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EDITORIAL
A need for review of published research on ultrasonic studies of solids and liquids
Dear Colleagues,
Your journal, the Journal of Pure & Applied Ultrasonics (JPAU), has become fairly punctual in recent years
as every new issue gets released before the beginning of the next quarter or at best within the first fortnight.
The publication committee under Prof. Devraj Singh,Publication Secretary, deserves all praise for the excellent
work being done. Let the readers of the ultrasonic journal also feel proud in recent elevation of Dr. Devraj Singh,
to the position of Professor of Physics at V.B.S. Purvanchal University, Jaunpur (U.P.).
You are aware, JPAU has been publishing review articles on various aspects of ultrasonics from time to time.
Researchers in ultrasonics and related areas are invited to submit review articles or papers to the journal. It
would also be appropriate that JPAU contributors of the research papers on ultrasonic studies in liquid systems
and solids submit review articles on the subject covering the work published during the last decade or so. It
would give direction to the students and researchers to the future problems which need to be investigated.The
publication team has uploaded all the issues of JPAU since 2003 on the USI website for the convenience of
readers.
It is further informed that the journal is also publishing regularly summaries of Ph.D. thesis awarded in
ultrasonics or related areas in last two years. Students of Ph.D. and supervisors should avail this facility and
submit one-page summaries of Ph.D. thesis submitted during last two years.
In previous issues we have highlighted in editorials the thrust areas which need to be developed. It includes
methods for advancing the research in liquid systems using precision measurements of ultrasonic velocity and
attenuation over wide frequency band and at high pressures. The currently used method of measurements of
ultrasonic velocity using variable path interferometer is reported to have a precision of 0.5 to 1%, whereas
methods with much higher precision are reported in the literature.
It needs to be noted that in many of the published papers, the authors have shown variations in ultrasonic
velocity measured in liquid systems at different temperatures,concentrations and frequency to be of the same
order as the precision of measurements. Authors of such contributions are thus required to be careful while
drawing conclusions about thermos-acoustic parameters from the observed variation of ultrasonic velocity keeping
in mind the precision of measurement of the ultrasonic velocity. It also becomes incumbent upon the contributors
to develop methods to improve the measurement precision of ultrasonic parameters.
The manufacturers of ultrasonic equipment for velocity and attenuation measurements are called upon to
bring about innovation in their products based on methods for such measurements with higher precision and over
wide frequency band. They may like to sponsor development projects to research institutions for this work. It
would enable the users of such instruments in physics, chemistry and biology to take their investigations about
thermo-acoustic properties and molecular interaction in liquid systems to a higher level both qualitatively and
quantitatively.
The manufacturers of ultrasonic equipment for welding soldering, machining, cleaning, flaw detection, flow
measurement, etc. are invited for free of charge publication in JPAU of half-page write-ups on innovations of
their products.
— S. K. Jain
Chief Editor
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Ultrasonic studies on the thermodynamic and
excess thermodynamic properties of bromobenzene substituted
with ethyl methyl ketone at 308.15 K
Lakshmi Rekha Buddiga1, Tejaswini Gara2, Ganapathi Rao Gajula3* and Chidambara Kumar K.N.3
1Department

of Chemistry, Andhra University, Visakhapatnam-530 003, A.P, India
of Chemistry, SVD Government Degree College for Women, Nidadavole-534301, A.P, India
3Department of Physics, BS&H, Sree Vidyanikethan Engineering College, Tirupati-517102, A.P, India
*E-mail: ganapathi.gajula@gmail.com

2Department

The ultrasonic velocity, viscosity and density of the bromobenzene substituted with ethyl methyl ketone
system have been measured experimentally at 308.15 K over the frequency 2 MHz. From these three values,
we have calculated thermodynamic and excess thermodynamic parameters such as molar volume, excess molar
volume, adiabatic compressibility, deviation in adiabatic compressibility, intermolecular free length, excess
intermolecular free length, deviation in viscosity, acoustic impedance, excess acoustic impedance, excess velocity,
Rao's constant and Wada's constant of binary mixtures to interpret the nature of the interactions taking place in
the binary liquid solutions. We have also calculated the ultrasonic velocity using two different models theoretically
(Nomoto's relation and Van Dael ideal mixing relation). The negative values of the excess intermolecular free
length and the non-linear changes of the ultrasonic velocity of the system obviously specified the prevalence of
interactions among molecules of binary liquids.
Keywords: Ethyl methyl ketone, bromobenzene, adiabatic compressibility, acoustic impedance, Rao's
constant, excess mean free length.

Introduction
The ultrasonic properties give much information about
the liquid condition of a compound mixure of liquids.
The ultrasonic properties of liquid -liquid mixtures play
vital role in understanding the thermodynamic, acoustic
and transport aspects. Using the ultrasonic properties,
we can explain the properties of unblended liquids and
the mixed liquids. The state of molecular interactions
in a liquid system can be understood from the
propagation of an ultrasonic wave in liquids.
The ultrasonic velocity, viscosity and density of liquid
mixtures are used to understand the theory of a mixture
in liquid state. The intermolecular forces among the
molecules in a liquid mixture alters the physical and
chemical properties like dipole moment in the heat of
mixing1-5. The values of ultrasonic velocity, density
and viscosity are useful in evaluating some useful
thermodynamic properties such as compressibility,

intermolecular free length, Gibbs free energy of
activation of viscous flow and several excess parameters
which will be very much useful in concerning the nature
of intermolecular forces between the component
molecules. Over the last three decades, research has
been focused on measuring the ultrasonic velocity of
liquid system(binary and ternary liquid mixtures) and
interpreting their molecular structures6-10.
Several research groups have discussed excess
thermodynamic properties in liquid mixture and
interpreted these properties using the interactions among
the molecules11-17. The excess thermodynamic propeties
of liquid mixers are used to describe the behavior of
liquid mixtures. The variation of the transport properties
in binary liquid mixtures with the mole fraction and
temperatures has drawn considerable attention. We can
interpret the cause of the molecular interactions,
correlate the interactions and predict the application of
the liquid mixture using the thermodynamic and physical
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properties of liquid and liquid mixtures. The differences
between a real liquid mixture and an ideal liquid mixture
can be analyzed from the excess thermodynamic
properties, i.e. the extent to which the liquid mixtures
deviate from its ideal behavior can be understood from
the excess thermodynamic properties. The exess
thermodynamic properties of a liquid mixture can be
used to design the operations like distillation, extraction
and crystallization. The knowledge of ultrasonic
properties are utilized in fields like textile industry,
chemical processing, food processing, leather industry,
pharmaceutical industry, testing and cleaning of
materials. Many researchers have reported the ultrasonic
studies of liquid mixtures at various temperatures 18-25.
In this paper, we present the ultrasonic properties of
ethylmethylketone mixed with bromobenzene to
investigate the variation of excess properties with mole
fraction at temperature 308.15 K and also to understand
the nature of the molecular interaction among all
molecules. We have measured the variations of the
ultrasonic velocity (u), density () and viscosity () of
ethyl methyl ketone mixed with bromo benzene at 308.15
K. From these measured values, we have evaluated the
additional parameters like molar volume (V), excess
molar volume (VE), adiabatic compressibility ( ad ),
deviation in adiabatic compressibility (  ad ),
intermolecular free length (Lf ), excess intermolecular
free length (LfE), deviation in viscosity (), acoustic
impedance (Z), excess acoustic impedance (ZE), excess
velocity (U E), Rao's Constant (R) and Wada's Constant
(W) to understand the nature of the interactions taking
place in the binary mixture.
Experimental techniques : Ultrasonic Interferometer, Ostwald Viscometer and a stop watch are
utilized to evaluate the ultrasonic velocity of a binary
liquid mixture, the viscosity of the liquid and to observe
the time taken for flow of a liquid respectively. Specific
gravity bottle is used to determine the density of the
liquid and a single pan electronic balance having
resolution 0.5 mg is used to estimate the weight of a
liquid.

flowing through the high frequency generator shows a
maximum value. The reading of micrometer screw is
noted (say d1). The micrometer screw is again rotated
until the anode current goes to minimum value and
again reaches maximum. The reading of the micrometer
screw is again noted (say d2). The wavelength of the
ultrasonic wave travelling through the liquid mixture is
calculated from the formula  = 2(d2 ~ d1). The ultrasonic
velocity is calculated using the formula U = .f where
'f ' is the frequency of the generator (f = 2 MHz).
Density measurements : The volume of the specific
gravity bottle is standardized at 308.15 K. The relative
density of the liquid and liquid mixtures is calculated
with respect to doubled distilled water using the
following relation
 Wt 
 dw
w


l
Relative density  (r )   Wt

Where Wt l and Wt w are the weights of liquid and
water respectively and dw is density of water at a
particular temperature.
Measurement of viscosity : The viscosity of a liquid
system is calculated from
  t 
   l l  w
  w tw 

where w is the viscosity of the pure distilled water, tl
and t w are the time of flow of liquid and water
respectively and l and w are the densities of the liquid
and water respectively.
Using ultrasonic velocity, density and viscosity, we
have calculated the following additional parameters.
1V1
V
and N 2 = 2 2
M2
M2
N1
N2
X1 =
and X 2 =
N1  N2
N1  N2
N1 =

M = M 1X1 + M 2X2
V1 =

M1

1

M2

and V2 =

V=

 ad =

Ultrasonic sound velocity : We have used the
ultrasonic interferometer to determine the ultrasonic
velocity. The liquid mixture is filled in the cell which is
fitted in the square base socket. The micrometer is slowly
moved in the clockwise direction till the anode current

27

2

M


1

U 2

VE = V – (V1X1 + V2X2)
R=

M

 1/3

and R =

M

 1/7

Lf = K( ad)1/2
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ηE = ηmix – (η1X1 + η2X2)

Results and Discussion

LEf = Lf mix – (Lf1X1 + Lf 2X2)
Vf = (MU/Kη)3
VfE = Vf real – Vf ideal
ZE = Zreal – Zideal
UE = Ureal – Uideal
The ultrasonic velocities are calculated using the
following equations:
Nomoto Equation :
UNomoto = [(X1R1 + X2R2)/ (X1V1 + X2V2)]3
Van Dael and Vangeel Equation26 :
UVanDael

We have chosen the system (bromobenzene + ethyl
methyl ketone) to examine the effect of bromobenzene
with various concentrations of ethyl methyl ketone. We
have determined the ultrasonic velocity (U), density (ρ)
and viscosity ( η ) of pure and liquid mixtures
experimentally and the values are tabulated in Table 1.
From these values, we have computed molar volume
(V), excess molar volume (VE), adiabatic compressibility
(βad), deviation in adiabatic compressibility (∆βad),
intermolecular free length (Lf), excess intermolecular
free length (LfE), deviation in viscosity (∆η), acoustic
impedance (Z), excess acoustic impedance (ZE), excess
velocity (UE), Rao's Constant (R) and Wada's Constant
(W) using equations shown in the previous section and
are presented in Tables 1 and 2.
Figure 1 depicts the variation of the ultrasonic velocity
of the chosen system. We clearly see from Fig. 1 that
the velocity increases with the concentration of ethyl

⎡⎛ X
⎤
⎞
1 + X2
= ⎢⎜
⎟ ( X 1 M1 + X 2 M2 ) ⎥
2
2
⎢⎣⎜⎝ M1U1 M 2U 2 ⎟⎠
⎥⎦

Table 1 – Ultrasonic velocity (U), density (ρ), viscosity (η), molar volume (V), adiabatic compressibility (βad), intermolecular free length
(Lf ), acoustic impedance (Z) of bromobenzene substituted with ethylmethylketone
Mole fraction X

U (m/s)

ρ (g/cm3)

η (cp)

V (cm3 mol–1)

βad (× 10–11
m2 N–1)

(10–10m)

Lf

Z

0.0000

1123

1.4748

0.9333

106.47

53.73

0.4629

1656.79

0.1893

1133

1.3735

0.8365

102.62

56.73

0.4756

1556.01

0.3686

1143

1.2671

0.7377

99.22

60.44

0.4910

1447.87

0.5386

1144

1.1561

0.6414

96.26

66.07

0.5133

1322.81

0.7001

1149

1.0346

0.5423

94.31

73.21

0.5403

1188.76

0.8537

1150

0.9114

0.4437

92.75

82.90

0.5750

1048.52

1.0000

1155

0.7945

0.3441

90.76

94.35

0.6134

917.65

Table 2 – Excess molar volume (VE), deviation in adiabatic compressibility (∆βad), deviation in viscosity (∆η), excess intermolecular free
length (LfE), excess acoustic impedance (ZE), excess velocity (UE), Rao's Constant (R) and Wada's Constant (W) of bromobenzene
substituted with ethylmethylketone
Mole fraction X

VE
(cm3mol–1)

∆βad(10–12
m2N–1)

∆η
(cp)

LfE 10–10 m

ZE

UE

R

W

(m/s)

0.0000

0.0000

0.0000

0.0000

0.0000

0.00

0.00

5137

3121

0.1893

-0.8759

-4.6880

0.0147

-0.0158

39.13

3.50

4965

2985

0.3686

-1.4583

-8.2548

0.0215

-0.0274

63.50

7.60

4815

2860

0.5386

-1.7468

-9.5391

0.0255

-0.0307

64.13

3.80

4673

2740

0.7001

-1.1609

-8.9574

0.0215

-0.0279

49.46

3.50

4585

2645

0.8537

-0.3101

-5.5104

0.0135

-0.0164

22.76

0.10

4511

2556

1.0000

0.0000

0.0000

0.0000

0.0000

0.00

0.00

4420

2455
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Fig. 1. Variation of ultasonic velocity (U) and impedance (Z)
of bromobenzene substituted with ethylmethylketone.

