
Elastic and acoustic properties of intermetallic nanostructure SrGa2

compound

INTRODUCTION

Ultrasonic offer the possibility to detect and char-
acterize microstructral properties as well as flaws in
nanomaterials, controlling materials behaviour based on
physical mechanism to predict future performance of
the nanomaterials. Various investigators have shown
considerable interest on ultrasonic properties of differ-
ent materials. Wave propagation velocity is key param-
eter in ultrasonic characterization and can provide in-
formation about crystallographic texture. The ultrasonic

velocity is directly related to the elastic constants by the
relationship V=(C/ñ), where C is the relevant elastic
constants and ñ is the density of that particular material.
Also ultrasonic attenuation is very important physical
parameter to characterize the material, which is well
related to several physical quantities like thermal con-
ductivity, specific heat, thermal energy density and higher
order elastic constants[1,2]. The elastic constants pro-
vide valuable information about the bonding character-
istic between adjacent atomic planes and the anisotro-
pic character of the bonding and structural stability[3,4].
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The ultrasonic properties like ultrasonic sound velocity in the hexagonal
structured intermetallic nanostructure SrGa

2
 compound has been studied

along unique axis at room temperature. The second- and third order elastic
constants (SOEC & TOEC) have been calculated for this compound using
Lennard�Jones potential. The velocity V

L
 and V

S2
 increases with the angle

from unique axis, while V
S1

 and V
D 

have maxima with 450 with unique axis of
the crystal. The inconsistent behaviour of angle dependent velocities is
associated to the action of second order elastic constants. Debye average
sound velocities of SrGa

2
 are increasing with the angle and has maximum

at 450 with unique axis at room temperature. Hence when a sound wave
travels at 450 with unique axis of SrGa

2 
compound, then the average sound

velocity is found to be maximum. The mechanical properties of SrGa
2 
are

better than other intermetallic compounds BaGa
2
 and CaGa

2
 at room

temperature, because it has high ultrasonic velocity and low ultrasonic
attenuation. The comparison of calculated ultrasonic parameters with
available theoretical/experimental physical parameters gives information
about classification of this compound.
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Acoustic phonon dispersion curves have been de-
termined by inelastic neutron scattering in the interme-
tallic nanostructure compound SrGa

2
. The intermetallic

compound SrGa
2
 has a hexagonal structure[5]. The elec-

tronic structure and chemical bonding are experimen-
tally calculated by F.Haarmann et.al[6]. There are three
types of acoustic mode lattice vibration: one longitudi-
nal acoustic and two transverse acoustical for hexago-
nal and cubic structured materials[7,8]. Hence, there are
three types of acoustic wave velocities for each direc-
tion of propagation of wave, which are well related to
second order elastic constants. But elastic constants of
SrGa

2 
and all the three type of orientation dependent

acoustic wave velocity of this compound is not reported
in literature.

Therefore, in this work we predict the ultrasonic
properties of hexagonal structured SrGa

2 
at room tem-

perature. The higher order elastic constants and ultra-
sonic wave velocities for SrGa

2
 for each direction of

propagation of wave are calculated at room tempera-
ture. The calculated ultrasonic parameters are discussed
with related thermophysical properties for the charac-
terization of the chosen materials. The obtained results
are analyzed in comparison to other hexagonal struc-
tured materials.

THEORY

In the present investigation, the theory is divided
into two parts:

Second and third order elastic cnstants

The second (C
IJ
) and third (C

IJK
) order elastic con-

stants of material are defined by following expressions.
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where, U is elastic energy density, e
I
=e

ij
 (i or j = x, y, z,

I=1, �6) is component of strain tensor. Equations (1)

and (2) leads six second and ten third order elastic con-
stants (SOEC and TOEC) for the hexagonal close
packed structure materials[1,9].
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where p = c/a: axial ratio; 5p  /a C  ; 33 p/a B  ;
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m, n=integer quantity; b
0
=Lennard Jones parameter.

Acoustic wave velocity in hexagonal structured
crystal

The anisotropic behaviour of the material can be
understood with the knowledge of ultrasonic velocity
because the velocity is related to the second order elastic
constants[10]. On the basis of mode of atomic vibration,
there are three types of velocities (longitudinal, quasi
shear and shear) in acoustical region[11]. These veloci-
ties vary with the direction of propagation of wave from
the unique axis of hexagonal structured crystal[12]. The
ultrasonic velocities as a function of angle between di-
rection of propagation and unique axis for hexagonal
structured materials are[13]:
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where V
L
, V

S1
 and V

S2
 are longitudinal, quasi shear

and pure shear wave ultrasonic velocities. Variables 
and q represent the density of the material and angle
with the unique axis of the crystal respectively. The
Debye temperature (T

D
) is an important physical pa-

rameter for the characterization of materials, which is
well related to the Debye average velocity (V

D
).
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unique axis, while V
S1

 and V
D 

have maxima with 450

with unique axis of the crystal. The inconsistent behaviour
of angle dependent velocities is associated to the action
of second order elastic constants. The combined effect
of SOEC and density is reason for abnormal behaviour
of angle dependent velocities.

