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ABSTRACT

The molecular interactions of Ethyl Oleate with m-Toluidine were studied using ultrasonic velocity, density and
viscosity measurements at 303.15, 308.15, 313.15 and 318.15K. From the experimental data, the acoustical
parameters such as adiabatic compressibility (8.q), free length (Ly), free volume (V;), acoustic impedance (Z) and
their excess values were estimated using standard relation. The results of these parameters are attributed to weak
hydrogen bond between solute and solvent molecules. The intermolecular interactions and structural effects are
analyzed on the basis of the measured and derived properties.
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INTRODUCTION

In the estimation of structural properties of males, the study of molecular interaction in liquidxtures is of

considerable importance. Ester is one of the besdidates that exist as dipolar associates in phwei liquid state
and find wide industrial applications [1]. It isatsas solvents, essences and perfumes and thegrplayportant
role as flavoring agents in many chemical formolasi Therefore, interesting results may be obtanegérding

molecular interactions between unlike moleculesthia binary mixture. The measurement of ultrasomees

enables the accurate determination of some useafahpeters and their excess functions, which afeyhgensitive

to molecular interactions and can be used to peoygighlitative information about the physical natangl strength
of molecular interaction in the liquid mixtures.ttdlsonic velocity studies in conjunction with dépsind viscosity
studies also play a vital role in the investigat@frintermolecular interaction in mixed liquid sgats. The results
were analyzed in terms of intermolecular interawtibetween the constituent components of the naxtur

MATERIALS AND METHODS

All the materials procured of Sigma-Aldrich AR geadnd glassware used of Borosilicate make. Orgéuid
Ethyl Oleate (GyH3s0,, 310.51g/mol), m-Toluidine of AR grade were pramlirfrom Sigma-Aldrich are used
directly without purification. The densities andsewsities of the liquid compounds were measurel gjitecific
gravity bottle and Ostwald viscometer pre calibdatéth 3D [2] water of Millipore to nearest mg/nithe time
taken for flow of viscous fluid in Ostwald viscosiineter is measured to a nearest 0.01 sec. Baatsilglassware,
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Japan make Shimadzu electronic balance of semgiti?d.001gm and constant temperature water battofiracy
+0.1K were used while conducting the experimentéi2 ultrasonic interferometer model no. F-05 wigast count
of micrometer 0.001mm of Mittal Enterprises [3] wesed for calculating velocities of sound waves alhthe tests
were conducted as per ASTM standard [4] procedures.

5. Theory and Calculations
The acoustical parameters are calculated from @ndn [5-8] using following relation.

a). Ultrasonic Velocity (U)
The relation used to determine the ultrasonic \igldés given by,

U=fAms*

Where, f - Frequency of ultrasonic wavesWave length

b). Adiabatic compressibility (Baq)

The intermolecular association or dissociation $e&al structural arrangement of the constituentiggast This
structural change of the molecule takes place du¢hé existence of electrostatic field between raggng
molecules may affect the adiabatic compressibilitych is defined as

Baa = (UUp) kg™ ms’

Where U — Ultrasonic velocity — Density of the solution.

c). Internal pressure ;)

On the basis of statistical thermodynamics, Suii@yana derived an expression for the determinatianternal
pressure through use of concept of free volume

7= bRT (Bag/U)"? (p” /M er) "

Where T — Absolute temperature; Density, and R is the gas constant; M effective molecular weight.

d). Free Length (L)

Jacobson introduced the concept of the free lemgtiguids. He suggested the following relationc@iculate the
intermolecular free length.