29

Fig. 2. Variation of ρ and η of bromobenzene substituted with
ethylmethylketone.

methyl ketone. The bromobenzene is a polar molecule
and has a polarization. As the concentration of ethyl
methyl ketone increases, the polarization of bromobenze
further increases and this confirms the significant
interactions exist among the molecules in bromobenze.
The moderate increase in the molecular association
further increases the ultrasonic velocity of the liquid
mixture at a moderate rate (as clearly seen in Fig. 1).
Similar results have been reported in binary liquid
mixtures by Kumar et al.27.
The shift of ultrasonic velocity with the mole fraction
of ethyl methyl ketone indicates the non-linear nature.
The moderate increase in the ultrasonic velocity of the
bromobenze with an increase in the mole fraction of
ethyl methyl ketone signifies the presence of weak dipole
interaction between the two neighbouring molecules
which is inturn depends on concentration24,28. The
variation of ultrasonic velocity of bromobenzene with
the mole fraction of ethyl methyl ketone is similar to
the variation of intermolecular free length (shown in
Fig. 4b).
The variation of impedance of the bromobenze with
ethyl methyl ketone is shown in Fig. 1. An abrupt
decrease in the impedance with an increase in the mole
fraction of ethyl methyl ketone is seen from Fig. 1.
The variation of density and the viscosity of the
bromobenze with the mole fraction of ethyl methyl
ketone are shown in Fig. 2. From Fig. 2, we see that
both the density and the viscosity of the bromobenzene
decrease with an increase in the mole fraction of ethyl
methyl ketone.

Fig. 3. Variation of ∆η and LfE of bromobenzene substituted
with ethylmethylketone.

Figure 3 shows the variation of deviation in viscosity.
We clearly observe from Fig. 3 that the deviation in
viscosity reaches maximum value at 0.54 mole fraction
of ethyl methyl ketone.
The deviation in viscosity data for ethyl methyl ketone
+ bromobenzene are in agreement with the arguments
based on the deviation in compressibility data. Similar
behavior has also been reported18,29. This may be
attributed due to the influence of the molecular structure
of ethyl methyl ketone on viscosity.
Figure 3 describes the variation of excess mean free
length with mole fraction of ethyl methyl ketone. Figure
4(b) shows the non-linear variation of intermolecular
free length with mole fraction of ethyl methyl ketone.
The negative deviation of excess mean free length
reaching a minimum at 0.54 mole fraction of ethyl methyl
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Fig. 4(a). Variation of volume (V) and βad; (b). Lf of bromobenzene substituted ethylmethylketone.

ketone shows the molecular interactions between the
molecules.
The structural changes take place due to the variation
in intermolecular free length (Lf ) of the system. The
excess mean free length (shown in Fig. 3) decreases
with an increase in the composition of ethylmethylketone
till 0.54 mole fraction, reaches minimum at 0.54 mole
fraction and beyond 0.54 mole fraction, it again
increases. The existence of minimum free length
indicates the squeezing of molecules in the system.
The similar studies have been further verified from
binary mixture of propylene carbonate with tetra hydro
furan, 1, 4 dioxane and acetone by Wankhede et al.30.
Figure 4(a) shows the variation of molar volume and
Fig. 5 shows the variation of excess molar volumes
with mole fraction of ethyl methyl ketone at the
temperature of 308.15 K and frequency 2 MHz. The
increase in the molar volume is due to an increase in the
intermolecular free length (shown in Fig. 4b). We
observe from Fig. 5 that the negative value of the excess
volume reaches maximum value at 0.54 mole fraction
of ethyl methyl ketone.
The hetero molecular interactions in the binary liquid
mixtures of ethylmethylketone + bromobenzene are
strong. This strong interaction is further substantiated
by viscosity measurements. The Excess molar volume,
density and viscosity values follow the trend of
Kubendran31. The negative values of VmE as explained

Fig. 5. Variation of excess volume (VE ) and deviations in
adiabatic compressibility (∆βad) of bromobenzene
substituted with ethylmethylketone.

by Prigogine32 is due to the dipole – dipole interactions
between the different size of the molecules.
Figures 4a and 5 represents the variation and deviation
in adiabatic compressibility respectively with mole
fraction of ethyl methyl ketone respectively. From Figs.
4a and 5, we observe the non-linear variation in the
adiabatic compressibility of the system. The negative
deviation in adiabatic compressibility attains minimum
value at 0.54 mole fraction of ethyl methyl ketone. From
Fig. 4a, we also observe that as and when the adiabatic
compressibility increases, the volume of the system also
decreases.
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represents the presence of an either association or
dissociation between unlike molecules. The positive ZE
and LfE values shown in Fig. 3 and Fig. 7 reveals the
strong interaction between the unlike molecules and the
formation of hydrogen bonding18,33-35. The positive
variation are in support of the variations of βad and LfE
with compositions.
Table 3 – VME and (VmE) cal from values A= -7.2118, B = 1.8374, C
= 6.8526 and σ = 0.1123 with mole fraction of
ethylmethylketone for bromobenzene substituted in
ethylmethylketone at temperature 308.15K.
X

Fig. 6. Variation of Rao's constant (R) and Wada's constant (W)
with mole fraction of ethylmethylketone for
bromobenzene substituted in ethylmethylketone.

The changes of the Rao's constant and Wada's constant
with the mole fraction of ethyl methyl ketone are shown
in Fig. 6. The existence of complex formation is
confirmed from the non-linear behavior of the molar
sound velocity (R) and molar compressibility (W) with
the mole fraction of ethyl methyl ketone.
The variation of acoustic impedance (Z), excess
acoustic impedance (ZE) and excess velocity (UE) is
shown in Table 2 for this mixture. The excess acoustic
impedance (ZE) and excess velocity (UE) reach maximum
values at 0.54 and 0.37 mole fraction of ethyl methyl
ketone respectively.
The deviation of Z E and U E from rectilinear
dependence on binary composition of the liquid mixtures

(VME)

(VME) cal

0.0000

0.0000

0.0000

0.1893

-0.8759

-0.8759

0.3686

-1.4583

-1.6807

0.5386

-1.7468

-1.7468

0.7001

-1.1609

-1.1294

0.8537

-0.3101

-0.3101

1.0000

0.0000

0.0000

Table 4 – Adiabatic compressibility ( ∆β ad) and adiabatic
compressibility (∆βad) cal from values A = -31.4342,
B = 2.4159, C = 16.8526 and σ = 0.3344 with mole fraction
of ethylmethylketone for bromobenzene substituted in
ethylmethylketone at temperature 308.15K.
X

(∆βad) cal

(∆βad) cal

0.0000

0.0000

0.0000

0.1893

-4.0559

-4.0559

0.3686

-7.0240

-7.1927

0.5386

-7.7404

-7.7404

0.7001

-6.6193

-5.8303

0.8537

-2.6594

-2.6594

1.0000

0.0000

0.0000

Table 5 – ∆η and calculate ∆η from values A = 0.1019, B = 0.0093,
C = –0.0008 and σ = 0.3344 with mole fraction of
ethylmethylketone for bromobenzene substituted in
ethylmethylketone at temperature 308.15K.
(∆η)

(∆η) cp

0.0000

0.0000

0.0000

0.1893

0.0147

0.0147

0.3686

0.0215

0.0231

0.5386

0.0255

0.0255

0.7001

0.0215

0.0222

0.8537

0.0135

0.0135

1.0000

0.0000

0.0000

Mole fraction X

Fig. 7. Variation of excess impedance (Z E) and excess
velocity U E of bromobenzene substituted with
ethylmethylketone.
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Table 6 – Deviation Lf and calculated LfE from values A = -0.1013,
B = 0.00196, C = -0.0627 and σ =0.0014 with mole
fraction of ethylmethylketone for bromobenzene
substituted in ethylmethylketone at temperature 308.15K.
Mole fraction X
0.0000
0.1893
0.3686
0.5386
0.7001
0.8537
1.0000

(Lf )

(LfE) cal

0.0000
-0.0137
-0.0233
-0.0247
-0.0202
-0.0070
0.0000

0.0000
-0.0137
-0.0238
-0.0247
-0.0175
-0.0070
0.0000

between the unlike molecules in the binary liquid
mixture.

The experimental determined values and the
theoretically calculated values are shown in Tables 3-6.
The percentage of deviation of the experimentally
determined values and the theoretically calculated values
of ultrasonic velocity using the relations of Nomoto and
Van Dael are shown in Table 7.

Fig. 8. Variation of deviations in viscocity (∆η) and calculated
deviations in viscocity (∆η ) of bromobenzene
substituted with ethylmethylketone.

It is perceptible from these tables that the theoretical
values of ultrasonic velocity determined by the two
theories show deviation from the experimental values.
The deviation in the theoretical ultrasonic velocity from
that of the experimental value is due to the limitations
and approximations of these two theories. According to
these two theories, all molecules are spherical in shape,
which need not be so in all cases and these two theories
does not take into account the interaction between the
binary components of liquid mixtures. The interaction
between the molecules of the two liquids after mixing
the binary liquids is due to existance of physical entities
like hydrogen bonding, dispersion forces, charge
transfer, dipole-dipole and dipole-induced dipole
interactions. Thus, the deviation of the calculated values
of ultrasonic velocity from the experimental values
indicates the existence of the molecular interaction

Fig. 9. VME and calculated VME of bromobenzene substituted
with ethylmethylketone.

Table 7 – Experimental ultrasonic velocity (Uexp), ultrasonic velocity from nomoto relation (UNomoto) with mole fraction (X) of
ethylmethylketone for bromobenzene substituted in ethylmethylketone at temperature 308.15K.
X

Uexp m/s

UNomoto m/s

Uimx m/s

% UN

% Uimx

U2/U2imx

0.0000

1123.40

1123.40

1123.33

0.0000

0.0000

1.0001

0.1893

1132.88

1132.70

1135.40

-0.0159

0.2223

0.9956

0.3686

1142.65

1142.07

1145.90

-0.0504

0.2847

0.9943

0.5386

1144.22

1145.20

1147.00

0.0856

0.2430

0.9952

0.7001

1149.02

1150.00

1150.80

0.0849

0.1546

0.9969

0.8537

1150.48

1152.10

1154.30

0.1410

0.3322

0.9934

1.0000

1155.00

1155.00

1155.00

0.0000

0.0000

1.0000
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Conclusion

Fig. 10. Variation of ∆β ad and Calculated ∆β ad of
bromobenzene substituted with ethylmethylketone.

