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ABSTRACT

The measurement of Ultrasonic velocity (U) has been employed to understand the molecular interactions in
the liquid mixtures. Ultrasonic velocity (U) and density (p) for the binary liquid mixtures of n-propyl
alcohol (nPA) with Ethylene diamine (EDA), have been measured for 3MHz ultrasonic frequency at room
temperature. The experimental data have been used to calculate acoustic parameters such as Adiabatic
compressibility (Bag), Intermolecular free length (L¢), Acoustic impedance (Z) and Relative association
(Ra), relaxation time (7). These parameters are used to explain the formation of complex and the results are
interpreted in terms of molecular interaction between the components of the mixture
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INTRODUCTION

Mixed solvents, rather than pure solvents find practical applications in most chemical processes, their
properties are less known. Derived parameters from Ultrasonic velocity measurements and the
corresponding excess functions provide qualitative information regarding the nature and strength of
molecular interactions in liquid mixtures (Ali et al., 2002).

In recent years, ultrasonic technique has become powerful and reliable tools for the study of molecular
interactions in pure liquids as well as liquid mixtures (Ubagaramary et al., 2012; Shaik et al., 2011). Study
of molecular interactions between solute and solvent media has got great importance in many field of
science including medicinal chemistry, industrial processes, biochemistry etc.

Speed of sound itself is highly sensitive to the structure and interactions present in the liquid mixtures as it
is fundamentally related to the binding process between the constituents of the medium. For the qualitative
estimation of the molecular interactions in solutions, the ultrasonic velocity approach was first studied by
lageman (Sreekanth et al., 2001). Alcohols have found various applications and commercial use in medical
and other fields, for example, the largest single use of ethanol is as a motor fuel and fuel additive. Ethanol
is used in medical wipes. Ethanol kills organisms by denaturing their proteins and dissolving
their lipids and is effective against most bacteria and fungi, and many viruses.

Ethylene diamine (EDA) is used primarily as an intermediate in the production of bleach activators,
fungicides, chelating agents, plastic lubricants, textile resins, polyamides and fuel additives. Therefore it
seemed important to examine the ultrasonic behaviour of n-propyl alcohol (nPA) with ethylene diamine
(EDA).

MATERIALS AND METHODS

Ethanol and ethylene diamine (EDA) used were of AR grade with minimum assay of 99.9% procured form
S.D. fine chemicals and Spectrochem Pwvt. Ltd. Mumbai. These chemicals are used without further
purification. Samples of solution with different mole fraction EDA were prepared. The density (p) and
viscosity (n) of pure liquids and liquid mixtures were determined by using Pycknometer and Ostwald’s
viscometer respectively. The Ultrasonic velocity (U) in the liquid and liquids mixtures have been measured
using an Ultrasonic Fixed-frequency interferometer (Mittal type Model F-05.)

Theory

The experimental values of density (p), viscosity () and ultrasonic velocity (U) were used to calculate
various acoustical parameters such as adiabatic compressibility (B.q4), free length (L¢), Acoustical impedance
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(2), Relative association (Ra), relaxation time (t), Effective molecular weight (Mef), molar volume (V) by
the following relations (Shaik et al., 2011; Gajendra et al., 2012; Kawale et al., 2013).
1

i = 57 ()

Ly =K (Baa) /2 )

Z=Up .. 3)
ps (Uo 1/3

And T=4/3 1 Ba . (5)

Where, K — Temperature dependent constant, po- the density of the solvent, U,- ultrasonic velocity of the
solvent, ps — the density of the solutions, Us- the ultrasonic velocity of the solutions, V- Molar volume.
Meff = X miX; .. (6)
Vin= M/ p .. (7D
On assuming the additives of molar sound velocity (R) and no volume change on mixing. Nomoto
established the relation for ultrasonic velocity in binary liquid mixtures.
(1R +X,Ry)]3
U= (X1V1+X2Vz)] - (8)
Where, X;, X, are the mole fractions of the species and R is related to the molecular weight (M) and
density (p) as:

M
R=—us=yuYs
p

Where, U is the ultrasonic velocity and the molar volume is given by
V= (My X1 + My X3)

p
On the basis of ideal mixing of adiabatic compressibility Van Dael obtained ideal mixing relation for

ultrasonic velocity

1 X X

ﬁ = (M1X1 + M2X2) (Mlllllz + MZZZZ) (9)
Where, U = Ideal mixing Ultrasonic Velocity in liquid mixture.U; & U, are ultrasonic velocities in species
and X; and X, are mole fractions of the species.

