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Abstract
Electronic structure,mechanical stability,magnetic and thermal properties ofBaCfO3perovskite have
been investigatedbydensity functional theory calculations using full potential linearized augmentedplane
wavemethod.The structural optimizations reveal the agreementof latticeparameterwith the experimental
data. The electronic structure andmagnetic propertieswere precisely determinedby generalized gradient
approximation (GGA), andHubbard approximation (GGA+U)methods.The electronic structure
portrays thehalf-metallicnature for the compound inboth the applied approximations.The totalmagnetic
moment calculated via the abovemethodswas found tobe large and integral innature (6μB), which also is
an indicationof thehalf-metallic character of thismaterial. Themechanical stability has beendetermined
by the calculated elastic constants in addition to thepreclusionofmechanical properties like theYoung
modulus (Y), Bulkmodulus (B), the Shearmodulus (G) and thePoisson ratio (ν). Theobserveddataof
B/G andCauchypressure (C12–C44) for the presentmaterial reveal its ductile nature. The thermodynamic
parameters includingheat capacity, thermal expansion, andDebye temperature and their variationw.r.t
temperature andpressure (0K to500Kand0GPa to 40GPa)has been examined.Themelting
temperature of 1791.94±300K for thismaterialwas also calculated.

Introduction

Theperovskites generally expressed asABO3find immense interests due to their appealingmaterial characteristics and
the tuneablephysical properties. Such typeofmaterials exhibit temperature andpressure induced structural
distortions, different charge-spinorderings and therefore,findvarious technological applications suchaswater
splitting [1], photocatalysts [2], electrodematerials [3], optoelectronicdevices [4], thermoelectrics [5] andmanymore
to counthere.Moreover, the structural phase transitions in theperovskites,which are fundamental in comprehending
the exhibitedmaterial properties, ledbyquantumfluctuationsmay induce interesting ferroelectrics phenomenon [6].
Keeping this inmind, perovskites prove tobe essentialmaterial candidates fornovel applications and therefore attract
large attention from industry aswell as technology.

Actinide basedperovskite oxides have been synthesised a very long ago, but theunderstandingof their basic
properties is restrictedby their active nature and chemical instability. The f-electronic states in such systems, interplay
with the chemical bonds; andplay a crucial role in defining themagnetic phenomenonand crystal structure
distortions. Thus, topredict their electronic structure viamagnetic and lattice structure investigations turns out tobe
a stimulating task.On theother hand,DFTcalculations provide an alternative to reproduce the approximate
understandings of their electronic structure,magnetismandmechanical properties as this techniquehas beenwell
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accepteddue to its promising results [7–10]. In the recent past, considerable attentionhas beenpaid to such
perovskites ofABO3kind; BaAmO3 [11]BaNpO3 [12], BaUO3 [13], BaPaO3 [14], BaPuO3 [15], etc. All these oxides
are said tobe ferromagnetic half-metalswith adominant populatedAc-f states at the fermi level. In the cubic phase of
BaCfO3,Cf cationswill occupy center of the oxygenoctahedron andBaoccupy a site that is 4-fold coordinatedwith
Oatoms. In early 90’s, the experimental growthofBaCfO3have been found to exhibit the cubic structurewithinPm-
3msymmetry group [16]. But, no further information is available on this compoundandhencewe attempted tofill
this gapby studying this oxide viafirst-principlesmethod. For that reason, the presentworkhas beenundertaken to
investigate theundecided electronic structure andother ground state properties of thismaterial.

Computational details

The cubic BaCfO3 (space group: Pm-3m)perovskite structures are fully relaxed and optimized. The optimized
structures are then utilized in computing the structural, electronic andmagnetic properties using different
schemes, viz generalised gradient approximation (GGA) [17] and onsiteHubbard approximation (GGA+U)
[18] as programmed inWien2K [19]. TheGGA+Upotential is famous to improve band gap, as the local
density (LDA) and generalized gradient (GGA) approximations underestimate the energy gap. TheUwas varied
from0–7 eV and the optimized value ofU for BaCfO3 is 6.2 eV.Moreover, the product ofmuffin-tin radius
(RMT) andmaximumwave vector (Kmax) is set as 7.We take the angularmomentum vector lmax=10 and
Gaussian factor Gmax=12. To achieve the convergence, the k-mesh of 10×10×10 is used. Repeated
iterations are employed to get convergence, until difference in energy between the consecutive iterations is
<10−4 Ry. The structure convergedwithGGA is used to calculate the elastic parameters as in [20].

Results and discussion

Structural properties
The PBE-GGA functional is employed to calculate the structural parameters of BaCfO3 compound. The ground
state cubic (Pm-3m) phase with atomic coordinates as Ba (0, 0, 0), Cf (1/2, 1/2, 1/2) andO (0, 1/2, 1/2) is
relaxed. For the varying unit cell volumes, the released energies have been observed by optimization process to
elucidate the ground state structural parameters. The optimization plot is in antiferromagnetic (AFM),
ferromagnetic (FM) and nonmagnetic (NM) configurations is shown infigure 1. The relative stability in FM
phase is therefore confirmed from the total energies. The lattice parameters and bulkmodulus are extracted by
fitting the computed data points withMurnaghan equation and the calculated values are presented in table 1.
The observed lattice constant is very close to the experimental results [16]. The calculated bond-lengths are
employed to define the reliable structure of a perovskite and thus, the tolerance factor (t) is obtained using the
Goldschmidt relation t=0.707(Ba–O)/(Cf–O) [3, 9]. Here, (Ba–O) is the length betweenBa andO atom and
(Cf–O) is the length betweenCf andO atom in the crystal structure. Generally, formaterials with an ideal cubic
structure, t=0.9–1.0; for an orthorhombic or rhombohedral structure, t=0.71–0.9. If (t>1), materials will
have hexagonal or tetragonal structures and different structures are formed, if (t<0.71) [12]. The observed t
value comes out to be 0.99 and hence preserves the cubic symmetry of thismaterial.

Another parameter, calledCritical radius (rC)defined as the narrowest passage throughwhich the oxygen
ion canmigrate along the crystal is also computed for thismaterial and is directly linked to the composition of
the perovskite. It plays an important role in the activation energy of oxygenmigration and therefore the ionic
conductivity. It also offers a guideline for the selection of a dopant ion to tailor the desirable properties. For
characteristic perovskite compounds this critical radius does not exceed 1.05 Å. Since, the ionic radii of oxygen
ion in the six-fold coordination is 1.4 Å, therefore a substantial outward relaxation of the cationsmust be
present, which could possibly reduce the repulsive overlap interactions [21]. Hence, the oxygen ion during the
diffusive jumpmay temporarily adopt threefold coordination at the position between twoA and one B-site
cations. But, the threefold coordination of the oxygen ionwould offermuch large radius (1.36 Å) and the
thermal vibration of the cations is supposed to contribute towards the oxygen ionmigration energy to pass
through the gap. The reduction inmass of the cations directly increases the amplitude of their thermal vibration
and, therefore, enhances the oxygen ionic conductivity [22]. The critical radii for the presentmaterial is
calculated by using the followingmathematical formula [21–23]:
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where, a0 is the lattice constant, rA and rB is the ionic radii of Ba andCf atoms, respectively. Greater the value of
critical radius, smaller is themigration activation energy so thatminimum lattice disturbance occurs. The
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