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ABSTRACT

Ultrasonic velocity, viscosity and density of O-Chlorotoluene with Ethanol have been determined at various
temperatures in the range of 303.15K to 318.15K. The ultrasonic velocity, viscosity and density data are used to
estimate adiabatic compressibility, intermolecular free length and free volume along with their excess values. The
experimental variations of these parameters, with concentration and temperature, are discussed in terms of the
intermolecular interactions between the unlike mol ecules of the binary mixtures.
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INTRODUCTION

The ultrasonic studies are extensively used tonesé the thermodynamic properties and analyzentieennolecular
interactions of binary liquid mixtures. The soundlocity is one of those physical properties thatp hie
understanding the nature of liquid state. Usingnieasured values of sound velocity (u) and deigjtyiscosity())

the thermodynamic parameters such as adiabatic ressipility B.q),excess free volume(s\Jand intermolecular
free length (k) can be evaluate. The intermolecular free length i6 an important physical property of liquid
mixtures which mainly affects the sound velocityheTintermolecular free length decreases with dseseaf
temperature and hence the close packing of moleoutéch in effect decreases the sound velodt2][ The
adiabatic compressibilityBfy decreases with increase of velocity that givessgint into the structure making and
structure breaking of components in binary mixtufglsThe excess thermodynamic parameters such assexces
adiabatic compressibilitypgy), excess intermolecular free lengthy)(land free volume (Y are very useful to
understand the intermolecular interactions in himaixtures. When negative excess perameters aerais fi-6],
complex formation is suspected more often. The gmeexamination aims at understanding the molecular

interactions based on thermo dynamical param@tgand L and their excess functions & in the binary mixtofe
at 303.15K to 318.15K.

MATERIALSAND METHODS

All the materials procured of Sigma-Aldrich AR geadnd glassware used of Borosilicate make. Ordaniitls O-
Chlorotoluene , Ethanol was AR grade procured fi®igma-Aldrich are used directly without purificatioThe
densities and viscosities of the liquid compounédseameasured with specific gravity bottle and Oktwéscometer
pre calibrated with 3D water[8] of Millipore to mest mg/ml. The time taken for flow of viscous @éun Ostwald
viscosity meter is measured to a nearest 0.01 Aecelectronic digital stopwatch with an accuraéyd.01s was
used for flow time measurement. Borosilicate glassyw Japan make Shimadzu electronic balance sftiséty
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+0.001gm and an electrically operated constant éeatpre water bath of accuracy +0.1K has been tsed
circulate water through the double walled measudely made up of steel containing the experimestélition at
the desired temperature while conducting the erpants. 2MHz ultrasonic interferometer model no.544) with
least count of micrometer 0.001mm of Mittal Enté&spswas used for calculating velocities of sound waaed all
the tests were conducted as per ASTM standard guoes.

Theory and Calculations

In order to observe the inter molecular interactionliquid mixtures of O-Chlorotoluene with Etlenexperiments
were conducted to find the density, viscosity aalbeity of 2MHz ultrasonic waves for pure liquidsd for binary
liquid mixtures. The results of pure liquids arempared with literature values for considerationorfrthe
experimental data of binary mixtures, the derivext;ess values were calculated at various moleidractof O-
Chlorotoluene for understanding inter and intrdenolar interactions at each temperature.

Table.1. Comparison of experimental and literature values of density (p), viscosity (n) and velocity (U) of 2M Hz ultr asonic wave of pure
O-Chlorotoluene

Parameter 303.15K 308.15K 313.15K 318.15K
Expt. Lite. Expt. Lite. Expt. Lite. Expt. Lite.
Density(p) kg/m® | 1071.7 | 1072.79[15] 1067.20| 1068.21[16] 1063.10| 1064.21[16] 1061.p -
1072.86[16] 1067.60[17]
1072.50[17] 1068.21[4]
1072.80[18]
Viscosity(n) 0.8871| 0.8870[15] | 0.8186 - 0.7551 - 0.6902 -
Ns/m?
Velocity(U)y m/s | 1281.2| 1284.00[15] 1266.9 | 1262.70[17] 1249.8 - 1230.2 -
1280.70[16] 1265.64[18]
1283.61[18]

