
 

 

Electronic and Transport Properties of Sr-site 

Substituted: CaxSr(1-x)VO3 
 

R. K. Rai, R. B. Ray, G. C. Kaphle, O. P. Niraula 
 

 

 

Journal of Nepal Physical Society 

Volume 7, Issue 1, April 2021 

(Special Issue: ANPA Conference, 2020) 

ISSN: 2392-473X (Print), 2738-9537 (Online) 

 

Editors: 

Dr. Santosh KC 

San Jose State University, USA (Editor in Chief) 

Dr. Pashupati Dhakal 

Thomas Jefferson National Accelerator Facility, USA 

Dr. Yadav Pandit 

Baptist Health Science University, USA 

 

Managing Editor: 

Dr. Binod Adhikari 

St. Xavier's College, Kathmandu, Nepal 

 

JNPS, 7 (1), 6-17 (2021) 

DOI: http://doi.org/10.3126/jnphyssoc.v7i1.36968 

 

Published by: 

Nepal Physical Society 

P.O. Box: 2934 

Tri-Chandra Campus 

Kathmandu, Nepal 

Email: npseditor@gmail.com 



JNPS 7 (1): 6-17 (2021) Research Article © Nepal Physical Society 

ISSN: 2392-473X (Print), 2738-9537 (Online) DOI: http://doi.org/10.3126/jnphyssoc.v7i1.36968 

6 

 

Electronic and Transport Properties of Sr-site Substituted: 

CaxSr(1-x)VO3 
 

R. K. Rai
1, 2

, R. B. Ray
1, 3

, G. C. Kaphle
1,*

, O. P. Niraula
1
 

1
Central Department of Physics, Tribhuvan University, Kirtipur, Kathmandu, Nepal 

2
Patan Multiple Campus, Tribhuvan University, Lalitpur, Nepal 

3
Amrit Campus, Tribhuvan University, Kathmandu, Nepal 

*
Corresponding Email: gck223@gmail.com 

 

Received: 9 August, 2020; Revised: 10 January, 2021; Accepted: 5 February, 2021 

 

ABSTRACT 

The Mott-insulator phase transition behaviour of the superstructure of strongly correlated 

system, CaxSr(1-x)VO3 (x =0, 0.33, 0.67, 1) have studied using  the conventional density 

functional theory and the dynamical mean field theory. The Mott-Hubbard metal-insulator 

phase transition of superstructures, Ca0.33Sr0.67VO3 and Ca0.67Sr0.33VO3 formed by the CaVO3 

and SrVO3 correlated metals, are obtained at U=4.5 eV with β= 6 (eV)
-1

 and U=4.5 eV with β= 

7 (eV)
-1

 respectively. The values of U and β calculated through the Maximum Entropy model 

using the Green’s function data, are consistent with the experimental results. The value of 

Seebeck coefficient (S) of superstructure Ca0.33Sr0.67VO3 and Ca0.67Sr0.33VO3 are found to be 

+0.0011[V/K] and -0.0011[V/K] within the chemical potential             to   
         . The figures of merit (ZT) are found to be 0.97 at room temperature for these 

systems. The variation of electrical and thermal conductivities has also been discussed. 

 

Keywords: Complex TMOs, DFT, DMFT, Superstructures, Strongly Correlated System. 

 

1. INTRODUCTION 

The superstructure of perovskite materials have 

gained a lot of interest due to their promising 

applications for the electronic and transport 

properties as well as from its fundamental aspects. 

The transition metal oxides (TMOs) in the 

perovskites (ABO3) geometry are smart materials 

found abundantly on the earth crusts. These 

materials are used for numerous applications in the 

field of electrical, electronics, medical, defense 

technology and etc. [1, 2]. The modern technology 

assisted human civilizations through scientific 

revolution are being upgraded by exploring the 

smart materials. One of the categories of promising 

smart materials for the future is regarded as the 

TMOs in their nano-structures and superstructures 

[3]. The present study focused on the structural, 

electronic and transport properties of energetically 

stable superstructures Ca0.33Sr0.67VO3 and 

Ca0.67Sr0.33VO3. 

