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A B S T R A C T

Thermoelectric materials can convert heat into electricity directly via the Seebeck effect, providing an
alternative to global energy demands. Here we present mechanical, dynamical, and thermoelectric properties
of YZnAsO, a quaternary oxypnictide, in the framework of Density Functional Theory. The low value of Debye
temperature (𝜃𝐷=308.29K) and high value of the Grüneisen parameter (∼1.77) hint for low lattice thermal
conductivity (𝑘𝑙), and this is supported by the computed value of ∼0.4 W/mK at 800 K. The electronic
transport coefficients are computed using Boltzmann transport equation beyond the constant relaxation time
approximation (CRTA) including different scattering mechanisms. While the power factor for hole doping is
higher along ‘a’, the 𝑘𝑙 is extremely low along ‘c’, resulting in a high figure of merit (ZT) along ‘c’. Hence, we
predict YZnAsO as a promising n-type oxide thermoelectric owing to its low 𝑘𝑙 with a high ZT = 1.07 at 800
K with 15% maximum thermoelectric efficiency.
1. Introduction

Because of escalating energy consumption and global environmental
degradation due to pollution, hunt for clean, environmentally sustain-
able and renewable energy resources have become primary focus and
a networthy scientific study issue. Dwindling supply of fossil fuels are
redirecting us to search for new energy sources. Renewable energy is
preferable, but it is insufficient, and alternative energy sources must be
developed. Only then major concerns like worldwide energy crisis, ris-
ing of surface temperature, effects of climate change can be mitigated.
During the energy conversion process, a significant amount of energy
(∼72%) is squandered as heat in industries, automobiles, and other
sources of waste [1]. As a result, there is an urgent need to transform
waste heat into usable energy in order to enhance energy efficiency and
minimize consumption. Thermoelectric materials are a type of func-
tional material that, through the seebeck effect, may effectively create
energy from waste heat. Therefore, they can be incorporated into power
generation and cooling devices. Thermoelectric (TE) technologies are
unique and can offer potential solutions to the prevailing issues as
they are capable of direct or reversible energy conversion between
thermal and electrical power from unrecoverable sources. TE efficiency
can be measured by a dimensionless figure of merit 𝑍𝑇 = 𝑆2𝜎𝑇 ∕𝜅,
where S is Thermopower (also known as Seebeck coefficient), 𝜎 is the
electrical conductivity, 𝑇 is the absolute temperature, and 𝜅 is the total
thermal conductivity, a sum of the electronic(𝜅𝑒) and lattice thermal
conductivity (𝜅𝑙). S, 𝜎, 𝜅𝑒 cannot be tuned seperately as they have
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complex interdependence with carrier concentration and depends on
electronic structure, whereas 𝜅𝑙 depends on the structure and bonding
of the material. Three strategies can further enhance ZT: increasing the
power factor (PF = 𝑆2𝜎) i.e promoting electron transport, decreasing 𝜅
i.e impeding thermal transport, or tuning both concurrently. As both S
and 𝜎 exhibits opposite behavior with respect to carrier concentration
n, 1019–1020 cm−3 concentration range gives maximized PF by balancing
S and 𝜎 for most of the semiconductors [2]. S and 𝜎 tied up by the
relation S ∝ 𝜎0.25. Apart from n, ZT of bulk TE materials possibly
can be enhanced to a much higher level by electronic structure and
microstructure tailoring (e.g., band flattening, increasing number of
band extrema, modulation doping [2]). Layered materials draw at-
tention due to their intrinsic ultralow lattice thermal conductivities
and large Seebeck coefficients [3,4]. BiCuSeO [5] and LaCuSeO [3]
are the best example for layered potential thermoelectric materials.
The discovery of low-temperature superconductivity in LaFeAsO1−𝑥F𝑥
(0.05 < 𝑥 < 0.12) has drawn attention on ZrCuSiS type of oxyarsenides.
They were found to host good thermoelectric properties at low tem-
peratures with doping, which finds application as a cooling material in
liquid-nitrogen temperature range [6–8]. Later, many more iron-based
oxyarsenides were also explored for elemental substitutional effects
on their superconducting nature and thermoelectric properties [9–15].
The notable change in ‘S’ is attributed to a change in electronic struc-
ture. ZrCuSiAs family also draws attention as varieties of phenomenon
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Fig. 1. Optimized structure (a); Y, Zn, As and O atoms are shown in blue, red, green
and pink, layered form of the structure (b), charge density along (100) plane (c); in
the color bar blue color denotes decrease in charge and red color increase in charge,
and Brillouin Zone (d) for YZnAsO.

