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We have studied the magnetic and electronic properties of Cu2-xZnxV2O7 by magnetization,
specific heat, and dielectric measurements. X-ray structural analysis shows a Zn-mediated phase
transition from the a- to the b-phase beyond a critical Zn concentration of xc ¼ 0.15. While
Cu2V2O7 exhibits a canted antiferromagnetism with an associated weak ferromagnetism in the
a-phase, the b-phase is purely antiferromagnetic. The spin canting arises due to the DzyaloshinskiiMoriya exchange interaction in the anti-symmetric a-phase. The temperature dependence of the
heat capacity for the sample in the a-phase shows a clear lambda like transition at a temperature
where the magnetic susceptibility also displays an anomaly and indicates an onset of long range
magnetic ordering. Dielectric properties display a clear anomaly around the magnetic transition
temperature in a-Cu2V2O7. The anomaly weakens with the increase in the Zn concentration and
disappears at the doping level where a to b phase transition occurs. This confirms the existence of
magneto-electric coupling in a-Cu2V2O7 but not in its b-phase. Analysis of the experimental data
shows that magneto-electric coupling is non-linear in nature, which is in agreement with the
Landau theory of continuous phase transition. So, a-Cu2V2O7 establishes itself as a promising
candidate for magnetic multiferroics. Published by AIP Publishing.
[http://dx.doi.org/10.1063/1.4977859]

I. INTRODUCTION

Multiferroics have attracted a great deal of research
interest since the early 2000s due to their wide range of
application possibilities as magnetic sensors, multiple state
memory devices, spintronics, and so on.1–3 Although several
efforts have been made in searching for new multiferroic
materials following different routes, magnetic ordering
induced ferroelectricity has become very much interesting
and exciting due to their high value of magnetoelectric
coupling.4–7 Ferroelectricity caused by magnetism was first
discovered by Kimura et al.8 in the hexagonal manganite
TbMnO3. In this material, a non-zero electric polarization
appears for a special type of magnetic ordering below 28 K
and also a polarization flop occurs when a magnetic field is
applied along a certain crystallographic direction. In
the same year, in TbMn2O5, Hur et al.9 observed an even
stronger effect of the external magnetic field on electric
polarization. In these systems, a sign change in the electric
polarization with the field is noticed. This induces an oscillation in the electric polarization when the magnetic field alternates between þ15 kOe and 15 kOe. Hence, multiferroism
in these materials is very much useful to prepare new forms
of multifunctional devices. This bears the prospect of controlling the spontaneous magnetization by an applied electric
field (without currents). At the same time, the spontaneous
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electric polarization can be reoriented by an applied magnetic field. This is attributed to the strong coupling between
the two order parameters. Moreover, many open issues are
there concerning the basic electronic and magnetic structures
in this class of compounds and the cross coupling between
their order parameters. An efficient coupling between two
order parameters is even more important than their
coexistence.
Copper based divanadates (Cu2V2O7) generally occur in
two polymorphs that are stable, low temperature a phase and
high temperature b phase.10,11 The phase transition temperature is 712  C. The structure of the a phase is orthorhombic
and noncentrosymmetric with Fdd2 symmetry, whereas the
b phase is monoclinic and centrosymmetric with C2/c symmetry. The high temperature b phase is isostructural with
that of a-Zn2V2O7. In the a phase, each Cu2þ ion is surrounded by five oxygen ions forming a distorted polyhedron,
and these polyhedra are attached with one another by edge
sharing.12,13 Such CuO5 complexes form two mutually perpendicular spin chains forming a honeycomb like spin structure, which are separated by (V2O7)2 anion groups,
consisting of a corner sharing [VO4] tetrahedron as shown in
Fig. 1. In copper divanadates, magnetic moment arises
completely from Cu2þ cations having 3d9 electronic configuration since V5þ (3d0) is nonmagnetic. The magnetic structure of the a phase is reported to be an antiferromagnet with
weak ferromagnetism (FM) at low temperatures and the b
phase to be a linear chain antiferromagnet with a uniform
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FIG. 1. (a) Crystal structure of a-Cu2V2O7 where Cu atoms form two mutually perpendicular spin chains with CuO5 complexes separated by (V2O7)2
anion groups. (b) Clear view of edge sharing CuO5 polyhedra where each
Cu2þ ion is surrounded by five oxygen ions. The structures are visualized
using VESTA.