L¢ = (K/U p*») m

Where U — Ultrasonic velocity of liquidy — Density of liquid, K — Jacobson temperature deleat constant
defined as

K = (93.875 + 0.345TX 10°

e). Acoustic impedance (2)
The ultrasonic velocity is influenced by the acaushpedance (Z), which is given by the relation

Z=Up
f). Free volume (M)
The ultrasonic velocity and effective molecular gigiare influenced by the free volume)(Mvhich is given by the

relation

Vi=[ Mg U/ Kn*?
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RESULTS AND DISCUSSION

Table.1: Ultrasonic velocity (U), Density ), Viscosity (), adiabatic compressibility §.q), inter molecular free length (L), free volume
(Vy), Acoustic impedance

. Velocity . ) . Ad. C?J"P- Int. Mol. )
Mole fraction (L) Density Viscosity 10 Free length | Free Volume | Acoustic Impedance
(Xa) Kg/m® (p) | Nsm? () Nt.m? 10°m (Vy) 2
m/sec
(Bad) (Lo
T=303.15 K
0.0000 1569.9 989.8 2.7415 4.0993 4.2017 0.54217 539.5
0.0567 1536.3 972.9 3.1694 4.355 4.3302 0.492§ 47.49
0.1308 1502.7 948.9 3.5973 4.6671 4.4821 0.4716 259.4
0.2313 1469.1 930.7 4.0252 4.9786 4.6294 0.4761 6738.3
0.3758 1435.5 899.4 4.4531 5.3959 4.820( 0.514( 911.2
0.600¢ 1401.¢ 886.t 4.881( 5.740: 4.971¢ 0.603¢ 1.242;
1.0000 1368.2 863.5 5.3089 6.186 5.1609 0.8083 15.18
T=308.15 K
0.0000 1547.3 979.8 2.5290 4.2629 4.3254 0.5993 161.5
0.0567 1512.89 971.8 2.8935 4.4958 4.4421 0.5521 4702.
0.1308 1478.48 946.5 3.2580 4.8333 4.605 0.5347 3992.
0.231% 1444.0° 930.] 3.622¢ 5.155 4.757( 0.545: 1.343:
0.3758 1409.66 894.2 3.9870 5.6277 4.970 0.5914 2605.
0.6008 1375.25 884.7 4.3515 5.9764 5.121¢ 0.6979 2167.
1.0000 1340.84 859.3 4.716 6.4729 5.3301 0.9364 522.1
T=313.15K
0.0000 1532.1 972.1 2.2762 4.3824 4.42759 0.6914 4894.
0.0567 1497.44 969.1 2.5995 4.6018 4.53708 0.6392 4512
0.1308 1462.78 943.8 2.9228 4.9517 4.70643 0.6198 .3806
0.2313 1428.12 929.1 3.2461 5.2772 4.85864 0.6329 .3269
0.3758 1393.46 892.1 3.5694 5.7729 5.0817 0.6874 2431.
0.6008 1358.8 882.7 3.8927 6.1358 5.239( 0.811] 92.19
1.0000 1324.14 855.6 4.2160 6.6659 5.46061 1.0873 .1329
T=318.15K
0.0000 1515.6 965.3 2.1218 4.5099 4.534 0.7561 31.46
0.0567 1480.5 964.2 2.3985 4.7316 4.6441 0.7093 275.4
0.1308 1445.4 941.3 2.6752 5.0848 4.8143 0.6954 606.3
0.2313 1410.4 927.3 2.9519 5.4215 4.9712 0.717 78.30
0.3758 1375.3 890.5 3.2286 5.9372 5.2027 0.78443 241.2
0.6008 1340.2 881.2 3.5053 6.3181 5.3664 0.9304 810.1
1.0000 1305.1 852.1 3.782 6.8898 5.6041 1.2523 2111

