
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 12:46
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Doping Kinetics and Structural
Study of AsF5 Doped
Polyparaphenylene
Jean-Yves Goblot a , Francois Maurice a , Gerard
Froyer a & Yvan Pelous a
a C.N.E.T LAB-ROC/TIC, B.P. 40, 22301, Lannion,
France
Version of record first published: 17 Oct 2011.

To cite this article: Jean-Yves Goblot , Francois Maurice , Gerard Froyer & Yvan
Pelous (1985): Doping Kinetics and Structural Study of AsF5 Doped Polyparaphenylene,
Molecular Crystals and Liquid Crystals, 118:1, 273-276

To link to this article:  http://dx.doi.org/10.1080/00268948508076223

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508076223
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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:
46

 2
0 

Fe
br

ua
ry

 2
01

3 



Mol. Crysr. Liq. Crysf. 1985. Vol. 118, pp. 273-276 
OO26-8941/85/ I l84-O273/$10.00/0 
Q 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

DOPING KINETICS AND STRUCTURAL STUDY OF AsF5 DOPED 
POLYPARAPHENYLENE 

JEAN-YVES GOBLOT, FRANCOIS MAURICE, GERARD FROYER, YVAN PELOUS 
C.N.E.T. ,  LAB-ROCITIC, B.P. 40, 22301 Lannion, F rance  

A b s t r a c t  K i n e t i c s  o f  AsF5 doping on po lypa rapheny lene  (PPP) 
powder s y n t h e s i z e d  by t h e  Kovacic method (1 )  were c a r r i e d  o u t  
f o r  d i f f e r e n t  p r e s s u r e s  and d i f f e r e n t  t e m p e r a t u r e s .  The 
r e s u l t s  are e x p l a i n e d  i n  terms of p h y s i c a l  a d s o r p t i o n  on t h e  
h i g h  s p e c i f i c  area o f  PPP and d i f f u s i o n  of  AsF5 i n t o  PPP f i -  
b r i l s .  Undoped r e g i o n s  and doped o n e s  a r e  s e e n  by X-ray ana- 
l y s i s  depending on t h e  doping l e v e l .  

EXPERIMENTAL 

A s t a i n l e s s  s t e e l  vacuum l h e  i s  used  t o  do a l l  t h e  dop ing  e x p e r i -  
ments .  The vacuum upon t h e  PPP powder i s  abou t  10-3 t o r r  and t h e  
powder i s  i n  a g l a s s  c e l l .  AsF i s  c r y o g e n i c a l l y  d i s t i l l e d  a t  5 
- 96°C ( a c e t o n  " s lush"  b a t h )  and t h e n  s t o r e d  a t  7 7  K .  We measured 
t h e  v a r i a t i o n  of t h e  p r e s s u r e  AP i n  t h e  c e l l  volume around a g i v e n  
p r e s s u r e  P.  A q u a n t i t y  of AsF i s  t h e n  i n t r o d u c e d  i n  t h e  c e l l  t o  

r e a d j u s t  t h e  p r e s s u r e  t o  P. I n t e g r a t i o n  of a l l  t h e s e  v a r i a t i o n s  
g i v e s  us  t h e  AsF consumption.  Samples used  f o r  X-ray a n a l y s i s  

5 
were Lindeman's t u b e s  of 0.3 mm d i a m e t e r  f i l l e d  w i t h  doped powder 
and sealed i n  a rgon  atmosphere.  Debye S c h e r r e r  p a t t e r n s  were 
o b t a i n e d  i n  a chamber of  360 mm c i r c o n f e r e n c e  and from t h e  mono- 
ch romat i c  AKa 

5 

o f  copper  (1.54056 I ) .  
1 

RESULTS AND DISCUSSION 

Dopant s p e c i e s  

One AsF molecu le  w a s  produced (and t r a p p e d  i n  a c o l d  f i n g e r )  f o r  
3 

e v e r y  t h r e e  t o  f o u r  AsF molecu le s  consumed, i n  rough agreement  
5 

w i t h  t h e  r e a c t i o n  proposed by C l a r k e  e t  a1 (2 )  : 

3 ASF + 2 e- + 2 ASF - + A S F ~  
5 6 
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214 I.-Y. GOBLOT et al. 

So t h a t  w e  assume AsF - t o  be  t h e  dopant anion.  

K i n e t i c s  of  doping 

The i n t e g r a t e d  AsF 

f o r  PPP powder doping a t  100 mb AsF 

p a r t s  of d i f f e r e n t  s l o p e s  corresponding t o  two d i f f e r e n t  regimes 

6 

consumption v e r s u s  square  r o o t  of t i m e  curves  
5 

p r e s e n t  two roughly l i n e a r  
5 

( f i g .  1) : 

Ne,. 1~10‘~  rnole/gl 

c 
0 25 50 75 100 

VT IS”Z1 

FIGURE 1 AsF doping o f  PPP powder a t  100 mb p r e s s u r e  : 5 
i n t e g r a t e d  consumption v e r s u s  square  r o o t  of time. 

