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ABSTRACT

Ultrasonic velocity evaluated from Nomoto’s relatio/an Dael ideal mixing relation, impedance redati Rao’s
specific velocity relation and Junjie’s theory hlasen compared in the three binary mixtures of duiroas a
common component with o-cresol, m-cresol and petras303.15, 308.15, 313.15 and 318.15 K overehtire
composition range. A good agreement has been fobeiveen experimental and theoretical ultrasonic
veIocities.LﬁeX,{UZimx has also been evaluated for non-ideality in thetunes. The relative applicability of these
theories to the present systems has been checkediscussed. The results are explained in termmalécular
interactions occurring in these binary liquid mixts.
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INTRODUCTION

For better understanding of molecular arrangemémtéiquids results of theoretical evaluation of raftonic
velocities are used. Ultrasonic study of liquid digdid mixtures has been gained much importanaenduhe last
two decades in assessing the nature of molecularaictions and investigating the physicochemiclab®mur of
such systems. Several researchers [1-5] carriedilbiasonic investigations on liquid mixtures aratrelated the
experimental results of ultrasonic velocity withetinetical relations of Nomoto [6], Van dael and Yeeal [7],
impedence relation [8], Rao’s specific velocity [@hd Junjie [10] and the results are interpretedeims of
molecular interactions. Velocities in three bindguid mixtures of quinoline with o-cresol, m-crésmd p-cresol
using the above theoretical relations are comparitll the experimental values of ultrasonic vel@stiat four
temperatures 303.15, 308.15, 313.15 and 318.15rKatfempt has been made to study the molecularactien
from the deviation in the values OFA,JJUZimX from unity based on the earlier studies.

EXPERIMENTAL SECTION

The chemicals used were of AnalaR grade and olatdiioen SDFCL chemicals (quinoline) and Merck (cteso
The chemicals were purified by standard proceddrd. [The purity of samples was checked by comparing
experimental values of density and ultrasonic viglowith the available literature [12,13] compiléad Table 1.
Job’s method of continuous variation was used &pare the mixtures of required proportions. Thepared
mixtures were preserved in well-Stoppard conicaskk. After mixing the liquids thoroughly, the #aswere left
undisturbed to allow them to attain thermal equilin.

The densities of pure liquids and liquid mixturesrezmeasured by using a specific gravity bottldait accuracy

of £ 0.5%. Weights were measured with an electrbalance (Shimadzu AUY220, Japan) capable of meapsup
to 0.1mg. An average of 4-5 measurements was takesach sample.
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The ultrasonic velocities were measured by usimglsi crystal ultrasonic pulse echo interferometglittal
enterprises, India; Model: F-80X). It consists dfigh frequency generator and a measuring cell.néasurements
of ultrasonic velocities were made at a fixed fregey of 3MHz. The calibration of the equipment vdame by
measuring the velocity in carbon tetrachloride @edzene. The results are in good agreement withitérature
values [14]. The ultrasonic velocity has an accymaic+ 0.5 ms. The temperature was controlled by circulating
water around the liquid cell from thermostaticalbntrolled constant temperature water bath.

THEORY
Nomoto established an empirical relation for ulbrdis velocity in binary liquid mixtures as

Un = [(%Ri+%R,) /(%V 14X,V )] (1)

Where R is molar sound velocity; and % are the mole fractions of'land 2 components of the liquid mixture
and V is molar volume.

Van Dael and Vangeel Ideal mixing relation
Uime = [(X/M1U%1 + %/MoU%) (M 1+%oM )] 2 3

Where U, is the ideal mixing ultrasonic velocity in liquidixture. U, and U are ultrasonic velocities of individual
compounds.

Impedance dependent relation

Uim = ZXZ; [ Z Xip; 3
Where xis the mole fractiony; the density of the mixture and i& the acoustic impedance.
Rao’s specific velocity

Ur= (2 1)’ (4)

Where xis the mole fraction, UUs the ultrasonic velocityp; the density of the mixture andis the Rao’s specific
sound velocity = &3 /p;and Zis the acoustic impedance.

