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The inexpensive, earth abundant, and non-toxic thermoelectric materials are relentlessly demanded to realize the dream of 
sustainable energy and overcome the energy crisis. To do so, a lot of studies are being conducted on different materials at 
different levels. However, the energy crisis is still a big challenge. Some polymorphs of zinc oxide (ZnO) being cheaper, 
non-toxic, and exhibiting good thermoelectric response at high temperatures have shown its adequate potential to play a 
role in sustainable energy technologies. In this study, we attempt to explore the thermoelectric response of different types of 
ZnO polymorphs named as sphalerite, wurtzite, CsCl, NiAs, GeP, BeO, 5-5 type versus chemical potential and temperature 
and the study is carried out by full-potential (FP) linearised (L) augmented plane wave (APW) plus local orbitals (lo) (FP-
L(APW+lo) approach structured within density functional theory (DFT) and Boltzmann transport theory. Our obtained results 
of thermoelectric power factors for sphalerite, wurtzite, CsCl, NiAs, GeP, BeO, 5-5 type of the polymorphs of ZnO are 
recorded as 8.04 × 10

11
 W/mK

2
s, 7.01 × 10

11
 W/mK

2
s, 11.7 × 10

11
 W/mK

2
s, 4.90 × 10

11
 W/mK

2
s, 4.97 × 10

11
 W/mK

2
s, 2.28 

× 10
11

 W/mK
2
s, and  5.31 × 10

11
 W/mK

2
s respectively. Hence, the considered polymorphs of ZnO have been found to 

exhibiting the great potential to replace expensive, rare, and toxic thermoelectric materials. 
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1. Introduction 
 

Undoubtedly, the demand for clean, sustainable, and 

renewable energy resources is one of the most concerning 

issues in the whole world. Thermoelectric (TE) materials 

having the capability to change the waste heat energy to 

electrical power are believed to have the potential to meet 

the energy challenges. Additionally, TE devices play a 

significant role in minimizing the effect of harmful gases 

emitted by conventional energy resources as well [1-5]. 

The efficiency of material for thermoelectric applications 

is characterized by its figure of merit (ZT). It is a 

dimensionless quantity and is defined as  

 

   
    

 
                                (1) 

 

where “S”, “ ”, “T” and “ ” are Seebeck coefficient, 
electrical conductivity, absolute temperature, and thermal 

conductivity respectively. It is clear from Equation (1) that 

the electrical conductivity (σ) and Seebeck coefficient (S) 

are directly proportional to ZT, and thermal conductivity 

(κ) is inversely proportional to ZT, therefore, for a large 

figure of merit, higher values of Seebeck coefficient and 

electrical conductivity and a small value of thermal 

conductivity is required [6, 7]. However, materials 

exhibiting such a favourable combination are hard to find. 

Therefore, among the common approaches adopted to 

achieve large ZT values, is exploring new polymorphs of 

the existing material.   

Zinc oxide (ZnO) material, a member of the II-VI 

semiconductor family, is extensively studied due to its 

unique physical properties suitable for technological 

applications. In recent years, ZnO has received growing 

attention of researchers for advanced thermoelectric 

applications due to its low-cost production, high Seebeck 

coefficient, non-toxic behavior, and abundant availability 

in nature. Although its stable wurtzite and meta-stable 

zincblende and rocksalt phases at ambient conditions are 

studied intensively [8-27], recently, various modified 

polymorphs of ZnO such as sphalerite, CsCl, NiAs, GeP, 

BeO, 5-5 types have been analyzed at different pressures 

and realized as great potential candidates for the next 

generation semiconductors [27-31]. This includes our 

study where we comprehensively examined the potential 

of the novel polymorphs of ZnO for optoelectronic 

applications [31]. These polymorphs have been reported as 

stable as wurtzite structure, however, there is a lack of 

availability of literature to realize the potential of these 

new polymorphs towards thermoelectric response and for 

clean energy applications. To gain insight view about 

thermoelectric behavior of new modified polymorphs of 
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ZnO as well as to make comparison with the stable and 

already established structure, wurtzite of ZnO, we 

investigate the thermoelectric properties of seven 

polymorphs that is sphalerite, wurtzite, CsCl, NiAs, GeP, 

BeO, 5-5 type using DFT and Boltzmann transport theory-

based computational approaches. 

In this study, the electronic energy bandgap structures 

of sphalerite, wurtzite, CsCl, NiAs, GeP, BeO, 5-5 type 

polymorphs of ZnO are determined by employing the 

WIEN2k crystalline computational code based on FP-

L(APW+lo) method [32] which is developed within DFT. 

