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ABSTRACT

Ultrasonic velocities of binary liquid mixtures ofethyl benzoate with 1-octanol are measured usltrgsenic
interferometer at 303.15K,308.15K,313.15K and 33R.bver the entire range of composition. Theoréticues

of ultrasonic velocity have been evaluated at ther femperatures using Nomoto’s relation, Ideal tonig relation,
Impedance relation, Rao’s specific velocity relatend Junjie’s method. Theoretical values are comgavith the
experimental values andzg,JF/UZimX is evaluated for non-ideality in the mixtures. dod agreement has been found
between experimental and theoretical values ofstinic velocity. The relative applicability of tkeheories to the
present systems has been checked and discussededilits are explained in terms of molecular intdians
occurring in these binary liquid mixtures.
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INTRODUCTION

Measurement of Ultrasonic velocity gives the valadabformation about physicochemical behavior afasy liquid
mixtures and in understanding nature of interastionliquids and liquid mixtures [1-6]. Several €éaschers [7-10]
carried out ultrasonic investigations on liquid mies and correlated the experimental resultstodisdnic velocity
with theoretical relations of Nomoto [11], Van daeid Vangeel [12], impedence relation [13], Ragiecific
velocity [14] and Junjie [15] relations and the ulés are interpreted in terms of molecular intdmaxt. This
investigation presents the evaluation of ultrasom@tocity using Nomoto's relation, ideal mixturelaton
,Jimpedance relation, Rao’s specific velocity raatand Junjie’s relation for methyl benzoate witbctanol and are
compared with the experimental values over therentange of composition at four different tempemasu
303.15K,308.15K,313.15K and 318.15K. Molecular iiattions in binary mixtures are studied based dre t
deviation in the values of4k/U%ur.

EXPERIMENTAL SECTION

The chemicals methyl benzoate and 1-octanol of @2%& , AR grade were supplied by SDFCL, Mumbai. The
chemicals were purified by standard procedure [16h’s method of continuous variation was usedrépare the
mixtures of required proportions. The prepared ume$ were preserved in well-stoppard conical flagkiser
mixing the liquids thoroughly, the flasks were leftdisturbed to allow them to attain thermal eduilim.

The ultrasonic velocities were measured by usimglsi crystal ultrasonic pulse echo interferometeittél
enterprises, India; Model: F-80X). It consists dfigh frequency generator and a measuring cell.méasurements
of ultrasonic velocities were made at a fixed freqey of 3MHz. The temperature was controlled bgudating
water around the liquid cell from thermostaticalbyntrolled constant temperature water bath. Theitlea of pure
liquids and liquid mixtures were measured by usangpecific gravity bottle with an accuracy of +%.5Weights
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were measured with an electronic balance (Shima&lz¥220, Japan) capable of measuring up to 0.1mg. An
average of 4-5 measurements was taken for eachHesamp

THEORY
The following theories/relations are used for thediction of ultrasonic velocity in the binary ligumixtures.

Nomoto’s rlation ,Unom
Nomoto established an empirical relation for ulbréis velocity in binary liquid mixtures as

Unom = [(XtRi#+%2Ro) /(X1V 1%,V )] ° 1)
Where R is molar sound velocity;  (M1/p1) (U)*® and BR= (MJ/p,) (Uo)?

x; and % are the mole fractions of‘and 2¢ components of the liquid mixture and

V is molar volume, Y= M,/p;  V,=M,/p2.

Van Dael and Vangeel Ideal Mixture relationUug
Van Dael and Vangeel (1969) suggested the followétation for the measurement of velocity of sound

Uik = [(1/M1U% + x/MoU%)] ™2 [1/(xM1+x:M ;)] 2 (2

Where Uyr is the ideal mixture ultrasonic velocity in liquithixture. U and U are ultrasonic velocities of
individual compounds.

Impedance relationUg

The product of ultrasonic velocity (U) and dengpy of the mixture is termed as acoustic impedange{Zhe
mixture. Hence the sound velocity in the mixtura ba predicted from the knowledge of acoustic ingmeg and
the density of the pure components.

Ur = 2XZ [ Z xip; 3)
Where xis the mole fractionp; the density of the mixture and i& the acoustic impedance.

