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Abstract
The complex dielectric susceptibility and spin glass properties of polycrystalline
CuCr0.5 V0.5 O2 delafossite have been investigated. Electron diffraction, high resolution
electron microscopy and electron energy loss spectroscopy show that the Cr3+ and V3+
magnetic cations are randomly distributed on the triangular network of CdI2 -type layers. In
contrast to CuCrO2 , CuCr0.5 V0.5 O2 exhibits two distinctive (magnetic and electric) glassy
states evidenced by memory effects in electric and magnetic susceptibilities. A large
magnetodielectric coupling is observed at low temperature.
(Some figures may appear in colour only in the online journal)

CuCr0.5 V0.5 O2 in the multiglass framework. In the present
article, we report magnetic and electric susceptibilities,
magnetodielectric coupling and aging effects.
The sample was prepared from a mixture of Cu, Cr2 O3
and V2 O5 weighted in the ratio 1:0.25:0.25, pressed in the
form of bars, that were put in an evacuated silica ampoule
and then heated at 1000 ◦ C. The purity of the sample
was checked by x-ray diffraction and the room temperature
unit cell parameters, as the R3̄m space group, are in good
agreement with the data previously reported [14, 15]. A
verification of the crystal structure and the identification of
possible ordering induced by the substitution were carried
out by transmission electron microscopy (TEM) at room
temperature. The electron diffraction (ED) patterns, collected
along the major zone axis of CuCr0.5 V0.5 O2 , show sharp
spots, evidence of an excellent crystalline quality, and can
be unambiguously indexed in the trigonal R3̄m space group.
High resolution TEM (HRTEM) was performed to test
the sample quality more precisely (i.e. at the local scale),
the homogeneity of the cationic composition and also the
possibility of local order. A TEM image along the most
informative and relevant zone axis is shown in figure 1(a)

In the search for new multiferroic materials, the symmetry of
the structure is of prime importance and the possibility offered
by magnetic structures to break the inversion symmetry has
been used to discover numerous spin induced ferroelectrics
and strong magnetoelectric (ME) coupling [1]. In contrast,
coupling between a spin glass and ferroelectricity has not
been studied so extensively [2, 3]. Cationic disorder induced
by substitution on one crystallographic site may generate
magnetic and/or electric glassiness depending on the atoms
involved. Disorder is in fact well known to be responsible for
glassy properties [4–8], as shown in (Sr, Mn)TiO3 [9, 10].
Recently, polarization and magnetodielectric (MD)
coupling in CuFe0.5 V0.5 O2 spin glass were reported [3]. The
vanadium for iron substitution in the CuFeO2 delafossite
hinders the long range magnetic ordering at low temperature.
CuCrO2 that is an antiferromagnetic compound (TN =
24 K) spin induced ferroelectric [11–13]; the V3+ for Cr3+
substitution creates a disorder that favors short range magnetic
order, as reported by Nagarajan et al [14] and Ataoui et al [15,
16], in agreement with pioneer works of Goodenough [17].
The magnetic properties of Cu(Fe, V)O2 delafossites have
already been studied, and we have revisited the properties of
0953-8984/12/226002+04$33.00
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Figure 1. (a) [112̄0] high resolution transmission electron microscopy image of a defect free Cu(Cr–V)O2 crystal and the corresponding
electron diffraction pattern. (b) High angle annular dark field-scanning transmission electron microscopy image along the same zone axis.
(c) annular dark field signal and scanning transmission electron microscopy-electron energy loss spectroscopy elemental maps indicating
the Cu–Cr/V stacking.