For exchange-correlation functional, in conjunction with 

Perdew-Burke Ernzerhof generalized gradient 

approximation (PBE-GGA), Trans-Blaha (TB) modified 

Becke-Johnson (mBJ) approach is also used to determine 

the electronic band structures. The thermoelectric 

properties of the considered polymorphs of the ZnO are 

calculated by employing the semi-classical Boltzmann 

transport theory while considering the relaxation time (τ) 

as a constant as implemented in the BoltzTraP code [33]. 

In thermoelectric properties, we have determined the 

electrical conductivities, thermal conductivities, Seebeck 

coefficients, power factors and figure of merit of 

sphalerite, wurtzite, CsCl, NiAs, GeP, BeO, 5-5 type of the 

ZnO polymorphs at room temperature (300 K) vs. 

chemical potential and also the same thermoelectric 

parameters have been calculated at different temperatures 

(0 to 1000 K).   

 

 

2. Computational detail 
 

The band structure calculations required to assess 

thermoelectric characteristics of sphalerite, wurtzite, CsCl, 

NiAs, GeP, BeO, 5-5 type polymorphs of the ZnO are 

conducted via FP-L(APW+lo) method framed within DFT 

and realized in WIEN2k computational package [32]. In 

this approach of computation, simulated unit-cell is treated 

by dividing it into the interstitial region and non-

overlapping spheres. In the interstitial region, plane waves 

are used as a basis set whereas, in the atomic spheres 

(Muffin tin spheres, MT) region, atomic like wave 

function is used. The input data, to simulate the unit-cell 

for performing computations to obtain optimized lattice 

parameters, was taken from the literature [29]. The lmax= 

10 was used to expand the wave function in the spherical 

region, whereas in the intestinal region Kmax=8.0/RMT 

(Ryd)
1/2

 was considered to get suitable convergence of the 

energy eigenvalues, and radii of atomic spheres (RMT) for 

Zn atom 1.93 a.u, 1.80 a.u., 2.15 a.u., 1.95 a.u., 1.87 a.u., 

1.78 a.u., 1.83 a.u., and for O 1.63 a.u., 1.55 a.u., 1.85 a.u., 

1.68 a.u., 1.61 a.u., 1.53 a.u., 1.57 a.u. were used for the 

sphalerite, wurtzite, CsCl, NiAs, GeP, BeO, 5-5 type of the 

polymorphs of ZnO respectively. Similarly, Gmax=16 a.u
-1

 

value was used for the Fourier expanded charge density 

for all polymorphs of the ZnO investigated in this study. 

For the band structure calculations, 1000 k-points were 

used to perform integration over the whole irreducible 

Brillouin zone. To separate the core states from the 

valence states, cutoff energy value equal to -6.0 Ryd was 

set. By using the above-said parameters, convergence 

criteria of 10
-5

 Ryd were attained for energy eigenvalues 

per unit cell in our self-consistent calculations. As TB-

mBJ potential is reported to be more appropriate for 

insulators as well as semiconductors, therefore in addition 

to PBE-GGA, a combination of PBE-GGA & TB-mBJ 

exchange-correlation potential is also employed to 

calculate more accurate results of electronic bandgap 

values to achieve reliable results for thermoelectric 

properties as well [3, 25-27, 31, 34-51]. 

We have used the electronic band structure results 

which were obtained by using the above-described 

computational details to calculate the thermoelectric 

properties like thermal conductivity per relaxation time 

(κ/τ), electrical conductivity per relaxation time (σ/τ), 

Seebeck coefficients (S),  and power factor (P.F) for 

sphalerite, wurtzite, CsCl, NiAs, GeP, BeO, 5-5 type of the 

polymorphs of ZnO.  These thermoelectric properties have 

been determined by employing semi-classical Boltzmann 

transport theory implemented in the BoltzTraP code [33]. 

