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In this paper, first-principles calculations of structural, electronic, optical and thermo-
electric properties of AgMO3 (M = V,Nb and Ta) have been carried out using full po-
tential linearized augmented plane wave plus local orbitals method (FP− LAPW+ lo)
and BoltzTraP code within the framework of density functional theory (DFT). The cal-
culated structural parameters are found to agree well with the experimental data, while
the electronic band structure indicates that AgNbO3 and AgTaO3 are semiconductors
with indirect bandgaps of 1.60 eV and 1.64 eV, respectively, between the occupied O 2p
and unoccupied d states of Nb and Ta. On the other hand, AgVO3 is found metallic
due to the overlapping behavior of states across the Fermi level. Furthermore, optical
properties, such as dielectric function, absorption coefficient, optical reflectivity, refrac-

tive index and extinction coefficient of AgNbO3 and AgTaO3, are calculated for incident
photon energy up to 50 eV. Finally, we calculate thermo power for AgNbO3 and AgTaO3

at fixed doping 1019 cm−3. Electron doped thermo power of AgNbO3 shows significant
increase over AgTaO3 with temperature.

Keywords: Cubic perovskite; thermoelectric properties; electronic properties; optical
properties.
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1. Introduction

AgMO3 ferroelectric perovskite family, where M (Nb, Ta and V) is penta or

tetravalent metal cation, reveals a wide range of interesting microwave dielectric

properties.1 Silver-based perovskite niobates, tantalite’s and vanadate are ideal

compounds for technological applications in telecommunications, optoelectronics,

photocatalysis, electrochemical response and rechargeable lithium batteries.2–4 The

study of these materials has suffered due to the synthesis complications result-

ing from the thermal instability of Ag+ ions at high temperature. High sintering

temperature is required for AgTaO3, while different combination of electrical and

mechanical properties can be achieved from AgNbO3 and similar compounds.5–8

Silver vanadates are used as cathode materials in the lithium ion batteries due to its

significant ionic properties. The structural and phase analysis of AgVO3, AgxV2O5

and Ag2V2O11 has been performed and the three polymorphs of AgVO3: α, β and

γ are discovered, while further studies are underway to find the structural chem-

istry of these phases.9,10 Furthermore, AgTaO3 and AgNbO3 have a paraelectric

phase with cubic symmetry for temperatures above 758 K and 903 K, respectively.

A series of structural phase transitions are observed in AgNbO3 with the decrease

in temperature that shows its suitability for piezoelectric material.11–15 Instead of

previously studied perovskite with large bandgap, AgVO3, AgTaO3 and AgNbO3

could be the potential candidates for optoelectronic and thermoelectric devices,

where semiconductor with small bandgap and optimum carrier concentration of

the order of 1019 cm−3 were key requirement for good candidate.

First-principles calculations offer the most powerful theoretical tool for the

studies of electronic, structure and optical properties of solid state materials. These

calculations have been performed for these ferroelectric perovskite compounds us-

ing pseudopotential method.16–19 In the present work, however, we have employed

the (FP-LAPW + lo) method to calculate structural, electronic, optical and ther-

moelectric properties of AgMO3 (M = V, Nb and Ta) in the paraelectric phase

based on DFT as implemented in the WIEN2K software.20 This is well established

and produces number of results with good agreement with the experiments.21–27

2. Calculation Method

For the density functional calculation of the structural, electronic, optical and ther-

moelectric properties of AgMO3 (M = V, Nb and Ta), Kohn–Sham equations have

been solved self-consistently, wherein use of generalized gradient approximation

(GGA) put forward by Wu and Cohen28 has been made to calculate the contri-

bution of exchange and correlation potentials. The crystal structure of AgMO3

(M = V, Nb and Ta) in the paraelectric phase for which these properties have been

calculated, is cubic and belongs to space group Pm-3m (No. 221). In the unit cell,

there are five atoms of three types (Fig. 1: Ag is located at the origin (0, 0, 0), M

is at the central position (0.5, 0.5, 0.5) and the three O atoms are at (0.5, 0.5, 0.0),

(0.5, 0.0, 0.5) and (0.0, 0.5, 0.5).
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Fig. 1. Crystal structures of cubic perovskite (a) AgVO3, (b) AgNbO3 and (c) AgTaO3.

