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ABSTRACT

Densities, ultrasonic velocities and viscosities of binary liquid mixtures of ethyl benzoate with o-xylene(OX), p-
xylene(PX) and o-chlorotoulene(OCT) have been measured at 303.15K, 308.15K, 313.15K and 318.15K
temperatures over the entire composition range of mole fractions. These components are selected to study the effect
of substituent and effect of certain positions on different thermodynamic parameters of the mixtures. Using these
experimental values, excess molar volume (V/), deviation in adiabatic compressibility (A8,,), excess free Iength(LfE)
and deviation in viscosities(An) are calculated. These excess parameters are fitted to Redlich-Kister type polynomial
equation. The values of parameters obtained are calculated along with the standard deviation (o).

Key words: Densities, ultrasonic velocities, viscositiesg&ss molar volume, deviation in adiabatic comphé#si,
excess free length and deviation in viscosity aotegular interaction.

INTRODUCTION

The knowledge of physical and chemical propertiésnan-aqueous binary liquid mixtures has relevairce
theoretical and applied areas of research. Theypmitures of aromatic hydrocarbons are very uldefcause they
find many applications in the studies of preferaninteraction of polymers and polymer phase diagrand in

mixed solvents [1, 2]. Esters are one of the sp&amas of chemicals with sweet odor and less taature. They
have many industrial applications in perfumes, atsra etc. Aromatic hydrocarbons like xylenes aesjdiently

used as octane enhancers in vehicle fuels. Henseéry interesting to study the effect of xylermasthe physical
and chemical properties of ethyl benzoate by mixivegn in different proportions at different temparas.

The excess properties of binary liquid mixtures ehgroved to be very useful indicator of the existerof
significant effects resulting from intermoleculatéractions [3, 4]. The advantage of in-depth ardkewtudy of this
inter-relationship is twofold: first, it providesxgerimental background to develop, test and imprthermo
dynamical models for calculating and predictingdlphase equilibria; second, it offers a wide raofjpossibilities
for continuous adjustment of physical properties given solvent [5].

The detailed survey of literature indicated thansowork regarding determination of excess pararmaiekylenes
has been done with different combinations at diffiétemperatures. But with ethyl benzoate comtonatiis type
of work has been done at only 303.15 and 313.15kpe&zatures and also not found with ultrasonic ssidiVith a
view to understand the nature of interactions betwethylbonzoate and xylenes by taking the ultriaseslocities
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into consideration and its related parameters, Wected this sytem for our study. As mentionediearkthyl
benzoate has several industrial applications ahengg are also aromatic compounds. o-chlorotouiersgmilar
compound but with a difference in one substitutec&ise of these aspects, We chose two xylenes and o
chlorotoulene for comparative study of moleculaetactions with ethyl benzoate.

Experimental techniques and materials used

Ethyl benzoate, o-cresol, p-cresol and o-chlor@woel obtained from Merck were purified as describedhe
literature [6, 7]. The purity of the samples wasdated by comparing the measured densities wittetheggorted in
the literature [8-11] and these are given in Tdble

The density was measured with a pycnometer havibglla volume of about 25 chrand an internal capillary
diameter of about 1 mm. The density was then déteminfrom the mass of the sample and the volume of
pycnometer is used to determine the density. Uaitdigs in density measurements were estimatea twithin +
0.0001 g cii. The viscosity was measured using a commercial Whloel capillary viscometer of 0.55 mm
diameter calibrated with double distilled wateteahperatures of 303.15, 308.15, 313.15 and 318.15K.