We have determined the ultrasonic velocity, density
and viscosity of bromobenzene substituted with ethyl
methyl ketone experimentally. The calculated molar
volume, excess molar volume, adiabatic compressibility,
deviation in adiabatic compressibility, intermolecular
free lengths, excess intermolecular free length, deviation
in viscosity, acoustic impedance, excess acoustic
impedance, excess velocity, Rao's constant and Wada's
constant strongly confirm the presence of strong
molecular interactions between the unlike molecules
through the formation of hydrogen bonding. In addition,
the presence of the molecular interactions is also
confirmed from the negative values of excess
intermolecular free length. The experimental ultrasonic
velocity was correlated with Nomoto's relation and Van
Deal's ideal mixing relation. The experimentally
determined ultrasonic velocity coincides with ultrasonic
velocity calculated using Nomoto's relation and hence
we conclude that for this system, Nomoto's relation
gives better results for the determination of the ultrasonic
velocity.
Acknowledgements
We wish to thank Prof. K. Samatha, Department of
Physics, Andhra University, Visakhapatnam, India for
providing the facilities interferometer and her support.
References
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Ultrasonic speed and related acoustical and thermodynamic activation
parameters of (2E, 6E)-bis (4-hydroxybenzylidene)-4-methylcyclohexanone in
1, 4-dioxane, ethanol and tetrahydrofuran solutions at 298, 303, 308, and 313K
J.V. Chopda, D.B. Sankhavara, J.P. Patel and P.H. Parsania*
Department of Chemistry, Saurashtra University, Rajkot-360 005, Gujarat, India
*E-mail: phparsania22@gmail.com
The density, viscosity and ultrasonic speed of pure solvents: 1,4-dioxane (DO), tetrahydrofuran (THF),
ethanol (EtOH) and (2E, 6E)-bis (4-hydroxy benzylidene)-4-methylcyclohexanone (MBHBC) solutions of different
concentrations were investigated at four different temperatures: 298, 303, 308, and 313 K to understand the
effect of solvents and temperature on molecular interactions. Various acoustical and thermodynamic parameters
such as acoustical impedance, adiabatic compressibility, internal pressure, free volume, inter molecular free path
length, van der Waals constant, viscous relaxation time, classical absorption coefficient, Rao`s molar sound
function and solvation number of MBHBC solutions were determined using density, viscosity and ultrasonic
velocity data and correlated with concentration at the different temperature. Thermodynamic activation parameters
such as Gibbs free energy, enthalpy and entropy were derived using viscous relaxation time data. Very good to
excellent correlation between a given parameter with concentration and temperature is observed. Derived
parameters supported existence of strong molecular interactions in MBHBC solutions. It is observed that MBHBC
has structure forming tendency in DO, THF and EtOH systems.
Keywords: Density, viscosity, ultrasonic speed, solvation number, molecular interactions

Introduction
Because of nondestructive nature of ultrasonic
technique there is an ever increasing interest in the
measurement of the properties of solids. It is well known
that ultrasonic techniques are being widely employed
to investigate various range of applications in a variety
of fields such as biology, medicine, biochemistry,
dentistry, engineering, chemistry, consumer and process
industries etc.1-6. This non-destructive technique is
highly sensitive to molecular interactions and it gives
valuable information about nature and strength of
molecular interactions occurring in solutions 7 .
Ultrasonic speed and related parameters furnish
information about molecular structure, size, shape,
molecular packing, molecular motion, and strength of
molecular interactions, and are important in processing
technology like dyeing, repairing of cracks, design, food
processing, bleaching, esterification, electroplating,
synthetic chemistry processes, etc.8-13.

Chalcone have been an area of great interest in recent
scenario. Chalcone became a target of continued interest
in both fields like academia and industry. They are useful
for the treatment of viral disorders, cardiovascular
diseases, parasitic infections, pain, gastritis, and stomach
cancer, food additives and cosmetic formulation
ingredients, polymerization catalyst, fluorescent
whitening agent, organic brightening agent, stabilizers
against heat, visible light, ultraviolet light and aging14,15.
More over chalcones are photosensitive materials, which
are used for specific applications.
To the best of our knowledge no ultrasonic related
work on photosensitive materials has been reported in
the literature, which encouraged us to investigate
acoustic and thermodynamic properties of (2E, 6E)-bis
(4-hydroxy benzylidene)-4-methylcyclohexanone
(MBHBC). In this paper an effort has been made to
investigate strength of molecular interactions in MBHBC
solutions at four different temperatures. Various
acoustical and thermodynamic activation parameters are
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line. The middle fraction of the distillate was used.
Distilled water of conductivity range 3×10–8 to 5×10–8
S.m–1 at 25°C was distilled with the help of Millipore
(Elix) distillation unit.

(2E, 6E)-bis-4-hydroxybenzylidene)-4-m ethylcyclohexanone
Molecular formula: C21H20O3 and Molar mass: 320.39 gmole–1

evaluated to understand solvent-solute and solute-solute
interactions in these solutions. Molecular structure of
(2E,6E)-bis(4-hydroxy benzylidene)-4-methyl cyclohexanone is shown below.
Materials and Methods
1,4 Dioxane (DO) and tetrahydrofuran (THF) were
purified according to literature methods16. Ethyl alcohol
(EtOH) was used as received. (2E, 6E)-Bis(4-hydroxy
benzylidene)-4-methyl cyclohexanone was synthesized
and crystallized according to our recent work17. DO
and THF were distilled on a 45 cm long fractionation
column after being refluxed overnight on sodiumpotassium alloy. Care has been taken that traces of
moisture do not affect their dielectric constants or
solvating power and contribute only in significantly to
their conductance. In view of this, the investigation was
carried out in a closed system but not on a high vacuum

Fresh 0.1 mol.dm–3 stock solutions (100 mL) of
MBHBC were prepared in DO, EtOH and THF at room
temperature. From these stock solutions a series of dilute
solutions (0.1-0.01 mol.dm–3) were prepared in air-tight
measuring flasks. The density (ρ) and ultrasonic speed
(U) measurements were carried out on a density and
sound velocity meter. The repeatability in density,
ultrasonic speed, and temperature measurements were
±1×10 –3 kg m –3, ±1×10 –1 ms –1, and ±1×10 –3 K,
respectively. The adjustment and calibration of DSA
5000 M was done with air and millipore - distilled
water over a temperature range from 298 to 313K.
Viscosity measurements were carried out by using an
Ubbelohde type viscometer. The repeatability in
viscosity measurements was ±0.1%. The viscosity
measurements were repeated at least three times for
each sample. A constant temperature bath with an
accuracy of ±0.1 K was used for maintaining constant
temperature during viscosity measurements. The flow
times of pure solvents and solutions were measured
with a digital stop watch with an accuracy of ±0.01 s.
Mass measurements were carried out on an analytical
balance with an uncertainty of ±1×10–4 kg. Experimental

Table 1 – Comparison of measured density (ρ), viscosity (η) and ultrasonic speed (U) data for DO, THF and EtOH with literature values at
298, 303, 308 and 313 K

ρ (kg.m–3)

T (K)

η (m.Pa.s)
Expt.

U (m.s–1)

Expt.

Lit.

Lit.

Expt.

Lit.

298

1026.7

1026.8[18]

1.1702

1.1868[20]

1345.4

1344.3[18]

303

1021.1

1021.2[18]

1.0300

1.094[24]

1323.6

1322.3[18]

308

1015.6

1015.5[18]

0.9215

1.0026[20]

1301.3

1300.5[18]

313

1009.9

1011.8[18]

0.8307

0.8994[20]

1280.9

1279.7[19]

298

885.1

887.6[21]

0.5073

0.4580[22]

1275.6

1276.6[22]

303

880.7

882.1[21]

0.4387

0.4452[23]

1254.0

1254.25[19]

308

875.2

876.6[21]

0.3936

0.4125[22]

1230.4

1230.27[19]

313

869.7

871.1[21]

0.3499

0.3762[22]

1206.9

1206.46[19]

298

790.6

786.8[26]

1.6311

1.0957[25]

1155.6

1152.4[25]

303

785.3

781.3[27]

1.3797

1.009[27]

1138.6

-

308

780.9

776.4[28]

1.2775

0.890[28]

1121.7

-

313

776.5

772.6[27]

1.1708

0.8306[25]

1104.7

1102.8[25]

1,4-Dioxane

Tetrahydrofuran

Ethanol
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and literature values of ρ, η and U18-28 are reported in
Table 1.
Theoretical Equations and Data Processing : Various
acoustical and thermodynamic activation parameters
were determined according to following theoretical
equations:

Classical absorption coefficient (α/f 2)cl32:
8π 2
⎛α
⎞
⎜ f2⎟ =
3
⎝
⎠cl 3U

Rao s molar sound function (Rm)33:
Rm =

Specific acoustical impedance (Z):
Z = Uρ

(1)

Adiabatic compressibility (ka):
Adiabatic compressibility (k a) can be evaluated
according to Newton and Laplace:
κa =

1

Internal pressure (π)29:
1/ 2

ρ

⎛K⎞
⎟
⎝U ⎠

π = bRT ⎜

2/3

M 7/ 6

(3)

Where b is the packing factor (2), K′ is a constant
(4.28×109), R is the gas constant 8.3143 (JK–1 mol1).

3/ 2

(4)

Inter molecular free path length (Lf )30:
Lf = K (a)

1/ 2

(5)

⎤⎤
M ⎡ ⎡ RT ⎤ ⎡
MU 2
⎢1 −
⎢ 1+
b=
− 1⎥ ⎥
⎢
2⎥
3RT
ρ ⎢ ⎣ MU ⎦ ⎢
⎥⎦ ⎥
⎣
⎣
⎦

Sn =

Where M is the apparent molecular weight of the
solution, R is the gas constant and T is the absolute
temperature.
Viscous relaxation time (τ)31:
The resistance offered by viscous force in the flow of
sound wave appears as a classical absorption and
associated with it is the viscous relaxation time:
τ=

4
3U 2

(7)

(9)

(10)

M2
⎛ κ ⎞ ⎛ 100 − X ⎞
M 1⎜ 1 − a ⎟ ⎜
⎜ κ a ⎟ ⎝ X ⎟⎠
1 ⎠
⎝

(11)

Where M1 and M2 are the molecular weights of
solvent and solute, respectively.
The Gibbs free energy of activation (∆G*), enthalpy
of activation (∆H*) and entropy of activation (∆S*) can
be determined by using viscous relaxation time data at
different concentrations and temperatures:
1

kT
=
e
τ
h
ln

(6)

U 1/3

Where X is the number of grams of solute in 100 g of
the solution. The solvation number (Sn) can be expressed
as:

Where K′ is the Jacobson s temperature dependent
constant [K′ = (93.875+0.375T) × 10–8]
van der Waals constant (b)31 :

ρ

⎡ κ (100 − X ) ⎤
n = ⎢1 − a
⎥
κ a1 X
⎣⎢
⎦⎥

Free volume (Vf)29:
⎡ MU ⎤
Vf = ⎢
⎥
⎣ K' ⎦

M

Solvation number (Sn): The number of grams of
solvent connected in the apparent solvation of 1 g of
solute assuming that the solvent molecules participating
in the solvation are effectively incompressible due to
strong localized electronic fields is expressed as:

(2)

U 2ρ

(8)

−∆G*
RT

1
k ∆S * ∆H *
= ln +
−
τT
h
R
RT

(12)
(13)

Where k is the Boltzmann constant and h is the
Planck`s constant.
Results and Discussion

ρ, η and U data of pure solvents: DO, EtOH, and THF
and MBHBC solutions at four different temperatures:
298,303,308 and 313 K are presented in Table 2.
The ρ, η and U data were correlated with concentration
(C) at four different temperatures (T).The observed
trends for ρ and U are DO > THF >EtOH; and for η it
is EtOH> DO > THF. It is observed that ρ, η and U of
MBHBC solutions increased linearly with C and
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Table 2 – The density (ρ), viscosity (η) and ultrasonic speed (U) data for pure solvents and MBHBC solutions at 298, 303, 308 and 313 K.
Density ρ, (kg m–3)

Con. mol.