1/ F i r s t  a f a s t  a d s o r p t i o n ,  c h a r a c t e r i z e d  by a n e g a t i v e  tempera- 
t u r e  dependence of t h e  a d s o r p t i o n  rate and e q u i l i b r i u m  s u r f a c e  
c o n c e n t r a t i o n s .  
2 1  Then a s lower,  temperature  a c t i v a t e d  d i f f u s i o n  of  AsF5 through 

t h e  doped o u t s i d e  p a r t  of t h e  f i b r i l s  b e f o r e  reaching  and doping 
t h e  inner ,  undoped cores .  The a d s o r p t i o n  ra te  be ing  much h i g h e r  
than  t h e  d i f f u s i o n  one, the s u r f a c e  c o n c e n t r a t i o n  of l i q u i d  o r  
s o l i d  AsF5 s t a y s  a t  i ts  e q u i l i b r i u m  v a l u e .  We have modelled t h i s  

process  ( 3 )  and es t imated  t h e  d i f f u s i o n  c o e f f i c i e n t  of AsF5 in 

doped PPP t o  be about  c m  / s  w i t h  a n  a c t i v a t i o n  energy of 
0.25 e V .  

doped powder ( f i g u r e  2 ) .  

2 

We have run adsorp t ion-desorp t ion  experiments  on t h e  f u l l y  
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DOPING KINETICS AND STRUCTURAL STUDY OF AsF, DOPED PPP 275 

FIGURE 2 Room t e m p e r a t u r e  a d s o r p t i o n ,  (+), and  d e s o r p t i o n  
(-x-),  of AsF5 on doped PPP powder. Po is  t h e  room 
tempera tu re  vapour  p r e s s u r e  of AsF5. 

FIGURE 3 AsF5 doping o f  PPP powder a t  30 mb : consumption vs 
s q u a r e  r o o t  o f  t i m e .  

A B . E . T .  ( 4 )  a n a l y s i s  of t h e  d a t a  g i v e s  a s p e c i f i c  a r e a  of 

100 m / g  f o r  t h e  doped polymer,  so t h a t  t h e  amount o f  adso rbed  
AsF i s  abou t  3 t o  4 p e r c e n t  o f  t h e  pheny l  g roups .  

2 

5 
For a reduced doping p r e s s u r e  o f  30 mb AsF5 ( f i g u r e  3 )  t h e  

a d s o r p t i o n  ra te  is  lower t h a n  t h e  d i f f u s i o n - d o p i n g  p r o c e s s ,  and 
t h e n  l i m i t s  t h e  k i n e t i c s  o f  dop ing  w i t h  n e g a t i v e  t e m p e r a t u r e  depen- 
dence .  

X-RAY ANALYSIS 

Only t h r e e  broad r i n g s  are v i s i b l e  o n  d i f f r a c t i o n  p a t t e r n  of 
h i g h l y  doped PPP ( f i g .  4 a )  w i t h  t h e  f o l l o w i n g  d - spac ings  : 

5,21 i, 3 ,35  and 2,12 i. 

For l i g h t l y  doped PPP,  an  i n t e r m e d i a t e  d i f f r a c t i o n  p a t t e r n  
w i t h  t h e  s u p e r p o s i t i o n  o f  t h e  p u r e  PPP d i 5 f r a c t i o n  p a t t e r n  and 
the doped PPP o n e  is s e e n  as i n  f i g u r e  4 b. The t h r e e  b road  
r i n g s  are a lways  peaked a t  t h e  same p o s i t i o n  wha teve r  t h e  dop ing  
l e v e l  is. The r i n g s  conce rn ing  t h e  pu re  PPP s t r u c t u r e  d i s a p p e a r  
when t h e  doping l e v e l  i n c r e a s e s .  D
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276 J.-Y. GOBLOT el al. 

FIGURE 4 D i f f r a c t i o n  p a t t e r n  of a /  h i g h l y  doped PPP 
and b /  l i g h t l y  doped PPP 

CONCLUSION 

The d i f f u s i o n  of  A s F 5  i n t o  t h e  PPP f i b r i l s  i s  a v e r y  slow p r o c e s s .  

The dopant s p e c i e s  formed d u r i n g  doping experiment  i s  AsF -. 
XsF gas  does n o t  dope homogeneously PPP powder and t h i s  t y p e  of 

doping does n o t  seem t o  be  a conven ien t  method t o  o b t a i n  homoge- 

neous l i g h t l y  doped samples .  

6 

5 
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