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DFT-based structural optimisations of Fe
2
NiZ (Z = Al, Ga, Si,
Ge) Heusler compounds conﬁrm the stability of these alloys
in F-43m phase. While deﬁning the electronic structure,
onsite Hubbard approximation scheme for exchange
correlations predicted better results than the generalised
gradient approximation. Calculated band structure and
densities of states together with spin magnetic moments
designate the half-metallic character of these alloys. Indirect
band gaps, 1.2 eV for Fe
2
NiAl, 0.98 eV for Fe
2
NiGa, 1.3 eV for
Fe
2
NiSi and 1.1 eV for Fe
2
NiGe in spin-down states are
observed. The ferromagnetic spin moments amount to an
integral value of 5μB for (Al, Ga) and 6μB for (Si, Ge)
systems with a maximum contribution from transition metal
atom (Fe). To forecast the possible turnout of the
thermopower, Seebeck coeﬃcients, electrical and thermal
conductivities are calculated, which directly hints the
thermoelectric response of these materials. This study
creates a possibility of these alloys in thermoelectrics and
spintronics.
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Abstract  


In this current investigation, DFT-based structural optimisations for understanding the cation effect on electronic-structure, phase stability, magnetism, elasto-mechanical and thermoelectric along with the thermal applicability of RE2SnFeO6 (RE=Ca, Ba) perovskites were analysed. The enhancement of band gap through the engagement of generalized gradient approximation and Hubbard method designates the half-metallic nature of these oxide perovskites. The half-metallic nature from the spectrum of band structures together with the interpretation from density of states with high spin subsystem corresponds to metallic N(Ef) > 0 and in contrast to opposite-spin subsystem revails semiconducting N(Ef) = 0. The ferromagnetic unit cell magnetic moment is 4.00 μB with the excellent take part of transition metal (Fe). Mechanical strength interms of brittle and ductile feature is characterized from Pugh’s ratio (B/G), Cauchy’s discrepancy (C’=C12-C44) etc. Apart from this, to forecast the possible turnout of the Seebeck coeﬃcients, electrical and lattice thermal conductivities were calculated, which directly hints these materials towards energy harvesting technologies. The overall study creates a better possibility to display a significant momentum in unlocking various spin electronic applications. 
Keywords: Structural properties; Cation effect, magnetic materials; De-localized d electrons; Charge density; Thermoelectricity. 
1  Introduction 


