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We have chosen TeO and Te(OH)6 molecules for our study. The main goal of our

project is to find the formation energies of these two molecules. This work have been

divided into 4 parts: At the first step, the structure has been built, and convergence

tests have been done on structures. The second step is fully geometry optimization

to find the stress, total force, unit cell volume and shape, and total energy for

formation energy calculations. The third step is supercell size determination for

molecules and the modulus calculations have been done. Finally, in the fourth step,

these calculations have been repeated for a different molecule. These calculations

have been done by the Density Functional Theory (DFT) by the Quantum Espresso

(QEs) package.

I. INTRODUCTION

The electronic behavior, geometry opti-

mization, bulk modulus, and formation ener-

gies were calculated for two different TeO and

Te(OH)6 molecules. The main aim of this

paper is to calculate the formation energy of

different Te-O-H molecules to find the most

stable one. In this job we divided our calcula-

tion into 4 parts: At the first step, the struc-

ture has been built, and convergence tests

have been done on structures. The second

step is fully geometry optimization to find

the stress, total force, unit cell volume and

shape, and total energy for formation energy

calculations. The third step is supercell size

determination for molecules and the mod-

ulus calculations have been done. Finally,

in the fourth step, these calculations have

been repeated for a different molecule. These

calculations have been done by the Density

Functional Theory (DFT) by the Quantum

Espresso (QEs) package.

II. COMPUTATIONAL METHODS

Our DFT calculations were performed

with Quantum Espresso code. A Generalized

Gradient Approximation (GGA) exchange-

correlation functional with Perdew-Burke-

Ernzerhof (PBE) pseudo potential [ref :

10.1103/PhysRevB.50.17953 ] were used. For
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Te(OH)6, charge and potential kinetic cut off

energy is set to 90 Ry and 450 Ry, respec-

tively with a 4×4×4 Monkhorst-Pack grid for

Brillouin zone sampling. The full geometry

optimization has done so that the force con-

vergence acting on each atom was less than

meV/A.

III. RESULTS AND DISCUSSIONS

A. Convergence Testing

The results of the convergence testing of

Te(OH)6 molecules for ecutwfc is presented in

Fig. 1 and corresponding plot of the energy

for different ecutfc is shown in the Fig. 2.

FIG. 1. Convergence testing of ecutfc

From the total energy for different ecutwfc

value as shown from the Fig. 2 we can say

90 is a good choice for ecutwfc. After find

the value for ecutwfc we have to find the

good choice for ecutrho and for that we fixed

the value of ecutwfc and varied the value of

ecutrho with different multiplication factor

for ecutwfc. The multiplication factors were

FIG. 2. Energy vs ecutfc

varied from 2 to 9 as shown in the Fig. 2 and

we found that 5 is a good choice. Therefore,

we have chosen ecutrho as 450 for further cal-

culations. Corresponding results are shown

in the Fig. 3 and Fig. 4.

FIG. 3. Convergence testing of ecutrho

Finally we have plotted energy as function

of k points for Te(OH)6 molecules in the Fig.

6 and corresponding data are given in Fig. 5.

We found that 4 × 4 × 4 is a good choice for

k-mesh.

Therefore, from the convergence test we

can say ecutwfc = 90, ecutrho = 450 and k-
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FIG. 4. Energy vs ecutrho

FIG. 5. Convergence testing of k-points

mesh = 4 × 4 × 4 are good choice for the

Te(OH)6 molecule. But with these parame-

ters, pressure is not zero. So we have to find

the lattice parameters as well as positions of

each atoms with pressure zero, which is called

geometry optimization.

B. Geometry Optimization

Using the value of charge and potential ki-

netic cut off energy is set to 90 Ry and 450

Ry, respectively with a 4× 4× 4 Monkhorst-

Pack grid for Brillouin zone sampling for

Te(OH)6, we did geometry optimization. For

geometry optimization we have used bfgs dy-

namics and found the Cell parameters and

FIG. 6. Energy vs k-points

position of the atoms for relaxed condition

with zero pressure. Corresponding results are

given in Fig. 7 and Fig. 8.

FIG. 7. Cell parameters and position of the

atoms after geometry optimization

C. Cohesive Energy of Te(OH)6

Cohesive energy was calculated as shown

in the Fig. 9. Cohesive energy was found

-3.54486 eV per atom for Te(OH)6. To

calculate the cohesive energy we have first

calculated the total energy of the Te(OH)6
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FIG. 8. Pressure and forces after geometry op-

timization

molecule and then the energy for individual

single atoms.

FIG. 9. Calculation of cohesive energy for

Te(OH)6

D. Band Structure

We have calculated the band structure and

density of states for Te(OH)6 as shown in the

Fig. 10 and Fig. 11.

E. Convergence test of TeO6

After calculating the cohesive energy of

the Te(OH)6 molecule, our next target was

TeO6 molecule. Here also we follow the same

steps like convergence test to find proper val-

ues of ecutwfc, ecutrho and k-mesh.

We did convergence test for TeO6 simi-

larly as Te(OH)6 and we found Ecutfc = 90

FIG. 10. Band structure of Te(OH)6

FIG. 11. Calculated density states of Te(OH)6

Ecutrho = 450 and K −mesh = 4 × 4 × 4

F. Geometry Optimization of TeO6

The results of the geometry optimization

of TeO6 are shown in the Fig. 12 to Fig. 14

FIG. 12. Stress tensor and pressure of TeO6 after

geometry optimization



5

FIG. 13. Forces acting on each atom Te(OH)6

after geometry optimization

FIG. 14. Cell parameters and atomic position of

TeO6 after geometry optimization

Geometry optimization was done to find

the cell parameters and position of the

atoms in the TeO6 molecule for zero pres-

sure. Then we used those parameters

to find the energy of the TeO6 molecule.

G. Cohesive Energy of TeO6

Finally we have calculated the Cohesive

energy of TeO6 as shown in the Fig. 15.

To calculate the cohesive energy we have

first calculated the total energy of the TeO6

molecule and then same for the individual

single atoms.

FIG. 15. Calculation of cohesive energy TeO6

IV. CONCLUSIONS

We have calculated the formation energy

of Te(OH)6 and TeO6 molecules using DFT

calculation. We found that formation energy

of TeO6 and Te(OH)6 molecules for per atom

are -3.54486 eV and -1.9615103 eV respec-

tively.
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