This article was downloaded by: [University of Haifa Library]

On: 13 August 2012, At: 20:48

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl20

Anomalous Pressure Dependence of
the Magnetic Susceptibility of a Spin-
Peierls Substance: MEM-[TCNQ] 2

Seishi Takagi ® , Yasuyuki Matsushita  , Yuhsuke Yoshida &
Hiroyuki Deguchi *

- & Department of Physics, Faculty of Engineering, Kyushu Institute
of Technology, Kitakyushu, 804-8550, Japan

Version of record first published: 18 Oct 2010

To cite this article: Seishi Takagi, Yasuyuki Matsushita, Yuhsuke Yoshida & Hiroyuki Deguchi (2002):
Anomalous Pressure Dependence of the Magnetic Susceptibility of a Spin-Peierls Substance: MEM-
[TCNQ] 2, Molecular Crystals and Liquid Crystals, 376:1, 377-382

To link to this article: http://dx.doi.org/10.1080/10587250210764

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently verified
with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising
directly or indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/10587250210764
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 20:48 13 August 2012

Mol. Cryst. Liq. Cryst., Vol. 376, pp. 377-382 * & Fp

Copyright © 2002 Taylor & Francis go Yy\i

1058-725X/02 $12.00 + .00 < c
= &

Anomalous Pressure Dependence of the
Magnetic Susceptibility of a Spin-Peierls
Substance: MEM-|[TCNQ],

SEISHI TAKAGI, YASUYUKI MATSUSHITA,
YUHSUKE YOSHIDA and HIROYUKI DEGUCHI

Department of Physics, Faculty of Engineering,
Kyushu Institute of Technology, Kitakyushu 804-8550, Japan

Static-pressure dependence of the susceptibility and the magnetization
of an organic spin-Peierls substance, MEM-[TCNQ},, was measured by
using a SQUID susceptometer with a hand-made pressure cell in the
temperature range of 2-150K and at the pressure up to 8kbar. We have
found that the susceptibility of the substance changes significantly with
increasing static-pressure. As the pressure increases, the susceptibility at
low temperatures increases as if free magnetic spins are produced and it
overwhelms the spin-Peierls transition. Above lkbar, there are no marks
of spin-Peierls transition and the susceptibility at low temperatures
follows the Curie-Weiss law.

Keywords: organic ion-radical salt; MEM-[{TCNQ],; spin-Peierls;
magnetic susceptibility; pressure dependence

INTRODUCTION

An organic ion-radical salt, N-methyl-N-ethylmorphorinium-[7,7°,8,8’-
tetracyanoquinodimethane], (hereafter, MEM-{TCNQ];) is a one-
dimensional(1D) spin system and shows a spin-Peierls (SP) transition!"
at a SP transition temperature(7sp) of 18K™). The SP transition occurs in
the salt because of an intrinsic magnetoelastic instability. Above Tsp, the
salt is a uniform magnetic chain with a single exchange constant J
acting between adjacent spins and its magnetic properties are well
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described by the Bonner-Fisher model®!. Below 7sp, the salt changes
into an alternating magnetic chain with two alternating, unequal
exchange constants where the difference between the exchange
constants increases with decreasing temperature. This makes a gap in
the magnetic excitation spectrum, which separates a singlet,
nonmagnetic ground state from a band of triplet magnon excitations.

As the SP transition is mainly caused by the spin-phonon coupling
between the 1D spin system and the three-dimensional(3D) phonon
system, the transition is expected to be affected by magnetic field(H)
and static-pressure(P). A H-T phase diagram for MEM-[TCNQ], has
been studied!"*!. However, the pressure dependence of the magnetic
properties for MEM-[TCNQ]}, has not studied so much. Bloch e al.
determined the P-T phase diagram for MEM-[TCNQJ,"! and showed
that Tsp increased linearly with pressure when the pressure was
increased. Such experimental results were explained theoretically by a
mean field theory!®!.

In this paper the static-pressure dependence of the magnetic
susceptibility and magnetization of MEM-[TCNQ], is reported. We
have obtained peculiar pressure dependence of magnetic properties,
which are rather different from the results reported by Bloch er al.l’! We
have found that many free spins are reversibly produced in MEM-
[TCNQ]; under high pressures.

