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Abstract: Thermal properties of materials were obtained by molecular dynamics (MD) simulation method. The thermal properties 
were consisting of linear thermal expansion coefficient, heat capacity and thermal conductivity. In this study, we investigated the 
thermal conductivity in the temperature range of 300-2,000 K for MgO and 300-800 K for PbTe at below melting points at which the 
temperatures and pressures were controlled. The interatomic interaction used the Lenard-Jone potential into pair ions. The atom 
velocities were calculated by Verlet algorithm. The potential parameters were added for Bushing-Ida function for the investigation of 
two body potential. The systems of 4 × 4 × 4 cells on 512 ions (256 cations and 256 anions) were performed for MgO and PbTe. We 
obtained the simulated values of the linear thermal expansion coefficient which have not been experimentally measured, where the 
thermal conductivity of MgO and PbTe have been evaluated on only phonon contribution together with literature data.  
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1. Introduction  

The thermal conductivity is very important for 
material application at a high temperature. However, it 
is difficult to measure. In this study, molecular 
dynamics simulation method [1] is proposed to be an 
appropriate method for thermal property study, 
particularly for the thermal conductivity. Magnesium 
oxide (MgO) is mantle earth and NaCl structure type, 
the researchers are interested and had many 
investigated methods to physical properties at high 
temperature and high pressure, particularly the thermal 
conductivity is decreased from 30 Wm-1K-1 at room 
temperature to 8 Wm-1K-1 at high temperature [2]. The 
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MgO has thermal and electrical insulating properties 
with its cubic structure. Interatomic interaction at high 
temperature with add-on particle position and phonon 
vibration using MD has been demonstrated [3, 4]. Lead 
tellulide (PbTe) is a thermoelectric material with a 
maximum dimensionless figure of merit (ZT) in 
temperature range of 600-700 K [5] and a low thermal 
conductivity [6]. In this study, the interested difference 
of thermal conductivity of MgO and PbTe at varies 
temperature. The thermal conductivity and electrical 
conductivity were calculated using Wiedemann-Frantz 
law. The thermal conductivity reduction decreased the 
mean free path of phonon following the lattice thermal  
conductivity ( latκ ) given by,  

3lat PC lκ ν=  
where VC  is the specific heat capacity, ν is the average 
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phonon velocity, l means free path of phonon [7, 8]. 
The thermal conductivity is effected by free electron 
and lattice vibration. In this study, we investigated the 
thermal conductivity from phonon contribution 
affected by the number of particles, pressure, and 
temperature at a constant volume of MgO and PbTe by 
MD simulation. 

2. MD Processes 

In the MD simulation, the partial ionic model with 
Lenard-Jone potential into pair ions is used. The 
simulation was carried out by MXDORTO program [9]. 
The Verlet’s algorithm integrated the atom motion and 
velocity integration on time per step 2 × 10-15 s. was 
used. The EMD simulation used a controlled 
temperature range of 300-2,000 K and controlled 
pressure at 0.1 MPa, 0.75 and 1.5 GPa. The desirable 
temperature and pressure made at 10,000 steps at 
equilibrium for lattice parameter into linear thermal 
expansion coefficient study. The interatomic 
interaction of many atoms has expressed the potential 
summation with ij being ion pairs and ijk  being ion 
i , j  and k , respectively. 

( ) ( ) ( ) ( )    ij ijk ijkl
ij ijk ijkl

U r U r U r U r ...= + + +∑ ∑ ∑ (1) 

In this study, the potential parameters were 
determined by the lattice parameters fit to the 
experimental data of materials. The parameters add-on 
Bushing-Ida function [10] was used for the 
investigation of the interaction of 2 body potential. 

