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EDITORIAL
Contemporary research in Physical Ultrasonics for
relevance in industrial and basic applications
Dear Colleagues,
The Journal of Pure and Applied Ultrasonics has been publishing research papers, review articles, thesis
summary, etc.on physical ultrasonics besides the other subjects such as non-destructive NDE, underwater
acoustics, instrumentation, transducers, etc.. The studies on physical ultrasonicsinclude thermo-acoustic
parameters of (i) organic liquid mixtures and inorganic electrolytes, (ii) mechanical and thermal properties
of single crystals of various elements and their inter-metallic compositions based on various series of periodic
table. It is amazing to see how the subject has developed over the years and authors are looking various
possibilities where this research can lead to potential applications in determination of properties such as
effective blending of polymers, polymer chain lengths, ionicdissociation, thermal and refractory properties
of industry relevant solids.
Subsequent to development of NRDC award winning innovation in ultrasonic interferometer at National
Physical Laboratory, New Delhi during early 70's, it caught up the attention of physicists and chemists as
an affordable and accurate device for ultrasonic velocity measurements in liquids at various temperatures.
It lead to a boom in research of thermos-acoustic properties of organic, organic-inorganic liquid mixtures,
electrolytes, etc. Whereas most of such studies have relied in precision measurement of ultrasonic velocity,
density and viscosity at a fixed frequency at temperatures in the vicinity of room temperature, it may be
desired the conclusions on molecular associations, nature of molecular forces, etc. based on these which
are mostly qualitative in nature are reaffirmed. Ultrasonic waves couple strongly to molecular volume and
viscosity of liquids and as such ultrasonic absorption is strongly influenced by the relaxation processes and
shows strong frequency dependence. The measurement of ultrasonic absorption over a wide range of frequencycan
yield quantitative conclusions about thermodynamic properties and hence molecular processes in liquids and
in liquid systems. (Udo Kaatze, Broad-band acoustical spectroscopy of liquids: a review, J. Pure Appl.
Ultrason., 31 (2009) pp. 41-60). The determination of molecular relaxation processes. complex formations,
concentration fluctuations, nature of molecular interactions, etc. can be possible through wide band measurement
of ultrasonic absorption at various concentrations. I would like to emphasize that broad-band spectroscopy
("Ultrasonic measurement techniques for liquids, I Broad-band Spectroscopy, 30 (2008) pp. 1-12) of ultrasonic
absorption has become a powerful tool in study of molecular processes in applied chemistry, biochemistry
and materials science. Authors of research papers in physical ultrasonics can expand the scope of their research
multi-fold by adopting techniques for broad band ultrasonic spectroscopy to reveal the molecular processes,
kinetics, interactions, etc. in the large number of novel liquid systems waiting to be explored.
— S. K. Jain
Chief Editor

J. Pure Appl. Ultrason. 41PANDEY:
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Ultrasonic NDE of GdCu, SmCu, GdZn and SmZn intermetallics
Dharmendra Kumar Pandey
Department of Physics, P.P.N. (P.G.) College, Kanpur-208 001, India
*E-mail: pandeydrdk@rediffmail.com
The thermo-acoustical features of rare-earth intermetallics GdCu, SmCu, GdZn and SmZn are investigated
in the present work. In the initial step, second order elastic constants (SOECs) of selected intermetallics are
determined at room temperature using the formulation based on Brugger's definition of elastic constants considering
Coulomb and Born-Mayer type interaction potential among the atoms. Later on, elastic modulus and anisotropy
are computed using the SOECs. After that the density of these intermetallics are estimated using their lattice
parameters. Finally, the ultrasonic velocity and related physical quantities (specific heat, thermal energy density,
thermal relaxation time and thermal conductivity) are calculated. The analysis of obtained data realizes that the
mechanical behavior enhances with reduction in lattice parameter and intermetallic GdCu owes comparatively
good elasto-ultrasonic features in comparison to the other three intermetallics.
Keywords: Elastic property, rare-earth intermetallics, thermal conductivity, ultrasonic velocity.

The material formed with the combination of metal
atoms that differ in structure in comparison to the
constituent metals is called as intermetallics. The last
twenty years, rare-earth metal based CsCl/B2 structured
equi-atomic heavy rare-earth intermetallics compounds
have a lot of attraction due to their superior elastic,
thermal, electrical and magnetic properties in
comparison to ordinary metals1-7. The excellent strength,
ductility and good corrosion resistance properties make
them important for industrial applications. Using
different theoretical approach, the elastic/mechanical,
thermo-dynamical and ultrasonic properties of B2
structured YM (M: Cu, Zn, Ag, Rh)1-5, AgRE (RE: Sc,
Y, La-Lu)6 and REZn (RE: Sc, Y) 7 intermetallics are
reported elsewhere.
The experimental study of pressure dependent
structural properties of cubic CsCl structured GdCu,
LaAg, NdAg, NdZn, CeZn and LaZn have studied using
energy dispersive powder measurements8. Acoustic
emission and microstructure of GdCu have been
measured by Sarusi et al.9. Elastic and magnetic studies
of GdZn single crystal under effect of pressure have
been performed by Rouchy et al.10. The structural
properties of several Cu and Zn based binary CsCl/B2

structured rare-earth intermetallics have been described
in literature11. On the basis of first principle study, Singh
et al.12 have investigated the structural, elastic and
electronic properties of GdCu and GdZn intermettalics.
Compounds GdCu, GdZn, SmCu and SmZn have high
ductility and fracture toughness therefore; these have
potential applications in aerospace engineering and in
manufacture of appliances. In spite of technological
importance, very few works have been concentrated for
the characterization of these materials. The ultrasonic
non-destructive evaluation (NDE) technique is one of
the best techniques to explore the inherent properties of
the materials. Therefore, the present work is focused on
a systematic theoretical study of elastic, ultrasonic and
thermo-physical properties of B2 structured GdCu,
GdZn, SmCu and SmZn rare-earth intermetallic
compounds for their improvement in future applications.
Initially, the second order elastic constants (SOECs)
are calculated using potential model approach at 300K,
which in turn is used for determination of their
mechanical and thermo-physical properties. Later on,
the velocity of ultrasonic wave are determined for wave
propagation along <100> and <111> crystallographic
directions. On the basis of obtained results and their
analysis, the characteristic features of chosen materials
are illustrated.
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Second order elastic constants
According to generalized Hooke's law, the stress acting
in a particular direction on the crystalline material can
be expanded in terms of strain13.
6

XI 

 C IJ  J

I , J 1

(1)

Where, XI and J are the components of stress and
strain respectively while CIJ is known as the SOECs or
stiffness constants. The solution of Eq.(1) under the
symmetry condition of cubic B2 structured material
reduces the 36 types of CIJ to three types as C11, C12,
and C44. The elastic energy density (U) is function of
components of strain tensor. Therefore, its second order
differential with respect to strain provides the SOECs.
 2U
C IJ 
 I  J