Jungie equation
Uy = (aMa/p1 + X%Mo/po)/ [{X 1M 1+%M o} 2 X {X 1M1/p1 U1+ XM p,UZo)] V2 ®)

Where M, M, are molecular weights of constituent componeptsand p, are the densities of constituent
components.

RESULTSAND DISCUSSION
Comparison of theoretical values of ultrasonic g#ies with those obtained experimentally in thegemt binary
liquid mixtures is expected to reveal the naturatdraction between the component molecules imtixture. Such

theoretical study is useful in building the compmes$ive theoretical model for the liquid mixtures.

Table-1 Experimental and literature values of density and ultrasonic velocity of pureliquidsat 303.15K

p/ (kg.m3) U/ (m.s?
Expt. Lit. Expt. Lit.
Quinoline | 1085.45 1085.89 1554 1547
o-Cresol | 1036.20 1036°2| 1485.26| 1485.3
m-Cresol | 1025.84 1025.8| 1464.21| 14642
p-Cresol | 1026.50 10265 1461 14682
Expt. — Experimental; Lit. — LiteraturéRef. 12Ref.13

Liquids

The theoretical evaluation of sound velocity bagedlifferent models in liquid mixtures has beendusecorrelate
with the experimental findings. The theoreticalues of ultrasonic velocities calculated by using¢lquations (1-5)

1800



K. Narendraet al J. Chem. Pharm. Res,, 2012, 4(3):1799-1806

along with the experimental values for all the ¢ghneixtures at temperatures of 303.15, 308.15, 318t 318.15K
are given in Tables 2-4.

It can be seen from Tables 2-4 that the theoretighles of ultrasonic velocity calculated by usirgious theories
show deviation from experimental values. The littas and approximation incorporated in these tlesoare
responsible for the deviations of theoretical valfrem experimental values. In Nomoto’s theorys isupposed that
the volume does not change on mixing. But on miximg liquids, the interaction between the molecukthe two
liquids takes place because of the presence obusiypes of forces such as dispersive forcesgehansfer,
hydrogen bonding, dipole-dipole and dipole-indudamble interactions. The deviations of experimertdlies from
theoretical values calculated using van Dael andgéal equation might be due to the compressibditythe
component liquids in the present mixtures. The atémis of experimental values and values calculditech
impedance relation and Rao’s relation imply non#hdty of acoustic impedance and Rao’s velocitytihe liquid
mixtures. Large deviations are observed in casduaofie’s relation. Thus, the observed deviationtheforetical
values of velocity from the experimental valueswgtidhat the molecular interactions are taking plfice19]
between the unlike molecules in the liquid mixture.

Table-2 Experimental and theoretical values of velocities (m.s?) in quinoline + o- cresol system at different temperatures