( ) ( )
2

0 6     expi j i j ij i j
ij ij i j

ij i j ij

z z e a a r c c
U r f b b

r b b r
+ − 

= + + − + 

( ){ 2  ij ij ij ij     D exp β r r ∗ + − −   

( ) }2  ij ij ijexp β r r ∗ − − −     (2) 

where zi and zj are the effective partial electronic charges 
on the i  and j  ion, e is the electric charge, ijr is the 

atom distance, ijr∗ is the bond length of anion-cation 
pairs in vacuum, 0f = 4.186; ijD and ijβ  are the depth 
and shape of this potential. In this function, the first 
term is coulomb interaction, the second term is the 
short range repulsive potential, ia  and ja are the radii, 

ib and jb are hardness, ic  and ic  are Van Der Waals 
constant of ions i  and j respectively. The third term 
is represented by the Van Der Waals interaction which 
arises from dipole and the last term is the Morse type 
potential [11]. The potential parameter of Mg2+, O2− 

and Pb4+, Te2− in this study are shown in Table 1. Since 
the lattice constant of MgO is about 4.207 Å [12] and 
the lattice constant of PbTe is about 6.462 Å [13]with 
cubic structure, the unit cell was arranged at 4 × 4 × 4, 
composed of 512 ions (216 cations and 216 anions) 
and controlled at constant pressure at 0.1 MPa with 
varying temperature. From this MD simulation, the 
lattice parameter of MgO about 4.212 Å and PbTe 
about 6.455 Å at 300 K were obtained as shown in Fig. 
1 and Fig. 2 together with Ref. [13-15]. The lattice 
parameter increases with increasing temperature 
according to Vegard’s law, because the lattice 
parameter of PbTe is larger than the lattice parameter 
of MgO. The lattice parameter slightly increases with 
an increase in temperature and the lattice parameter 
increases with increasing pressure from 0.001, 0.75 to 
1.5 GPa. The potential parameter with add-on 
potential function indicates that the lattice parameter 
increases with an increase in temperature. 

3. Results and Discussion 

3.1 Linear Thermal Expansion Coefficient 

The variation of lattice parameter with temperature 
was calculated for  the  linear  thermal  expansion 

 

Table 1  The potential parameters table for MD simulation in this study. 
Ions z a b c pairs Dij βij rij 
O −1.2 1.813 0.142 21.00 O-Mg 10.0 1.76 1.938 
Mg 1.5 1.320 0.142 0.00 
Te −1.2 2.038 0.080 0.00 

Te-Pb 13.0 1.56 2.339 
Pb 2.4 1.728 0.080 0.00 
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Fig. 1  Lattice parameter of MgO at temperature range of 
300-2,000 K together with values from Ref. [13, 14]. 
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Fig. 2  Lattice parameter of PbTe at temperature range 
300-1,000 K together with Ref. values [15]. 

coefficient ( linα ) due to the heat initiated by the 

lattice expansion that effects an interatomic distance 
average with temperature, following linα  equation 

which is relative to lattice parameter values. 
( ) ( )[ ]0      1   lina T a T Tα= +        (3) 

( )
( )

0

1
     lin

P

a T
Ta T

α
∂ =  ∂ 

       (4) 

a(T) is the lattice parameter at temperature T(K), a(P) 
is lattice parameter at pressure P(Pa), T0 is room 
temperature. The MD result showed that the linear 
thermal expansion coefficient increased with 
increasing temperature. The MD simulation results are 
shown in Fig. 3 and Fig. 4. The linα of MgO increases 

with increasing temperature from 8.5 × 10-6 K-1 to 
12.07 × 10-6 K-1 at 400-1,500 K and the    values of 
PbTe increases with increasing temperature from 
10.74 × 10-6 K-1 to 11.24 × 10-6 K-1 at 400-800 K. The 
 of PbTe is different from the of MgO due to 
the lattice parameter of PbTe is much more than MgO. 

3.2 Heat Capacity 

The interatomic interaction of 2-body potential 
initiated the internal energy E(T) at temperature T 
which can determine heat capacity at a constant volume 
(CV) with temperature following   
   

 
Fig. 3  Linear thermal expansion coefficient via 
temperature range of 300-2,000 K of MgO. 
 