The experimental values of density, viscosity atichsonic velocity for the system at 303.15, 308.383.15 and
318.15K are presented in Table 1.The values ofbatia compressibility, free length, free volume tihéernal
pressure and acoustic impedance for the mixtutieraé different temperatures are given in Tabl€hk respective
excess values of these parameters have been edilarad presented in Table 3. The graphs 1-4 repeb¢he
variations in adiabatic compressibili§)( free length (b, free volume (V), acoustic impedance (Z) with increasing
mole fraction of Ethyl Oleate and the graphs 5{&esents the their excess values with increasirnlg fnaction of
Ethyl Oleate. The density and ultrasonic velociegrtase with increase in concentration of Ethyla@daliphatic
ester).This behavior is different from the idealkimie behavior and this can be attributed to thermolecular
interaction in the systems [9-11]. However, theditgrand velocity decrease with increase in tempegandicates
the decrease in intermolecular force due to inerdasthermal energy of the system which causeslam®
expansion and hence an increase in free lengthnWbampared with aliphatic ester, the aromatic dséar higher
values of velocity. The interactions between thelemaes of m-Toluidine with Ethyl Oleate are fouta be
stronger. As stated earlier, the molecules of miitihe are self associated through hydrogen bondintheir
amino group (N-H) and ester molecules are polang©=0, thus the mixing of m-Toluidine moleculeshnicthyl
Oleate molecules forming new H-bond (N-H O=C) between hydrogen atom of m-Toluidine and exygtom of
Ethyl Oleate. This contributes to an increase ée fength and adiabatic compressibility. The ragulerease in free
length is due to the loose packing of the molecuhstde the shield, which may be brought by weakgnf
molecular interaction.
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Table.2: Excess adiabatic compressibilityAB.s), excess inter molecular free length (L), excess Impedance 2, excess free volume (%)

Mole fraction | Excess Ad. Comp. Excess Int. Mol. | Excess Acoustic| Excess
Free length Impedance Free Volume
(X1) ABad LE ZE V. E
f f
T=303.15 K
0.0000 0.0000 0.0000 0.0000 0.0000
0.0567 0.1372 0.0745 -0.0381 -0.065
0.1308 0.2948 0.156 -0.0793 -0.1059
0.2313 0.3964 0.2066 -0.1004 -0.1274
0.3758 0.5124 0.2582 -0.1229 -0.1285
0.6008 0.387 0.1936 -0.0874 -0.0987
1.0000 0.0000 0.0000 0.0000 0.0000
T=308.15 K
0.000( 0.000( 0.000( 0.000( 0.000(
0.056' 0.106" 0.059: -0.025: -0.066:
0.1308 0.2799 0.1483 -0.0688 -0.109
0.2313 0.3793 0.198 -0.0884 -0.1325
0.3758 0.5314 0.2656 -0.1183 -0.1349
0.6008 0.3827 0.1912 -0.0803 -0.1045
1.0000 0.0000 0.0000 0.0000 0.0000
T=313.15K
0.0000 0.0000 0.0000 0.0000 0.0000
0.0567 0.0886 0.0503 -0.0178 -0.0751
0.1308 0.2683 0.1426 -0.0618 -0.1239
0.231¢ 0.362¢ 0.190¢ -0.079¢ -0.150¢
0.3758 0.5276 0.2637 -0.1116 -0.1538
0.6008 0.3765 0.1885 -0.075 -0.1192
1.0000 0.0000 0.0000 0.0000 0.0000
T=318.15K
0.0000 0.0000 0.0000 0.0000 0.0000
0.0567 0.0849 0.0486 -0.0153 -0.0753
0.1308 0.2602 0.1389 -0.056 -0.1258
0.2313 0.3558 0.1873 -0.0732 -0.1549
0.3758 0.5262 0.2631 -0.1055 -0.1596
0.6008 0.3715 0.1865 -0.0702 -0.1251
1.0000 0.0000 0.0000 0.0000 0.0000
8 5.98
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CONCLUSION

The ultrasonic velocity, density and viscosity mgament, the experimental data, the acousticahpeters such as
adiabatic compressibilityB{y), free length (B, free volume (Y), acoustic impedance (Z) and their excess values
were calculated using standard relation at 3031%L8.15K. The results of these parameters arbwtd to weak
hydrogen bond between solute and solvent molecules.
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