intrachain interaction.11–17 The study of the dielectric behaviour of a-Cu2V2O7 around the magnetic transition temperature looking for a possible coupling between their dielectric
and magnetic properties has reported a-Cu2V2O7 to be a magnetic multiferroic with the simultaneous development of electric polarization and magnetization below TN ¼ 35 K.12,15
From the reported magnetic studies of a-Cu2V2O7,11–17 we
know that this system undergoes a transition to a magnetically ordered state below the Neel temperature TN ¼ 35 K,
which is attributed to a canted antiferromagnetic (AF) transition of the Cu spin (S ¼ 1/2). This result is a signature of the
Dzyaloshinskii-Moriya (DM) interaction between the neighboring Cu spins in the a phase due to its antisymmetric
exchange interaction. On the other hand, the b phase is forbidden by the DM interaction due to its symmetric spin structure, which leads to no associated weak ferromagnetism
(FM). Pommer et al.17 showed a Zn mediated phase transition
from the a phase to the b phase by nonmagnetic Zn doping at
the Cu site in the a-Cu2V2O7 system beyond a critical
Zn concentration xc ¼ 0.15. Moreover, the static magnetic
properties change drastically, and no clear evidence of weak
ferromagnetism is identified in the b phase when the Zn concentration exceeds the critical value.18 Very few dielectric
studies have been made so far for this compound, which have
reported the presence of dielectric anomaly around the Neel
temperature (TN) in the a phase only.12,15 Recently, based on
density functional theory calculations and magneto-dielectric
studies, Sannigrahi et al.12 proposed an exchange striction
based mechanism for the giant ferroelectric polarization
(0.55 lCcm2, highest among the copper based improper
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multiferroics) observed in polycrystalline a-Cu2V2O7, which
generally occurs in collinear magnetic structures. On the
other hand, Gitgeatpong et al.13 proposed a helicalhoneycomb model leading to the DM interaction19,20 to
describe the magnetic ordering observed in a single crystal of
a-Cu2V2O7 based on combined studies of magnetization,
Quantum Monte Carlo simulations, and neutron diffraction.
Recently, a third mechanism was also proposed by Lee
et al.21 based on structural, magnetic, and dielectric studies
on the same material in single crystalline and polycrystalline
forms. They proposed a p-d hybridization scheme due to spin
orbit coupling which is of purely electronic origin in contrast
to the ion-displacement type occurring in the spin-current
mechanism or exchange striction based mechanism reported
so far. So, it is clear that the underlying mechanism for the
magneto-electric coupling in this material is still in debate.
In this work, we have reported the phase evolution of the
copper divanadate system from the a- to the b-phase through
nonmagnetic Zn substitution at the Cu site and the results of
the magnetic and electronic properties measurement covering
the Zn-doping range 0  x  0.3. The magnetic properties
have been discussed in the light of the DM interaction present
only in the non-collinear magnetic structure. The results of
the temperature dependence of zero-field heat capacity measurement and the dielectric properties’ measurement have
been presented to confirm the existence of magnetic ordering
induced ferroelectricity in a-Cu2V2O7 with a non-collinear
magnetic structure but not in its b-phase having a collinear
magnetic structure. The nature of the magneto-electric coupling in this material has also been discussed performing an
analysis of the magnetization and dielectric data.
II. EXPERIMENTAL

