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ABSTRACT

Ultrasonic velocities and densities of the binamguld mixtures of ethyl benzoate with 2-methoxyebha2-
ethoxyethanol and 2-butoxyethanol have been medsuwer the entire composition range of mole fratia@t a
temperature range from 303.15 to 318.15 K with @mterival of 5 K. The theoretical values of ultrasomelocity
were evaluated by using Nomoto (NOM), Impedancé)JWan Deal and Vangeel (VDV), Junjie’s (JUN), Rao
specific velocity (RAO) models. The results weseudised in terms of non-ideality in the mixtures|ecular
interaction parameter, relative deviatiom and Chi-square ,{) test for the goodness of the fit is applied to
understand the applicability of these theorieshi® present systems.

Keywords: Ethylbenzoate, ultrasonic velocities, Chi-squtast, molecular interaction parameter.

INTRODUCTION

The measurement of ultrasonic velocities finds msitee applications in understanding physico-chehbeaaviour
of liquid mixtures [1-11]. Ultrasonic velocities dfjuid mixtures containing polar and non-polar gpe are of
considerable importance in understanding intermddednteraction between component molecules [1R-&thny

researchers compared the experimental valuesratalic velocities with theoretically evaluatedues for organic
liquid mixtures using different theories/ modelseliNomoto [22], impedance relation [23], Van Daedl &/angeel
[24], Junjie’s [25] and Rao’s specific velocity [R@he present study is a continuation of our resfe@arogramme
on the application of theoretical models of ultr@isovelocities for some liquid binaries at diffetaemperatures
[27- 32].

In this paper, we report the experimental and thgcal ultrasonic velocities of ethyl benzoate widh
methoxyethanol, 2-ethoxyethanol and 2-butoxyethawalluated by various theoretical models such amdto
(NOM), Impedance (IMP),Van Deal and Vangeel (VDWnjie's (JUN), Rao’s specific velocity (RAO) &dB15-
318.15K over the entire composition range . Redatipplicability of the theories to the present eyt has been
checked and discussed. Further, the results wenlaiegd in terms of molecular interaction paramedewiation in
the variation of @expluzimx, relative deviatiors and Chi-squarey{) test for the goodness of the fit is applied to
understand the applicability of these theoriehopresent systems.

MATERIALSAND METHODS

The solvents used in the present study ethyl beez(aB) (Merk >99%) and 2-methoxyethanol (MOE), 2-
ethoxyethanol (EOE) and 2-butoxyethanol (BOE) aptained from S.D fine chemicals India Ltd. They sver
purified as described in the literature [33,34]eTdensity was measured with a pycnometer havingavolume of
about 25 crhand an internal capillary diameter of about 1 mime Tensity was then determined from the mass of
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the sample and the volume of pycnometer. Unceitainh density determinations were estimated tavitein +
0.0001 g cri. The ultrasonic velocity of sound (U) is measumsing an ultrasonic interferometer (Mittal
Enterprises, New Delhi model FO5) operating at 22Viflhe measured speeds of sound have a precisiOrBof
m.sec" and an uncertainty less than + 0.1 m’sead temperature stability was maintained withi.81K by
circulating water bath around the measuring cedugh a pump.

THEORETICAL CONSIDERATIONS:

1.1 Nomoto theoryNomoto's empirical formula is based on the asdionpof the linear dependence of the
molecular sound velocity on concentration and tthditavity of the molar volume in the liquid mixtur&he sound
velocity U is given by

EXR 3

where the molar sound velocity R #R¢+x:R,.

Hence, ultrasonic velocity (U) is given by

xR+ %R
XVi+ %V,

In the above equation; B (Mi/p) U3 =V, (U)*°

1.2 Impedance relationithe specific acoustic impedance of the pure liqaids used for evaluating the ultrasonic
velocity in the liquid mixtures by the followinglegion:
U=SXZIXxi e, (2)

Where Zis acoustic impedance apds the density of the mixture.

1.3 Van Dael and Vangeel relatioMan Dael and Vangeebtained the formula for ultrasonic velocity in tigguid
mixtures adopting the adiabatic compressibilitiethe pure liquids based on ideal mixing of thauiits. Van Dael
and Vangeel assumed that the adiabatic compress{ily of the mixture is given by

Bad = @a (Bada + @& (Bads

and suggested the following relation for sound e#join homogeneous liquid mixtures.
im

,3 = W (ﬁad)A"' & = Vm (ﬁad)B

where(p andy refer the volume function and principal specifitio.

