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The quest for new high performance multiferroic materials, i. e. materials which simultaneously exhibit ordering
of more than one ferroic order parameter, is stimulated by the expectation to control, for example, magnetic
ordering properties by electric fields and, vice versa, ferroelectric polarization by magnetic fields. Multiferroics
are expected to open new routes to efficient tunable magneto-optical/magneto-electric multifunctional memory
devices. Understanding the underlying physics has stimulated an ongoing research activity into multiferroic
behaviour and a search for new multiferroic materials.
In a large number of multiferroics ferroelectricity is induced by spiral magnetic ordering which can, for example,
favorable be realized in frustrated magnetic chain systems which with a competition of nearest-neighbor (NN)
and next-nearest-neighbor (NNN) spin exchange interactions. Such exchange configurations can support incommensurate antiferromagnetic (afm) cycloidal magnetic structures which remove inversion symmetry. In the
resulting non-centrosymmetric spin structure, spin-orbit interaction gives rise to asymmetric charge distribution
thereby inducing a permanent dielectric polarization and ferroelectricity below the Néel temperature TN . Multiferroicity has, for example, been found in afm spiral quantum chain systems such as LiCu2 O2 and LiCuVO4 ,
the crystal structure of which contains CuO2 ribbon chains that are made up of edge-sharing CuO4 squares. In
LiCuVO4 , for example, the NN spin exchange (i.e., the Cu-O-Cu superexchange) is ferromagnetic (fm) while
the NNN super-super exchange (i.e., the Cu-O· · · O-Cu exchange paths) via oxygen anions is afm.[1,2] Switching the ferroelectric polarization of LiCuVO4 with external electric and magnetic fields has been demonstrated
by dielectric polarization and polarized neutron diffraction experiments by Schrettle et al. and Mourigal et al.,
respectively.
Well-known multiferroics are mostly oxides of transition metals with open d-shells; systems with other anions
have less intensively been investigated. Recently, we have shown that anhydrous CuCl2 , which crystallizes
with a structure containing CuCl2 ribbon chains similar to the aforementioned oxocuprates, also shows a spiralmagnetic ordering below a Néel temperature of ∼23 K.[3] Subsequently, Seki et al. have observed multiferroicity in CuCl2 . CuBr2 , another anhydrous dihalide of copper, crystallizes with a structure very similar to that of
CuCl2 .[4] Early magnetic susceptibility and heat capacity experiments from the sixties and eighties of the last
century indicated long-range magnetic ordering near ∼75 K. Details of the magnetic and dielectric properties,
however, remained largely unknown until recently.

Figure 1: Crystal structure of CuBr2 according to Ref. [4]
The Cu atoms are represented by small (cyan), and the Cl
atoms by large (orange) circles.

Figure 2 shows the magnetic susceptibility of CuBr2 . Long-range afm ordering below a Néel temperature TN =
73.2(5) K is clearly evidenced by the kink in the magnetic susceptibility. As early on observed by Barraclough
and Ng substantial afm short-range ordering is visible far above TN indicated by a very broad maximum in the
susceptibility at around 225(10) K. In Fig. 2 we compare the results of density-matrix renormalization group
(DMRG) calculations of the magnetic susceptibility of a frustrated chain with competing fm NN and afm NNN
interactions, i.e., JNN > 0 and JNNN < 0 with our experimental data.[5]
Good accordance between experiment and theory is found for the ratios -0.40 < J1 /J2 < -0.30 assuming J2
= JNNN as the only adjustable parameter, with JNNN = -360 K and a value for the interchain coupling J3 of
≈-130 K implied by the ratio J3 /JNNN ≈ 0.35. The ratio of JNN to JNNN and the magnitude of the interchain
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exchange coupling, J3 , is in very good agreement with the results of ab initio density functional calculations
(see Ref. [5]), as well as, with a high temperature series expansion (HTSE) proposed by Tsirlin et al..
Figure 2:
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Magnetic susceptibility χmol of CuBr2
measured parallel to the crystal platelets corrected by a
temperature independent χ0 , i.e., the sum of the diamagnetic contribution of the closed shells and paramagnetic
van Vleck contributions (+41×10−6 cm3 /mol) and a
Curie-like contribution, C/T , with the Curie constant C
corresponding to 0.25% S = 1/2 spin entities. A kink
at 74(1) K due to afm ordering is clearly visible. The
theoretical susceptibilities of a frustrated JNN - JNNN chain
with ratios JNN /JNNN (from top to bottom), g factor and
J2 (= JNNN ) = 360 K, as indicated in the inset are given by
the (red) solid lines with ratios of JNN /JNNN as indicated.
The (black) solid line is a fit of a high temperature series
expansion of the susceptibility according to Tsirlin et al.
with parameters listed in the upper left inset. The inset
displays the λ-type anomaly in the heat capacity of CuBr2
at the Néel temperature.
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Neutron powder diffraction patterns upon cooling below ∼74 K showed additional magnetic Bragg reflections,
which can be indexed based on an incommensurate propagation vector ~τ =(1, 0.2350(3), 0.5). The magnetic
structure was successfully determined by a profile refinement of difference patterns, i.e. patterns obtained by
subtracting the nuclear scattering represented by the 80 K diffraction pattern. The magnetic structure of CuBr2
is shown in Figure 3(b). The total moment was refined to 0.38(2) µB with components mx = 0.28(4) µB , mz
= 0.41(3) µB , -imy = 0.39(2) µB and all other components zero, within error bars implying a incommensurate
cycloidal spin helix propagating along the crystallographic b axis. Accordingly, the plane of the spin helix is
slightly inclined (∼ 13o ) away from the CuBr2 ribbon planes. The Cu2+ spin moment, 0.38 µB is significantly
reduced from 1 µB due to quantum effects, but close to what has been found, e.g., in LiCuVO4 , CuCl2 and
NaCu2 O2 (0.31 µB , 0.5 µB and 0.54 µB ), respectively.