EXPERIMENTAL PROCEDURES

The salt, MEM-[TCNQ],, was synthesized by the standard method and
crystallized by slow cooling of an acetonitrile solution. The crystals
were crushed into powder and the powder specimen was used for the
measurement of magnetic susceptibility and magnetization. The
susceptibility was measured using a SQUID susceptometer (Quantum
Design MPMS-5) with a hand-made pressure cell in the temperature
range of 2-300K and at the pressure up to 8kbar. The pressure cell was a
standard clamping-type one and made after a report by Koyama et al.l”!
with non-magnetic Cu-Be alloy. The sample pressure at low
temperatures was estimated by measuring the pressure dependence of
the superconducting transition temperature of Pb. Below lkbar the
pressure was estimated assuming that the pressure is directly
proportional to the contraction of the volume of the specimen.
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EXPERIMENTAL RESULTS AND DISCUSSION

The paramagnetic susceptibility of the salt at various pressures is shown
in Fig. 1 as a function of temperature. The low temperature and small
susceptibility region of the susceptibility is enlarged and inset in the Fig.
1. The diamagnetic susceptibility of each component has been corrected.
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FIGURE 1. Temperature dependence of the magnetic susceptibility
at various pressures.

The susceptibility at ambient pressure(1bar) clearly shows the spin-
Peierls transition at 18K below which the susceptibility suddenly
decreases with decreasing temperature. The slight increase of the
susceptibility below 7K is attributable to the small amount of
paramagnetic impurities. Above 18K, the susceptibility is quantitatively
explained by the Bonner-Fisher curve(dashed-line in the Fig. 1) with
Jk=-52K.

The susceptibility at 0.27kbar is smaller than that at ambient
pressure above 15K and the spin-Peierls transition becomes vague and
the transition temperature Tgpis higher than 18K. On the other hand, the
susceptibility at 0.27kbar is larger than that at ambient pressure below
15K and significantly increases below 8K as the temperature decreases.
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As the pressure is increased up to 4kbar, the susceptibility at low
temperatures becomes large. The susceptibility at above 0.84kbar
monotonically increases with decreasing temperature and does no longer
show any minimum.

The temperature dependence of the inverse susceptibility at low
temperatures and at high pressures is shown in Fig. 2. The inverse
susceptibility at low temperatures is well proportional to the temperature,
obeying the Curie-Weiss law. The Curie constant at 8kbar corresponds
to S=1/2 free spins of 0.25mol. Furthermore, the magnetization at 2K as
a function of magnetic field can be fitted by the Brillouin function.

200

100

1/ 7 (mol/emu)

0o 2 4 6 8 10
T (K)

FIGURE 2. Temperature dependence of the inverse susceptibility

at high pressures.

By subtracting the susceptibility obeying the Curie-Weiss law from
the measured susceptibility shown in Fig. 1, we obtained residual
susceptibility. The temperature dependence of the residual susceptibility
is shown in Fig. 3.

As the pressure is increased, the residual susceptibility decreases
and the temperature dependence of the susceptibility changes gradually.
The spin-Peierls transition becomes vague with increasing pressure,
though the spin-Peierls transition temperature, Tsp, seems to increase.
The residual susceptibility at higher pressures decreases to zero at low
temperatures and its temperature dependence is qualitatively described
by a spin-pair model, which is significantly different from the results
reported by Bloch er al.””). The calculated curves based on the spin-pair
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model to fit the experimental plots are shown in Fig. 4, where J/A=-65K
at 4kbar and J/k=-72K at 8kbar.
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FIGURE 3. Temperature dependence of the residual susceptibility
at various pressures.
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FIGURE 4. Calculated curves based on the spin-pair model to fit
the experimental plots at higher pressures.
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CONCLUSIONS

In conclusion, the magnetic properties of the organic spin-Peierls
substance, MEM-[TCNQY],, show significant pressure dependence. The
increase of the susceptibility at low temperatures and higher pressures is
attributable to the free spins which are produced by separating spin—
pairs. The residual susceptibility, which is obtained by subtracting the
contribution of the free spins from the measured susceptibility, still
shows the spin-Peierls transition at lower pressures. However, at higher
pressures no critical phenomena were observed in the temperature
dependence of the residual susceptibility. The residual susceptibility at
higher pressures seems to be explained by a spin-pair model.
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