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Abstract
The Ultrasonic attenuation or absorption coefficient of Halides and Chalcogenides at the range of 1 GHz using

the calculated values of mason non-linearity parameter, ultrasonic Gruneisen parameter, thermal relaxation time and
Debye average velocity along with ultrasonic wave velocity and elastic constant have been studied. This is useful to
understanding the mechanism of interaction between acoustic wave and crystal lattice. Such studies are also essential for
assessing the suitability of materials for several practical problems, such as the design of optimum sound transmission
systems for ultrasonic delay lines. The result shows that the comparison of attenuation coefficient of different solids
along the different directions bring out some systematic features. It can be seen that the attenuation coefficient generally
increases with increasing molecular weight and decreasing Debye temperature within the different group of solids.

Keywords: Ultrasonic Grunseisen parameter, Debye average velocity, Elastic constants, Thermal relaxation time,
Chalcogenides

1  Introduction
The ultrasonic attenuation has been studied in different types of solids [1-4] as a function of temperature,
frequency and direction of propagation. From all these studied it is found that, at lower temperature (<80K),
electron – phonon interaction, and at higher temperature (>100K), phonon – phonon interaction is the
dominant cause of ultrasonic attenuation in all types of solids [5,6]. In metals, due to higher thermal
conductivity, a part of total ultrasonic attenuation arises due to thermo elastic loss also. A solid medium is, in
general, nonlinear. Properties such as thermal expansion and conduction, temperature dependence of the
specific heat in the high temperature range, temperature and pressure variations of the elastic constants,
difference between the isothermal and the adiabatic elastic constants, damping of high frequency acoustic
waves and the damping of moving dislocations by phonon viscosity can be determined by the intrinsic
nonlinearity of solids. Attenuation of an ultrasonic wave is a fundamental nonlinear property related to the
absorption of ultrasound at room temperature in a wide variety of crystals [7,8].

The factor responsible for the absorption of ultrasound in different solids include, among others,
scattering by defects and dislocations, the thermo elastic effect and phonon – electron interaction. However,
the principal loss in pure single crystals of dielectric materials at room temperature is due to the interaction of
the ultrasonic phonons with the lattice thermal phonons. Absorption due to thermal phonons is also a cause for
the background loss in all the materials.

2 Theory & Calculation

The dominant source of attenuation in dielectric crystals in the range l (where  is the
angular frequency of the acoustic wave and  is the thermal relaxation time) is the interaction between
ultrasonic phonons and thermal phonons. One source of conversion of acoustic energy to thermal energy is the
thermoelastic effect in which thermal energy flows from the compressed hotter part to the expanded cooler



1237 A. K. Upadhyay and B.S. Sharma

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

part associated with the compressional wave. This flow causes an attenuation in terms of  cmNp , the
ultrasonic absorption coefficient as follows [9,10]
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The above thermoelastic loss can also be written in the following form using ,f2 where f is the
frequency [6,11]
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where  j
i is the average Grüneisen numbers; j the direction of propagation and i is the mode of

propagation, k is the thermal conductivity, T is the absolute temperature,  is the density of the materials and

lV is the longitudinal wave velocity. The another source of thermal attenuation first pointed out by Akhiezer
[12] a sudden application of strain causes the phonons propagating in different directions to have different
temperatures. These changes in temperatures result in a thermal energy storage proportional to the square of
the applied strain and hence to an equivalent increase in the elastic moduli associated with the strain.
Akhiezer’s theory was modified by Mason and Bateman [13] who proposed a scheme of evaluation involving
the use of TOEC to determine the energy stored by the phonon mode temperature separations, together with a
relaxation time to equilibrate this energy. Their expression for attenuation is
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The above attenuation or phonon – viscosity loss (Akhiezer type loss) can be also given by  1
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where V is the appropriate wave velocity, D is the acoustic coupling constant (anharmonic parameter), which
is the measure of the conversion of acoustic energy into thermal energy and is obtained by
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where Eo is the thermal energy density, in the high temperature approximation Eo = n Ei , where n is the total
number of modes and Ei is the thermal energy of the modes of type i given by
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Here Ni is the total number of modes in the sector of type i an qiV is the limiting or cutoff frequency

supported by the lattice.

The thermal relaxation time   [10] for longitudinal wave is twice that of shear wave
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where c is the Debye average velocity and given by
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The mode Grüneisen numbers j
i can be expressed [14] in terms of SOEC and TOEC as

    nmvujkmunvjkmnkj
jk
i NNUUCCUwU2w21  …(9)

with vunmmunv UUNNCw  …(10)

where N and U are the direction cosines of the propagation direction and polarization direction, respectively,
in the acoustic mode i and C are the elastic constants.

