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ABSTRACT

The basic parameters like viscosity (1), density(p) and velocity (U) can be measured by ultrasonic
Interferometer. From these three parameters various thermo dynamical and acoustical parameters such as
specific acoustic impedance (Z), Intermolecular free length (Ly), adiabatic compressibility (p) etc have been
estimated using standard relations from measured values of Ultrasonic viscosities, densities and velocities in
the wide range of concentrations at 35° C, 40°C and 45°C temperatures for Acetone + Propanol-2 +Toluene
tertiary system. The solvent-solvent interactions are studied on the basis of increase or decrease in ultrasonic
velocity, density, viscosity and other derived acoustical parameters in terms of structure making and structure
breaking tendencies of various solvent molecules.
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I. INTRODUCTION

Developments which are taking place in this field have found great use of ultrasonic energy in the field of
medicine, engineering, agriculture, technology and industry [5,6]. In chemical industries, ultrasonic energy is
found useful in studying the chemical processes as well as different types of reactions in synthesis of chemical
substances. Wong and Zhu [7] have studied the speed of sound in seawater as a function of salinity, temperature
and pressure. Skumiel and Labowski [8] have given a theoretical analysis of the effect of an external constant
magnetic field on the propagation of ultrasonic waves in electrically conducting liquids as well as the results of
measurements carried out in mercury. Hanel[9] has analytically deduced an equation for the longitudinal sound
velocity of thin film samples and the velocities of the tertiary liquid mixtures have been calculated. The
compositional dependence of thermodynamic properties has proved to be a very useful tool in understanding the
nature and extent of pattern of molecular aggregation resulting from intermolecular interaction between
components. Ultrasonic waves with low amplitude have been used by many researcher to investigate the nature
of molecular interactions and physio-chemical behavior of pure, binary, ternary and quaternary liquid mixtures .

A survey of literature indicates that excess values of acoustical parameters are useful in understanding the nature
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and strength of the molecular interaction in the pure, binary, ternary and quaternary liquid mixtures . Acoustic
and thermodynamic parameters have been used to understand different kinds of association, the molecular
packing, molecular motion and various types of intermolecular interactions and their strengths, influenced by

the size in pure components and in the mixtures.

I1. EXPERIMENTAL STUDIES

Ultrasonic velocity was measured using single crystal ultrasonic interferometer of 2 MH, frequency (Model
M81) supplied by Mittal Enterprises, New Delhi, that has a reproducibility of 0.4ms™ at 25°C.The temperature
was maintained constant by circulating water from a thermostatically controlled water bath (accuracy
0.1°C).The temperature of the cell was measured using a thermocouple (at the crystal) and found to be accurate
to 0.25°C. The densities of various concentrations have been measured using 25 ml capacity gravity bottle and
digital balance (Shinko, model HTR-220E, made in Japan)with an accuracy of 0.0001 gm. The viscosities have
been determined by using Ostwald’s Viscometer with an accuracy of 0.001 Nsm

The chemicals used were of AR grade, procured from BDH. All the chemicals were purified by standard
procedures discussed by Armarigo and Perrin before use. Tertiary system is studied at different temperatures,
35° C, 40°C and 45°C with different concentrations of the system such as 2.0 mole,2.2 mole,2.4 mole,2.6

mole,2.8 mole,3.0 mole ,3.2 mole,3.4 mole , 3.6 mole,3.8mole and 4 mole.
I11. THEORY

Various physical parameters were evaluated from the measured values of ultrasonic velocity (U) and density (p)

using the following standard formulae:

Intermolecular free length (L) =Kp"? 1)
Adiabatic compressibility (B)= ﬁ (2)

Where k values for different temperatures were taken from the work of Jacobson; at 35,40 and 45° C the K

values are 637, 642 ,647 respectively.
Molar sound velocity (R) =UY*V (3)
Molar compressibility(B) = p’ (4)
where V and M are the molar volume and molecular weight of the mixtures, respectively.
Specific acoustic impedance (Z) =pU ®)

and the excess adiabatic compressibility (BF) and excess intermolecular free length (L) can evaluated by the

following expressions:
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BE :Bexp - Bideal (6)