Viscosity η, (mPa s)

Ultrasonic speed U, (m s–1)

dm –3
298 K

303 K

308 K

313 K

298 K

303 K

308 K

313 K

298 K

303 K

308 K

313 K

DO-MBHBC
0.00

1026.7

1021.1

1015.6

1009.9

1.1702

1.0300

0.9215

0.8307

1345.4

1323.6

1301.3

1280.9

0.01

1027.9

1022.1

1015.9

1010.9

1.2121

1.0790

0.9428

0.8609

1346.5

1324.6

1302.8

1281.2

0.02

1028.5

1022.9

1016.6

1011.7

1.2439

1.1000

0.9795

0.8965

1347.6

1325.8

1304.0

1282.5

0.04

1029.5

1024.0

1017.7

1012.6

1.3045

1.1700

1.0347

0.9446

1349.3

1327.5

1305.8

1284.3

0.06

1030.7

1025.1

1018.8

1013.5

1.3673

1.2123

1.0689

0.9946

1351.8

1330.1

1308.5

1287.0

0.08

1031.9

1026.3

1019.9

1014.7

1.4114

1.2623

1.1068

1.0401

1352.9

1331.4

1309.8

1288.4

0.10

1033.3

1027.7

1021.1

1015.8

1.4639

1.3192

1.1414

1.0790

1355.5

1333.5

1312.5

1291.3

THF-MBHBC
0.00

885.1

880.7

875.2

869.7

0.5073

0.4387

0.3936

0.3499

1275.6

1254.0

1230.4

1206.9

0.01

886.8

882.0

876.5

871.6

0.5397

0.4672

0.4212

0.3900

1280.2

1258.3

1234.6

1211.2

0.02

888.7

884.0

877.9

873.2

0.5609

0.4917

0.4557

0.4142

1283.3

1260.6

1237.1

1213.6

0.04

892.3

887.8

881.8

876.9

0.5983

0.5277

0.4776

0.4321

1287.6

1264.1

1240.8

1217.6

0.06

896.7

891.7

885.6

880.8

0.6310

0.5550

0.4975

0.4681

1289.9

1266.7

1243.5

1220.3

0.08

901.4

896.1

889.7

885.3

0.6615

0.5885

0.5192

0.4983

1293.4

1270.2

1247.2

1224.4

0.10

906.9

901.1

894.0

889.6

0.7080

0.6118

0.5576

0.5335

1296.5

1273.6

1250.8

1228.1

0.00

790.6

785.3

780.9

776.5

1.6311

1.3797

1.2775

1.1708

1155.6

1138.6

1121.7

1104.7

0.01

791.6

786.5

781.9

777.7

1.6542

1.4080

1.3125

1.2037

1157.2

1140.2

1123.1

1106.2

0.02

792.9

787.4

783.0

778.6

1.6775

1.4421

1.3393

1.2302

1159.1

1142.2

1125.1

1108.3

0.04

794.9

789.3

784.9

780.6

1.7168

1.4894

1.3978

1.2714

1162.5

1145.5

1128.9

1112.0

0.06

796.9

791.4

787.4

782.9

1.7649

1.5228

1.4318

1.3030

1166.0

1149.1

1132.7

1115.9

0.08

799.1

793.6

789.8

785.3

1.8615

1.5673

1.4608

1.3493

1168.9

1151.9

1135.9

1119.4

0.10

800.9

795.6

791.9

787.7

1.9677

1.6270

1.4997

1.4036

1170.6

1153.6

1137.9

1121.9

EtOH-MBHBC

decreased with T, which confirmed the law of additivity.
The least squares equations and regression coefficients
(R2 ) for ρ , η and U are reported in Tables 3-5,
respectively for DO-MBHBC, THF-MBHBC, and
EtOH-MBHBC solutions. Good to excellent correlation
with C at a given T for ρ (R2 = 0.9905-0.9988), η (R2 =
0.9571-0.9944) and U (R2 = 0.9631-0.9968) is observed,
which confirmed the presence of strong molecular
interactions such as association, dissociation, H-bonding,
etc in these solutions. The nature of solvent and solute
plays an important role on the strength of the molecular
interactions in the solutions. The decrease in ρ, η and U
with temperature indicated increase in intermolecular
forces as a consequence of increase in thermal energy,
which promotes increase in kinetic energy and volume
expansion.

Using experimental data on ρ, η and U, various
acoustical and thermodynamic activation parameters
namely the acoustical impedance (Z), adiabatic
compressibility (ka), internal pressure (π), free volume
(Vf), intermolecular free path length (Lf), van der Waals
constant (b), viscous relaxation time (τ ), classical
absorption coefficient ( α/f2 )cl, Rao`s molar sound
function (Rm) and solvation number (Sn) of MBHBC
solutions were determined and were correlated with C
at different T. The least squares equations and regression
coefficients of above mentioned parameters at different
temperatures are reported in Tables 3-5, it is observed
that very good to excellent correlation of a given
parameter with C at a given T is observed. Either linear
increase or linear decrease of a given parameter with C
at a given T supported the existence of strong molecular
interactions in these solutions.
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Table 3 – The least-squares equations and regression coefficients for DO-MBHBC solutions at 298, 303, 308 and 313 K.
Least square equations (regression coefficients, R2)

Parameter
298 K

303 K

308 K

313 K

61.97C + 1027
( 0.9934)

62.692C + 1021.4
(0.9938)

55.759C + 1015.5
( 0.9988)

54.839C + 1010.3
( 0.9905)

η × 10–3 (Pa s)

0.0029C + 0.0012
( 0.9944)

0.0028C + 0.001
(0.9925)

0.0022C + 0.0009
( 0.9861)

0.0025C + 0.0008
(0.9943)

U (m s–1)

98.908C + 1345.5
(0.9947)

98.451C + 1323.7
(0.9957)

107.62C + 1301.6
( 0.9936)

104.49C + 1280.5
(0.9927)

Z × 10–6 (kg m–2 s–1)

0.1856C + 1.3819
(0.9963)

0.1841C + 1.352
( 0.9974)

0.1824C + 1.3218
(0.9977)

0.1764C +1.2937
(0.998)

ka × 1010 (Pa–1)

-1.1003C + 5.378
( 0.9961)

-1.1583C +5.5874
( 0.997)

-1.262C+ 5.8121
(0.9964)

-1.2941C +6.0365
( 0.9972)

Lf × 1011 (m)

-0.5025C + 4.7695
(0.9922)

-0.511C + 4.9048
(0.997)

-0.5509C+5.0477
( 0.9964)

-0.5593C+5.1903
( 0.9971)

Rm × 104 (m10/3 s–1/3 mol–1)

7.376C + 9.4696
(1)

7.4109C +9.4704
(1)

7.5551C + 9.4724
(1)

7.5973C + 9.4687
( 0.9999)

b × 105 (m3)

6.4265C + 8.4544
(1)

6.4859C + 8.4991
(1)

6.5973C + 8.5484
( 1)

6.706C + 8.5873
( 1)

π × 10–8 (Pa)

-19.343C2 + 2.9012C
+ 5.2411 (0.9727)

-18.092C2 + 3.1483C
+ 5.0332 (0.9136)

-23.892C2 + 3.0544C
+ 4.8397 ( 0.9102)

Vf × 107 (m3)

-2.088C + 1.1291
(0.9649)

-2.719C + 1.3253
(0.958)

-2.7247C +1.5417
( 0.9358)

-4.0405C+1.7468
(0.9618)

τ × 1013 (s)

18.653C + 8.481
(0.9927)

18.703C + 7.785
(0.9904)

15.266C + 7.2093
(0.9814)

18.103C + 6.7631
(0.9919)

(α/f 2)cl × 1015 (s2 m–1)

2.6238C + 1.2431
(0.9919)

2.6808C + 1.1599
(0.9895)

2.2052C + 1.0923
(0.9792)

2.6816C+ 1.0418
(0.9906)

ρ (kg m–3)

In DO-MBHBC system Z, Rm, b, Vf, τ and (α/f2)cl
increased linearly with C and decreased with T except b
and V f , which increased with T. Practically no
temperature effect was observed in case of Rm. Internal
pressure is found to increase nonlinearly with increasing
C and T. ka and Lf decreased linearly with increasing C
and increased with T. In THF-MBHBC system Z, b,
and (α/f2)cl increased linearly with C and decreased
with T except π increased nonlinearly with C and
decreased with T, while Vf increased nonlinearly with
increasing C and T. ka and Lf decreased linearly with C
and increased with T. little temperature effect was
observed in case of Rm. In EtOH-MBHBC system Z,
Rm, ρ, η and (α/f 2)cl increased linearly with C and
decreased with T, except b and Vf which increased with
T. Little temperature effect was observed in case of Rm.
ka, π and Lf increased linearly with C and increased
with T.
The variation of U in the MBHBC solution depends

-22.941C2 + 4.0044C
+ 4.6997 (0.9892)

upon the intermolecular free path length. The strong
solvent-solute interactions results into the decrease of
the adiabatic compressibility. Due to solvent-solute
interactions the adiabatic compressibility of the solution
decreased with the increasing MBHBC concentration.
According to Eyring s rate theory, τ is inversely
proportional to temperature and hence, an increase in
the temperature of the system causes a decrease in the
relaxation process. The values of Rm and b indicate the
absence of complex formation and are practically
independent of temperature. The results of π further
enhance the increase of k a and L f and confirmed
interactions of solvent molecules around solute
molecules and strongly depends upon ρ, U and T at
constant pressure.
The plots of Sn against C at different temperatures are
presented in Figs.1-3, respectively for DO-MBHBC,
THF-MBHBC and EtOH-MBHBC solutions from which
it is observed that Sn increased nonlinearly with
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Table 4 – The least-squares equations and regression coefficients for THF-MBHBC solutions at 298, 303, 308 and 313 K.
Least square equations (regression coefficients, R2)

Parameter
298 K

ρ (kg m–3)

215.3C + 884.44
( 0.9936)
η × 10–3 (Pa s)
0.0019C + 0.0005
(0.9925)
–1
194.29C + 1278
U (m s )
(0.9631)
Z × 10–6 (kg m–2 s–1)
0.451C + 1.1303
(0.9975)
10
–1
-3.6595C + 6.9207
ka × 10 (Pa )
( 0.9912)
-1.4485C + 5.4096
Lf × 1011 (m)
(0.9918)
4
10/3
–1/3
–1
Rm × 10 (m
s
mol ) 8.8966C + 8.8513
(0.9982)
b × 105 (m3)
7.8149C + 8.0279
(0.9994)
–8
π × 10 (Pa)
-2098.7C4 + 1126.3C3
- 143.74C2 + 6.8641C + 4.0521
(0.9915)
Vf × 107 (m3)
38.488C2 - 10.264C
+ 2.7071 (0.978)

τ × 1013 (s)
(α/f 2)cl × 1015 (s2 m–1)

14.049C + 4.7828
( 0.9904)
20.27C + 7.3823
(0.9905)

