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INTRODUCTION

Ultrasonics or ultrasound is an area of extreme scientific
and technological research. The scientific administering of
ultrasonics has drawn attention of researchers. Recent develop-
ments in science and technology of ultrasonics in molecular
mutual actions are extremely impressive and hold worthy of
consideration possibilities for more suitable applications. In
modern years, ultrasonics velocity measurement methods finds
comprehensive applications in studying the molecular mutual
action to have actual being through liquid mixtures. These
methods has made an interest to take into consideration of
molecular interactions in pure binary and ternary liquids [1].
On account of the precise value of ultrasonic velocity measure-
ments, they are used to deal the hypothetical situations of
construction and molecular mutual action in liquids [2]. The
ultrasonics or ultrasound measurement studies on estimation,
ultrasonic and viscometric properties of multicomponent liquid
mixtures have found wide applications in industries such
as textile, chemical, leather and nuclear [3]. The study and
understanding of thermodynamic and transport properties of
liquid mixtures and solutions are more essential for their
applications in these industries. The weak and strong molecular
mutual actions present in the pure binary and ternary liquid
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mixtures can be detected and assessed by the use of ultrasonic
velocity measurements [4,5]. By making an advantageous
purpose of Bhat equation, stability constants and ultrasonics
research of liquid mixtures were carried out [6-11]. These
studies in multicomponent binary and ternary mixtures and
solutions have been carried out by infrared, Raman effect,
NMR and dielectric methods [12-15]. The nature and resistance
of molecular mutual actions in the mixtures based on the
variation of ultrasonic velocity and other related acoustical
parameters with change in composition of the component of
the pure liquids and can be utilized for the development of
molecular models in order to describe the behaviour of solu-
tions [16-18]. Earlier to ultrasonic employment to mixtures
and solutions, the spectroscopic and dielectric skilled proce-
dures were the only feature to study the nature and resistance
of molecular mutual actions. However, the employment of
ultrasonics has made possible not only the evaluation of physico-
chemical properties of the mixtures and solutions but also more
reliability on the interpretation of molecular mutual actions.
Due to the act of bringing low cost, easy operational procedure
and spontaneous results, the molecular interaction studies
through ultrasonics have gained importance all over the world.
The compounds 2-[(morpholin-4-yl)(pyridin-3-yl)methyl]-
hydrazinecarboxamide (MPH) and (morpholino(thiophen-2-



yl)methyl)nicotinohydrazide (MTN) are found to possess
N-H-CO groups in its structure. This has been characterized
by spectral studies. Denoting and signifying within molecular
hydrogen bonding may entangle in the compounds, due to the
state of CO and NH. Based upon the evaluation and findings,
the ultrasonics rate of motion, density and viscosity and their
related ultrasonical measures of the synthesized compounds
which contains the cluster of amide moieties have been pre-
sented.

EXPERIMENTAL

Accurately weighed amount of the synthesized comp-
ounds (MPH & MTN) were dissolved in the solvent DMSO
to obtain solution in the concentration range 1 × 10-3 to 10-2 M.
The ultrasonic velocities (U) have been measured in ultrasonic
interferometer operating at a frequency of 2 MHz with an
accuracy of ± 0.1 %. The viscosities of the pure compounds
and their mixtures were determined using Ostwald’s visco-
meter calibrated with double distilled water. The densities of
the solutions were measured accurately using 10 mL specific
gravity bottles in an electronic balance precisely and the accu-
racy in weighing ± 0.1 mg. The temperature of the solutions
and their mixtures was maintained at 303, 308 and 313 K using
a thermostat. The acoustical parameters such as adiabatic com-
pressibility (κ), intermolecular free length (Lf), molar volume
(Vm), relaxation time (τ), specific acoustic impedance (Z), LJP,
internal pressure (πi), free volume (Vf) and molecular cohesive
energy (MCE), available volume (Va), Gibbs free energy (∆G)
and absorption coefficient (α/f2) were measured [19-21].