The impendance relation is

Upp = Koo, ... (10)
Where, Z; is Acoustic Impedance.
Rao’s specific sound velocity relation is
Urao = X Xi1ipi)? .. (11)
(U-)1/3
Where, 1, =——
According to the simple mixing Relation,
USMR = U1X1 + U2X2 (12)
Jungie’s equation is
(X1M1+X2Mz)
U = 212 .. (13)

p1UT szzz

1

2
1

(M1X1+M2X3) /2<M%+MZXZ) }

Where, M1, M2 are molecular weights of constituent components. P1 and P1 are the densities of
constituent components.
The strength of interaction between the component molecules is well reflected in the deviations, in excess
viscosity (An) Excess Adiabatic compressibility (ABag), Excess intermolecular free length (ALy), Excess
Acoustic impedance (AZ) etc. These parameters were calculated using the relation.

AY= Ym- (X1Y1+X2Y2) . (13)
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Where, AY is any excess parameter, and y refers to above mentioned parameter. The subscripts m, 1 and 2
used in the above equation are respectively for the mixture, component (1) and component (2). X; and X;
are the mole fractions of two components in the liquid mixture.

RESULTS AND DISCUSSION

The values of density (p), ultrasonic velocity (U), adiabatic compressibility (Bag), intermolecular free length
(L), Acoustic impedance (Z), and relative association (R), Relaxation time (1) of the binary liquid mixture
of EDA + ETHANOL obtained at 303 K are listed in table (1) and the values of excess viscosity (An),
excess ultrasonic velocity (AU), Excess adiabatic compressibility (ABaq), Excess intermolecular free length
(A Ly) are reported in table (2).

Values of Ultrasonic velocity (U) along with the values calculated by using the Nomoto relation, Van Dael
ideal mixing relation, Impedance relation, Rao’s specific velocity relation Simple mixing relation, and
Junjie’s equation are listed in table (3). The validity of different theoretical formulae is checked by
percentage deviation.

From figure (1), it is observed that ultrasonic velocity (U) increases with mole fraction of EDA non-linearly
which indicates that there is intermolecular interaction exists with mixture (R.S. Kawale et al, 2013) . The
maximum deviation from the linearity at a point of mole fraction, where change in the slope is maximum
indicating the complex formation (Tumberphale, 2013). In present system the formation of the complex is
at 0.5 mole fraction of EDA.

On the basis of the model for the sound propagation proposed by Eyring and Kincaid ultrasonic velocity
(U), increases on decrease of intermolecular free length (L¢) and vice-versa (Kawale et al., 2013) as shown
in figure (2). Also the maximum deviation from linearity in the intermolecular free length curve occurs at
0.5 mole fraction of EDA which supports to our earlier conclusion.

Adiabatic compressibility (B,q) decreases with increases in concentration of EDA as shown in Figure (3).
indicates that the free dipoles of Ethanol molecules would induced moments in the neighbouring molecules
of the EDA resulting in dipolar - induced dipolar interaction leading to contraction in the volume. This
leads to subsequent decrease in the adiabatic compressibility (Bag) as well as intermolecular free length (Ly)
(Kawale et al., 2013) as shown in figure (3) & (2) respectively. Also the maximum deviation occurs at 0.5
mole fraction of EDA supports to our earlier conclusion drawn in ultrasonic velocity curve.

Specific acoustic impedance (Z) of the medium is governed by the inertial & elastic properties of the
medium (Thirumaran et al., 2009). In the present system the acoustic impedance (Z) increases with
increase in concentration of EDA. Increasing trend of acoustic impedance supports the possibility of the
molecular interaction between solute and solvent molecules as shown in fig 4. Also, relaxation time (1) in
table (1) have completely reverse trend with that of ultrasonic velocity. This indicates significant molecular
interactions (Bedare et al., 2012).