303 K
204.25C + 880.05
(0.9961)
0.0017C + 0.0005
(0.9851)
181.13C + 1255.9
( 0.9775)
0.4195C + 1.1052
(0.9981)
-3.6256C + 7.2026
( 0.9944)
-1.4189C + 5.569
(0.9948)
9.0392C + 8.8436
(0.9989)
7.7879C + 8.0724
( 0.9993)
-9932.7C4 + 2389.5C3
- 213.13C2 + 8.9154C
+ 3.8466 (0.995)
85.05C2 - 16.554C
+ 3.294 (0.9864)
13.314C + 4.3379
( 0.9771)
19.664C + 6.8135
(0.9754)

increasing C at a given T. The nonlinear increase of Sn
with C indicated competing solvent-solute and solutesolute interactions in the solutions. In DO-MBHBC, Sn
increased upto 303 K and decreased with T. At 308 K
and 313 K variation of Sn is almost similar with C. In
THF-MBHBC system, Sn increased with T upto 308 K
and then decreased with T. In EtOH-MBHBC system
Sn decreased, reached minimum upto about 0.02 mole
dm–3 and then increased nonlinearly with increasing C
and T. Sn increased nonlinearly with C upto 303 K and
decreased with T. Nonlinear increase or decrease of Sn
with C and T indicated existence of powerful molecular
interactions in the solutions (solvent-solute and solutesolute interactions). The observed trend in Sn is EtOH>
DO> THF due to presence of different groups of different
polarity. The lone pair(s) of electrons on oxygen and
phenyl groups is electronegative groups, while hydroxyl
and methyl groups are electropositive groups. The

308 K

313 K

190.56C + 874.53
198.33C + 869.36
( 0.9965)
(0.9977)
0.0015C + 0.0004
0.0017C + 0.0004
(0.964)
( 0.9782)
198.53C + 1208.6
189.92C + 1232.2
(0.9835)
( 0.9812)
0.4044C + 1.0776
0.4161C + 1.0507
(0.9988)
( 0.9979)
-3.8308C + 7.5294
-4.2296C + 7.8724
( 0.9953)
(0.9944)
-1.4798C + 5.7454
-1.6133C + 5.9275
(0.9956)
(0.9948)
8.1128C + 8.8649
9.2882C + 8.8428
(0.9664)
(0.9991)
8.0339C + 8.1211
8.0624C + 8.1661
(0.9995)
( 0.9994)
5
4
-321375C + 72295C
-35677C4 + 8166.1C3
3
2
- 4024.4C - 85.599C
- 620.49C2 + 19.03C
+ 10.392C + 3.7215 (0.9595)
+ 3.5928 (0.9779)
23924C4 - 8371C3 + 930.45C2 117662C4 - 27034C3
- 43.971C + 3.8369 (0.9911) + 2094.1C2 - 72.024C
+ 4.415 (0.9927)
12.117C + 4.112
14.711C + 3.8551
( 0.9482)
( 0.9697)
18.12C + 6.5828
22.622C + 6.2931
(0.9436)
( 0.9671)

Fig. 1. Plots of solvation number (Sn) against concentration
(C) for DO-MBHBC solutions at 298 K, 303 K, 308 K
and 313 K.
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Table 5 – The least-squares equations and regression coefficients for EtOH-MBHBC solutions at 298, 303, 308 and 313 K.
Least square equations (regression coefficients, R2)

Parameter
298 K

ρ (kg m–3)

104.03C + 790.67
( 0.999)
η × 10–3 (Pa s)
0.0032C + 0.0016
( 0.9571)
–1
155.69C + 1155.9
U (m s )
(0.9903)
Z × 10–6 (kg m–2 s–1)
0.2449C + 0.914
(0.9963)
10
–1
-3.7009C + 9.4642
ka × 10 (Pa )
(0.9936)
-1.2484C + 6.326
Lf × 1011 (m)
( 0.9939)
4
10/3
–1/3
–1
Rm × 10 (m
s
mol ) 13.916C + 6.1173
(1)
b × 105 (m3)
12.694C + 5.7314
(1)
–8
π × 10 (Pa)
-17.392C + 11.822
( 0.9706)
-48.515C2 + 6.3392C + 2.0891
Vf × 107 (m3)
( 0.9618)
13
τ × 10 (s)
3.0847C + 2.0359
( 0.9275)
(α/f 2)cl × 1015 (s2 m–1)
4.7286C + 3.4739
( 0.9096)

303 K

308 K

313 K

102.47C + 785.33
( 0.9995)
0.0024C + 0.0014
(0.9935)
155.87C + 1139
( 0.9902)
0.2407C + 0.8944
(0.9979)
-3.8677C + 9.8149
( 0.9951)
-1.293C + 6.5008
( 0.9954)
14.051C + 6.1287
(0.9999)
12.868C + 5.7711
( 0.9999)
-17.567C + 11.166
( 0.9957)
2.9651C + 2.635
( 0.9671)
2.2595C + 1.8156
( 0.986)
3.4368C + 3.1439
( 0.9815)

110.4C + 780.81
(0.999)
0.0022C + 0.0013
(0.9804)
170.86C + 1121.8
(0.9923)
0.2591C + 0.8759
( 0.9981)
-4.4124C + 10.176
(0.996)
-1.4634C + 6.6792
(0.9962)
14.086C + 6.1333
(0.9999)
12.906C + 5.8066
( 0.9999)
-17.444C + 10.996
( 0.9992)
3.4389C + 2.8617
( 0.9413)
2.0595C + 1.755
(0.9605)
3.1073C + 3.0855
(0.9486)

111.2C + 776.4
(0.9985)
0.0022C + 0.0012
(0.9935)
177.97C + 1104.8
( 0.9968)
0.263C + 0.8577
( 0.9996)
-4.7669C + 10.551
( 0.9986)
-1.5674C + 6.8622
(0.9988)
14.182C + 6.1369
( 0.9999)
13.029C + 5.8409
(0.9999)
-16.479C + 10.719
( 0.9946)
3.1107C + 3.2109
( 0.9463)
2.2101C + 1.6597
(0.9859)
3.4143C + 2.9632
(0.9801)

Fig. 2. Plots of solvation number (Sn) against concentration
(C) for THF-MBHBC solutions at 298 K, 303 K, 308
K and 313 K.

dipole-dipole interactions of the same type favors the
structure formation (H-bonding), while of the same type

Fig. 3. Plots of salvation number (Sn) against concentration (C)
for EtOH-MBHBC solutions at 298 K, 303 K, 308 K
and 313 K.
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Table 6 – Activation parameters (∆G*, ∆H* and ∆S*) derived using τ data for MBHBC in DO, THF and EtOH solutions.

∆G*(J mol–1)

Conc.
mol. dm–3

∆H*
(kJ mol–1)
308 K

∆S*
mol–1)

(J.K–1

298 K

303 K

313 K

0.01

4171.2

4086.8

3950.9

3920.0

9.49

-17.86

0.02

4229.7

4129.0

4042.3

4018.9

8.53

-14.48

0.04

4338.8

4275.0

4173.1

4145.0

8.42

-13.71

DO-MBHBC

0.06

4443.4

4352.0

4243.0

4266.2

8.29

-12.96

0.08

4515.0

4446.3

4324.6

4374.0

7.79

-11.05

0.10

4592.6

4545.7

4389.7

4455.1

8.01

-11.51

2725.5

3.17

-1.50

THF-MBHBC
0.01

2782.8

2608.4

2717.3

0.02

2861.1

2722.4

2811.4

2770.5

3.95

-3.79

0.04

2994.0

2875.6

2901.7

2932.3

3.96

-3.38

0.06

3104.8

2981.1

2981.6

3027.3

4.51

-4.86

0.08

3195.9

3035.0

3060.3

3155.4

3.80

-2.26

0.10

3337.2

3107.6

3142.3

3228.9

5.10

-6.22

EtOH-MBHBC
0.01

6339.5

6172.9

6228.9

6239.9

7.80

-5.10

0.02

6361.9

6221.2

6267.9

6283.6

7.50

-3.97

0.04

6398.1

6282.0

6353.7

6345.2

6.92

-1.88

0.06

4090.7

3976.1

3899.7

3831.6

7.13

-2.44

0.08

4171.2

4086.8

3950.9

3920.0

8.23

-5.82

0.10

4229.7

4129.0

4042.3

4018.9

9.28

-9.00

results in structure breaking tendency. Increasing solute
concentration favors structure formation upto certain
temperature and increasing temperature results in rupture
of structure formed previously as a result of increasing
thermal energy over interaction energy. In the present
case selected solvent systems possess structure forming
tendency with MBHBC.
Thermodynamic activation parameters namely ∆G*,
∆H* and ∆S* were determined using viscous relaxation
time data at different C and T and are presented in Table
6. In DO-MBHBC ∆G* increased linearly with C and
decreased with T upto 0.06 mol dm–3 and increased
with T. ∆H* is found to decrease with C, while ∆S* is
negative and it is found to increase with C. In THFMBHBC ∆G* increased linearly with C and decreased
with T upto 303 K and then increased with T. ∆H* is
found to increase with C, while ∆S* is found negative
and decreased with C. In EtOH-MBHBC ∆G* is
increased linearly with increasing C and decreased with
increasing T. ∆H* is found to increase with increasing
C, while ∆S* is negative and increased upto 0.04 mol

dm–3 and then decreased with C. Two opposite processes
namely condensation and evaporation are in equilibrium
position. Negative magnitudes of ∆S* in the studied
solvent systems indicated that condensation process is
predominant (structure formation) over evaporation
process (structure rupture). Thus acoustical and
thermodynamic and solvation number confirmed
presence of strong molecular interactions in MBHBC
solutions. Amongst three systems, powerful molecular
interactions are observed in EtOH-MBHBC system.

Conclusion
The density, viscosity and ultrasonic speed
measurements on MBHBC solutions were carried out
at four different temperatures and related acoustical and
thermodynamic activation parameters and solvation
number were derived to understand molecular
interactions in the solutions. These parameters were
correlated with concentration and temperature. Powerful
molecular interactions occurring in the studied solvent-
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MBHBC system at different C and T.
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Ultrasonic study of B2-structured hafnium based compounds HfX(X=Os, Ir and Pt) along <110> direction
were evaluated at room temperature. Initially, the Coulomb and Born-Mayer potential model was used to find
out the higher order elastic constants of HfX at room temperature. We have used the second order elastic
constants (SOECs) to compute the mechanical properties such as bulk modulus, Young's modulus, shear modulus,
Pugh's ratio, Poisson's ratio, Zener anisotropic factor, Vicker's hardness, Lame's modulus of chosen materials.
Further, the SOECs and third order elastic constants (TOECs) were applied to compute ultrasonic velocities and
Debye temperature. The thermal conductivity and thermal relaxation time of chosen monopnictides compounds
have also been computed at room temperature. We have found that HfOs is strongest and most fit material for
crystallographic study in B2 phase. In addition to above evaluated parameters, energy density, specific heat per
unit volume, thermal conductivity, acoustic coupling constants and ultrasonic attenuation for longitudinal and
shear modes propagation along <110> direction have been estimated. The ultrasonic attenuation was least in
case of HfOs. Obtained results have been discussed and justified with available findings for their future prospects.
Keywords: Elastic constants, mechanical properties, thermal conductivity, ultrasonic attenuation.

