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Abstract

(DMe-DCNQI),Li has a 1/4-filled & electron system and a spin-Peierls ground state. At low temperatures below 30K, the quasi-one
dimensional spin diffusive motion of Curie electron spins are observed with variable frequency ESR measurement. It is a strong evidence
for a presence of the spin solitons in a spin gap state of the tetramerized DCNQI chains. The intrachain diffusion rate obeys ~ T below 30
K. The interchain hopping would be originated by the exchange interaction. Under pressure up to 1.5GPa, (DMe-DCNQI);Li maintains
highly one dimensional, and the spin soliton diffusion is affected only a little by the pressures.
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1. Introduction

(DMe-DCNQI).Li is a 1/4-filled one-dimensional 7
electron system. At ambient pressure, a spin-Peierls
(SP) transition takes place at 65 K. This material has no
d electrons. NMR Knight shift suggested that the only &
electron spins are responsible for almost all the mag-
netic properties in this material [1]. The characteristic
properties are understood by strong Coulomb correla-
tion and highly one dimensionality. In this report, we
assign the spin diffusive motion below the SP transition
temperature T, to be spin solitons. Validity of this as-
signment is owing to the quite simple magnetic struc-
ture which come from only = electron spins of this ma-
terial.

2. Experimental

The electron spin susceptibility was measured by
ESR at 50 MHz. The ESR intensity was calibrated with
the intensity of "F-NMR in a sample tube for the mag-
netic susceptibility measurements. The frequency de-
pendence of the ESR linewidth was measured between
10 MHz and 2 GHz. ESR at higher frequency ranges
was also studied. Pressure is applied with Cu-Be cell up
to 1.5 GPa. The spectra taken at various frequencies
provide useful information about spin dynamics.

2. Results and Discussion
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Fig. 1 The temperature dependence of the electron spin susceptibility ob-
tained by ESR at 50 MHz under 1GPa. Closed circles show the raw data.
SP transition occurs at Ts, = 80 K. Open squares show those obtained by
subtracting Curie contributions from the raw data. They disappear expo-
nentially below T, and 1/2 spin solitons remain.

Figure. 1 shows the spin susceptibility at 1 GPa in
(DMe-DCNQI),Li. Measurements are also done at ambi-
ent pressure and 1.5 GPa. Figure. 2 shows frequency de-
pendence of ESR linewidth between 14 MHz and 2 GHz.
Above ~400 MHz (0.5 1/ VMHz ), a contribution from
g-valueanisotropy dominates the linewidth, where the
contribution from Q1D diffusion is smeared out by this
brodening and cannot be obserbed. The ESR linewidth
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Fig. 2. The frequency dependence (14 MHz~2 GHz) of ESR linewidth
under ambient pressure and 1 GPa. The slope between about 1/ f~
0.05 and ~0.2 ( I/VMHz) is proportional to I/JD-,; in Eq. (1). The up-
turn at higher frequencies above 1/ \/f ~0.05 (400 MHz) arises from
the g-shift anisotropy broadening in the powder sample. The linewidth
increases with decreasing temperatures because of motional broadening
of the trapped spins [3].

can be understood with the diffuse-trap model for the
quasi-one dimensional (Q1D) diffusion of the electron
spins [2]. The diffuse-trap model was adopted to the neu-
tral solitons in ~(CH), [3]. The ESR linewidth in the dif-
fuse trap model is dominated by two different broadening
mechanisms. One is a trapped spin broadening AHisp
which is independent of frequency. We assume an elec-
tron spin dipolar broadening for a main contribution of
AHp. Another is the relaxation by the Q1D diffusive mo-
tion,

AH,,, (@)  c[0.3¢(0) + 0.5¢(w) + 0.2¢Q2w)], (la)

1 1/1 /2D, )?
¢(w)=“/4DID \/ wyl+@/2D)

1+ (w/2D,)

where c is the concentration of S = 1/2 spins, w = 27f, and
D, and D, the diffusion rates along and across the 1D
chain(s), respectively. The spectral density ¢(w) corre-
sponds to the Fourier spectrum of the fluctuating dipolar
field produced by the Q1D spin motion.

Since the trapped spins increase with decreasing tem-
peratures, the diffusing spins decrease with decreasing tem-
peratures. Therefore we have to correct this effect on the
concentration ¢ for the diffusing spins in Eq. (1), to obtain
D, from Fig. 2. Figure. 3 shows the temperature depend-
ence of D, and D.. D, is obtained from the corrected con-
centration ¢. The temperature dependence of D, below 30
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Fig. 3. The temperature dependence of D, and D,. Open down triangles,
open up triangles and closed circles were obtained from Fig. 2. Open
squares show the results from motional broadening at Q-band (35 GHz)
ESR. The details will be published in anyhere.

K, where the spin solitons are dominant, is similar to the
neutral solitons in #-(CH),, which follows to ~7~.

The temperature dependence of D, below 40 K under
1 GPa can be reproduced with an empirical formula of 9
X 107+Aexp(-150/7) as shown by the solid line in Fig. 3.
If D, is dominated with the inter-chain exchange interac-
tion, the activattion type behavior suggests a thermal
creation of the spin solitons which enhaces the exchange
coupling. The constant 9X 10’/ #~0.5 meV is consistent

with the reported Curie-Weiss temperature @ at 1 % im-
purity concentration of less than 1 K [4]. The activation
energy 150 K is consistent with the spin gap of ~240 K
in Fig. 1. Above T, another mechanism will dominate
the spin diffusion. This is now under study.
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