It holds true if the mixture is an ideal one ansbglh =Yg = Vim. It can be transformed into a linear combinatién o
the mole fractions if the additional assumptigarew; is made

Bad™ = Xa (Bada + Xs (Bade

The sound velocities appropriate to the above &uatre given by

XaVa T Xs Vs _¢
XM, + XM, (U.m) "M u2

*Ps

and

Mu2

1 1 _ X, Xg
= +
XAMA+XBMB(Uim)2 MAUZA MBUZB

1.4 Junjie relation:This relation derived by Junjie for the ultrasom@ocity of the mixture in terms of the mole
fraction, molecular weight and density of the migtu
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Zn:xVi
i=1

U=
n n
QXM % au®)?
i=1 i=1

where the symbols have their usual meanings.

1.5 Rao’s relationUsing the ratio of the temperature coefficient efocity and expansion coefficient, Rao derived
a formula for ultrasonic velocity (U)

Gl
u=(y /) (5)

where V is the molar volume and R is called Raosstant or molar sound velocity, which is consfanta liquid
at a temperature.

Chi-sguaretest for goodness of fit:
According to Karl Pearson, Chi-square value is @ata&d for the binary liquid mixtures under studingshe
formula

n

Xz = Z(( U(obs)' U(cal))zl U(cal)) ------------ (6)
i=1

where n is the number of data used,
and ‘Ugqns) = experimental values of ultrasonic velocities
U ca = computed values of ultrasonic velocities

Relative per centage of error (o):
The Average percentage error is calculated by usiagelation

c = 1/n2((U (obs)~ ) (cal)) /U (Obsp X100% (7)

where n is the number of data used.
U (obs) = €xperimental values of ultrasonic velocities

M olecular associations:
The degree of intermolecular interaction or molacalssociation is given by