Introduction
The hafnium based compounds have large applications
in medical field due to their outstanding mechanical
and corrosion properties1. Most of the hafnium based
compounds exhibit in B2 crystalline structure. The most
of the features of hafnium based compounds HfX (X=Os,
Ir and Pt) have been reported experimentally in the
literature 2 . Various properties of hafnium based
compounds were investigated by many researchers3-6.
Out of which, Guo et al.3 reviewed experimental studies
of the standard enthalpies of formation of the binary
intermetallic compounds of early transition metals with
late transition metals. Novakovic et al.4 investigated
electronic structures, cohesive energies and enthalpies
of formation for Hf-TM (TM = Fe, Co, Rh, Ru) by
using the ab initio Full-Potential Linearized Augmented
Plane Waves calculations of the most stable Hf and TM
elemental phases and HfTM compounds of the CsCl

and CuAu structure types. Xing et al.5 calculated the
ground-state structural phase stabilities and enthalpies
of formation of thirty-six binary transition-metal
refractory TM and TM3 compounds formed by Group
IV elements T (T = Ti, Zr, Hf) and platinum group
elements M (M = Ru, Rh, Pd, Os, Ir, Pt) using firstprinciples local density functional approach. The
electronic structure, elastic, and phonon properties of
OsM (M=Hf, Ti, Y and Zr) compounds are studied using
first-principles calculations by Arl kan et al.6. The
structural, elastic, electronic and phonon properties of
HfX (X = Rh, Ru and Tc) in the caesium-chloride phase
have been investigated using the density functional
theory
generalized gradient approximation
. within the
7
by Iyigör et al. . Wu et al.8 studied the site substitution
and ternary alloying elements M (M = Al, Si, Cu, Zn,
Sn, Zr, Ta, Nb, Ti, W, V, Mo, Cr, Os, Rh, Ir, Pd and Pt)
effect on the structural, mechanical, thermal and
electronic properties of B2 RuHf-based intermetallics
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by using the first-principle supercell calculations.
In the available literature, we did not find ultrasonic
studies on these compounds, which motivated us to
make new analysis on it. In our work, the second- and
third- order elastic constants (SOECs and TOECs) have
been found out first. Then the computed values of SOECs
have been applied to estimate the bulk modulus, Young's
modulus, shear modulus, Pugh's ratio, Poisson's ratio,
Zener anisotropic factor, Vicker's hardness, Lame's
modulus, ultrasonic velocities and Debye temperature.
The energy density, specific heat, thermal conductivity
and acoustic coupling constants were also calculated.
Finally the ultrasonic attenuation for hafnium based
compounds was computed using all the computed
parameters at room temperature along <110> direction.
The SOECs and other mechanical properties have been
compared directly, while other estimated parameters
have been discussed with other B2 structured materials.
Theory
In our investigation, we have used theoretical approach
of Ghate9,10 to compute SOECs and TOECs at room
temperature. According to Leibfried and Luding, the
lattice energy of the single crystalline materials varies
with temperature 11,12. Hence, the summations of
vib
) and
vibrational contribution of elastic constants (C IJK
0
the elastic constant at absolute zero (C IJK ) gives the
higher order elastic constants at a particular temperature,
which can be written as:
0
vib
C IJK = C IJK
+ C IJK

(1)

Where, superscript 0 stands for static elastic constant
at 0 K and superscript vib for vibrational part of the
elastic constant with respect to given temperature while
constant I, J and K can have values 1 to 6 depending
upon the nature of symmetry of crystal lattice.
Expressions to estimate the second and third order
elastic constants were given in previous literature9. The
SOECs are related with the mechanical constants10 such
as bulk modulus (B), shear modulus (G), Young's
modulus (Y), Poisson's ratio (σ), Vicker's hardness (H),
Lame modulus (λ) and Zener anisotropy factor (A) as:
C11 + 2C12
C - C + 3C44 ⎫
; G = µ = G1 + G2 ; G1 = 11 12
; ⎪
3
10
⎪
⎪
2.5(C11 - C12 )C44
9G
3B - 2G
=
=
=
σ
G2
; Y
;
;
⎬ (2)
G + 3B
4C44 + 3(C11 - C12 )
6B + 2G
⎪
⎪
2C44
Yσ
1- 2
H=
; λ=
; A=
⎪
C11 - C12
6(1 + σ )
(1 + σ )(1 - 2σ )
⎪⎭
B=
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The Debye velocity12 plays vital role to determine
thermal energy density, thermal conductivity and Debye
temperature of the solid material. It depends on the
different modes of the acoustic/ultrasonic wave
velocities. There are three types of ultrasonic velocities
(VL, VS1 and VS2) in crystalline medium. If VD is Debye
average velocity then it can be related to constituent
velocities with following expression.
⎡1 ⎪
⎧ 1
⎫⎤
1
1 ⎪
VD = ⎢ ⎨ 3 + 3 + 3 ⎬⎥
⎪VL VS 1 VS 2 ⎭
⎪⎥⎦
⎢⎣ 3 ⎩

−1/3

(3)

Where VL is the velocity along longitudinal mode,
VS1 and VS2 is the velocity along transverse mode. The
volume of unit cell of B2 structured material having 'a'
lattice parameter is equal to a3.
If the molecular weight and density of material13 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 Mwni/d NA. Comparing
volume of unit cell, we found that:
d=

M w ni
N A a3

=

M w ni
8 N A r03

(4)

Where ni is the number of atoms in unit cell of a base
lattice.
The process of thermal conduction in a material
medium is associated with transfer/transport of energy/
momentum through mode of lattice vibrations. The
lattice part of thermal conductivity of B2 structure
material can be evaluated with following expression13:
κ = kB VD × (

MW
ni dN A

)−2/3

(5)

Where, the quantities kB is boltzman's constant.
The temperature for maximum frequency of phonon
that can transmit via a crystal is termed as Debye
temperature. The Debye temperature (TD) depends on
elastic constants parameters via Debye velocity24.
TD =

hVD (6 π 2 n a )1/3
2π kB

(6)

Here, h is Planck's constant and n a is atom
concentration.
At room temperature the two principal thermal causes
of ultrasonic attenuation in solids are known as (i)
Akhieser loss and (ii) thermoelastic loss. Akhieser14
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postulated that the equilibrium distribution of thermal
phonons in a solid may be disturbed by the propagation
of acoustic phonon and reestablishment of equilibrium
is a relaxational phenomenon. This mechanism is known
as three phonons process or the phonon viscosity effect.
This type of loss is occurred, metals, intermetallics,
semiconductors and insulators. The sudden application
of acoustical stress causes a splitting in various phonon
modes by changing their temperature by different
amounts. These perturbed phonons at various
temperature return to new equilibrium temperature ∆T
above the ambient, which requires an increase in entropy
and so an attenuation of energy from the propagating
wave. When the product of the angular frequency ω of
the acoustic wave by the relaxation time τ is greater
than unity, the attenuation is caused by the direct
interaction of the acoustic wave with individual phonons.
The thermal phonon relaxation time τth is determined
by the time required to equalize the temperature
difference between various phonon modes and the time
taken in sharing acoustic energy with thermal phonons.
It has been found experimentally that the value of thermal
phonon relaxation time for longitudinal wave is about
twice that for shear wave.
1
2

τ th = τ sh = τ long =

3κ

(7)

CVVD2

Where, quantity CV is specific heat per unit volume.
The physical quantities CV and E0 can be obtained from
TD/T tables of AIP Handbook17.
When ωτ<<1, then the interaction between various
phonon modes becomes insignificant, and a statistical
model of phonon gas having macroscopic parameters is
assumed. The phonon gas is thrown out the equilibrium
and irreversible processes occur which cause attenuation
losses. A simple theory of Bommel and Dransfeld15 and

a more complete version by Woodruff and Ehrenreich16
gave the following expressions for the ultrasonic
attenuation due to p-p interaction:
⎛α ⎞
4π 2τ l E0 DL ⎛ α ⎞
4π 2τ s E0 DS ⎫
⎪
;
=
⎜⎜ 2 ⎟⎟ =
⎜
⎟
⎬
3
2 ⎟
3
⎜
6 dVL
6 dVS
⎪
⎝ f ⎠L
⎝ f ⎠S
⎭

(8)

Here, α be the ultrasonic attenuation coefficient; f is
the frequency of ultrasonic wave; E0 be the thermal
energy density, D is the acoustic coupling constant and
τ is the thermal relaxation time. The thermal attenuation
is expressed as :
j
⎛α ⎞
4π 2 < γ i > 2 κ T
=
⎜⎜ 2 ⎟⎟
2 dVL5
⎝ f ⎠th

(9)

Results and Discussion
The SOECs and TOECs have been computed with the
use of lattice parameter18 a and hardness parameters19
b for the hafnium based intermetallics at room
temperature. The values of a and b are listed in Table 1.
Table 1 – The values of a and b of the hafnium based intermetallics.
Material

a (Å)

b (Å)

HfOs

3.236

0.072

HfIr

3.253

0.113

HfPt

3.298

0.159

The computed values of elastic constants i.e., SOECs
and TOECs are presented in Table 2 alongwith the
theoretical values18,20 at room temperature.
It is obvious from Table 2 that the obtained values are
more or less than that of available theoretical studies18,20.
Most important thing is that our values have the same

Table 2 – SOECs and TOECs of the hafnium based intermetallics at room temperature (in the unit of 1011Nm–2).
Material
HfOs

HfIr
HfPt

aRef.

C11

C12

C44

C111

C112

C123

C144

C166

C456

36.97

4.54

10.69

-313.8

-230.2

-254.7

-59.3

-52.1

-202.8

43.65a

17.93a

13.05a

-

-

-

-

-

-

36.61b

15.26b

10.56b

-

-

-

-

-

-

25.33

4.89

7.38

-174.1

-86.9

-97.8

-48.1

-49.2

-85.0

25.57a

20.29a

9.07a

-

-

-

-

-

-

19.04

5.28

6.52

-126.1

-37.4

-43.0

-26.4

-29.2

-39.5

19.36a

8.27a

5.63a

-

-

-

-

-

-

[18], bRef. [20]
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quantum with that of theoretical findings. Thus our
method of computation for elastic constants is justified.
It is also scrutinized from Table 2 that the chosen
materials are satisfying the Born stability criteria21 i.e.,
C 11-C 12>0, C 11+2C 12>0, C44>0. Hence the chosen
materials are mechanically stable. Another important
quantity is Cauchy's pressure CP=C12-C44. A negative
value of CP (C12<C44) may indicate covalent bonding.
The electronic configuration of Hf, Os, Ir and Pt are
[Xe] 4f14 5d2 6s2, [Xe] 4f14 5d6 6s2, [Xe] 4f14 5d7 6s2,
[Xe] 4f14 5d7 6s2, [Xe] 4f14 5d9 6s1 respectively. The
configuration proves that Os has unfilled d-sub shell
and will make a stronger bond with hafnium than Rh,
Pd and Ag. Thus, SOECs/TOECs of HfOs are found
greater than other chosen hafnium compounds as
depicted in Table 2. These SOECs are used for the
estimation of the mechanical constants such as such as
bulk modulus (B), shear modulus (G), Young's modulus
(Y), Poisson's ratio (σ), Vicker's hardness (H), Lame
modulus (λ) and Zener anisotropy factor (A) with density
of HfOs, HfIr and HfPt are presented in Table 3. It is
obvious from Table 3 that the decay of B indicates the
increase in the compressibility of material with
temperature. HfOs compound is found to have highest
bulk modulus among the chosen materials thus
compressibility will be highest for it and lowest for
HfPt.
The Poisson's ratio informs us about the nature of
bonding in a material. The values of Poisson's ratio (σ)
are not between 0.25 and 0.5. It shows that the materials
follows the non-central force for HfOs, HfIr and HfPt.
In our case, the evaluated value is σ > 0.25, so
interatomic forces are central for HfOs, HfIr and HfPt.
In our case the value of σ for HfOs, HfIr and HfPt is
approximately 0.25, which verifies their covalent
character at zero pressure 23. The bulk modulus B
signifies the resistance to fracture while the shear
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modulus G represents the resistance to plastic
deformation. If B/G <1.75 or G/B 0.57 or σ <0.33 then
the material will have brittle character22,23. The lowest
shear and Young's moduli of HfPt among chosen
compounds reveal that the compound HgPt is the softest
material. The anisotropy parameters of all these hafnium
CsCl compounds in our investigation fall in the category
of anisotropic material. A comparison of mechanical
properties of hafnium B2 structure compounds with
literature24 gives the justification to our approach. The
densities of materials Hf, Os, Ir, Pt are 1.15 g cm–3, 22.5
g cm–3, 22.56 g cm–3 and 21.45 g cm–3 respectively.
The calculated densities of HfOs, HfIr and HfPt B2
structure compounds in present investigation are 18.07
g cm–3, 17.89 g cm–3 and 17.20 g cm–3 respectively.
Thus, the materials Os, Ir and Pt become lighter after
alloying with Hf.
The computed values of ultrasonic velocities (VL,VS),
Debye average velocity (VD), Debye temperature (TD),
specific heat at constant volume (CV), thermal energy
density (E0), thermal conductivity (k), relaxation time
(τ) and attenuation (α/f 2) are listed in Table 4.
It is obvious from Table 4 that the ultrasonic velocities
for longitudinal and shear wave propagation (VL, VS1,
V S2 ). Debye average velocity (V D ) and Debye
temperature (TD) decreases from HfOs to HfPt and the
obtained values of these parameters are found to be
very close to the reported value of other B2 type structure
materials25. Hence our theoretical approach to calculate
the ultrasonic parameters with temperature and along
different orientations is justified. The thermal relaxation
time in HfOs, HfIr and HfPt has been increased from
HfOs to HfPt and it resembles the similar variation with
molecular weight as followed by thermal conductivity
as shown in Table 4. The re-establishment (τ) of thermal
phonon for HfOs is found comparatively smaller than