(LfE):Lf.exp' I—f.ideal (7)

For Bigear  @nd Lg;gear , the densities and the ultrasonic velocities of various components in pure state at the three
given temperatures have been measured. Further, the velocities of both the systems at different concentrations

and temperatures have been evaluated theoretically using volume additive rule as :
U ideal = U..9; + Us.0,+ Us.0 (8)

Where Uy, U2 and U; are the velocities of the three components of the ternary liquid mixture in pure state and

and are their volume fractions.

Similarly ideal density is evaluated using:

P ideal = p;.8; + py.@2+ p3.8 9)
L,{ Jdeal = Kﬂlldci'f
(10)
TABLE 1

Ultrasonic Velocity and related parameters for Acetone+ Propanol-2 + Toluene

T(°C) Conc /Mole | U P n z B L¢
ms™ Kgm™ /1073 /10° /107" /107"
Nsm™? Kgm?s* Kg'ms? m

35 2.0 1350 737 4.130 1.296 5.639 4.862
2.2 1360 740 4.170 1.290 6.450 5.148
2.4 1355 742 4.174 1.285 6.330 5.152
2.6 1355 745 4.179 1.287 6.331 5.160
2.8 1390 748 4.230 1.298 5.697 5.063
3.0 1321 754 4.235 1.291 6.302 5.078
3.2 1319 757 4.240 1.270 6.221 5.139

34 1320 759 4.251 1.271 6.210 5.142

3.6 1315 765 4.265 1.269 6.019 5.162
3.8 1302 765 4.267 1.269 6.025 5.160
4.0 1302 762 4.266 1.258 6.023 5.158
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40 2.0 1325 705 3.120 1.172 5.430 5.421
2.2 1328 709 3.125 1.170 6.422 5.422
24 1332 711 3.127 1.162 6.390 424
2.6 1332 715 3.131 1.161 6.379 5.427
2.8 1392 765 3.150 1.062 6.452 5.432
3.0 1319 732 3.159 1.159 6.119 5.321
3.2 1325 733 3.161 1.164 6.121 5.357
3.4 1327 742 3.162 1.159 6.121 5.361
3.6 1315 745 3.061 1.165 6.005 5.362
3.8 1307 746 3.164 1.170 6.220 5.362
4.0 1305 744 3.160 1.168 6.110 5.348

45 2.0 1381 700 3.001 1.217 5.320 5.321
2.2 1379 720 3.005 1.315 5.120 5.321
2.4 1381 722 3.111 1.317 5.225 5.325
2.6 1380 725 3.115 1.320 5.226 5.421
2.8 1386 753 3.215 1.325 5.228 5.487
3.0 1385 750 3.165 1.330 5.229 5.419
3.2 1382 748 3.169 1.333 5.230 5.465
3.4 1379 748 3.169 1.337 5.300 5.461
3.6 1370 741 3.165 1.339 5.302 5.463
3.8 1365 739 3.148 1414 5.300 5.463
4.0 1362 737 3.145 1.413 5.258 5.461

TABLE 2
Conversion of CGS units to SI units.

No Parameter CGS units Sl units

1 Ultrasonic velocity (U) 1cms™ 10"ms™

2 Density (p) 1gem® 10° Kgm*®

3 Adiabatic compressibility (3)  ldyn™ cm? 10 N'*'m?

4 Intermolecular free length(Ly) 1A° 10 m

5 Molar sound velocity (R) 1 cm® mol™ (cm s%)*? 102 m3 mol™ (ms™)*?

7 Molar compressibility (B) 1 cm® mol™* (dyn™ cm?)™” 10 " m® mol™* (N'm?)*’

8 Wave number (1) lem™® 10 m*
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IV. RESULTS
Ultrasonic velocity, density, viscosity ,adiabatic compressibility and specific acoustic impedance for the
acetone-propanol-2 and Toluene have been listed in table 1.The appropriate conversion of CGS units to SI units

have been provided in Table 2 .