Table-1: Comparison of experimental densitiesp], viscosities1) and velocities (U) with literature values at 3035K, 308.15K, 313.15K and

18.15K
Liquid Density10%kgm™)  Viscosity (mPa's) Velocity (m3)
EXxp. Lit. EXxp. Lit. EXxp. Lit.
Ethyl benzoate (EB 303.15k 1.039: 1.047 1.751. 1.749¥ 1346.. 1345.7
o-xylene (OXL) 303.15K 0.8705 0.8767 0.728 0.705 13362 1138.75
p-xylene (PXL) 303.15K 0.8528 0.85%8 0.579 0.5782 1286.3 1288.43

o-chlorotoluene (OCT) 303.15K 1.0728 1.0725 0.870 0.885 1283.8 128338
3Ref [8], PRef [9], © Ref [10], 9 Ref [11]

Theoretical Considerations:
Assuming that ultrasonic absorption is negligilléiabatic compressibilities can be obtained froendénsities and
ultrasonic sound velocities using the relation

Bu=(pu)™ )

The molar volumes of the binary mixtures were dal@d using the equation

V= (X1M1+X2M2 ) / P e (3)
Intermolecular free length {Lhas been evaluated by Jacobson’s formula
Le=Klup™ (4)

where K is the temperature dependent Jacobsonaginand T is the absolute temperature.

The strength of interaction between the componeaecules of binary mixtures is well reflected ir ttheviation of
the excess functions from ideality. Thermodynamicess functions are found to be very sensitive tdezanutual
interactions between component molecules of lignigtures. The sign and extent of deviation of thisetions
from ideality depends on the strength of interactietween unlike molecules.

The excess properties such/gs,,, VE ,An and L have been calculated using the equation
YE = Vi (XaY1+XY5)

wherey® is AB.qg or VEoor An or L, and X represent mole fraction of the componentsatcripts 1 and 2 stand for
the componentsland 2. These excess functions ittektb Redlich - Kister type polynomial equatid2].

Yea = % Xo3 aj; (Xo-Xy y*
The values of coefficient.aevaluated by the method of least squares with @ilitp weighed equally with the

standard deviations are listed in Table 3 and aleufated as
o (Y®) =Yoo Yea ) (M-n)) % .7
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where mis the number of experimental data points and thesnumber of coefficients considered €15 in the
present calculation.)

RESULTS AND DISCUSSION

Computed values of & AB.g L, andAn along with the experimental values of pJandn are presented in the
Tables 2-4. Variations of excess parameters withntiole fraction of EB are represented in the figur@) — 3(d).
The sign of ¥ of a system depends upon the relative magnitudsmdinsion and contraction of the two liquids due
to mixing [12]. The factors that are responsilde éxpansion of volume on mixing of the componears. (1)
Steric hindrance due to branching of chains (2)nfation of weaker solute-solvent bond than solutatecand
solvent-solvent bonds and (3)Dissociation of onmponent or all components.

The factors that lead to contraction in volume oiximg are: (a) Strong specific interaction usuadlykind of
chemical interaction. (b)Strong physical interactguch as dipole-dipole or dipole-induced dipoleriactions.(c)
Occupation of void spaces of one component by tiieromay be due to when the molecular sizes of the
components differ by a large magnitude.

The sign and magnitude of excess molar volume walddend on the relative magnitude of contractivd an
expansive effect which arises on mixing of liquahtponents. The negative deviations in excess molame (\F)
are observed for these three systems. These asedchy some strong interactions between unlike cntéds.

In EB molecules two polar bonds viz. >C=0, C-O-(htt® are present. But there is no scope for eithehe
hydrogen bonding between EB molecules. There apetiw(methyl ) groups on in xylenes and one #tethyl )
group and one weak —I ( Cl ) in o-chlorotoulenelenoles. Due to presence of +I (methyl) groupsemngl
molecules are induced with partial charges (Thopayta xylene dipole moment is zero). This facilisafter dipole —
induced dipole interactions between EB moleculas$ arilene moleculesBut in case of o- xylene molecules, the
presence of two methyl groups on adjacent positidmders the approachment (steric hindrance) dfratholecules
(EB) towards them. Hence weak interaction than asecof p-xylene molecules is possible. The samultie
observed in the present study. Also the same tneasdreported by Anil Kumar Nain et.al [14] and Névadla V.
Sasty et.al [13]. The observations are again supgdny the trends observed for excess acousticdemm (£) and
excess ultrasonic velocity f)

The trelectron density in derivatives of benzene ringatels upon the group that is attached to it. Theag be
some n...... 1T interactions between the pair of electrons on aayboxygen of ester and electron clouds of
benzene ring in p-xylene and ortho chlorotoulenéewdes. This was supported by C.Yang, W.Xu, amdaF15].

