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Quantum spins on a triangular lattice may bring out intriguing and exotic quantum ground states. Here
we report a magnetodielectric system of CuOHCl wherein S = 1/2 Cu2+ spins constitute a two-dimensional
triangular lattice with the layers weakly coupled via Cl-H-O bonding. Despite strong magnetic interactions, as
expected from the relatively high value of θCW = −100 K, antiferromagnetic transition occurred at TN = 11 K,
followed by an uprising turn of the magnetic susceptibility below ∼7 K. Neutron-diffraction experiment revealed
a coplanar spin structure on the triangular lattice below the TN , with each spin pointing toward the center of a
triangle. Of the three spins on a triangle, two are antiparallel and the third one is angled 120◦ to the antiparallel
spins. A concerted effect of geometric frustration in the triangular lattice and superexchange interactions through
a zig-zag path via double Cu-O-Cu and double Cu-Cl-Cu bridges counted for this spin arrangement. Further
investigation using dielectric constant and heat capacity measurements, as well as a microscopic probe of muon
spin rotation, revealed a magnetodielectric effect and the possibility of multiferroic transition at T ∗ ∼ 5 K, which
is suspected to be in close relation to geometric frustration in this triangular lattice. The present paper presents a
magnetodielectric system on a two-dimensional triangular lattice with chemical stoichiometry. It can also serve
as a rare reference to the hotly debated quantum spin-orbital liquid compound LiNiO2.

DOI: 10.1103/PhysRevMaterials.2.104401

I. INTRODUCTION

Geometrically frustrated magnets, in which localized mag-
netic moments on triangular, kagome, or pyrochlore lattices
interact through competing exchange interactions, have been
of intense recent interest due to the diversity in the exotic
ground states that they display [1–3]. The diverse experi-
mental reports of unconventional magnetic properties, such
as magnetic monopoles, quantum spin liquids, and exotic
excitations, provide challenge and testing ground for theo-
retical models. The triangular lattice, in particular, the S =
1/2 system, has the simplest spin geometric configuration
for frustrated magnetism that leads to intriguing and exotic
quantum ground states. It is also highly evaluated because of
simplicity and adaptability for theoretical modeling. Never-
theless, experimental realization of real systems has been rare.

In previous years, we identified unconventional magnetic
transitions and their relation to geometric frustration in
transition-metal hydroxyhalogenide series of M2(OH)3X, as
well as M(OH)X, where M represents d-electron magnetic
ions of Cu2+, Ni2+, Co2+, Fe2+, and Mn2+ and X represents
the halogen ions of Cl−, Br−, or I− [4]. These hydroxyl salts
exist widely in nature as minerals as well as biominerals in
living organisms, with the most familiar one of Cu2(OH)3Cl
on the surface of bronze statues, imparting the characteristic
hue to the Statue of Liberty. Here we report magnetodielec-
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tric effect and possible multiferroic transition in synthetic
triangular-lattice Cu(OH)Cl, which is known as the mineral
belloite. These properties are suspected to be in close relation
to the frustrated magnetism that arises from competing inter-
actions on the triangular lattice as discussed in Sec. III.

II. EXPERIMENTAL METHODS AND PROCEDURES

The crystal structure of Cu(OH)Cl was first reported by
Iitaka et al., in 1961 [5], and further refined using small
single crystals by Effenberger in 1984 [6] and by Cudennec
et al. in 2000 [7]. They used two equivalent descriptions of
different axis and unit-cell choices but the two settings gave
almost the same bond distances. Only in recent years was
its geometrically frustrated feature revealed by us [8,9]. The
pure phase of polycrystalline, as well as small single crystals,
of Cu(OH)Cl [Cu(OD)Cl for neutron diffraction], colored
dark green similar to that of mineral belloite, were prepared
by heating mixed powders of CuO and CuCl2 · 2H2O (in a
weight ratio of 1:10) in a sealed quartz glass tube at 200–
270 °C for one week to one month and then thoroughly rinsed
with ethanol. All Cu(OH)Cl/Cu(OD)Cl samples were insulat-
ing, reflecting its chemical stoichiometry. Synchrotron x-ray
diffraction with a wavelength of 0.49985 Å on the BL02B2
beam line at the SPring-8 synchrotron, and neutron diffrac-
tion using the superhigh resolution powder diffractometer at
J-PARC, Japan, were performed, respectively, to investigate
the crystal and magnetic structures. In the latter, the time-of-
flight data were analyzed using the Rietveld analysis software
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FIG. 1. Neutron powder-diffraction pattern (filled circles) for Cu(OD)Cl at 30 K and the result of Rietveld structure refinements showing
the calculated (thick solid line) pattern and the difference (thin solid line on the bottom).