A muffin–tin (MT) model for the crystal potential has been assumed and the

radii RMT for Ag, Nb, Ta, V and O were taken to be 2.5, 1.95, 1.95, 1.95 and

1.73 a.u., respectively. The plane-wave cut-off value of KMAX × RMT = 8 has

been used to control the size of basis set for wave functions. The integral over the

10 × 10 × 10 mesh is calculated up to 35 k-points in the irreducible wedge of the

BZ. For calculating the optical properties, however, a denser sampling of the BZ is

required and a mesh of 120 k-points has been used for these calculations.

3. Results and Discussion

3.1. Structural properties

To start with the structural properties, we first calculate the total energy as a func-

tion of the unit-cell volume around the equilibrium cell volume by fitting the total

energy to the Murnaghan equation of state29 to calculate the structural parameters

of the cubic AgMO3 (M = V, Ta, Nb). Values of experimental lattice constants

are used as starting input for AgTaO3 and AgNbO3, while the lattice constants for

AgVO3 in paraelectric phase are assumes, and the total energy is minimized with

respect to the unit cell volume. The calculated total energies plotted as a func-

tion of unit cell volume for compounds are shown in Fig. 2. Calculated equilibrium

lattice constants, bulk moduli and derivative of bulk moduli of AgMO3 (M = V,

Ta, Nb) are presented in Table 1, and are found to be in good agreement with the

experimental results and other theoretical calculations.

3.2. Electronic properties

The electronic band structures for AgMO3 (M = V, Ta, Nb) along high symmetry

directions are calculated at the symmetry points and along the symmetry line of the

Brillouin zone (BZ). Whereas, in case of AgVO3, the conduction and valence bands

overlap [Fig. 3(a)] exhibiting the metallic character of this compound. The band

structure of AgTaO3 and AgNbO3 presented in Figs. 3(b) and 3(c), respectively

shows that the valence band maximum (VBM) lies at M point and the conduction
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Fig. 2. Total energy as a function of volume for AgVO3, AgNbO3 and AgTaO3.

Table 1. Calculated lattice parameter a0, bulk moduli B and its pressure derivative
B′ for AgMO3 (M = V, Nb, Ta) at equilibrium volume compared to other results.

AgMO3 Experimental Other theoretical
(M = V, Nb, Ta) WC-GGA work work

AgVO3 a0 (Å) 3.752

B (GPa) 219.35

B 4.86

AgNbO3 a0 (Å) 3.951 3.9598a 3.95c, 3.79b

B (GPa) 210.37

B 5.00

AgTaO3 a0 (Å) 3.9588 3.9484b 3.95c

B(GPa) 219.76

B 5.00

aRef. 11, bRef. 12, cRef. 16, dRef. 35.

band minimum (CBM) at Γ point for both of these compounds. It clearly indicates

that both these compounds are indirect bandgap semiconductors with bandgaps

values of 1.60 eV and 1.64 eV, respectively. Our calculated bandgap values are larger

than the theoretical calculations done by pseudopotential method,16 but smaller

than experimental values which is 2.8 eV for AgNbO3 and 3.4 eV for AgTaO3.
30 It

is well known that density functional calculations underestimate the bandgap values

in semiconductors due to the self-interaction error and the absence of derivative

discontinuity in the exchange-correlation potential.

The calculated total density of states (DOS) for Ag, V, Nb, Ta and O are shown

in Fig. 4. In the valence band of AgNbO3, the energy region [−5.79 eV to 0.1 eV] is
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Fig. 3. Calculated band structures of cubic perovskite (a) AgVO3, (b) AgNbO3 and (c) AgTaO3.

Fig. 4. The calculated TDOS for AgVO3, AgNbO3 and AgTaO3. The energy is with respect
to EF .
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Fig. 5. Contour plots of the valance charge distribution for (a) AgVO3, (b) AgNbO3 and
(c) AgTaO3 in the (1 1 0) plane.

mainly occupied by O 2p states, indicating strong hybridization with Ag 4d states.

The conduction band region of AgNbO3 [1.67 eV to 6.01 eV] is dominated by Nb 4d

states with small contribution of Ag 5s and Ag 4p states. Therefore, the 4d states

of Nb and 2p states of O are important in the understanding of the electronic

properties of AgNbO3. Almost similar behavior with some difference in details is

also observed for AgTaO3 and AgVO3.