In case of ortho chlorotoulene molecules, one gtrofl (methyl) group and one weak —I (Cl) group present on
benzene ring at adjacent positions. Hence lessripalimn is observed. So weak interactions between
orthochlorotoulene molecules and EB molecules mpe&ed. The same is observed in the present study.

For this system a little deviation is observedlirparameters. This can be explained by the follmpaspects

» Almost similar sizes of EB and OCT molecules. Acling to Fort and Moore [16] molecules with equalkesilo
not mix thoroughly.

» Due to the presence of one +l and one —I, theaditle possibility for OCT molecules to be poked. Hence
very weak associative forces may be present.

In general, the deviation [17] in adiabatic compiieifity can be explained by taking into considematof the
following factors:2

(a) Loss of dipolar association and difference in siné shape of component molecules which lead toedserin
velocity and increase in compressibility.

(b) Dipole-Dipole interaction or hydrogen bonded compfermation between unlike molecules which lead to
increase in sound velocity and decrease of comipikitys
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TABLE-2
System-1 : Ethylbenzoate(X) + o-xylene(%)
Ultrasonic velocities, Densities, Viscosities anclated excess parameters

. i i . . x101? E
Mole fraction X VSI(r)nc/';y pl?ekg/sr'g) Viscosity nckh ¢ cnimort AP rar;jzl\}? I(,{) An cP
303.15K
0.0000 1336.2 870.5 0.728 0.0000 0.0000 0.0000 0.0000
0.0857 1338.4 889.0 0.808 -0.2272 -0.0973 -0.0019 -0.0080
0.1742 1340.3 907.4 0.892 -0.4384 -0.1780 -0.0036 -0.0140
0.2656 1341.8 925.5 0.980 -0.6069 -0.2410 -0.0049 -0.0200
0.3601 1343.0 943.3 1.072 -0.7336 -0.2838 -0.0058 -0.0240
0.4577 1344.0 960.7 1.170 -0.8055 -0.3023 -0.0062 -0.0260
0.5587 1344.8 977.6 1.275 -0.8093 -0.2951 -0.0061 -0.0250
0.6632 1345.4 994.1 1.384 -0.7589 -0.2649 -0.0055 -0.0220
0.7715 1345.8 1009.9 1.500 -0.6127 -0.2066 -0.0043 -0.0170
0.8837 1346.1 1024.9 1.623 -0.3558 -0.1166  -0.0024 -0.0090
1.0000 1346.2 1039.2 1.751 0.0000 0.0000 0.0000 0.0000
308.15K
0.0000 1312.1 869.4 0.656 0.0000 0.0000 0.0000 0.0000
0.0857 1314.6 887.9 0.726 -0.2677 -0.1106  -0.0023 -0.0110
0.1742 1317.2 906.1 0.801 -0.4929 -0.1907 -0.0040 -0.0190
0.2656 1319.5 924.0 0.881 -0.6767 -0.2530 -0.0053 -0.0250
0.3601 1321.7 941.5 0.965 -0.8063 -0.2904 -0.0062 -0.0290
0.4577 1323.6 958.6 1.055 -0.8824 -0.3093 -0.0066 -0.0310
0.5587 1325.4 975.4 1.150 -0.9190 -0.3066 -0.0066 -0.0310
0.6632 1327.2 991.5 1.252 -0.8613 -0.2730 -0.0059 -0.0270
0.7715 1328.8 1006.9 1.360 -0.7086 -0.2146  -0.0047 -0.0210
0.8837 1330.2 1021.2 1.475 -0.4039 -0.1254  -0.0027 -0.0120
1.0000 1331.9 1034.8 1.596 0.0000 0.0000 0.0000 0.0000
313.15K
0.0000 1293.2 867.7 0.620 0.0000 0.0000 0.0000 0.0000
0.0857 1295.8 886.4 0.681 -0.3276 -0.1190 -0.0026 -0.0110
0.1742 1298.3 904.6 0.746 -0.5852 -0.2099 -0.0045 -0.0190
0.2656 1300.8 922.2 0.816 -0.7606 -0.2693 -0.0058 -0.0260
0.3601 1303.2 939.7 0.891 -0.9241 -0.3114 -0.0068 -0.0300
0.4577 1305.5 956.6 0.971 -1.0073 -0.3268 -0.0072 -0.0310
0.5587 1307.7 973.0 1.056 -1.0244 -0.3187 -0.0070 -0.0310
0.6632 1309.8 988.7 1.147 -0.9475 -0.2841 -0.0063 -0.0270
0.7715 1311.8 1003.6 1.244 -0.7620 -0.2221 -0.0050 -0.0200
0.8837 1313.8 1017.4 1.347 -0.4238 -0.1261 -0.0028 -0.0110
1.0000 1316.0 1030.6 1.455 0.0000 0.0000 0.0000 0.0000
318.15K
0.0000 1273.2 865.8 0.588 0.0000 0.0000 0.0000 0.0000
0.0857 1275.7 884.5 0.641 -0.3627 -0.1286 -0.0028 -0.0120
0.1742 1278.4 902.5 0.699 -0.6279 -0.2177 -0.0048 -0.0210
0.2656 1281.0 920.1 0.762 -0.8396 -0.2837 -0.0063 -0.0270
0.3601 1283.6 937.3 0.829 -0.9987 -0.3248 -0.0073 -0.0310
0.4577 1286.2 954.0 0.901 -1.0921 -0.3402 -0.0076 -0.0330
0.5587 1288.8 970.0 0.977 -1.0923 -0.3273 -0.0074 -0.0330
0.6632 1291.3 985.4 1.059 -1.0128 -0.2915 -0.0066 -0.0300
0.7715 1293.8 1000.1 1.147 -0.8387 -0.2291 -0.0052 -0.0230
0.8837 1296.4 1013.6 1.241 -0.4979 -0.1302 -0.0030 -0.0140
1.0000 1299.0 1026.0 1.343 0.0000 0.0000 0.0000 0.0000