o= [Uzexp/UZimx]'l ................. (8)
RESULTSAND DISCUSSION

The experimental ultrasonic velocities and the tégcal values evaluated by Nomoto’s Relation (NQM)
Impedance Relation (IMP), Van Deal and Vangeel lidéiaing Relation (VDV), Junjie’s relation (JUN), &'s
specific velocity method (RAQ) are compared for tht three binaries ethyl benzoate + MOE, ethylzbate+
EOE, ethyl benzoate + BOE along with the percenta#gdeviations are presented in TABLES 1-3 at ladl four
temperatures 303.15, 308.15, 313.15 & 318.15 K amubspheric pressure. The validity of differentotfedical
formulae is checked by the chi-square test fothal mixtures at all the temperatures and the vadwesgiven in
TABLE-4.
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TABLE-1
EXPERIMENTAL AND THEORETICAL VALUES OF VELOCITIES WI'H THEIR % DEVIATIONS FOR THE SYSTEM (EB + MOE)
AT 303.15K
Xy EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RAO d
0.0000 1324 1324.0 13240 1324.0 13240 13240 0.00 0.00 0 0.0 0.00 0.00 0.0000
0.0578  1326.358 1326.2 13254 1307.7 1325.6 1350.0 -0.01 .07-0 -1.41 -0.06 1.79 0.0288
0.1212  1328.824 1328.4 1326.9 1292.8 1327.3 1373.1 -0.03 .14-0 -2.71 -0.12 3.33 0.0566
0.1913  1331.342 1330.6 13285 1279.6 13291 13944 -0.05 .21-0 -3.88 -0.17 4.74 0.0824
0.2689 13339 13329 13304 12689 1331.1 14116 -0.08 7-0.2 -4.88 -0.21 5.83 0.1051
0.3556  1336.48 1335.1 13323 1261.2 13333 14231 -0.11 31-0. -5.63 -0.24 6.48 0.1230
0.4529  1339.038 1337.3 13345 1257.7 1335.6 1428.8 -0.13 .34-0 -6.07 -0.26 6.70 0.1335
0.5629  1341.456 1339.5 1337.0 1260.2 1338.0 14286 -0.14 .34-0 -6.05 -0.26 6.50 0.1330
0.6882  1343.612 1341.7 1339.7 12717 1340.6 14194 -0.14 29-0 -535 -0.23 5.64 0.1164
0.8324  1345.302 1344.0 13427 1297.0 1343.3 13942 -0.10 .19-0 -3.59 -0.15 3.64 0.0758
1.0000 1346.2 1346.2 1346.2 1346.2 1346.2 1346.2 0.00 0.00 .00 0 0.00 0.00 0.0000
AT 308.15K
Xy EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RAO «
0.0000 13146 13146 13146 13146 13146 13146 0.00 0.00 .00 0 0.00 0.00 0.0000
0.0578  1316.5 1316.3 1315.7 1298.3 1315.7 13451 -0.02 6-0.0 -1.39 -0.06 2.17 0.0283
0.1212 13185 13180 13169 1283.3 13170 1369.7 -0.03 2-0.1 -2.67 -0.11 3.88 0.0556
0.1913 13205 1319.8 1318.1 1270.1 13184 13899 -0.06 8-0.1 -3.82 -0.16 5.25 0.0810
0.2689 1322.6 13215 13195 1259.2 1319.9 1407.7 -0.08 3-0.2 -4.79 -0.20 6.44 0.1033
0.3556  1324.6 1323.2 13211 1251.3 13216 14216 -0.11 7-0.2 -5.54 -0.23 7.32 0.1207
0.4529  1326.6 1325.0 1322.8 1247.5 13234 14272 -0.13 9-0.2 -5.97 -0.25 7.58 0.1309
0.5629 13285 1326.7 1324.7 1249.6 13253 14273 -0.14 9-0.2 -5.94 -0.24 7.43 0.1303