like diamagnetism [16], ferromagnetism [17,18], semiconducting and
metallic antiferromagnetism [19,20], Mott transition [21], magnetore-
sistance [21] arises due to chemical flexibility. Recently, Chang et al.
reported 49% increase in ZT value by reduction of oxygen. They found
BiCuTeO0.88 displayed a 𝑍𝑇𝑚𝑎𝑥 = 1.06 at 673 K, surpassing the ZT value
of pristine BiCuTeO1.00 by 49% (𝑍𝑇𝑚𝑎𝑥 = 0.71 at 723 K) [22]. Till
now, several superior and high performance thermoelectric materials
have been reported [23,24]; however, practical application are limited
by factors like high cost or toxicity [25]. In this regard, advantages
like abundance, cost-effective, environmentally friendly manufacturing,
oxidization resistance, high thermal and chemical stability makes oxide
based materials as promising alternative candidate. As a result, the
search of new oxide based high performance TE materials needs to be
investigated for ‘greener’ options [26–29].

Here we present layered YZnAsO as promising thermoelectric ma-
terials. Some previous studies report YZnAsO as the potential material
for optical properties [30]. Our work aims to give a proper insight
into the different mechanical, dynamical and thermoelectric properties
of YZnAsO. The electron relaxation time has been estimated using
two approximations named momentum relaxation time approxima-
tion(MRTA) and self-energy relaxation time approximation(SERTA) to
calculate the absolute thermoelectric coefficients. Different scattering
mechanisms such as acoustic deformation scattering (ADP), ionized im-
purity scattering (IMP) and polar optical scattering (POP) are included
in calculating the scattering rates for various temperatures. The paper
is formatted as follows: the methodology is given in Section 2, followed
by Section 3, which discuss about the stability of the investigated
compound along with thermal conductivity. Sections 4 & 5 explain the
electronic structure and thermoelectric properties, and the summary is
given in Section 6.

2. Computational details

The structural geometry optimization is done with GGA-PBE [31]
exchange correlation functional using the Vienna Ab-initio Simulation
Package(VASP) code [32–34]. As this is a layered compound we
2

Table 1
Calculated and experimental values of lattice parameters of YZnAsO.

Compound YZnAsO

Theo. Exp. [42] Exp. [43]

a (in Å) 3.93 3.94 3.94
c (in Å) 8.88 8.84 8.84
c/a 2.25 2.24 2.24
V (in Å

3
) 137.86 137.48 137.38

Zn-As (in Å) 2.55 – –
Y-O (in Å) 2.25 – –
As-Zn-As (deg) 100.85 – –

included van der Waals effect with DFT-D3 method [35]. We have
considered the pseudopotentials with valence electron configuration:
4𝑑15𝑠2 for Y, 3𝑑104𝑠2 for Zn, 3𝑑104𝑠24𝑝3 for As, 2𝑠22𝑝4 for O. The
energy and force tolerance factors are chosen to be 10−6 eV and 0.01
eV/Å, respectively along with plane-wave energy cutoff of 600 eV.
A Monkhorst–Pack grid of 18 × 18 × 8 is used to relax the struc-
tures [36]. Phonon band spectrum is calculated using the combination
of PHONOPY code [37] and force constants estimated by density func-
tional perturbation theory(DFPT) [38] in VASP. The effective phonon
frequency was estimated as a weighted sum of all 𝛤 -point phonon
modes to capture the scattering from entire phonon band structure. Lat-
tice thermal conductivity calculations was performed using phono3py
package [39] by calculating the 2nd and 3rd order inter-atomic force
constants (IFCs). Thermoelectric properties and scattering rates are
calculated using AMSET [40].