Equations (2) and (3) can be used to determine the 

thermoelectric coefficients, for instance, electrical 

conductivity (σαβ) and Seebeck coefficient (Sαβ) as a 

function of temperature (T) and chemical potential (μ), 
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where the symbols α and β represent to the cartesian 

indexing and “  ”, “ ” and “e” are used Fermi Dirac 

distribution function for the charge carriers, unit cell 

volume, and electronic charge respectively. In Equation 

(2) and (3), the term ∑ ( )    is used for the transport 

distribution function for projected energy and can be said 

to be a key term of the Equation (2) and (3). ∑ ( )    can 

be written as followed: 

 

∑ ( )    
  

 
∑    (   )  (   ) (      )         (4) 

 

where “N”, “i”, “k”, “ ” and   (   )  
 

 

     

   
 in equation 

(4) has been used for the total numbers of k-points taken to 

perform integration over the Brillouin Zone (BZ), band 

index, wave vector,  relaxation time, and group velocity 

respectively. In this approach of calculations, the 

thermoelectric parameters such as power factor (S
2
σ/ ), 

thermal conductivity(κ/τ) and electrical conductivity (σ/ ) 
are determined with respect to relaxation time [7, 52]. 

 

 

3. Results and discussion 
 

The crystal structures and the band structure diagrams 

for sphalerite, wurtzite, CsCl, NiAs, GeP, BeO, 5-5 type of 
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the ZnO polymorphs along with energy bandgap values 

are available in the supplementary material. It can be seen 

from figure. S2 that sphalerite, wurtzite, NiAs, BeO, and 5-

5 type structures have direct bandgap with band gap 

energies 2.670 eV, 2.901 eV, 2.986 eV, 3.04 eV, 3.127 eV 

whereas GeP and CsCl type exhibit indirect bandgap with 

a bandgap of 2.648 eV and 1.853 eV. In thermoelectric 

properties, we have calculated the thermal conductivity 

(κ), electrical conductivity (σ/τ), Seebeck coefficients (S), 

and power factor (P.F) against chemical potential and 

temperature. First, we will discuss the thermoelectric 

properties vs. the chemical potential at room temperature 

(300 K) and then vs. temperature in the range of 0-1000 K. 

The electrical conductivity of a material is 

straightforwardly related to size and the nature of the 

electronic bandgap energy of the material. The electrical 

conductivities (σ/τ), and the onset of σ/τ against chemical 

potential ( (  )) for sphalerite, wurtzite, CsCl, NiAs, 

GeP, BeO, 5-5 types of the polymorphs of ZnO at room 

temperature (300K) have been presented in Fig. 1 (a) 

respectively. The chemical potential has been set at 0 eV 

as denoted by the dotted line in Fig. 1. The positive values 

of  (  ) represent the n-type (electron excess region) 

while -ve values reflect the p-type region (the region with 

an excess of the hole). 

In Fig. 1 (a), the onset of σ/τ for n-type doping occurs 

at 3.2 eV for wurtzite, 2.8 eV for sphalerite, 2.6 eV for 

GeP type, 3.5 eV for 5-5 type, 3.4 eV for NiAs, 3.3 eV for 

BeO type and 1.81 eV for CsCl type of ZnO polymorphs 

and the results are found in good agreement with their 

electronic band gap values presented in Table S1 of 

supplementary material. The σ/τ of wurtzite, sphalerite, 

NiAs, GeP, and BeO types of ZnO polymorphs have been 

found larger for n-type doping whereas CsCl- and 5-5- 

types polymorph of ZnO exhibited higher σ/τ for p-type 

doping. This indicates the n-type nature of wurtzite, 

sphalerite, NiAs, GeP, and BeO types of ZnO polymorphs 

and p-type nature of CsCl- and 5-5- types of ZnO. The n-

type nature of ZnO in the wurtzite phase has also been 

reported in the literature [53, 54]. The obtained results for 

the maximum values of σ/τ and the corresponding 

chemical potential values for sphalerite wurtzite, CsCl, 

NiAs, GeP, BeO, and 5-5 type polymorphs of ZnO are 

tabulated in Table 1. In all the above-mentioned 

polymorphs of the ZnO, the GeP type of ZnO showed 

larger electrical conductivity due to the smaller bandgap. 

 

       
 

Fig. 1. σ/τ (a) and κ /τ (b) for wurtzite type, sphalerite type,  

GeP type, 5-5 type, NiAs type, BeO type and CsCl type ZnO 

polymorphs against chemical potential (μ) (color online) 

 

 