Grüneisen numbers along an axis other than cube axes are obtained by
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where jj x/x   are the direction cosines between the new axes and old axes.

We have shown [15] that the refinement suggested by Merkulov et al. in Mason’s theory can be incorporated
in our program through the use of the correction factor

     1TKexpI311M Bgigii   …(12)

where KB is the Boltzmann constant, gi is the cutoff frequency supported by the lattice and the integral

 giI  is given by
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The modified formulation of Woodruff’s theory proposed by Nava and Romero [16] is based on the use of the
effective ultrasonic Grüneisen parameter (UGP). Their expression for the attenuation coefficient for a wave of
polarization j and propagation direction k is
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where kk is the thermal conductivity along K, Vj and c are the sound wave and Debye average velocities,
respectively, and  2 is the effective UGP. This parameter is an average of the GP for each phonon mode (q,i)
weighted by their thermal conductivity kk (q,i) and is formally given by the expression
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here all properties of the thermal phonon of a given branch i are assumed to depend on the wave vector q.  i

is the component of the phonon group velocity Vi along k, Ci is the mode specific heat, ij is the mode

generalized GP,  ij is the specific heat weighted average for all modes in the Brillouin zone and jL is

Kronecker’s delta. Nava and Romero assume an anisotropic elastic continuum model in which the q
dependence of the phonon properties is neglected and ij are simply given by linear combinations of SOEC

and TOEC. They further assume a constant phonon relaxation time deduced from thermal conductivity by
2

vth cCk3 . Under these approximations eqn (15) reduces to

  jL, 2
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Where 
i

ijiij .CaCa …(19)

Assuming further that all phonon modes contribute equally to the specific heat, Nava and Romero
approximate the averages indicated in Eq. (19) by simple numerical averages;

 
i

ijiij ,Nn …(20)

as in Mason’s calculation, where ni is the number of pure thermal modes coupled to the sound wave through

ij and N is the total number of modes in the forward hemisphere. Mason’s scheme of counting these modes
is followed.

The mode Grüniesen numbers j
i are obtained using Eqs. (9)-(11). In Mason’s scheme the numerical

values of j
i for pure modes are calculated using expressions tabulated by Mason and Bateman [13,17,18] and

Merkulov et al. [19]. The average < > and < 2 > are then obtained by taking the weighted averages of these

  s over 39 (longitudinal) and 18 or 20 (shear) waves. These averages can be obtained in different ways
[16,19,20].

The temperature dependence of SOEC & TOEC required in the present work is obtained using varshney and
shanker’s [21] model for elasticity of halids. The SOEC and TOEC have also been calculated following

Brugger’s definition of elastic constants [14,22] at absolute zero 0
ijC( and )C 0

ijk .

In the present work, we consider two classes of materials.

(i) Halides, such as LiF, NaF, NaCl, KCl, KBr.

(ii) Chalcogenides, such as CdO, EuSe, SnTe.

3 Results & Discussion
The values of SOEC and TOEC at room temperature for halides, chalcogenides, are presented in

Tables 1 and 2 respectively. The values of non-linearity constant D along different direction of propagation
are reported in Table 3 for all types of materials using in this work. Another necessary parameter i.e.
ultrasonic Grüneisen parameter, which is obtained using SOEC and TOEC, are presented in Tables 4 and 5 for
halides and chalcogenides,. The ultrasonic velocities (for longitudinal and shear waves) [23] and thermal
relaxation time [10] are presented in Tables 6 and 7. Finally we have calculated the ultrasonic attenuation or
absorption coefficient () at the range of 1 GHz, which is a quantity of central importance in the studies on
propagation of ultrasonic waves through different materials, are presented in Tables 8 and 9.
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It can be seen from Tables 1 that the values of TOEC are good accord with the experimental data [10].
The TOEC values exhibit some systematic trends within the various groups. The constants C111, C112 and C166

are larger in magnitude compared to the constants C123, C144 and C456. In the case of the halides it can be seen
that all the constants decreases with the increase in molecular weight. The SOEC of halides are smaller in
magnitude compared to the chalcogenides.

The results displayed in different tables show the systematic in the behavior of Mason’s nonlinearity
constant D and ultrasonic Grüneisen parameter  or2 , both of which are measures of the intrinsic

nonlinearity of the anharmonicity of the lattice forces. It can be seen that magnitude of D and 2 are larger
for this type of materials. In general, the values of D and 2 are larger for longitudinal waves for <100> and
<111> and shear wave for <110>. The values for UGP are greater for longitudinal wave then shear waves.

The comparison of attenuation coefficient of different solids along the different directions given in
Tables 8 and 9 bring out some systematic features. It can be seen that the attenuation coefficient generally
increases with increasing molecular weight and decreasing Debye temperature within the different group of
solids.
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Table 1 Values of elastic constants (in GPa) for halides at room temperature.