and demonstrates a perfect sequence of alternating Cu and
Cr0.5 V0.5 layers. There is no evidence of segregation or Cr–V
ordering either from HRTEM imaging or from ED within a
single lamella.
To further investigate a possible ordering of Cr and
V, we adopted high resolution (high angle) annular dark
field scanning TEM [(HA)ADF-STEM] in combination with
spatially resolved electron energy loss spectroscopy (EELS).
As HAADF-STEM is a Z-contrast technique (where Z is the
atomic number and with so-called mass–thickness sensitivity
approximately proportional to Z 2 ) an ordering of Cr (Z =
24) and V (Z = 23) might be apparent in high resolution
images. In the HAADF-STEM image in figure 1(b) no
ordering can be detected; however, one might argue that
this is very difficult since Cr and V only differ by Z = 1.
We therefore acquired atomic resolution EELS data from
the region indicated in figure 1(c) (marked ADF) using the
spectrum imaging (SI) technique. The acquired EELS data
containing the V–L2,3 , O–K, Cr–L2,3 and Cu–L2,3 edges
were treated by principal component analysis prior to the
generation of the elemental maps displayed in figure 1(c).

The atomic resolution elemental maps confirm the results
from HAADF-STEM and HRTEM—no ordering of Cr or V
layers can be detected, not even on a local scale. All layers
are homogeneously mixed with Cr and V. A quantification of
the composition in the top Cr/V layer yielded 47 ± 5 at.%
V and 53 ± 5 at.% Cr, in good agreement with the nominal
composition.
The magnetic behavior has been explored by dc and ac
magnetic measurements. The dc magnetization was measured
in zero field cooled (zfc) and field cooled (fc) modes
under different magnetic fields by using a Quantum Design
superconducting quantum interference device (SQUID)
magnetometer. Isothermal magnetization was also measured
at different temperatures, and with a magnetic field up to ±9 T,
by using the AC magnetometry system option of a Quantum
Design Physical Properties Measurement System (PPMS).
The ac magnetic susceptibility (χ) versus temperature was
also performed with a PPMS for frequencies ranging from
10 Hz up to 10 kHz. Figure 2 summarizes these data which
give evidence of a spin glass phase:
2
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Figure 3. Temperature dependence of the real part and of tan δ
(imaginary part) of ac dielectric permittivity at different frequencies
(from 1 to 100 kHz) in top and bottom panels, respectively. The
inset shows an Arrhenius plot.
Figure 2. (a) Temperature dependence of the dc magnetic
susceptibility in zero field cooled (zfc) and field cooled (fc) mode
under two magnetic fields (10 and 100 Oe). The zfc and fc curves
are denoted with different symbols. The inset shows isothermal
magnetization (at 5 K ) as a function of magnetic field. (b)
Temperature dependence of the ac magnetic susceptibility at
different frequencies. The inset shows 1mzfc versus T measured in
µ0 H = 0.1 T, where 1mzfc is the difference between mzfc with and
without an intermediate waiting time tw of 10 h at Tw = 8 K.

are completely different. Additionally, these results indicate
that the dielectric properties of CuCr0.5 V0.5 O2 should also be
different from CuCrO2 in which ferroelectricity is induced
by the magnetic ordering. This led us to perform dielectric
permittivity measurements.
At low temperature (<250 K) CuCr0.5 V0.5 O2 is a good
insulator with a resistivity larger than 106  cm (not
shown). This is confirmed by the dielectric permittivity
and corresponding losses (tan δ) measured at 1 V ac field
amplitude for different frequencies (from 1 to 100 kHz)
(figure 3). The real part of the dielectric permittivity is almost
temperature and frequency independent between 110 and
80 K. On further cooling, it drops slowly, and clear frequency
dispersion can be seen (figure 3(a)) with the imaginary
part exhibiting a frequency dependent peak, characteristic of
disordered systems (figure 3(b)) [18, 19]. These features are
distinct from CuCrO2 for which a clear frequency independent
peak is observed at TN . In CuCr0.5 V0.5 O2 , the peak position
in tan δ fits with the Arrhenius law at higher frequencies,
as for glassy behaviors, and deviates from Arrhenius law at
low frequencies (inset of figure 3(a)). The fitted parameters,
in the high frequency limit (f0e = 2.14 × 108 Hz and Ea =
0.025 eV or 300 K) are in the range of typical values
observed in (KBr)0.50 (KCN)0.50 (of the order of 109 ) [20],
(Sr, Mn)TiO3 (109 ) [9] or KTaO3 (1013 ) [21].
To prove the existence of a glassy electric ground
state, we have performed aging experiments to test possible
memory effects in dielectric susceptibility. Figure 4 shows
the difference between curves obtained at 100 kHz, and taken
after waiting 5 h at 35 K or 10 h at 25 K. In both cases, a clear