The thermal conductivities (κ/τ) against chemical 

potential ( (  )) for sphalerite wurtzite, CsCl, NiAs, GeP, 

BeO, and 5-5 type polymorphs of ZnO at room 

temperature (300K) have been shown in Fig. 1(b). The 

dependence of the thermal conductivities on the chemical 

potential is the same as the σ/τ due to the equally 

dependence on the charge carriers. Similar to the σ/τ, the 

CsCl- and 5-5- types of ZnO type polymorph of ZnO 

exhibits larger κ /τ for p-type doping. Similarly, the NiAs 

type of ZnO exhibited larger κ /τ for p-type doping than n-

type. Whereas larger values of κ /τ for the wurtzite, CsCl, 

GeP, BeO, and 5-5 type polymorphs of ZnO were 

recorded for their n-type doping than p-type. The 

maximum values of κ /τ and corresponding doping level 

determined for the sphalerite, wurtzite, CsCl, NiAs, GeP, 

BeO, and 5-5 type polymorphs of ZnO are tabulated in 

Table 1. 
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Table 1. The maximum values of  /  and κ /τ and corresponding  chemical potentials, as well as the  /  and κ /τ calculated  

over Fermi level for sphalerite, wurtzite, CsCl, NiAs, GeP, BeO and 5-5 type polymorphs of ZnO 

 

Prototype of ZnO 

Electrical conductivity (σ/τ)  Thermal conductivity (κ/τ) 

σmax/τ 

(× 10
20
/Ωms) 

μ (eV) 
σ/τ (× 10

20
/Ωms) 

at Fermi level 

κ max/τ 

(× 10
15

 W/mKs) 
μ (eV) 

κ /τ (×10
15

 W/mKs) 

at Fermi level 

Wurtzite 7.13 6.64 5.49 5.22 6.71 3.92 

Sphalerite 9.49 7.16 6.50 6.49 7.48 4.72 

GeP 9.82 7.39 0.14 7.17 7.35 0.22 

5-5 5.88  -2.79 0.11 4.25 -2.37 0.20 

NiAs 7.60 6.54 0.02 9.96 -2.58 0.09 

BeO 4.93 6.97 0.02 3.67 6.18 0.03 

CsCl 8.10 -1.99 0.60 7.25 -2.81 0.70 

  
 

Fig. 2 represents the Seebeck coefficients vs. chemical 

potential ( (  )) for sphalerite, wurtzite, CsCl, NiAs, 

GeP, BeO, and 5-5 type polymorphs of ZnO at room 

temperature (300 K). The Seebeck effect occurs due to the 

temperature gradient between two points of a conductor 

which generates the electric voltage. The efficiency of the 

generated electric voltage due to the temperature gradient 

is known as the Seebeck coefficient [55].  

 

 
 

Fig. 2. Seebeck coefficients of wurtzite type, sphalerite 

type, GeP type, 5-5 type, NiAs type, BeO type, and CsCl 

type  ZnO polymorphs against  chemical potential  (μ)  

                                 (color online) 

 

It is clear from Fig. 2 that the considered polymorphs 

mostly exhibit a relatively larger Seebeck coefficient in n-

type doping. The maximum peak values of sphalerite, 

wurtzite, CsCl, NiAs, GeP, BeO and 5-5 type polymorphs 

of ZnO has been recorded as 2950 μK/V, 2950 μK/V, 2220 

μK/V, 3000 μK/V, 3020 μK/V, 2830 μK/V and 3020 μK/V 

respectively. These calculated Seebeck coefficients are 

relatively larger than 2390.20 μV/K reported for wurtzite 

ZnO at 250 K  [56]. The observed difference between the 

calculated Seebeck coefficients with that of the available 

literature can be attributed to the difference in the adopted 

methodologies.   

It has been recorded that CsCl type polymorph 

exhibits a relatively smaller Seebeck coefficient value than 

the other polymorphs of ZnO. This can be attributed to the 

relatively larger σ/τ which confirms the inverse relation 

between electrical conductivity and Seebeck coefficient. 

The power factors (P.F) against the chemical potential 

for sphalerite, wurtzite, CsCl, NiAs, GeP, BeO and 5-5 

type polymorphs of ZnO at room temperature (300 K) are 

calculated by using the following relation and shown in 

Fig. 3: 

      
 

 
                                  (5) 

 

It is clear from Equation (5) that the power factor 

depends on the Seebeck coefficient (S) and electrical 

conductivity (σ/τ). Thus larger Seebeck coefficient and 

larger electrical conductivity can enhance the power factor 

individually or collectively. It can be seen from Fig. 3 all 

polymorphs of ZnO demonstrate power factors peaks 

mainly for p-type doping. Hence the power factors of all 

these polymorphs can be enhanced by p-type doping.    
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Fig. 3. Power factors of wurtzite type, sphalerite type, GeP type, 5-5 type, NiAs type, BeO type, and CsCl types  

of ZnO against chemical potential (μ) (color online) 

 

 