for J-PARC [10]. The synchrotron data were analyzed and
refined using the Rietveld method with the computer program
RIETAN-FP [11]. The collected neutron data were refined using
the FULLPROF-suite software based on Rietveld refinement
[12], assisted by the representation analysis program SARAh
[13]. The dc susceptibility measurements were taken using
a commercial superconducting quantum interference device
magnetometer (MPMS; Quantum Design). The heat capacity
was measured using an adiabatic heat-pulse method with a
3He cryostat using 0.5 g of the polycrystalline sample mixed
with gold powder. Dielectric constants were also measured
with a LCZ meter on a pellet sample of pressed powder.
Muon spin rotation/relaxation (μSR) experiments were con-
ducted on the M20 port at the muon facility of TRIUMF
(Canada) using a positive surface muon beam with a con-
ventional He gas flow cryostat. The positive muon beam,
polarized to the beam direction, is stopped in the specimen
and depolarized by its internal fields. The time histograms
of muon decay positrons are recorded by forward (F) and
backward (B) counters as a function of resident time for each
μ+ within the specimen. A positron is emitted preferentially
toward the muon spin direction. Therefore, asymmetry A(t ) =
[F (t ) − B(t )]/[F (t ) + B(t )] of the two histograms (after
correction for solid-angle effects) reflects the time evolution
of muon spin polarization, as well as the time evolution and
space distribution of the internal fields in the specimen.

III. EXPERIMENTAL RESULTS AND DISCUSSION

Synchrotron x-ray diffraction at 300 K for Cu(OH)Cl and
neutron diffraction data at 30 K for Cu(OD)Cl (Fig. 1) were
refined to produce structural information as summarized in
Tables I and II. The structure of Cu(OH)Cl/Cu(OD)Cl agreed
well with those reported by Effenberger [6] and Cudennec
et al. [7] for Cu(OH)Cl. Here we used the setting by Ef-
fenberger [6] since it is more usual to use the c axis as the
out-of-plane direction for layered compounds. As illustrated

in Figs. 2(a) and 2(b), the S = 1/2 Cu2+ ions form a fairly
good triangular lattice in the a-b plane, with a small devia-
tion of 3.6% for the Cu-Cu distances from regular triangles,
providing a suitable environment for geometric frustration.
It is worth noting that the triangular lattice is largely two-
dimensional both in crystal chemistry as well as in magnetic
coupling. The triangular lattice layers are chemically weakly
coupled via Cu-Cl-H-O-Cu bondings and magnetically
weakly coupled with a long Cu2+-Cu2+ distance of ∼6.13 Å.

TABLE I. Structure information of Cu(OD)Cl at 30 K and
Cu(OH)Cl at 300 K refined from the neutron and synchrotron x-ray
powder-diffraction data, respectively. All atoms are at 4e Wyckoff
position.