The pristine SrVO3 is found in cubic phase, belongs 

to the space-group Pm-3m with the Ca-atom sitting 

at the body center ( ½ , ½ , ½ )a. The transition 

metal, V-atom is sitting at the origin ( 0.0 , 0.0 ,  

0.0 )a and the three O-atoms siting at the three face 

centers with Wyckoff’s coordinates ( ½ , ½ , 0.0)a, 

(0.0, ½ , ½ )a, and ( ½ , 0.0, ½ )a[4].  

Similarly, the pristine CaVO3 system in cubic phase 

belonging to the space-group Pm-3m with V-atom 

at the body center ( ½ , ½, ½ )a. The Ca-atom is 

sitting at the origin (0.0, 0.0, 0.0 )a and the three O-

atoms sitting with Wyckoff’s coordinates at ( 0.0 , 

½ , 0.0)a, (0.0, 0.0 , ½ )a, and ( ½ , 0.0, 0.0 )a[4]. 

The stable crystal structures for the pristine CaVO3 

and the superstructure, Ca0.33Sr0.67VO3 are shown in 

fig.1 (a), (b). 

The study of  metal-to-insulator transition (MIT) 

caused by a strong electron correlation along 

with anomalous electronic properties in the 

metallic phase near the Mott transition,  

provide the various information regarding 

application in Mottronics, such as the volume 

resistive switching action, Mott FET, quantum 

gates etc. [5]. 
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Though, MIT of the compounds can be studied 

through the hole or electron doping to the system 

either by band control or filling control methods 

[6]. Here, we used band controlling method to 

explain the MIT of experimentally synthesized 

compounds, Ca0.33Sr0.67VO3 by substituting Ca-ion 

in place of Sr-ion within the framework of 1  1  2 

supercell of CaVO3 as shown in Fig. 1. 

 

 
(a) 

 
(b) 

    

Fig.1: (a) (color online) The crystal structure of the pristine CaVO3 at which V-ion is octahedrally co-ordinated by 
oxygen ligands (left) (b) the superstructure, Ca0.33Sr0.67VO3  (right) 

 

The Mott transition behaviours of such systems are 

also studied using the density functional theory 

(DFT) and the dynamical mean field theory 

(DMFT) by various groups [7, 8]. A simple 

transition metal oxide system Ca1−xSrxVO3 with a 

3d
1
 electronic configuration and a cubic perovskite 

lattice structure with the orthorhombically distorted 

SrVO3 upon increasing the Ca-doping have been 

investigated using LDA+DMFT [9-11].  

In the present study, the stable structures, electronic 

properties are studied through conventional DFT 

and the MIT phase transition of pristine TMOs and 

their superstructures are studied through DMFT. 

The transport properties are also investigated 

through BoltzTrap frameworks (explained 

elsewhere). The materials under study are highly 

applicable for electrical, electronic, memory, and 

energy devices. The superstructure and 

nanostructure are of great interest of their Mottness, 

high efficiency of power conversion and high ZT 

factors. The Mott transition phenomena is useful 

for designing a leaky integrate and fire (LIF) 

artificial neurons [12-17], for neurocomputing, 

artificial neural network, machine learning etc. 

Though, the MIT has various applications in 

different purposes, there is lack of systematic 

theoretical study compare to the experimental 

study. So, we are motivated to go more insight into 

the newly reconstructed superstructures for 

exploring MIT and thermoelectric properties. 

Furthermore, the transition metal oxides have 

narrow conduction bands due to weak orbital 

overlap, which leads to localized electrons with low 

carrier mobilities. Transition metal oxides have 

recently been considered as thermoelectric (TE) 

materials that can operate at high temperature and 

they have their transport properties with high 

Seebeck coefficients (S) and low thermal 

conductivity (Ƙ) and hence the higher value of 

figure of merit (ZT).  

We have computed the thermal conductivity Ƙ, 

electrical conductivity (σ/τ), Seebeck coefficients 

(S), and Figure of merit (ZT) for the designed 

superstructure [18] using semi-classical linearized 

Boltzmann transport equation. 

  

2. THEORETICAL, COMPUTATIONAL 

DETAILS AND EXPERIMENTAL 

INFORMATION 

2.1 Theoretical Details: 

The electronic structure and transport properties of 

correlated electronic system are investigated 

employing ab-initio approaches through the full 

potential linearized augmented plane wave (FP-

LAPW) method with local orbitals (lo) [19, 20]. 

