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Predication of Thermal Conductivity of Mg2X
(X : Ge and Sn) by Molecular Dynamics
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Thailand
3Faculty of Industrial Techonology, Sakon Narhon Rajabhat University. 680
Nittayo Road. Mueang District, sakon Nakhon,  7ao},Thailand

Molecular dynamics (MD) simutations of elastic arui thennal properties of Mg2X (X :
Ge arul Sn) based on anti-fluorite structure (CaF) at temperatur" ,r,rgi 300-200 K
were presented. The MD simulation in this study involving the Morse-type potential
functions, and the Busing-Ida potential to detennine the interatomic htteraction sy1ong
cluster atoms sile 4x4x4 unit cells-of 76g atoms {512-tu1g12r,256_(Ge, S"pr-i.
The potential parcuneter functions of the cluster atoms were indicated by random nu-
merical m.ethod and fit lattice pctrameter from the experimental data obtained at room
temPerature. The calculation of lattice pararnete\ pressure, temperature and energy
contributes to evaluation of the elastic properties. The results shiwed that Mg2Ge hacl
better elasticity than Mg2Sn. On the other hand, Mg2Sn had less thetmal coiiuctivtty
than Mg2Ge. Since thermal conductitity d.ecreases iith increctsing temperatut-e, the in-
terestirtg.feature of thermal conductivity is particulary useful to eihanc'e thennoelectric
p e rforman c e of mate ials.

Keywords Moleculardynamics; Mg2Sn; MgzGe;thermal properlies;elastic properties

1. Introduction

Mgrx (X : Ge, Sn) compounds based on anti-fluorite (caF2) type structure are p-type
thermoelectric (TE) matedals. In general, good TE properties have large Seebeck coetfi-
cient, high electrical conductivity, and low thermal conductivity t1-41. The composition
element of Mg2Ge and Mg2Sn are green TE materials [1], and are in the intereit of re-
searchers to further study on TE properties. in addition, the height pressure behaviours of
Mg2Ge and Mg2Sn are isostructure alkali-metal oxide LizO [5] and anti-fluorite type
which can be assimilated to perfect crystal structure [6]. However, elastic properties, which
is composed of low thermal expansion coetficient, high hardness, low compressibility.

Rcceived I)cccmbcr 22,2014; in tinal lbrm May 22,2015"*Correspondin g author. Email t_seefwan @ snru. ac.th
Color versions cf one or more of the figures in the article can be found online at
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Figure 1. (a) 1 unit cell and (b) 4 x 4 x 4 unit cells cf Mg2Ge and Mg2Sn for MD calculation.

high bnlk modulus, and high elastic modulus (Young's modulus), is also reported l7-121.
Thennal properries is given heat capacity, as defined by Dulong-Petit law at ternperature

more than 500 K for Mg2Ge and more than 400 K for Mg2Sn. Much studies also revea-l

that thermal conductivity of Mg2Ge and Mg2Sn decreased with increasing temperature is

a good behavior of TE rnaterials 16,8, 13-171. In addition, a study of TE properties can be

used computer simulation for determining before experiment. Recently, molecular dynam-

ics was used to explore thermal conductivity of Bi-doped PbTe thermoelectric material and

reported its success [1 8].
In this work, we focus on molecular dynamics study of the elastic properties and

thermal properties of Mg2X (X : Ge, Sn) to predict thermal conductivity.

2. Computational Details

The Mg2Ge and Mg2Sn of 768 atoms {5 l2-Mgt 2+, 256-(Ge, Sn)2'a-} were calculated

through the MD method as shown in Fig. l. The scaling method, Nose method [19] and

Andersen method [20] were used to control pressure and teniperature, and employed in
calculation process of the lattice parameter, heat capacity and thermal conductivity, as

shown in Table l.

