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ABSTRACT

The ultrasonic velocity, density and viscosity at 303 K have been measured in the ternary system Ethyl
hydroxybenzoate + 1-Propanol with benzene. The acoustical parameters such as adiabatic compressibility, free
length, free volume and acoustical impedance are calculated from the measured data at 303K. The results are
interpreted in terms of molecular interaction between the components of the mixtures.

Keywords:. Ultrasonic velocity, Density, Viscosity, Acoustiqarameters.

INTRODUCTION

In recent years ultrasonic investigation find estee applications in probing in to the physicocheshbehavior of
binary liquid mixtures leading to an understandfighe liquid state [1-3].Ultrasonic technique the®n adequately
employed to investigate the properties of any srts to understand the nature of molecular intersctin pure
liquidl liquid mixtures [2-5]and ionic interactioms electrolytic solutions [6, 7]. Though the maléar interactions
studies can be best carried out through spectrascogthods [8, 9] the other non spectroscopic teghes such as
dielectric [10] magnetic [11] ultrasonic velocitpdviscosity [12] measurements have been wideld irsdield of
interactions and structural aspect evaluationsesudhe measurements of ultrasonic velocity haenkadequately
employed in understanding the nature of molecwatess and physicochemical behavior in liquid nme$u[13-
16].

EXPERIMENTAL SECTION
The Ultrasonic Velocity was measured using a sirgglestal variable path interferometer working at by
standard procedure. The accuracy of ultrasoniccitglaletermination in the solution is £0.001%. T¥edocities

were measured at room temperature 303 K. The densitre measured using a specific gravity botlstandard
procedure and the viscosity was measured using ld'smséscometer with an accuracy of + 0.1%.
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RESULTSAND DISCUSSION

The calculated parameters such as acoustic imped@&)¢c adiabatic compressibilityB), inter molecular free
length(L), relaxation timet), molar volume (V), internal pressurg)(and free volume (¥ are calculated using the
following relation (1- 7).
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The measured values such as ultrasonic velocity deRsity (p) and viscosity f) of Ethyl hydroxybenzoate+1-
Propanol with benzene are given in Table 1. Itleady evident that measured parameters like sauatdcity,
density are decreasing where as viscosity followseiasing trend for decreasing concentration 0fTKe ultrasonic
velocity studies carried out in the present inggzdton reveal that the velocity varies with concativbn due to the
solute —solvent interactions through molecular eission. The existing particle-particle resistaricitiates some
more interactions and this is supported by the oreasparameters. A keen look at the Table 1 sugbestthe
range of density, sound velocity, and their vapiativith concentration of EHB+1Propanol is apprelgathis liquid
composition suggests the basis of structural claragewell as interaction between like molecules anlike
molecules. On comparing the concentrations of EHB®panol with benzene it is evident that the ultnés
velocity and density keep on decreasing. The shisapsity increases with increase of concentratione again
confirmed the existence of solute — solvent intéoac

Table 1.Measured Ultrasonic velocity (U), density (p) and viscosity (n) and cal culate dacoustical
impedance(Z), adiabatic compressibility (B), freelength (L¢), relaxation time (1) and for Ethyl
hydr oxybenzoate+1-Propanolwith benzene at 303 K.

U n o] Z B Lt T \%
X2 ms® | mPas | x10°Kgm® | x10° | x10m’N* | x10™" m | x 10 sec | x 10° m*mol*

0.02% of EHE

90% | 1250.( | 0.675¢ |  0.863: 1079.¢ 7.410¢ 5.401 6.674: 89.583(

80% | 1241.2] 0.7414 0.8597 1067.1 7.550( 5.4518 3.463  82.1406

70% | 1232.7[ 0.780( 0.8529 10514 7.716( 5.51114 8.024  74.8859

60% | 1224.2] 0.8511 0.8477 10378 7.8714 5.5666 8.932 67.3814
0.03% of EHB

90% | 1252.3] 0.702§ 0.8642 10822 7.3784 5.3895 8.913  89.5287

80% | 1242.¢ | 0.749¢ |  0.860: 1069. 7.527¢ 5.443; 7.526¢ 82.083(

70% | 1234.5] 0.8047 0.8547 10552 7.6769 5.4974 8231 74.7238

60% | 1228.1] 0.8804 0.8488 104214 7.8114 5.5454 9.173  67.2964
0.04% of EHB

90% | 1255.1] 0.7157 0.8650 1085.6 7.3397 5.3751 0.004  89.4494

80% | 1245.3[ 0.7728 0.8609 107211 7.4901 5.4301 2717  82.0281

70% | 1239.0 | 0.836: | 0.857: 1062.( 7.599: 5.469¢ 8.473( 74.518!

60% | 1232.4] 0.8989 0.8527 1050.9 7.7214 5.5134 0.254  66.9871
0.05% of EHB

90% | 1256.7] 0.7384 0.8658 1088.0 7.3137 5.3658 2.200  89.3663

80% | 1251.2[ 0.8272 0.8616 10781 7.4139 5.40p3 9.176  81.9605

70% | 1245.4] 0.8988 0.8571 106714 7.5221 5.4419 9.015  74.5224

60% | 1238.2] 0.995 0.8527 10558 7.6494 54875 3015 66.9871
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Fig.1 Variation of Internal pressure (w;) and Free volume (Vy) with Xo.
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Fig.2Variation of Gibbsfreeenergy (AG) and Helmholtz free ener gy(AH) with X,.

The specific acoustic impedance Z is varied lineaith concentration of solution. Adiabatic comsigdity (B)
shows an increasing trend. The intermolecular feegths I has been calculated by using semiempirical raiatio
given by Jacobson [17]. The values ofréflect the same trend as thatfofAccording to Eyring and Kincaid [18],
the ultrasonic velocity increases, if the decreases and vice — a — versa in a result ofngigbmponents. The
decrease or increase in the valuesafaln be explained on the basis of interactions mivike solute and solvent

molecules.

Relaxation time shows an increasing trend and metdume shows a decreasing trend. The computed othe
parameters like free volume and internal pressteegven in Fig 1. The values of; ®lre decreasing in trend (for
decreasing ¥ which suggest that there is a specific interaxchetween the components of the mixtures. An irevers
trend is observed in case of internal pressurexpeated. The observed decreasing values;adr¥ due to close
association between solute and solvent moleculesla® trends were observed by earlier workersZ09,

Similar trend was observed for relaxation time im dielectric work™. Hence the formation of hydrogen bonding
between hydroxyl group (-OH) of 1PN and —CH gro@ipyairoxyl benzoates restricts the free internamation of
the molecules. Gibbs free energy and Helmholtz &mergy also showed same trend [21].This trenccatds the
presence of interaction between the moleculeseofitixture.

2124



S. Srechari Sastry et al J. Chem. Pharm. Res,, 2012, 4(4):2122-2125

The increase in adiabatic compressibility and fezgth with decreasing concentrations ofiXdicates significant
interactions between Ethylhydroxybenzoate and tkanal molecules forming hydrogen bonding througpote-
dipole interaction.

As alkanols are liquids which are associated thndugdrogen bonding and in the pure state they éxéduilibrium
between multimer and monomer species.

The dipole-dipole interaction through hydrogen hHogdbetween Ethyl hydroxybenzoate and alkanolsriglea
enhance the decrease in isentropic compressibititifree length. Similar results were observeddiiies workers
in their liquid mixtures. Further, the increase fiee volume and decrease in internal pressure vigh in
concentrations of Xin all the systems clearly show the increasingmitage of interactions [22].
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