3. Structural, mechanical and dynamical properties

The crystal structure of the tetragonal phase of YZnAsO belongs
to the space group P4/nmm (129), with Z = 2 per unitcell (ZrCuSiAs
type) which is shown in Fig. 1(a). Table 1 summarizes the optimized
equilibrium lattice constants computed with reported experimental
data for YZnAsO. From the table it can be inferred that our compu-
tation matches well with the experimentally available values. For each
atom coordination number is 4. For this structure [𝑌 𝑂]1+ layers are
sandwiched between [ZnAs]1− layers forming ABAB sequence and edge
shared ZnAs4 tetrahedra along the tetragonal(c) axis. Both the layers
have mixed ionic–covalent nature (Fig. 1(c) green and yellow region)
due to in-plane charge transfer and inter-layer bonding is completely
ionic in nature indicated by blue region and the same nature is also
presented by a previous study through bader analysis [41]. The unit
cell contains 2 As atoms with coordinates As (3∕4, 3∕4, z𝐴𝑠) and (1∕4,
1∕4, 1 − z𝐴𝑠) where optimized z𝐴𝑠 value is 0.317. Zn–As bond length
(𝑙) is 2.55 Å and As–Zn–As bond angles(𝛼) is 100.85◦. Considering this,
the relation between these values and lattice parameters of tetrago-
nal 1111-type structures is given by 𝑎 = 2𝑙. sin(𝛼∕2), 𝑐 = (2𝑙∕(1 −
2𝑧𝐴𝑠)) cos(𝛼∕2).

The elastic constants and phonon dispersion of YZnAsO were further
computed to better understand its mechanical and dynamical proper-
ties. For tetragonal single-crystal structure(with Laue class 4/mmm)
there are only 6 independent elastic constants which are tabulated in
Table 2, and they satisfy Born’s stability criteria [44,45]. Elastic con-
stants 𝐶11 and 𝐶33 characterize the resistance against the compressional
strains along the principal crystalline directions respectively, while
𝐶44 and 𝐶66 characterize the resistance to shear deformations. The
measure of the elastic anisotropy is given by difference between 𝐶11 and
𝐶33. With single-crystal elastic constants, one may derive macroscopic
elastic moduli as well as polycrystalline elastic properties including
bulk(B), shear, and Young’s modulus (E). Here, Shear modulus (𝐺𝐻 )
is the average of shear moduli 𝐺𝑉 and 𝐺𝑅 derived using Voigt and
Ruess approximation, respectively, as per Hill’s average [46]. Bulk
modulus, which is closely related to the binding energy of atoms in
a crystal and can be used as a standard to evaluate average bond
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Table 2
Calculated elastic constants (C𝑖𝑗 ), Young
Modulus (GPa), Bulk Modulus (in GPa),
Sound Velocities (v𝑙 , v𝑡, v𝑚; in km/s), Pois-
son’s ratio (𝜈), Grüneisen parameter(𝛾), and
Debye Temperature (𝜃𝐷 in K).

Elastic constants YZnAsO

C11 175.90
C12 35.73
C13 37.91
C33 107.20
C44 17.86
C66 40.26
E𝐻 87.28
B𝐻 74.0
G𝐻 33.54
B/G 2.20
v𝑙 4.54
v𝑡 2.41
v𝑚 2.69
𝜈 0.3
𝛾 1.77
𝛩𝐷 308.29

strength, influences the hardness of the material, i.e., the ability of
material volume to resist elastic deformation. Pugh’s modulus ratio
(B/G) indicates the material’s ductility or brittleness and Shear modulus
represents resistance to plastic deformation. B/G ratio for YZnAsO is
greater than the ‘‘critical’’ value of 1.75, indicating the ductile behavior
of the compound. Poisson’s ratio(𝜈) of this compound also confirms the
uctile nature of this compound according to Frantsevich’s rule, i.e., the
alue of 𝜈 greater than 0.6 indicates the ductile nature [47]. Using

Poisson’s ratio, we have also computed the Grüneisen parameter (𝛾)
for YZnAsO, and its value is 1.77 [48]. Grüneisen parameter reflects the
deviation of phonon vibrations of a crystal from harmonic oscillation
so it is considered as an anharmoniticity parameter. Our calculated
Grüneisen parameter is comparable to BiCuSeO [49], LaZnAsO [50]
and PbTe [51] having values 1.5, 1.14 and 1.45 respectively. The
calculated Debye temperature of YZnAsO is 308.29 K whereas BiCuSeO
has 243 K [49]. Thus, low 𝛩𝐷 and high 𝛾 give the possibility of low
lattice thermal conductivity (𝜅𝑙) which is favorable for obtaining high
ZT value.