In the present era, the perovskite field becomes a point of prestige for the scientific community due to its multi-dimensional applications in the fiels of spintronics, as an electrode material for solid oxide fuel cell, in thermoelectrics as an active materials for conversion of squander heat into usable electrical energy [1-3]. More likely, these materials are striking novel applicants due to their environment-friendly nature, high-temperature stability, better oxidation resistance, etc [4-6]. Searching better and smart materials retains the promising capabilities to meet the challenges for new technological applications. Highly spin based magnetic materials have scored an imminent applications and thanks to density functional theory (DFT) which had simulated these materials and are considered to be the most prominients to perform replacements of various conventional materials [7-11]. In addition, to their phenominal workouts they show the characteristic feature of half-metallicity near to the Fermi level due to which the 100% spin-polarization is retained within these alloys [12-14]. However, the occurence of half-metallicity along with efficient thermoelectric performance has proven to likelihood of double perovskites to have application in power technology sources, energy harvestings etc [15-17]. The highly-spin polarized materials are recognized having one spin channel metallic and semiconducting in another opposite spin direction.  Perovskite structure holding transition elements in their corresponding lattices could result in enhancing the simultaneous ordering of magnetism, ferroelectricity, magneto dielectric coupling and electric field controlled magnetic sensors [18]. Further on explorating these materials interms of their structural stability Goldshimits tolerance factor [19] being of t lies in the cubic range defines the structural stability . Remembering, the discovery of perovskites has started long back by Lev-Perovski [20]. The perovskites and double perovskite alloys generally characterized by ABO3 and A2(BB’)O6 where A is the rare-earth or alkaline earth metal resides in centre of dodecahedral structure, B and B’ are transition with open dn shells (1n 9) and O being a sp (main group) element [21]. The enhancement in their chemical and physical properties can be altered by changing A-site, B site, B’ site leading to change in double exchange and super exchange mechanisms [22]. On the contrary, double perovskite structure with BO6 and B’O6 octahedra are alternatively arranged in three-dimension space resulting different space groups, such as Fm-3m, I4/m, and P4/nmc [23]. The possibilities of tailoring the applications in such systems has increased the resurgent interests in these alloys with the advent of time. Recently, large number of experimental as well as theoretical studies is going on to expand the properties of these alloys. Therefore, we have carried our research to discuss the main highlights regarding the main theme of present study. The survey of the literature reveals that compositional analysis of both the alloys belongs to cubic unit cell structures with space group orientation Fm-3m along with ferromagnetic parallel spin ordering. Present report is confined to explore the basic understandings in RE2SnFeO6 (RE=Ca,Ba) double perovskite alloys above and beyond 100% spin polarization which may be fruitful to meet the requirements in future kind of situations. 
2   Method of Calculation 
We have performed our calculations to determine the alloys RE2SnFeO6 (Re=Ca,Ba) for their potential stand in thermoelectric technology and future spintronic applications. This piece of work is carried out by means of spin-polarized full potential argumented plane wave (FPLAPW) as intregrated in WEIN2k program [24]. The density functional theory (DFT) calculations has been conveniently performed in the form of PBE-GGA parameterization [25] for the exact treatment of exchange correlation potential. Since the calculation within the first GGA implementation is somehow inadequate to do the functionality of the systems mainly assembled with d/f electrons particularly the underestimation of band gap problem due to the reason of insufficient potential for highly localized states and also self-interaction between the electrons which misplaces to produce the actual band profile formation. So, in order to have a complete and concise study on these systems Hubbard model (GGA+U) [26] has been noteworthy applied which specifically handles such large complex systems. Hence, an empirical method which is under controlled to correct the energy band gaps by varying the potentials corresponding to experimental band gaps.  It is worthy to mention here, due to lack of the experimental evidence we have established the effective potential Ueff = U-J where U was calibrated to 15 Ry and 20 Ry on Fe-3d orbitals of RESnFeO6 (RE =Ca, Ba) and J labels exchange parameters was slightly varied from 0 to 0.04 eV to know the exact magnetic interaction between the various constituents. However, the standard Hubbard Hamiltonian in an extended form can be written as: [27] 

                                                                          (1)





where, the symbol  in the equation abbreviates the creation and annihilation of electron on site i with the spin  = or  and U is the onsite coulomb repulsion between the electrons (two e’s) at the same location. The symbol t which is particularly hybridization between the nearest neighbours allows the particles to jump at the adjacent sites. Muffintin potential for the basis set defined as a product of Rmt Kmax = 7 has been selected in a proper way to prevent electron hopping as well as charge leakage from the intersititial regions between atomic spheres. The valence shell and deep lying core electrons are separated at default value of -6.0 Ry of energy. The crystal potential as well as charge density is expanded up to an orbital quantum no ‘lmax’=10. The self-consistent field (SCF) for calculating the electronic ground state density can be determined until the charge and energy convergence reaches up to 0.0001(eV) and 0.0001(Ry) respectively. The transport coefficients as well as thermodynamical were manifested via their respective packages.
3   Results and discussions
The WIEN2k simulation enables to figure out relaxed lattice constants suitably from their conventional unit cells which therefore decides the various physical properties of RE2SnFeO6 (RE=Ca,Ba) debated as below:
3.1  Structural properties 
Under normal conditions, double perovskites RE2SnFeO6 (RE=Ca,Ba) crystalizes in a cubic geometry possessing space group notation Fm-3m (225) having stoichiometry formula unit A2(BB’)O6 with distinct four elements (A, B, B and X) in the ratio of 2: 1: 1: 6. The constituents (atoms) occupy their positions at their corresponding different cites has been quoted in Fig. 1. The position of A larger cation with 12-fold coordination resides at body centered cubic site. The remaining B and B’ atoms are located in the centre of O atoms having crystallographic sites at corner positions forming alternate BO6 and B’O6 octahedral patterns. Further the accuracy of relaxed lattice constants is acquired from well-known Birch Murnaghan’s equation of state [28-29]. From the literature survey and also from the graphical plots as shown in Fig. 2, it is visualized that the least ground state energy in the ferromagnetic phase (magnetic configuration) is thermodynamically stable. Hence, the stability curve for both the oxide materials displays an essential parameters including lattice constant a0 (Ǻ), volume in (a.u.3), bulk modulus (B), derivative of bulk modulus (B') and crystal free minimum energy (E0) are presented in Table 1. Bond lengths exposed in Table 2 interplays a cructial role in understanding the stability as well as tolerance factor of the alloys. Tolerance factor [19] varies from crystal structures and henceforth, it is mentioned, that if the value of t lies in the interval range of 0.9-1.0, means all the atoms are ideally fit at individual positions resulting ideal cubic structure. When t = 0.71-0.9, 12-folded cation is relatively so small that it cannot fits its position resulting orthorhombic or rhombohedral structure. However if t >1, A site cations are oversized to fit their positions resulting hexagonal structures. For t < 0.71, diferent structures are formed.  
                      [image: ]
Fig. 1: Polyhedral view of unit cell structures of crystalline RE2SnFeO6 (RE=Ca,Ba) in cubic geometry.

