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The effect of high-pressure on the electronic and magnetic properties in perovskite oxide NiCrO3 is
explored by using density-functional calculations. The results show that NiCrO3 exhibits antiferromag-
netic semiconductor when the external hydrostatic pressure is below �80 GPa, and then behaves as
antiferromagnetic half-metal on increasing the pressure. The band gaps in the spin-up and spin-down

O ions are slightly changed in the whole range of the pressure, and the electronic configurations of both
Ni and Cr ions are in the high-spin state. Based on the mean-field theory, the estimated Néel temperature
of semiconducting NiCrO3 increases from 270 K and reaches the maximum of 321 K around 60 GPa with
increasing the pressure, and the Néel temperature of the half-metallic one is of about 309 K.

& 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Half-metals have been the highlighted spintronic material since
NiMnSb was first reported by de Groot et al. in 1983 [1–5]. Half-
metals simultaneously show metallic behavior in one electron spin
channel and insulating (or semiconducting) characteristic in the other.
Their electronic density of states is completely spin polarized at the
Fermi level (EF), and conductivity is dominated by these metallic
single-spin charge carriers. Because of this special electronic property,
half-metallic materials show potential advantages of speeding up data
processing, reducing the power consumption, and increasing the
circuit integration density, which makes them offer promising tech-
nological applications in spintronic field, such as single-spin electron
source and high-efficiency magnetic sensors, etc [2,6,7].

Considering the magnetic interaction, half-metallic materials can
usually be classified into ferromagnetic (FM), ferrimagnetic (FIM),
and antiferromagnetic (AFM) half-metals. AFM half-metals are char-
acterized further by totally compensated spin moments in a unit cell,
and have the advantage of being able to generate fully spin-polarized
current while exhibiting no macroscopic magnetic field [8]. By
ll rights reserved.
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Lu).
utilizing this kind of materials, one would be able to develop the
devices needing no stray magnetic field, such as a probe of the spin-
polarized scanning tunneling microscope. A great deal of effort has
been devoted to search for these novel materials, and somematerials,
for example, half-Heusler compound V7MnFe8Sb7 [9], full-Heusler
alloys [10,11], thiospinels [12], etc., have been theoretically described
as AFM half-metal. However, no true AFM half-metals have been
synthesized experimentally. One possible reason is that the magnetic
phase transition temperature of AFM half-metals is much lower than
room temperature.

To successfully synthesize AFM half-metallic materials, at least
two different kinds of magnetic ions are necessary for vanishing
magnetic moment. Since possessing the simple crystal structure
and potentially very large number of members, perovskite oxides
are the focused compounds for searching AFM half-metals [13–19].
However, perovskite oxide AFM half-metals are mainly explored in
theory as well. NiCrO3, the trigonally distorted perovskite-related
system having two different transition metals, was also theoreti-
cally predicted as AFM half-metal or semiconductor by Pickett
et al. in 2011 [20]. Different from the other theoretically predicted
perovskite oxide AFM-HMs, NiCrO3 has been synthesized by
Chamberland and Cloud early in 1969 [21]. Therefore, NiCrO3

maybe is the real AFM half-metal which can be synthesized
experimentally. Nevertheless, the Néel temperature (TN) of AFM
half-metallic NiCrO3 is about 250 K [21], which is much lower than
room temperature. Consequently, increasing TN of NiCrO3 is
necessary to make the compound work at room temperature.
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Recently, applying high-pressure has become an effective
method to obtain the very different properties of the materials
with those at ambient conditions, including tuning the magnetic
Fig. 1. Crystal structures of the trigonal NiCrO3. CrO6 octahedrons are shown in blue. Ni
and O ions are in gray and red, respectively. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)

Fig. 2. (a) The pressure dependence of the volume of the AFM NiCrO3. (b) The pressure d
the a=c ratio for NiCrO3. (d) The pressure dependence of the O–Cr–O(1), O–Cr–O(2) and
phase transition temperature of the materials [22,23]. For exam-
ple, the pressure can cause an enhancement of the magnetoresis-
tance of Fe/Cr, Co/Cu magnetic multilayers and Co-Al-O insulating
granular films, and can significantly change the Curie temperature
of Cd1�xMnxGeAs2, etc. [24–28].