(2)

The elastic energy density at temperature T is sum of
energy density at 0 K (U0) and increase in energy density
(vibrational part of energy density: UV) with enhancement in temperature by amount T. Therefore, the
expression of SOECs at finite temperature T becomes
as :
C IJ 

 2U 0
 2U V

 C IJ0  C VIJ
 I  J  I  J

(3)

Here, C IJ0 and C VIJ are the static and vibrational parts
of these SOECs.The elastic energy density at 0 K is
function of interaction potential  ( R ) and can be
written as:
C
BM
U 0  (2VC )1   (r )  (2VC )1  
(r )  
( r )  (4)

Where, VC is volume of unit cell and r is the distance
between vth atom in 0th cell and th atom in neighborhood
C
BM
(r ) and 
(r ) are the Coulomb
cell. The quantities 
2
(+e /r) and Born-Mayer (A exp(–r/b)) interaction
potentials between the atoms respectively. Here e is
electronic charge, A is constant and b is non-linearity
parameter. The unit cell of B2/CsCl structured materials
have Cs ion at (0,0,0) and Cl ion at (1/2, 1/2, 1/2) coordinates. If unit cell have cube edge of 2r0 then its
volume becomes as 4(r0)3. Considering central atom/
ion positioned at (0,0,0), the number of atom/ions in
first and second neighborhoods to the central atom
becomes as 8 and 6 respectively whose co-ordinates are
(±1,±1,±1)r0, (±2,0,0)r0, (0,±2,0)r0 and (0,0,±2)r0.

Therefore the first and second nearest neighbor distance
becomes as r1=3r 0 and r2=2r 0 respectively.
Considering the interaction up to second nearest
neighbors, the differentiation of Eq. (4) provides the
expressions of static part of SOECs 14.
3 e 2 (2 ) 3 (r1 )  3 1  2 (r2 )  1 1  
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Where,  (r1 )  A exp( r1 / b),  (r2 )  A exp( r2 / b),
2
2
S5( 2 )  0.354190, S5(1,1)  0.346708 and A   bZ0 e / r0 
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3 exp( r1 / b )  12 exp( r2 / b ) .

Similarly, vibrational energy density is also function
of interaction potential when vibrational energy (  )
of atoms is comparatively larger than the thermal energy
(kBT)15.
6N

U V  kBT  ln ( / kBT )

(6)

i 1

Where, kB,  and  are the Boltzmann's constant,
Planck's constant divided by 2 and angular frequency
of vibration (  2  (1 /6)  (r ) / M ). Here M is
the mass of the vth atom. Since (e2/r)=0, therefore
only the short range repulsive potential BM (r ) will
contribute in determination of vibrational energy density.
At temeparture T, the lattice parameter changes to r0 +
r, hence the component of tensor (J) becomes as r/
r0. On the expansion of Eq. (6), its second order
differentiation with respect to strain provides the
vibrational part of the SOECs 14.

C IJ0

C Vib

l
k
1 B
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r



r  r0
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T
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(7)

Here, f iVib is the vibrational energy per unit cell. VC is
the volume of unit cell l1. The physical quantity is
function of nearest neighbor distance and corresponding
potential function which can be determined by following
expressions.
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Here, y1 and y2 have values equal to r1/b and r2/b
respectively. The SOECs of B2/CsCl structured materials
at a finite temperature T can be determined using Eqs.
(3), (5) and (7) on the basis of the knowledge of their
lattice and non-linearity parameters.
Ultrasonic wave velocity
There are six modes of propagation in crystalline
medium as three in optical (1 LO and 2 TO) and three in
acoustical (1 LA and 2 TA) region16. Here O and A
stand for optical and acoustical while L and T correspond
to longitudinal and transverse modes respectively. The
propagation of ultrasonic wave resembles the acoustical
mode of propagation as it is a pressure wave. The
velocities in these modes (VL, VT1 and VT2) for cubic/
B2/CsCl structured materials depend on the SOECs,
mass density and direction of propagation which are
defined by the expressions given in literature1,17. These
studies also describe that both the transverse velocities
have same values for wave propagation along axial
(<100>) and symmetry (<111>) directions. The volume
of unit cell of cubic/B2 structured materials having 'a'
lattice parameter is equal to a3. If the molecular weight
and density of material are MW and d respectively, then
MW/d volume of material will contain Avogadro numbers
of atoms (NA). Therefore, n atoms will occupy a volume
MW n′/d NA. Comparing volume of unit cell, we found
that:
Mw n
Mw n
d=
=
3
NAa
8 N A r03

(9)

Where n′ is number of atoms per unit cell of the base
lattice. Debye average velocity (VD ) is velocity of elastic
wave of maximum frequency in crystalline media and
is an important parameter in the low temperature physics
because it is related to elastic constants through
ultrasonic velocities17.
⎧1 3
1 dΩ ⎫
VD = ⎨ ∑ ∫ 3
⎬
3
V
4 ⎭
⎩ i=1
i

-1/3

(10)

Where, Vi is constituent acoustical velocity in different
modes of propagation within the crystalline medium.The
temperature corresponding to maximum frequency of
phonon that can propagate through crystalline media is
termed as Debye temperature. The Debye temperature
(TD) is indirectly related to elastic constants through
Debye average velocity17.
TD =

hVD (6 π 2 na )1/3
2π k B

(11)
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Here, h is Planck's constant; na is atom concentration.
The specific heat at constant volume (CV ) and thermal
energy density (E0 ) of the medium is the function of
TD/T and can be determined with help of literature18.
The propagation of ultrasonic wave through crystalline
medium is entropy producing process which causes loss
of ultrasonic energy. Due to this, thermal distribution of
phonon is disturbed on the propagation of ultrasonic
wave which is maintained by relaxation mechanism.
The re-establishment time of phonons distribution is
called as thermal relaxation time (τ) and is given by the
following equation17:
τ = 3 k / CV VD2

(12)

Thermal conductivity and Grüneisen parameter of B2/
CsCl structured material can be determined with the
expressions given in literature1,14,19. The ultrasonic
attenuation measures the loss of ultrasonic energy and
is directly governed by thermal relaxation time, thermal
conductivity (k) and Grüneisen parameter (γ) of the
concerned medium17. Therefore, the relative loss of
ultrasonic energy in chosen intermetallics can be
understood after determination of thermal conductivity
and related parameters.
Results and Discussion
The lattice parameters (a) of chosen rare-earth
intermetallics GdCu, SmCu, GdZn and SmZn are taken
from literature11 and are listed in Table 1. The nonlinearity parameters (b) of the selected intermetallics
are determined under equilibrium or minimum energy
conditions which are also mentioned in Table 1. The
SOECs of GdCu, SmCu, GdZn and SmZn intermetallics
are calculated using Eqs. (3), (5), (7) and taking input
as lattice and non-linearity parameters. These SOECs
are used for the determination of elastic properties such
as bulk modulus (B), shear modulus (G), Young's
Modulus (Y), Poisson's ratio (σ), Lame moduli (λ, µ)
and anisotropy (A) with help of expressions given in
literature1,20. The calculated SOECs and elastic moduli
at temperature 300 K are given in Table 1.
It has been reported by Rouchy et al.10 that the values
of C11, C12, C44 and B of GdZn are 81.5 GPa, 49.2 GPa,
37.6 GPa and 59.9 GPa respectively, while these values
are obtained 81.7 GPa, 45.8 GPa, 47.3GPa and 57.2
GPa in present computation. The reported and present
values of SOECs and B of GdZn are found to very close
each other. Yet, very few studies have been reported for
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Table 1 – Lattice parameter, density, SOECs and elastic moduli of
GdCu, SmCu, GdZn and SmZn at 300K.
Compounds
Parameters