0.6882  1330.1 1328.4  1326.8 1260.3 13274 1416.0 -0.13 5-0.2 -5.25 -0.21 6.45 0.1139
0.8324 13314 1330.2 1329.2 12846 13296 1386.6 -0.09 6-0.1 -3.51 -0.14 4.15 0.0742
1.0000 13319 13319 13319 13319 13319 13319 0.00 0.00 .00 0 0.00 0.00 0.0000
AT 313.15K
X3 EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RA0O «
0.0000 1291.2 1291.2 1291.2 1291.2 12912 1291.2 0.00 0.00 .00 0 0.00 0.00 0.0000
0.0578 12935 1293.7 12928 12754 12930 13215 0.02 -0.05-1.40 -0.04 2.17 0.0286
0.1212 12958 1296.1 12944 12609 1295.0 13494  0.02 -0.11-2.69 -0.07 4.13 0.0561
0.1913  1298.3 1298.6 1296.3 1248.3 1297.0 1370.8 0.02 -0.15-3.85 -0.10 5.58 0.0818
0.2689 13009 1301.1 1298.3 12379 1299.3 1390.1 0.02 -0.20-4.84 -0.12 6.86 0.1043
0.3556  1303.5 1303.6 1300.5 1230.6 1301.7 1405.2 0.01 -0.23-5.59 -0.14 7.81 0.1220
0.4529  1306.2 1306.0 1303.0 1227.4 13042 14159 -0.01 5-0.2 -6.03 -0.15 8.40 0.1325
0.5629  1308.9 1308.5 1305.7 1230.2 1306.9 14180 -0.03 5-0.2 -6.02 -0.15 8.33 0.1321
0.6882 13115 1311.0 1308.7 1241.7 1309.8 14064 -0.04 2-0.2 -5.32 -0.13 7.23 0.1156
0.8324 13140 13135 13121 1267.0 13128 13750 -0.03 4-0.1 -3.57 -0.09 4.65 0.0754
1.0000 1316.0 1316.0 1316.0 1316.0 1316.0 1316.0 0.00 0.00 .00 0 0.00 0.00 0.0000
AT318.15K
X3 EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RAO «
0.0000 1282.6 1282.6 1282.6 1282.6 1282.6 1282.6  0.00 0.00 .00 0 0.00 0.00 0.0000
0.0578  1284.0 1284.2 1283.6 1266.6 1283.6 1313.8 0.02 -0.03-1.36 -0.03 2.32 0.0277
0.1212  1285.8 1285.8 1284.7 1252.0 1284.8 1340.0 0.00 -0.09-2.63 -0.07 4.22 0.0547
0.1913  1287.8 1287.5 12859 1239.1 1286.2 1364.7 -0.03 5-0.1 -3.78 -0.13 5.97 0.0802
0.2689  1289.7 1289.1 1287.3 1228.4 1287.6 13829 -0.04 9-0.1 -4.75 -0.16 7.23 0.1022
0.3556  1291.5 1290.8 1288.7 1220.7 1289.2 1399.0 -0.06 2-0.2 -5.49 -0.18 8.32 0.1194
0.4529 12934 12924 12904 1217.0 1290.9 14102 -0.07 3-0.2 -5.91 -0.19 9.03 0.1295
0.5629  1295.2 1294.1 1292.2 1219.0 1292.7 14113 -0.09 3-0.2 -5.88 -0.19 8.97 0.1290
0.6882  1296.8 1295.7 12942 1229.4 12947 13976 -0.09 0-0.2 -5.20 -0.16 7.77 0.1127
0.8324  1298.1  1297.4 1296.4  1253.0 1296.8 13629 -0.06 3-0.1 -3.48 -0.11 4.99 0.0734
1.0000 1299.0 1299.0 1299.0 1299.0 1299.0 1299.0 0.00 0.00 .00 0 0.00 0.00 0.0000
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TABLE-2
EXPERIMENTAL AND THEORETICAL VALUES OF VELOCITIES WI'H THEIR % DEVIATIONS FOR THE SYSTEM (EB + EOE)
AT 303.15K
Xy EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RAO d
0.0000 1306.1 1306.1 1306.1 1306.1 1306.1 1306.1  0.00 0.00 .00 0 0.00 0.00 0.0000