Rao’s specific sound velocityUg

U= (Zx; 1 py)° 4)

Where x is the mole fraction, Us the ultrasonic velocityp; the density of the mixture andis the Rao’s specific
sound velocity = &2 /p..

Jungie’s relation, Ujg

Usr = [(XaV1 + XV2) (xaM1+XoM3 ) Y7 [ (x2Ve/p1U+%:V ol pU%)] 2 5)

Where M, M, are molecular weights of constituent compongmtandp, are the densities of constituent
components

RESULTS AND DISCUSSION

Ultrasonic velocity and density for the pure compats methyl benzoate and 1-octanol at differentptratures
303.15K, 308.15K, 313.15K and 318.15K are givemaile 1.

The experimental values along with the values dated theoretically using Nomoto’s relation ,Idemixture
relation, impedance relation, Rao’s specific sowetbcity relation, and Junjie’s relation for thessgm methyl
benzoate + 1-Octanol at different temperatures 18)X3. 308.15K, 313.15K and 318.15K and are givertha
Tables 2.

It can be seen from Table 2 that the theoretichlesaof ultrasonic velocity calculated by usingivas theories
show deviation from experimental values. The litidtas and approximation incorporated in these tlesoare
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responsible for the deviations of theoretical valtrem experimental values. In Nomoto’s theorys isupposed that
the volume does not change on mixing. But on mitimg liquids, the interaction between the molecukethe two
liquids takes place because of the presence obuariypes of forces such as hydrogen bonding, eligigole,
dispersive forces, charge transfer and dipole-iadutipole interactions. The deviations of experitabvalues from
theoretical values calculated using Van Dael andgéal equation might be due to the compressibditythe
component liquids in the present mixture. The déwis of experimental values and values calculdtech
impedance relation and Rao’s relation imply noniadty of acoustic impedance and Rao’s velocitythe liquid
mixture. Large deviations are observed in caseinjigfs relation. Thus, the observed deviationhafdretical values
of velocity from the experimental values shows tiat molecular interactions are taking place [1yween the
unlike molecules in the liquid mixture.

Table-1 Ultrasonic velocity and density for pure omponents methyl benzoate and 1-octanol at 303.15808.15K, 313.15K and 318.15K.

303.15K 308.15K
Component Densityp | Velocity u | Densityp | Velocity u
(kg/m®) (m/s) (kg/m?) (m/s)

Methyl benzoate 1087.5 1404 1085.9 1376.84
1-octanol 803.03 1365 801.6 1326.31
313.15K 318.15K

Component Densityp | Velocity u | Densityp | Velocity u

(kg/m®) (m/s) (kg/n) (m/s)

Methyl benzoate 1084.1 1367.36 1083.9 1348.4p
1-octanol 800.00 1303.33 798.1 1291.5¢Y

On increasing the temperature, the ultrasonic Wglealues decrease in the binary liquid mixturais is probably
due to the fact that the thermal energy activdtestiolecule, which would increase the rate of aatoa of unlike
molecules [21]. Similar kinds of results were obéal by earlier workers [22-24].

The ratio ljeX,/UZMR is used to measure the non-ideality in liquid omigs, especially in those cases where the
properties other than sound velocity are not kndwats of L}ex,/ U%wr against mole fraction of methyl benzoate
1-octanolsystem at different temperatures are given in Figli is observed from figure that , the value of
UZeXp/UZMR is maximum at the mole fraction of 0.1 for theteys at the temperatures 303.15K and 318.15K .

Fig.1 Variation of U%/U%ur for Methyl benzoate + 1-octanol system.
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Table-2 Experimental and theoretical values of velocitiesnf.s®) in methyl benzoate +1-octanol system at differertemperatures