Polycrystalline samples of Cu2-xZnxV2O7 with x ¼ 0–0.3
were prepared following the standard solid-state reaction technique. Stoichiometric amounts of CuO, ZnO, and V2O5 were
mixed homogeneously using ethanol. The mixture was then
annealed in air at 600  C–650  C for 100 h–130 h with intermediate grindings. Finally, the powder was pressed into pellets
using polyvinyl alcohol as a binder and sintered at
600  C–650  C for 10 h. X-ray powder diffraction was used to
characterize the samples using a Rigaku TTRAX II diffractometer with Cu-Ka radiation in the 2h range 10 –80 . Magnetic
measurements were done under a field of 5 kOe to 20 kOe in
the temperature range 2 K  T(K)  300 K using a Quantum
Design Superconducting Quantum Interference Device
(SQUID) magnetometer. The zero-field heat capacity measurement was carried out in a physical properties’ measurement
system (Quantum Design). The dielectric measurements were
carried out in a two-probe setup with conducting silver paste
and gold wire, using a Cryogenic Instrument cryostat operating
over a temperature range 2–300 K. An Andeen Hagerling ultra
precision capacitance bridge (Model AH2700A) was used in
the frequency range 1–20 kHz.
III. RESULTS AND DISCUSSION

In Fig. 2, we have plotted the x-ray diffraction data for
Cu2-xZnxV2O7 having different Zn concentrations together
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FIG. 3. Zero-field-cooled magnetic susceptibility (v) as a function of temperature of Cu2-xZnxV2O7 measured at 500 Oe. The inset shows the inverse
of susceptibility (v1) for x ¼ 0.1 and the corresponding Curie-Weiss fit
(Solid line).

¼




FIG. 2. XRD patterns for Cu2-xZnxV2O7 for 2h in the range 20 to 30 .

with undoped Cu2V2O7. For clarity, the curves were shifted
vertically. Rietveld analysis shows that the samples are of
single phase with Fdd2 symmetry having an orthorhombic
crystal structure up to x ¼ 0.15. A Zn mediated phase transition from the a-Cu2V2O7 to the b-Cu2V2O7 phase is clearly
observed beyond the critical Zn concentration xc ¼ 0.15, in
agreement with Pommer et al.17 and Sotojima et al.18
b-Cu2V2O7 crystallizes in a monoclinic (C2/c) structure. The
variation of lattice parameters for different Zn concentrations
as obtained by Rietveld studies for a-Cu2V2O7 is summarized in Table I, which are consistent with the existing
literature.15,18
In Fig. 3, the zero field cooled magnetic susceptibility
is plotted as a function of temperature for the Zn-doped
samples (up to xc ¼ 0.15) along with the undoped one in a
magnetic field H ¼ 0 .5 kOe. As the temperature lowers, v(T)
shows a steep upturn around TN, indicating a transition to a
magnetically ordered state. This behaviour continues up to
Zn concentration xc ¼ 0.15. We have fitted the inverse of the
susceptibility (v1) as a function of temperature (T) above
C
Þ. A representative
80 K using the Curie-Weiss law (v ¼ Th
plot for a Curie-Weiss law fit for x ¼ 0.1 is shown in the inset
of Fig. 3. The negative Curie-Weiss temperature (hÞ for all
the samples (Table I) indicates that the dominant exchange
interaction is AF in nature. From the Curie-Weiss constant
C, we have calculated the effective magnetic moment (leff
TABLE I. Different characterizing parameters for a-Cu2-xZnxV2O7 (orthorhombic, Fdd2 symmetry).
Parameters
a (Å)
b (Å)
c (Å)
V (Å3)
TN (K)
h ðK Þ
Cmax (T) (J/moleK)

X ¼ 0.0

X ¼ 0.05

X ¼ 0.1

X ¼ 0.15

20.6627
8.4025
6.4419
1118.4314
32.8
82.9
…

20.6639
8.3926
6.4467
1117.9993
31.6
75.97
…

20.6642
8.3811
6.4505
1117.1514
28.9
89.38
…

20.6710
8.3701
6.4548
1116.8060
26.65
50.69
31.135

qﬃﬃﬃﬃﬃﬃﬃﬃ

3KB C
NA ).

