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Abstract

Electron spin susceptibility of mixed-stack charge-transfer compounds, (BEDT-TTF)(CIMeTCNQ) and (BEDO-TTF)(Cl,TCNQ),
was measured by ESR under several hydrostatic pressures. In (BEDT-TTF)(CIMeTCNQ) the temperature dependence of the susceptibil-
ity at each pressure has a peak structure at the temperature where neutral-ionic phase transition and spin-Peierls transition take place si-
multaneously. The phase diagram was obtained from the peak temperatures and pressures, consistent with that determined by transport
measurement. The susceptibility of the second compound (BEDO-TTF)(CI,TCNQ) was extremely sensitive to pressure change. With in-
creasing pressure, the jump at 120 K at ambient pressure disappeared and the one-dimensional Bonner-Fisher type susceptibility emerged.
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1. Introduction

Mixed-stack charge-transfer compounds have one-di-
mensional structure with donor and acceptor molecules
stacked alternately. They are in either a neutral (N) or an
ionic (I) phase. Compounds near NI phase boundary such
as TTF-CA show N-I phase transition induced by pressure
or by lowering temperature [1,2]. In general it has been
known that N-I phase transition is accompanied by lattice
dimerization due to the Peierls instability [3]. In contrast to
that, recently synthesized (BEDT-TTF) analogs are
thought to have strong two dimensional character because
of interaction between BEDT-TTF molecules on adjacent
columns [4]. Thus in these materials it is expected that
magnetic properties in ionic phase can be observed with-
out Peierls instability. In fact, it has been reported that in
(BEDO-TTF)(CI, TCNQ) at ambient pressure, spins on
ionized molecules at room temperature remain alive down
to 4.2K [4]. It has also been suggested that in (BEDT-
TTF)(CIMeTCNQ), its relatively strong two-dimensional-
ity causes the NI phase transition in the low temperature
and low pressure range to be more continuous than that of
TTF-CA [5]. In the present report we will demonstrate the
electronic spin susceptibility (ye) observed by ESR under
hydrostatic pressures to discuss the magnetic properties
and the phase transition of (BEDT-TTF)(CIMeTCNQ) and
(BEDO-TTF)(CI,TCNQ).
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2. Experimental

ESR was measured around 50 MHz between ambient
pressure and 16.9 kbar. A clamp-type cell of CuBe alloy
was used for applying pressure with Daphne 7373. Abso-
lute value of susceptibility was obtained by calibrating ESR
intensity with in-situ '9F NMR of a sample tube.
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Fig. 1. P - T phase diagram of (BEDT-TTF)(CIMeTCNQ). The solid

curve is the border line determined from the electrical transport measure-
ment. The solid circles are obtained from the susceptibility peak.
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Fig. 2. The temperature dependences of the electronic spin susceptibility
for (BEDT-TTF)(CIMeTCNQ) under various pressures. The solid lines
are guids for eyes.

3. Results and discussion

It has been indicated by optical spectroscopy that at
room temperature the neutral phase of (BEDT-
TTF)(CIMeTCNQ) undergoes a transition to the ionic
phase with dimeric lattice distortions at 10 kbar [5]. In ad-
dition, the pressure-temperature phase diagram shown in
Fig. 1 has been obtained by electrical resistivity measure-
ment [5]. The temperature dependence of y. at several
pressures is indicated in Fig. 2. First, we discuss y. at 16.9
kbar. As seen from Fig. 1, at room temperature this system
is ionic phase accompanied with the lattice dimerization.
Therefore the monotonic decrease of y. at 16.9 kbar in Fig.
2 seems to correspond to the disappearance of the spins on
the ionized molecules by the spin-Peierls (SP) transition.
Next, regarding y. below 10 kbar we notice that there are
broad peak structures. These peak temperatures (7;) are
plotted on the phase diagram as shown by the closed circles
in Fig. 1, where the pressures are corrected at 7, with the
reported data to take account of thermal contraction of the
pressure medium [6]. From Fig. 1, it is found that 7 are lo-
cated on the phase boundary, which leads to the following
interpretations about the temperature dependence of ye
above and below T,. The increase of Y. with a decrease in
temperature to 7, can be understood as the growth of the
ionic domain size as the system approaches the N-I phase
transition point. On the other hand, the decrease of ¥, with
decreasing temperature below 7, is ascribed to the SP tran-
sition, similar to the 16.9 kbar case. Thus the observed re-
sults support the possibility that the SP state appears simul-
taneously with the N-I phase transition at 7}, although the
two dimensionality is enhanced by BEDT-TTF molecules.
In a SP system (DMe-DCNQI),Li, the pressure change of
the SP transition temperature (7sp) has been reported to be
about 1 K/kbar in the pressure range close to that of this
study [7]. Assuming that this result is applicable to the pre-
sent case, and considering that at 16.9 kbar Tsp should be
higher than 300 K as known from Fig. 2, we can expect that
for the data below 10 kbar Tgp is higher than 7, and is not
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Fig. 3. The temperature dependences of the electronic spin susceptibility
for (BEDO-TTF)(CI2TCNQ) under various pressures.The solid lines are
guids for eyes.

so different from Tsp at 16.9 kbar. Thus, in the temperature
range between T}, and Tsp, if spins are present, exchange in-
teraction between donor and acceptor molecules in the
neutral phase seems to be strong enough to cuase the SP
transition. As mentioned above, T at each pressure ap-
pears to be close to Tsp at 16.9 kbar, which means that the
SP gap also does not substantially change under pressure.
This may correspond to the similar rising of . with an in-
crease in temperature around 100 K in Fig. 2.

Figure 3 shows ye of (BEDO-TTF)(CI,TCNQ) under
pressure as a function of temperature. It has been under-
stood that the abrupt jump near 120 K at ambient pressure
is related with a novel transition from weakly interacting to
strongly interacting spin states caused by molecular dis-
placement [8]. It turned out that the pressure of 10 kbar
suppresses the jump of y. and transforms it to the Curie-
Weiss behavior except for a steep increase in low tempera-
ture range. Under higher pressures, ). changes to the
Bonner-Fisher type accompanied by decrease probably due
to the SP transition below 100 K. This result suggests that
one dimensionality is induced by pressure in spite of the
presence of BEDO-TTF molecules.
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