For AgMO3 (M = V, Nb and Ta), the contour plots of valence charge distribution

have been calculated by considering the nature of the corresponding Ag–O, V–O,

Nb–O and Ta–O bonds, which are depicted in the (1 1 0) plane. From Figs. 5(a)–

5(c), the given plots show a strong ionic but week covalent character of Ag–O bond

that can be attributed to the larger charge transfer among Ag and O atoms with

very small contour extension. Figure 5(a) reveal the strong sharing and distribution

of electrons along the V–O bond. As a result, their bond is strongly covalent with a

bond length 1.87 Å. Similarly, strongly covalent nature with a bond length 1.97 Å

and 1.98 Å are observed along the Nb–O and Ta–O bond. Due to the metallic

nature of AgVO3, it is useless to consider as candidate for optoelectronic devices

and due to very small Seebeck coefficient (in metal order of 0.00001 V/K), it could

not enhance the thermoelectric properties. Hence, in further study of optical and

thermoelectric properties, we exclude AgVO3.

3.3. Optical properties

The study of optical properties of these materials provides useful information re-

garding their application in the opto-electronic devices. We have calculated the

frequency-dependent dielectric function ε(ω) = ε1(ω) + iε2(ω) in order to describe

the optical properties of AgTaO3 and AgNbO3. In the present calculations, the

equation for the frequency-dependent imaginary part of a dielectric function ε2(ω)

for cubic crystal has been taken as31 and it is strongly correlated to the joint density

of states and momentum matrix elements. The real part of the dielectric function

ε1(ω) can be obtained from ε2(ω) by using Kramers–Krönig relation.32
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Fig. 6. The calculated (a) imaginary part ε2(ω) and (b) real part ε1(ω) of dielectric function for
AgNbO3 and AgTaO3.

The real and imaginary parts of dielectric function lead to the calculations of all

other optical parameters such as refractive index, reflectivity, optical conductivity

and absorption coefficient of these compounds. The optical response of AgNbO3

and AgTaO3 is investigated by calculating the optical parameters, such as complex

dielectric function, refractive index, extinction coefficient, reflectivity and energy

loss spectrum, using OPTIC package33 implanted in WIEN2K.

The real and imaginary parts of dielectric function, ε2(ω) and ε1(ω), for AgNbO3

are shown in Fig. 6. It is clear from the figure that the imaginary part of the

dielectric function shows six major peaks at 4.51, 8.69, 11.89, 15.25, 22.55 and

33.13 eV. The highest peak in ε2(ω) at 8.69 eV corresponds to the transition from

O 2p state to Nb 4d state. While, for higher energies some other peaks are observed

at 15.25 eV, 22.25 eV and 33.13 eV, which correspond mainly due to the transitions

from the semi-core states given in Fig. 6(a). It is also clear from the figure that for

AgTaO3, the highest peak of the ε2(ω) curve is at 8.37 eV, which corresponds to

transition from O 2p state to Ta 5d state. Some other peaks are also evident for the

compound at 8.77 eV, 22.05 eV and 37.32 eV, which correspond to the transitions

from semi-core states, and are shown as dotted line. The first peak energy for

AgNbO3 (4.34 eV) is lower than first peak energy for AgTaO3 (4.62 eV). This

difference in energy may be attributed mainly due to the difference in the bandgaps

of the two materials, because first peak in the plot occurs due the transition from

the upper valence band to the lower conduction band

The real parts ε1(ω) of the calculated dielectric function for AgNbO3 and

AgTaO3 in cubic phase are shown in Fig. 6(b). First peaks of ε1(ω) for AgNbO3 and

AgTaO3 are at energy range 3.01 eV and 3.92 eV, respectively that originate from
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Fig. 7. The calculated optical parameters such as (a) absorption coefficient, (b) refractive index,
(c) extinction coefficient, (d) reflectivity and (e) energy-loss spectrum for AgNbO3 and AgTaO3.