Table 3 – Mechanical properties of hafnium based compounds.
Materials

B

(1011
HfOs
HfIr
HfPt

N/m2)

Y
(1011

N/m2)

G
(1010

G/B

σ

A

N/m2)

15.2

30.2

12.9

26.5a

33.5a

12.9a

11.59

20.59

8.55

25.5a

15.96a

5.72a

9.77

16.32

6.68

13.48a

15.6a

5.99a

H
(1010

0.84

0.25

0.66

0.29a
0.74

0.26
0.27
0.31a

0.27

(103

ρ
λ
3
10
kg/m ) (10 N/m2)

18.07

65.83

17.89

58.89

17.20

53.17

1.28a
0.72

0.16
3.0a

0.39
0.68

N/m2)

0.94

0.12
1.8a
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Table 4 – VL, VS1, VS2, VD (in 103 ms–1), TD (in K), E0 (108 Jm–3
K–1), CV (106Jm–3), k (Wm–1K–1), DL, DS1, DS2, τ (ps)
and τ/f 2 ((10–16 Np s2 m–1)) at room temperature.
Material
Parameters

HfOs

HfIr

HfPt

VL

4.17

3.54

3.29

VS1

2.43

2.03

1.95

VS2

2.99

2.39

2.00

VD

2.92

2.40

2.18

TD

339

278

248

E0

23.4

25.1

24.9

Cv

11.5

11.6

11.2

k

0.44

0.49

0.61

DL

40.76

24.05

7.11

DS1

33.67

14.78

4.07

DS2

18.56

2.25

1.22

τ

1.86

2.22

2.47

(α/f2)L

1.78

2.22

0.94

(α/f2)S1
(α/f2)S2
(α/f2)th
(α/f2)total

3.72

3.62

1.30

1.09

0.34

0.36

0.01

0.01

0.01

6.62

6.20

2.61

that for HfIr and HfPt. The thermal relaxation time is
well correlated with the thermal conductivity, Debye
average velocity, and specific heat of material. Thus,
thermal relaxation time of selected compounds is
predominantly affected by the thermal conductivity25.
Thermal conductivity of HfX, density, ultrasonic
velocity, energy density, specific heat, conductivity and
relaxation time of the chosen hafnium CsCl based
compounds have been used to find out the values of the
acoustic coupling constant (non-linearity parameter) and
the ultrasonic attenuation due to p-p interaction and
thermal relaxation mechanism at room temperature for
the transmission of wave along <110> direction. It is
observed from Table 4 that the total ultrasonic
attenuation (( α/f 2 )total ) mainly governed by their
corresponding acoustic coupling constants of the chosen
materials and it is found less for HfPt and highest for
HfOs due to the reduction in change in volume at room
temperature. The analysis of elastic, thermal and
ultrasonic properties reveals that the HfPt B2 structured
material has good thermal properties while HfOs
possesses better mechanical properties among chosen
B2 type structure materials.

Conclusion
On the basis of above results, analysis and discussion
of the obtained results, we can conclude following
points:
• The elastic properties of HfOs are predominant
over that of HfIr and HfPt
• The hardness of the materials decreases on
increasing the molecular weight of the materials.
• Brittleness of these materials increases while
ductility decreases with temperature.
• Thermal conductivity is found enhancement with
the lattice parameter of chosen CsCl based
compounds.
• The order of relaxation time is of picoseconds,
which confirms metallic nature of the hafnium CsCl
compounds.
• The thermal properties of HfPt are better than those
of HfOs and HfIr, while the mechanical properties
of HfOs are good rather than that of HfPt and HfIr.
• The less ultrasonic attenuation value of HfPt shows
its superior applicability for industrial purposes.
• Alloying of hafnium helps in the reduction of the
density and materials become lighter in weight.
These results help us to understand the applications
of these materials for study as well for the industrial
uses.
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Ph.D. Thesis Summary
An Embedded System based Approach to Pulsed Ultrasonic Instrumentation
(Ph. D. Degree Awarded to Dr. Rakhi V. Vyaghra by
Rashtrasant Tukadoji Maharaj Nagpur University, Nagpur, India in 2019)

In recent days, instruments with modern designs, high
accuracy, high reliability and flexibility are in demand
for the non-destructive characterization of materials.
Ultrasonic velocity and attenuation are the basic
measurement parameters used to evaluate various
molecular phenomena and physical characteristics of
materials and formulate appropriate theories. Hence,
precise measurement of these parameters comes to be of
immense help in the studies.
Among the ultrasonic pulse techniques, pulse-echo
technique has gained the most popularity over the years,
ever since its inception during the Second World War.
The pulse-echo technique has several advantages over
other pulse techniques, such as repeatability, reliability,
accuracy, use of single transducer and simplicity of
implementation. This has motivated us to design a pulse
echo technique using an embedded system approach for
the first time.
The design of system is split into different modules
and implemented using dedicated micro controllers,
oscillator and other necessary electronic components. An
android based device is used as a central control
responsible for the control of flow of measurement
process by efficiently communicating with the
microcontrollers. The main feature of the designed system
is its transmitter section, which has a solid state multi
frequency generator chip as the master oscillator operated
by issuing a command through a microcontroller (ATmega

32) over 2-wire interface. The central console has a GUI
through which desired frequency is selected by issuing a
command to the hardware over Bluetooth. The output of
this oscillator is used to generate R.F. tone burst where
the R.F. is modulated with a synchronized pulse repetition
frequency (PRF) which drives the PZT transducer after
amplification. The pulse width of this PRF is adjustable
through programmable settings according to the
requirement. The receiver section has filters, amplifiers
and peak detection stages, required to extract the echoes
from the received signal. Ultrasonic velocity and
attenuation are estimated by processing the raw digitized
data and the resulting waveform is displayed on the
Android device such as mobile phone or a tablet.
The designed system is calibrated by measuring
ultrasonic velocity in distilled water at 25°C. An error of
±0.022%. in the measurement of ultrasonic velocity is
reported in the present work. The performance of the inhouse designed instrument is tested using standard liquids
such as ethanol and ethanol water mixture at temperature
range from 5°C to 45°C in steps of 5°C. The measurements carried out by the present system have been found
to be stable and repeatable. The designed system has the
scope for further modification using digital filters to
reduce the hardware and using ARM-like processors to
increase the operating speed and some additional features.
The system could be enhanced as an ultrasonic spectrum
analyzer at lower frequencies up to 15 MHz.
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Ph.D. Thesis Summary
Acoustical Investigation on Physico Chemical Behaviour of the
Binary Liquid Mixtures of Inorganic Salts and Aqueous Polymer Solutions
(Ph.D. Degree Awarded to Dr. K. Rathina by Bharathiar University, Coimbatore, Tamil Nadu, India in 2019)

Study on the properties of polymer solutions have been
extensively used for under standing solute-solvent and
solute-solute interactions. Polyvinyl Pyrrolidone (PVP),
an amorphous water soluble synthetic polymer, is used
by a wide variety of industries, such as medicine,
cosmetics, textile, adhesives, because of its interesting
properties such as low cytotoxicity. PVP are used in DNA
and RNA extractions from plants. Ammonium per
sulphateis a strong oxidizing agent and radical initiator.
It has also been utilized to study protein - protein
interactions via photo initiated cross linking chemistry.
The present thesis deals with ultrasonic and thermo
dynamical properties of aqueous mixtures of zinc sulphate
and manganese sulphate with polyvinyl pyrrolidone (PVP)
at 303 K, 308 K and 313 K. Physico-chemical study also
has been made in the present thesis in the aqueous
inorganic salt mixtures by with the help of acoustical
excess parameters and theoretical velocities at 303 K.
The present dissertation encompasses VI chapters.
Chapter-I deals with the introductory aspects of ultrasound
investigation of molecular interaction in the liquid
mixtures. A relevant review of literature to the present
work has also been presented.

to circulate water through the double walled measuring
cell made up of steel containing.

Chapter IIconcentrates on the materials used for the
study and the methods followed. The inorganic salts used
for preparing liquid mixtures are AR grade from Merck.
Ultrasonic velocity for the liquid mixtures for all
concentrations were measured with a single crystal
ultrasonic interferometer with frequency of 2 MHz (model
F-81), manufactured from Mittal enterprises, having
accuracy in ultrasonic velocity of ± 0.02% .The viscosity
of mixtures were determined by using Ostwald's
viscometer. The density of the solutions is measured by
specific gravity bottle of 10 ml with accuracy of ±0.5.
Temperature of the system is controlled by an
electronically operated constant temperature water bath

Chapter VI consolidates the results observed for the
various systems at various temperatures. In the present
research, the ultrasonic velocity density and viscosity have
been calculated for the binary liquid mixtures of inorganic
sulphates and polymers at various temperatures. Thermo
acoustical and excess parameters were calculated.
Theoretical velocities for the systems have been computed
to provide the following conclusions. The acoustical
values computed for aqueous polymer with inorganic salt
systems suggest that specific molecular interactions are
present in the systems. The defended thesis definitely
opens the unravelled realms of ultrasonic investigation
in the liquid systems.

Chapter III deals with the theories and formulas applied
for the research to compute the acoustical, excess, thermo
dynamical data and theoretical velocities. Chapter IV
analyses the molecular interactions between the solute
and solvent of PVP with aqueous salts at 303, 308 and
313 K. The results are interpreted with various plots
exhibits the solute -solute, solute-solvent interactions in
the systems.
Chapter V focuses with molecular interaction study
ofthe liquid mixtures of aqueous Ammonium per sulphate
with other aqueous salts at 303 K. The results manifest
clearly molecular interactions between the constituent
molecules of the liquid mixtures.
Theoretical values of ultrasonic velocity are computed
using Nomoto's relation [NOM], Ideal mixing relation
[IMR], Junjie' Relation [JR] and Impedance theory [IDR].
The experimental and theoretical values of ultrasonic
velocity were compared. The observations provide strength
of molecular interactions prevailed in the liquid mixtures.
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One Day Intra - Collegiate Competition on Ultrasonics (ICCU 2020)
USI Students' Chapter III, Kamaraj College, Thoothukudi-628003

The Third Students' Chapter III of Ultrasonics Society
of India from the Department of Physics, Kamaraj College
organized a One Day Intra-Collegiate Competition on
Ultrasonics (ICCU) on 28.02.2020 (-National Science
Day). Ms. Kalki Pavithra (III B.Sc.), President of USISC-III, Department of Physics, Kamaraj College,
welcomed the gathering.
Dr. D. Nagarajan, Principal, Kamaraj College, offered
the inaugural address and spoke about the importance of
Ultrasonics in today's world. He further emphasized the

interdisciplinary nature of the field of Ultrasonics which
finds application in various fields such as medicine,
engineering, science, nanotechnology, etc. He inspired
the students to take up research in the field of Ultrasonics
and explore new avenues in taking its benefits to the
Society. Dr. T. Balu, Associate Professor and Head,
Department of Physics, Aditanar College of Arts and
Science, Thiruchendur addressed the gathering. He
expressed his thoughts in the field of Ultrasonics for the
benefit of students and gave an insight to the findings of
Sir. C.V. Raman due to National Science day.