The strength of the interaction between the compisnicreases/decreases when excess values téetame
increasingly negative/decreasingly positive. Thiaynbe qualitatively explained in terms of closepraach of
unlike molecules leading to reductions in comptgksi and volume. The negativefLvalues indicate that sound
wave has to travel a shorter distance. It is dudptoinant nature of interactions between unlikeeuoles. The\B 4
and L minima occur at the same concentrations furthengthens the occurrence of molecular associations.

The interdependence of intermolecular free lengtt altrasonic velocity was evolved from a model $mund
propagation proposed by Eyring & Kincaid [18]. TVariation of ultrasonic velocity in a solution deyks upon the
increase or decrease of intermolecular free lerdtér mixing the components. The ultrasonic veloahould
decrease if the intermolecular free length increasevice versa as a result of mixing of componenikss fact is
observed in the present investigation Ethyl benzoate (EB) + p-xylene > Ethyl benzoateEB) + o-xylene >
Ethyl benzoate (EB) + o-chlorotoulenesystems. It is also observed that velocity decrseagith increase in
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temperature at any concentration. The ultrasonlocity values decrease with increase of temperatiue to
breaking of hetero and homo molecular clustersgit temperatures [19].

TABLE-3
System-II : Ethylbenzoate(X) + p-xylene(>)
Ultrasonic velocities, Densities, Viscosities ancdtlated excess parameters