Temperature 30 K 300 K
Chemical CuODCl CuOHCl
formula
Space group P 21/a P 21/a

a (Å) 5.54766(7) 5.55605(6)
b (Å) 6.65507(9) 6.67010(5)
c (Å) 6.09758(9) 6.12753(7)
β (deg) 114.933(1) 114.9380(9)

V(Å
3
) 204.142(5) 205.9105(38)

Rwp 7.56 3.40

Atom x y z Biso(Å
2
)

at 30 K
Cu 4e 0.2529(4) 0.1169(4) − 0.0340(3) 1.40(5)
O 0.1471(4) 0.3520(4) 0.1090(5) 0.42(4)
D 0.2228(5) 0.3390(4) 0.2872(5) 2.22(7)
Cl 0.3216(3) 0.4087(2) − 0.3127(2) 0.82(3)

at 300 K
Cu 4e 0.25334(12) 0.11852(12) − 0.03237(10) 0.798(13)
O 0.14836(49) 0.35173(52) 0.11100(44) 0.863(71)
Cl 0.32142(21) 0.40860(18) − 0.31091(19) 1.036(27)
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FIG. 2. (a) Crystal structure of Cu(OD)Cl. (b) Surrounding en-
vironment of Cu2+ and spin structure in the magnetically ordered
phase. The arrows show the spin directions of the Cu2+ (blue). Each
Cu2+ (blue) is surrounded by three O (red) and three Cl (green)
in a deformed octahedral coordination. The zig-zag chains show
Cu-Cu couplings through superexchange interactions via Cu-O-Cu
and Cu-Cl-Cu.

The temperature dependence of dc magnetic susceptibility
for polycrystalline Cu(OH)Cl is depicted in Fig. 3(a). Antifer-
romagnetic transition at TN = 11 K was observed, followed
by an uprising turn below 7 K but still with a linear M-H
behavior. The intrinsic nature of the low-temperature upraise
was verified by measurement on a single crystal as illustrated
in the inset plot, as well as by the μSR results (since the
amplitude of μSR signals directly reflects the volume of the
individual magnetic phases and thus a microscopic amount of
impurities would not affect the results). The susceptibilities
at high temperatures obeyed the Curie-Weiss law, χ−1(T ) =
(T – θCW)/C, with a Curie-Weiss temperature of θCW of ap-
proximately −100 K, wherein the large ratio of θCW/TN

apparently indicated magnetic frustration arising from the
triangular lattice. The specific heat plot in Fig. 3(b) showed
a sharp transition centered at TN = 11 K, and a microscopic

FIG. 3. (a) Temperature dependence of the susceptibilities χ

(open circles, left axis) and the inverse susceptibilities 1/χ (open
squares, right axis) for polycrystalline Cu(OH)Cl, measured at 10
kOe. The solid line obeys the Curie-Weiss law, χ−1(T ) = (T −
−θw)/C, with a Weiss temperature of θw of approximately −95 K.
The inset plot shows the susceptibilities measured at 1 kOe for a
small single crystal approximately along the c axis and within the a-b
plane. (b) Specific heat for Cu(OH)Cl depicting a sharp transition at
TN = 11 K, and a microanomaly below around 5 K. The inset plot
on the upper corner shows the dielectric constant changes measured
at 100 kHz.

anomaly below around T ∗ ∼ 5 K, the intrinsic nature of which
will be demonstrated by μSR. The magnetic entropy release
for this system showed an incomplete value of 0.34 Rln2 in
consistency with the frustration evidenced in the magnetic
susceptibility. Meanwhile, the dielectric constant measured
with a LCZ meter on pellet sample of pressed powders
showed a rapid decrease at 11 K and recovery below ∼7 K,
followed by a jump at ∼5 K. The successive changes in the
dielectric constant at TN = 11 and ∼7 K apparently reflected
the coupling to the magnetic states. Therefore, Cu(OH)Cl can
be treated as a magnetodielectric system. The reason for the
dielectric and specific-heat anomalies at T ∗ ∼ 5 K will be
uncovered by μSR.

The results of neutron-diffraction measurement at low
temperatures for Cu(OD)Cl clearly demonstrated a long-range
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TABLE II. Bond lengths and bond angles between neighboring
Cu ions at 30 and 300 K for Cu(OD)Cl and Cu(OH)Cl, respectively,
for an easy view of superexchange interactions.