The optimized cubic phases of CaVO3 and SrVO3 

and their superstructure framework are taken 

through the self-consistent calculation based on 

Kohn-Sham equation as given by, 

 

--- (1) 



Electronic and Transport Properties of Sr-site Substituted: CaxSr(1-x)VO3 

8 

Where the effective Kohn-Sham potential is 

expressed as, 

                        

      
              --- (2) 

With,  is the exchange  

correlation potential with the probability density, 

 
The optimized value of the lattice parameter, a is 

calculated using the concept of Birch-Murnaghan 

equation of state as given by, 

 

           
     

  
   

  

 
 

 
   

 

  
    

  

 
 

 
   

 

     
  

 
 

 
   --- (3) 

 

Where, B0 is the bulk modulus of elasticity at 

equilibrium (pressure =0), V0 is the equilibrium 

volume per atom/unit cell,   
   

  

  
 

   
 and E0 is 

the total energy at equilibrium are treated as fitting 

parameters [20,21]. All the calculations were 

performed using the optimized parameters.  

The theoretical prediction of transport coefficients 

of the TMOs are investigated for the optimized 

systems by using BoltzTraP code, a patching 

module of WIEN2k framework, which implements 

the linearized Boltzmann Transport Equation (BTE) 

[18, 22] as given by,  

 
        

  
          

        

  
 

 

 
   

 

 
           

        

   
          

  
 
          

 --- (4) 

 

with         
 

   
      

      
 is the Fermi-Dirac 

distribution for electron and          
 

 

     

   
 is the 

group velocity of the carriers. 

 

For the figure of merit (ZT), the following equation 

is employed, 

 

ZT=
σ β  β

 

   
  --- (5) 

 

Where, σ β      is the electrical conductivity 

tensor,   β      is the thermal conductivity tensor, 

  β      is the thermoelectric Seebeck coefficients, 

Where       β are tensor indices,         are the 

chemical potential and number of K-points 

implemented respectively [22].  

Furthermore, the actual metal-insulator transition 

can be understood by using the dynamical mean 

field theory (DMFT), which starts from the 

Hubbard Hamiltonian [23-25] for single site 

interaction of opposite spin electrons as, 

 

     β  
  β  β            --- (6) 

 

Where,   β  is tight-binding hopping amplitude 

between the lattice sites       β ,   
      are the 

creation (annihilation) operators of electrons on 

localized orbitals on site,   and      
    is the 

localized occupation number on site,  .  

The DMFT maps the lattice problem (Hubbard 

Hamiltonian) of Eq. (6) onto a self-consistent 

auxiliary impurity problem, which is here solved 

numerically by the quantum Monte Carlo (QMC) 

technique, combined with the maximum entropy 

method [26], this technique allows us to calculate 

spectral functions. 

The DMFT self-consistency cycle starts with an 

initial guess for the hybridization function, 

         
    

 

      
   

or bath Green's function, 

 

                           --- (7) 

 

which determines the initial “bath” for the modified 

quantum impurity model. 

Where,    is the hybridization amplitude,    is the 

bath energy level and       is the Matsubara 

frequency associated with the imaginary time,  τ . 

Using one of the quantum impurity solvers with the 

imaginary-time Green's function, 

 

  τ     τ  τ  
       --- (8) 
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or its Fourier transform        and the Matsubara 

self-energy is, 

         
                 --- (9) 

are computed. This is actually the Fourier transform 

of Dyson equation, which computes the new bath 

Green’s function, for the next iterative self-

consistent cycle [27-29]. The Green’s function is 

then used for calculating the spectral function 

A(k, ), which is the imaginary part of the single-

particle Green’s function and therefore contains full 

information about the temporal and spatial 

evolution of a single electron/hole in the interacting 

many-electron system. 

        
 

 
          --- (10) 

The spectral function A( ) is analogous to the 

density of states(DOS) of conventional DFT.  

2.2 Computational Details 

The first-principles based approach has been used 

to deal with the structural, electronic properties of 

TMOs and their superstructures, employed on 

FPLAPW [30, 31]. The transport properties of the 

superstructures are calculated by solving the 

Boltzmann transport equation using BoltzTrap 

codes. 