Mole

X Velocity Density Viscosity VE e APagx10™? L&
frac):(tlon Umis p ( kgimd) ncP mol™* m2N? & An cP
303.15K
0.0000 1286.3 852.8 0.579 0.0000 0.0000 0.0000 00.00
0.0874 1293.4 875.9 0.669 -0.6428 -0.1311 -0.0029 0.0120
0.1772 1299.9 898.3 0.766 -1.1717 -0.2425 -0.0054 0.0210
0.2697 1306.2 919.9 0.867 -1.5786 -0.3251 -0.0072 0.0280
0.3648 1312.4 940.6 0.975 -1.8552 -0.3739 -0.0083 0.0320
0.4628 1318.6 960.3 1.088 -1.9918 -0.3874 -0.0087 0.0330
0.5638 1324.6 978.9 1.206 -1.9779 -0.3713 -0.0084 0.0340
0.667¢ 1330.¢ 996.2 1.331 -1.787¢ -0.323¢ -0.007: -0.031(
0.7751 1335.9 1012.2 1.464 -1.4219 -0.2492 -0.0057 -0.0230
0.8858 1341.2 1026.5 1.604 -0.8230 -0.1394 -0.0032 -0.0130
1.000( 1346.: 1039.: 1.751 0.000(¢ 0.000(¢ 0.000(¢ 0.000(¢
308.15K
0.0000 1274.2 846.7 0.551 0.0000 0.0000 0.0000 00.00
0.087: 1280.¢ 870.] 0.62¢ -0.677¢ -0.156: -0.003¢ -0.014(
0.1772 1286.4 892.7 0.713 -1.2227 -0.2780 -0.0062 0.0230
0.2697 1292.5 914.6 0.803 -1.6558 -0.3619 -0.0081 0.0300
0.3648 1298.5 935.5 0.898 -1.9407 -0.4104 -0.0092 0.0340
0.4628 1304.4 955.4 0.999 -2.0822 -0.4259 -0.0096 0.0360
0.5638 1310.1 974.2 1.104 -2.0701 -0.4115 -0.0093 0.0360
0.6678 1315.8 991.6 1.216 -1.8650 -0.3582 -0.0082 0.0330
0.7751 1321.3 1007.7 1.335 -1.4810 -0.2752 -0.0063 -0.0260
0.8858 1326.7 1022.1 1.461 -0.8610 -0.1544 -0.0035 -0.0160
1.0000 1331.9 1034.8 1.596 0.0000 0.0000 0.0000 000.0
313.15K
0.0000 1251.6 842.9 0.507 0.0000 0.0000 0.0000 00.00
0.0874 1258.1 866.4 0.574 -0.7054 -0.1603 -0.0036 0.0160
0.1772 1264.5 889.2 0.650 -1.2901 -0.2872 -0.0065 0.0250
0.2697 1271.0 911.1 0.729 -1.7324 -0.3739 -0.0086 0.0340
0.364¢ 1277.k 932.( 0.81¢ -2.024¢ -0.424¢ -0.009¢ -0.037(
0.4628 1284.0 951.9 0.906 -2.1726 -0.4411 -0.0102 0.0400
0.5638 1290.5 970.6 1.002 -2.1514 -0.4226 -0.0098 0.0390
0.667¢ 1296.¢ 988.( 1.10¢ -1.949¢ -0.372( -0.008" -0.035(
0.7751 1303.3 1003.9 1.214 -1.5396 -0.2848 -0.0067 -0.0280
0.8858 1309.7 1018.2 1.331 -0.9055 -0.1612 -0.0038 -0.0160
1.000( 1316.( 1030.¢ 1.45¢ 0.000(¢ 0.000(¢ 0.000( 0.000(¢
318.15K
0.0000 12335 837.3 0.482 0.0000 0.0000 0.0000 00.00
0.087: 1239.¢ 861.1 0.54: -0.749¢ -0.170¢ -0.003¢ -0.016(
0.1772 1246.2 884.0 0.609 -1.3451 -0.2980 -0.0069 0.0260
0.2697 1252.7 906.1 0.681 -1.8089 -0.3877 -0.0090 0.0350
0.3648 1259.1 927.2 0.758 -2.1194 -0.4443 -0.0104 0.0400
0.4628 1265.7 947.3 0.841 -2.2820 -0.4621 -0.0108 0.0420
0.5638 1272.3 966.1 0.928 -2.2587 -0.4436 -0.0104 0.0420
0.6678 1278.9 983.5 1.022 -2.0380 -0.3893 -0.0092 0.0380
0.7751 1285.6 999.4 1.122 -1.6063 -0.2969 -0.0070 0.0310
0.8858 1292.3 1013.7 1.229 -0.9476 -0.1688 -0.0040 -0.0200
1.0000 1299.0 1026.0 1.348 0.0000 0.0000 0.0000 000.0