The study of various acoustical parameters and the factors
controlling the parameters helps to understand the structure
of liquid systems.

Ultrasonic velocity (U):

U (m s-1) = fλ
where, f – frequency of ultrasonic waves, λ – wavelength.

Adiabatic compressibility (βββββ): From the measured values
of the ultrasonic velocity (U) and the density (ρ), the adiabatic
compressibility (β) is calculated by using the relation:

β (kg-1 ms2) = (1/U2ρ)

Free length (Lf): The free length has been calculated using
the following formula given by Jacobson:

Lf (Å) = K/(Up)1/2

where K is the Jacobson’s constant. This constant is a tempe-
rature dependent parameter. At any temperature (T) in Kelvin
scale the value of K is given as (93.875 + 0.345T) × 10-8.

Lenard jones potential (LJP): The Lenard Jones poten-
tial is given by:

LJP = [6Vm/Va]-13

where Vm represents the molar volume and Va the available
volume.

Internal pressure (πππππi): A simple equation relation using
measurable parameter were

1/2 3/2

i 6/7
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K
bRT atm

U M

 η ρ π = ×  
   

where b stands for the cubic packing factor, which is assumed
to be two for liquid state including solutions, K, the temperature
independent constant, R, the molar gas constant, T, is the abso-
lute temperature, η is viscosity, U is the ultrasonic velocity, ρ
is the density in Kg m-3 of the liquid or liquid mixture.

Free volume (Vf): On the basis of dimensional analysis,
an expression for free volume in terms of experimentally measu-
rable parameters like ultrasonic velocity and viscosity is obtained
and it is given by

1/2
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where Meff is the effective molecular weight, which is expressed
as:

Meff = X1M1 + X2M2 + X3M3

where X1 and M1 are the mole-fraction and molecular weight
of the component in the mixture respectively. K is the tempe-
rature independent constant and the value of K is 4.28 × 109

and η is the viscosity coefficient of the solution.
Cohesive energy (CE): Cohesive energy is usually given

as a product of internal pressure and molar volume (Vm).
Available volume (Va): The following relation is used

for available volume:

3
a

U
V Vm 1 m

U∞

 
= − 

 
where ρ the density of the liquid, Vm represents the molar
volume, U the ultrasonic velocity and U∞ is limiting value taken
as 1600 m s-1 for liquids.

RESULTS AND DISCUSSION

Dimethyl sulphoxide (DMSO) is an effective solvent and
widely used for the synthesis of organic compounds.
Compounds which contain amide moieties (urea, acetamide,
semi and thiosemicarbazide, phenyl urea) are easily soluble
in water. But, in some synthesis water may not be used as a
solvent because of several reasons. In such cases, DMSO is
used instead of water. This colourless liquid is an important
polar aprotic solvent that dissolves both polar and non-polar
compounds and is miscible in a wide range of organic solvents
as well as water. Through oxygen it may have the chances to
form hydrogen bonding with other molecules. Keeping in this
view, binary liquid mixture containing DMSO and MPH/MTN
at five different concentrations was prepared and the para-
meters were studied at three different temperatures.

The experimental results of ultrasonic velocity (U), density
(ρ), viscosity (η), adiabatic compressibility (κ), intermolecular
free length (Lf), molar volume (Vm), relaxation time (τ), specific
acoustic impedance (Z), Lenard Jones potential (LJP), internal
pressure (πi), free volume (Vf) and molecular cohesive energy
(MCE), available volume (Va), Gibbs free energy (∆G) and
absorption coefficient (α/f2) are presented in Table-1.

Velocity: From the Table-1, for both the samples it has
been observed that, as the concentration increases, velocity
decreases. This decrease in velocity is due to increased asso-
ciation between the solute and the solvent molecules. The
compounds MPH and MTN have NH-CO-NH arrangement,
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this may interact with solvent molecules (DMSO). This shows
the existence of hydrogen bonding present in the liquid
mixture. Further, it has been observed that when temperature
increases velocity decreases, this may be attributed to the
increased vibration or collision between the solvent and solute
molecules.