GdCu

SmCu

GdZn

SmZn

a (Å)
b (Å)
d (gm cm–3)
Mw (gm)
C11 (GPa)
C12 (GPa)
C44 (GPa)
Y (GPa)
B (GPa)
G or  (GPa)
 (GPa)

3.505
0.269
8.51
220.79
113.3
48.5
52.6
105.4
69.4
42.3
41.2
0.247
1.62

3.528
0.281
8.09
213.91
108.3
47.7
51.4
101.2
67.2
40.5
40.2
0.249
1.70

3.602
0.425
7.91
222.63
81.7
45.8
47.3
77.9
57.2
30.6
36.8
0.273
2.64

3.627
0.446
7.50
215.75
77.8
44.5
45.9
74.2
55.0
29.1
35.6
0.275
2.76


A

elastic properties of chosen rare-earth intermetallics
however a comparison with literature 10 provides
justification for considered theoretical potential model
approach for evaluation of elastic parameters. The lattice
parameters in chosen intermetallics reduce from GdCu
to SmZn (Table 1). The reactivity of metal Cu and
lanthanides Gd are larger than transition metal Zn and
lanthanide Sm respectively. Hence, intermetallic GdCu
shall have strongest interaction force while SmZn shall
hold weakest interaction force. This reveals that the
reduction of lattice parameters enhances the interaction
force among the atoms of crystal lattice. Hence, force
per unit area and per unit strain will increase with
reduction in lattice parameter. This is the reason behind
the decay of elastic constants from GdCu to SmZn (Table
1). Among all the chosen intermetallics, the intermetallic
GdCu has highest elastic moduli therefore it will have
comparatively better mechanical properties.
If fracture/toughness ratio (B/G) is greater or equal to
1.75 then material will be ductile 12,20. The obtained
B/G of GdCu, SmCu, GdZn and SmZn are 1.64, 1.66,
1.87 and 1.89 respectively. Therefore, intermetallics
GdZn and SmZn will have ductile characteristics while
GdCu, SmCu will have brittleness features. It also
reveals that GdCu will have more ionic bond than SmZn.
The recognition of ionic, covalent and metallic nature
of bonding forces can also be done on the basis of
Poisson's ratio. The values of Poisson's ratio of complete
ionic, covalent and metallic compounds are 0.00, 0.25
and 0.33 respectively. As well as, the bonding forces

among atoms are non-central for  ~ 0.00-0.25 and are
central for  ~ 0.25-0.50 respectively. The present value
of Poisson's ratio (Table 1) also indicates that GdZn and
SmZn will have less ionic and more covalent bond
characteristics whereas GdCu and SmCu will have more
ionic and less covalent bond characteristics. The
anisotropic feature of crystalline material can be defined
on the basis of anisotropic parameter (A). The parameter
A is found to increase from GdCu to SmCu (Table 1)
therefore, direction dependent property will enhance
from GdCu to SmCu.
The densities of GdCu, SmCu, GdZn and SmZn
intermetallics are determined with help of Eq.(9) using
corresponding lattice parameter. The obtained densities
are presented in Table 1. The reported densities of GdCu
and GdZn are 8.74 g cm–3 and 8.18 g cm–3 respectively12.
This justifies our density calculation for the chosen
materials. The ultrasonic velocities are evaluated with
help of literature for wave propagation along <100>
and <111> crystallographic directions 1,17. The obtained
velocities are used for the determination of Debye
average velocity (V D) with help of Eq.(10). The
calculated velocities are shown in Table 2.
The longitudinal ultrasonic velocities are obtained
larger than that of shear ultrasonic velocity for each
direction of propagation because stiffness constant C11
is found greater than C12 or C44 for all the intermetallics
under study. The similar results are also reported for
yttrium based rare earth intermetallics 1. Yet, the elastic
constants decay from GdCu to SmZn but ultrasonic
velocities of SmCu and SmZn are found greater than
GdCu and GdZn respectively (Table 2). Therefore,
density plays significant role in relative variation of
ultrasonic velocities in chosen intermetallics.
Table 2 – Ultrasonic velocities (in km s–1) and thermal relaxation
time (in ps) of GdCu, SmCu, GdZn and SmZn at 300K
for wave propagation along <100> and <111>
crystallographic directions.
Direction Compounds
Parameters

GdCu

SmCu

GdZn

SmZn

VL
VT
VD

3.649
2.486
2.709
61.8
4.061
2.145
2.369
78.9

3.659
2.521
2.744
67.5
4.106
2.148
2.373
88.0

3.214
2.446
2.620
165.8
3.909
1.873
2.080
256.6

3.221
2.473
2.644
174.4
3.947
1.877
2.086
273.7

<100>

<111>


VL
VT
VD
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The Debye average velocity of chosen intermetallics
is found high for wave propagation along <100>
direction and found low for propagation along <111>
direction. Therefore, easy direction of propagation of
ultrasonic waves in selected intermetallics is <100>
direction. Hence, the ultrasonic wave will propagate
with low obstruction and high speed in these
intermetallics along axial direction. Since the number
of atom involved in the momentum transfer for wave
propagation along axial direction is least than the nonaxial direction (symmetry direction) in B2 structured
materials therefore due to low energy dissipation and
high stiffness along axial direction, the phonon of
maximum frequency will propagate with maximum
speed. This is reason for maximum VD along <100>
direction. The similar behavior of VD is also reported
for rare earth intermetallics 1.
The Debye temperature (TD ) are calculated using
Eq.(11), which in turn is used in determination of CV
and E0. Thermal relaxation time for selected intermetallics is calculated using Eq. (12) and related
parameters. The obtained values of  are depicted in
Table 2. The thermal conductivity (k) and Grüneisen
parameter () are also determined using literature 1. The
obtained values of TD, CV, E0, k and  are given in Table
3.
Table 3 – Debye temperature (TD: K), specific heat at constant
volume (CV: 105 Jm–3K–1), thermal energy density (E0:
10 8 Jm –3 ), Grüneisen parameter (  ) and thermal
conductivity (k:W/cmK) ofGdCu, SmCu, GdZn and
SmZn at 300K.
Compounds
Parameters

