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of double perovskites Ca2MnIrO6 are investigated. We found ferrimagnetic ground
state with half-metallic nature in Ca2MnIrO6. The electron-correlation, crystal
distortion, and spin-orbit coupling (SOC) plays significant role in dictating the
electronic properties in this system. From the density of states calculations, a strong
hybridization were noted between O-2p, Ir-5d and Mn-3d states resulting
Ca2MnIrO6 to half-metal (HM) with metallic state in spin up channel and insulating
state in spin-down channel. The HM state persists even when SOC is taken into
account, though the spin-polarization reduces slightly. We thus predict Ca2MnIrO6
as a new HM ferrimagnet which can be useful for modern technological
applications. We further investigated the Curie temperature of Ca 2MnIrO6 by
calculating the spin-exchange coupling parameters. Our results are found to be
comparable with other perovskites.
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1. Introduction
The interest in double perovskite (DPs) with
chemical formula A2BB'O6 (where A = rare earth
elements and B & B'= 3d and 4d/5d transition metals
(TM)) are increasing due to their novel properties
such as crystal field splitting, half-metallicity (HM),
ferromagnetism (FM), ferrimagnetism (FiM), Mottinsulating, multiferroicity, etc. [1-8]. These
properties are found useful in device fabrication for
technological applications. When chemical
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substitution is done to the B or B' site, they show
additional properties relevant for spintronic devices
[9-15]. Among many, HM is one of the important
property found in DPs where one spin channel is
metallic and the other one is insulating. One such
application of HM gives rise to ultra-high density
suitable for magnetic recordings. Specifically, DP
family containing TM oxides are found to attract
researchers because of their unconventional phases
[16-18]. For instance, iridate DPs such as
Ln2MgIrO6 shows magnetic transition from FM to
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AFM state [19,20], magnetic ordering in La2MIrO6
[21]. Likewise, layered perovskites Sr4Co3O10 and
Sr4Rh3O10 shows HM-FM state [22] while FiM to
HM-FiM and HM-AFM were observed in Pr2xSrxMgIrO6 (x = 0 to 2) [23]. Many DPs are
reported to have high Curie temperature (TC) [24-26].
One such example is Sr2CrOsO6 whose Tc is found
to be 725 K [27].
In some of the DPs such as Ca2MWO6, Sr2MWO6
and Ba2MReO6, where M= Co, Ni, magnetic atoms
at the B/B’ sites are 3d/5d and are found to carry
opposite spin orientations. This is found to result in
octahedral connection exhibiting large crystal
distortion [28-30]. Likewise, magnetic phase Fig. 1: Crystal structure (left) and ferrimagnetic
transition from AFM to FiM takes place when the A- ground state spin structure (right) of Ca2MnIrO6. The
site element Ca was substituted partly by La3+ [31]. grey, purple, gold and red spheres corresponds to
Ca, Mn, Ir and O atoms, respectively.
In this work, we report the electronic, magnetic and
exchange coupling in the new yet un-synthesized 2. Results and Discussion
Ca2MnIrO6. We provide the possibility that the
material can be synthesized experimentally and We start first by calculating the total energies for the
suitable for spintronic applications due to sizable TC. four magnetic configurations (i.e., FM-uuuu, FiMuudd, AFM1-udud, and AFM2-uddu; where u
represents up spin and d represents down spin
Crystal structure and computational details
Figure 1 shows the crystal structure of Ca2MnIrO6 alignment of magnetic ions). Note that we have two
with space group P21/n and its monoclinic structure atoms each of Mn and Ir whose magnetic
is maintained by MnO6 and IrO6 octahedra. The configurations are arranged as Mn1, Mn2, Ir1 and
crystal parameters used for our calculations are a Ir2, respectively. The magnetic arrangement, say
=5.351 Å, b = 5.456 Å, c = 7.620 Å and β= 90.092 FiM-uudd implies the alignment of Mn1-up, Mn2[32]. The symmetrized structure of Ca2MnIrO6 with up, Ir1-down, and Ir2-down spins in FiM
one atom each of Ca, Mn, Ir and three oxygen was configuration. From the above calculation, we found
transformed to P1 space group consisting of 4 Ca, FiM as the magnetic ground state. The discussion
two each of Mn and Ir and 12 oxygen atoms resulting below is therefore focused for the FiM configuration
of Ca2MnIrO6.
to 20 in-equivalent atoms within a unit cell.
The density functional theory (DFT) calculations is In Ca2MnIrO6, Mn atom carries a charge state +3
performed using the full-potential linearized with 3d3 configuration in which three electrons are
augmented planewave (FLAPW) method as distributed in the t2g state in spin up channel and lie
implemented in the WIEN2k code [33]. The in the valence region close to the Fermi level (EF)
standard generalized gradient approximation (GGA) while eg state being empty lies in the conduction
within the parametrization of PBE scheme was used region in both spin channel. On the other hand, Ir
for the exchange-correlation energy [34]. In order to with charge state +3 and 5d5 configuration has five
consider the electron-electron correlations in TMs, outermost electrons. Due to low-spin state, the five
the Hubbard potential U of 6 eV and 1.5 eV were electron are found to occupy only the t2g states while
used for Mn and Ir, respectively [35, 36]. Spin orbit eg states being empty lies in the conduction region
coupling (SOC) is also taken into account to for both spin channel. As can be seen in the partial
compute the magnetic anisotropy energy (MAE). DOS of Ir in Fig. 2, the spin-up channel is metallic
The atomic sphere radii (RMT) used for elements Ca, while spin down remains insulating. This is found
Mn, Ir and O, were 2.14, 1.94, 2.01 and 1.64 Bohr consistent with the electron number count of five.
respectively. Calculations are done with 8 x 8 x 6 This implies that 3 electrons in spin-down channel
k-mesh with energy and charge convergent criteria are fully occupied generating a band gap while two
set to 10-8 Ry and 10-5e.
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out of three are occupied in spin up, and thus
partially occupied dictating the metallic state.
The spin resolved partial and total DOS of
Ca2MnIrO6
within
GGA,
GGA+U
and
GGA+U+SOC are shown in Fig 2 and Fig 3. The
role of partial DOS near EF (Fig. 2 (a) (left)) are
contributed by Mn-3d, Ir-5d and O-2p states. Here,
Ir-t2g states are in high spin state as shown in spin
down channel while spin up channels are found to be
in conduction region. The Ir-5d states are found to
hybridize strongly with O-2p states in the valence
region. Due to this hybridization, charge transfer
effect was observed where charge is transferred from
Ir-5d to O-2p states giving rise to finite moments in
oxygen atoms (see table 1).