Adiabatic compressibility: It has been observed from
the Table-2, the adiabatic compressibility values computed for
the samples at different concentrations, were found to increase
as the concentration increases. This increase in concentration
is due to molecular aggregation. Molecular aggregation takes
place through hydrogen bonding between the solute and solvent.
This result clearly reveals the existence of hydrogen bonding
in the liquid mixture.

Free length (Lf): The free length (Lf) values measured at
different concentrations are listed in Table-2. It has been found
that, Lf values increases as the concentration increases. In dilute
solutions, the distance between the molecules will be large.
Hence, the length of the non-covalent interaction will be less.
While in concentrated solutions, due to hydrogen bonding the
distance between the molecules will be less. Therefore, the inter-
molecular free length (Lf) is found to increase in both the samples.

Relaxation time (τττττ): The relaxation time (τ) computed
for different concentrations under different temperature for
the binary liquid systems are presented in Table-3. It has been

noted that the (τ) value increases with increase in concentration
of the systems. The dispersion of the ultrasonic velocity in the
system should contain information about characteristic time
(τ) of the relaxation process that causes dispersion. The relaxa-
tion time, which is in the order of 10-13 sec is due to structural
relaxation process and in situation. It is suggested that the
molecules get rearranged due to cooperative process.

Acoustic impedance: Acoustic impedance (Z) values
measured for different concentrations at three different tempe-
ratures are given in Table-3. The result shows that for both the
samples, the Z value decreases with increase in concentration
of the system. Similar trend was observed for both the samples
when the temperature increases.

Free volume: Free volume is one of the significant factors
in explaining the variations in the physico-chemical properties
of liquid mixture. The free space and its dependent properties
have a close connection with molecular structure and it may
show interesting features about interactions. This molecular
interactions between like and unlike molecules are influenced
by structural arrangements along with the shape and size of
the molecules. From the results of computed values of free
volume of the binary liquid mixture at different concentrations,
it has been observed that there is an increase in free volume as
concentration increases. This increase in free volume is attri-
buted to the strong interaction between the molecules when

TABLE-1 
MEASURED VALUE OF ULTRASONIC VELOCITY (U), DENSITY (ρ) AND VISCOSITY COEFFICIENT (η) OF  

THE TWO BINARY SYSTEMS OF AQUEOUS MPH AND MTN iN DMSO AT DIFFERENT TEMPERATURES 

Velocity (m s–1) Density (kg m–3) Viscosity (× 103 N m s-1) Conc.  
(mol dm-3) 303 K 308 K 313 K 303 K 308 K 313 K 303 K 308 K 313 K 

2-[(Morpholin-4-yl)(pyridin-3-yl)methyl]hydrazinecarboxamide (MPH) 
0.001 1486.9 1458.3 1437.4 1087.8 1083.3 1079.5 1.5531 1.5190 1.4992 
0.002 1483.8 1453.0 1429.6 1086.1 1082.3 1078.1 1.5442 1.5086 1.4821 
0.003 1476.7 1448.8 1423.1 1085.2 1081.1 1077.4 1.5388 1.4931 1.4760 
0.004 1472.4 1444.6 1419.2 1084.3 1080.3 1076.1 1.5231 1.4857 1.4635 
0.005 1470.4 1440.1 1412.8 1083.8 1079.3 1075.2 1.5173 1.4744 1.4582 

N-(Morpholino (thiophen-2-yl) methyl)nicotino hydrazide) (MTN) 
0.001 1517.3 1501.4 1485.5 1089.7 1084.2 1080.4 1.7708 1.7209 1.6854 
0.002 1508.5 1491.0 1480.0 1087.8 1083.2 1079.5 1.7513 1.6977 1.6623 
0.003 1497.2 1482.3 1470.3 1086.6 1082.3 1078.5 1.7276 1.6708 1.6381 
0.004 1488.6 1473.1 1457.4 1085.0 1081.1 1077.1 1.7104 1.6455 1.6122 
0.005 1478.8 1460.1 1450.0 1084.8 1080.3 1076.0 1.6801 1.6227 1.5941 