GdCu

SmCu

GdZn

SmZn

TD
CV
E0

k

290.1
9.21
1.98
0.89
1.36

291.8
9.02
1.94
0.85
1.49

273.0
8.54
1.87
0.47
3.16

273.6
8.34
1.82
0.44
3.31

Yet, the elastic moduli, ultrasonic velocities, specific
heat and thermal energy density is found large for GdCu
intermetallics however low thermal conductivity is
received for GdCu in comparison to other selected
materials. As well as, it is also received that the thermal
conductivity follows the trend of lattice parameter of
selected intermetallics. It is reported 19 that the lattice
part of thermal conductivity at fixed temperature is
proportional to molecular weight (MW ), cube of Debye
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temperature (TD3), atomic volume ( 3) and –2. The
molecular weight of GdCu, SmCu, GdZn and SmZn
intermetallics are 220.79 g, 213.91 g, 222.63 g and
215.75 g respectively. The order of magnitude of TD3/2
of the compounds under study are 3.1×107, 3.4×107,
9.2×107 and 11.0×107 respectively. Though the physical
quantities MW, TD and  of these intermetallics are very
close to one among but  is found to reduce with increase
in lattice parameters. Thus the thermal conductivity of
chosen intermetallics resembles the trend of TD3/2 and
is predominantly affected by Grüneisen parameter.
The obtained values of CV, E0 and  are found to
resemble the opposite characteristics of lattice parameters for chosen intermetallics. The re-establishment
time of intermetallics under study is obtained
comparatively large for wave propagation along axial
direction in comparison to propagation along direction
of symmetry. The quantity VD is received large for
ultrasonic wave propagation along axial direction while
is received comparatively small for wave propagation
along direction of symmetry. As well as, k is found to
follow the nature of lattice parameter of these
intermetallics. Therefore, the thermal relaxation time
of selected intermetallics in particular direction is mainly
governed by thermal conductivity while its direction
dependency is affected by Debye average velocity. The
obtained value of  lies between 61.8 ps to 273.7 ps
depending upon direction and material. On the other
hand, GdCu possesses comparatively low thermal
relaxation time for wave propagation along axial
direction. The physical quantities  and k are the
governing factors for ultrasonic attenuation 17 at high
temperature. Therefore, GdCu intermetallics shall have
relatively low loss of ultrasonic energy in comparison
to SmCu, GdZn and SmZn intermetallics.

The discussion concludes that our theoretical approach
for evaluation of elastic moduli is justified. The elastic
and mechanical properties of GdCu are received to be
better than SmCu, GdZn and SmZn intermetallics. GdCu
intermetallics is found to have high bonding strength,
low compressibility, high hardness, large stiffness/
elastic moduli, high ultrasonic velocity, low thermal
conductivity/thermal relaxation time and low ultrasonic
attenuation in comparison to other chosen intermetallics.
The obtained results provide a good understanding of
elastic, mechanical, thermal and ultrasonic properties
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of Gd/Sm based rare-earth intermetallics which may be
used not only for further investigation but also in material
manufacturing industries.
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course of the project entitled as "Ultrasonic study of
rare-earth intermetallics". Author also wants to
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Ultrasonic speed and density parameters have been measured in binary and ternary systems containing
complexes of copper surfactants (caprylate, caprate, and laurate) with substituted 2-amino-6-chloro benzothiazole
in 80% and 40% benzene-methanol mixture at constant temperature using thermostatic water bath. From these
values, the specific acoustic impedance Z, adiabatic compressibility , intermolecular free length Lf, apparent
molar compressibility φk, have been calculated. The results have been explained on the basis of intermolecular
interactions and indicate that there is sufficient solute-solvent interaction due to which micellar alignment is
considerably affected. The decrease in adiabatic compressibility β and intermolecular free length Lf of the copper
surfactant complex solution with increasing concentration of copper surfactant complex in 80% and 40% benzene
methanol has been observed which suggest that the non-polar long chains or lypophilic segment of the molecule
in the solution are enveloped by a layer of solvent molecules bound and oriented towards lypophilic end. The
orientation of the solvent molecules around the solutes may be due to the influence of electrostatic fields of
solutes and results in the increase in the internal pressure and in lowering the compressibility of the solution i.e.
the solution becomes harder to compress.
Keywords: Acoustic parameters, benzothiazole, copper, surfactants.

Introduction
Ultrasonic technique is a powerful means for
characterizing the various aspects of physicochemical
behavior of the system and also for studying the
interaction between the molecules 1. A number of
workers2,3 have discussed the physico-chemical aspects
of ultrasonic velocity and related parameters on different
types of soaps and detergents. The Gruneisen parameter
and internal pressure obtained from ultrasonic velocity
and density data play a significant role in understanding
internal structure, clustering phenomenon and quasicrystalline nature of binary mixture. Ultrasonic
measurements have also been used to determine
solvation number in aqueous media. Study of
propagation of ultrasonic waves and their absorption
forms one of the most important methods of investigation
of properties of matter in all the three states. It is well
known that study of absorption of ultrasonic waves in a
medium provides important information about various

inter and intra-molecular processes such as relaxation
of the medium or the existence of isomeric states or the
exchange of energy between various molecular degrees
of freedom4,5. Ultrasonic measurements have also been
used to determine solvation number in aqueous media6.
Number of solvents has been used to understand the
micellar features of copper (II) soaps by viscosity,
surface tension, parachor and electrical conductance,
membrane incorporating heavy metal soaps have been
used to determine the concentration of surface active
ion by measuring membrane potential7. Viscometric
studies at various temperatures, apparent molar volume,
ultrasound, surface tension and antifungal activities
related with miscellar features of copper soaps in various
organic solvents have been studied by Sharma et al.8,9.
The present work deals with the determination of
ultrasonic velocity measurements which have been used
to obtain information regarding various acoustic
parameters and solute-solute interactions in pure
solvents, solvent mixtures and solutions of complexes
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of copper surfactants with substituted 2-amino-6-chloro
benzothiazole in non-aqueous solvents (benzene and its
varying compositions with methanol). The solvent
benzene was chosen due to maximum solubility and
methanol for analysis of polarity effect on the micellar
features of the solute molecule along with various
interactions in ternary solution.It is anticipated that it
will generate new hopes in various industrial and
analytical applications. This information is of fundamental importance for understanding solute-solute,
solvent-solvent interactions in solutions below and above
critical micelle concentration.