0.0701 13101 1310.1 1309.2 1296.6 1308.7 1331.6  0.00 -0.06-1.03 -0.11 1.64 0.0210
0.1450 1314.2 1314.1 13125 12885 13115 13539 -0.01 2-0.1 -1.95 -0.20 3.02 0.0402
0.2252 1318.3 1318.0 1316.0 12824 13147 13745 -0.02 7-0.1 -2.73 -0.27 4.26 0.0568
0.3113 13225 1322.0 1319.7 12783 1318.2 13906 -0.03 1-0.2 -3.34 -0.33 5.15 0.0703
0.4041  1326.7 1326.0 13235 1277.0 13220 14024 -0.05 4-0.2 -3.75 -0.36 5.70 0.0794
0.5043 13309 1330.1 13275 1279.0 1326.1 1409.8 -0.07 5-0.2 -3.90 -0.36 5.93 0.0829
0.6128  1335.0 1334.1 13318 12852 1330.6 14101 -0.07 4-0.2 -3.74 -0.33 5.62 0.0791
0.7307  1339.1 1338.1 1336.3 12969 13355 14013 -0.07 0-0.2 -3.15 -0.27 4.64 0.0660
0.8592  1342.8 1342.2 13411 1316.2 13406 13809 -0.05 3-0.1 -1.98 -0.16 2.83 0.0408
1.0000 1346.2 1346.2 1346.2 1346.2 1346.2 1346.2 0.00 0.00 .00 0 0.00 0.00 0.0000
AT 308.15K
Xy EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RAO «
0.0000 1290.4 1290.4 1290.4 1290.4 12904 12904  0.00 0.00 .00 0 0.00 0.00 0.0000
0.0701 12942 1294.5 1293.7 1281.0 1293.1 1318.2 0.02 -0.05-1.02 -0.09 1.85 0.0207
0.1450 1298.2 1298.6 1297.1 1273.2 1296.1 13416 0.04 -0.08-1.92 -0.16 3.34 0.0396
0.2252  1302.2 1302.8 1300.6 1267.2 1299.5 13625 0.04 -0.12-2.69 -0.21 4.63 0.0560
0.3113  1306.4 1306.9 13044 1263.3 1303.1 13794 0.04 -0.153.29 -0.25 5.59 0.0693
0.4041 13106 1311.1 13084 1262.1 1307.0 13928 0.04 -0.17-3.70 -0.27 6.27 0.0782
0.5043 13149 1315.2 13126 1264.2 1311.3 1400.6 0.03 -0.18-3.85 -0.27 6.52 0.0817
0.6128 1319.2 13194 1317.0 1270.6 13159 1400.8 0.01 -0.17-3.69 -0.25 6.18 0.0781
0.7307 1323.6 1323.5 1321.7 1282.4 13209 1391.1 0.00 -0.143.11 -0.20 5.10 0.0651
0.8592  1327.8 1327.7 1326.6 13019 1326.2 1369.1 -0.01 9-0.0-1.95 -0.12 3.11 0.0403
1.0000 13319 13319 13319 13319 13319 13319 0.00 0.00 .00 0 0.00 0.00 0.0000
AT 313.15K
X3 EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RA0O «
0.0000 1277.6 1277.6 1277.6 1277.6 12776 1277.6  0.00 0.00 .00 0 0.00 0.00 0.0000
0.0701  1281.0 12814 1280.6 1268.2 1280.0 1306.8 0.03 -0.03-1.00 -0.08 2.01 0.0203
0.1450 12845 1285.2 1283.8 1260.4 12828 1331.3 0.05 -0.06-1.88 -0.14 3.64 0.0387
0.2252  1288.2 1289.0 1287.1 1254.3 1285.8 1352.8 0.07 -0.08-2.63 -0.19 5.02 0.0548
0.3113  1292.0 12929 1290.6 1250.3 1289.1 13705 0.07 -0.11-3.22 -0.22 6.08 0.0677
0.4041  1295.8 1296.7 1294.3 12489 1292.8 1384.7 0.07 -0.12-3.62 -0.23 6.86 0.0765
0.5043 1299.8 1300.5 1298.1 1250.8 1296.7 13925 0.06 -0.13-3.77 -0.23 7.14 0.0799
0.6128  1303.8 1304.4 1302.2 1256.8 1301.0 13919 0.05 -0.12-3.61 -0.21 6.76 0.0763
0.7307 13079 1308.3 1306.6 1268.2 1305.7 1380.9 0.03 -0.10-3.04 -0.17 5.58 0.0636