 

TABLE-2 
COMPUTED VALUES OF ADIABATIC COMPRESSIBILITY (κ), INTERMOLECULAR FREE LENGTH (Lf), MOLAR  

VOLUME (Vm) of TWO BINARY SYSTEMS OF MPH AND MTN AT DIFFERENT TEMPERATURES 

Adiabatic compressibility (×10-10 m2 N-1) Free length (× 10-10 m) Molar volume (× 10-7 m3 mol-1) Conc.  
(mol dm-3) 303 K 308 K 313 K 303 K 308 K 313 K 303 K 308 K 313 K 

2-[(Morpholin-4-yl)(pyridin-3-yl)methyl]hydrazinecarboxamide (MPH) 
0.001 0.415 0.434 0.448 0.4231 0.4362 0.4473 1.6638 1.6707 1.6765 
0.002 0.418 0.437 0.453 0.4243 0.4380 0.4500 1.6741 1.6799 1.6865 
0.003 0.422 0.440 0.458 0.4265 0.4395 0.4522 1.6833 1.6897 1.6955 
0.004 0.425 0.443 0.461 0.4279 0.4409 0.4537 1.6924 1.6987 1.7053 
0.005 0.426 0.446 0.465 0.4286 0.4425 0.4560 1.7009 1.7080 1.7145 

N-(Morpholino (thiophen-2-yl) methyl)nicotino hydrazide) (MTN) 
0.001 0.3986 0.4092 0.4194 0.4143 0.4235 0.4326 1.6609 1.6694 1.6753 
0.002 0.4039 0.4153 0.4229 0.4171 0.4266 0.4344 1.6716 1.6787 1.6845 
0.003 0.4105 0.4205 0.4289 0.4204 0.4293 0.4375 1.6814 1.6881 1.6940 
0.004 0.4159 0.4263 0.4371 0.4232 0.4322 0.4416 1.6916 1.6977 1.7041 
0.005 0.4215 0.4342 0.4420 0.4260 0.4362 0.4441 1.6997 1.7068 1.7136 
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the solute concentration increases. Free volume values measu-
red for different concentrations at three different temperatures
are presented in Table-4.

TABLE-3 
COMPUTED VALUES OF RELAXATION TIME (τ), SPECIFIC ACOUSTIC IMPEDANCE (Z) AND LENARD JONES  

POTENTIAL (LJP) OF TWO BINARY SYSTEMS OF MPH AND MTN AT DIFFERENT TEMPERATURES 

Relaxation time (× 10-13 s) Specific acoustic impedance  
(× 103 Kg-1 m2 s-1) 

LJP (J mol-1) Conc.  
(mol dm-3) 

303 K 308 K 313 K 303 K 308 K 313 K 303 K 308 K 313 K 

2-[(Morpholin-4-yl)(pyridin-3-yl)methyl]hydrazinecarboxamide (MPH) 
0.001 8.6104 8.7913 8.9623 1.6174 1.5797 1.5516 71.88 54.74 46.04 
0.002 8.6104 8.8031 8.9686 1.6115 1.5725 1.5412 69.61 52.30 43.33 
0.003 8.6701 8.7729 9.0193 1.6025 1.5662 1.5332 64.85 50.49 41.26 
0.004 8.6391 8.7868 9.0030 1.5965 1.5606 1.5272 62.23 48.77 40.09 
0.005 8.6336 8.7827 9.0595 1.5936 1.5543 1.5190 61.07 47.03 38.28 

N-(Morpholino (thiophen-2-yl) methyl)nicotino hydrazide) (MTN) 
0.001 9.4115 9.3884 9.4257 1.6534 1.6278 1.6049 103.0 84.36 70.84 
0.002 9.4332 9.4002 9.3735 1.6409 1.6150 1.5976 91.91 75.07 67.00 
0.003 9.4570 9.3679 9.3680 1.6268 1.6042 1.5857 80.38 68.56 61.01 
0.004 9.4853 9.3520 9.3960 1.6151 1.5925 1.5697 73.17 62.65 54.32 
0.005 9.4429 9.3944 9.3950 1.6042 1.5773 1.5600 66.20 55.62 51.00 

