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Abstract: The lattice thermal conductivity of Mg2Ge has been analyzed on the basis of the Awad's model in the temperature range (4800)K , In the analysis the phonon scattering from boundary, point defects, four and three-phonon (normal and umklapp ) processes
has been considered .Good agreement with the experimental results has been obtained.The study broached whipped to the contributions
of the transverse and longitudinal phonons in the total lattice thermal conductivity .
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1. Introduction
The lattice thermal conductivities of crystals are of practical
and theoretical importance. They are essential for the
reliability and performance of energy conversion
systems,thermal insulators and conductors, microdevices,
and microelectronic systems. For industrial applications,
lattice conductivity is often obtained by the measurements of
bulk crystals [1].Therefore The lattice thermal conductivities
of insulators and semiconductors have been studied by a
number of workers [1-4 ].
Mg2Ge is a semiconductor with a slightly smaller indirect
band gap of ( 0.57-0.74 ) eV , K. S. Dubey was used [5 ]
two-mode conduction, has been applied to explain the
phonon conductivity data of Mg2 Ge in the temperature
range ( 4-800) K. while A. H. Awad and K. S. Dubey [ 6
]have been analysed The lattice thermal conductivities of
Mg2Ge and Mg2Si in the temperature range ( 2-1000) K.
Recently Awad [7]has been successfully in the calculation
lattice thermal conductivity, by using dispersion relation of
monatomic and diatomic lattices, he has taken accounts both
of dispersion relation for sound phonons and nonequilibrium
distribution function consequent at interaction with the
nearest and all atoms. A lot of workers have been
successfully in using this model [7-9 ] in the calculation
lattice thermal conductivity for many of solids. The aim
study present is included by calculation lattice thermal
conductivity of Mg2Ge compound in the the temperatures
range (4-800 K),by using awad's relations of diatomic
lattices, the effect non equilibrium distribution function , as
examination importance The percentage of The contribution
of transverse longitudinal phonons in the lattice thermal
conductivity . Also we had done by the study Relaxation
rates of the phonon scattering as a function for the frequency
at constant temperature.

2. Theory
For treatment aberration magnitude on Distribution Function
and giving on equation is more accuracy and resilience in
calculation conductivity, Awad [7 ] used relations of
diatomic lattice by use Nonequilibrium Distribution Function
,Where the lattice thermal conductivity consists of two parts :
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the first one KT is attributed to the contribution of transverse
phonons, whereas the second part KL is due to the
contribution of longitudinal phonons, therefore the lattice
thermal conductivity has been written as[11 ]:
Ki = 2K T + KL
(1)
and K [7] is then given by:
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thermal conductivity. Circles represent experimental points[
5].
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Where, D is Debye temperature, M is mass of the first
atom, m is mass of the second mass , dimensionless variable
x ,the  are the relaxation times is then given by[10]:
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Where  is the value of the velocity , L is the characteristic
length, A is the point defect scattering strength and BH is the
four phonon scattering strength.
While Dubey[12 ] proposed an expression for the threephonon scattering relaxation rate

1
 3ph

, For the case of

transverse phonons, he assumed:
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and for longitudinal phonons



 31ph, L = BLN , I  BLU , I e



B LN , II  B LU , II e



m
T
 D T
 2 T L, I




m
T
 D T
 2 T L , II

for 0 < < 4

(5)

As Dubey[12] suggested the use of the average value of the
upper and lower bounds of m(T) reported by Guthrie, and
m(T) is given by
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3. Results and Discussion
Awad's model been successfully in analysed The lattice
thermal conductivity of Mg2Ge compound in the temperature
range ( 4-800 K),The study used the study used non
equilibrium distribution function in the calculation The
lattice thermal conductivity (by used eqs 1,2).while used in
the calculation three phonon scattering (eqs4,5).

Figure 2: Percentage contribution of longitudinal %KL
andtransverse phonons %KT.
In the figure (1) appearing best fitting of the present work by
using the adjustable parameters, which it show in table (I,II),
with the experimental data[5], especially at the maximum
conductivity curve, As showed the lattice thermal
conductivity of transverse phonons KT and the lattice thermal
conductivity of longitudinal phonons KL , As We noticed in
the Figure (2) The contribution of transverse phonons
towards thermal conductivity is in general greater than that
of longitudinal phonons, is approximately 100% of the total
conductivity at high temperatures , and come back the cause
contribution two mode of transverse phonons and
contribution one mode of longitudinal phonons in total
thermal conductivity, and this results agreement with
[5,10,13].
Table 1:The adjustable parameters values calculated and
used for theoretical curves of Mg2Ge compound .
Parameter
Value
−1 -1
1x105
𝜏𝐵𝑇 ( s )
−1 -1
2x105
𝜏𝐵𝐿
(s )
1.5x10-44
𝐴𝑇 s3
1x10-47
𝐴𝐿 s 3
BTN deg-m
1x10-14
-m
BTU deg
2x10-6
-m
BLN,I s.deg
2x10-24
-m
BLU,I s.deg
3.5x10-20
-m
BLN,II s.deg
1x10-21
-m
BLU,II s.deg
3.5x10-17
-2
BHT s.deg
1x10-23
-2
BHL s.deg
3.5x10-23
Table 3: Value of constant used to calculate thermal
conductivity of Mg2Ge[ 5].

Figure 1: KT is the contribution of transverse phonons,KL, is
the contribution of longitudinal phonons. K is the total lattice
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At constant temperatures (T= 40K ,T=400K)and within low
frequencies range ,the figure ( 3,4) appearing dominance for
the boundary phonon scattering over another kinds of
scatters for transverse phonons and longitudinal phonons .
while at high frequencies with same temperatures (T= 40K
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,T=400K) appearing dominance for umklapp processes of
three phonon scattering on other scatters ,and for transverse
and longitudinal phonons as in the figure (3,4) ,this is an
agreement with the results of the authors[8,10,14 ].

4. Conclusion
The lattice thermal conductivity of Mg2Ge compound has
been measured over the temperature range ( 4 - 800K ).
Awad method has been applied to analyze the obtained data.
Where it can be seen from a results a good fitting between
experimental and theoretical thermal conductivity resulted.
As it has been found the transverse phonons in general make
have the major contribution to the lattice thermal
conductivity.
Aslo The boundary and umklapp processes of three phonon
scattering play important roles in the lower and higher
frequencies consecutively.
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Figure 4 : Relaxation rates of the deferent phonon scattering
for longitudinal phonons as a function to the Frequency at
constant temperature(T=40,400K).
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