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ABSTRACT
In the present work, the structural, electronic and mechanical prop-
erties of LiVCuO4 and LiCu2O4 spinel type multiferroics have been
investigated by means of first principles calculations. The spin polar-
ized generalized gradient approximation has been used for modeling
exchange-correlation effects. The structural optimization of these
multiferroics compounds has been performed by using VASP-code,
and the lattice parameters and magnetic moments have been calcu-
lated. From our calculation, it has been determined that the LiVCuO4

compound is a narrow band gap semiconductor, while the LiCu2O4
compound is metallic in nature. Considering the spin states from the
electronic band structure and density of the state (DOS) of the
LiVCuO4 compound, it has been identified that Eg¼1.87 eV for spin
up and Eg¼0.37 eV for spin down. The second-order elastic constants
have been calculated, and the other related quantities have also
been estimated in the present work.
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1. Introduction

Recently, researchers have focused on LiMVO4 (M¼Cu, Ni, Co, Zn, Mg, Be) materials
that can be used for rechargeable lithium cathode materials to increase the energy dens-
ity and decrease costs. LiCuVO4 material is understood as a one-dimensional supercon-
ductor as a result of the electrical conductivity and heat transfer measurements obtained
at low temperature [1–4]. Formulated ternary AB2O4 oxides are spinel structural materi-
als. Spinel structural materials according to the distribution of atoms A and B on the
lattice sites can be classified into two distinct kinds deemed normal and inverse spinel,
respectively. The atoms A and B are characterized as normal spinel by occupying the
tetrahedral and octahedral sites, respectively, while some of the B atoms, the A and the
remaining B atoms are characterized as reverse spinel by occupying tetrahedral and
octahedral sites, respectively [5]. Since spinel structure materials are considered as bat-
tery materials, magnetic materials, superhard materials and luminescent materials, these
materials have wide and very important application areas [6–8].
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Multiferroics are materials where in ferroelectric and ferromagnetic properties are
exhibited in a single phase. Since magnetization cannot be controlled by an electric field
in a single phase, the coupling between ferromagnetic and ferroelectric is so weak that
it cannot contribute to the magnetic transition. Therefore, many multiferroics have a
low Curie temperature. Ferromagnetism and ferroelectric loss occur due to weak cou-
pling and a low Curie temperature. Therefore, multiferroic-ferrite composites can be
synthesized as a result of high Curie temperature and suitable ferromagnetic-ferroelec-
tric coupling. As a result of the work done, it has been reported that the elastic coupling
between multiferrides and spinel ferrites may be formed by epitaxial or layered align-
ment [9, 10].
In the past, some detailed studies on the structural and magnetic properties of these

spinel-type multiferroic compounds have been made [4, 5, 11–15]. Lafontaine et al. [11]
experimentally investigated the structural properties of orthorhombic LiCuVO4 at room
temperature. Prokofiev et al. [12] discussed the magnetic properties of the LiCuVO4
compound using magnetic susceptibility measurements. Kumar et al. [13] investigated
the magnetic properties of Zn, Co, and Mn doped LiCuVO4 compound with neutron
diffraction and X-ray photoemission. They observed that the antiferromagnetic correl-
ation of the compound was increased when doped with Zn and Co, and it was stimu-
lated when the ferromagnetic order was doped with Mn. Kazakopoulos et al. [4] studied
the characterization of the LiCuVO4 compound prepared at 530 �C by solid state reac-
tion method. Kegler et al. [14] discussed the anisotropy effects on magnetic resonance
spectra in the distorted reverse spinel LiCuVO4 compound using EPR and NMR meas-
urements. Santos et al. [15] investigated the structural and magnetic properties of spi-
nel-structured Co2MnO4 compound doped with a different conformation of bismuth
by X-ray diffraction. Heng-Nan et al. [5] obtained Raman vibration modes and Raman
shifts corresponding to these modes under different pressure of the reverse spinel-struc-
tured LiCuVO4 compounds by Raman spectroscopy measurements. As far as we know,
the physical properties (structural, mechanical, and optical properties) of these com-
pounds have not been studied theoretically until now. In this work, we have investigated
the structural, mechanical, and electronic properties of the LiCuVO4 and
LiCu2O4 compounds.

2. Method of calculation

In all of our calculations that were performed using the ab-initio total-energy and
molecular-dynamics program VASP (Vienna ab-initio simulation program) [16–19] that
was developed within the density functional theory (DFT) [20], the exchange-correlation
energy function is treated within a spin polarized GGA (generalized gradient approxi-
mation) by the density functional of Perdew et al. [21]. The potentials used for the
GGA calculations take into account the 1p22s1 valence electrons of each Li-, 3p63d104s1

valence electrons of each Cu-, 2s22p4 valence electrons of each O-, and 3p63d34s2

valence electrons of each V- atoms. When including a plane-wave basis up to a kinetic-
energy cutoff equal to 20.36Ha for LiCu2O4 and 23.38Ha for Li(VCu)O4, the properties
investigated in this work are well converged. The Brillouin-zone integration was per-
formed using special k points sampled within the Monkhorst-Pack scheme [22]. We
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found that a mesh of 8� 8 � 8 k points and 7� 7 � 7 k point for LiCu2O4 and
Li(VCu)O4, respectively was required to describe the structural, mechanical, and elec-
tronic properties.