The viscosity deviations depend on strength ofrautiions between like and unlike molecules. The
dependence afn on composition for the mixtures under study magkglained in terms of physical and
chemical factors [20,21]. The positive values\gfsignify strong intermolecular interactions and atege

An values are represents weaker interaction betweékeumolecules. Specific chemical interactions
involving hydrogen bond formation and dipole-dipoieeractions between various components of liquids
mixtures making the structure more compact andltrésypositive viscosity deviations. The sign and
magnitude ofAn also varies with structural characteristics o@iidgcomponents arising from geometrical
fitting of one component into the structure of etitkemponent due to difference in molecular size and
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shape of components. The negative valueupffor all the three systems can be explained by the
molecular sizes, as explained in the previous dision.

TABLE-4
System-I1lI : Ethylbenzoate(X;) + o-chlorotoulene(%)
Ultrasonic velocities, Densities, Viscosities anctlated excess parameters

Mole

: Velocity U Density p Viscosity VE cm  APax10™? L
fra;:(tlon m/s gm/cn? ncP mol* m?N'* @ An cP
1
303.15K
0.0000 1283.8 1072.6 0.870 0.0000 0.0000 0.0000 000.0
0.083: 1289.¢ 1070.: 0.93¢ -0.116¢ -0.004¢ 0.000(¢ -0.004(
0.1695 1295.1 1067.9 1.009 -0.2271 -0.0109 0.0000 0.0100
0.2592 1300.9 1065.2 1.083 -0.3071 -0.0157 -0.0001 -0.0150
0.352¢ 1306.¢ 1062.: 1.16: -0.366¢ -0.018: -0.000: -0.019(
0.4495 13131 1059.2 1.245 -0.4047 -0.0191 -0.0001 -0.0210
0.5505 1319.4 1055.8 1.334 -0.4069 -0.0190 -0.0001 -0.0210
0.6558 1325.9 1052.2 1.430 -0.3834 -0.0174 -0.0001 -0.0180
0.7656 1332.6 1048.2 1.531 -0.3061 -0.0113 0.0000 0.0130
0.8802 1339.4 1043.9 1.638 -0.1841 -0.0051 0.0000 0.0070
1.0000 1346.2 1039.2 1.751 0.0000 0.0000 0.0000 000.0
308.15K
0.0000 1265.7 1068.0 0.776 0.0000 0.0000 0.0000 000.0
0.0832 12715 1065.8 0.836 -0.1268 -0.0092 -0.0001 -0.0080
0.1695 1277.4 1063.5 0.899 -0.2475 -0.0200 -0.0003 -0.0160
0.2592 1283.5 1060.9 0.967 -0.3380 -0.0274 -0.0003 -0.0220
0.3525 1289.8 1058.0 1.040 -0.3964 -0.0315 -0.0004 -0.0250
0.4495 1296.3 1055.0 1.118 -0.4451 -0.0353 -0.0004 -0.0270
0.550¢ 1303.( 1051.¢ 1.201 -0.445¢ -0.0347 -0.000¢ -0.026(
0.6558 1309.9 1048.0 1.290 -0.4203 -0.0328 -0.0004 -0.0240
0.7656 13171 1044.0 1.385 -0.3405 -0.0242 -0.0003 -0.0190
0.880: 1324.« 1039.t 1.48% -0.188¢ -0.012¢ -0.000: -0.011(
1.0000 1331.9 1034.8 1.596 0.0000 0.0000 0.0000 000.0
313.15K
0.000(¢ 1244.* 1062.: 0.73: 0.000(¢ 0.000( 0.000(¢ 0.000(¢
0.0832 1250.6 1060.4 0.783 -0.1449 -0.0154 -0.0002 -0.0090
0.1695 1256.9 1058.3 0.838 -0.2726 -0.0290 -0.0005 -0.0170
0.2592 1263.4 1055.9 0.897 -0.3701 -0.0394 -0.0006 -0.0220
0.3525 1270.2 1053.3 0.961 -0.4477 -0.0460 -0.0007 -0.0260
0.4495 1277.2 1050.5 1.029 -0.5040 -0.0513 -0.0008 -0.0280
0.5505 1284.4 1047.3 1.102 -0.5121 -0.0525 -0.0008 -0.0280
0.6558 1291.9 1043.7 1.181 -0.4686 -0.0473 -0.0007 -0.0250