The following events were conducted and the prize winners are awarded.
Theme

Name

Class

US in
Medical Field
Acoustics

K. Punitha
S.P. Elumalayian
R. Santhanamari
D. Hancy Melinda
A. A. Kalyani,
P. Anusthiga,
C. Lavanya,
M. Priyalakshmi
D. K. Dharmaraj
S. Sivaram Kumar
R. B. Sharva,
G. E. Ebenezer,
S. Ramesh Babu e

M.Sc. (Microbiol.) I Yr
B.Sc. III Yr, Maths
B.Sc. III Yr Phys
B.Sc. III Yr, Maths
M.Sc.(Microbiol.) II Yr

I
II
I
II
I

B.com
B.com
B.com
B.com
B.com

II

Science

Prize

III Yr
II Yr
II Yr
II Yr
I Yr

This event was convened by Dr. J. Poongodi, (Executive
Member & Life Fellow of USI) Coordinator of this
Chapter III & IQAC Coordinator/ Associate Professor of
Physics, Kamaraj College and organized by the members

Judges
Dr
Dr
Dr
Dr
Dr
Dr

X Helan Flora, Asstt. Prof. Phys.
S Kanagaprabha. Asstt. Prof. Phys.
A Subashini, Asstt. Prof. English
M Vanmathi, Asst. Prof. Tamil
A Subashini, Asstt. Prof. English
M Vanmathi, Asstt. Prof. Tamil

of USI Students' Chapter III, Department of Physics,
Kamaraj College, Thoothukudi. Around 150 students from
Physics department attended and 50 students from other
departments participated in the competitions.
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Conference Report on International Conference on Ultrasonics and
Materials Science for Advanced Technology (ICUMSAT-2019)

International Conference on Ultrasonics and Materials
Science for Advanced Technology (ICUMSAT-2019) was
organized by Department of Physics, Prof. Rajendra Singh
(Rajju Bhaiya) Institute of Physical Sciences for Study
and Research, Veer Bahadur Singh Purvanchal University,
Jaunpur- U.P. during November 16-18, 2019.. Prof. Dr.
Krishan Lal, FNA, Co-Chair, IAP for Science, Former
Director- NPL, New Delhi, Former President- INSA, New
Delhi was the Chief Guest.
Prof. Dr. Nico Felicien Declercq, Georgia Institute of
Technology, France was the Guest of Honour. Prof.
Vikram Kumar, FNA, FNAE, FIETE, DSc, President,
Ultrasonics Society of India and Dr. Raja Ramanna
DRDO Distinguished Fellow and Former Director SSPL
(DRDO) and NPL, New Delhi presided over the function.
Distinguished Invitees Prof. B.K. Agrawal, D.Sc., FNA,
FNA Sc. And INSA Emeritus Scientist, Physics
Department, University of Allahabad, Prayagraj graced
the inaugural function.
The conference was organized in collaboration with
Ultrasonics Society of India during November 16-18,
2019 and the theme of the conference was Ultrasonics in
Materials Science. The Conference was of interest to not
only people from Physics, Chemistry, Mathematics and
Engineering, but also to people of Life Sciences and
medicines.
Objective of this Conference was to bring the
Theoretical and Experimental Scientists, the High-Profile
Senior Researchers and the Young Dynamic Investigators,
and the Industry People on a common platform for
exchange of new ideas and discussion of their latest
research. In the Conference, besides 8 Plenary Talks,
there were 49 Invited Talks by stalwarts in the fields
related to conference and oral presentations in 6 parallel
sessions, and Poster presentations. As per our
expectations, Manufacturers and Suppliers of Scientific
Instruments for research also actively participated and
we arranged an exhibition during the conference which
was very much appreciated by all the delegates.
In the inauguration lamp lighting was followed with
Maa Saraswati, auspicious Maa Sarawati Vandana and

Kulgeet of V.B.S. Purvanchal University. Dr. Giridhar
Mishra, Convener of ICUMSAT-2019, began the session
with brief introduction about the conference. Welcome
speech was given by our Hon'ble Vice-Chancellor and
Patron of ICUMSAT-2019, Prof. Dr. Raja Ram Yadav.
He explained the purpose of organizing ICUMSAT-2019
in the campus of V.B.S. Purvanchal University. It is
important to mention here that this was the first ever
International Conference in this University with such a
large participation from India and abroad. Chief guest,
Prof. Krishan Lal, F.N.A. in his inaugural speech, shared
the latest developments in the field of ultrasonics and
materials science.
Guest of Honour Prof. Dr. Nico Felicien Declercq,
Georgia Institute of Technology, France, outlined the
usage of ultrasonics in various field of science, which is
mostly for medical and diagnostic purposes. He also spoke
about the progressive work being done by Indian
Scientists in order to extract the optimum utilization of
ultrasonics. Ultrasonics can identify the characteristics
of a material (any matter) by the use of sensors, which
defines the behaviour of ultrasonic propagation.
Distinguished Invitee Prof. Vikram Kumar, highlighted
the need of advanced research in the field of ultrasonics
and materials science. He appreciated the efforts of
Department of Physics, Prof. Rajendra Singh (Rajju
Bhaiya) Institute of Physical Sciences for Study and
Research, VBSPU for organizing the International
Conference on such an important topic. The successful
organization of ICUMSA-2019 was possible due to keen
interest of our visionary Vice Chancellor and Patron of
ICUMSA-2019 Prof. Dr. Raja Ram Yadav. He was
constant source of inspiration and every detail of
ICUMSAT-2019 was taken care by him to organize this
event in such a remote area. In his welcome speech, he
discussed about the recent advances the ultrasonic
engineering has achieved and that Ultrasonics is ready to
enter the field of Nanotechnology, especially to benefit
Medical Science. He outlined the difference between Xrays and Ultrasonic waves, with their benefits and
setbacks. Cancer treatment might also be possible through
nanoparticles.
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ICUMSAT-2019 got huge response from the researchers
of various institutions. At the conference 158 oral
presentations and 61 poster presentations were made by
various researchers from universities and research
institutes in the country. Besides these, more than 200
researchers/ PG students of nearby Institutions and Rajju
Bhiaya Institute also participated in this mega event.
Proceedings of the Conference was published by Narosa
Publications New Delhi having ISBN. The inaugural
ceremony was preceded with the felicitation of honourable
dignitaries and with National Anthem.

Science for Research, V.B.S. Purvanchal University,
Jaunpur, U.P. during the International Conference on
Ultrasonics and Materials Science for Advanced
Technology 16-18 Nov. 2019 (ICUMSAT-2019).
President, USI, informed about the sad demise of Prof.
ES Rajagopal. Members observed 2 minutes silence in
his remembrance.

Participants enthusiastically interacted with all the
resource persons and Senior Scientists on the topics such
as ultrasonic instrumentation, nondestructive evaluations/
testing, sensors & transducers, biomedical ultrasound,
physical acoustics, signal processing, underwater
acoustics, ultrasonic standards and calibrations, laser
ultrasonics, ultrasonics in environmental, pharmaceutical
and material science, ultrasonic spectroscopy, ultrasonics
& materials science in ancient India, low cost photovoltaic
devices, nanoparticle-liquid suspensions, nanocomposite
materials, engineering materials, materials for defence
applications, ultrasonics in nanoscience and technology,
materials synthesis and their applications, advanced
functional materials, biomaterials, nanoscience &
technology in Ayurveda, energy materials, luminescent
materials, transport phenomenon, thermophysical
properties of materials, modelling and simulations and
miscellaneous.

During the valedictory function on 18th November,
2019; Chief Guest Prof. Vikram Kumar expressed his
happiness over the professional approach adopted in
organizing this International Conference. Most of the
participants in their feedback shared that the Conference
was very helpful to the students and faculties, that they
were exposed to the interdisciplinary nature of research
in the field of Ultrasonics and Materials Science and that
the conference was very well organized in the campus of
VBS Purvanchal University. Dr. T. K. Saksena Award
for best Ph.D. Thesis. Dr. M. Pancholy Award for best
paper presentation during the ICUMSAT-2019 and other
conference awards from USI and conference organizers
have been announced by Dr. Yudhisther Kumar Yadav:
General Seretary-USI. Prof. Vikram Kumar presented
these awards to delegates. We sincerely thank all the
Government organization/Scientific Agencies for their
support in organizing this International Conference. The
vote of thanks was rendered by Prof. B. B. Tiwari,
Department of Electronics and Communication
Engineering. The ICUMSAT-2019 ended with everyone
participating in Indian National Anthem.

The General Body (GB) Meeting of the Ultrasonics
Society of India was held on 16th November, 2019
(Saturday) at 05.30 PM at Aryabhat Auditorium, Prof.
Rajendra Singh (Rajju Bhaiya) Institute of Physical

— Dr. Giridhar Mishra
Convener-ICUMSAT-2019
VBSPU, Jaunpur (U.P.)
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USI Awards presented at ICUMSAT-2019
16-18 November, 2019 at V.B.S. Purvanchal University, Jaunpur
i.

Dr T K Saksena Memorial Award for 2019
Award has been sponsored by Dr. Skand Saksena in the memory of his father, Dr. T.K. Saksena for the
promotion and recognition of research work in the field of ultrasonics and allied areas for the best Ph.D. thesis
awarded in preceding two years. Award carries a citation and cash amount of Rs. 5000/-. Among the large
number of applications received, two candidates are jointly awarded for this year award given as below:
1.
Dr Sahdev Kumar, Engineer, KPS Industry Co. Ltd, Kyoto-Fu, Japan, for his thesis titled as "Development
of a Long-Range Ultrasonic Imaging System in Air Using an Array Transmitter" under the supervision
of Dr Hideo Furuhashi at Aichi Institute of Technology, Toyota, Japan in 2017.
2.
Dr Kiran Kumar Amireddy, Research Engineer, Saint-Gobain India Private Ltd - Research & Development
Block-C, IIT Madras Research Park, for his thesis titled as "Holey Metamaterials for Deep Sub-Wavelength
Ultrasonic Imaging", under supervison of Dr. K Balasubramaniam and Prof. Prabhu Rajagopal at IIT
Chennai in 2018.

ii.

Dr S. Parthasarathy Memorial Award : The award is given in memory of Dr S. Parthasarthy to the author(s)
of the best paper published in the Journal of Pure and Applied Ultrasonics, during every calendar year.
•
No paper has been found suitable for this award in the year 2018

iii.

Dr M. Pancholy Memorial Award for Best Oral paper presented in the conference :
1.
Harshit Jain and V.H. Patankar, Development of ultrasonic instrumentation for inspection of concrete
structures using a pulse echo technique, from Homi Bhabha Ntional Institute, BARC, Mumbai. (O-1)

iv.

Best Poster Paper Award USI :
1.
Chandreshwar Prasad Yadav, D K Pandey and Dhananjay Singh, Ultrasonic study of magneto - rheological
fluid, from PPN PG College Kanpur (P-40)
2.
Mohit Gupta, Sudhanshu Tripathi, Devraj Singh and R R Yadav, Ultrasonic and thermal properties of
cobalt nano-wires, from University of Allahabad, Prayagraj (P-01)

Awards from Conference Organisers ICUMSAT-2019
v.

Best Oral Presentation in two fields :
1.

2.
vi.

Dhirendra Kumar Chaudhary, Transfer matrix calculation of seitransparant perovskite solar cells: Impact
of top and bottom illumination on device efficiency, from Centre for renewable Energy, VBS University
Jaunpur (O-81)
Sonal Patil, L Ravi, Raghvendra Haresamudram and Indrajit M, Nondestructive inspection (NDI) of
adhesive joints using ultrasonic technology, from John Deere India Pvt Ltd, Pune (O-84)

Best Poster presentation in two fields :
1.
2.

Monika and S B Rai, Structural and optical properties red emitting Er3/Yb3 Co-doped ZnGa2O4, from
BHU, Varanasi.
Manish Pratap Singh, Keval Bharati and Santosh Kumar, Behaviour of an ionic liquid on the surface of
nano-SiO2 and in confinement system SiO2 Matrix as an example, from VBS Purvanchal University,
Jaunpur
— Dr Yudhisther Kumar Yadav
General Secretary
Ultrasonics Society of India

R.N. 39355/81