3. Result and discussion

LiCuVO4 and LiCu2O4 compounds have an orthorhombic structure with the Imma
(No. 74) space group. There are 4 molecules (28 atoms) in the unit cell of this crystal
structure. Before starting the calculations, we performed the optimization process using
the experimental structural parameters (lattice constants and atomic positions) for these
compounds. The calculated lattice parameters are given in Table 1 together with the
experimental values. The lattice parameters calculated for the LiCuVO4 compound are
in good agreement with the experimental values [11, 13] approx. 0.1–1.5%. The total
magnetic moments obtained for LiCuVO4 and LiCu2O4 are 2.00 and 2.82, respectively.
The magnetic moment value obtained for the LiCuVO4 compound is close to the leff
values [12, 23] obtained experimentally (see Table 1).
Elastic constants are important parameters because they give information about the

structural stability of a material. The elastic constants given in Table 2 are calculated
using the “strain-stress” technique [24]. Unfortunately, there are no experimental and
theoretical results to be compared with the obtained results. Elastic constants calculated
for both compounds provide the mechanical stability conditions specified in the Ref.
[25, 26]. The C11, C22 and C33 elastic constants show resistance to the linear compres-
sion in the a-, b-, and c- directions, respectively. The C22 value for the LiCuVO4 com-
pound is higher than the C11 and C33 values. Therefore, the b-axis can be less
compressible. The C33 value for the LiCu2O4 compound is higher than the C11 and C22

values, so the c axis can be less compressible.
Other polycrystalline elastic properties (Young’s modulus, Poisson’s ratio, anisotropic

factors, sound velocities, the Debye temperature) of polycrystalline bulk modulus and
isotropic Shear modules obtained from the Voigt-Reuss-Hill (VRH) approach [27–29]
are calculated and given in Table 3 and Table 4. In general, hardness is known as a
material parameter that resists elastic and plastic deformation, this parameter is bulk
modulus (B) or shear modulus (G). It can be said that the ionic character is dominant

Table 1. The calculated equilibrium lattice parameters (a, b, and c) together with the experimental
values and total magnetic moment (l, in lB/f.u.) for LiVCuO4 and LiCu2O4 compounds
Material a (Å) b (Å) c (Å) V0 (Å

3) l Refs.

LiVCuO4 5.687 5.796 9.011 297.02 2.00 Present
5.662 5.809 8.758 288.0 Exp. [11]
5.652 5.800 8.745 286.68 Exp. [13]

1.84-1.97 Exp. [12]
1.88 Exp. [23]

LiCu2O4 5.631 5.919 8.318 277.17 2.82

Table 2. The calculated elastic constants (in GPa) for LiVCuO4 and LiCu2O4 compounds
Material Reference C11 C12 C13 C22 C23 C33 C44 C55 C66
LiVCuO4 Present 294.3 89.1 92.7 371.1 136.7 151.1 55.2 121.1 82.5
LiCu2O4 Present 190.8 88.6 79.8 208.4 101.8 265.9 37.4 78.4 64.1

FERROELECTRICS 43/[201]



in the atomic bonding from the calculated Poisson’s ratio (t¼ 0.28 for LiCuVO4 and
t¼ 0.30 for LiCu2O4) [30–32]. It can also be seen from the G/B ratio (0.51 for
LiCuVO4 and 0.45 for LiCu2O4) where the ionic character dominates (covalent if G/
B� 1.1, ionic if G/B� 0.6). The Young’s modulus (E) is a measure of the stiffness and
if the E value is high, the material is stiffer. The Young’s modulus value (197.0) calcu-
lated for the LiCuVO4compound is higher than the value (156.4) of the LiCu2O4 com-
pound, so the LiCuVO4 compound is expected to be stiffer. If the B/G ratio is less
(high) than 1.75, the material is brittle (ductile) [33, 34]. According to the B/G value,
both compounds are ductile.
The elastic anisotropies (A1, A3, A3) calculated for LiCuVO4 and LiCu2O4 com-

pounds and the percentages of anisotropy in the compression and shear are given in
Table 4. The LiCuVO4 compound exhibits low anisotropy compared to the LiCu2O4

compound. For materials, the Acomp(%) and Ashear(%) values can range from zero (iso-
tropic) to 100% representing the maximum anisotropy [35]. The Acomp(%) and
Ashear(%) calculated for the LiCuVO4 compound are higher than the LiCu2O4 com-
pound. The Debye temperature and sound velocities [36–38] calculated for these com-
pounds are given in Table 4. The calculated Debye temperature value (649 K) for
LiCuVO4 is higher than the calculated Debye temperature value (551K) for LiCu2O4.
Generally, the Debye temperature is small for soft materials and large for hard materi-
als. Therefore, it can be said that both compounds are hard materials, but the LiCuVO4