Temperature 30 K 300 K

Bond distance (Å)
Cu1-Cu2 = Cu3-Cu4 3.355(4) 3.3602(12)
Cu1-Cu4 3.292(4) 3.2857(11)
Cu2-Cu4 3.383(4) 3.3942(10)
Cu1-Cu3∗ 3.024(4) 3.0411(10)

Cu1-O2∗ = Cu3∗-O4 = Cu2-O1 1.959(4) 1.983(3)
Cu3∗-O2∗ = Cu1-O4 1.995(3) 2.0176(19)
Cu1-O1 = Cu4-O4 1.997(4) 2.013(3)
Cu1-Cl1 = Cu4-Cl4 2.712(3) 2.7111(12)
Cu2-Cl1 = Cu4-Cl3 2.701(2) 2.6949(11)
Cu4-Cl1 = Cu2-Cl3 2.2833(16) 2.2938(8)

Bond angle (deg.)
Cu1-O2∗-Cu3∗ = Cu1-O4-Cu3∗ 99.82(17) 98.94(14)
Cu1-O1-Cu2 = Cu4-O4-Cu3∗ 116.04(15) 114.47(12)
Cu1-Cl1-Cu2 = Cu4-Cl4-Cu3∗ 76.61(10) 76.86(7)
Cu2-Cl1-Cu4 = Cu2-Cl3-Cu4 85.05(10) 85.34(8)
Cu1-O4-Cu4 111.14(17) 109.22(14)
Cu1-Cl1-Cu4 81.97(10) 81.60(8)

magnetic order establishing below TN = 11 K. The magnetic
reflections can be indexed with the propagation vector k =
(0, 0, 0). All symmetry-allowed magnetic structures derived
from the representation analysis program of SARAh were
examined. For the magnetic propagation vector k = (0, 0, 0)
in the P 21/a crystal space group, the possible magnetic
structures were represented as �mag = 3�1(Ag ) + 3�2(Au) +
3�3(Bg ) + 3�4(Bu), where �is are the irreducible repre-
sentations derived for the magnetic propagation vector k =
(0, 0, 0) in this crystal space group as shown in Table III. The
intensity of magnetic reflections, i.e., the difference between
the intensities obtained at 5 and 30 K, and the fitting results
using all symmetry-allowed magnetic structures are shown
in Fig. 4. Apparently, the �2(Au) plotted in Fig. 4(b), with
fitted values of Mx = 0.460(51), My = 0.729(14), and Mz =
0.08(14) resulting in a total moment of 0.85 μB for Cu2+,
should be the magnetic structure in the antiferromagnetic
phase. As plotted in Fig. 1(b), a magnetic order for a triangular
lattice was revealed: the spin directions are confined on the
triangular lattice, with each spin pointing toward the center of
a triangle. Of the three spins on a triangle, two are antiparallel
and the third one is angled 120◦ to the antiparallel spins.

Inspection of the bond lengths as listed in Table II helped
us to understand this spin arrangement from a viewpoint of su-
perexchange interactions. As illustrated in Figs. 2(a) and 2(b),
each Cu2+ ion is surrounded by three O(H) and three Cl in a
deformed octahedral coordination, wherein two neighboring
Cu2+ ions share a common edge. The orbitals of Cu2+ in this
much deformed octahedral crystal field should be split with
the lower t2g orbitals fully filled. Since direct exchange comes
from a direct overlap between t2g orbitals, superexchange
interactions should dominate here. Among all Cu2+ ions
denoted in Fig. 2(b), the Cu1 and Cu3∗ connected via two Cu-
O-Cu bridges with antiparallel spins has the shortest distance.

FIG. 4. The intensity of magnetic reflections fitted with possi-
ble magnetic structures of (a) �1, (b) �2, (c) �3, and (d) �4 for
Cu(OD)Cl.