Based on the above fact, the external hydrostatic high-pressure
was applied to increase TN and tune the electronic structure of
NiCrO3 using the density-functional calculations in this work.
Besides, the effect of high-pressure on the other physical proper-
ties of NiCrO3 was investigated systematically as well.
2. Computational method

In the present work, density-functional calculations were
performed using generalized-gradient approximation (GGA) plus
a Hubbard U (on-site Coulomb repulsion) framework and the
projector augmented-wave method as implemented in the VASP
code [29,30], because transition-metal oxide NiCrO3 is a strongly
correlated system. The on-site Coulomb and exchange parameters
U¼6.0, J¼1.0 eV for Ni, and U¼4.0, J¼1.0 eV for Cr were used, just
as in the previous work [20]. To ensure high accuracy, the k-point
density and the plane waves cutoff energy were increased until the
change of the total energy was less than 10�4 eV, and the
structural relaxations were performed until the Hellmann–Feyn-
man force on each atom reduced by less than 0.001 eV/Å. Plane
waves with the kinetic energy up to 500 eV were employed to
ependence of the lengths of Cr–O and Ni–O bonds. (c) The pressure dependence of
O–Ni–O angles.
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expand the electronic wave functions. The supercell is based on six
formula units, and the Brillouin-zone (BZ) integration was carried
out using a 16�16�6 Monkhorst-Pack grid in the first BZ. To
ensure the pressure path is continuous, the starting point at each
pressure step was taken from the relaxed coordinates of the
previous pressure step.
3. Results and discussion

3.1. Effect of high-pressure on the structural property of NiCrO3

The effect of high-pressure on the structural property of NiCrO3

is studied firstly. The experimental result shows NiCrO3 exhibits
the hexagonal lattice constants a¼4.93 Å and c¼13.50 Å with the
space group R3c given by Chamberland and Cloud [21]. Thus, the
structural optimization of NiCrO3 is started with the experimental
parameters at ambient pressure, and the optimized structure at
ambient pressure is pictured in Fig. 1. The calculated results show
that the enthalpies of AFM NiCrO3 are lower than that of the FM
ones in the whole range of pressure applied in this work, and no
symmetry change is found in all AFM compounds. In order to
check the result that there does not exist structural phase change
of NiCrO3 in the whole pressure range, a global minimization of
free-energy surfaces merging ab-initio total-energy calculations
via PSO technique was employed to search the ground-state
structure of NiCrO3, implemented in the Crystal structure AnaLYsis
by Particle Swarm Optimization (CALYPSO) code [31]. CALYPSO has
been successfully applied to many compounds [5,32,33]. The result
shows that the enthalpy of NiCrO3 with R3c symmetry is at least
2.32 meV/atom lower than those of the structures with the other
symmetry. This indicates that the R3c structure is really most
stable. Therefore, the properties of AFM NiCrO3 with R3c symme-
try are discussed in the following. The parameters of AFM
compounds are described in Fig. 2. At ambient pressure, the lattice
parameters of NiCrO3 are a¼4.99 Å and c¼13.66 Å, respectively,
having both only 1.2% difference with those of experimental ones,
and a/c ratio is 0.366, in good agreement with 0.365 of the
experimental data [21]. The Cr–O and Ni–O bond lengths are
Fig. 3. The band structures of AFM NiCrO3 at various external hydrostatic pressures. B
interpretation of the references to color in this figure legend, the reader is referred to t
1.976 and 1.844 Å, respectively. The CrO6 unit is close to an ideal
octahedron with the Cr ions lied at the center of the octahedron
and almost the same lengths of the O–O bonds, and the O–Cr–O
bond angles in the CrO6 octahedron are 901. The NiO3 forms the
equilateral triangle framed by in-plane oxygen. The Ni ions lie at
the center of the equilateral triangle, and the O–Ni–O bond angles
are 1201. These structural parameters are consistent with the
previous literature [20].