V. DISCUSSION

It is seen from the data that in Acetone, Propanol-2 and Toluene system ultrasonic velocity increases initially as
a function of increasing concentration for each temperature of the solution. The non-monotonous behavior of
ultrasonic velocity indicates occurrence of complex formation between unlike molecules. The molecular
association becomes maximum at those concentrations where a velocity maximum occurs. This is due to the
formation of strong hydrogen bonding results into complex formation producing displacement of electrons and
nuclei. The chemical interaction is due to dipole-dipole interaction, hydrogen bonding etc. Hydrogen bonding in
the system is confirmed by spectroscopic characterization.

At 35° C, the ultrasonic velocity is maximum at 2.8 M concentration solution and subsequent decrease of
velocity with further increase in concentration. At 40 and 45° C also , the ultrasonic velocity is maximum at 2.8
M concentration solution and subsequent decrease of velocity with further increase in concentration. This can be
explained as follows: at 2.8 M concentration, at low temperature Acetone+ Propanol-2 + Toluene are broken
into their monomers and the hydrogen bonds are formed between the O atom of Acetone and H of the propanol-
2. At low temperature, these molecules may stay in associated form. The associated molecules are fairly in large
size as compared to Propanol -2 and Acetone and Toluene may cause some structural changes resulting in the
weakening of the intermolecular forces. The adiabatic compressibility (B) and intermolecular free length (Ly)
both have an inverse relationship with ultrasonic velocity. The decrease in § with increase in concentration is an
indicative fact that intermolecular forces are increasing which brings the molecules to a closer packing resulting
into a decrease in L;.The specific acoustic impedance is governed by the initial and elastic properties of the
medium. Therefore it is important to examine specific acoustic impedance in relation to concentration and
temperature.

From Table 1 it is observed that density and viscosity of aqueous solutions of Acetone, Propanol-2 and Toluene
increases with increase in temperature except ultrasonic velocity. The increase in density with increasing
concentration of solvent suggests a moderate strong electrolyte nature in which Acetone molecules tends to
attract water molecules. The decrease in adiabatic compressibility with increase in concentration confirms the
presence of solvent-solvent interactions through dipole-dipole interactions between Acetone,Propanol-2 and
Toluene molecules. The compressibility of solvent is higher than that of solution and it decreases with increase

in concentration of the solution.

At low temperature, these molecules may stay in associated form. The associated molecules are fairly in large

size as compared to Propanol -2 and Acetone and Toluene may cause some structural changes resulting in the
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weakening of the intermolecular forces. The adiabatic compressibility (B) and intermolecular free length (Ly)
both have an inverse relationship with ultrasonic velocity. The decrease in 3 with increase in concentration is an
indicative fact that intermolecular forces are increasing which brings the molecules to a closer packing resulting
into a decrease in L¢.The specific acoustic impedance is governed by the initial and elastic properties of the
medium. Therefore it is important to examine specific acoustic impedance in relation to concentration and

temperature.

When the temperature is increased the velocity maxima shifts towards lower concentration. This is because of
the thermal energy which facilitates the breaking of bonds between the associated molecules of Acetone,
Propanol-2 and Toluene. The increase in thermal energy weakens the molecular forces and hence decrease in
velocity is expected. The observed acoustical parameters and their variation and temperature clearly indicate

that the formation of complex between unlike molecules through hydrogen bonding.

V1. CONCLUSION

Ultrasonic investigations of molecular interactions in aqueous solutions have carried out at which wide range of
concentrations at different temperatures. The results of the present study indicate that the thermodynamic
parameters are sensitive to the molecular interactions present in the liquid mixtures. The experimental
parameters such as ultrasonic velocity, density and other properties gives valuable information regarding solvent
—solvent interactions in aqueous solutions.

The Ultrasonic studies provide comprehensive investigations between Acetone+ Propanol-2 + Toluene

molecules arising dipole-dipole interactions.
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