Apparently, strong superexchange interactions should occur
via these two Cu-O-Cu bridges. Meanwhile, antiparallel spins
also exist between Cu2-Cu4 bridged by two Cl, where the
Cu-Cu distance is longer but with a larger orbital overlap
of Cu-Cl-Cu. Therefore, superexchange interactions should
exist along the zig-zag chains as denoted in Fig. 2(b). The
double Cu-O-Cu and double Cu-Cl-Cu bridges showed bond-
ing angles near 90◦ (∼100 and 85◦, respectively), wherein
the classical Goodenough-Kanamori-Anderson (GKA) rules
for superexchange would seemingly expect a ferromagnetic
ground state. Such contradiction to the GKA rules was also
seen in a hot-topic “quantum spin-orbital liquid” material
of triangular lattice LiNiO2 and antiferromagnetic NaNiO2

[14–16]. In LiNiO2 and NaNiO2, the magnetic ions of Ni3+
and nonmagnetic Li or Na stack alternatively, giving rise to
a quasi-two-dimensional triangular magnetic lattice. In them,
the magnetic ions of Ni3+ are connected via two Ni-O-Ni
bridges angled near 90◦ and its ground state was theoretically
predicted to be in a low-spin configuration of t2g

6eg
1 (thus di-

rect exchange between t2g electrons does not occur). Reitsma
et al. derived the spin-orbital Hamiltonian for triangular lattice
Ni3+ interacting via 90◦ superexchange bond and reported
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TABLE III. Magnetic models �mag = 3�1(Ag ) + 3�2(Au) + 3�3(Bg ) + 3�4(Bu) obtained from representational analysis. The space group
is P 21/a and the magnetic propagation vector is k = (0 0 0).

Cu1 Cu2 Cu3 Cu4
(x, y, z) (−x + 0.5, y + 0.5, −z) (−x,−y, −z) (x + 0.5, −y + 0.5, z)

�1(Ag ) (Sx, Sy, Sz ) (−Sx, Sy, −Sz ) (Sx, Sy, Sz ) (−Sx, Sy, −Sz )
�2(Au) (Sx, Sy, Sz ) (−Sx, Sy, −Sz ) (−Sx, −Sy, −Sz ) (Sx, −Sy, Sz )
�3(Bg ) (Sx, Sy, Sz ) (Sx, −Sy, Sz ) (Sx, Sy, Sz ) (Sx, −Sy, Sz )
�4(Bu) (Sx, Sy, Sz ) (Sx, −Sy, Sz ) (−Sx, −Sy, −Sz ) (−Sx, Sy, −Sz )

that the competing effects of local Jahn-Teller distortions and
ferromagnetic superexchange can produce both ferromagnetic
and antiferromagnetic interactions [17].

As a matter of fact, the present Cu(OH)Cl can serve as a
good reference to the much-debated magnetic ground state
in LiNiO2. Ever since its synthesis in 1958 by Goodenough
et al. [18], LiNiO2 has been a subject of continuous debate.
While Jahn-Teller deformed NaNiO2 showed a long-range
antiferromagnetic order below 20 K, the LiNiO2 without Jahn-
Teller deformation did not show a magnetic order down to
experimentally achievable temperatures. It is believed that
the octahedral crystal field acting on the nickel ions with-
out Jahn-Teller deformation in LiNiO2 brings out twofold
orbital degeneracy of the Ni3+ (t2g

6eg
1) ions, leading to orbital

frustration and the quantum spin-orbital liquid ground state.
Theoretical interest in this system comes from the interplay
between different degrees of freedom: orbital degeneracy of
the eg electrons in Ni3+ and their eventual coupling to the
S = 1/2 spins, the effect of frustration in the triangular Ni
lattice, and the elusive nature of the magnetic interactions
[16].

However, there is no clear experimental evidence of what
is the true orbital ground state of LiNiO2. Despite tremen-
dous publications on this material, its true ground state is
still controversial and remains an open issue. The biggest
problem is that LiNiO2 samples are never stoichiometric
because additional Ni2+ ions always substitute Li+ ions in
the Li layers, leading to [Li1−x

1+Nix2+][Nix2+Ni1−x
3+]O2.