Fig. 3. Structure of copper-caprate CCpr

Experimental
All the chemicals used were of LR/AR grade. Ligands
were synthesised using Thiocyanation method10. (Fig. 1)
TLC using silica gel was used to check the purity of the
compounds. The metal was analysed by standard
procedure. C, H, N, Cl and S analysis were performed
at RSIC, CDRI Lucknow.
Fig. 4. Structure of copper-laurate CLrt

Fig. 1. Synthesis of ligand 2-chloro 6- methyl benzothiazole

Copper soaps (caprylate, caprate, and laurate) were
prepared by direct metathesis of the corresponding
potassium soap with slight excess of the required amount
of copper sulphate solution at 50-55°C. After washing
with hot water and alcohol, the samples were dried at
100-105°C. Finally under reduced pressure, they were
recrystallized twice from hot benzene (Figs. 2-4).
In general, all the three solid complexes (about 90%
yields) with bluish green periphery were obtained (Figs.
5-7). These are soluble in benzene, ethanol, methanol
and other organic solvents and insoluble in water.

Fig. 2. Structure of copper-caprylate CCpl

Fig. 5. Structure of copper-caprylate with 2-amino-6-chloro
benzothiazole: CCplACB

Fig. 6. Structure of copper-caprate with 2-amino-6-chloro
benzothiazole: CCprACB
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parameters. Ultrasonic measurements have also been
use to determine the solvation number.
The specific acoustic impedance Z, adiabatic
compressibility β, intermolecular free length L f ,
apparent molar compressibility βk , have been calculated
by using following relationships11.
z=µ×ρ
β=

Fig. 7. Structure of copper-laurate with 2-amino-6-chloro
benzothiazole: CLrtACB

⎡

All the complexes are quite stable at room temperature
up to 170°C. On the basis of elemental analysis, the
complexes have been assigned the composition
Cu2(CnH2n+1COO–)4L2, n=7,9,11 and suggested 1:1 type
stoichiometry. The synthesized complexes were
abbreviated as follows:
1. Copper-caprylate with 2-amino-6-chloro
benzothiazole: CCplACB
2. Copper-caprate with 2-amino-6-chloro
benzothiazole: CCprACB
3. Copper-laurate
with
2-amino-6-chloro
benzothiazole: CLrtACB
Measurement of density and ultrasonic velocity
Ostwald's modification of Sprengel's pyknometer
with a volume of about 10 ml was used for measuring
the density of the soap solution in the thermo stated
bath at 298.15 K. The density ρ were reproducible to
within ± 0.020 kg m–3.

µ 2 .ρ

(2)

Lf = K β

(3)

φ k = ⎢ 1000.
⎣

1

(1)

βρ o − β oρ ⎤ β M
⎥+
cρ o ⎦ ρo

Μ = M 1X 1 + M 2 X 2 + M 3X 3

(4)
(5)

M represents the molecular weight and X the mole
fraction of the component. The values of ultrasonic
velocity and allied parameters for the system studied
are shown in Figs. 8-11.
The data clearly indicate that the value of Z and u
decreases whereas β and Lf increases consistently with
increase in the complex concentration, and φk also
increases with the complex concentration up to CMC
and after CMC it decreases12.
The plots of u, β, Lf and Z v/s c are characterized by
an intersection of two straight lines corresponding to
the CMC of the complex molecule of soap segment. At
CMC hydrocarbon chain structure of complex molecule

The underlying principle of ultrasonic experimental
technique used in the measurement of velocity (u) is
based on the accurate determination of the wavelength
(λ) of the medium. Ultrasonic interferometer with
accuracy of 0.03% was used for the measurements of
ultrasonic velocities in various solutions at a fixed
frequency 2 MHz. Water maintained at 298.15K
temperature in a thermostat was passed through the
jacket of the cell before the measurement was actually
made.
Results and Discussions
A number of workers16,17 have discussed the physicochemical aspects of ultrasonic velocity and related

Fig. 8. Plots of ultrasonic velocity v/s complex concentration
in benzene plus methanol
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Fig. 9. Plots of β v/s complex concentration in benzene plus
methanol

Fig. 11. Plots of Z v/s complex concentration in benzene plus
methanol

internal pressure and in lowering the compressibility of
the solution i.e. solution becomes harder to compress.
This indicates that there is a sufficient complex-solvent
interaction due to which micellar alignment is
considerably affected. The variation in the extent of
increment of the parameters referred in the preceding
para suggests that the predomination of methanol (higher
percentage of methanol) in the solvent play a significant
role in compacting the molecular organization of the
micelles13.
The variation of ultrasonic velocity with complex
concentration is expressed by the equation14.
µ = µ o + Gc
(6)
Fig. 10. Plots of Lf v/s complex concentration in benzene plus
methanol

allow extensive contact between adjacent chain, possibly
accompanied by change in vibrational and rotational
degree of freedom of methylene group.
Adiabatic compressibility and intermolecular free
length of the complex solution increases with the
complex concentration. This may be interpreted on the
basis of the fact that the soap molecule of complex in
solution are surrounded by a layer of solvent molecules
firmly bound and oriented towards soap segment of the
molecule or polar head group of molecule. The
orientation of the solvent molecules in the vicinity of
the polar segment may be due to the influence of
electrostatic fields and results in the increase in the

G is Gruneisen constant. The value of G was derived
from the slope of the linear plot u v/s c below CMC.
The extrapolated values of u0 below CMC are in fairly
good agreement with the experimental values indicating
that the complex molecules do not aggregate to an
appreciable content below CMC. The increase in the
values of β and Lf with the increase in the complex
concentration indicates that there is significant
interaction between complex and solvent molecules
suggesting a consistent change in the lucid micellar
orientation in such system. The values of β and Lf are
higher for 80% methanol-benzene solvent mixture than
40% methanol-benzene solvent mixture15. The value of
Z and u decreases with increase in complex
concentration and volume percent of methanol. It can
be explained on the basis of lypophobic interaction
between complex and solvent molecule that increases
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intermolecular distance leaving relatively wider gaps
between the molecules. This may be attributed to the
fact that entrapping of solvent molecules in the palisade
layers of micelles at 40% methanol is dissimilar to the
entrapping of solvent above this concentration
suggesting a consistent change in the micellarbehavior
with the predominance of benzene and methanol
respectively.
The value of apparent molar compressibility k has
also been evaluated in terms of Masson's equation16.
φ k = φ 0 k + Sk c

(7)