 

 
Fig. 4  Linear thermal expansion coefficient via 
temperature range of 400-800 K of PbTe. 
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V

V T
TE

    C 







∂
∂

=   
         

(5) 

The lattice vibrates due to heat transfer. The average 
interatomic distance average raises. The heatcapacity  
of lattice dilation ( dC ) follows 

( )2
3

    d

V TlinC    β
α

=
       

 (6) 

Where β  is compressibility, V  is molar volume, 
and heat capacity at constant pressure ( )CP  which is 
estimated by 

  P V d elC C C C= + +           (7) 

where elC  is the heat capacity of the electronic 
conduction term which is neglected since some value in 

elC term could not be calculated in this study. Then we 
calculated VC  and dC  using the MD simulation. The 

PC values of MgO increase with the temperature 
increasing until about 800 K, which is in agreement 
with literature data [16-18] as shown in Fig. 5. The 
calculation of PbTe was shown in Fig. 6 with Ref. [19]. 
The PC  increases with increasing temperature below 
literature data at low temperature and according at high 
temperature because PC had been related between VC
and 

dC . Therefore, the PC of PbTe had tendency in 
agreement with literature at high temperatures. 
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Fig. 5  Heat capacity at constant pressure of MgO via 
temperature range of 300-2,000 K with Ref. [16-18]. 

300 400 500 600 700 800 900 1000 1100
0

10

20

30

40

50

60

70

H
ea

t c
ap

ac
ity

 a
t c

on
st

an
t p

re
ss

ur
e 

(J
m

ol
-1
K-1

)

Temperature  (K)

 This study of PbTe
 A.S. Pashinkin et al., 2009. [19]

 
Fig. 6  Heat capacity at constant pressure of PbTe via 
temperature range of 300-800 K with Ref. [19]. 
 

3.3 Thermal Conductivity 

The thermal conductivity was investigated from MD 
simulation which could be calculated by the 
autocorrelation function of energy current and 
expressed with statistical mechanics by Green-Kubo 
relation for thermal conductivity [20] following  

( ) ( )2
0

 . 0  
3l

B

V
        S t S dt

k T
κ

∞

= ∫        (8) 

where lκ is the thermal conductivity of lattice 
contribution, ( )tS is the energy current for MD 
simulation, Bk is Boltzmann constant, V is volume, 
T is absolute temperature, the energy current used the 
following equations, 

( ) ( )1 1 
2j j ij ij j

j j i j
S t    E v r f .v

V ≠

 
= + 

 
∑ ∑∑ (9) 

( ) av
ji

ijijjjj ErUvm     E −








+= ∑
≠2

1
2
1 2 (10) 

where KE is instantaneous excess energy of ion j , mj, vj 

are mass and velocity of ion j , fij, rij, U(rij) are force, 
interatomic distance, potential energy between i , j 
ions and avE is the energy average of system. The 
autocorrelation function of energy current was 
calculated  with 1 × 105 steps [21]. They  have  been  
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Fig. 7  Thermal conductivity of MgO via temperature range of 300-2,000 K together with Ref. [23-28]. 
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Fig. 8  Thermal conductivity of PbTe in temperature range of 300-800 K together with Ref. [29-31]. 
 

calculated from the relaxation time of the energy and 
current between ( )tS  and ( )0S  would approach 
amean value of thermal conductivity at temperature of 
MD simulation [22]. In this study, the thermal 
conductivity by MD simulation is obtained from lattice 
vibration and electron conduction. The thermal 
conductivity of MgO is shown in Fig. 7. The thermal 
conductivity is about 53 Wm-1K-1 at 270 K and 
decreases with increasing temperature in agreement 
with literature data above 500 K. The thermal 

conductivity of PbTe decreased from 2.3 Wm-1K-1 at 
300 K to 0.87 Wm-1K-1 at 800 K, as shown in Fig. 8, 
with differential literature data at low temperature, in 
addition to the lκ values of PbTe decreases with 
increasing temperature. It is very interesting for 
thermoelectric material application. The thermal 
conductivity at high temperature would decrease, 
because electron mobility was obstructed from 
phonon-phonon interaction. Deflect of atoms affects 
the thermal conductivity and electron conductivity, 
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hence, they had low values at high temperature. 
Therefore, MD simulation can be used to calculate the 
thermal conductivity of MgO and PbTe at room 
temperature to high temperatures. 

4. Conclusions 

The simulated thermal properties of MgO and PbTe 
composing of lattice parameter and linear thermal 
expansion coefficient and heat capacity have been 
found to increase with increasing temperature and the 
thermal conductivity of MgO and PbTe decrease with 
increasing temperature in agreement with literature. 
Therefore, MD simulation can be used to evaluate the 
thermal properties of materials from low to high 
temperature. 
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