The small peaks seen in the power factor for n-type 

doping for wurtzite and sphalerite types polymorphs of 

ZnO are the contribution of the σ/τ with the magnitudes of 

1.77 × 10
11

 μ W/cm K
2
s at 1.45 eV and 2.36 × 10

11
 μ 

W/cm K
2
s at 1.41 eV respectively.  In CsCl, NiAs, GeP, 

and 5-5 type polymorphs of ZnO, the maximum values of 

power factors (P.Fmax) occur at relatively low doping level 

whereas sphalerite, wurtzite, and BeO type of ZnO showed 

their maximum power factor values relatively at high 

doping level. The P.Fmax of sphalerite, wurtzite, CsCl, 

NiAs, GeP, BeO and 5-5 type of the polymorphs of ZnO 

and the corresponding values of chemical potential 

( (  )), electrical conductivities (σ/τ), and Seebeck 

coefficients (S) are listed in Table 2. 

 

 

Table 2. The maximum values of power factors (P.Fmax) and the corresponding values of chemical potential (μ), electrical  

conductivity (σ/τ), and Seebeck coefficient (S) for sphalerite, wurtzite, CsCl, NiAs, GeP, BeO and 5-5 type polymorphs of ZnO 

 

Prototype of ZnO 

P.Fmax 

(× 10
11

 μ W/ 

cm K
2
s) 

μ (eV) S (μK/V) 

 

σ/τ (× 

10
20
/Ωms) 

 

Wurtzite 7.01 -3.63 -1700 0.239 

Sphalerite 8.04 -2.11 -1800 0.234 

GeP 4.97 -0.002 1600 0.172 

5-5 5.31 -0.03 1300 0.278 

NiAs 4.90 -0.08 1300 0.286 

BeO 2.28 -3.04 -50 0.802 

CsCl 11.7 -0.003 -90 0.688 
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Table 2 shows the largest power factor value for the 

CsCl polymorph of ZnO due to the corresponding high 

value of σ/τ while the BeO type polymorph of ZnO 

exhibits relatively smaller power factor owing to the fact 

of the smaller value of the Seebeck coefficient 

correspondingly.  

In the rest of the part of this article, we discuss the 

effect of temperature on σ/τ, thermal conductivities, 

Seebeck coefficient, and power factor of sphalerite, 

wurtzite, CsCl, NiAs, GeP, BeO, 5-5 type of the 

polymorphs of ZnO over Fermi level. Fig. 4(a) represents 

the σ/τ vs. temperature for sphalerite, wurtzite, CsCl, NiAs, 

GeP, BeO, 5-5 polymorphs of ZnO. The wurtzite type 

CsCl polymorphs exhibit more sensitivity to the 

temperature gradient. It is recorded that the wurtzite type 

polymorph of ZnO displays highest σ/τ of magnitude 5.53 

× 10
20
/Ωms at less than room temperature which is 

decreasing with an increase in temperature. The sphalerite 

type, NiAs type, and BeO type polymorphs demonstrate 

insignificant increment in σ/τ with the increase in the 

temperature and the maximum values of σ/τ have been 

found as 0.15 × 10
20
/Ωms, 0.13 × 10

20
/Ωms, and 0.07 × 

10
20
/Ωms at 1000 K. TheGeP type and 5-5 type 

polymorphs exhibit a minor increment with an increase in 

temperature; however, the increment is slightly larger than 

sphalerite type, NiAs type and BeO type polymorphs of 

ZnO. The maximum values of σ/τ for GeP type and 5-5 

type have been recorded as 0.40 × 10
20
/Ωms and 0.47 × 

10
20
/Ωms respectively at 1000K. 

The σ/τ of CsCl type polymorph shows relatively 

better increment as compared to sphalerite, NiAs, GeP, 

BeO and 5-5 types ZnO polymorphs with the increase in 

temperature and the maximum value is recorded as 1.17 × 

10
20
/Ωms at the highest temperature. Fig. 4(b) depicts the 

κ/τ against temperature for sphalerite, wurtzite, CsCl, 

NiAs, GeP, BeO, 5-5 types polymorphs of ZnO for fixed 

chemical potential (Fermi level). From Figure.7, it is clear 

that wurtzite type polymorph has a rapid increase in κ/τ 

with the increase in temperature. NiAs and BeO type’s 

polymorphs of ZnO have a very small effect on their 

thermal conductivities with the increase in temperatures. 

Similarly, sphalerite, GeP, and 5-5 types ZnO polymorphs 

also have a minor increment in κ/τ after 500 K. The κ /τ of 

the CsCl type polymorph is found to increase gradually 

with an increase in temperature.  