 

TABLE-4 
COMPUTED VALUES OF INTERNAL PRESSURE (πi), FREE VOLUME (Vf) AND MOLECULAR COHESIVE  

ENERGY (MCE) OF TWO BINARY SYSTEMS OF MPH AND MTN AT DIFFERENT TEMPERATURES 

Internal pressure (× 10-6) Free volume (× 10-6 m3 mol-1) Enthalpy (× 10-9 KJ) Conc.  
(mol dm-3) 303 K 308 K 313 K 303 K 308 K 313 K 303 K 308 K 313 K 

2-[(Morpholin-4-yl)(pyridin-3-yl)methyl]hydrazinecarboxamide (MPH) 
0.001 38421 38893 39458 8.1457 8.1798 8.1637 63.92 64.97 66.15 
0.002 38105 38598 39094 8.2475 8.2766 8.2951 63.79 64.84 65.93 
0.003 37901 38217 38872 8.2895 8.4284 8.3481 63.80 64.57 65.91 
0.004 37541 37956 38524 8.4388 8.5126 8.4784 63.53 64.47 65.69 
0.005 37285 37647 38316 8.5278 8.6290 8.5249 63.42 64.30 65.69 

N-(Morpholino (thiophen-2-yl) methyl)nicotino hydrazide) (MTN) 
0.001 40658 40819 41174 6.8974 7.0867 7.1959 67.53 68.14 68.97 
0.002 40284 40439 40723 7.0008 7.2076 7.3569 67.34 67.88 68.59 
0.003 39911 39992 40311 7.1154 7.3698 7.4996 67.10 67.50 68.28 
0.004 39575 39569 39918 7.2104 7.5221 7.6327 66.94 67.17 68.02 
0.005 39138 39239 39555 7.3839 7.6320 7.7571 66.52 66.97 67.78 

 

Enthalpy: The measured values of enthalpy for the binary
liquid mixtures of two samples are shown in Fig. 1. As the
concentration of the solute increases, the enthalpy is found to
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Fig. 1. Plots for enthalpy versus concentration for aqueous (a) MPH and (b) MTN at different temperatures ( ) T = 303 K, ( ) 308 K and ( )
313 K
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increase. The same trend has been observed when the tempe-
rature of the system increases.

Gibb’s free energy: The computed values of Gibb’s free
energy for the binary liquid mixture of two samples are shown
in Fig. 2. From the results, it has been understood that the
(∆G) decreases with increase in concentration of the system.
This decrease in free energy confirms the formation of hydrogen
bonding in binary mixtures.

The excess properties derived from these physical property
data reflect the physico-chemical behaviour of the liquid mix-
tures with respect to the solution, structure and intermolecular
interactions between the component molecules of the mixture.
The trends of changes have been interpreted by the earlier
works reported by various researchers [22,23]. It was revealed
from the literature, that the trends of changes mainly depend
on the differences in the size of the molecule and strength of
interactions taking place between the components of the
mixtures. The velocity of sound through liquid mixtures could
be helpful in assessing the degree of association between the
molecules. The molar sound velocity on non-associated liquids
has been found to be independent, while that for associated
liquids is dependent on temperature.

Conclusion

The ultrasonic velocity, adiabatic compressibility, free
length, viscosity, free volume, free length, molar volume,
density, internal pressure, free energy and enthalpy have been
measured. The measured value of ultrasonic velocity, internal
pressure, enthalpy and free energy was found to increase as
the concentration increases. The calculated values of adiabatic
compressibility were found to decrease as the concentration
increases. These results are inferred that strong interaction
exists between the solvent (DMSO) and the solute (MPH and
MTN). Hence it is concluded that the association of solute
molecules occurs through hydrogen bonding.
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