Xi | Usg | Uvow | Uwe | Us | Us | Ug
303.15 K
0.0000| 1365.00 1365.00 1365.00 1365J00 1365.00 .0B65
0.1258 | 1370.52 1368.8f 1369.77 137136 1369.87 .1362
0.2446| 1371.80 1372.74 1374.31 1376|89 1374.47 .8360
0.3570| 1376.84 1376.62 1378.63 1381|74 1378.84 .9660
0.4634 | 1380.00 1380.501 1382.75 1386/02 1382.98 .43G2
0.5643| 1383.52 1384.41 1386.69 1389|84 1386.92 .4365
0.6602| 1387.05§ 1388.31 1390.46 1393|26 1390.67 .9369
0.7514| 1390.00 1392.2P2 1394.06 139634 1394.24 .9375
0.8382| 1396.66 1396.14 1397.51 139914 1397.64 .6G83
0.9210| 1400.00 1400.0F 1400.82 1401|68 1400.89 .2392
1.0000| 1404.00 1404.00 1404.00 1404/00 1404.00 .0@04
308.15 K

0.0000| 1326.31] 1326.3
0.1258 | 1329.47 1331.3
0.2446| 1333.33 1336.3
0.3570| 1343.33 1341.3
0.4634 | 1348.42 1346.3
0.5643| 1351.79 1351.4
0.6602 | 1354.66 1356.4
0.7514 | 1357.89 1361.5
0.8382| 1369.41 1366.6
0.9210| 1373.68 1371.7
1.0000| 1376.84 1376.8

1326.31  1326{31 1326.31 .332
1332.46  1334/55 1332.60 .432
1338.32 1341{72 1338.55 .032
1343.91 1348/00 1344.20 .082
1349.25 1353|55 1349.57 .632
1354.35 1358/50 1354.67 .133
1359.24 1362/93 1359.53 .333
1363.92 1366/92 1364.16 .334
1368.40 1370(54 1368.58 .485
1372.71 137383 1372.80 .236
1376.84 1376/{84 1376.84 .837
313.15K

OO N[
oOPhWhANPRLP~NOMPMO

0.0000| 1303.33 1303.33 1303.33 1303|33 1303.33 .3303
0.1258 | 1306.66 1309.64 1311.05 1313|78 1311.27 .4302
0.2446| 1312.94 13159y 1318.43 1322|86 1318.80 .0303
0.3570| 1320.00 1322.3P 1325.49 1330{82 1325%.95 .2605
0.4634 | 1332.63 1328.69 1332.24 133786 1332.75 .9608
0.5643| 1335.7§ 1335.08 1338.71 1344]12 1339.21 .1814
0.6602 | 1335.78 1341.4Pp 1344.91 1349|74 134537 .1321
0.7514 | 1338.94 1347.93 1350.86 1354|79 1351.25 .8329
0.8382| 1346.66 1354.38 1356.58 1359|38 1356¢.86 .3340
0.9210| 1354.73 1360.86 1362.07 1363|55 1362.23 .1852
1.0000| 1367.36 1367.3p 1367.36 1367{36 1367.36 .3847
318.15 K
0.0000| 1291.57 1291.5¢ 1291.%7 1291|57 1291.57 .5291
0.1258 | 1301.0§ 1297.1y 1298.46 1300{86 1298.63 .1890
0.2446| 1302.35 1302.78 1305.03 1308{93 1305%.33 .2290
0.3570| 1310.52 1308.4P2 1311.31 1316j01 1311.68 .8@91
0.4634| 1312.94 1314.08 1317.31 1322]25 1317.71 .8894
0.5643| 1314.8 1319.7p 1323.05 132782 132345 .5299
0.6602 | 1320.00 1325.4p 1328.%5 1332|80 1328.92 .1805
0.7514| 1323.00 1331.16 1333.82 1337|128 1334.13 .6313
0.8382| 1326.00 1336.8p 1338.89 1341|35 1339.11 .3323
0.9210| 1330.00 1342.6p 1343.75 1345/04 1343.87 .8834
1.0000| 1348.42 1348.4p 1348.42 1348[42 1348.42 .4348
CONCLUSION

Theoretical evaluations of ultrasonic velocitiedinary liquid mixtures are determined, and thedigl of different
theories is checked. The study gives quite satisfacesults with all the theories and it is obsshthat out of all
the theories Nomoto’'s theory gives best resulttofiedd by ideal mixture relation and Rao’s theonyall the
systems studied due to the closeness in valuegebtavith respect to the experiment. The obseneadation of
theoretical values of velocity from experimentalues is attributed to the presence of intermolecul@ractions in
the systems studied.
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