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THERMAL REACTIONS OF TRANS-POLYACETYLENE ESR KINETICS 

H. SIXL, H. HUBSCH, w. RUHLE, s. ROTH* 
Physikalisches Institut, Universitlt Stuttgart, 
Pfaffenwaldring 57,  7 Stuttgart 80, Germany 
* Max-Planck-Institut fur FestkBrperforschung, 7 Stuttgart 80 

Abstract The high-temperature spin kinetics of trans- 
polyacetylene in nitrogen and oxygen atmosphere is reported 
for 300 K T 550 K. The thermal reactions are characterized 
by S = 1/2 spin generation and annihilation processes. ESR 
intensities and linewidths are analyzed. 

With respect to technological applications one of the main problems 
of conjugated polymers is their thermal and chemical instability, 
which has been demonstrated by various experiments‘ ,’. The first 
detailed ESR-studies of oxygen reactions at room temperature and 
low-temperatures have been performed by F. Genoud et al.3,4. Two 
effects due to oxygen adsorption have been observed: a decrease of 
the ESR intensity and a broadening of the ESR line. In polypyrrol 
oxygen doping is explajned in terms of polaron and bipolaron forma- 
tion ’. At temperatures above 300 K in all conjugated polymers 
chemical reactions with oxygen such as peroxide radical formation, 
cross-linking and formation of carbonyl groups are expected. 

procedure and isomerized by thermal annealing at 420 K for 30 min 
in N2 atmosphere. During the in situ isomerization the ESR line of 
the S = 1/2 spins becomes purely Lorentzian with ESR linewidth in 
the order of 0.5 Gauss (at 420 K). 

spins in trans-PA exposed to N2-atmosphere is shown in Figure 1 by 
the intensities (a) and linewidths (b) of their ESR signals (c). 
The total ESR intensity decreases in the thermal reaction. The 
original narrow line decays, and a transient broad line appears. 
The activation energies of the spin decay and generation processes 
are given by 1.5 eV and 1.8 eV, respectively. 

The reaction is interpreted by cross-linking, Scheme 1 (a) and 
( h ) ,  reducing the conjugations length of the PA segments. The 
broadening of the ESR lines thus is a consequence of the restricted 
mobility of the radical electrons. The activation energy of the 
spin annihilation involving the reactive S = 1/2 radical electrons 
(a) is expected to be lower than that of the transient spin 
Reneration involving the cleavage of the n-bond ( b ) .  

Polyacetylene(PA)-films were prepared following Shirakawa’s 

The time dependence of the thermal reaction of the S = 1/2 
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THERMAL REACTIONS OF TRANS-POLYACETYLENE ESR KINETICS 48 1 

The time dependence of the oxygen reactions of the S = 1 / 2  
spins are shown in Figures 2 to 4 for different temperatures. In 
all cases the reaction is characterized by three essentially dif- 
ferent mechanisms. Initially a very fast spin reaction is dominant 
(Figure 2) followed by an increase and a final decrease of the ESR 
intensities. The initial fast spin reduction and the subsequent 
slow spin generation are also present at low temperatures as de- 
scribed by Genoud et al.3,4. Only in the initial stage of the reac- 
tion the ESR line can be described by a single Lorentzian. All 
reactions involving spin reduction are partially reversible. Acti- 
vation energies of 0.45 eV and 0.7 eV of the high temperature spin 
generation and decay are obtained from Arrhenius plots of the rate 
constants (Figure 5)  

preted by the reactions of Scheme 2. A possible explanation of the 
spin generation is peroxide formation3 (a) and peroxide linkage6 
(b). The decay of the spins is interpreted by the reaction (b) and 
(a). The oxygen linkage is unstable and presumably decays into 
carbonyl and hydroxy groups (e) as proposed by Gibson and Pochan2. 
As a consequence of the oxygen reactions the mobility of the radi- 
cal electrons is reduced and the ESR-line broadens. 

The high-temperature oxygen effects of trans-PA are inter- 

We want to thank K. Menke and K. Ulrich for chemical help in sample 
preparation and the Stiftung Volkswagenwerk for financial support. 
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