  Table 1: Several physical properties of RE2SnFeO6 (RE=Ca,Ba) in face centred cubic lattice structure.
	Parameter
	                Ca2SnFeO6
	                  Ba2SnFeO6

	a0 (Ǻ)
	7.92
	7.99 [30]others
	7.85
	7.81 [30]others 

	V0 (a.u 3)
	838.28                                                
	
	925.64
	

	B
	151. 95
	
	135.44
	

	B’
	4.63
	
	4.91
	

	Energy (eV)
	-18529.08
	
	-48365.05
	







                  
Fig. 2: Ground state energy curves for RE2SnFeO6 (RE=Ca,Ba) in ferromagnetic configurations plotted against Volume (a.u 3) vs Energy (Ry).

	Parameter
	Ca2SnFeO6
	   Ba2SnFeO6

	Bond lengths (Å)

	Ca-O / Ba-O 
 Sn-O
 Fe-O
	5.29
3.74
3.74
	5.46
3.86
2.04



Table 2 : Nearest bond length association of various constituents in RESnFeO6 (RE=Ca,Ba) alloys.

3.2   Elasto-mechanical properties:
The elastic constants supplies an authunticate understanding about the response of the material to external stresses within the elastic limit and hence aids their performance in various technological and industrial based purposes. The number of elastic constants are directly related to symmetry of the crystal structure. This means more symmetric the material is, lesser no of elastic constants are examined. To estimate them, we have used the rhombohedral and tetragonal distortions on the cubic lattice under volume conserving constraints. Thus, the elastic constants obtained via first principle approach are used to reproduce the other elastic parameters which determines the mechanical strength and nature of material characteristics. To show mechanical stability, the cubic crystal in its fcc phase must obey the Born-Haung stability criterion i.e;  C11 > 0, C12 > 0, C44 > 0, C11+ 2C12  > 0, C11 − C12  > 0 [31-33] and are quoted as well as enlisted in Table 3. These constants completely satisfies the above conditions indicating that both RESnFeO6 (RE=Ca,Ba) are elastically stable. The polycrystalline mechanical constants were estimated using the Voigt (V), Reuses (R) and Hill (H) formula [34,35]. The bulk modulus measures resistance of volumetric change caused by the external pressure of a given material. The calculated value of B from the elastic parameters of both oxides are 142.67 and 135.25 GPa respectively are relatively large signifying strong bonding strength of atoms involved in such type of materials. On the contrary, change of shape in a solid largely depends on its shear modulus G, which also shows a crucial role in predicting the material’s hardness. The forecasting value of G is presented and shown in Table. 3. Also, Young's modulus (Y) being ratio of stress to strain provides a better evidence about the stiffness of the material. In addition to this, for most of the practical applications a material is needed to identify ductile or brittle. To estimate the materials charactericteritics, Pugh's ratio [36] defined as B/G of index value 1.75. According to this formula, a material acts as a ductile if the value of Pugh's ratio surpasses the critical value and below it supports the brittle character. The calculated values of the Pugh's ratio confirms the the brittle nature of both the compounds. Furthermore on accomplishing Cauchy,s descrepancy (C12−C44) [37] catagorises the nature of the materials. If the value of Cauchy pressure is negative, the material is labelled as brittle, otherwise positive value hints the ductile feature. Since, C’=(C12 −C44) is negative potrays brittleness in these alloys. Lastly the universal anisotropic index, denoted by AU is an another indicator which is also used in a practice to clearify the ductile and brittle nature of crystals. When AU = 0, the material is perfectly isotropic or otherwise anisotropic [38]. The values of AU for both the complex alloys are 1.06 and 1.43 respectively refers to brittle character in these alloys. Therefore, the compounds RE2SnFeO6 (RE=Ca,Ba) in accordance with the below mentioned parameters shows brittle characteristics. In addition, by using the ground state parameters, we have established their chemical stability using the cohesive energy ECoh analysis. The depiction of large cohesive energy values tenders the stability as well as retention of ground state structure upon the implementation of external forces on these materials.
	Table 3: Obtained values of elastic constants at T=0 K and P= 0 GPA

