 

\ 
..0.2 

'\ 

FIGURE 3 Asymmetry r a t i o  A / B ,  (---), and l i n e w i d t h  AHpp 
(-), v s  t empera tu re  f o r  a f r e s h l y  doped t h i c k  
sample,  

Importance of  exchange i n t e r a c t i o n s  
The EPR of a f r e s h l y  doped, t h i c k  (016 = 28)  PPP sample shows e v i -  
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322 F. MAURICE et al. 

dence f o r  exchange i n t e r a c t i o n s  : 
i/ Narrow l i n e  (AHpp = 0.23 G.), w i t h  extended wings. 
ii/ No s a t u r a t i o n  a t  low tempera ture  (P  = 10 mW) : t h e  s p i n  system 
is more e f f i c i e n t l y  coupled t o  the l a t t i c e  by f a s t  magnet iza t ion  
d i f f u s i o n  through exchange (9). 
iii/ The narrowing of t h e  EPR l i n e  on c o o l i n g  ( f i g .  3) would b e  
i n c o n s i s t e n t  w i t h  motional  narrowing.  
iiii/ The asymmetry r a t i o  is  higher  than  t h e  t h e o r e t i c a l  v a l u e  of 
2.55 f o r  non d i f f u s i v e  s p i n s .  The d i f f u s i o n  c o e f f i c i e n t  i t  i m p l i e s  
is t o o  h i g h  (Q 50 cm2/s) t o  b e  r e l a t e d  t o  real motion of  t h e  s p i n s ,  
bu t  r a t h e r  t o  d i f f u s i o n  of t h e  magnet iza t ion  through exchange. 

t h e  l i n e  on cool ing  would i n d i c a t e  more exchange a t  low temperature. 
Then t h e  i n c r e a s e  of t h e  asymmetry r a t i o  and t h e  narrowing of 

CONCLUSION 

The s p i n  s u s c e p t i b i l i t i e s  i n  AsF5 doped polyparaphenylene are i n  
good agreement w i t h  those  r e p o r t e d  ear l ier  by Kume e t  a1 (lo), but  
d i f f e r  from those  measured i n  t h e  SbF5 doped m a t e r i a l  (11). The 
Cur ie  s p i n s  might be  r e l a t e d  t o  p o l a r o n s  i n  poor ly  doped r e g i o n s  
(12). The s t r e n g t h  of exchange i n t e r a c t i o n s  p r o g r e s s i v e l y  weakens 
a f t e r  doping l e a v i n g  the  expected Dysonian l i n e  shapes.  We a r e  
working a t  determining whether t h i s  e v o l u t i o n  should b e  l i n k e d  t o  
a slow d i f f u s i o n  and homogenization of t h e  dopant  an ions ,  o r  t o  a 
degrada t ion  of t h e  doped polymer. 
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