0.8592  1312.0 13121 13111 12869 1310.7 1356.5 0.01 -0.06-1.91 -0.10 3.39 0.0393
1.0000 1316.0 1316.0 1316.0 1316.0 1316.0 1316.0 0.00 0.00 .00 0 0.00 0.00 0.0000
AT 318.15K
X3 EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RAO «
0.0000 1254.2 1254.2 1254.2 1254.2 12542 12542  0.00 0.00 .00 0 0.00 0.00 0.0000
0.0701 12579 1258.7 1257.8 12453 1257.2 12851 0.06 -0.01-1.00 -0.05 2.17 0.0203
0.1450 1261.7 1263.1 12614 12379 12605 13109 0.11 -0.02-1.89 -0.10 3.90 0.0389
0.2252  1265.7 1267.6 12653 12323 12641 13334 0.14 -0.03-2.64 -0.13 5.34 0.0550
0.3113  1269.9 1272.0 1269.4 1228.8 1268.0 13539 0.17 -0.04-3.24 -0.15 6.61 0.0680
0.4041 12743 1276.5 1273.7 12279 12723 1369.3 0.17 -0.05-3.64 -0.16 7.45 0.0769
0.5043 1278.8 1281.0 1278.2 1230.3 12769 13781 0.17 -0.05-3.79 -0.15 7.76 0.0804
0.6128  1283.6 12855 12829 1237.0 12819 13780 0.14 -0.05-3.64 -0.14 7.35 0.0769
0.7307  1288.6 1290.0 1288.0 1249.1 1287.2 1366.7 0.11 -0.04-3.06 -0.11 6.07 0.0642
0.8592  1293.7 1294.5 1293.3 1268.7 12929 13414 0.06 -0.03-1.93 -0.06 3.69 0.0398
1.0000 1299.0 1299.0 1299.0 1299.0 1299.0 1299.0 0.00 0.00 .00 0 0.00 0.00 0.0000
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TABLE-3
EXPERIMENTAL AND THEORETICAL VALUES OF VELOCITIES WI'H THEIR % DEVIATIONS FOR THE SYSTEM (EB + BOE)
AT 303.15K
Xy EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RAO0 d
0.0000 1290.2 1290.2 1290.2 1290.2 1290.2 1290.2  0.00 0.00 .00 0 0.00 0.00 0.0000
0.0923 12955 12957 1296.1 1291.0 12935 1310.1 0.02 0.05 0.35- -0.16 1.13 0.0070
0.1863  1300.4 1301.3 1302.0 1292.7 1297.2  1327.7 0.07 0.12 0.60- -0.24 2.10 0.0120
0.2818 13055 1306.8 1307.8 12952 13015 13424 0.10 0.17 0.79- -0.31 2.83 0.0159
0.3790 13105 1312.4 13135 1298.8 1306.2 1354.1 0.15 0.23 0.89- -0.33 3.33 0.0181
0.4780 13159 13180 13191 13034 13114 13625 0.16 0.24 095- -0.34 3.54 0.0192
0.5787  1321.7 1323.6 1324.6 1309.2 1317.2 13675 0.14 0.22 0.94- -0.34 3.46 0.0191
0.6812 1327.6 1329.2 1330.1 1316.3 1323.6 13685 0.12 0.19 0.85- -0.30 3.08 0.0173
0.7855 1333.8 13349 13356 1324.7 13305 13654 0.08 0.13 0.69- -0.25 2.37 0.0138
0.8918  1340.0 1340.5 13409 1334.6 1338.0 1358.1 0.04 0.07 0.40- -0.15 1.35 0.0081
1.0000 1346.2 1346.2 1346.2 1346.2 1346.2 1346.2 0.00 0.00 .00 0 0.00 0.00 0.0000
AT 308.15K
X1 EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RAO «
0.0000 1254.4 12544 12544 12544 12544 12544  0.00 0.00 .00 0 0.00 0.00 0.0000
0.0923  1260.8 1262.0 1262.6 1256.7 1259.3 1276.5 0.10 0.14 0.33- -0.12 1.24 0.0066
0.1863  1267.4 1269.6 1270.7 1259.9 1264.7 1296.2 0.18 0.26 0.59- -0.21 2.27 0.0120