0.7656 1299.7 1039.7 1.266 -0.3694 -0.0356 -0.0005 -0.0200
0.8802 1307.7 1035.3 1.357 -0.2101 -0.0201 -0.0003 -0.0110
1.0000 1316.0 1030.6 1.455 0.0000 0.0000 0.0000 000.0
318.15K
0.0000 1228.1 1060.1 0.704 0.0000 0.0000 0.0000 000.0
0.0832 1234.1 1058.1 0.748 -0.1624 -0.0181 -0.0003 -0.0090
0.1695 1240.3 1055.9 0.795 -0.3082 -0.0344 -0.0006 -0.0170
0.2592 1246.7 1053.4 0.846 -0.4244 -0.0478 -0.0008 -0.0240
0.3525 1253.4 1050.6 0.902 -0.5090 -0.0559 -0.0010 -0.0270
0.4495 1260.3 1047.5 0.962 -0.5598 -0.0614 -0.0011  -0.0290
0.550¢ 1267.f 1044.( 1.023 -0.561" -0.060¢ -0.001( -0.029(
0.6558 1274.9 1040.2 1.097 -0.5242 -0.0570 -0.0010 -0.0260
0.7656 1282.6 1035.9 1.172 -0.4172 -0.0457 -0.0008 -0.0210
0.880: 1290.¢ 1031.( 1.25¢ -0.221: -0.024¢ -0.000¢ -0.012(
1.0000 1299.0 1026.0 1.343 0.0000 0.0000 0.0000 000.0
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TABLE-5
Values of coefficints and standard deviationd)
Temp K Ao A A, Az As o
System-1 : ethylbenzoate(X) + o-xylene (%)
Excess Molar Volume(\F)
303.15k  -3.275¢  0.365¢ -0.080¢ -0.053¢ 0.3407  0.004:
308.15K -3.6035  0.6359 -0.7006 -0.5402 0.9545 Q1005
313.15K -4.1082  0.5762 0.2468 -0.9313 -0.3993  (B010
318.15k  -4.430¢  0.355¢ 0.140¢ -0.241% -0.956.  0.010:
Deviation in Adiabatic compressibility(ABaq)
303.15K -1.2125 -0.0674 0.0416 -0.0033 0.0010 @001
308.15K  -1.2396 -0.0708 -0.0648 -0.0625 -0.0701 0070
313.15K -1.3071 -0.1114 -0.0332 -0.0974 -0.0848 0D/0
318.15K -1.3569  -0.1609 -0.0162 -0.0904 -0.1865 0220
Deviation in Viscosity (An)
303.15K -0.1043  -0.0081 0.0316 -0.0014 -0.0253 @00
308.15K  -0.1243  -0.0077 0.0076 -0.0094 -0.0203  @B0O
313.15K -0.1238 -0.0117 -0.0173 -0.0164 0.0305 @00
318.15K -0.1328  0.0001 -0.0192 -0.0152 0.0032 (1000
Excess free length( )
303.15K  -0.0249  -0.0005 0.0011 -0.0001 0.0000 @000
308.15K  -0.0265  -0.0007 -0.0014 -0.0013 -0.0015 0@0
313.15k  -0.0287  -0.001¢ -0.000¢ -0.002: -0.001¢  0.000(
318.15K  -0.0305 -0.0029 -0.0002 -0.0020 -0.0043 0@O
System-II : ethylbenzoate(X) + p-xylene(%)
Excess Molar Volume¢(VF)
303.15K  -8.0167  0.0812 -0.1586 -0.0491 0.0499  ®004
308.15K -8.3761  0.0272 -0.1974 -0.0174 -0.0070 @&100
313.15k  -8.737¢  0.016( -0.395: 0.084" 0.213:  0.003:
318.15K -9.1806  0.0199 0.0709 -0.0103 -0.6090 @O03
Deviation in Adiabatic compressibility(ABaq)
303.15K -1.5384  -0.2632 -0.0545 0.1382 0.1524 (@000
308.15K  -1.6927 -0.2684 -0.1177 -0.0018 0.0808 10O
313.15K -1.7535  -0.2687 -0.1265 0.0121 0.0961 (000
318.15K -1.8396  -0.2538 -0.0073 -0.0506 -0.1224 0@80
Deviation in Viscosity(An)
303.15K -0.1329  0.0074 -0.0599 -0.0368 0.0815 (@000
308.15K  -0.1448  0.0028 -0.0327 -0.0187 -0.0006 @00
313.15K -0.1599 -0.0120 -0.0231 -0.0200 -0.0085 0@0
318.15K -0.1684  -0.0046 -0.0332 0.0096 -0.0243 @00
Excess free length( )
303.15K  -0.0345  -0.0052 -0.0009 0.0032 0.0034 @000
308.15k  -0.038!  -0.005: -0.002¢ 0.000( 0.001¢  0.000(
313.15K  -0.0406  -0.0054 -0.0026 0.0004 0.0023 @000
318.15K  -0.0431  -0.0051 0.0002 -0.0011 -0.0029 @O0
Systen-111 : ethylbenzoate(>;) +o-chlorotoulene(X;)