effective magnetic moment of 4.15 µB per unit cell
in the FiM configurations. This difference in the
magnetic moment is due to finite transfer of charges
from Mn and Ir to oxygens. As a result, oxygen gain
small moment (~0.06 µB) and get polarized. The
orbital moment of Ir is sizable as compared to Mn
while the spin magnetic moment is reduced on Ir
because of the Ir-O hybridization.
MAE is also calculated and the obtained value is ~9
meV per unit cell with magnetic easy axis along [001]
direction (c-axis).

Fig. 3: The DOS and band structures of Ca2MnIrO6
within GGA+U+SOC.
Table 1: Calculated spin magnetic moments (in µB)
of Mn, Ir, 3 oxygens and band gap Eg (eV). The
calculated orbital moments at Mn and Ir sites are
Fig. 2: The DOS of Ca2MnIrO6 within GGA and shown within parentheses for Ca2MnIrO6 compound.
GGA+U. The vertical dotted line indicates EF = 0.
Site
GGA
GGA+U GA+U+SOC
The combined effect of electron correlation and
SOC is found to generate a psuedo band gap (or a
semi-metallic state) in the band structure as shown
in Fig. 3 (right). Despite the strong SOC strength of
Ir, crystal distortion seems to dominate resulting in
the metallic state in spin up channel. SOC effect is
found prominent in Ir as it belongs to heavier
element. The Ir-5d bands splits significantly as
shown in Fig 3 which can be well compared with
GGA+U results shown in Fig. 2 (right). Thus, with
up spin channel being metallic and down spin
channel being insulating, Ca2MnIrO6 shows HMFiM state which can be confirmed both from DOS
and band structure.
Focusing now on magnetic moment within
GGA+U+SOC (see table 1 for details), the
individual magnetic moment of Mn, and Ir are
calculated to be 3.06 µB, and -0.62 µB with an
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Mn

2.84

2.93

3.06/-0.03

Ir

-0.57

-0.61

-0.62/ -0.24

O1

-0.05

-0.04

-0.06

O2

-0.05

-0.04

-0.06

O3

-0.05

-0.04

-0.06

Net

3.25

4

4.15

Eg

Metallic

HM

HM

Bhandari et al. / BIBECHANA 19 (1-2) (2022) 127-132

suggesting that this material as a suitable for
application in the room-temperature regime.
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Fig. 4: Magnetic exchange interactions in
Ca2MnIrO6.
We also estimated the Curie temperature (TC) of the
material by utilizing the exchange parameters based
on the Heisenberg model of the mean-field
approximation. The Hamiltonian for the interaction
of spins is given by,
𝐻 = − ∑ 𝐽𝑖𝑗𝑆𝑖 𝑆𝑗
𝑖𝑗

where, Jij is the exchange coupling constant between
spins at atomic sites i and j in the crystal, as shown
in Fig. 4. Si and Sj are the spin quantum number at i,
and j sub-lattices.
The TC of the proposed materials using the meanfield theory
is𝐽given by,
2
𝑇 = 𝑆 𝑆 ∑ 𝑖𝑗 .
𝐶

𝑖 𝑗3

𝐾𝐵

Using SMn = 5/2 and SIr = 3/2, our calculated TC is
found to be 280 K. The obtained values are found to
be in good agreement with the other DPs as reported
by Mandal et al. [37] and Shalika et al. [25].
Conclusions
The electronic and magnetic properties of
Ca2MnIrO6 double perovskite has been investigated.
Ca2MnIrO6 exhibits ferrimagnetic ground state with
magnetic easy axis along [001] direction. The
electronic structure calculations incorporating
electron-electron correlation and SOC results in
half-metallic ferrimagnetic state with up spin
channel being metallic and down spin channel as
insulating. The metallic states is governed
dominantly by Ir-5d orbitals hybridizing with the O2p states. The magnetic exchange coupling dictates
that Ca2MnIrO6 can have large value of TC
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