Figure (5) represents the variations of Excess free length (ALs) with mole fraction of EDA. As observed
AL values are negative over entire range indicates presence of intermolecular interactions in the system
(Bhatnagar et al., 2010). The maximum negative value of Excess free length (ALy) at the 0.5 mole fraction
of EDA indicates the formation of complex.

Figure (6) shows the variation of excess adiabatic compressibility (AB.g) with mole fraction of EDA. The
values of (Aa.g) are negative over entire concentration range, this suggests the strong molecular interaction
between the unlike molecules of the component liquids (Thirumaran et al., 2011). The maximum negative
value of (AB.g) exists at 0.5 mole fraction of EDA indicates the formation of complex this supports to our
earlier conclusion.

The excess viscosity (An) values are positive over entire range indicating the strong interaction between
unlike molecules of the system.

From the figure 7, it can be seen that the values of ultrasonic velocity computed by various theories shows
deviations from experimental values. The bracketed values are represents the percentage deviations in
theoretical values with respect to the experimental values of ultrasonic velocity shown in table (3). The
limitations and approximations incorporated in these theories are responsible for it. It is assumed that all the

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)



International Journal of Physics and Mathematical Sciences ISSN: 2277-2111 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jpms.htm
2015 Vol. 5 (1) January-March, pp. 25-31/Tumberphale et al.

Research Article

molecules are spherical in shape, which is not true every time (Rama et al., 2005). In Nomoto theory, it is
supposed that the volume does not change on mixing. Thus, no interaction between the components of
liquid mixtures has been taken into account. Similarly, the assumptions for the formation of ideal mixing
relation are that, the ratios of specific heats of ideal mixtures and volumes are also equal. Again no
molecular interaction is taken into account. But on mixing two liquids, the interactions between the
molecules of the two liquids takes place because of the presence of various types of forces such as
dispersion forces, charge transfer, hydrogen bonding, dipole-dipole and diploe-induced dipole interactions.
Thus, the observed deviation of theoretical values shows that the molecular interaction is taking place
between the unlike molecules in the liquid mixtures.Fig.7 shows that in the system of EDA and Ethanol,
there is a good agreement between the experimental and theoretical values calculated by Impedance
relation and Rao’s relation. Here, smaller deviations are observed for Nomoto’s relation, where as higher
deviations are observed in Van Dael ideal mixing relation and Junjee’s relation

The higher deviations in some intermediate concentration range suggest the existence of strong tendency
for the association between the component molecules, where hydrogen bonding may be formed (Rama et
al., 2005).

Table 1: The values of density (p), ultrasonic velocity (U), adiabatic compressibility (Pag),
intermolecular free length (Ly), Acoustic impedance (Z) and relative  association (Ra) of the binary
liquid mixture of EDA+ Ethanol with mole fraction of EDA

Mole P Viscosity  Sq. of U Rag L¢ z Ra Tx10"
fraction of (Kgm?) R.1. (msh)  (10"m?NY)  (10Mm)  (10°%kgmZs™

EDA (X)

0.0000 789.00 1.1000 1.8541 1176.00 9.16449 6.23622  0.927864 1.0000 13.4412
0.1405 815.39 1.4326 1.9080 1237.80 8.00449 5.82819  1.009290 1.01595 15.2896
0.2761 835.39 1.5692 19386 1313.10 6.94490 5.42875  1.096570 1.02023  14.5305
0.4111 851.23 1.6895 19780 1403.10 5.96727 5.03217  1.194361 1.01720 13.4421
0.4643 854.59 1.7804 2.0063 1458.00 5.50462 483316  1.245992 1.00824 13.0671
0.6560 854.68 1.8322 2.0264 1516.26 5.08920 464720  1.295917 0.99526 12.4326
0.7744 854.78 1.7852 2.0522 1568.52 4.75516 449211  1.340740 0.98419 11.3185
0.8891 854.68 1.7424 2.0750 1613.10 4.49649 436822  1.378684 0.97493 10.6785
1.0000 899.00 1.7000 2.1228 1658.84 4.0423 4.1417 1.491297 -—- 9.16254