De Brion et al. [16] reported that Li0.3Na0.7NiO2 exhibited no
Jahn-Teller transition contrary to NaNiO2, but it still showed
a magnetic structure similar to NaNiO2. Thus they concluded
that NaNiO2 can most probably be the spin model for the
magnetic ground state of pure LiNiO2.

Therefore, the spin arrangement in the two-dimensional
triangular lattice system of Cu(OH)Cl can be attributed to
an interplay of superexchange interactions and geometric
frustration of the S = 1/2 spins in the triangular lattice.
Apparently, the present triangular lattice Cu(OH)Cl of perfect
stoichiometry, with structural deformation in the octahedral
crystal field reminiscent of NaNiO2, can be a rare reference to
the hotly debated layered compound (LiNa)NiO2. It is worth
noting that the magnetic structure differs from that of NaNiO2,
which showed a simple A-type antiferromagnetic order with
ferromagnetic intraplane coupling and antiferromagnetic in-
terplane coupling [19,20]. This is a natural result of the weak
interplane coupling in Cu(OH)Cl. In the case of LiNiO2 and
NaNiO2, interplane coupling was sometimes considered to
have a crucial effect on the contrasting magnetic behaviors in
LiNiO2 and NaNiO2, since additional Ni2+ ions in LiNiO2

always substitute Li+ ions in the interplane Li layers. The
two-dimensional triangular lattice Cu(OH)Cl can be also a
reference on this aspect.

The confinement of spins on the a-b plane was in good
consistency with the contrastingly different changes of the
susceptibilities across TN in and outside of the a-b plane, as
shown in the inset plot in Fig. 3(a). Noting the absence of any
change in the specific heat and the apparent stability of the
magnetic structure, the susceptibility increase below 7 K was
believed to be due to a microscopic spin direction adjustment.

Although direct dielectric/ferroelectric measurement on a
single crystal has not been achieved yet due to the unavail-
ability of large-enough crystals at the present stage, μSR
enabled us to explore the origin of the T ∗ ∼ 5 K anomaly
appearing in the dielectric constant and specific heat. With
a large gyromagnetic ratio γμ(= 2π × 135.54 MHz/T) of
the muon, where μ+ stopped nearby anions in the material,
μSR is a sensitive probe to a change in the local mag-
netic/electric field in the solid on an atomic scale. The ZF −
μSR asymmetry, A(t), in the paramagnetic phase, as shown
in Fig. 5, showed that 79.3(7)% of the implanted muons
stopped nearby OH− forming (OH)-μ+ bonding, as was
often seen in materials containing hydrogen [21,22]. Their
behavior was well described by a two-spin model function
G2s (t ) = 1

6 + 1
6 cos(ωt ) + 1

3 cos( 1
2ωt ) + 1

3 cos( 3
2ωt ), where

ω = h̄γμγN/r3; γμ and γN are the gyromagnetic ratios of μ+

and H nuclear spins, respectively; and r = 1.64(1) Å is the
distance between μ+ and H+. The remaining 20.7% stopped
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FIG. 5. The ZF − μSR asymmetry at 18 K for Cu(OH)Cl, show-
ing that the spectrum in the paramagnetic phase is well fitted
by the equation including the two-spin model function G2s(t ) =
1
6 [1 + cos(ωt ) + 2 cos( 1

2 ωt ) + 2 cos( 3
2 ωt )]; 79.3(7)% of the im-

planted muons stopped nearby OH forming (OH) − μ+ bonding.
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FIG. 6. Fourier transform for the zero-field μSR asymmetry
spectra at typical temperatures for Cu(OH)Cl. The inset plot shows
the raw ZF − μSR spectrum taken at 3.1 K and the fitted curve using
nine frequencies.

nearby Cl− and was well fitted by the Kubo-Toyabe function
GKT(t ) = 1

3 + 2
3 (1 − (γμσ t )2)e− 1

2 (γμσ t )2
, where σ reflects the

average nuclear dipolar field at the muon site.
In the magnetically ordered state of a polycrystalline

sample, the longitudinal polarization function PZ (t ) is ex-
pected to be the weighted sum of the longitudinal and trans-
verse components: PZ (t ) = 1

3e−λZt + 2
3e−λXt cos(γμ〈Bloc〉t ).