The values of φk0 have been collected from the φk
v/s. √c Plots (Fig. 12) by extrapolation to zero complex
concentration (below CMC). The limiting values of
apparent molar compressibility (φk0) show an increase
upto CMC then decrease generally. The increase in the
value of φk may be attributed to the fact that the complex
molecules in dilute solutions are not considerably
associated with each other, molecules are surrounded
by a thin film of solvent molecules, firmly bound and
oriented towards the polar head group of complex
molecule17. The orientation of solvent molecules around
the complex molecule is attributed to the influence of
the electrostatic field of the polar segment of complex,
which increases the compressibility of the solutions,
after CMC the apparent molar compressibility decreases
due to sufficient associations of the complex-complex
molecules too. The value of φk decreases with the volume
percent of methanol18.
The perusal of data shows that the value of CMC of
ultrasonic parameters is higher in 40% methanol as
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compared to 80% methanol. With regard to chain length
of the soap segment of the complex molecule, the CMC
value follows the order19: C6>C8>C10. The results are
in agreement with the fact that there is a decrease in
CMC with increasing number of carbon atom in the
hydrophobic chain 19. It may be summed up that
irrespective of chain length of the complex, the solutesolvent and solute-solute interaction remain unaltered
and the change in the micellar organization of all three
complexes in 40% methanol is quite different than 80%
methanol20.
Conclusions
The acoustic behavior of the referred systems studied
as solute in solution which is a ternary system may
provide valuable information's for applications of the
synthesized molecules in different fields. This provides
useful information about the nature of intermolecular
forces existing in the solution. The decrease in adiabatic
compressibility and intermolecular free length Lf with
the increase in the concentration of the soap indicate
that there is significant interaction between solute and
solvent molecules. The structural arrangement of
micelles below and above CMC is considerably affected
and also affected by the polarity of the solvent. The
types of micellar structures formed are needed to be
study and many more aspects about the uses of
surfactants are still open for further researches.
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The ultrasonic attenuation and velocities following electron viscosity mechanism has been computed in
semi-metallic, superconducting single crystal Iron Selenide(FeSe) in low temperatures 10-70K. We have also
calculated the electron-viscosity at different low temperature needed for the calculation of ultrasonic attenuation.
The behaviour of ultrasonic attenuation is quite similar to its inverse electrical resistivity. The ultrasonic attenuation
due to electron viscosity mechanism is most significant at 15 K. Computed results of ultrasonic parameters have
been discussed.
Keywords: Elastic constant, electrical resistivity, superconductor, ultrasonic attenuation.

Introduction
Ultrasonics is a versatile tool for studying the properties
of different types of materials. This is a useful technique
for the characterization of microstructures, appraisal of
defects, discontinuity and mechanical properties of
objects. Ultrasonic measurements are very important
during the material processing in the industries at
different temperature to extract the internal
microstructural and mechanical thermophysical
properties of the materials. The interaction of ultrasound
with microstructure is important for many material
problems. Attenuation and backs scattering reduce the
detectability of flaws, especially in materials with coarse
grains or complex microstructures. The study of the
propagation of ultrasonic waves in materials determines
the elastic constants, which provides better understanding
of the behaviour of the materials. The elastic constants
of material are related with the fundamental solid state
phenomenon such as specific heat, Debye temperature
and Grüneisen parameters. The elastic constants in the
materials can be determined by measuring the velocity
of longitudinal and shear waves. The intensity of
ultrasonic wave decreases with the distance from source
during the propagation through the medium due to loss

of energy. These losses are due to diffraction, scattering
and absorption mechanisms, which take place in the
medium. The changes in the physical properties and
microstructure of the medium is attributed to absorption
while shape and macroscopic structure are concerned to
the diffraction and scattering. Ultrasonic velocity play
important role in the study of ultrasonic attenuation. It is
directly related to elastic constants by formula. v =

c

ρ
where c is the elastic constant and ρ is the density of that
particular material1,8. Anisotropy stiffness and stability
of the crystals are directly related to the elastic
constants. Also the elastic constants provide the
information about the Debye temperature and Debye
average velocity at different temperatures.

The Understanding of the high temperature superconductivity mechanism is a prominent and challenging
task facing the solid state physics community. Comparing
the cuprate superconductor and the iron based
superconductor provides the information that leads to
explore the high temperature superconductivity. The ironbased superconductors discovered in 2008 represent the
second class of high temperature superconductors. A
great progress has been made in theoretical understanding
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of the iron-based superconductors 4-6.
Among all the iron-based superconductors, the FeSe
superconductor has gained particular attention due to
their simple crystal structure and peculiar physical
properties. Simple single crystalline structure of FeSe
superconductor is important for the theoretical study of
superconducting mechanisms. The bulk FeSe superconductor exhibits of superconducting transition
temperature (Tc = 8 K) at ambient pressure 4,5.
The acoustical characterization of FeSe single crystal
has been done by Zvyagina et al.3 in which they
calculated the second order elastic constants. The low
temperature resistivity has been reported by Hope et
al.4. But so far the ultrasonic attenuation of FeSe single
crystal at low temperature and the wave propagation
along different direction are not to be reported in the
literatures. Therefore we have studied ultrasonic
attenuation in FeSe single crystal due to electronviscosity mechanism at low temperatures.

Solids are characterized by greater binding forces
between constituent atoms. The constituent atoms
molecules or ions which forms solid is arranged in an
orderly repeating pattern over a large scale called single
crystal. In the present investigation ultrasonic attenuation
studies have been made in FeSe single crystal at low
temperatures. When the ultrasonic wave propagates
through the medium, it's some part of energy is attenuated
through the different mechanism like thermal loss,
scattering, absorption, electron-phonon interaction,
phonon-phonon interaction, and magnon-phonon
interaction etc., called as ultrasonic attenuation 11. At
low temperature the main possible cause of attenuation
of Ultrasonic wave is coupling between electron and
acoustical phonon from 0-80 K as explained by Morse
and Mason12,13. Ultrasonic attenuation due to electronphonon interaction occurs at low temperature because
at low temperature the mean free path of electron is
comparable to the wavelength of acoustic phonons. The
most probable interactions14 between electrons and
acoustical phonons are possible at low temperatures
0-80 K. The experimental study done by Bömmel and
Mckinnon shows that electrons are responsible for major
contribution to the ultrasonic attenuation at low
temperatures. The result gives information about Fermi
surfaces1,2. If the electrons in the metals are supposed to
be degenerate Fermi gas enclosed in a box and subjected

to distortion, then in the absence of collisions the Fermi
surface will be distorted from spherical to ellipsoidal
shape. To restore the spherical distribution, collision
between electron and lattice occurs. This is a relaxation
phenomenon because the continuous varying phase of
ultrasonic wave upsets this distribution. Morse found
that absorption coefficient is mathematically given by
the expression11.


4mWF  2
15e 2 VL3

(1)

and the corresponding relaxation time '' to be

m

Ne 2

(2)

Where WF stands for Fermi energy;  is electrical
conductivity;  is density of metal; e is electron charge;
m is electron mass and VL is the velocity of longitudinal
wave.
Mason considered that the energy of the electrons in
the normal state is carried to and from the lattice
vibrations by means of viscous medium i.e. by transfer
of momenta because of this mechanism is also called as
electron-viscosity mechanism. The mathematical
formulations for ultrasonic attenuation caused by the
energy loss due to compressional and shear viscosities
of the lattice at low temperature are given below 1,2,10,11:
 long 

2 2 f 2
Vl 3

 shear 

4

 e   
3


2 2 f 2
e
VS3

(3)

(4)

Where  is the density of material, f is the frequency
of the ultrasonic wave, e is the electron viscosity and 
is the compressional viscosity (which is zero in present
case), Vl and VS are the acoustic wave velocities for
longitudinal and shear waves respectively and are given
as:
Vl 

C11



and VS 

C44



(5)