	Parameter
	Ca2SnFeO6
	 Ba2SnFeO6

	C11
	320.90
	234.85

	C12
	65.56
	85.45

	C44
	136.43
	106.93

	B (GPa) = GH = (GV + GR)/2
	150.67
	135.25

	G (GPa)=BV=BR= (C11+2C12)/3
	132.85
	92.61

	Y (GPa) = 9BG/(3B+G)
	199.27
	226.20

	B/G
	1.13
	1.46

	CP (GPa) = C12 – C44
	-70.87
	-21.48

	A = 2 C44/( C11 - C12)
	1.06
	1.43

	ECoh
	5.25
	5.23



Due to the highly anisotropic behaviour from the resulting formula, it is interesting to determine its elastic waves by obtaining the information from the set of cubic elastic constants. The cubic symmetry of corresponding alloys certifies that pure modes of elastic waves can exists in [100], [110] and [111] directions. The respective phase velocity and longitudnal along with transverse velocity sre calcaled in these directions and are displayed in Table 4. These quatites are helpful in predicting the Debye temperature by classical method using mean sound velocity [39]. The Debye temperature (θD) of a material for both the compounds can be projected as: 
 
	Table 4: Expected elastic waves in differenct directions of RE2SnFeO6 (Re=Ca,Ba) perovskites.

	             [100]
	  [110]
	            [111]
	vl
	vt
	vm
	θD

	  vl
	vt1
	vt2
	vl
	vt1
	vt2
	vl
	vt1
	vt2
	
	
	
	