The phonon band spectrum projected along high symmetry path
of BZ is presented in Fig. 2(a). There are no negative modes for any
wave vector in the crystal structure in its reference state, indicating that
it is a dynamically and energetically stable structure. Low-frequency
modes are comprised of heavier materials, whereas high-frequency
modes are comprised of lighter elements. The discrepancy in atomic
weights is responsible for the gap between low and high frequency
optical modes. The low-frequency phonon modes play a significant
role in 𝜅𝑙 values. Next, we have estimated temperature dependent 𝜅𝑙,
and the same is displayed in Fig. 6(c). 𝜅𝑙 decreases with temperature
due to enhancement in phonon scattering with temperature, and this
behavior is quite obvious. The values of lattice thermal conductivity are
determined by Debye temperature values and phonon band dispersion.
It is known that 𝜅𝑙 is connected to phonon group velocity (𝑉𝑔) and
phonon relaxation time (𝜏) by the following relation,

𝑘𝑙 =
1
3
𝑉 2
𝑔 𝜏 (1)

The frequency dependent phonon-lifetime is given in Fig. 2(b).
We observed that the lifetime of most of the phonon modes exists
in the low-frequency region below 6 THz. In general, acoustic modes
are mainly responsible for lattice thermal conductivity. In our case
maximum acoustic phonon frequency is ∼4 THz, below this frequency
lifetime is low with a sparse and sporadic peak at 4 THz which is due to
interaction between low-lying optical phonons and acoustical phonons.
For most of the phonons, lifetime is below 10 ps which is relatively
3

low. The interaction of optical and acoustic phonon modes along ‘a’
direction induces more phonon–phonon scattering and higher V𝑔 . From
Fig. 2(c,d) we note that 𝑉𝑔 along ‘c’ is lower compared to ‘a’ direction
leading to low 𝑘𝑙 in ‘c’ direction so we can expect lower 𝑘𝑙 along
c’. The computed lattice thermal conductivity values are low 0.97

/m K along ‘c’ at T = 300 K, which is favorable for thermoelectric
pplications. A comparison of 𝑘𝑙 with the other prototype structures is
hown in Table 5.

. Electronic structure properties and scattering lifetime

We have computed its electronic structure properties to get a physi-
al insight of YZnAsO. YZnAsO is a direct bandgap semiconductor as the
op of conduction band minima and valence band maxima are lying at
he 𝛤 - point [Fig. 3]. However, the band gap measured experimentally
s 1.9 eV [43], whereas GGA band gap is 1.2 eV. Due to unphysical self-
oulomb repulsion [52], PBE functional underestimate the electronic
and gap. We have introduced the TB-mBJ functional as implemented
n the WIEN2k [53] program to improve the band gap, and obtained
lectronic band gap of 1.8 eV (direct). The total density of states (DOS)
nd orbital contributions of the individual atoms in the compound are
resented in [Fig. 3(b)]. From the plot, it is evident that the valence
and is mainly dominated by As - p and Zn - d orbitals, whereas the
onduction band is mainly occupied by Y - d and Zn - s orbitals with a
odest mixing of other states. The electron pockets can be seen at high

ymmetry points ‘𝛤 ’, ‘M’ and ‘A’ around 1.2 eV, and these pockets might
lay a crucial role for thermoelectric properties with heavy electron
oping at high temperatures. The similar features were also found in
rototype structure BiCuSeO for holes [54].

As YZnAsO is a layered structure, we cleaved the crystal structure
long the 𝑧-direction and gave a vaccum of 12 Å on each side in order to
void interlayer interactions. To determine the stability of a monolayer,
e compute the material’s exfoliation energy, which is defined as

he amount of energy necessary to separate an atomic layer from the
ulk. The exfoliation energy is determined to be −2.47 eV/atom. We
lso calculate band and phonon dispersion for monolayered YZnAsO
Fig. 4]. Positive phonon frequencies confirms the stability of the
ayered structure. As the [𝑌 𝑂]1+ and [ZnAs]1− are charged layers, a
mall amount of charge flow between these substructures is obvious
nd we can expect a metallic nature which is also confirmed by the
rossing of only two bands near Fermi level from the band dispersion
Fig. 4(a)]. The rise of band gap in bulk might be due to hybridization
etween these substructres while building the solid from these building
locks [55].