 

 

 

Fig. 4. σ/τ(a), κ/τ (b), Seebeck coefficient (c), and P.F (d) results for sphalerite, wurtzite, CsCl, NiAs, GeP, BeO,  

5-5 type of the polymorphs of ZnO against temperature (K) (color online) 
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Fig. 4(c) shows the Seebeck coefficients (S) vs. 

temperature for sphalerite, wurtzite, CsCl, NiAs, GeP, 

BeO, 5-5 type of the polymorphs of ZnO. The wurtzite 

type polymorph of ZnO is showing a very small increment 

in the results of Seebeck coefficient with increasing 

temperature. The Seebeck coefficient of sphalerite type 

polymorph is found increasing below room temperature 

(300 K) but above room temperature, Seebeck coefficient 

values seem to be constant. On the other hand, CsCl, GeP, 

BeO, and 5-5 type’s polymorphs have been found to 

experiencing a significant increase in the Seebeck 

coefficient below room temperature. Beyond room 

temperature, the increment in Seebeck coefficient is found 

gradually rising with increasing temperature for BeO type 

polymorph whereas for CsCl and GeP types show small 

increment in Seebeck coefficient beyond 300 K. The 

Seebeck coefficient of 5-5 type polymorph is increasing 

with the increase in temperature and it reaches a maximum 

value at 600 K and after 600 K, Seebeck coefficient is 

decreasing with increase in temperature. For the case of 

NiAs type, the Seebeck coefficient has been recorded to be 

decreased rapidly with an increase in temperature. 

The effect of the temperature on the power factors of 

sphalerite, wurtzite, CsCl, NiAs, GeP, BeO, 5-5 type of the 

polymorphs of ZnO has been presented in Fig. 4(d). It can 

be seen clearly from Fig. 4(d) that wurtzite type 

polymorph has no effect of temperature on its power 

factor. It is recorded that above 450 K, wurtzite type 

polymorph has an extremely small increase in the order of 

0.01 × 10
12 

μW/cmK
2
s. This indicates that an increase in 

temperature does not affect the efficiency of wurtzite 

structured ZnO. Similarly, NiAs type polymorph has a 

small increment of power factor with an increase in 

temperature.
 
Sphalerite type and BeO type polymorphs 

show a small increment in the results of the power factor 

above 300K and below it. Overall, it is increasing with the 

increase in temperature.
 

GeP type and 5-5 type 

polymorphs of ZnO have a significant increment with 

increasing temperature even below the room temperature. 

However, a rapid increase in the power factor of CsCl has 

been observed with an increase in temperature. 

 

 

4. Conclusion 
 

In summary, we have presented the DFT based study 

of the thermoelectric properties for the sphalerite, 

wurtzite, CsCl, NiAs, GeP, BeO, 5-5 types polymorphs of 

ZnO by employing the semi-classical Boltzmann transport 

theory and DFT approaches. The thermoelectric 

coefficients of the thermal conductivity (κ/τ), electrical 

conductivity (σ/τ), power factor (P.F), and Seebeck 

coefficient (S) parameter for the sphalerite, wurtzite, CsCl, 

NiAs, GeP, BeO and 5-5 types ZnO polymorphs were 

calculated as a function of chemical potential (at room 

temperature) and temperature (0 to 1000 K). Our 

calculations of σ/τ to relaxation time (σ/τ) revealed that 

wurtzite, CsCl, NiAs, GeP, BeO and 5-5 types polymorphs 

exhibited larger σ/τ for p-type doping whereas the 

sphalerite type polymorph of ZnO showed larger σ/τ for n-

type doping. With the increase in temperature, σ/τ of 

wurtzite ZnO was decreasing whereas the other 

polymorphs of ZnO exhibited increment in σ/τ with an 

increase in temperature. Similar to the σ/τ, the sphalerite 

polymorph has been recorded to exhibit larger thermal 

conductivity (κ/τ) for n-type doping whereas κ/τ results for 

wurtzite, CsCl, NiAs, GeP, BeO and 5-5 types polymorphs 

showed higher values for p-type doping. The calculations 

of Seebeck coefficients at room temperature showed that 

the considered polymorphs mostly exhibited the Seebeck 

coefficient in n-type doping. Only wurtzite type and 

sphalerite type structures of ZnO showed small peaks of 

the Seebeck coefficient in p-type doping. This study 

reveals that these new polymorphs of ZnO exhibit large 

power factor values and have great potential to be used as 

the thermoelectric materials.  
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