0.2818 12744  1277.3 1278.7 1264.1 1270.8 1313.1 0.23 0.34 0.81- -0.28 3.04 0.0164
0.3790 1281.6 12850 1286.6 1269.5 12774 1327.0 0.27 0.39 0.95- -0.33 3.54 0.0192
0.4780  1289.0 1292.7 12944 1276.0 1284.7 1337.7 0.29 0.42 1.01- -0.33 3.78 0.0204
0.5787  1296.9 1300.5 1302.1 1283.9 1292.7 13448 0.28 0.40 1.00- -0.33 3.70 0.0203
0.6812  1305.3 1308.3 1309.7 1293.3 1301.3 13480 0.23 0.34 092- -0.31 3.27 0.0187
0.7855 13139 1316.1 1317.2 1304.3 1310.7 1347.1 0.17 0.25 0.73- -0.24 2.53 0.0148
0.8918 13229 13240 13246 1317.0 13209 13418 0.08 0.13 0.44- -0.15 1.43 0.0089
1.0000 13319 13319 13319 13319 13319 13319 0.00 0.00 .00 0 0.00 0.00 0.0000
AT 313.15K
Xy EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RAO «
0.0000 1249.3 1249.3 1249.3 1249.3 1249.3 12493 0.00 0.00 .00 0 0.00 0.00 0.0000
0.0923 12541 12558 1256.4 12509 12533 12714 0.14 0.18 0.26-  -0.06 1.38 0.0052
0.1863  1259.6 1262.4 1263.3 1253.3 12579 1291.0 0.22 0.30 0.50- -0.13 2.49 0.0100
0.2818 12655 1269.0 1270.2 1256.8 1263.0 1307.5 0.28 0.37 0.69- -0.19 3.32 0.0139
0.3790 12715 12757 1277.0 1261.3 1268.7 1320.8 0.33 0.43 0.80- -0.22 3.88 0.0163
0.4780 12779 1282.3 1283.7 1266.9 1275.0 1330.6 0.35 0.46 0.86- -0.23 4.12 0.0175
0.5787 1284.6 1289.0 12904 1273.7 12819 1336.6 0.34 0.45 0.85- -0.21 4.05 0.0172
0.6812 1291.6 1295.7 1296.9 12819 1289.4 13383 0.32 0.41 0.75-  -0.17 3.61 0.0152
0.7855  1299.2 13024 1303.3 12915 12975 13356 0.25 0.32 059- -0.13 2.80 0.0119
0.8918  1307.7 1309.2 1309.7 1302.8 1306.4 1328.2 0.12 0.15 0.37- -0.10 1.57 0.0075
1.0000 1316.0 1316.0 1316.0 1316.0 1316.0 1316.0 0.00 0.00 .00 0 0.00 0.00 0.0000
AT 318.15K
Xy EXP NOM IMP VDV JUN RAO %NOM  %IMP %VDV  %JUN %RAO0 d
0.0000 1238.2 1238.2 1238.2 1238.2 1238.2 1238.2 0.00 0.00 .00 0 0.00 0.00 0.0000
0.0923 12422 12442 12446 12394 12418 1260.8 0.16 0.20 0.22- -0.03 1.50 0.0045
0.1863  1247.0 1250.2 1251.0 12415 1246.0 1280.6 0.26 0.32 0.44- -0.08 2.69 0.0089
0.2818 12522 1256.2 1257.3 12445 1250.6 1297.2 0.32 0.41 061- -0.13 3.59 0.0124
0.3790 1257.6 1262.3 1263.5 12485 1255.7 13103 0.37 0.47 0.72- -0.15 4.19 0.0146
0.4780 1263.4 1268.3 1269.6 1253.6 1261.4 1319.7 0.39 0.49 0.77- -0.15 4.46 0.0157
0.5787  1269.4 12744 1275.6 1259.9 1267.7 1325.0 0.40 0.49 0.75- -0.13 4.38 0.0152
0.6812  1275.8 1280.5 1281.6 1267.4 12746 13258 0.37 0.45 0.66-  -0.10 3.92 0.0133
0.7855  1282.7 1286.7 12875 1276.3 12821 13219 031 0.37 0.50-  -0.05 3.05 0.0101
0.8918  1290.3 1292.8 1293.3 1286.8 1290.2 1313.0 0.20 0.23 0.27- -0.01 1.76 0.0055
1.0000 1299.0 1299.0 1299.0 1299.0 1299.0 1299.0 0.00 0.00 .00 0 0.00 0.00 0.0000
162