We used the Boltzmann transport theory within the AMSET code
40] to evaluate the thermopower (S), electronic conductivity (𝜎), and
ower factor (𝑆2𝜎) to calculate ZT. AMSET goes beyond the constant
elaxation time approximation (CRTA), which provides simplest de-
cription of the collision kernel while ignoring interaction mechanisms.
RTA just indicates that collisions occur, but it makes no mention of
he scattering mechanisms. We derived scattering rates based on three
ifferent electron–phonon coupling scattering processes. Acoustic de-
ormation potential (ADP) and ionized impurity imparted by coulomb
otential are elastic, whereas polar optical-phonon (POP) scattering is
nelastic. POP is created by atoms vibrating against one other in the
nit cell, while ADP is caused by intrinsic deviation from periodicity
n a perfect crystal induced by thermal vibrations of atoms traveling
n the same direction. These scattering rates are useful for calculating
elaxation time, which is further used to calculate different transport
oefficients. Elastic scattering processes are treated with Momentum
elaxation time approximation(MRTA) and described by Fermi-Golden
ule,
−1
𝑛𝐤→𝑚𝐤+𝐪 = 2𝜋

ℏ
|𝑔𝑛𝑚(𝐤,𝐪)|2𝛿(𝛥𝜀𝑛𝑚𝐤,𝐪) (2)

In the Inelastic process, where scattering occurs via emission or
bsorption of phonon, is described by a similar kind of equation under
ERTA,
−1 = 2𝜋

|𝑔 (𝐤,𝐪)|2 × [(𝑛 + 1 − 𝑓 0 )𝛿(𝛥𝜀𝑛𝑚 − ℏ𝜔 )
𝑛𝐤→𝑚𝐤+𝐪 ℏ 𝑛𝑚 𝐪 𝑚𝐤+𝐪 𝐤,𝐪 𝐪
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Fig. 2. (a) Phonon dispersion (b) phonon lifetime and (c,d) phonon group velocity along ‘a’ and ‘c’ direction of YZnAsO.

Fig. 3. (a) Band structure and (b) DOS of bulk YZnAsO.

Fig. 4. (a) Band structure and (b) Phonon dispersion of monolayered YZnAsO.
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Fig. 5. Temperature dependent scattering rates of YZnAsO.
Table 3
Born effective charges of the elements.

Charges Y Zn As O

Nominal +3 +2 −3 −2
Z∗
𝑥𝑥 4.69 1.97 −3.52 −3.5

Z∗
𝑧𝑧 4.95 0.86 −1.96 −3.85

Table 4
Effective mass of holes and electrons in the unit of mass of
electron(𝑚0).

Path 𝑚∗
ℎ 𝑚∗

𝑒

𝛤 −𝑋 −10.20 0.26
𝛤 −𝑍 −6.00 1.37

Table 5
Comparison of lattice thermal conductivity at 300 K and ZT value of YZnAsO with
other oxide based TE materials. (𝑘𝑙𝑎 and 𝑘𝑙𝑐 are lattice thermal conductivities along ‘a’
and ‘c’ directions respectively).

Compounds 𝑘𝑙𝑎 𝑘𝑙𝑐 ZT

BiCuSeO (Theo.) [57,58] 1.16 0.52 0.92 (900 K)
BiCuTeO (Expt.) [22] 𝑘𝑙,𝑎𝑣 = 0.55 – 0.71 (723 K)
LaCuSeO (Theo.) [3] 2.51 0.18 2.71 (900 K)
LaZnAsO (Theo.) [50] 7 1.9 1.92 (1000 K)
CsAgO (Theo.) [59] 0.12 0.18 1.44 (800 K)
YZnAsO (Present work) 32.39 0.97 1.07 (800 K)

+ (𝑛𝐪 + 𝑓 0
𝑚𝐤+𝐪)𝛿(𝛥𝜀

𝑛𝑚
𝐤,𝐪 + ℏ𝜔𝐪)] (3)

where, −ℏ𝜔𝐪 and +ℏ𝜔𝐪 correspond to scattering by emission and
absorption of a phonon, respectively.

The inputs for AMSET are uniform band structure, wave function
coefficients, 6 × 6 elastic tensors (𝐶𝑖𝑗), deformation potentials, static
(𝜖𝑠) and high-frequency dielectric (𝜖∞) constants, and effective phonon
frequency (= 5.44 THz) are calculated from VASP. Calculated values of
the above mentioned quantities are tabulated below

𝜖𝑠 =
⎡

⎢

⎢

⎣

34.33 0 0
0 34.33 0
0 0 20.78

⎤

⎥

⎥

⎦

, 𝜖∞ =
⎡

⎢

⎢

⎣

22.68 0 0
0 22.68 0
0 0 12.71

⎤

⎥

⎥

⎦

Different scattering mechanisms contributing to the scattering rate
at a concentration of 1020 cm−3 is shown in Fig. 5. The trend shows
that POP is dominating scattering mechanism, which can be attributed
to high Born effective charges (Table 3) [56].

