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FREQUENCY DEPENDENCE OF ESR IN PRISTINE TRANS-POLYACETYLENE:
LINE WIDTH*#

KENJI MIZOGUCHI AND KIYOSHI KUME

Department of Physics, Tokyo Metropolitan University, JAPAN
HIDEKI SHIRAKAWA

Institute of Materials Science, University of Tsukuba, JAPAN

Abstract We measured a frequency dependence of ESR line width
in (CH)x and (CD)x at frequencies 5% 9,500 MHz. From a de-
tailed analysis we could independently deduce 1-D diffusion
rate of electron spin (neutral soliton) Dy /ey, and the
trapped spin concentration C between 200 and 340 K.

ESR in pristine trans-polyacetylene has been intensively studiedl
in order to clarify a nature of unpaired electron spin in it.
However, it seems unclear what is an origin of ESR line width,
because ESR experiment has been done only in the limited frequency
range - X-band. In this report we show that a study of frequency
dependence of ESR line width is a powerful tool to investigate the
origin of ESR line width. We obtained the temperature dependence
of electron spin diffusion rate D///c//2 and the width by trapping,
independently, between 200 and 340 K. These results are completely
consistent with the frequency dependence of electron spin-lattice
relaxation by us2

In Fig. 1 we showed ESR line width versus f—]/z, where f is
the frequency. This figure clearly shows f_[/2 frequency depend-
ence of the line width at higher frequencies than several tenth
MHz. The solid line represents a theoretical fitting based on one-~
dimensional diffusive motion of the electron spin with slow three
dimensional cutoffz, where unique fitting parameter is the width by

trapping. In this fitting we took into account electron-electron
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dipolar and electron-nuclear hyperfine couplingsz. This analysis
-1
]
2
motionally narrowed dipolar and hyperfine width, and a frequency

predicts a frequency independent secular width T , which is a

-
1
An upward deviation at X-band can be attributable to a g-shift

dependent non-secular width T - so called life time width.
anisotropy broadening. The residual width can be interpreted as
the width by trapping, initially introduced by Nechtshein et 313.

Temperature dependence of this is shown in Fig. 2. From a
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FIGURE 1 Frequency dependence of ESR line width.
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requirement of homogeneous line width in the present temperature
rangeA, trapped time should be shorter than that of local field.

The trapped spin concentration in Fig. 2 must be interpreted as a
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FIGURE 2 Temperature dependence of the width by trapping.
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FIGURE 3 Temperature dependence of 1-D diffusion rate.
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time ratio of the trapped time to the unit time. The solid line
represents a predicted behavior from a trapping model by Nechtshein
et 313 with Eo/kB=750 K and p=0.018, which can account the experi-

mental data.
;—l and Té-l with a cor-

rection of trapping and a similar process to Tl of ESRZ. Tempera-

ture dependence of [-D diffusion rate is shown in Fig. 3 together

Further we can obtain D///c//2 from T

with that obtained from NMR T1 by Nechtshein et a13. Both data

agrees with each other very well, which suggests that NMR T]

strongly reflects a relaxation to the I-D diffusing electron spins.

In the present ESR case there is no ambiguity and the analysis
is simple, but in the NMR Tl the analysis is very complicated and
relaxation mechanism is not well defined, because of a presence of
the relaxation to the fixed spins and a trapping problem].

Therefore, the analysi52 of ESR T, and the present one is a strong

]
and clear evidence of rapid 1-D diffusive motion of unpaired spin -

neutral soliton. NMR study by Holczer et 315 in this conference

partly solved one of questions in NMR T Further, if 3~D cutoff

|
by f(wn) term3 was found at the same frequency as that in ESR T,

casez, the ambiguity in NMR TI would be erased.

A detailed account of this work will appear elsewhere.
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