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N-TYPE DOPING OF FOLYACE!CYLENE: ESR STUDY VERSUS 
TEMPERATURE 

F. RACHDI, P. BERNIER 
Groupe de Dynamique des Phases Condensdes (Laboratoire 
associd au CNRS), U.S.T.L., Place E. Bataillon 
34060 MONTPEUIER CEDEX, France 
F. SCHUE 
Laboratoire de Chimie Macromoldculaire, U.S.T.L., 
34060 MONTPEUIER, France 

Abstract We have studied the evolution with temperature 
3CC K of the ESR charaeteristics, on Lithium 
doped cis-polyacetylene films (using metal complexes of 
Benzophenone or Naphtha€ene in THFJ. Asymmetric ESR lines 
were observed at R T 
Annealing of the doped samples up to 500 
significant irreversible increase of the peak to peak 

irreversfbl linewidth 9 only in the case of samples doped at-40/0. 
Nevertheless for temperatures above 400 K a narrow ESR 
line (A$(~G) superposed on the asymmetric broader line 
was observed. In order to interpret these temperature be- 
haviors, we euggest a model wUch takes into account the 
inhomogeneity of the dopant distribution and the solvent 
influence. 

K <T 45CO 

for samples doped at&% andc16%. 
K results in a 

at RT, while the asymmetry ratio AD increases 

EXPERIMENTAL TECHNIQUES 
1 The polyacetylene films, prepared using the Shirakawa technique, 

were 2 x 8 ~ 0 ~ 4  mm pieces of cis-rich Doping was carried 
out by immersing the 
zophenone dianionic complex in THF or in a 0.3 Y solution of 
Li-Naphthalene in THE', over a given time, as described previous- 

ly . After drying the eample waB pumped for several hours by 
conatant cryogenic pumping and sealed. The ESR spectra were ob- 
tained, using an 6R 200 D Bruker spectrometer, working at 9.6 GHz. 

films in a 0.02 M solution of Li-Ben- 
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122 F. RACHDI, P. BERNIER AND P. SCHUE 

FIGURE 1 Evolution of the EBR s igna l  of Li-doped cis- 

(CHIx during the annealing process. 

RESULTS AND DISCUSSION 

1- C i s - ( C H ) x  Li-doped a t  -4%. 

As shown on the f igure 1, the ESR spectrum of the doped c i s -  

(CH)x f i l m s  is asymmetric at RT, characterized b:-d+%4,5 0 ,  

and A/E!12.5 indicates  tha t  the system has reachec; the metal l ic  

s ta te .  i. s igni f icant  decrease of the linewidth from 4,5 t o  0,9G 
was observed a t  RT, a f t e r  cryogenic pumping of the doped samples 

f o r  several hours, which is known to  a f f ec t  the degree of sol- - 
vation af. a l k a l i  dopants? Then i t  seems tha t  the solvation of 

the cations Li' s igni f icant ly  influences the linewidth, sugges- 

t i ng  an important contribution to  the linewidth of the spin-orbit 

interact ion with the dopant. 

Annealing o f  the doped f i l m s  i n  the range PO t o  500 K re- 
s u l t a  in a signif icant  modiflaation of the ESR character is t ics .  
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N-TYPE DOPING OF POLYACETYLENE 123 
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FIGURE 2 Variat ion of  the ESR l i n e  asymmetry A/B and 

the l i n e w i d t h u p  f Li-doped cis-(CH) 

a s  a functioir c ' anneal ing temperature. 

at  - "&, 
X 

For  T & J O C  K a narrow ESR l i n e  superposed on the asymmetric 

broade-- l i n e  appeared and p e r s i s t e d  during the anneal ing pro- 

cess. The t w o  l i n e s  a r e  cha rac t e r i zed  by the same g value 

(g=2.0026) ,  Fig. 1. I n  o r d e r  t o  exp la in  the appearance of  t he  

r m r r o w  l i n e  during annealing, we n o t i c e  t h a t  the dopant d i s t r i -  

butkon is usua l ly  inhomogeneous i n  the  ma te r i a l  2 '4  and that 

the  c i s - t r ans  isomerization indused by the chemical dopin& i s  

no t  f u l l y  ochie"ed .=+-L$.J doping l e v e l  a s  evidemed by 1-ecer.t 

N I X  r e s u l t ?  '. Consequently, the thermal treatment inauces the 

isomerizat ion of the renaining c i s  p a r t s  o f  the che ins ,  g i e l -  

ding the appearance o f  the narrow l i n e  which can then be azsig- 

ned t o  undoped t r a n s  sequences. Nevertheless,  from the r e l a t i v e  

amplitude of t h e  two superposed l i n e s ,  we have e s t i a a t e d  t h a t  
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124 F. RACHDI. P. BERNIER AND F. SCHUE 

the narrow line represents less than 1/100 of carbon atoms in 
the undoped trans situation. 

The evolution with temperature of the ESR signal characte- 
ristics ( A D  and% is shown in Figure 2. We notice the irre- 
versible increase i:ter annealing of the asymmetry ratio A/B at 
RT from 2 . 3  to 4 .2  which can be related to an increase of the 
conductivity 6,7 of the doped samples, due to the annealing 
effect. Irreversible increase after annealing of A s a t  RT from 
-5 G t0~6.5 G was also observed. It is reasonnable to assume 
that desolvation of the cations occurs during the thermal treat- 
ment, yielding an increuse of the spin-orbit interaction with 
the dopant and then themw ‘xrease. The observation of the 
non reproducibility of A/b an? 
be assigned to a change in solvation and also could be possibly 
due to a structural rearrangement ’ occuring during the isome- 
rization of the remaining cis sequences of the chains, 
2- Cis-(CH)x Li-doped at -16%. 
As presented in Figure 3, the variation with temperature ofAHn 
is similar to the preceding case. On the contrary, there is no 
significant variation with temperature of A/B which is reversi- 
ble after annealing at RT, (A /Bs? .7 )  and also no appearance of 
a superposed narrow line, during annealing. The absence of a 
narrow line in this case can be interpreted as a consequence of 
a better homogeneity of the dopant distribution in the system 
and the complete chemically induced isomerization of the poly- 
mer. The absence of a significant variation with temperature of 
A/B can be related to a high conductivity of the material 6’7. 
Thereby, no indication of the evolution of the conductivity can 
be deduced from the ESR line asymmetry, during annealing. The 
irreversibility 0-M Tfter annealing, at RT can be attributed 
to the same mechaniL.;s as mentioned in the proceding case. 

at RT after annealing can 
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N-TYPE DOPING OF POLYACETYLENE 125 

FIGURE 3 Variat ion of the ESR l i n e  asymmetry A/B and t h e  

linewidtl- AHyp3f Li-doped cis-(CH)x a t  --6>;, as 

a funct ion of annealing temperature. 

According t o  the r e s u l t s  described above, we note  t h a t :  

- the  conduct ivi ty  of Li-doped cis-(CH)x i s  s t i l l  high a f t e r  

annealing at high temperature, i n d i c a t i n g  t h a t  t h e  system is  

very s tab le .  

- the  observed i r r e v e r s i b i l i t y  of A/B ancAHwsfter annealing a t  

RT,  can be a t t r i b u t e d  to  a change i n  the c A i o n s  so lva t ion  and 

possibly t o  a s t r u c t u r a l  rearrangement during annealing. 

One way t o  answer this last question i s  t o  study the  evolut ion 

with temperature of the n-doped polyacetylene s t r u c t u r e ,  using 

'H NMFt spectroscopy f o r  instance.  Such s t u d i e s  a r e  now under 

progress. 
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