	8280
	5399
	5399
	7474
	7386
	5399
	8429
	5282
	5282
	8360
	5320
	5880
	  753

	5960
	4022
	4022
	5684
	4754
	4022
	6482
	3595
	3595
	6250
	3740
	4140
	  596



3.3  Origin of Half-metallicity and magnetism
First principle calculations on electronic structure plays a pivotal role in understanding the multi-scale modelling of materials not only it revails accurately the physical as well as chemical properties of materials but also supports the adjustment of parametres (or potentials) in higher scale methods such as classical molecular dynamics, cluster dynamics etc. In a similar manner, electronic properties provides a wayout to define the possible applications of the materials in various subject areas of research. Therefore paves an adequate interests regarding their excellent properties. In this systematic report we have choosen exact and accurate relaxed lattice constants from their structural unit cell optimisations to forecast and justify the electronic nature in RE2SnFeO6 (RE=Ca,Ba) perovskite systems. The present study provides an superb description about the electronic properties of these alloys. The description of electronic nature of both these complex oxides within GGA and GGA+U functionals illustrates the half-metallic band characters with spin up-channels form as metal-type spectrum and the presence of gap demonstrates the semiconducting nature in spin-dn channel as displayed in Fig. (3, 4). Seperatively, from the majority-up channels in case of Ca2SnFeO6 the valence band (top) and conduction band (bottom) in both of the correlation schemes are located at Г and X symmetry directions in the Brillouin zone with a indirect band gap of 0.81 eV and 1.51 eV respectively. Similarly, from the band structures of Ba2SnFeO6 the bottom of the conduction band and top of the valence band resides at X and Г within the two calculated functional schemes GGA and GGA+U thus describing the character of owing direct band gap with an approximate values of 0.81eV and 1.44 eV. Here in both the materials on the employment of GGA+U correction band gap increases due to the shifting of energy levels from the Fermi-level. Hence the over all trend revails its half-metallic nature in these present alloys. However, previous study divulges that these materials are reported theoretically as the semimetal ferromagnetic perovskites through LDA approximation [30]. Now showing the feature of band structures of these compounds interms of total density of states (TDOS) shown in Fig. 5 (a, b) which also incorporates its half-metallic nature in various exploiting schemes. In order to understand the elemental activeness of various energy states potrayed in Fig. 5 (c, d) which also points the occupancy of bands at the Fermi level. Insighting towards the partial density of states of Ca2SnFeO6 and Ba2SnFeO6 alloys. Crystal filed associated with FeO6 cage, generated by the Coloumb interactions are responsible for the spilliting of 3d degenerate state of Fe into non-degenerate states:dxy,dyz,dzx called eg states and dx2-y2,  dz2 are dt2g states. From the projected density of states (pDOS) for both the materials clealy predicts the presence of Fe-deg and O-p states being of their strong hybridization at the Fermi Level and are responsible to show the metallic behavior in all the up-spin cases, while trending down implies semiconducting behavior. However the low lying sates Ca-s, Ba-s, Sn-s, p which are far away from the Fermi level depicts negligible appearance. Hence the partial density of states potrays exclusively a clear environment of states being of active or deactive at the Fermi-level and also designates that p-d hybridization is predominant in these perovskites. Next we have tried to explore the magnetic properties and also the mechanisms which are responsible to describe the magnetism so far as these alloys is concerned. Hence this important property is directly linked to their structures especially electronic configuration. Within this study two exchange-correlation approximations were used in practice to know the appropriate knowledge among the interaction between various constituents which therefore enhances the magnetic character in these oxide based compounds. Here, we can see from Table 6 the magnetism was found and is found to be the integral value equivalent to 4.00 μB arises mostly from Fe atoms in both these perovskite systems. The obtained values of magnetic character of various atoms (Ca, Ba, Sn, Fe and O) is positive which hints the ferromagnetic interaction within the crystal structures of these alloys. The half-metallicity along with 100% spin polarization and quantized magnetism of these alloys projects a better stand in a new class of spintronics devices, spin filters, high performance electronic devices and spin injectors to meet the necessary demands of new spin based technologies. 
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                         Fig. 3: Spin-up and spin-down band profiles of Ca2SnFeO6 and Ba2SnFeO6 within GGA and GGA+U 
in face centered cubic lattice structure.
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                          Fig. 4: Spin-up and spin-down band profiles of Ca2SnFeO6 and Ba2SnFeO6 with GGA and GGA+U in  face centered cubic lattice structure.


  
Fig. 5 (a, b): Graphical representation of total density of states (TDOS) (a) Ca2SnFeO6 and (b) Ba2SnFeO6 within the combination schemes of GGA and GGA+U.


 Fig. 5 (c, d): Illustration of half-metallic total density of states (TDOS) in GGA and GGA+U functional schemes of  Ca2SnFeO6 and Ba2SnFeO6 respectively.

	Compound
	                              Magnetic moment (μB)
	Energy Gap (eV)

	
	Ca/Ba
	 Sn
	  Fe
	  O
	Interstitial
	Total
	

	Ca2SnFeO6

	GGA
	0.00
	0.02
	3.28
	0.07
	    0.23
	4.00
	     0.81

	GGA+U
	0.00
	0.01
	3.60
	0.02  
	    0.22
	4.00
	     1.51

	Ba2SnFeO6                                                                                                                                                                                        

	GGA
	0.00
	0.02
	3.27
	0.07
	    0.26
	4.00
	     0.81

	GGA+U
	0.00
	0.01
	3.69
	0.01
	    0.21
	4.00
	     1.44



Table 6: Estimated atomic magnetic moments and energy gap of Ca2SnFeO6 and Ba2SnFeO6 layered alloys.
3.4   Electron Density topology:
DFT calculations for the charge density (CD) has been predominantly used to patroy the charge distraction as it acts as the indicator for the chemical bonding. However in addition it includes the effect of nonbonding states and gives the overall charge density. Chemical bonding associated with these layered RE2SnFeO6 (RE=Ca,Ba) alloys have been configured by charge density plots along (110) planes as displayed in Fig 6. Here, the description about these plots conveys that the electrons by these perovskite materials are shared between Oxygen-Iron atoms hence displays a covalent character and ionic nature is seen between Barium-Oxygen atoms. The non-spherical shape of transition atom in the density plot pictures that d states are partially filled. Therefore, CD plots signifies the polar chemical bonding is preserved within these crystal lattices. 
[image: ]Fig. 6: Designation of bonding through charge density plots of RE2SnFeO6 (RE =Ca,Ba) in (110) plane.
3.5   Thermoelectricity:

Energy in nowadays is a big requirement and due to its scarcity is one of the prime factor to resolve it. The loss of heat releasing from automotive exhausts, industrial processes and residential heating are the leading sources. The main aim to carry this study work is to determine the thermoelectric applicability of these materials which could recapturate the unwanted heat into useable electric power. Thermoelectric materials for their potential in exchanging the energy conversion have studied much interms of their efficiency known as figure of merit (ZT) which corresponds to its intrinsic properties can be expressed as:                                                                                                            (2)  


the terms in the commonly used equation describes S the Seebek coefficient, σ means the electrical conductivity, T is the operation temperature and  defines lattice thermal conductivity [40-49]. Here, in this comprehensive report we have made an attempt to simulate the materials within the instructions of density functional theory. So far as RE2SnFeO6 (RE=Ca, Ba) alloys are concerned the understanding of transport mechanism within semi-classical Boltzmann theory under constant relaxation time approximation [50,51] is addressed. Since, the characterization of these materials supports the half-metallic character from both oxide based alloys, therefore the quantities in two spin phases (spin-up as well as spin-dn) plots are assembled in single plots as designated in Fig. 7 (a-f). Now insighting various temperature dependent parameters on observing Seebeck coefficient (S) first labels the thermoelectric mechanism as well as thermoelectric sensitivity to the temperature gradient. The description from the graphical plot of S shown in Fig. 7 (a) descripts the metallic behavior in the up-phase due to increasing value of Seebeck corresponding to temperature. The increasing value of Seebeck is seen in the spin-majority channel from a lower temperature value of 50 K with an approximate value of 1.23 μVK-1 to 7.43 μVK-1 at 800 K. Mean while, for the down spin-minority channel the decreasing trend is reflected from a low temperature of 50 K to high temperature 800 K with a value of -979.56 μVK-1 to -234.38 μVK-1 respectively. Similarly for Ba2SnFeO6 Seebeck coefficient shown in Fig. 7 (b) follows the same trend but the value increases from -5.67 μVK-1 at 50 K to -21.40 μVK-1 at 800 K in the spin-up channel. The negative sign reflects the electrons are majority transporters for heat conduction. While in spin-down semicoducting channel the value of S declines from 977.74 μVK-1 to 256.10 μVK-1 along the linearily increasing value of temperature. The turnout value of large S comes out due to the presence of flat conduction band (CB) parallel Г to X direction, as seen from all the band structures of both these perovskite alloys. Next we have graphically plotted in Fig. (c, d) (σ/τ) over the relaxation time τ = (1.5×10-15) of RE2SnFeO6 (Re=Ca,Ba) against temperature which portrays a decreasing pattern in both the up-spin phases. The decrease in electrical conductivity is attributed due to its metallic behavior and electron scattering processes that describes the main reason of decreasing the value of electrical conductivity. The value eventially decreases from 2.14×1018 Ω-1m-1s-1 (6.45×1018Ω-1m-1s-1) to 1.89×Ω-1m-1s-1 (1.11 × Ω-1m-1s-1) in the temperature range of 0-800 K. However the increase in σ/τ is visualized at a lower temperature value from a small value at 50 K to 1.11 Ω-1m-1s-1 (1.09 Ω-1m-1s-1) for Ca2SnFeO6 and (Ba2SnFeO6) at higher temperatures respectively. The increasing nature is due to its negative temperature coefficient of resistance i.e; with increase in temperature electrical conductivity increases .Hence the overall investigation from the spin dependent electrical conductivities in both the spin phases owes its occurrence of perfect half-metallic nature. Also, we have calculated the total Seebeck coefficient as shown graphically in Fig. (e) for both the oxide materials which aids the generation of thermopower within these materials. With the help of two current model the total Seebeck coefficient computed for ReSnFeO6 (Re=Ca, Ba) is given by the formula: S=               (3)