In the external hydrostatic pressure range of 0–80 GPa, Fig. 2
(a) shows that the volume of AFM NiCrO3 decreases with increas-
ing pressure. Using the Birch–Murnaghan equation

P ¼ 3
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the bulk modulus B0 and its first-order derivative B′
0 for NiCrO3 are

obtained to be B0≈19574 GPa, B′
0 ¼ 4. Fig. 2(b) indicates that both

the Cr–O and Ni–O bond lengths almost linearly decrease with the
increase of pressure. Fig. 2(c) tells that the a=c ratio increases with
increasing the pressure because of the fact that the NiO3 equilat-
eral triangles are placed in the ab plane, resulting in that the
compound is much easier to be compressed along the c axis than
along the ab plane. This explanation is supported by the data
described in Fig. 2(d). Fig. 2(d) shows that the O–Ni–O angles are
still kept as 1201 and the NiO3 equilateral triangles are always
located in the ab plane at various pressures. In the CrO6 octahe-
dron, O–Cr–O angles with the two oxygen atoms located in the
different ab planes decrease with increasing the pressure (repre-
sented as O–Cr–O(1) in Fig. 2(d)), while O–Cr–O angles with the
two oxygen atoms located in the same ab planes increases
(described as O–Cr–O(2) in Fig. 2(d)), proving that the compres-
sion along the c axis is much heavier than that along the ab plane.
The weak deviation of all dependencies can be explained by the
following mechanism: under low pressure (below 30 GPa), the
effect of pressure on the character of electronic state is very weak.
With the pressure increasing and becoming much higher, the
lue and red lines are for the spin-up and spin-down channels, respectively. (For
he web version of this article.)



Fig. 5. The pressure dependence of the magnetic moments of Ni, Cr, and O ions.
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electronic structure was affected much, and the dependencies are
continuous after 30 GPa.

3.2. Effect of high-pressure on the electronic and magnetic properties
of NiCrO3

The band structures of NiCrO3 under various pressures are
displayed in Fig. 3. At ambient pressure, NiCrO3 shows semicon-
ducting nature with the energy gaps of about 3.9 and 0.35 eV in
the spin-up and spin-down channels, respectively. This result is
consistent with the previous work within the local spin-density
approximation plus U framework [20]. It also tells from the figure
that NiCrO3 has the indirect band gaps in both channels with the
conduction band minimum and the valence band maximum
located at the different k points. With increasing the pressure,
both the band gaps decrease. This trend of the band structure can
be explained by the following mechanism: the compound will be
compressed with increasing the pressure, which increases both
the density and kinetic energy of the electron. Besides, the
Coulomb repulsion and the interaction between the atoms will
also be enhanced with the compression of the compound. These
facts drive a decrease of the energy gap in the two spin channels,
and simultaneously lead to a shift EF towards the high energy.
This finally causes the disappearance of the band gap in the spin-
down channel when the pressure is above �80 GPa as plotted in
Fig. 3. The figure displays that there have many bands crossing EF
in the spin-down channel, while there is no band crossing EF in the
Fig. 4. The DOS plots for the AFM NiCrO3 at
spin-up channel at the pressure of 80 GPa, revealing that NiCrO3

has AFM half-metallic characteristic. The above result illustrates
that NiCrO3 will transform from AFM semiconductor into AFM
half-metal when the pressure is above 80 GPa.

The density of energy states (DOS) of NiCrO3 at various
pressures are plotted in Fig. 4. Most interestingly, the characters
of both the spin-up and spin-down states present very little
change in the whole range of pressure. The absence of change
indicates that the characters of Ni, Cr, and O ions remain quite
various external hydrostatic pressures.



Table 1
Calculated energies of FM phase with respect to AFM phase (in meV), magnetic exchange interaction parameters (in meV), and corresponding Néel temperatures (in K) for
NiCoO3 at various external hydrostatic pressures.