Excess Molar Volume (V)
303.15K -1.6481  0.1358 -0.1046 -0.0157 0.1761 @003
308.15k  -1.813(  0.152¢ -0.101:¢ -0.162¢ 0.3877  0.005¢
313.15K -2.0579  0.1761 0.3453 -0.1880 -0.2487  (B003
318.15K -2.2806  0.1849 0.0002 -0.3872 0.4575  0.0042
Deviation in Adiabatic compressibility(ABaq)
303.15K -0.0764  -0.0026 -0.0314 -0.0211 0.1036 @700
308.15K  -0.1431  0.0058 -0.0213 -0.0230 0.0945 @000
313.15K -0.2081  0.0081 0.0014 -0.0281 0.0306  0.0007
318.15K -0.2488  0.0084 -0.0232 -0.0210 0.0688 (X000
Deviation in Viscosity(An)
303.15K  -0.0845  -0.0073 0.0303 0.0200 0.0113  0.0003
308.15K -0.1078  -0.0115 -0.0216 0.0140 0.0399  (@B000
313.15K -0.1128  -0.0043 0.0050 -0.0069 -0.0024 @00
318.15K  -0.1157 -0.0114 -0.0327 0.0102 0.0497 Q000
Excess free length( )
303.15k  -0.000:  -0.000: -0.000¢ -0.000¢ 0.002¢  0.000(
308.15K -0.0018  0.0001 -0.0005 -0.0005 0.0024 @000
313.15K -0.0032  0.0001 0.0000 -0.0007 0.0008  0.0000
318.15k  -0.004:  0.000: -0.000¢ -0.000¢ 0.0017  0.000(
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Figl(a): Variation of excess molar volume with moléraction of EB for the system EB + OX
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Fig1(b) Variation of deviation in adiabatic compresibility with mole fraction of EB for the system EB+OX
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Fig1(c): Variation of excess free length with moléaction of EB for the system EB+OX
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Fig1(d): Variation of deviation in viscosity with mole fraction of EB for the system EB+OX
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Fig2(a): Variation of excess molar volume with moldraction of EB for the system EB + PX
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Fig 2(b):Variation of deviation in adiabatic compressibility with mole fraction of EB for the system BB + PX
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Fig 2(c): Variation of excess free length with moléraction of EB for the system EB + PX
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Fig 2(d):Variation of excess viscosity with mole faction of EB for the system EB + PX
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Fig3(a)Variation of excess molar volume with moler&ction of EB for the system EB +OCT
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Fig 3(b):Variation of deviation in adiabatic compressibility with mole fraction of EB for the system BB + OCT
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Fig 3(d): Variation of excess viscosity with moleréction of EB for the system EB + OCT

Excess molar volumes fy, deviation in adiabatic compressibilitgf.g), excess intermolecular free lengthSjL
deviation in viscosityAn), are observed in negative trends. The changealies of all excess parameters are non
linear and parabolic. There is little deviationsetved for almost all parameters tethyl benzoate (EB) + o-

chlorotoulene system.
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