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Magnetic investigation was carried out for quasi-one-dimensional or-
ganic conductors, (BDTFP), X (PhCl)y 5 (X=AsFs, PFs). They show
Metal-Insulator transitions at low temperatures. To clarify the mech-
anism of the transitions, we performed ESR and NMR measure-
ments. The low temperature electronic states of the title compounds
are discussed by a microscopic point of view.

Keyword  organic conductor; EPR; antiferromagnetic transition;
spin singlet

INTRODUCTION

Recently there is significant interest in two-leg spin ladder systems
because it may be a candidate of high-T. superconductor. The
BDTFP shown in Fig. 1 is an organic donor molecule recently syn-
thesized by the Tohoku Univ. group [1]. Its cation radical salts,
(BDTFP), X (PhCl)ps (X=AsFgs, PFg), are quasi-one-dimensional
organic conductors with so-called two leg ladder structures; the inter-
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FIGURE 1 Molecular structure of BDTFP.

ladder interaction is onc-order smaller than that in intra-ladder [1].
Since there is a considerable dimerization within the column, the up-
per band is a half-filled. They show metal to insulator transitions at
low temperatures, but the mechanism of them is an open question.
To clarify the low temperature electronic states, we performed ESR
and NMR measurements. The low temperature electronic states of
the spin-ladder systems, (BDTFP), X (PhCl)gs, are discussed by a

microscopic point of view.

EXPERIMENTAL

Sample preparation and crystal structural data were shown in pre-
vious reports {1]. The ESR measurements were carried out for a sin-
gle crystal using an X-band spectrometer, Bruker ESP-300E, with
a rectangular cavity: TM110. The temperature range of the ESR
measurements were between 300 K and 4 K. The 'H-NMR measure-
ments were performed by using a pulsed-NMR spectrometer operated
at 104.33 MHz using a single crystal. The spin-lattice relaxation rate
of 'TH-NMR, 'H-T'; !, was measured by the recovery of the magneti-
zation with the integration strength of the spin-echo signals. While
the nuclear magnetic relaxation curves in the paramagnetic state
showed single exponentials, those in the antiferromagnetic state did

not show single exponentials. Hence we tentatively defined 'H-7;7*
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FIGURE 2 Temperature dependence of the spin susceptibility of the
PFg salt determined by the EPR signal intensity of a single crystal.

as the initial slope of the relaxation curve as a weighted average of
the relaxation rate. The "H-NMR absorption lines obtained by fast
Fourier transform (FFT) of the spin-echo signals at different temper-
atures.

RESULTS AND DISCUSSION

We have performed ESR measurements of the BDTFP salts with
counter anions of PFg and AsFg. The low temperature properties of
them are quite different from each other although those at R.T. are
very similar.

Figure 2 shows the temperature dependence of the spin suscepti-
bility of the PFg salt determined by the signal intensity of Electron
Paramagnetic Resonance (EPR) for a single crystal. The result is
in excellent agreement with that by SQUID measurements [1]. Be-
tween 170 and 300K, the spin susceptibility is almost temperature
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FIGURE 3 Temperature dependence of the spin susceptibility of
the AsEs salt for a single crystal.

independent, but gradually increases as temperature decreases. The
PFg salt is highly electrically conducting in this temperature region.
The EPR signal intensity suddenly decreases below 170 K where the
resistivity shows an abrupt jump. The energy gap determined by the
intensities of residual EPR signals is evaluated as E, ~ 59 K. The
EPR linewidth also shows anomaly; it abruptly decreases around
170 K, suggesting an abrupt change of the relaxation mechanism of
the electron spins. It probably corresponds with the sharp increase
of the electric resistivity. Although the mechanism of the transition
is still an open question, it is proved that the low temperature phase
of the PFy salt is spin-singlet.

Figure 3 shows the temperature dependence of the spin suscep-
tibility of the AsFg salt. In the case of the cooling process, the spin
susceptibility abruptly increases around 230 K, suggesting the exis-
tence of a phase transition. Below 200K, the spin susceptibility of
the AsFg salt shows a Curie-like enhancement. The temperature of
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FIGURE 4 Temperature dependence of the 'H-NMR spin-lattice
relaxation rate, (I17")~! of the AsFg salt for a single crystal.

the spin susceptibility jump differs in the warming and cooling pro-
cesses. This hysteresis phenomenon indicates that the transition is
of first order. The EPR linewidth abruptly decreases associated with
the transition; it also indicates an abrupt change of the relaxation
mechanism as seen in the PFg salt. However the absolute value of
the linewidth of the AsFg salt at low temperature phase is obviously
larger than that of the non-magnetic PFg salt. Therefore the low
temperature phases are undoubtedly different between the AsFg and
PFg salts. Below 50 K, the spin susceptibility of the AsFg salt turns
to decrease, indicating spin-gap behavior. It fits with Troyer’s pre-
diction for the undoped two-leg ladder [2]. However the EPR signal
abruptly disappeared at 14 K, with line broadening,.

Temperature dependence of the 'H-NMR spin-lattice relaxation
rate, (T;T)"! of the AsFg salt for a single crystal exhibits a peak
around 14 K as seen in Fig. 4. Taking into account the EPR results,
the 14 K peak of the 'H-(T}7)~! is undoubtedly due to an anti-
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ferromagnetic transition. The linewidth of the 'H-NMR. absorption
lines starts to deviate from the constant values and shows significant
broadening below 14 K; it is a clear evidence of the onsect of the ad-
ditional local field. However the weak broadening suggests the small
local magnetization. Detailed analysis of the NMR results will be
discussed elsewhere.

In conclusion, we investigated the low temperature electronic
state of the BDTFP salts by the ESR and 'H-NMR measurements.
Although the electronic states of the PFg and AsFg salts at R.T. are
very similar, those at low temperatures are quite different: The PFg
salt undergoes a spin-singlet transition around 170 K. On the other
hand, the AsFg salt shows a drastic transition of first order around
230 K, associating with an abrupt jump of the spin susceptibility.
Below 50 K, the spin susceptibility of the AsFg salt shows spin-
gap behavior. However the ground state of the AsFg salt is not a
spin-singlet one. Existing an antiferromagnetic transition suggests

considerable inter-ladder interaction.
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