The viscosity of the electron gas ( e) is given by
e 

9  1011  2  3 2 N 
5e 2 R

23

(6)

Where N denote the number of molecules per unit
volume, R the resistivity and h is Planck's constant.
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The behaviour of electrical resistivity as a function of
temperature is one of the most fundamental and
informative tool to understand the basic properties of a
superconductor. The dependence of the resistivity on
temperature provides better understanding of the
scattering mechanisms for the conduction electrons by
impurity6. It provides the general information about solidstate electronic structure of materials also. The other
possible scattering mechanism like electron-phonon
interaction, spin fluctuation etc. for metals and semimetals type superconductor, in the range between1-100K
is also understand with help of temperature dependent
resistivity5,6.

values of ultrasonic velocities, Vl for longitudinal wave
and Vs for shear wave are 3.2516 m/s and 1.454 m/s
respectively for FeSe single crystal, the values of
electronic viscosity (e) and resistivity (R) at different
temperatures are presented in Table 1.
The temperature dependence coefficient of the
ultrasonic attenuation over frequency square due to
electron phonon interaction for longitudinal ( /f 2)long
and shear waves (/f 2)shear have been evaluated with
the help of Eqs. (3) and (4) and are shown in Fig. 1 and

In recent decade Rout, et al.15 established theoretical
microscopic approach for calculation of attenuation in
superconducting materials with the help of ultrasonic
velocity in low temperature range. In our investigations
the efforts have been made to extend the applicability of
the simple Mason's theoretical approach for the
determination of the ultrasonic attenuation at low
temperature1,2,15.

The values of electrical resistivity at different
temperatures are taken from the literature 4. The values
of SOEC (C11 and C44) are taken from the literature 3.
The temperature dependency of elastic constants and
accordingly the velocity is insignificant. The calculated

Fig. 1. Variation of ( /f 2)long of FeSe single crystal with
Temperature.

Table 1 – The electrical resistivity (R), viscosity (e), ultrasonic attenuation over frequency square ( /f 2)long for longitudinal wave and
ultrasonic attenuation over frequency square ( /f 2)shear for shear wave of FeSe single crystal at temperature from 10-70 K.
R
(µcm)

e ×10–3
(poise)

(/f 2)shear
(10–16 NpS2/cm)

shear / long

10

3.33

1.929

15

20.00

0.321

3.118

26.218

8.409

0.519

4.365

8.409

20

25.00

0.256

25

30.00

0.214

0.415

3.492

8.409

0.346

2.910

30

36.66

8.409

0.175

0.283

2.381

8.409

35
40

43.33

0.148

0.239

2.0149

8.409

48.33

0.132

0.214

1.806

8.409

45
50

55.00

0.117

0.188

1.587

8.409

60.00

0.107

0.173

1.455

8.409

55

66.66

0.096

0.155

1.309

8.409

60

71.66

0.089

0.144

1.218

8.409

65

80.00

0.080

0.129

1.091

8.409

70

90.00

0.071

0.115

0.970

8.409

T
(K)

(/f 2)long
NpS2/cm)

(10–16
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Fig. 2. Variation of (/f 2)shear of FeSe single crystal with
Temperature.

Fig. 3. Variation of (1/R) of FeSe single crystal with
Temperature

3

Fig. 2. It is obvious from Fig.1 and Fig. 2 that ultrasonic
attenuation in FeSe single crystal decreases rapidly with
the temperature.
The transition temperature of superconducting FeSe
single crystal is 8K. Thus the electron-phonon interaction,
which is the dominating cause of ultrasonic attenuation,
occurs at lower temperatures in FeSe single crystal.
Ultrasonic attenuation for shear wave (/f 2)shear is
approximately 10 times greater than the ultrasonic
attenuation for longitudinal wave ( /f 2)long in FeSe
single crystal, the reason behind this is the value of C 44
is smaller than C11. We have seen that the elastic
constants are not playing much effective role for the
decrease of ultrasonic attenuation with temperature. The
variation of reciprocal of resistivity with temperature
for FeSe single crystal has been plotted in Fig. 3. The
behavior of ultrasonic attenuation at the low temperature
is not linear but it is similar as that of reciprocal of
electrical resistivity (Figs. 1-3).
This shows that only electrical resistance affects
prominently the ultrasonic attenuation in this temperature
range. In the case of FeSe single crystal the sudden
decrease in ultrasonic attenuation is due to the anomalous
decrease of electrical resistivity and electronic viscosity
(e) at 15 K, which is an indication of rapid decrease in
free electron concentration.
It is evident from Table 1 that the values of ratio of

ultrasonic attenuation i.e. long are almost same at
 shear

 long 3  vs 
  
different temperatures. The relation 1,2 
4  vl 
shear
from Eq. (5) and Eq. (6) to evaluate coefficient of
ultrasonic attenuation and velocities as obtained by others
holds good in the present investigation. So we can say
that the present theoretical approach is acceptable for
the calculation of ultrasonic attenuation due to electronphonon interaction mechanism in FeSe single crystal in
temperature range 10-70 K.

In the present investigation we concluded the following
results.
 The electrical resistivity is the prominent cause for
ultrasonic attenuation of FeSe single crystal at low
temperature.
 The behaviour of ultrasonic attenuation is quite
different from other metals and semi-metallics.
 Anomalous decrease of ultrasonic attenuation at
15K is due to anomalous decrease in electrical
resistivity at 15K in the FeSe single crystal.
 The ultrasonic parameters long and shear may be
correlated with the velocities with relation
3
 long 3  vs 
   over low temperature region.
 shear 4  vl 
In this manner the theoretical approach we used, seems
validate for ultrasonic characterization of FeSe single
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crystal superconducting semi-metallic material having
low carrier concentration in the low temperature range.
The data are very important for low temperature
technology related to semi-metalic superconducting
materials.
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Boron nitride (BN) is made up of layered structure with equal number of boron and nitrogen. These atoms
are held together prominently by Van der Waals forces and their nanostructures have wide range of applicability
in biomedical field. BN nanopowder was synthesized by high chemical route method and its characterization has
been carried out by X ray diffraction (XRD) and Fourier transformed infrared spectroscopy (FTIR). Ultrasonic
characterization of BN has been observed in organic base solvent. Average particle size has been estimated by
using Debye-Scherrer formula. It was found to be 70 nm. Thermo acoustic properties of nanomaterials related
to the surface of nanoparticles and nanoparticle surfactant interactions. Material characterization of BN nanosuspension was studied by non-destructive technique at various molar concentrations, temperatures and frequencies.
Keywords: Ultrasonic velocity, adiabatic compressibility, XRD, FTIR, Debye-Scherrer formula.