X1 | U | Uv | Um | Um | Uz [ U
303.15K
0.0000| 1485.26 1485.26 1485.26 1485[26 1485.26 .0959
0.0888 | 1500.00 1492.00 1490.07 149160 1491.25 .9441
0.1798 | 1509.47 1498.78 1495.23 1498/04 1497.41 .8464
0.2732| 1515.79 1505.5f 1500.7T8 150459 1503.75 .8847
0.3690 | 1525.26 1512.38 1506.T4 1511{25 1510.27 .9270
0.4672| 1531.58 1519.2p 1513.16 1518/02 1516.97 .1874
0.5681 | 1534.21] 1526.0f 1520.07 1524(91 1523.88 .4@77
0.6717| 1537.89 1532.94 1527.53 1531[92 1531.00 .7480
0.7782| 1544.21] 1539.88 1535.%8 1539(05 1538.33 .1884
0.8876 | 1550.53 1546.7p 1544.27 1546[(30 1545.89 .6487
1.0000| 1553.68 1553.68 1553.68 1553|68 1553.68 .2891
308.15K
0.0000| 1466.84 1466.84 1466.84 1466/84 1466.84 .6344
0.0888 | 1493.68 1475.0f 1473.07 147462 1474.16 .6948
0.1798 | 1506.16 1483.33 1479.67 148252 1481.69 .8452
0.2732| 1512.63 1491.68 1486.69 1490/56 1489.44 .1857
0.3690 | 1518.95 1499.9F 1494.14 1498(72 1497.41 .3261
0.4672| 1522.42 1508.33 1502.08 1507/03 1505.63 .1@66
0.5681 | 1528.57 1516.783 1510.%4 1515{47 1514.09 .1870
0.6717 | 1534.21] 1525.1F 1519.58 1524/05 1522.82 .%875
0.7782| 1543.00 1533.64 1529.24 1532(78 1531.82 .4880
0.8876 | 1546.21 1542.14 1539.%8 1541(65 1541.10 .3485
1.0000| 1550.68 1550.68 1550.68 155068 155(.68 .6990
313.15K
0.0000| 1452.11] 1452.1)0 1452.11 145211 1452.11 .%933
0.0888 | 1487.37 1461.4Pp 1459.36 1460(96 146(0.41 .3338
0.1798 | 1503.16 1470.7p 1467.01 1469/95 1468.94 .6a43
0.2732| 1507.59 1480.1p 1475.10 1479/09 1477.73 .8348
0.3690 | 1509.47 1489.6p 1483.65 1488(37 1486.79 .2@54
0.4672| 1513.63 1499.1p 1492.71 149781 1496.12 .7359
0.5681 | 1515.79 1508.7p 1502.32 1507(39 150%.73 .4365
0.6717| 1519.79 1518.2p 1512.53 151714 1515.65 .2971
0.7782| 1525.26 1527.94 1523.40 1527/05 152%.89 .3277
0.8876| 1535.89 1537.68 1534.99 1537{12 1536.45 .3383
1.0000| 1547.37 1547.3f 1547.37 1547|37 1547.37 .9289
318.15K
0.0000| 1437.068 1437.06 1437.¢6 1437|06 1437.06 .1322
0.0888| 1481.059 1447.20 1445.08 144674 1446.10 .1427
0.1798 | 1493.68 1457.3p 1453.52 1456/56 1455.40 .4833
0.2732| 1500.00 1467.64 1462.42 1466/54 1464.99 .3839
0.3690 | 1503.16 1477.9p 1471.80 1476/68 1474.86 .4945
0.4672| 1506.32 1488.32 1481.71 1486/98 1485.05 .7951
0.5681 | 1509.47 1498.76 1492.20 149745 149%.55 .2858
0.6717| 1516.00 1509.283 1503.32 1508/08 1506.38 .9464
0.7782| 1520.10 1519.78 1515.13 1518(89 1517.56 .8471
0.8876 | 1528.42 1530.3p 1527.68 1529(88 1529.12 .92978
1.0000| 1541.05 1541.0b 1541.05 1541|/05 1541.05 .3386
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Table-3 Experimental and theoretical values of velocities (m.s™) in quinaline + m- cresol system at different temperatures

Xl | ng | UN | Uimx | Ulm | UR | UJ
303.15K
0.0000| 1464.21 1464.2]l 1464.21 146421 1464.21 .6845
0.0896 | 1488.00 1472.84 1470.85 1472|49 1471.94 .4849
0.1813| 1495.84 1481.50 1477.87 1480{88 1479.88 .4453
0.2752| 1509.47 1490.1p 1485.30 1489{37 1488.03 .4457
0.3713| 1518.95 1498.92 1493.17 1497|197 1496.41 .@841
0.4697 | 1528.42 1507.68 1501.%2 150669 1505%.02 .9465
0.5706 | 1532.00 1516.4F 1510.39 1515/51 1513.89 .4270
0.6740| 1544.21 1525.3p 1519.81 1524/46 1523.00 .0475
0.7799| 1547.37 1534.1y 1529.85 1533|52 1532.39 .1879
0.8886 | 1549.00 1543.0f 1540.56 1542|70 1542.05 .&384
1.0000| 1552.00 1552.0p 1552.00 1552[/00 1552.00 .6E&89
308.15K
0.0000| 1456.00 1456.0p 1456.00 1456/00 1456¢.00 .6@40
0.0896 | 1484.00 1465.2]l 1463.20 1464/88 1464.26 .8644
0.1813| 1487.00 1474.4F 1470.80 1473|86 1472.75 .2849
0.2752| 1494.00 1483.7f 1478.81 1482[96 1481.48 .8453
0.3713| 1500.00 1493.1p 1487.28 1492|18 1490.45 .2458
0.4697| 1513.00 1502.48 1496.24 150151 1499.67 .3863
0.5706 | 1522.00 1511.9p0 1505.73 1510/96 1509.16 .3868
0.6740| 1533.00 1521.3f 1515.79 152053 1518.92 .%373
0.7799| 1540.00 1530.8f 1526.49 1530{23 1528.97 .8878
0.8886 | 1544.21] 1540.4)0 1537.87 1540/05 1539.33 .3484
1.0000| 1550.00 1550.0p 1550.00 1550/00 1550.00 .0390

