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E.p.r. study of polyacetylene films 
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Doped polyacetylene is a material which many laboratories 
research, and experiments concerning its transport  I 3 and 
magnetic properties 4-6 have been performed. 

Much less work has been done on nondoped samples, a 
Nevertheless, such research can yield interesting in fo rmat ion  
about the origin and nature o f  the electrons which contri- 
bute to the observed electrical conduct iv i ty  and magnetic 
susceptibi l i ty o f  nondoped as wel l  as doped samples. We 
present here an exper imental  e.p.r, study to check whether 
unpaired electrons exist in a pure cis- (CH)x polyacetylene 
isomer and remain during the thermal isomerization from b 
cis to trans. 

Using the method described by Ito et al. 7, polyacetylene 
has been directly prepared at - 7 8 ° C  in the e.p.r, tube which 
was sealed under vacuum just after termination of  poly- 
merization. Using a Bruker ER 10 spectrometer with a C 
variable temperature apparatus, the e.p.r, spectra were im- 
mediately recorded at the temperature of  polymerization. 
Figure la  shows that,  if there is a very broad,  large signal, 
due in particular to Ti 3÷ ions contained in the catalyst system 
and centred near g = 1.95, no signal exists at the free electron d 
g value 2.0023. The catalyst e.p.r, spectrum, which has 
been extensively studied 8'9, is known to depend strongly on 
the characteristics of  the catalytic melt (particularly the 
molar ratio of  the constituents (C2 H5)3 A1 and (n-C4H90)4 
Ti, and on the temperature.  Our observations are in agree- 
ment with other work 8'9. 

Increasing the temperature to - 1 8 ° C  drastically changes e 
the form o f  the spectrum centered at g = ] .95 but  at the 
same time a small symmetric signal appears at g = 2.0023 
(Figure lb) .  Its width (defined as the distance in gauss 
between the two peaks of  the absorption derivative), which 
is difficult to measure with accuracy, is of  the order of 10 
gauss. 

A further increase in temperature to 25°C again changes 
the catalyst signal while the signals in the spectrum near g = 
2.0023 continues to grow without any significative change 
in line-width and position (Figure lc) .  After 15 rain at this 
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Figure 1 Recorded e.p.r, spectra on polyacetylene and its catalytic 
system from the temperature at which it has been polymerized to 
room temperature. While the catalyst signal at g = 1.95 disappears 
by thermal treatment and oxidation, the signal coming from the 
polyacetylene at g = 2.0023 builds up. Its linewidth decreases when 
the system is heated to 200°C. (a), --78°C; (b), --18°C; (c), 25°C; 
(d), 25°C, 20 min exposure to air pressure; (e), 25°C, after 1 rain heat 
treatment at 200°C 
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temperature, a small increase of  the signal amplitude is in- 
duced without any change in line-width. A systematic study 
of the way the equilibrium is reached at a given temperature 
is under progress, 

When the experiment described is performed on the 
catalytic system alone, no signal at g = 2.0023 is observed, 
showing that such a signal is connected with the existence 
of the polyacetylene film. 

More information can be obtained by exposure of  the 
sample to air pressure at room temperature. Such a treat- 
ment over 20 min yields important  modifications: the 
catalyst signal amplitude goes to zero as Ti 3+ is oxidized to 
the non-paramagnetic state Ti4+; simultaneously, the signal 
at g --- 2.0023 slightly increases while its width remains con- 
stant at 8.8 gauss (Figure ld) .  An investigation of  the effect 
of  oxygen on the spectrum at g = 2.0023 is under progress 
and will be published elsewhere 1°. 

The sample tube was again sealed under vacuum, and 
isomerization to the trans configuration performed by a heat 
treatment at 200°C. The e.p.r, spectrum, taken at room 
temperature, shows a total disappearance of the catalyst 
signal while the line at g = 2.0023 is considerably increased, 
with a smaller width (1.4 gauss) than in the cis case (Figure 
le) .  Nevertheless, the intensity is about 10 times greater 
than in the cis isomer at room temperature,  showing that 
unpaired electrons are created during isomerization. 

In view of the preceding results, it is clear that the exis- 
tence of  a signal at g = 2.0023 is an intrinsic property of  the 
polyacetylene chain and is correlated with the trans content 
of  the system. The cis configuration which is formed at 
- 7 8 ° C  is stable only at this temperature and isomerization 
starts at the time the conditions are changed and is more 
and more complete as the temperature is increased. 

Unpaired electrons can exist in trans sequences of  the 
system due to defects in the double bond conjugation ap- 
pearing as domain walls or phase kinks 11'12. Such defects 
only exist in the case of  the trans configuration, where the 
bond alternation can be perturbed without  any change in the 
total energy of  the chain; this is not the case with the cis 
configuration ~3. The absence of any hyperfine splitting in 
the observed e.p.r, spectra is a consequence of  the mobil i ty 
of the unpaired electrons over a given distance of  the chains ~4. 
The narrower spectrum observed with the trans isomer only 

means that trans sequences are of greater extent  than in the 
cis configuration, leading to a much more efficient 'motional  
narrowing'. 

More detailed experiments are in progress to help under- 
stand the mechanism of isomerization at temperatures below 
room temperature. 
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