The conventional DFT is used for bandstructure 

and DOS calculation, which is used for the DMFT 

calculations. For the DFT calculation we have 

employed generalized gradient approximation  

(GGA) with the correlation functional as proposed 

by Perdew, Burke and Ernzerhof (PBE) exchange 

energy scheme [21,32]. 

The optimized parameters for the pristine systems 

and superstructures used for the present study are 

listed in the table 1.    

 

Table 1: The required values of lattice parameters, K-points, rKmax, Gmax and RMT*  of the 

compounds with their space group used for the calculation. 

S.N. Name of 

system 

Space 

group 

Optimized 

lattice 

constant 

K-points rKmax Gmax RMT 

1. CaVO3 pm-3m 

(221) 

3.65 Å 800 3.97 Å 14 Ca = 2.42, V = 

1.79 and O = 1.62 

2. SrVO3 pm-3m 

(221) 

3.86 Å 750 3.97 Å 16 Sr = 2.46, V = 

1.83 and O = 1.65 

3. Ca0.33Sr0.67VO3 P4/mmm 

(123) 

a = b = 

3.96 
0
A and 

c = 7.93 Å 

800 3.97 Å 16 Ca = 2.50, Sr = 

2.50, V = 1.95 

and O = 1.77 

4. Ca0.67Sr0.33VO3 P4/mmm 

(123) 

a = b = 

3.95
0
A and c 

= 7.91 Å 

750 3.95 Å 15 Ca = 2.50, Sr = 

2.50, V = 1.95 

and O = 1.77 

*RMT = Muffin-Tin radius of the elements 

(All the values are consistent with the experimental results) 

 

The Monk-horst pack of 11 11 5 k-mesh grid is 

used for the superstructures. The DMFT 

calculations are performed for various sets of 

coulombian interaction, U and the 

thermodynamical parameter, β in order to identify 

the critical value of MIT for each of the 

superstructures [33-35]. The energy and charge 

convergence criteria for the entire system are 10
-5

 

eV and 10
-3

 e with force convergence 0.05 eV/ 
0
A. 

2.3 Experimental Information 

The single crystals of superstructures, 

Ca1−xSrxVO3 (x = 0, 0.25, 0.5, 1) have grown for 

studying optical conductivity using a triple 

spectrometer, Photometrics and the optical 

reflectivity measurements using a Michelson-

type Fourier-transform infrared spectrometer 

[36]. The spectra of SrVO3 and CaVO3 are also 

studied with bulk-sensitive high-resolution PES 

and XAS [37]. The Mott–Hubbard insulating gap 

for different values of U for vanadates and 

titanates system were also studied from the 

various groups [38-40].  

These experimental facts motivate us to perform the 

theoretical study to go more insight into the 

electronic and transport properties used for various 

applications in Mottronics. 
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3. RESULTS AND DISCUSSION  

3.1 Structural Stability 

The structural stability of the compounds CaVO3, 

SrVO3 are calculated through energy minimization 

process. The value of the optimized lattice 

parameter for pristine CaVO3 and SrVO3 are found 

to be consistent with the experimental results [41, 

42]. The reconstructed superstructure, CaxSr(1-x)VO3 

(x =0.33, 0.67) using the base of 1 1 2 supercell 

of SrVO3 and the site substitution of Sr-atoms by 

Ca-atoms on the supercell have been studied for 

their various properties.  

These superstructures with space-group P4/mmm, 

are also examined their stability through energy 

minimization process. The optimized lattice 

parameters of the superstructures, Ca0.33Sr0.67VO3 

and Ca0.67Sr0.33VO3 are obtained and tabulated as in 

table-1. 

The optimized structure of the sample CaVO3 

and Ca0.67Sr0.33VO3 are shown in inset along with 

the energy vs. lattice parameter plot as shown in 

Fig. 2. 

The lattice parameters of the superstructures are yet 

to be verified by experimentation.  

 

 
(a) 

 
(b) 

 

Fig. 2: (color online) The crystal structures (inset) and lattice parameter optimization curves for  
(a) CaVO3 system (b) Ca0.33Sr0.67VO3 system. 

 

3.2 Electronic Structure of CaxSr(1-x)VO3 System 

3.2.1 The Band structure and DOS 

The bandstructure and the DOS plots  of CaVO3 

and SrVO3 systems are found to be well agreed 

with the previously calculated theoretical and 

experimental results. Both of these systems are 

correlated metals [45]. 