Pressure 0 10 20 30 40 50 60 70 80

EFM–AFM 251.5 276.8 281.5 298.5 299.1 299.3 299.2 293.0 288.0
JAB �1.86 �2.05 �2.09 �2.21 �2.22 �2.22 �2.22 �2.17 �2.13
TN 270 297 302 320 321 321 321 314 309
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independent on the external hydrostatic pressure. Additionally, in
the spin-up channel, all the Cr 3d states are almost fully unoccu-
pied, and all the Ni 3d states are fully occupied. This illuminates
that both Cr and Ni ions are in the high-spin state. In both spin
channels, it is clear that there exhibits strong hybridization
between Ni/Cr 3d and O 2p states with many DOS peaks at the
same energy levels.

Fig. 5 describes the pressure dependence of the magnetic
moments of Ni, Cr, and O ions in NiCrO3. The figure shows that the
magnetic moments for the three types of ions change very slightly
with increasing the pressure. At ambient pressure, the moments of
Ni and O ions are aligned and about 1.91 and 0.33 mB, respectively,
that of Cr ion is 2.90 mB antialigned to those of Ni and O ions, and the
net magnetic moment of the compound is zero. This tells that NiCrO3

behaves as an AFM phase. The moments of both Ni and Cr ions have
non-integer values, this can be explained by the strong hybridization
between Ni (Cr) 3d and O 2p orbitals. The strong hybridization
induced about 0.33 mB on the oxygen sites implies that the ligand O
2p holes are introduced into Ni and Cr ions, which can be proved by
the fact that there is some unoccupied O 2p states in both spin
channels as plotted in Fig. 4. With increasing the pressure, the
moment of the three types of ions all shows a slight decrease, and
the net moment still remains zero. The exact compensation of
magnetic moments is originated from the antiferromagnetic coupling
between Ni and Cr sublattices, including weakly antiferromagnetic
interaction between O and Cr sublattices. This also can explain the
fact that the magnetic moments of Ni and Cr change slightly in the
whole pressure applied in this work.

Associated with the values of the magnetic moments and the
electronic configurations of the ions, the Ni and Cr ions should be
in Ni3+ high-spin state (S¼3/2) and Cr3+ high-spin state (S¼3/2).
Thus, the compound has the valence states of Ni3þCr3þO2�

3 ,
coordinated with the experimental result [21].

Finally, the effect of high-pressure on TN of AFM NiCrO3

was explored. Based on the mean-field theory [34], an approx-
imate connection between the exchange parameter J and TN
can be established. The mean field theory result is TN ¼ 2zJNi�Crffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SiðSi þ 1ÞSjðSj þ 1Þp

=3kB, here z is the number of the nearest
neighbors, Si, Sj and JNi–Cr are the spin quantum number at Ni
and Cr sublattice and the exchange interaction between Ni and Cr
sublattices, respectively. To extract the value of the spin exchange
parameters JNi-–Cr, we map the relative energies of the two
magnetisms onto the corresponding energies given by the Heisen-
berg spin Hamiltonian model made up of the three spin exchange
parameters. Since the magnetic moments are localized at the Ni
and Cr ions, Hamiltonian H¼�ð1=2Þ∑ijJNi�CrSiSj and S¼3/2 for
both Ni and Cr ions are taken, and the expresses of the total energy
are EAFM ¼ 30ð3=2Þð3=2ÞJNi�Cr�ð3=2Þð3=2ÞJ′�ð3=2Þð3=2ÞJ″, and EFM
¼�30ð3=2Þð3=2ÞJNi�Cr�ð3=2Þð3=2ÞJ′�ð3=2Þð3=2ÞJ″, here J′ is the
sum of the Ni–Ni neighboring exchange interaction, and J″ is the
Cr–Cr neighboring exchange interaction. The energy of FM NiCrO3