Table I
Calculation conditions for MD method of IvIg2Ge and Mg2Sn
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System

Control
- Temperature
- Pressure

Number of steps

768 atoms (512 cations and 256 anions) Mg : 512, Ge,
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Scaling
100,000
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The MD process calculatcrd the atorn positions and volecities from Newton equation
of motion through Verlet's algorithm [21 ], and measured the running time per rt"p ui 2.0 *
l0- ls s. Ewald's summatir;n [22] evaluated the total internal energy base on MXDORTO
program 1231, as described by equations below;
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whereas, i,m,V,lJ(rt,...,t-N),EK,u,U,i, j and&wereforce,mass,position,potential
function for N atoms, kinetic energy, volocity, and potentiai energy and atom oi i,7 and
k, respectively. To determine the potential function U (r) for interatomic interaction, this
work employed the }rlorse-type L241, and the Busing-Ida potentail functions[25];

__ ^2
uiit;) : T: + -fo@i + b j)"*p (! *a; -r;;\

b,+b, )bi*bi
_cicj

rfi

+ Dij lexpf-zpi1?ii - ri)] - Zexpl-fr,11r,, - ,;)]l fsi
whereas, .fs is repulsion betaween atom in vacuum:4.186, z, *d ziarethe effective
partial electronic charges on the z'r' and T'n ions. r;; is the inter-atomi" di.tun"", r,i. is the
bond length of the cation-anion pair in vacuum. a, b andc are the characteristic para'meters
depending on the ion species. The potential function, Dii and fi;, describes the depth and
shape of this potential, respectively. The first terrn describes the Coulomb interactions and
denotes core repulsions for the secound term. The third term is a Morse-type that applied
only to cation-anion pairs.

3. Results and Discussion

3.7 Structure Expansion

The structure expansion was described by lattice parameter, linear thermal expansion
coefficient (c7;,) and mean square displacement (MSD), as shown in Figs. 2, 3 and 4.
The lattice parameters were calculated by MD method, and fit to literature data[ZG2Bf at
room temperature.

The c1;,, had similar results as s. Ganeshan [9] and H. wang [8] studies which was
different about6To for Mg2Sn and 4Vo for Mg2Ge. In this study, the lattice parameters were
expanded and atoms in the structure which increased the area of vibraion with increasing
temperature. The structure of Mg2Sn was larger and expanded better than Mg2Ge. The
linear thermal expansion coefficient and mean square displacernent could be analyzed by
following equations;

#( ')

a(T) - a(To

l)ii
- rtt;--- - i : 1, ..., N

rJ t.

_ _ i)U (rr, ..., rx)
dVi
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Figure 2. Latice paramerers of Mg2Ge and Mg2Sn at various temperatures.

MSD : (t'tr) - ,(0)12) : \r()2) * r(0) - 2r{0:) (r(r))

where u1in, a(T), To, Po, r(l) and r(0) were linear thermal expansion coefficienf, lattice
parametei'at temperature I(K), room temperature, atmclspheric pressure, dispiacement at

dme r and displacement at initial time, respectively.

3.2 Elastic Properties

The elastic properties, comprising compressibility (B), bulk modulus (B), stress (z), strain
(e) and Young's modulus (Ey), were analyzed by lattice parameter at 0.0001,0.75 and 1.5
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Figure 4. Mean square displacement of Mg2Geand Mg2Sn at various temperatures.

GPa and temperature range 300-700 K, as following equations;
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where fr, a(P'), B, t, F, A0, t, I and Ey involverJ compressibility, lattice parameter at
pressure P(Pa), bulk modulus, stress, strain, action force, based area, length of cluster and
Young's modulus, respectively.

The linear compressibility (frti) compared with the volume compressibility (fi,,1) l7l,
was restllted from the compressibility, which was analyzed though lattice parameter. In this
work, the linear compriessibility of Mg2Ge and Mg2Sn were different from the reference
data about 9Vo and that of Mg2Sn intersected with the reference data at temperature 500 K
as shown in Fig 5. The bulk modulus (B) was evaluated by inverse of f and good agrees with
the results of H. Wang [8] and S. Ganeshan [9] as shown in Fig. 6. From rhe comprssibility
and bulk modulus showed that Mg2Ge had a resist of pressing better than Mg2Sn. The stress
(r) and strian (e) of Mg2Ge and Mg2Srr indicated Young's modulus as shown in Fig. 7. The
caiculation has shown that Mg2Ge had more stress than Mg2Sn. On the otherhand the strian
of Mg2Ge was less than Mg2Sn. The Young's modulus was compared with the results of S.
Ganeshan [9], shown in Fig. 8. From the foregoing, the Young's motlulus described Mg2Ge
which had better elasticity than Mg2Sn because bulk modulus and stress were greater but
less strain.
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3.3 Thermal Properties