O 2p state to Nb 4d state and O 2p state to Ta 5d state. As the energy increases, the

behavior of peak changes, which reaches a minimum at 9.88 eV for AgNbO3 and

9.63 eV for AgTaO3, respectively. The values of static dielectric constants ε1(0) for

AgNbO3 and AgTaO3 in cubic phase are 3.89 eV and 4.18 eV, respectively. These

values are quite different from those calculated by pseudopotential method.16

The energy dependence of absorption coefficient, refractive index, extinction

coefficient, reflectivity and energy-loss spectrum for AgNbO3 and AgTaO3 are given

in Figs. 7(a)–7(e). These results are derived from the dielectric function. The start of

absorption spectra for AgNbO3 and AgTaO3 is at 2.15 eV and 2.98 eV, respectively

and these results correspond to indirect transitions in these materials.

The value of the static refractive index n(0) for AgNbO3 is 1.96 and for AgTaO3

is 2.09. It increases with the increase in energy in the transparent region, reaches

1450077-8
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to its peak value in the ultraviolet at about 8.05 eV for AgNbO3 and 7.30 eV for

AgTaO3 and then decreases to minimum at high energies. The imaginary part of

dielectric function and static real part of dielectric function correspond to local

maxima of extinction coefficient k(ω) and is shown in Fig. 7(c).

Electron energy loss function, L(ω), is a significant factor unfolding the energy

loss of a fast electron passing through a material. The main peaks in L(ω) repre-

sent the feature that is associated with plasma resonance and the corresponding

frequency known as plasma frequency.34 These peaks correspond to irregular edges

in the reflectivity spectrum, and hence an abrupt reduction occurs at these peak

values in the reflectivity spectrum, as shown in Fig. 7(e).

3.4. Thermoelectric properties

The transport behavior is investigated using the BoltzTraP code.36 The calculation

of transport properties requires a very dense k grid, here, a dense k-mesh of 50×
50 × 50 points is used for the thermoelectric calculations. This approach yields

accurate results for various types of TE materials.37–40 Within BoltzTraP, the

constant relaxation time τ is assumed to be a constant with respect to the wave

vector k and energy around the Fermi level, and the effect of doping is introduced

by the rigid band approximation. Within the relaxation-time approximation, the

thermo power (Seebeck coefficient (S)) can be obtained directly from the electronic

structure without switching parameters.

The efficiency of thermoelectric devices is determined by the dimensionless figure

of merit, zT = σS2T/κ, where σ is the electrical conductivity, S is the Seebeck coef-

ficient, T is the temperature, and κ is the thermal conductivity. The latter comprises

lattice (κlattice) and electronic (κelectron) contributions, κtotal = κlattice + κelectron.

In order to achieve a high efficiency, the thermoelectric material, in general, should

be a good electrical and poor thermal conductor and, at the same time, possess a

high Seebeck coefficient.

Figure 8 shows the temperature dependence of the thermo power for AgNbO3

and AgTaO3 with p- and n-type carrier concentration at fixed to 1019 cm−3. High

thermopower S is observed in n-type AgNbO3 over whole temperature range as

compared to AgTaO3. Room temperature thermo powers are −375 μV/K and

−175 μV/K for n-type AgNbO3 and AgTaO3, respectively. While in p-type both

materials posses similar behavior (500 μV/K at 300 K). This value is quite similar

to their iso-structural compounds like SrTiO3.

Previously reported perovskites such as SrTiO3, BaTiO3 and PbTiO3 have

bandgaps around 3 eV (insulators) which is far from the visible region and See-

beck values are always high for large band gap materials. While at the same time

electrical conductivity in very low, which results in low S2
σ (Power factor). In our

study, case bandgap is around 1.5 eV which half of them and a moderate doping

could make these materials as good candidate for optoelectronic and thermoelectric

devices.
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Fig. 8. Thermo power (S) of AgNbO3 and AgTaO3 with respect to temperature under for both
p- and n-type doping keeping doping level fixed at 1019 cm−3.

4. Conclusion

In this study, FP-LAPW + lo method within the framework of density func-

tional theory has been used to study structural, electronic, optical and thermo-

electric properties of AgMO3 (M = V, Nb and Ta) material systems. The cal-

culated structural parameters are in good agreement with the experimental re-

sults. The electronic structure calculations show that AgNbO3 and AgTaO3 are

indirect bandgap materials while AgVO3 is metallic. Band structures are further

used to analyze the interband contribution of the optical response functions. High

thermo power −375 μV/K is observed in n-type AgNbO3 as compared to AgTaO3

(S = −175 μV/K) at room temperature. It is expected that the present study

will provide better insight in understanding electronic as well as thermoelectric

properties of these materials.
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