Table 2. Experimental and literature values of density (p), viscosity (n) and velocity (U) of 2M Hz ultrasonic wave for pure Ethanol
Par ameter 303.15K 308.15K 313.15K 318.15K
Expt. | Lite Expt. Lite. Expt. Lite. Expt. Lite.
Density(p) kg/m® | 782.9 | 781.00[10] 778.3 776.82[13]| 775.1 | 772.9[010] 770.9 | 768.08[13]
780.00[11] 779.80[14] 775.00[11]
784.40[14] 774.50[14]
Viscosity(n) 0.9817| 1.0040[10] 0.9174 | 0.9014[12]| 0.8333| 0.8350[10] 0.7753| 0.7642[12]
Ng/m? 1.0400[11] 0.9382[14] 0.8306[12]
0.9944[12] 0.8938[14]
0.9675[14]
Velocity(U) m/s | 1129.8| 1132.2[12] 1116.2| 1117.6[12] 1102.6| 1101.6[12] 1082.4| 1084.7[12]
1144.0[14] 1109.6[13] 1109.0[14] 1075.5[13]
1123.0[14]
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Table3. Ultrasonic velocity (U), Density (p), Viscosity (), adiabatic compressibility (8.4), inter molecular freelength (L), Acoustic
Impedence (Z) and free volume (Vy) for binary mixture of O-Chlorotoluene and Ethanol at different temperatures

Ad. Int. Mol.

Mole Mole Velocity Density Viscosity Comp. Free Acoustic Free
fraction | fraction m/sec Kg/m® Nsm? 10%° length Impedence Volume
(X2) (X2) ) () (m) N*m? 10%m (2) (Vi)

(Bac) (Ly)

T=303.15k
0.0000 1.0000 1129.8 782.9 0.9817 10.006 6.5639 0.8845 0.4357
0.0906 0.9094 1155 831.03 0.9667 9.0197 6.2318 0.9599 0.5746
0.1994 0.8006 1180.2 879.16 0.9517 8.1658 5.9295 1.0376 0.7633
0.3325 0.6675 1205.4 927.29 0.9367 7.4216 5.6529 1.1178 1.0245
0.499 0.501 1230.6 975.42 0.9217 6.7694 5.3988 1.2004 1.3951
0.713¢ 0.286¢ 1255.¢ 1023.¢ 0.906" 6.194¢ 5.164¢ 1.285¢ 1.938:
1.0000 0.0000 1281 1071.7 0.8917 5.6861 4.948 1.3729 2.7688

T=308.15K
0.0000 1.0000 1116.2 778.3 0.9174 10.312 6.7277 0.8687 0.4736
0.0906 0.9094 1141.31 826.45 0.9008 9.2891 6.3851 0.9432 0.6277
0.1994 0.8006 1166.42 874.6 0.8842 8.4038 6.0732 1.0201 0.8379
0.3325 0.6675 1191.53 922.75 0.8676 7.6331 5.7881 1.0994 1.1301
0.499 0.501 1216.64 970.9 0.851 6.9582 5.526 1.1812 1.5467
0.7135 0.2865 1241.75 1019.05 0.8344 6.3640 5.2859 1.2654 2.1596
1.0000 0.0000 1266.86 1067.2 0.8178 5.8384 5.0621 1.3519 3.1003

T=313.15K
0.0000 1.0000 1102.6 775.1 0.8333 10.612 6.8899 0.8546 0.8546
0.0906 0.9094 1127.1 823.1 0.8203 9.5631 6.5405 0.9277 0.9277
0.1994 0.8006 1151.6 871.1 0.8073 8.6553 6.2223 1.0032 1.0032
0.3325 0.6675 1176.1 919.1 0.7943 7.8647 5.9313 1.081 1.081
0.499 0.501 1200.7 967.1 0.7813 7.1721 5.6641 1.1612 1.1612
0.7135 0.2865 1225.2 1015.1 0.7683 6.5621 5.4179 1.2438 1.2438
1.0000 0.0000 1249.7 1063.1 0.7553 6.0222 5.1903 1.3286 1.3286