T'he thermal properties were composed of heat capacity and thermal conductivity. The heat
capacity of lattice dilatational term (C6) was evaluateC by lauice parameter, uliyx and fr1i,.
The heat capacity at constant volume (Cy) was also evaluaied by gradient of the total
internal energy. In addition, the heat capaciry at constant pressure (Cp) was evaluated by
srtm of Cy and C6. The internal energy showed that Mg2Ge had energy less than Mg2Sn
due to the MSD of Mg2Ge was less than Mg2Sn. In Fig. 10 the heat capacity was compared
with the results of S. Ganeshan [9], H. Wang [8], L. Na-Na [15] and also shows that heat
capacity of Mg2Ge less than Mg2Sn. The heat capacity of Mg2Ge agreed with the result
data [8, l3] at temperature 300-550 K. ThusCy was in a constant-rate at 650 K which was
agreed with Dulong-Petit law. The Cyof Mg2Sn showed a good agreement with the result
data [8], and Dulong-Petit law at temperature 600 K. The relationship of temperature to
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heat capacity for Mg2Ge and Mg2Sn can be evaluated by equations;
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where Ca, V,n(T'), Cv, E(T) and Cp are heat capacity of lattice dilatational term, molar
volume at temperatttre I (K), heat capacity at volume constant, total internal energy an6
heat capacity at pressure, respectively.

The thermal conductivity (r) could be evaiuated by sum of electrical contribution
to thermal conductivity term (r,r), lattice contribution to thermal conductivity term (qn1)
and orther contribution to thermal conductivity term Kother. This MD resultpresents the
lattice contribution to thermal conductivity; hence K N Kht.The r1o7 was evaluated from
time integral of the heat flux auto-correlation funcrion (ACF), by using the Green-Kubo
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relation 1291, as shown in equations;

(16)

(17)

Ej: - Eou ( 18)

where Ktot, kB, y, S(t), E, m, u, ri j, fij, Uri ?,i) and Eou are lattice thermal conductivity,
Btlltzmann constant, volume, autmorrelation function, energy, mass, velocity, interatomic
distance between atom I and 7, force between atom i and 7, the Busing-Ida potential
between atom i and 7, and average energy of the system, respectively.

From the calculation, it was found that the relationship of 16, dependent ACF and
inverse temperature. ACF inverse of time (ps and dependent of temperatLlre, as shown in
Fig. t2 and l3). The thermal conductivity of Mg2Ge and Mg2sn have values 5.53 W m-l
K-1 and 3.37 W m-1 K-l at 300 K, which decrease to 1.78 W m- j K- I and 1.44W m-l K-l
at 700 K, respectively. Mg2Sn is more interesting to enhance thermoelectric performance
because it has thermal conductivity less than Mg2Ge. The lattice thermal conductivity (rctnt)
oi Mg2Ge and Mg2Sn were compared with the total thermal conductivity (rcto) 18,14,17,
301 as shown in Fig. 13. In addition, this Klsl wzs less than the reference data because the
reference shows total conductivity composing of orther contribution to thermal conductivity
term (rco1pr). However, the x1n1of Mg2Ge had a good agreement with M. Akasaka [14].

Kta,: #f ,ru,r,o,,r,
0

s(r) : + h Elui * :+n,,, (r,,,))
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4" Conclusion

Molecular dynamics was used to calculate lattice expansion, elastic and thermal properties
of MgzCe and Mg2Sn. The lattice expansion showed that Mg2Sn had stmcture, Iinear
expand and area of vibration better than Mg2Ge. The elastic properties showed that Mg2Ge
had better elasticity than Mg2Sn. Thermal prcperties reported that Mg2Sn had the heat
capacity, and the thermal conductivity better than MgzGe. This work found that Mg2Sn
was attractive for thermoelectric perforrnance snrdy. However, it should be further study
of clectrical properties for evaluating therrnoelectric properties to confirm materials betbre
experiment.
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