It is found to be 2.09 lB for the undoped sample,

which is slightly greater than the spin only value lef f ¼ glB
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
SðS þ 1Þ ¼ 1:73lB , where g ¼ 2 and s ¼ 12 per Cu2þ ion
consistent with the earlier reports.12,13,17,18 This may be due
to some amount of mixing of the orbital moment, which is a
characteristic of the Cu2þ cation. TN (32.8 K for x ¼ 0.0 to
21.4 K for x ¼ 0.3) and lef f (2.09 lB for x ¼ 0.0 to 1.7 lB for
x ¼ 0.15) gradually decrease with the Zn concentration,
which is expected since nonmagnetic Zn dilutes the local
spin arrangement within the lattice. The magnitude of h
decreases in the a-phase showing a sudden increase around
the phase transition point and thereby maintains its decreasing behaviour up to the highest Zn doping level, in agreement with Pommer et al.17 It is predicted that as Zn doping
increases, the nearest neighbour Cu-Cu magnetic exchange
interaction gets disturbed since nonmagnetic Zn substitutes
magnetic Cu atoms, and as a result, the effective average
magnetic exchange interaction may decrease. This may be
taken as dilution of effective spin density via Zn doping. As
the Zn concentration increases beyond xc ¼ 0.15, static magnetic properties change drastically. Instead of showing a
steep upturn as the temperature lowers, v first shows a broad
maximum at a temperature Tmax (39 K and 36 K for x ¼ 0.2
and 0.3, respectively) slightly greater than TN, indicating an
appearance of a short range correlation typical for a low
dimensional magnet (Fig. 4). After that, a sudden increase in
v is shown by the x ¼ 0.2 sample around 25.5 K, indicating
an onset of weak magnetic ordering at lower temperature.
However, a small cusp is observed around TN ¼ 21.4 K for
the x ¼ 0.3 sample as shown in Fig. 4, which is due to the
transition to a pure AF state. The broad maximum around
Tmax slightly greater than TN for the samples x ¼ 0 .2 and 0.3
is a signature of a one dimensional Heisenberg antiferromagnet. We know that, in Cu2V2O7, CuO5 complexes form two
mutually perpendicular spin chains. To further explore the
nature of the magnetic ordering in this region, we have calculated the intrachain nearest-neighbour exchange constant
J, i.e., magnetic exchange between nearest-neighbour Cu-Cu
17
spins along a spin chain from the relation Tmax ¼ 0:641J
KB . For
the x ¼ 0 .3 sample, J is found to be 56 K. The strength of
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FIG. 4. Zero-field-cooled magnetic susceptibility (v) as a function of temperature of Cu2-xZnxV2O7 measured at 500 Oe for x ¼ 0.2 and 0.3. For clarity, v(T) for x ¼ 0.2 is magnified 2 times.

the interchain coupling Jinter can also be estimated from the
pTNﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ in the mean-field approximarelation Jinter ¼
1:28 lnð5:8J
TN Þ
17
tion. Using J ¼ 56 K and TN ¼ 21 .4 K, Jinter is found to be
10 K, only 5.6 times smaller than intrachain interaction J.
Moreover, Tmax is only 1.7 times as large as TN. So, it may
be suggested that existence of such a significant interchain
coupling Jinter along with intrachain interaction J drives the
system into a magnetically ordered state. All these results
together with the nature of variation of h with the Zn concentration may indicate the presence of a three dimensional cooperative ordering of the Cu chains in the system at low
temperatures.
The field dependence of magnetization M(H) measured
at temperature 2 K (below Neel temperature TN) up to a maximum field of 20 kOe shows clear hysteresis for all the samples up to Zn concentration xc ¼ 0.15 as shown in Fig. 5. But
the magnetization measured at temperature 50 K (above TN)
shows no hysteresis rather a linear behaviour throughout the
measured field range. The hysteresis loop, which is a characteristic for FM along with no indication of magnetization saturation up to the highest measured magnetic field, indicates

