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Research on quantum spin liquid (QSL) states in
frustrated quantum magnetism is a critical issue in
the field of condensed matter physics. In recent
research, some candidate QSL materials have been
found in molecular-based organic systems, such as
κ-(ET)2Cu2(CN)3

1) and EtMe3Sb[Pd(dmit)2]2.
2) The

spin systems in these salts have been well described as
an antiferromagnetic (AF) spin system with a nearly
equilateral regular triangular lattice. Recently, we
found a new candidate QSL material, λ-(STF)2GaCl4,
which is related to the organic superconductor λ-
(BETS)2GaCl4. As shown in Fig. 1, down to 2 K,
the static susceptibility of λ-(STF)2GaCl4 is very well
described by the AF Heisenberg model with a regular
triangular lattice, which is the typical behavior of the
QSL system.3) In contrast to the good agreement of the
susceptibility behavior, the calculated geometry of the
spin interaction in λ-(STF)2GaCl4 is quite distorted
from the regular triangle. Therefore, it can be the key
material to investigate the stabilization mechanism of
the QSL state.

Fig. 1. Temperature dependence of the static susceptibility

of λ-(STF)2GaCl4. The solid line is the susceptibility

curve calculated for the S = 1/2 AF Heisenberg model

in a triangular lattice with an exchange coupling con-

stant J/kB = −165 K.3)

We succeeded in synthesizing a high-quality sample
of λ-(STF)2GaCl4 with the total mass ∼ 75 mg and
conducted ZF-µSR measurement down to 0.3 K. Fig-
ure 2 shows the µSR time spectra measured at 0.3 K
in ZF and under an LF of 100 G. The ZF-µSR time
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spectrum is well described by the simple exponential
function. Since the µSR time spectrum is well decou-
pled by applying LF of 100 G, there is no static inter-
nal field due to AF long-range ordering. On the other
hand, we can see a slow relaxation behavior even at
0.3 K under an LF of 100 G. This implies that there
are some effects of fluctuating internal fields originat-
ing from surrounding electronic spins, and the sample
does not show the long-range AF ordering although it
has a strong AF interaction J/kB ∼ −165 K, at least
down to 0.3 K.
This behavior is similar to that observed in the

µSR measurement for the first organic QSL salt, κ-
(ET)2Cu2(CN)3.

4) Additionally, the authors of Ref. 4)
found that the LF-µSR time spectrum is described by
a two-component exponential function and pointed out
that the system undergoes phase separation into para-
magnetic islands and a singlet phase at a low temper-
ature. Therefore, we are now planning an additional
experiment for λ-(STF)2GaCl4 to observe the spin be-
havior in the range between ZF and an LF of 100 G.
With the progress of this research, the microscopic spin
dynamics in the QSL state and the stabilization mech-
anism of the QSL state in a distorted lattice system
can probably be clarified.

Fig. 2. Muon spin depolarization curves of λ-(STF)2GaCl4
at 0.3 K under zero field and a longitudinal field of

100 G.
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Study of Magnetic Ordering by p-orbital in RbO2 using µSR
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Alkali metal superoxides AO2 (A= Na, K, Rb, Cs)
present an interesting example of magnetic materi-
als based on p-elements. This become the first ex-
ample of an inorganic quantum spin system with un-
paired π-electrons.1) Alkalimetal superoxides adopt
the rocksalt-type crystal structure and two oxygen
atoms form a dumbbell shaped structure sharing one
excess electron, O2

−, which is known as the “superox-
ide” anion. This leads to one unpaired spin (S=1/2)
in a pair of degenerate π∗ (antibonding) molecular or-
bitals. The magnetic ordering of KO2, RbO2, and
CsO2 have been observed at temperatures of 7 K, 15 K,
and 9.6 K, respectively by using specific heat measure-
ment.2) The Tomonaga Luttinger Liquid (TLL) model
suggested for CsO2 is supposed to present a field-
induced magnetic order related to the TLL state.3)

Therefore, detailed investigation on the magnetic
properties near or in the zero-field (ZF) condition is
strongly required to describe the magnetically ordered
state appearing in CsO2 and other alkali metal super-
oxides. Last year, we have carried out µSR measure-
ments in RbO2 at the RIKEN-RAL muon facility by
using the pulsed muon beam. At that time, we felt
that the sample quality was not so good. For that rea-
son, in the next beam time, we improved the sample
quality and measured the new batch of RbO2 samples.

No clear muon-spin precession was seen at any tem-
perature (Fig. 1), however the decrease in the initial
asymmetry around the suggested TN was clearly ob-
served. The anomaly was also observed at ∼15 K as
shown in Fig. 2(a).
The asymmetry parameter can represent the mag-

netic volume fraction. By comparing the asymmetry
parameters in Fig. 2(b), it seems that the new sample
has bigger magnetic volume fraction than the old sam-
ple. It means that we succesfully improved the sample
quality.
The decrease in the initial asymmetry possibly

means that the magnetically ordered state appears
causing the depolarization behavior faster than the ob-
servable limit of the pulsed muon facility. This ordered
state might accomodate the fast muon-spin precession.
Therefore, it is indispensable to test RbO2 by using
the continuous muon beam in order to detect clear evi-
dence of the appearance of magnetically ordered states.
As we expected, the result of µSR measurement at PSI,
Switzerland, by using continuous muon beam showed
clear-muon spin precession at the temperature ∼15 K,
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Fig. 1. ZF-µSR time spectrum for RbO2 for the first 10

microsecond from 17 K down to base temperature.
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Fig. 2. (a) Temperature dependence of the initial asym-

metry and relaxation rate of the ZF-µSR time spec-

trum measured at the RIKEN-RAL Muon Facility. The

anomaly in the µSR measurement is observed at 15 K

around the suggested TN. (b) Comparison between the

new and old RbO2 samples. The result of the old sam-

ple has been reported in RIKEN APR 2016 Vol.50.

indicating long-range magnetic ordered state (the re-
sult is not shown in this report).
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