The combined plot of bandstructure and DOS of 

Ca0.33Sr0.67VO3 and Ca0.67Sr0.33VO3 are shown in 

Fig. 3 (a) and (b) indicating that these 

superstructures are also found to be correlated 

metal from the conventional DFT calculation.   

 

 
(a) 

 
(b) 

Fig. 3: (color online) The comparison of bandstructure and DOS for spin up channels of  
(a) Ca0.33Sr0.67VO3 system, and (b) Ca0.67Sr0.33VO3 system. 
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Furthermore, the asymmetric distribution of DOS in 

spin up and spin down channels (Fig. 4) for the both 

superstructures Ca0.33Sr0.67VO3 and Ca0.67Sr0.33VO3 

indicating that they show magnetism in ferromagnetic 

orderings. The magnetic moments are found to be 

1.47  
 

 and 0.78  
 

 for Ca0.33Sr0.67VO3  and  

Ca0.67Sr0.33VO3 systems respectively. 

 

 
(a) 

 
(b) 

 

Fig. 4: (color online) The DOS plots for  (a) Ca0.33Sr0.67VO3 and (b) Ca0.67Sr0.33VO3  systems. 

 

3.2.2 The Charge Density Map and Fermi 

Surface of the CaxSr(1-x)VO3: 

The charge density contour plot shows that the 

Ca0.33Sr0.67VO3 system have a strong covalent 

bonding between V and O-atoms which is mainly 

due to p-d hybridization of O-2p and V-3d orbitals 

as shown in Fig. 5(a) [46-49]. 

The Fermi surface plot (in inset) with band crossing 

by Fermi level of superstructures also supports the 

electronic structure calculations as shown in Fig. 

5(b) [50, 51].  

 

 
(a) 

 
(b) 

 

Fig. 5: (color online) (a) The 2D-contour plot of charge density distributions showing the bonding between 
neighboring atoms (b) The Fermi-surface (in inset) showing band crossing of Fermi level with 30-65 band levels. 

 

3.3 The Dynamical Mean Field Theory (DMFT) 

calculation: 

The Mott-Hubbard metal-insulator transition 

phenomena of the strongly correlated system are 

investigated using the numerical simulation of the 

data obtained from the conventional DFT 

calculation.  

In general, the conventional DFT (GGA) 

underestimates the electronic bandstructure of 

strongly correlated system. Thus, we have used the 

dynamical mean field theory (DMFT) along with 

the DFT for the realistic calculation of electronic 

structure of superstructures [52 - 54]. From the 

DMFT calculations, the value of U and β required 

for Mott-Hubbard band splitting are calculated with 

the help the Green’s function vs. imaginary time 

and its Fourier transform plots as shown in Fig. 

6(a), (b).  
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(a) 

 
(b) 

 

Fig. 6: (color online) (a) The variation of Green’s function       with imaginary time  
(b) The plot of Fourier transform of Green’s function,       [54]. 

 

The characteristic variation of Green function of 

imaginary time,    τ with the imaginary time (τ) 

for various values of U, for the superstructure of 

CaxSr(1-x)VO3 system is shown in Fig. 6(a) and the 

corresponding variation of spectral density, A( ) 

with the frequency ( ) is shown in Fig. 6(b), which 

is obtained by using the maximum entropy method 

of data analysis algorithm[ 55,56 ].  

Moreover, Fig. 6 shows that the Mott-Hubbard 

band splitting starts from U =4.5 eV for the value 

of β =6 (eV)
-1

. The corresponding spectral density 

plot of    τ  for the superstructure, Ca0.33Sr0.67VO3 

with β =6 (eV)
-1

 and various values of U is shown 

in Fig.7 (a).  

 

 
(a) 

 
(b) 

 

Fig. 7: (color online) (a) The spectral density vs. frequency for showing metal-insulator transition (MIT) with the 
variation of U for   =6 (eV)

-1
.  (b) The plot of real and imaginary part of retarded Green’s function vs. frequency with 

U = 4.5 eV and   =6 (eV)
-1

. 