FIG. 5. Field dependence of magnetization data of Cu2-xZnxV2O7 for
x ¼ 0.0 and x ¼ 0.15 at 2 K and 50 K along with the linear fitting of the high
field data for x ¼ 0.0 in (a).
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the presence of a canted AF Cu spin arrangement in the
material with an associated weak ferromagnetism. Such a
canted AF is a signature of the DM interaction between the
neighboring Cu spins in the a-phase of Cu2V2O7 due to the
lack of inversion centre between magnetic Cu2þ ions.13 On
the other hand, the x ¼ 0.2 sample shows a very small hysteresis up to H ¼ 2000 Oe below TN (as shown in the inset of
the magnified low field part of Fig. 6) followed by a linear
M(H) behaviour up to the highest applied magnetic field
(Fig. 6). This result may be attributed to the sudden increase
in v(T) for the x ¼ 0.2 sample around 25.5 K (Fig. 4), indicating an onset of weak magnetic ordering at lower temperature
with a small residue of magnetization. But a distinctly clear
linear M(H) curve throughout the measured magnetic field
range both below and above TN without any trace of hysteresis is shown by the x ¼ 0.3 sample, which indicates its pure
AF behaviour (as shown in the inset of Fig. 6).
We have fitted our high field linear M(H) data to the
empirical relation Mð H Þ ¼ vAF H þ Mð0Þ (as shown in Fig.
5) where the linear term gives the AF component and the
second term M(0) denotes the saturation magnetization, i.e.,
the canted moment at zero field. M(0) is found to be
0.038 lB/Cu-ion for the undoped sample, consistent with
other reported values.12,13,17,22 Such a small value of M(0)
compared to one lB for the full saturation moment of a single Cu2þ ion justifies the presence of a canted AF with an
associated weak FM in this material. Moreover, the value of
M(0) remains invariant up to xc ¼ 0.15, in agreement with
Pommer et al.17 So, saturation magnetization that may be
a measure of the canting angle through the relation tan uDM
ð0Þ

¼M
glB S is found to be 2 , which is the same for all Zn doped
samples up to xc ¼ 0.15.17,20 This indicates that in the
a-phase, Zn doping does not change the nature of the
exchange interaction but may weaken the strength of
the average AF exchange interaction between neighbouring
Cu-spins, and as a result, TN decreases. Although we have
got slight hysteresis in the very low magnetic field region for
x ¼ 0.2, the M(0) for this sample approaches zero as
expected (see Fig. 6). So, from our magnetic studies, we may
conclude that canted AF Cu spin arrangement due to the DM

FIG. 6. Field dependence of magnetization data of Cu2-xZnxV2O7 for
x ¼ 0.2 at 2 K and 40 K. The left inset shows the magnified low field part at
2 K for x ¼ 0.2. The right inset shows the field dependence of magnetization
data for x ¼ 0.3 at 2 K and 40 K.
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FIG. 7. Temperature dependence of the heat capacity of Cu2-xZnxV2O7 for
the x ¼ 0.15 sample at the zero magnetic field plotted as C/T versus T2. The
dashed line gives the best fit in the temperature range 30 K to 50 K above TN
to C(T) ¼ cT þ bT3.