The nature of the angle dependent velocity curves
in the present work is found similar as that for hexago-
nal structured titanium diborieds and other nanostructure
materials. The chosen nanomaterial has shown similar
properties with their crystal structure. Thus the angle
dependency of the velocities in this intermetallic com-
pound is justified.

Since ultrasonic attenuation (A) is directly corre-
lated with velocity (V) as A  V-3[16] and velocity of
SrGa

2
 is larger than other intermetallic compounds

BaGa
2
 and CaGa

2
[6], thus the attenuation of SrGa

2

should be smallest and material should be most ductile.
The minimum ultrasonic attenuation justifies its quite
stable hexagonal structure state. Also SrGa

2
 has maxi-

-1/3

3
2S

3
1S

3
L

D
V

1

V

1

V

1
3
1

hereV

























 (8)

where  is quantum of action and is equal to Planck�ss
constant divided by 2 ; K

B
 is Boltzmann Constant; n

a

is atom concentration.

RESULTS AND DISCUSSION

Higher order elastic constants

The unit cell parameters �a� (basal plane param-

eter) and �p� (axial ratio) for SrGa
2
 are 4.34Å and 1.089

respectively[5,6]. The value of m and n for chosen
nanomaterials are 6 and 7. The value of b

0
 is 2.2x10-65

erg cm7 for SrGa
2
. The SOEC and TOEC have been

calculated for SrGa
2
 using equation. (3) and are pre-

sented in TABLE 1.
The elastic constants are important since they are

related to hardness and are used for the determination
of the ultrasonic velocity. It is obvious from TABLE 1

that, there is good agreement between the present and
reported theoretical/experimental second order elastic
constants of SrGa

2
[5]. Thus our theoretical approach

for the calculation of second order elastic constants for
hexagonal structured intermetallic nanostructure com-
pound at room temperature is well justified. However,
third order elastic constants are not compared due to
lack of data in the literature but the negative third order
elastic constants are found in previous papers for hex-
agonal structure materials[14,15]. Hence applied theory
for the evaluation of higher order elastic constants at
room temperature is justified. The bulk modulus (B) for
this material can be calculated with the formula B=
2(C

11
+ C

12
+ 2C

13
 + C

33
/2)/9. The evaluated B for this

intermetallic nanomaterial is presented in TABLE 1.

Ultrasonic velocity and allied parameters

The computed orientation dependent ultrasonic
wave velocities and Debye average velocities at 300 K
are shown in Figures 1�2. Figures 1�2 show that the

The velocity V
L
 and V

S2
 increases with the angle from

TABLE 1 : Second and third order elastic constants (SOEC and TOEC) & bulk modulus (B) in the unit of 1010Nm-2 of SrGa
2

at room temperature.

 C11 C12 C13 C33 C44 C66 B 

SrGa2 12.78 4.14 1.21 7.58 1.453 5.014 2.35 

Ref[5] 12.62 5.14  7.29 2.81 3.76  

 C111 C112 C113 C123 C133 C344 C144 C155 C222 C333 

SrGa2 -208.51 -33.06 -3.11 -3.95 -8.73 -8.19 -4.60 -3.07 -164.98 -14.56 

Figure 1 : V
L
 and V

S2 
vs angle with unique axis of crystal
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mum elastic constants and bulk modulus among others.
Hence SrGa

2
 is more ductile, stable and contain few

defects in the crystal structure in comparison to other
intermetallic compounds.

CONCLUSIONS

On the basis of above discussion, we conclude fol-
lowing points:
 Our theory of higher order elastic constants is jus-

tified for the hexagonal structured intermetallic
nanomaterials.

 All elastic constants are mainly the affecting factor
for anomalous behaviour of acoustical velocity in
reported intermetallic compound.

 The average sound velocity is a direct conse quence
of Debye temperature, specific heat and thermal
energy density of these compounds.

 The mechanical properties (yield strength, ductility,
elastic properties etc.) of SrGa

2 
are better than other

intermetallic compounds BaGa
2
 and CaGa

2
 at room

temperature, because it has high ultrasonic velocity
and low ultrasonic attenuation.
Thus obtained results in the present work can be

used for further investigations, general and industrial ap-
plications. Our theoretical approach is valid for ultra-
sonic characterization of these compounds at room tem-
perature. The acoustic behavior in these nanomaterials
as discussed above shows important microstructural
characteristic feature, which are well connected to ther-
moelectric properties of the materials.

Figure 2 : V
S1

, V
D
 vs angle with unique axis of crystal
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