5. Thermoelectric properties

The low lattice thermal conductivity of YZnAsO intends us to com-
pute the thermoelectric properties. The thermoelectric properties are
calculated as a function of temperature at different carrier concentra-
tion along ‘a’ and ‘c’ directions to observe anistropic nature as the
5

system is tetragonal. The thermopower for both carriers is shown in
Fig. 7. Thermopower for holes is higher compared to electrons, as
seen from plots. It decreases as we increase the doping concentration
implying the absence of bipolar conduction effect in the optimum
concentration region. Also S for hole along ‘a’ is higher compared to ‘c’
and for electron it is higher along ‘c’. The difference between S values
may be due to the difference in effective masses of the carrier (Table 4).

For hole doping concentration 1×1019 cm−3 thermopower reaches to
a very high value ∼400 μV/K along ‘a’ direction but the calculated elec-
trical conductivity is very high (∼62 000 S/cm) for doping concentration
1×1020 cm−3 and shows huge anisotropic nature and same trend found
for electron doping also. This behavior of 𝜎 can be explained by the fact
that the inter-layer charge transfer is very low than intra-layer charge
transfer as we have discussed in Section 1. The same anisotropic nature
is also visible in the power factor, which reaches maximum value along
‘a’ for both hole and electron doping concentration 1 × 1020 cm−3 due
to the dominant behavior of electrical conductivity. Further, we obtain
a Figure of merit(ZT), a measure of thermoelectric efficiency. Despite
having large S and 𝜎 for hole doping along ‘a’, large lattice thermal
conductivity along ‘a’ deteriorates the ZT value. We found that electron
doping has comparatively higher power factor than hole doping and
low thermal conductivity along ‘c’, leading to a good ZT value. ZT
value is 0.18 at room temperature, which is enhanced up to 1.07 at
800 K [Fig. 8].

Finally using the figure of merit, efficiency of TE device can be
calculated using the formula

𝜂 =
𝑇𝐻 − 𝑇𝐶

𝑇𝐻

√

1 +𝑍𝑇 − 1
√

1 +𝑍𝑇 + 𝑇𝐶∕𝑇𝐻
(4)

where, 𝑇𝐶 and 𝑇𝐻 are temperature of cold and hot junctions. Consider-
ing 𝑇𝐶 = 300 K and 𝑇𝐻 = 800 K maximum value of TE device efficiency
is 15%.

As seen, ZT is strongly temperature-dependent mainly due to a
decrease of lattice thermal conductivity and on thermopower at ele-
vated temperatures. Because S is proportional to temperature and at
high temperature increased lattice vibrations, obstruct heat-conducting
phonons, lowering lattice thermal conductivity. We observed the elec-
tronic part also exhibits weaker temperature dependence [Fig. 6(a,b)].
Since, 𝜎 is anisotropic 𝑘𝑒 is anisotropic too as 𝑘𝑒 = 𝐿𝜎𝑇 , where L is the
Lorenz number. Along with the values of 𝑘𝑙, a comparison of the ZT of
YZnAsO and the available experimental and theoretical ZT values of a
few other compounds are shown in Table 5. The computed ZT value is
comparable to that of a few other known oxide materials [22,58,60–
63].

6. Conclusion

In summary, we have discussed structural, dynamical, electronic,
elastic properties and transport mechanisms for YZnAsO using first-
principle calculations. The studied compound is a direct bandgap semi-
conductor whose stability is confirmed by elastic coefficients and the
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Fig. 6. Electronic and lattice thermal conductivity of YZnAsO.

Fig. 7. Seebeck coefficient(S) (a,b), electrical conductivity(𝜎) (c,d) of YZnAsO.

Fig. 8. Power factor (a,b), Figure of merit (c,d) of YZnAsO.
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absence of imaginary phonon modes. We further calculated the trans-
port coefficients in the temperature range 300–800 K through analysis of
thermopower(S) and electrical conductivity as a function of T. YZnAsO
showed good thermoelectric performance at high temperature with
a ZT value of 1.07 at 800 K along ‘c’ direction. Additionally, strain
effects, chemical doping might be a possible route to improve the
thermoelectric performance as found in BiCuSeO [64]. Overall, the
examined system is an excellent n-type thermoelectric material that
may be further explored for various device applications.
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