interaction with an associated weak ferromagnetism exists
only in the a-phase of Cu2-xZnxV2O7.
The temperature dependence of the heat capacity (C) of
Cu2-xZnxV2O7 for the xc ¼ 0 .15 sample at zero magnetic
field plotted in C/T versus T2 coordinates is shown in Fig. 7.
A clear lambda-like anomaly observed around Neel temperature TN  26.65 K reaffirms the existence of a magnetic
phase transition in this system. A maximum value of heat
capacity Cmax around Neel temperature TN is found to be
31.135 J/mole-K (Table I). We have fitted our heat capacity
data in the intermediate temperature range 30 K to 50 K
above TN to CðT Þ ¼ cT þ bT 3 as shown in Fig. 7. The best
fit result gives c ¼ 0:99018 J mole1 K 2 and b ¼ 3:92838
105 J mole1 K 4 , which differs slightly from those
for multiferroic FeVO4 samples obtained for the same high
temperature range.23,24 From the b value, the Debye temperature has been estimated to be 816 K, which is in good
agreement with the reported values of other multiferroic
materials.23,24
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In Fig. 8, we have summarized the temperature variation
of the real part of the complex dielectric susceptibility ð0 Þ for
Cu2-xZnxV2O7 with varying Zn concentrations for a frequency range 1 kHz to 20 kHz. It is found that at low temperature, 0 shows no temperature and frequency dependence. In
the high temperature side, 0 shows frequency dispersion with
a decreasing behavior as the frequency increases. This happens for undoped and for every Zn doped sample. This
behavior is consistent with frequency dependence of the static
dielectric constant of a dielectric material. But by observing
distinctly the low temperature region around TN, a clear
hump-like anomaly is found for the undoped (x ¼ 0.0) sample, which gradually loses its prominence but exists up to the
critical Zn concentration xc ¼ 0.15, announcing a transition to
a ferroelectric state similar to that observed in other muliferroics.25 No frequency dispersion is observed for this humplike anomaly, indicating the appearance of a long range electric order. To analyze the anomaly around TN, following Fox
et al.26 for BaMnF4 and Sanchez-Andujar et al.15 for
M2V2O7 (M ¼ Co and Cu), we have fitted our dielectric data
with the expression (1) to include the lattice contribution of
the dielectric constant


 
hx0
1 :
(1)
exp
0 ðT Þ ¼ 0 ð0Þ þ C0
KB T
TN anomalies are clearly envisaged if we plot the variation of
0 vs. T along with the fitted curve. A representative plot for
x ¼ 0.0 is shown in Fig. 9. Sanchez-Andujar et al.15 tried to
explain this coupling between dielectric properties and magnetization with the help of the Landau theory of continuous
phase transition, which predicts a non-linear magneto-electric
coupling, D0 1 M2 (where M ¼ magnetization). Here, D0 is
defined as the difference between the observed dielectric constant and the lattice contribution. The proportionality between

FIG. 8. (a) Temperature dependence of
the real part of the dielectric susceptibility (0 ) for x ¼ 0.0 for the frequency
range 1 kHz–20 kHz. The inset shows
the magnified low frequency part. (b)
and (c)The magnified low frequency
part, indicating clearly the presence of
hump like anomaly for x ¼ 0.1 and
0.15. (d) and its inset confirm the
absence of 0 anomaly for x ¼ 0.3.
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FIG. 9. Plot between normalized D0 (difference between the observed
dielectric constant and its lattice contribution) and normalized M2, indicating the non-linear magneto-dielectric coupling in a-Cu2V2O7. The inset
shows dielectric anomaly in a-Cu2V2O7, and the curve is a fit to Equation
(1).

normalized D0 =ð4K Þ and

h

i2

M
Mð4K Þ

as shown in Fig. 9 estab-

lishes a strong evidence for the presence of non-linear magneto-electric coupling in a-Cu2V2O7.
The temperature variation of 0 (Fig. 8(d)) in the low
temperature region for the x ¼ 0.3 sample does not show any
hump-like anomaly. This result is consistent with our structural characterization result where a Zn mediated phase transition from the a to the b phase is noted beyond xc ¼ 0.15.
So, it is evident that Cu2-xZnxV2O7 with x ¼ 0.3 is not
expected to show any magneto-electric coupling due to its
non-polar (b phase) structure as explained later.
The variation of the imaginary part of dielectric susceptibility (0 ), i.e., dielectric loss as a function of temperature
for x ¼ 0.0 is shown in Fig. 10. At high temperature, 00
increases with a rise in temperature, which may be due to
space charge polarization. Although some anomaly is shown
by 00 ðT Þ in the low temperature region between 10 K and
40 K (as shown in the inset of Fig. 10), the nature of this
complex structure is not clear so far to draw any conclusion.
Such behavior continues up to Zn concentration x ¼ 0.15,
but no such anomaly in 00 is noticed for the x ¼ 0.3 sample.