Table 2: The values of Excess viscosity (An), Excess ultrasonic velocity (AU), Excess adiabatic
compressibility (A B.q), Excess intermolecular free length (A Ly) of the binary liquid mixture of EDA+
Ethanol with mole fraction of EDA

Mole Excess Excess Excess Excess Excess
fraction Viscosity Ultrasonic Adiabatic intermolecular Acaustic
of EDA (Ayn) Velocity compressibility A free length Impendence
(X) (AU) ms™ Bad A Ls AZ
(10°m?N™) (10 m) (10°kgm*s™)
0.0000 0.0000 0.0000 0.0000 0.0000 0.00000
0.1405 0.2483 -6.0390 -0.4403 -0.1137 0.0022
0.2761 0.3035 3.7878 -0.8053 -0.2292 0.0131
0.4111 0.3428 28.6044 -1.0915 -0.3430 0.0348
0.4643 0.4018 57.8173 -1.2816 -0.4305 0.0564
0.6560 0.3386 23.5169 -0.7151 -0.2150 -0.0015
0.7744 0.2205 18.6087 -0.4427 -0.1221 -0.0234
0.8891 0.1089 7.8069 -0.1138 -0.0057 -0.0502
1.0000 0.0000 0.0000 0.0000 0.0000 0.00000
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Table 3: The values of density (p), Molar volume (V), ultrasonic velocity (U) expt, ultrasonic velocity
(U) by various theoretical formulas such as Simple Mixing rule, Rao’s relation, Impendance
Relation, Nomato Relation, Vandeel Relation, Jungies Relation of the binary liquid mixture of EDA+
Ethanol with mole fraction of EDA

Mole Molar p U S.M. Urao Uir Nomato Van Dael Jungies
fraction - Volume (Kgm3) (ms™) Rule Relation Relation  Relation
of EDA
(X) V)
0.0000 0.05839 789.00 1176.00 1176.00 1175.99  1176.00 1175.84 1175.98 1324.04
(0.00) (0.00) (0.00)  (-0.013) (-0.002)  (11.18)
0.1405 0.05902 815.39 1237.80 1248.43 1237.81 1237.80 124419 1204.10 1364.54
(0.851)  (0.00) (0.00)  (0.513)  (-2.798)  (9.288)
0.2761 0.05998 835.39 1313.10  1309.31 1313.03  1312.64 1312.09 1238.26 1408.37
(-0.289)  (-0.005)  (-0.035) (-0.076) (-6.044)  (6.764)
0.4111 0.06118 851.23 1403.10 1374.49 1403.18 1403.10 1378.00 1280.89 1456.72
(-2.081) (0.005)  (0.00)  (-1.821) (-9.540)  (3.680)
0.4643 0.06184 854.59 1458.00 1400.18 1458.10 145799 1387.86 1300.44 1477.44
(-4.129) (0.006)  (0.00)  (-5.053) (-12.11)  (1.315)
0.6560 0.06513 854.68 1516.26  1492.74 1516.35  1516.26 1497.72  1387.80 1559.56
(-1575) (0.005)  (0.00)  (-1.237) (-9.256)  (2.776)
0.7744 0.06715 854.78 1568.52 1549.90 1568.58 1568.52 1552.46  1459.56 1617.88
(-1.201) (0.003)  (0.00)  (-1.034) (-7.465)  (3.051)
0.8891 0.06912 854.68 1613.10 1605.28 1612.40  1613.10 1607.10 1548.01 1681.16
(-0.487)  (-0.043)  (0.00)  (-0.373) (-4.204)  (4.048)
1.0000 0.06752 899.00 1658.84  1658.84 1659.72  1658.89 1658.69  1658.69 1749.66
(0.00)  (0.053)  (0.00)  (-0.009) (-0.009)  (5.131)
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In the present system the complex formation may be favoured by the linkage between N* of EDA with H®*
of Ethanol as represent below.

R H*

\ _
0 < N &

Conclusion

1. The acoustical parameters in the Ethanol + EDA system suggests the strong molecular interactions in
the unlike molecules of the system.

2. Non linear behavior of Acoustic parameters suggests the formation of complex in the mixture.
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