.In order to see the lattice thermal conductivity (κl) displayed in Fig 7(f), we have taken the use of Slack’s equation [52,53] which accounts the phononic contribution in containing these crystal lattices and is written in a mathematical way as: Kl                                                                                                       (4)      
In equation (9) (A = 3.04×10−8, M, θD) in the numerator hand signifies physical constant, average mass and Debye temperature. The terms on the denominator side (γ, n, T) is Grüneisen parameter,  no of atoms in the primitive unit cell and temperature respectively. The graphical representation of lattice thermal conductivity of Ca2SnFeO6 shows exponential decreasing trend from a higher value of 60.95 κ (W/mK) at 50K to 3.38 κ (W/mK) at 800K. Similar results are reflected for Ba2SnFeO6 with a decreasing value of 40.30 κ (W/mK) to 2.34 κ(W/mK). The diminishing value of lattice thermal conductivity over a wide range of temperatures of both these alloys projects better stand in imminient thermoelectrics and other application purposes
 


                  
Fig. 7 (a, b): Graphical representation of Seebeck coefficient (S) against temperature for RE2SnFeO6 (RE=Ca,Ba) double perovskites


                     
Fig. 7 (c, d): Graphical representation of electrical conductivity (σ/τ) against temperature for RE2SnFeO6 (RE=Ca,Ba) double perovskites. 


        
Fig. 7 (e, f): Graphical representation of total Seebeck coefficient (S) and lattice thermal conductivity (κ) against temperature for RE2SnFeO6 (RE=Ca,Ba) double perovskites.

3.6   Thermodynamic stability 
Thermodynamic description of various potentials defines the possible stability of these materials against high temperature and pressure. The use of quasi-harmonic Debye model (QHM) [54] formulates the various thermodynamic properties like Specific heat at constant volume (Cv), Grüneisen parameter (γ) and thermal expansion coefficient (α) in the temperature/pressure range of (0-800) K/ (0-25) GPa. However, remaining under (QHM) model we have potrayed the Specific performance of a material at constant volume (CV) which is one of the prime factor of the material relating dynamics of the material. Here, the graphical variation in Fig. 8 (a, b), shows that the materials possess greater capability of heat transport upon T3 relation upto room temperature. The high temperature limit suggests that change is accordance with the Delong-Petit law with a constant value followed at high temperatures [55]. 


             
         Fig. 8 (a, b): Variation of specific heat (Cv) of RE2SnFeO6 (RE=Ca,Ba) with pressure and temperature.
Next, from the knowledge of the Grüneisen parameter (γ) labels the anharmonicity and detailed description about the phonon frequency modes. Fig. 8 (c, d) shows a softly increasing exponential trend at the lower temperatures but remains almost constant at higher temperatures. However the impact of pressure on (γ) has negligible effect on it. The recorded value of Grüneisen parameter at temperature 300K and pressure 0 GPa are 2.20 and 2.25 respectively.


       
      Fig. 8 (c, d):Variation of Grüneisen parameter (γ) of RE2SnFeO6 (RE=Ca,Ba) with pressure and temperature.

Thermal expansion (α) so for as theoretical as well as experimental point of view predicts the thermodynamic equation of state. The graphical representation w.r.t temperature and pressure variation for layered alloys is shown in Fig. (e, f). The fast increasing trend of (α) at lower temperatures, while high temperature variation tends towards constant value.


      
Fig. 8 (e, f): Variation of thermal expansion (α) of RE2SnFeO6 (Re=Ca,Ba) with pressure and temperature.
4   Conclusion 
From the first principle abinitio calculations, we have successfully scrutinized electronic, magnetic, mechanical-stability and transport properties of newly predicted half- metallic oxides. The composition of these materials approves the cubic structure specifying Fm-3m symmetry. The lattice constants as well as magnetism shows well agreement with the previous results. The bandstructures as well as density of states corresponds to its half-metallic nature.The manipulation of elastic constants reveals the brittle character shows its promising route towards various engineering fields. Transport properties suggests these materials have applicability in green energy sources. Furthermore, thermodynamical potentials on the application of pressure and temperature describes the stability of these compounds at varying conditions. In nutshell, the depiction of various essential properties projects their better stand in spintronics and thermoelectric device applications.
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