with respect to AFM NiCrO3, the calculated spin exchange para-
meters JNi–Cr, and the estimated TN at various pressures are listed
in Table 1. It can be seen from the table that TN increases and
reaches the maximum value of 321 K around 60 GPa, and then
decreases with increasing the pressure. At ambient pressure,
TN has the value of 270 K, this is well agreement with the
experimental data of �250 K [21]. At 80 GPa, the AFM half-
metallic NiCrO3 has TN of about 309 K. This trend of TN is
originated from the exchange interaction between the Ni and Cr
ions. JNi–Cr increases first, passes through the maximum at
�60 GPa and then decreases on increasing the pressure. The
reason of this change is as following: When the pressure in below
�60 GPa, the overlap between Ni 3d and Cr 3d orbitals enhances
due to the decrease of the distance between Ni and Cr atoms with
increasing the pressure, this drives the increase of JNi–Cr. When the
pressure is above �60 GPa, the overlap between Ni 3d and Cr 3d
orbitals reduces with the further decrease of the distance between
Ni nd Cr ions with increasing the pressure, which causes the
decrease
of JNi–Cr.
4. Conclusion

The high-pressure effect on the physical properties of NiCrO3

has been studied via density-functional calculations. The results
illuminate that the AFM NiCrO3 has the lower enthalpies than the
FM ones in the whole range of the external hydrostatic pressure
applied in this work. The electronic structure of AFM NiCrO3 will
transform from AFM semiconductor to AFM half-metal at the
pressure of about 80 GPa. The electronic configurations of Ni and
Cr ions are both in high-spin state. The magnetic moments of the
ions are almost with the same values in the whole range of
the pressure. The exchange interaction enhances with increasing
the pressure and reaches the maximum value at about 60 GPa.
Finally, TN is estimated by using the mean-field theory, and it
increases from 270 to 321 K and then decreases, and TN is of about
309 K for the AFM half-metallic NiCrO3.
Acknowledgments

This work was supported by the National Natural Science Founda-
tion of China (Grant nos. 10974096, 11174150, and 11079022), the
National Natural Science Foundation of theoretical physics special (No.
KT11053), the Fundamental Research Funds for the Central Universi-
ties (No. NUST2011YBXM123), and the Special Foundation for Ph.D.
Programs of the Ministry of Education of China with Grant no.
20113219110032.

References

[1] R.A. de Groot, F.M. Mueller, P.G. van Engen, K.H.J. Buschow, Phys. Rev. Lett. 50
(1983) 2024.

[2] S.A. Wolf, D.D. Awschalom, R.A. Buhrman, J.M. Daughton, Sv onMolnár, M.
L. Roukes, A.Y. Chtchelkanova, D.M. Treger, Science 294 (2001) 1488.

[3] A. Fert, Rev. Mod. Phys. 80 (2008) 1517.
[4] H.P. Wu, W.S. Tan, C.Y. Xiao, D.C. Huang, K.M. Deng, Y. Qian, Solid State

Commun. 151 (2011) 1616.
[5] H.P. Wu, R.F. Lu, W.S. Tan, C.Y. Xiao, K.M. Deng, Y. Qian, Appl. Phys. Lett. 100

(2012) 132404.
[6] G.A. Prinz, Science 282 (1998) 1660.
[7] G.A. Prinz, J. Magn. Magn. Mater. 200 (1999) 57.
[8] X. Hu, Adv. Mater. 24 (2012) 294.

http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref1
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref1
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref2
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref2
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref3
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref4
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref4
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref5
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref5
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref6
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref7
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref8


Y. Qian et al. / Solid State Communications 170 (2013) 24–29 29
[9] H. van Leuken, R.A. de Groot, Phys. Rev. Lett. 74 (1995) 1171.
[10] S. Wurmehl, H.C. Kandpal, G.H. Fecher, C. Felser, J. Phys.: Condens. Matter 18