(i) a difference between zfc and fc curves, with a field cooled
dc magnetization curve which remains temperature
independent below the spin glass temperature characterized by a peak in the zfc curve at about 11 K (=Tsg )
(figure 2(a)),
(ii) a frequency dependence of the maximum of the peak
0 ) (figure 2(b)),
(χmax
(iii) and a S-shaped M(H) curve (inset of figure 2(a)).
0
The frequency dependence of χmax
has been analyzed by
a using power law f ∝ f0 × (Tmax /Tsg − 1)zν . The best fit
of the data yields to f0m = 5 × 109 Hz, Tsg = 10.6 ± 0.1 K
and dynamical critical exponent zν = 9. Memory effect and
rejuvenation are also observed below Tsg as reported for spin
glass [4]. For example, the inset of figure 2(b) reports the
magnetization of the sample measured after a waiting time of
10 h at 8 K. This magnetization curve exhibits a clear dip at
the corresponding temperature (8 K). All these features are the
characteristics of a spin glass phase [5] and strongly suggest
that the magnetic structures of CuCr0.5 V0.5 O2 and CuCrO2
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large magnetodielectric effects in the paramagnetic phase as
in Co3 V2 O8 [23].
In conclusion, in CuCr0.5 V0.5 O2 , the disorder induced
by the cationic substitution leads to spin glass and
dipolar glass behaviors, totally different from long range
antiferromagnetism and the frequency independent peak in
dielectric permittivity reported for CuCrO2 . In the spin glass
phase, a quadratic magnetodielectric coupling is observed.
The existence of two ‘glassy order parameters’ distinguishes
CuCr0.5 V0.5 O2 from ‘classical’ multiferroics and rather
includes this delafossite in the family of ‘multiglass’
compounds which is a promising new route for materials
which exhibit magnetodielectric coupling.
Figure 4. 1ε 0 (T) curve: aging effect in dielectric susceptibility (at
100 kHz) with Tw and tw mentioned in the plots {35 K and 5 h} or
0
{25 K and 10 h} and 1ε 0 = εwait
− ε00 .
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Figure 5. Magnetodielectric coupling at different temperatures.

trough in the dielectric constant curve is observed around Tw ,
which is characteristic of an electric glassy state [22, 9, 10].
0 − ε 0 is about −3% at 35 K and
The value 1ε 0 = εw
0
100 kHz, which is similar to Plexiglass (PMMA) but rather
small compared to (Sr, Mn)TiO3 . This small value (3%) may
indicate that only a small fraction of the system is frozen, but
can also be due to a lower relaxation process. No measurable
effect was observed above 40 K.
In order to study the interplay between both types of
glasses, and following the work of Shvartsman et al who
measure a linear coupling on M(E) [9], we have measured
the magnetodielectric effect ε(H) in the spin glass phase
(8 K) and at higher temperatures (30, 100 K) (figure 5). A
large quadratic coupling is observed at 30 K and a smaller
one at 8 K, while the effect is much smaller at 100 K. This
observation is very different from the situation reported by
Shvartsman et al who measured a linear effect with a change
of sign in M when E changes its sign. This suggests that
the microscopic origin of both effects should be different.
In particular, the large effect at 30 K (i.e. well above the
glass transition) should be related to the existence of very
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