Therein, λZ and λX, respectively, denote the spin-lattice and
spin-spin relaxation rates, and 〈Bloc〉 stands for the mean value
of the local field at the muon stopping site. If there are multiple
muon stopping sites, the asymmetry would be accounted by
the sum of damped oscillations. Below TN = 11 K, all the
muon spins precessed with multiple frequencies as shown
in Fig. 6, directly demonstrating uniform local field in the
sample, i.e., the long-range nature of its magnetic order. In
this situation, the asymmetry was accounted for by damped
oscillations with the damping due to spin-spin relaxation. The
precession frequencies, the relaxation rates, and the signal
fractions of the respective frequencies were exactly analyzed
and shown in Fig. 7. Using one representative distinct sig-
nal double dashed in Fig. 7(a), the precession frequency
change for T > 5 K can be well described by a power
law f = f0(1 − TN

T
)β , with f0 = 9.04(0.06) MHz, TN =

10.95(0.07) K, and β = 0.33(0.01), implying that it can be
used as an order parameter.

FIG. 7. Analyzed muon spin precession frequency, relaxation
rate, and signal fraction for the nine signals observed in Cu(OH)Cl.
The double dashed line in the frequency plot (a) is a fitted curve for a
representative frequency obeying the formula f = f0(1 − TN

T
)β with

f0 = 9.04(0.06) MHz, TN = 10.95(0.07) K, β = 0.33(0.01).

The most profound result from the μSR is the appearance
of the additional frequency signal below ∼5 K [freq. 7 in
Fig. 7(a)]. Actually, it should be viewed as a signal splitting
from freq. 6, as the two frequencies slightly increased and
decreased, respectively, from their average below ∼5 K.
Looking back at Fig. 3(b), we can see that this signal appeared
simultaneously with the dielectric constant jump and the
microscopic anomaly in specific heat at T ∗ ∼ 5 K. The signal
fraction and relaxation rate of the freq. 7 signal below T ∗ kept
increasing until the lowest temperature. Muon site calculation
suggested that the muons nearby the Cl− ions precessed with
frequencies lower than ∼2 MHz, therefore the splitting of
the freq. 6 signal into those of freq. 6 and freq. 7 below
T ∗ ∼ 5 K suggested one additional muon stopping site and a
change in the local electric field nearby the OH−. It is most
probable that the sudden change in the local electric field
resulted from a small structural change concerning the OH−,
i.e., the symmetry of the P 21/a crystal space group lowered
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to produce asymmetric sites for the OH. Combined with the
dielectric change, we conjectured a ferroelectric transition of
spin origin below T ∗ ∼ 5 K. It occurred in the vicinity of mag-
netic transition in this strongly magnetic-dielectric-coupled
material, therefore it can be grouped into the multiferroic
category.

IV. SUMMARY

In summary, we have found magnetodielectric effect in
hydroxyl salt CuOHCl, which is believed to be closely related
to geometrical frustration on the triangular magnetic lattice.
A microscopic probe of μSR suggested the possibility of
a multiferroic transition at T ∗ ∼ 5 K. The present triangular
lattice antiferromagnet with a large interlayer spacing can
be a prototypical model to study frustrated magnetic interac-
tions and spin-related phenomena. There are only very few
experimental realizations of the triangular lattice, in particu-
lar, multiferroic systems in slightly nonstoichiometric oxides,
i.e., CuFeO2 (S = 5/2), CuCrO2/AgCrO2 (S = 3/2), and
RbFe(MoO4)2 (S = 5/2) [23]. The present system provides a

structurally two-dimensional triangular lattice showing quan-
tum spin-related properties, with coplanar spin configuration
and perfect chemical stoichiometry.
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