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Ferroelectricity and New Quantum Magnetic States of Frustrated
One-dimensional Quantum Spin Systems

Yukio Yasui
Department of Physics, Meiji University

ABSTRACT

Neutron scattering study and measurements of magnetic and dielectric properties
have been studied for quasi one-dimensional spin 1/2 systems which are formed of
edge-sharing CuQ, square planes called CuO, ribbon chains. Due to the geometrical
characteristic of the crystal structure of these systems, the nearest-neighbor exchange
interaction between spins is ferromagnetic, and the second neighbor interaction is
antiferromagnetic. The CuO, ribbon chain systems are typical examples for the
frustrated quantum spin systems driven by the competing interactions. We found that
LiVCuO,4 and PbCuSO4(OH), with CuO, ribbon chains have helical magnetic order and
exhibit a ferroelectric transition with the magnetic transition, simultaneously (called
multiferroic). For the CuO, ribbon chain systems, exotic quantum phases are
theoretically predicted such as Haldane-dimer, spin-nematic, quadrupolar-order, and
chiral-order phases. Rb,Cu,Mo03;0;, with CuO, ribbon chains does not exhibit the long
range ordering due to the quantum spin fluctuation and low dimensionality. For
Rb,Cu;Mo0501,, the ferroelectric transition is found to be induced by applying field
without magnetic transition, which is a new type ferroelectric transition triggered by the
magnetism of frustrated quantum spin systems. The obtained results strongly suggest
that Rb,Cu,Mo;0;, exhibits some exotic quantum states.
Keywords: quantum spin,CuQ; ribbon chain, multiferroic, chiral-order, Haldane-dimer
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Fig. 1: (a) Schematic structure of CuO, ribbon chain,
together with electron wave functions of Cu(3dx*-y?)
and O(2p) orbits. J; and J, are nearest-neighbor and
next-nearest neighbor interactions, respectively. (b)
Schematic figure of exchange interactions between
Cu?" quantum spins.
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Fig. 2: Crystal structure of LiCuVO,. The edge-
sharing chains of CuQO, square planes can be seen

with the VO, tetrahedra that connect the chains. The
Li atoms are shown by the small black circles.
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Fig. 3: (a) Temperature dependence of P, of
LiVCuO, taken at various fixed fields H//a, together
with the neutron integrated intensities for 0 1-C 1
(£~0.534) reﬂectlon at H = 0. (b) The magnetic
structure of the Cu®" spins, schematically. P, Q, and
e; represent the vector of ferroelectric polarization,
modulation vector, and helical axis, respectively.
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Fig. 4: Crystal structure of PbCuSO4(OH),.
edge- sharing chains of CuQO, square planes (called
CuO, ribbon chalns) are separated by the Pb*" ions
and the SO4 tetrahedra. The a’- and C’- axes are
defined to be suitable for the local structure of the
CuO, ribbon chains.
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Fig. 5: Temperature dependence of the magnetic
susceptibility x of PbCuSO4(OH),. The magnetic
field of H=1 T is applied along the three directions
shown in the figure. The inset shows magnetization
curves taken at T=2 K under various magnetic field

directions.
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Fig. 6: (a) Temperature dependence of the dielectric
constant € of single crystal of PbCuSO4(OH),. The
electric field E is applied along the three directions
shown in the figure. (b) Temperature dependence of
the ferroelectric polarization obtained for a
polycrystalline sample of PbCuSO,4(OH),.
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Fig. 7: Temperature dependence of the peak
intensities for 0 & 1/2 reflection (6~0.189) of
PbCuSO4(OH),. The inset shows profile of the
w-scan (sample-angle scan) for 0 & 1/2 reflection
taken at T=1.7 K and T=7.0 K.
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Fig. 8: Temperature dependence of the magnetic
susceptibilities y of Rb,Cu,;Mo030;, measured under
various magnetic fields.
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Fig. 9: Temperature dependence of the dielectric
constant & of Rb,Cu,Mo030;, taken under various

magnetic fields, together with the dielectric constant
gof sz(CLngng’lQoz)zMO}Olz at H=0.
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Fig. 10: Temperature dependence of the electric
polarization P of Rb,Cu,Mo030;, taken under various
magnetic fields.
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