Figure 3: (a) Neutron powder diffraction patterns
of CuBr2 . Main frame: difference between the 2 K
and 80 K patterns. The inset displays the powder
diffraction pattern (λ = 2.41 Å) at 2 K together
with a FULLPROF profile refinement (solid line)
with the Bragg angles of the nuclear and the
magnetic Bragg peaks indicated by the vertical bars
indicated below the pattern. (b) Magnetic structure of of CuBr2 at 2 K. The Cu and Br atoms are
represented by blue and yellow circles, respectively.

In the afm phase CuBr2 exhibits multiferroicity.[6] Figure 4 summarizes the temperature-dependent dielectric
constant, ²(T ), measured in zero magnetic field and at different testing frequencies (from 1 kHz to 1 MHz). The
most remarkable feature is the sharp increase in ²(T ) just below TN , which coincides well with the anomalies
observed in the magnetization and heat capacity measurements (see Fig. 2). With decreasing temperature, ²(T )
rises quickly and passes through broad maxima (∼ 55 K), followed by a decrease towards low temperatures. The
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dielectric loss, tan δ, (Fig. 4(b)) also shows a similar anomaly at TN , independent of testing frequencies as well.
The dielectric loss is small («0.1) due to the highly insulating nature of the CuBr2 sample. The concurrence of the
anomalies in the dielectric constant and corresponding loss suggested the possible existence of ferroelectricity,
which was tested by pyroelectric measurements (Fig. 4(c)) A λ-shaped pyroelectric current peak emerges as the
temperature approaches TN . The current drops sharply to zero as T > TN . The electric polarization acquired by
integrating the pyroelectric current is switched with the opposite poling electric field (not shown), proving the
ferroelectric nature of the transition. The saturated polarization reaches a value of about 10 Cm−2 , which is of
the same order as that of e.g. LiCu2O2 or CuCl2 .[6]

Figure 4: (a) Temperature dependent dielectric constant,
²(T ), of a typical CuBr2 sample (polycrystalline pressed
pellet) measured in zero field at different frequencies as
indicated. (b) ²(T ) (red) and the corresponding loss (blue)
measured at a frequency of 100 kHz (H = 0. (c) Pyroelectric current (green) measured with a heating rate of 3 K/min
with H = 0. The corresponding dielectric polarization
(black) is calculated by integrating the pyroelectric current.

Incommensurate cycloidal antiferromagnetic ordering below TN = ∼74 K leads to multiferroicity in anhydrous
CuBr2 . Compared with most known multiferroic materials, CuBr2 exhibits a very high critical temperature, close
to the boiling point of liquid nitrogen. The multiferroic properties in CuBr2 cover a very broad temperature range
(0 K < T < TN ). The low dielectric loss makes anhydrous CuBr2 a very promising material for magnetoelectric
sensors.
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