 

The Mott-Hubbard splitting of Ca0.67Sr0.33VO3 

system is obtained at U = 4.5 eV with β = 7(eV)
-

1
(not shown in the graph). 

Similarly, the corresponding real and imaginary 

part of retarded Green’s function of frequency is 

shown in Fig. 7(b). In the Fermi liquid regime, the 

real part of the self energy leads to the shift of the 

non-interacting excitations, whereas the imaginary 

part is responsible for the broadening of the 

quasiparticle excitations. As the self-energy 

strongly depends on the frequency and in the case 

of Mott insulator, it will lead to a notable transfer of 

spectral weights.  

The validity of spectral function, A( ) obtained 

from the maximum entropy model is checked 

through cross validation error (logistic regression 

analysis) as shown in fig. 8(a), (b) [56, 57]. 

From the sigmoid curve of logistic regression, the 

optimized value of   lies in the information-fitting 

region indicating that the data obtained by our 

calculation is realistic and information are close to 

the experimental results [58]. 
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(a) 

 
(b) 

 

Fig. 8: (color online) (a) The logistic regression curve (sigmoid curve) for the optimized value of   (b) The error of 
logistic regression curve obtained by the curvature of the log10 

  ( ) versus         . 

 

3.4 Transport properties of for CaxSr(1-x)VO3 

system:  

The transport properties of the superstructure are 

calculated using semiclassical linearized form of 

BTE through BoltzTrap frameworks implemented 

on ab-initio codes [59]. The graph showing the 

comparison of (a) Electrical conductivity (σ/τ) and 

(b) Thermal conductivity ( ) at room temperature 

are shown in fig. 9 (a), (b) for the superstructures, 

Ca0.33Sr0.67VO3 and Ca0.67Sr0.33VO3 with blue and 

red colors respectively. And the variation of 

Seebeck coefficient (S) with respect to the chemical 

potential, (μ) at room temperature for 

Ca0.33Sr0.67VO3 and Ca0.67Sr0.33VO3 systems are 

shown in Fig. 10 (a) with blue and red colors 

respectively [18, 58, 59].  
 

 
 (a) (b) 
 

Fig. 9: (color online) (a) The variation of electrical conductivity (σ/ ) vs. (μ) (b) The variation of thermal conductivity 
( ) vs. (μ) for Ca0.33Sr0.67VO3 and Ca0.67Sr0.33VO3  with blue and red colors respectively [59, 60]. 

 

From the study of thermoelectric properties the 

figure of merit (ZT) factor for the superstructure 

Ca0.33Sr0.67VO3 with blue color and 

Ca0.67Sr0.33VO3 with red color are nearly equal to 

unity (  1) at near from             to 

            Fig. 10(b). 

 

 
 (a) (b) 
 

Fig. 10: (color online) (a) Variation of Seebeck coefficient (S) with chemical potential (μ)   
(b) Figure of merit (ZT) at room temperature with chemical potential (μ) for superstructures,  

Ca0.33Sr0.67VO3 and Ca0.67Sr0.33VO3 with blue and red curves respectively [60-63]. 
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The similar kind of thermoelectric properties are 

observed for both the superstructures, which can be 

used for the Mottronics applications.  

 

4. CONCLUSIONS  

The stability of the pristine and their superstructure 

are examined through energy minimization method. 

From the calculations, the lattice parameters for the 

stable superstructures, Ca0.33Sr0.67VO3 is found to 

be, a=b=3.96 A
0
 and c=7.93 A

0
 and for 

Ca0.67Sr0.33VO3 is found to be, a = b = 3.95 
0
A and c 

= 7.91 A
0
. The Mott-Hubbard metal-insulator 

transition for their superstructure, Ca0.33Sr0.67VO3 

and Ca0.67Sr0.33VO3  are obtained at U = 4.5eV with 

β = 6(eV)
-1

 and U = 4.5eV with β = 7(eV)
-1

 

respectively, through DFT and DMFT with the 

continuous time quantum Monte Carlo (CT-QMC)– 

hybridization method. This clearly indicates that 

both compounds are useful for Mottronics 

application. Furthermore, the ZT factor of the 

superstructures are approximately unity (~1). The 

estimated values of Seebeck coefficients and 

transport coefficients for the superstructure 

framework reveal that they can be used as the 

promising candidates for thermoelectric materials.  
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