313.15K

0.0000| 1444.00 1444.0Dp 1444.00 1444/00 1444.00 .3831
0.0896 | 1481.00 1453.9F 1451.92 1453|64 1452.95 .1836
0.1813| 1484.00 1463.99 1460.24 1463/40 1462.15 .1841
0.2752| 1491.00 1474.06 1469.00 1473[28 1471.61 .98446
0.3713| 1497.00 1484.1p 1478.23 1483|128 148]1.33 .3852
0.4697 | 1503.00 1494.3p 1487.98 1493[41 1491.34 .9257
0.5706 | 1516.00 1504.59 1498.27 1503|66 1501.63 .2663
0.6740| 1521.00 1514.86 1509.16 1514/05 1512.23 .6@69
0.7799| 1528.00 1525.1p 1520.71 152456 1523.15 .1375
0.8886 | 1538.00 1535.5f 1532.97 1535/21 1534.40 .0882
1.0000| 1546.00 1546.0p 1546.00 1546/00 1546.00 .6A88
318.15K
0.0000| 1433.00 1433.0p 1433.00 1433/00 1433.00 .2223
0.0896 | 1475.00 1443.4p 1441.36 1443[12 1442.38 .1328
0.1813| 1478.00 1453.9p 1450.14 1453|35 1452.02 .2434
0.2752| 1481.00 1464.50 1459.36 146372 1461.93 .8839
0.3713| 1487.00 1475.12 1469.07 1474|121 1472.13 .1845
0.4697| 1497.00 1485.7p 1479.30 1484(84 1482.62 .8451
0.5706 | 1506.00 1496.5P 1490.10 1495|59 1493.42 .0458
0.6740| 1514.00 1507.3Q 1501.%1 1506/48 1504.55 .2864
0.7799| 1519.00 1518.1p 1513.%9 151751 1516.01 .2471
0.8886 | 1532.00 1529.04 1526.40 1528|69 1527.82 .1878
1.0000| 1540.00 1540.0p 1540.00 1540/00 1540.00 .3285

On increasing the temperature, the ultrasonic Wgla@lues decrease in the three binary liquid omies. This is
probably due to the fact that the thermal energivaies the molecule, which would increase the oftassociation
of unlike molecules [20].

Plots of Lfexp/ U2 against mole fraction of quinoline for all the tarmixtures at different temperatures are given
in Figures 1 to 4, respectively. It is observedrfriigures that as the temperature increases, the \d LFeXJUZimX
increases in all the systems. The rathx,l,zu%mx is used to measure the non-ideality in liquid mnigs, especially in
those cases where the properties other than salacity are not known.
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Table-4 Experimental and theoretical values of velocities (m.s™) in quinaline + p- cresol system at different temperatures

Xl | Ugg | UN | Uimx | Ulm | UR | UJ

303.15K
1461.00 1461/00 1461.00 .04
1467.75 1469/39 1468.83 .984
1474.88 1477|88 1476¢.87 .049
1482.42 1486/48 1485%.13 .24@§
1490.41 1495/20 1493.62 .@85
1498.87 1504/03 1502.36 .144
1507.86 1512|198 1511.34 .186
1517.41 1522|05 152().58 .237
1527.%8 1531j24 153(0.10 .487
1538.42 1540/56 1539.90 .%228
1550.00 1550/00 155(.00 .I48