Introduction
Technology is used continuously attracting advanced
properties of materials which obviously controlled by
nanoscale. Inorganic compound plays a vital role in
sustainable technology, energy conversion and environmental issues. Ceramic oxides have a lot of scope but
boron nitride is one of the most useful materials and has
interesting characteristics. Recently hexagonal boron
nitride is found to be attractive behavior in various fields.
BN nanopowder was synthesized by chemical route
methodand its ultrasonic characteristics were discussed
over the entire range of temperature and concentration.Ultrasonic velocity measurement together with
density and viscosity helps in finding out many thermo
acoustic parameters and all these are related to the
surface of nanoparticle and nanoparticles surfactant
interactions1-3. BN nanoparticles with surface areas 70
nm have been prepared and study its ultrasonic
characteristics of in methanol base solvent4-6.
Materials and Methods
The liquids used were of BDH analar grade and

redistilled in the laboratory. In this study the measurements have been made in the temperature range 293K313K. The temperature of the suspension was kept
constant by the use of thermostat U-10 with ±0.01 K
accuracy. Density measurement was carried out by using
hydrostatic sinker method with an accuracy ±0.01%. A
mono pan electrical balance of least count as 0.0001 g
was used to record change in plunger weight dipped in
the solutions correct to fourth place of decimal.
Ultrasonic measurements were carried out by an
ultrasonic multi frequency interferometer at frequency
5 MHz with an accuracy of ±0.1%. The time of descent
of the liquids between the viscometer marks was
measured using an electronic digital timer with least
count 0.01s. The viscosity was measured in Ostwald's
viscometer with an accuracy 0.001 cP.
Preparation of Samples
Boron nitride is synthesized by using 6.18 g boric acid
(H3BO3, Merck) dissolved in 200 ml distilled water.
The solution is kept at 100°C. The 6.30 g melamine
C3H6N6 Merck is now added to the solution. The material
prepared is placed upto 48 hours in room temperature.
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B4N3O2H is obtained after filtering and drying the
solution. This is the precursor of BN. Then it is heated
at 500oC temperature for three hours without any gas
flow. After that, material heated under nitrogen gas flow.
Nitrogen gas flow is allowed for one hour with 800oC.
The sample so obtained was grinded to get it in powdered
form.
Characterization
The sample prepared was characterized by X-ray
diffraction (XRD) and Fourier transforms infrared
spectroscopy (FTIR). The Nanoparticles of BN were
also characterized by measuring the ultrasonic velocity
at various temperatures and at various molar concentrations in different organic solvent. The nanofluids were
prepared in organic solvent. Ultrasonic velocity, density
and adiabatic compressibility of fluid were determined.
The measurement was carried out by non-destructive
technique.
Results and Discussions
The synthesized nanoparticles are characterized by
X-Ray powder diffractometer (XRD) and Fourier
transform infrared Spectroscopy (FTIR). Fig. 1 exhibits
the XRD spectra of BN nanoparticles.

75

diffraction (XRD) using PAN-analytical diffractometer
(Cu-Ka radiation) at a scanning step of 0.01°, continue
time 20s, in the 2h range from 10° to 120°. Formation
of the compound confirmed by XRD pattern matched
with the standard data available in JCPDS file. From
this study, average particle size α-Al2O3 has been
estimated by using Debye-Scherrer formula
D=

0.9λ
W Cosθ

(1)

Where 'λ' is the wavelength of X-ray (0.15460 nm),
'W' is FWHM (full width at half maximum), 'θ' is the
diffraction angle and 'D' is particle diameter. The estimate
size of BN nano particles is found to be 70 nm. It is
observed that no other impurity peak was observed in
the XRD pattern, showing thesingle phase sample
formation.
FTIR spectra of BN nanoparticles treated at 300°C is
shown in Fig. 2. The broad absorption peaks around
500 cm–1 to 1600 cm–1 is caused by OH starching of
absorbed water molecules. The peak at 767.23 cm–1
indicates the B-N stretching and 1340.58 cm–1 indicates
the BN compounds. FTIR spectra exhibit only two
vibrations: occurring at approximately 767.23 cm–1 and
1340.58 cm–1 for the sample, whichcan be attributed to
the vibrations of BN, confirming the formation of highly
pure BN nano particles.

Fig. 2. FTIR analysis boron nitride nano particles
Fig. 1. XRD pattern of Boron nitride nano particles

The prepared sample were characterized for their
phase purity and crystallinity by X-ray powder

Figure 3 represents the variation of ultrasonic velocity
versus concentration of BN nano particle suspension in
methanol. It is interpreted that thenano sized BN particles
have more surfaces to volume ratio and formation of

76

J. PURE APPL. ULTRASON., VOL. 41, NO. 3 (2019)

be due to Brownian motion of BN nanosuspension in
methanol base fluid.

Fig. 3. Ultrasonic velocity versus concentration of BN nano
particle suspension in methanol

Figure 5 represents the variation of adiabatic
compressibility with concentration of BN nanoparticles
in methanol. The adiabatic compressibility of
nanosuspension enables direct access to the
nanosuspension structure in terms of the particle packing
density and the inter particle forces. It is related to
density and ultrasonic velocity of nanosuspension and
shows the reverse trends as that of ultrasonic velocity
which is theoretically accepted. The non-linear variation
of adiabatic compressibility with concentration of BN
indicates the presence of phase separation of BN nano
suspension in methanol base fluids.

hydrogen bonds with methanol molecule which absorb
more BN molecules on its surface, hence making the
transport easy from one point to another point, which
enhances the velocity. The decrease of ultrasonic velocity
with increase in concentration is due weakening of
interaction between nano sized particle and micro sized
fluid molecule. Peak at molar concentration 0.6 indicates
strong aggregation of nano suspension. Non linear
variation of ultrasonic velocity may due to the Brownian
motion of BN nanoparticles.
Figure 4 shows the variation of density with concentration of BN nanoparticles in methanol. Densities of
the nanosuspension are calculated by measuring the
weight of the nanosuspension using 25 ml of specific
gravity bottle and also by using the standard value of
density of water. Increase in density indicates the close
packing between the BN nanoparticles in methanol base
fluid suspension. Non linear variation of density may

Fig. 5. Adiabatic compressibility versus conc. of BN nano
particle suspension in methanol.

Conclusions
• The structural, optical and ultrasonic properties of
the nanoparticles and nanofluids are characterized
by XRD, FTIR, ultrasonic velocity, density and
adiabatic compressibility.
• FTIR confirms that the BN nanoparticles present
around 767.23 cm–1 and 1340.58 cm–1.
• The ultrasonic velocity increases withincrease in
the concentration of BN nanoparticles due to
aggregation of boron nitride nanoparticles in
ethanol based nano suspension.

Fig. 4. Density versus concentration of BN nano particle
suspension in methanol

• Ultrasonic velocity decreases with increase in
temperature due to Brownian motion of
nanoparticles in ethanol based nano suspension and
thermal agitation.
• The non-linear variation of density and adiabatic
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compressibility indicates the presence of phase
separation in nano suspension
• It is confirmed that aggregation of nano particles
in nanosuspension plays a key role for association
and hence enhancement of ultrasonic velocity.
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