www.scholarsresearchlibrary.com



C. Rambabu €t al

Der Pharma Chemica, 2015, 7 (5):157-166

T(K)
303.15K
308.15K
313.15K
318.15K

T(K)
303.15K
308.15K
313.15K
318.15K

T(K)
303.15K
308.15K
313.15K
318.15K

TABLE-4

VALUES OF CHI-SQUARE AND SIGMA RELATIVE DEVIATION OR ALL

THE BINARY MIXTURES OF EB AT DIFFERENT TEMPERATURES
SYSTEM-I (EB+MOE)

7 Sdu
NOM IMP VDV JUN RAO NOM IMP VDV JUN RAO
0.012 0.078 26.106  0.047 32.771  -0.008 -0.022 -0.416 -0.0190.423
0.011 0.057 24.948  0.042 41.623  -0.008 -0.019 -0.409 -0.016.477
0.001 0.041 25.133 0.016 48.943  0.001 -0.016 -0.414 -0.010.5170
0.004 0.036 23.841 0.024 56.281  -0.004 -0.015 -0.404 -0.01R.549
SYSTEM-II (EB+EOE)
e Sdu
NOM IMP VDV JUN RAO NOM IMP VDV JUN RAO
0.003 0.045 10.700  0.093 24.640  -0.004 -0.016 -0.264 -0.020.370
0.001 0.021 10.291  0.053 29.283  0.002 -0.011 -0.260 -0.018.4050
0.003 0.011 9.747 0.039 34.492  0.004 -0.008 -0.255 -0.016 4400.
0.020 0.002 9.705 0.017 39.895 0.011 -0.003 -0.256 -0.010 4740.
SYSTEM-IIl (EB+BOE)
e Sdu
NOM IMP VDV JUN RAO NOM IMP VDV JUN RAO
0.014 0.035 0.663 0.091 8.726 0.009 0.014 -0.065 -0.024 60.22
0.053 0.114 0.724 0.082 9.752 0.018 0.027 -0.068 -0.023 10.24
0.085 0.147 0.505 0.033 11.630 0.023 0.031 -0.057 -0.015 630.2
0.115 0.177 0.387 0.013 13.505  0.028 0.034 -0.050 -0.008 850.2
Fig (a):Plots of U%,/U%,, vs X;for the studied system EB+M OE,
at temperatures 303.15K , 308.15K, 313.15K,318.15K
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Fig (b):Plots of U?,,/U%,, vs X, for the studied system EB+EOE,
at temperatures 303.15K , 308.15K, 313.15K ,318.15K
1.006
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Fig (0):Plotsof U?,, /U, vs X, for the studied system EB+BOE,
at temperatures 303.15K , 308.15K, 313.15K ,318.15K
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The data reveals that the velocities computed fidemoto’s relation (NOM) and Impedance relation ([vihd
Junjie’s relation (JUN) exhibit more satisfactorgreement with the experimental values in the teatpee range
303.15K - 318.15K than other approaches in therpisgstems. It is observed that the experimenthlegashow
deviation with the theoretical values of ultrasométocities which confirms the existence of molactihteractions
[35-38]. This may be due to interactions occurtdiegween the hetero molecules of the binaries. Higbgiations
are observed in Van Dael and Vangeel and Rao’sifgpgelocity methods. There are higher variationssome
intermediate concentration range suggesting thstendge of strong tendency of association betweanmpooent
molecules as a result of dipole-dipole interactiddewever, there is reasonably a good agreememiclet the
experimental and theoretical velocities of Nomotfation Impedance relation and Junjie’s relatiNlomoto’s
theory proposes that the volume does not change opring of solvents. Therefore, noteraction between the
components of liquid mixtures has been taken imtmoant. Similarly, the assumption for the formation of itlea
mixing relation is that the ratios @pecific heats of ideal mixtures and the volumes @so equal. Again no
molecularinteractions are taken into account. But upon ngixinteractions between the molecutesur because of
the presence of various types of forces such gedign forces, chargeansfer, hydrogen bonding dipole-dipole
and dipole-induced dipole interactions. Thtlsee observed deviation of theoretical values obey from the
experimental valueshows that the molecular interactions are takirarglbetween the unlike molecules in the
liquid mixtures. From all the Tables, it is obsatvihat maximum positive deviation exhibiting a minim of
approximately 0.5 mole fraction for all the threstems at all the temperatures. The raﬁngzimx is an important
tool to measure the non ideality in the mixturepeeglly in such cases where the properties ott@n sound
velocity are not known.
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Figures a, b and represent the variation oﬂ,@,,/uzimx with the mole fraction of ethyl benzoate for thitee binary
systems studied and the ratio ﬁyuzimx gives an idea of extent of interaction takingcpldvetween molecules of
the mixtures. The positive deviation for the systeinfers strong interactions between the componerie
percentage of deviation in velocity is reflectingtlp negative and positive magnitudes indicating rndeal
behaviour of liquid mixtures. The evaluated inté¢iat parameters are positive for all the systemdicating strong
interactions between the mixing molecules. The tiegavalues of interaction parameter indicéte dominance
of dispersion forces arising from the breakageyofrgen bonds in the associates. But a positiveevaf () in all
the system clearly indicates the existence of gti@mdency for the formation of association in maigt through
strong dipole-dipole / dipole-induced dipole intrans, hydrogen bonding interactions and highdues of
percentage deviation indicates maximum departur¢hef particular theory from experiment at that icatar
concentration and magnitude of the chi-square vhhaly determines the overall validity of the trg. The chi-
square values along with average percentage egrmoasare given in TABLE- 4

CONCLUSION

From the values of experimental and evaluated gla@lues, it may be concluded that, the Nomot@kation,
Impedance relation and Junjie’s relation have mledigood agreement. Thus, the linearity of molandovelocity
and additivity of molar volumes, as suggested bynhim, Impedance relation and Junjie’s relation énivdng the
empirical relations have been truly observed inadfogementioned binary liquid mixtures. The sucadddomoto’s
relation in predicting the experimental ultrasomitocities for polar-polar liquid mixtures has als®en emphasized
by others.
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