308.15K

0.0000| 1461.00 1461.0
0.0896 | 1472.00 1469.7
0.1812| 1491.00 1478.5
0.2751| 1500.00 1487.3
0.3711| 1505.00 1496.1
0.4696 | 1514.00 1505.0
0.5704| 1522.00 1513.9
0.6738| 1533.00 1522.9
0.7798 | 1541.0§ 1531.9
0.8885| 1547.37 1540.9
1.0000| 1550.00 1550.0

O[O [W 0[O 00w o [H=O
NN NNNW0OSOON

0.0000| 1449.00 1449.0Dp 1449.00 1449/00 1449.00 .3233
0.0896 | 1458.00 1458.7P 1456.73 1458/43 1457.77 .1338
0.1812| 1470.00 1468.62 1464.87 1467|199 1466.79 .1@43
0.2751| 1486.00 1478.50 147344 1477|66 1476.06 .2348
0.3711| 1500.00 1488.444 1482.48 1487|46 148%.60 .%253
0.4696 | 1506.00 1498.40 1492.02 1497{38 1495.40 .9@458
0.5704| 1516.00 1508.43 1502.12 1507/44 150%.50 .&364
0.6738| 1528.42 1518.5p 1512.80 151762 1515%.89 .4870
0.7798 | 1534.89 1528.62 1524.14 1527/94 1526.60 .4476
0.8885| 1541.05 1538.7Pp 1536.18 1538/40 1537.63 .6482
1.0000| 1549.00 1549.0p 1549.00 1549/00 1549.00 .0489
313.15K
0.0000| 1436.00 1436.0p 1436.00 1436/00 1436.00 .1823
0.0896 | 1446.00 1446.74 1444.61 1446|38 1445.63 .8@28
0.1812| 1462.00 1457.54 1453.65 1456/89 145%.53 .6@34
0.2751| 1476.00 1468.3p 1463.14 1467(54 1465.72 .6@40
0.3711| 1494.00 1479.3p 1473.13 1478|132 1476.20 .8@46
0.4696 | 1500.00 1490.2F 1483.65 1489[24 1486¢.98 .2453
0.5704| 1506.00 1501.3p 1494.75 1500/30 1498.08 .83959
0.6738| 1516.00 1512.3p 1506.48 1511/50 1509.52 .6466
0.7798 | 1525.00 1523.58 1518.89 1522{85 1521.31 .7473
0.8885| 1535.00 1534.74 1532.04 1534|35 1533.46 .0881
1.0000| 1546.00 1546.0p 1546.00 1546/00 1546.00 .6A88
318.15K
0.0000| 1424.00 1424.0D0 1424.00 1424/00 1424.00 .23214
0.0896 | 1440.00 1435.1) 1432.96 1434[77 1433.97 .1220
0.1812| 1456.00 1446.2p 1442.36 1445|67 1444.23 .2426
0.2751| 1472.00 1457.5P 1452.22 1456{70 1454.77 .%432
0.3711| 1484.00 1468.88 1462.%9 1467|88 1465%.63 .1439
0.4696 | 1494.00 1480.1p 1473.50 1479[20 1476¢.80 .8845
0.5704 | 1497.00 1491.62 1485.01 1490/66 1488.31 .8352
0.6738 | 1512.00 1503.12 1497.15 1502|126 1500.17 .1360
0.7798| 1517.00 1514.68 1509.99 151402 1512.39 .6267
0.8885| 1528.42 1526.3]l 1523.%8 1525/93 1525.00 .3475
1.0000| 1538.00 1538.0p 1538.00 1538/00 1538%.00 .3483
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Fig.1 Variation of U%y,/U%, at temperature 303.15K for different systems.
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Fig. 2 Variation of U%,/U%, at temperature 308.15 K for different systems.
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Fig. 3 Variation of U%,/U%, at temperature 313.15K for different systems.
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Figure-4 Variation of U%y,/U% at temperature 318.15K for different systems.
CONCLUSION

Theoretical evaluations of ultrasonic velocitiestlimee binary liquid mixtures are determined, amel validity of
different theories is checked. It is observed thatof all the theories Nomoto’s theory gives brestults followed
by Impedance dependence relation in all the systtuased.
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