T=318.15K
0.0000 1.0000 1082 770.9 0.7753 11.072 7.1041 0.8344 0.5822
0.0906 0.9094 1107 819.4 0.7603 9.9576 6.7372 0.9071 0.774
0.1994 0.8006 1132 867.8 0.7463 8.9958 6.4035 0.9822 1.0341
0.3325 0.6675 1157 916.3 0.7323 8.1601 6.0988 1.0596 1.3958
0.499 0.501 1181 964.7 0.7183 7.4295 5.8194 1.1395 1.9109
0.7135 0.2865 1206 1013 0.7043 6.7874 5.5622 1.2218 2.6678
1.0000 0.0000 1231 1062 0.6903 6.2202 5.3248 1.3064 3.8274
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Tabled.Excess adiabatic compr essibility(Ap.s), excessinter molecular freelength(LF),excess Acoustic | mpedence (ZF) and excessfree
volume (V) for binary mixture of O-Chlorotoluene and Ethanol at different temperatures

X)) [ A [ LE T 75 [ Vv
T=303.15K

0.000C | 0.000( 0.000C | 0.000C | 0.000¢

0.090¢ | -0.595. | -0.1857 | 0.031: | -0.072¢

0.1994| -0.9794 -0.3122 0.0557 -0.13f6
0.3325| -1.1485 -0.3738 0.07Q9 -0.18p9
0.499 | -1.0811] -0.3587 0.0722 -0.2049
0.7135| -0.7291] -0.2464 0.0525 -0.16P1

1.000( | 0.000¢ | 0.000C | 0.000¢ | 0.000(
T=308.15k
0.0000| 0.0000{ 0.000Q 0.00Q0
0.0906| -0.6175 -0.1914 0.03Q97
0.1994| -1.0154] -0.3219 0.0549 -0.16p2
p 9
1

0.3325| -1.1902] -0.3852 0.06
0.499 | -1.1197] -0.369% 0.071
0.713t | -0.754¢ | -0.2537 | 0.051: | -0.189:
1.0000] 0.0000] 0.000d  0.0000  0.000
T=313.15K |
0.0000] 0.0000] 0.000d 0.000  0.0000
0.0906| -0.6325 -0.1952 0.0301  0.03(1
0.1994| -1.0403 -0.3282 0.0539  0.0539
0.332¢ | -1.219: | -0.392¢ | 0.068¢ | 0.068¢
0.499 | -1.1473 -0.3768 0.0698  0.0698
0.7135| -0.7733 -0.258¢ 0.0507  0.05(7
1.0000] 0.0000] 0.0000 0.0000  0.0000
T=318.15K
0.0000] 0.0000] 0.000d  0.0040
0.0906| -0.6724] -0.2049  0.0297
0.1994| -1.1042] -0.344] 0.0532
0.3325| -1.2924] -0.4114 0.0677 -0.26D6

8

1

0

0.499 | -1.2140] -0.3941 0.068
0.7135| -0.8169 -0.2701 0.052

1.0000| 0.0000| 0.000Q 0.009 0.0000
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Graph-1: Ultrasonic Velocity Vs Molefraction of O-Chlorotoluene M olefraction of O-CT
(X1) Graph -2: DensityVsMole fraction of O-Chlorotoluene ( X;)
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RESULTSAND DISCUSSION

The experimental values of density, viscosity altdasonic velocity for the pure compounds at 303.338.15,

313.15 and 318.15K are presented in Table 1 afth@.values of adiabatic compressibility, free léngtcoustic

impedence and free volume for the mixture at faffeint temperatures are given in Table 3. Thpeeve excess
values of these parameters have been evaluatepresehted in Table 4. The graphs 1-6 representedatiations

in adiabatic compressibilityp)f, free length (B and free volume ()Y with increasing mole fraction of O-
Chlorotoluene and the graphs 7-10 represents lbi txcess values with increasing mole fractionGsf

Chlorotoluene

CONCLUSION

The ultrasonic velocity, density, viscosity andeathelated experimental, derived and their excesameters were
calculated. The miscible organic binary liquid robg of O-Chlorotoluene and Ethanol shows the egatxcess
adiabatic compressibility,free volume and Intercaler free length represents the strong interastloetween the
unlike molecules of the binary mixture.
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