(2006) 6171.
[11] I. Galanakis, K. Özdogan, E. Sasioglu, B. Aktas, Phys. Rev. B 75 (2007) 172405.
[12] M.S. Park, S.K. Kwon, B.I. Min, Phys. Rev. B 64 (2001) 100403.
[13] W.E. Pickett, Phys. Rev. Lett. 77 (1996) 3185.
[14] W.E. Pickett, Phys. Rev. B 57 (1998) 10613.
[15] J.H. Park, S.K. Kwon, B.I. Min, Phys. Rev. B 65 (2002) 174401.
[16] Y.K. Wang, G.Y. Guo, Phys. Rev. B 73 (2006) 064424.
[17] M.S. Park, B.I. Min, Phys. Rev. B 71 (2005) 052405.
[18] S. Jana, V. Singh, S.D. Kaushik, C. Meneghini, P. Pal, R. Knut, O. Karis,

I. Dasgupta, V. Siruguri, S. Ray, Phys. Rev. B 82 (2010) 180407. (R).
[19] H.P. Wu, Y. Qian, W.S. Tan, C.Y. Xiao, K.M. Deng, R.F. Lu, Appl. Phys. Lett. 99

(2011) 123116.
[20] K.-W. Lee, W.E. Pickett, Phys. Rev. B 83 (2011) 180406. (R).
[21] B.L. Chamberland, W.H. Cloud, J. Appl. Phys. 40 (1969) 434.
[22] A. Congeduti, P. Postorino, E. Caramagno, M. Nardone, A. Kumar, D.D. Sarma,

Phys. Rev. Lett. 86 (2001) 1251.
[23] T. Yamamoto, C. Tasse, Y. Kobayashi, T. Kawakami, J. Am. Chem. Soc. 133 (2011)
6036.

[24] G. Oomi, Y. Uwatoko, Y. Obi, K. Takanashi, H. Fujimori, J. Magn. Magn. Mater.
126 (1993) 513.

[25] G. Oomi, T. Sakai, Y. Uwatoko, K. Takanashi, H. Fujimori, Physica B 239 (1997) 19.
[26] S. Kaji, G. Oomi, S. Mitani, S. Takahashi, K. Takanashi, S. Maekawa, Phys. Rev. B

68 (2003) 054429.
[27] K. Suenaga, S. Higashihara, M. Ohashi, G. Oomi, M. Hedo, Y. Uwatoko, K. Saito,

S. Mitani, K. Takanashi, Phys. Rev. Lett. 98 (2007) 207202.
[28] A.Yu Mollaev, I.K. Kamilov, R.K. Arslanov, T.R. Arslanov, U.Z. Zalibekov,

V.M. Novotortsev, S.F. Marenkin, V.M. Trukhan, Appl. Phys. Lett. 100 (2012)
202403.

[29] G. Kresse, J. Furthmuller, Phys. Rev. B 54 (1996) 11169.
[30] P.E. Blochl, Phys. Rev. B 50 (1994) 17953.
[31] Y.C. Wang, J. Lv, L. Zhu, Y.M. Ma, Phys. Rev. B 82 (2010) 094116.
[32] Y.M. Ma, Y.C. Wang, J. Lv, L. Zhu, 〈http://www.calypso.cn/publications/〉.
[33] H.P. Wu, R.F. Lu, W.S. Tan, C.Y. Xiao, K.M. Deng, Y. Qian, Solid State Commun.

152 (2012) 288.
[34] J.S. Smart, Effective Field Theory of Magnetism, Saunders, Philadelphia, 1966.

http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref9
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref10
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref10
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref11
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref12
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref13
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref14
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref15
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref16
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref17
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref18
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref18
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref19
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref19
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref20
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref21
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref22
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref22
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref23
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref23
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref24
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref24
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref25
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref26
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref26
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref27
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref27
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref28
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref28
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref28
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref29
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref30
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref31
http://www.calypso.cn/publications/
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref32
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref32
http://refhub.elsevier.com/S0038-1098(13)00329-3/sbref33

	Tuning the physical properties of antiferromagnetic perovskite oxide NiCrO3 by high-pressure from density-functional...
	Introduction
	Computational method
	Results and discussion
	Effect of high-pressure on the structural property of NiCrO3
	Effect of high-pressure on the electronic and magnetic properties of NiCrO3

	Conclusion
	Acknowledgments
	References