compound is harder than the LiCu2O4 compound.
Spin-polarized electronic band structures and density of states have been calculated

using the GGA approach for both compounds in the orthorhombic structure and given
in Figs. 1–3. The high symmetry points (C- T- S- W- R) of the Brillouin zone are used
in electronic band structure calculations. Fermi level is selected as the zero energy level
although it is not specified in Fig. 1. The Eg values for both compounds are determined
from the electronic band structure data. LiCuVO4 compound is a narrow band gap
(0.13 eV-indirect) semiconductor in nature and the LiCu2O4 compound is also metallic.
Considering the spin polarized electronic band structure of the LiCuVO4 compound, it
has been identified as Eg¼1.87 (indirect) eV for spin up and Eg¼0.37 (indirect) eV for
spin down (see Fig. 1a). The valence band maximum (VBM) of the LiCuVO4 com-
pound is located at the S point, while the conduction band minimum (CBM) is located
almost midway between W-C. In the spin polarized LiCuVO4 compound, VBM for spin

Table 3. The calculated isotropic bulk modulus (B, in GPa), shear modulus (G, in GPa), Young’s
modulus (E, in GPa) and Poisson’s ratio for LiVCuO4 and LiCu2O4 compounds
Material Reference BR BV BH GR GV GH E t G/B B/G

LiVCuO4 Present 137.4 161.5 149.5 69.0 85.0 76.7 197.0 0.28 0.51 1.95
LiCu2O4 Present 131.0 133.9 132.5 57.7 62.3 60.0 156.4 0.30 0.45 2.21

Table 4. The calculated anisotropic factors, sound velocities (tt, tl, tm) the Debye temperatures for
LiVCuO4 and LiCu2O4 compounds
Material Reference A1 A2 A3 Acomp(%) Ashear(%) vt(m/s) vl(m/s) vm(m/s) hD (K)

LiVCuO4 Present 0.849 1.947 0.677 8.061 10.722 4301 7792 4792 649
LiCu2O4 Present 0.504 1.159 1.155 1.102 3.840 3556 6691 3973 551
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Figure 1. The calculated electronic band structures for the spin up and spin down of a) LiCuVO4 and
b) LiCu2O4 compounds.

Figure 2. The spin-polarized total and projected density of states for LiCuVO4 compound.
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up is located at the S point and CBM is located at the C point, while VBM for spin
down is located at the S point and CBM is located almost midway between W-C.
The spin polarized total and partial densities of states are calculated to analyze the

basic electronic components of the band structures of the LiCuVO4 and LiCu2O4 com-
pounds and are given in Figs. 2 and 3, respectively. As shown in Figs. 2 and 3, there
are 5 and 3 different energy ranges for the LiCuVO4 and LiCu2O4 compounds below
the Fermi level, respectively. The energy region between �39 and �37 eV is occupied
by V p states while the lowest energy region of the LiCuVO4 compound is occupied by
V s states. The energy region between �45 and �44 eV for both compounds is occupied
by Li s states. The energy region between �19 and �16 eV for both compounds is
dominated by V p states with a small amount of Cu s states. The upper valence bands
for both compounds can be divided into two parts: The higher energy region of the
LiCuVO4 compound is dominated by V d states, while the lower valence bands are
dominated by the hybridization of V d and Cu d states. The lower valence bands of the
LiCu2O4 compound are dominated by the hybridization of the O p and Cu d states by
a slight hybridization of the Li p and Cu p states, while the upper valence bands are
dominated by the hybridization of the O p and Cu d states (but the contribution from
the states of Cu d is greater than the contribution from O p states). The lowest unoccu-
pied conduction bands just above the Fermi level are dominated by the Cu d states of
the LiCu2O4 compound while the LiCuVO4 compound is dominated by the V d states.

Figure 3. The spin-polarized total and projected density of states for LiCu2O4 compound.
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4. Conclusion

In this work, the structural, electronic and mechanical properties of LiCuVO4 and
LiCu2O4 spinel type multiferroics have been calculated using the ab initio method. Spin
polarized GGA approximation has been used in the calculations. The obtained lattice
parameters values as a result of optimization are compared with the existing literature
values, and it is seen that they are in agreement with these values. In electronic struc-
ture calculations, the LiCuVO4 compound is indirect narrow gap semiconductor in
nature and the LiCu2O4 compound is also a metallic character. The calculated elastic
constants provide the mechanical stability conditions. In addition, the calculated mech-
anical properties (bulk modulus, Shear modulus, Poisson’s ratio, Young’s modulus etc.)
indicate that these compounds are ionic, rigid, and isotropic materials.
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