Our experimental result gives us a support to conclude
that a-Cu2V2O7 is a magnetic ordering induced multiferroic material, while nonmagnetic Zn doping gradually suppresses its weak FM and ferroelectric properties below TN.
Our structural studies clearly show that Zn doping induces
a- to b-phase transition in this system, which is not unexpected since b-Cu2V2O7 is iso-structural with a-Zn2V2O7.
The DM interaction is a microscopic characteristic of two
interacting spins.19,20 It favours canting of spins inducing a
non-collinear spin ordering and weak FM moment. It
occurs due to the existence of an asymmetric bonding
geometry in an AF spin lattice background. In a-Cu2V2O7,
two mutually perpendicular Cu chains are present (Fig. 1),
and each Cu atom is coupled to its nearest-neighbor (NN)
by two asymmetric bonds or two exchange paths.17 Due to
these two asymmetric exchange paths, two DM vectors
arise, which do not cancel each other, inducing a net DM
interaction. On the other hand, the b phase in which NN
Cu atoms are coupled by symmetric Cu-O-Cu bonds is forbidden by the DM interaction (Ref. 17 and references
therein). The non-collinear spin ordering in the a-phase is
associated with a small shift of the ligand oxygen ions by
which the system minimizes its energy, and as a result, a
non-zero ferroelectric polarization appears. As discussed
in Ref.17, Zn induced a- to b phase transition may be due
to the shortening of the apical M-O bond and the lengthening of the equatorial bonds of MO5 polyhedra (M ¼ Cu and
Zn). The elongation of the CuO5 polyhedra is expected
since Cu2þ is an Jahn-Teller active ion. On the other hand,
no distortion has been shown by ZnO5 polyhedra since
Zn2þ is not Jahn-Teller active. As a result, the local bonding geometry will change with Zn substitution at the Cu
site, and this explains the possible reason for the a!b
phase transition of a-Cu2V2O7 through Zn doping. Hence,
multiferroism is absent in Cu2-xZnxV2O7 when x > 0.15. In
summary, our Zn doping studies may infer that ferroelectricity appears in a-Cu2V2O7 only due to the presence of
the DM interaction, which favors canting of spins with an
associated weak ferromagnetism but is completely absent
in its b phase.
IV. CONCLUSION

FIG. 10. Temperature dependence of the imaginary part of dielectric susceptibility (00 ) for the frequency range 1 kHz–20 kHz for the x ¼ 0.0 sample.
Insets show a magnified low temperature part for x ¼ 0.0 and x ¼ 0.3.

The effect of non-magnetic Zn doping on the a-phase of
the Cu2V2O7 system has been studied, and we have observed
a Zn mediated phase transition from the a-phase to the
b-phase beyond a critical Zn concentration xc ¼ 0.15.
a-Cu2V2O7 maintains its canted AF structure with an associated weak FM due to the presence of the DM interaction up
to Zn concentration xc ¼ 0.15, but beyond that, it becomes
purely AF in the b-phase. The temperature dependence of
the heat capacity data for the xc ¼ 0.15 sample also confirms
the presence of a clear anomaly corresponding to the temperature of anomaly in the magnetic susceptibility, indicating a
clear evidence of a long range magnetic ordering. The presence of a non-linear magneto-electric coupling is revealed
through dielectric studies only in the a-phase of Cu2V2O7.
a-Cu2V2O7 presents itself as a promising magnetic multiferroic for future use.
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