Materials C11 C12 C44 C111 C112 C123 C144 C166 C456

LiF 111.1 42.1 63.0 -1920 -330.0 -40.0 100.0 -325.0 43.0

NaF 96.3 23.9 27.6 -1480 -270.0 280.0 46.0 -114.0 0

NaCl 48.6 18.1 12.9 -911.3 -91.5 34.4 26.3 -42.8 22.3

KCl 40.3 6.6 6.3 -785.3 -19.1 18.1 16.4 -8.5 15.5

KBr 34.6 5.3 5.5 -684.7 -14.5 14.4 13.4 -9.0 12.9

Table 2 Values of elastic constants (in GPa) for chalcogenides at room temperature.
Materials C11 C12 C44 C111 C112 C123 C144 C166 C456

CdO 69.7 31.0 34.0 -966 -130 39.9 52.6 -139 51.6

EuSe 46.9 7.60 9.98 -760 -30.2 2.22 17.4 -40.2 17.1

SnTe 41.9 7.1 9.3 -670 -28.6 2.63 16.1 -37.5 15.8
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Table 3 Mason nonlinearity constant D along different directions for halides and chalcogenides.

<100> <110> <111>

Halides Dl Ds Dl Ds Dl Ds

LiF 15.308 1.423 11.840 15.280 10.690 2.665

NaF 11.000 0.175 8.390 10.630 7.519 1.786

NaCl 8.974 0.163 5.906 12.430 4.885 2.084

KCl 8.330 0.123 4.727 14.520 3.528 2.430

KBr 8.011 0.113 4.468 14.280 3.288 2.389

Chalcogenides

CdO 13.883 1.692 21.925 18.549 14.621 12.474

EuSe 18.019 1.170 16.255 29.466 13.710 19.980

SnTe 17.504 1.170 15.892 28.467 13.465 19.296

Table 4 Ultrasonic Grüneisen parameter (2) for different direction for halides
Materials <100> <110> <111>

Long Shear Long S<110> S<001> Long Shear

LiF 3.019 0.404 2.070 0.991 0.404 1.786 0.795

NaF 2.672 0.083 1.895 0.789 0.083 1.633 0.554

NaCl 3.824 0.131 2.104 1.706 0.131 1.523 1.181

KCl 5.263 0.159 2.732 2.645 0.159 1.882 1.816

KBr 7.356 0.187 3.975 3.479 0.187 2.834 2.381

Table 5 Ultrasonic Grüneisen number () for different direction for chalcogenides
Materials <100> <110> <111>

Long Shear Long S<110> Long Shear

CdO 1.663 0.188 2.777 2.061 1.785 1.386

EuSe 2.093 0.130 2.003 3.274 1.661 2.220

SnTe 2.034 0.130 1.960 3.163 1.629 2.144

Table 6 Values of ultrasonic wave velocities (Vl & Vs), thermal relaxation time (th) and
thermal conductivity (k) for halides at room temperature.

Materials Vl

(103 m/s)

Vs

(103 m/s)
th

(1011 s)

k

(W m-1 k-1)

LiF 6.539 4.914 0.421 14.1

NaF 5.875 3.145 1.095 18.7

NaCl 4.748 2.425 1.146 6.6

KCl 4.498 1.778 2.538 6.3

KBr 3.545 1.413 1.989 2.8
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Table 7 Values of ultrasonic wave velocities (Vl & Vs) and thermal relations time (th) for
chalcogenides at room temperature.

Materials Vl

(103 m/s)

Vs

(103 m/s)
th

(1011 s)

CdO 2.909 2.031 0.029

EuSe 2.694 1.242 0.055

SnTe 2.538 1.195 1.686

Table 8 Ultrasonic attenuation or absorption coefficient () in (dBs-1) at 1GHz at halides
Materials l s

<100> <110> <111> <110> <110> <111>

LiF 9.35 5.8 4.9 0.76 14.9 2.04

NaF 18.8 15.8 14.6 0.52 24.2 4.42

NaCl 22.3 16.4 14.1 0.78 42.4 7.87

KCl 43.6 33.5 28.4 2.10 92.6 19.60

KBr 36.1 27.4 22.9 1.62 76.8 22.9

Table 9 Ultrasonic attenuation or absorption coefficient (/f2) in (10-5NpS2m-1)
Materials (/f2)l (/f2)s

<100> <110> <111> <110> <110> <111>

CdO 7.927 12.519 8.371 1.419 15.560 10.049

SnTe 5.615 5.098 4.320 1.799 43.621 29.664

EuSe 16.403 13.805 12.481 5.432 118.450 92.276
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