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Evaluation of Sound Velocity and Interaction Study in Binary
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Sound velocities have been predicted in the binary liquid mix-
tures of cyclohexane-benzene, cyclohexane-toluene and cyclohex-
ane-p-xylene at 30°C in the light of ideal mixing and Nomoto’s
relations. The relative merits of both relations have been assessed.
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INTRODUCTION

Nomoto’s relation" % and ideal mixing relation® * have been used to evaluate
sound velocity of binary liquid mixtures. A number of workers>™'> have observed
and compared the relative merits of both relations and evaluated the sound
velocities. The aim of the present work is two-fold, firstly to compare the merits
of Nomoto’s relation with ideal mixing relation and secondly to evaluate the
extent and magnitude of interaction between the conformation of cyclohexane,
which has chair and boat conformation, with that of planar structure of benzene
and the benzene ring containing methyl groups.

Theory

The Nomoto’s empirical relation of sound velocity (u) in binary liquid mixtures
has been extended to binary systems as:

R=XR; +X,R, ¢))
where R is related to the molecular weight M and density p as
R=M 15_y,1» @)
p
The additive molar volume is given by
V=X1V1 +X2V2 (3)

In the light of the above equations,
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RY _ XiRi+XR
us|o| =22 @)
The deviations from linearity are given by
AA = At = Aexp &)

where A may be R, u, v.
Van Dael’s relation for adiabatic compressibility in the light of Richardson'*

and Blandamer’s'® assumption can be extended to the binary mixtures, as follows:

Bs(im) = ¢; —— (1m) Bsh +02 7~ (m) (Bs)2 (6)

The above equation which holds true in the mixtures is an ideal one and also
Y1 =Y2 = Yim) Usmg the additional assumption that V, = V,, eqn. (6) takes the
form :

Bs(im) = X;(Bs)1 + Xa(Bs)2 @)
The sound velocities with eqns. (6) and (7) are rcspectively

X Vi +X,V, 1 Vi
X 8
XiM; +XoM; - uX(im) =0 Mpu? to M2u2 ®

and
X X

1 1 1 2 ©)

X = +
XM +XoMy © u¥(im) Mu? Myl

where ¢ and y are the volume fraction and principal specific heat ratio respectively
and quantities with suffixes 1 and 2 refer to the component liquids 1 and 2
respectively.

" RESULTS AND DISCUSSION

The values of experimental sound velocities and other essential data required
for the calculation have been taken from literature'® !7. The experimental sound
velocity values were accurate to + 0.50%, whereas the density values were
accurate to two part to 10°.

Table 1 lists the percentage deviation of sound velocity computed from
Nomoto’s empirical relation (AU/U ) percentage deviation of V and R, along with
experimental and theoretical sound velocities predicted from Nomoto and ideal
mixing relation, for all the three mixtures under the present investigation. An
inspection of Table-1 shows that all the quantities vary with the composition of
mixture. The negative as well as positive deviations in R from additive rule are
observed. It is negative in systems 1 and 2 and positive in system 3. However,
A% in molar volume are all negative in the systems 1, 2 and 3.

An inspection of Table-1 reveals that Unometo Values are in better agreement
with the experimental values for systems 2 and 3, whereas Uy, is showing better
agreement in system 1. The ratio uexp/u(,m) of the last column of Table-1 reveals
that the magnitude of uexp/u(,m) is appreciable nearing unity showing interactions
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TABLE-1

MAXIMUM PERCENTAGE DEVIATION OF MOLECULAR SOUND VELOCITY (R),
MOLAR VOLUME (v), FROM LINEARITY, MAXIMUM PERCENTAGE DEVIATION
OF THE SOUND VELOCITY (u) FROM NOMOTO’S EMPIRICAL RELATION AND

THE RATIO w2/l

Cyclohexane

AU/U

AVIV AR/R Uexp UNomoto Uim ng p/u?m
X1 (%) (%) (%) (%) (m/s) (m/s)
Cyclohexane-Benzehe (30°C)
0.0000 0.0000 0.0000 -0.0235 1277 1277.0070  1277.0000  1.0000
0.1009 0.8048 -0.1944 -0.0205 1262 1273.5271  1272.1568  0.9840
0.2002 1.3912 -0.4537 -0.1910 1250 1269.8435 1268.3904  0.9727
0.3008 1.6555 -0.5570 -0.0170 1242 1265.7065 1262.5616 - 0.9676
0.3991 1.8496 -0.6503 -1.5206 1235 1261.3929 1257.8432  0.9640
0.5014 1.8644 -0.6476 -1.2960 1230 1256.5746 12529328  0.9637
0.6009 1.8072 -0.6144 -1.0726 1226 1251.5395 1248.1568  0.9648
0.7007 1.5822 -0.5231 -0.8454 1224 1246.2900 1243.3664 0.9690
0.8007 1.1074 -0.4020 -0.6763 1225 1240.7267 1238.5664  0.9782
0.9005 0.5522 -0.1306 -0.3850 1227 12349601 1233.7760 0.9890
1.0000 0.0000 0.0000 -0.2368 1229 1229.0098  1229.0000 1.0000
Cyclohexane-Toluene (30°C)
0.0000 0.0000 0.0000 -8.9562 1284 1284.0100 1284.0000 1.0000
0.1017 -0.5036 -0.1411 -48.1835 1272 1277.5110  1278.4065 0.9900
0.2004 —0.7900 -0.2143 —48.6212 1263 1271.6184 12729780 0.9843
0.2995 -1.0787 -0.2751 -0.4905 1254 1265.7841 1267.5275 0.9787
0.3989 -1.2889 -0.3262 —49.4970 1246 1260.0003  1262.0605 0.9747
0.4988 1.4177 -0.3647 —49.9484 1239 1254.2846  1256.5660  0.9722
0.5989 -1.3825 -0.3931 -50.4222 1234 1248.5995 1251.0605 0.9729
0.6995 -1.2623 -0.7145 -53.1141 1230 12432193 12455274 0.9752
0.8004 -1.1401 -0.2969 -51.3259 1226 1238.1463 12399780 0.9775
0.8983 -0.7009 -0.1950 -51.7890 1226 1233.3957  1234.5935 0.9861
1.0000 -0.0000 -0.0015 9.8375 1229 1229.0098  1229.0000 1.0000
Cyclohexane-p-Xylene (30°C)
0.0000 0.0000 0.0000 0.0000 1289 1289.0098  1289.0024  1.0000
0.1012 0.5429 -0.1492 0.7113 1279 1282.1230  1311.1053  0.9938
0.2000 05511 -02577 12496 1270 1275.5874 13272752  0.9890
0.2999 07136 -0.3863 1.7738 1262 1269.2366  1341.3209  0.9858
0.4007 09543 -0.4523 2.0659 1253 1262.9456  1346.7049  0.9811
0.5024 1.0317 -0.4971 2.2290 1246 1256.6576  1346.7379  0.9796
0.6015 1.0411 -0.5059 22113 1240 1250.8366  1339.6360  0.9794
0.7012 0.9658 -0.6203 2.0075 1235 1243.3110  1325.0860  0.9809
0.8015 0.8050 -0.4443 1.5839 1231 12394229 1301.9861  0.9840
0.8991 04108 -0.3180 0.9390 1230 1234.1232  1270.8366  0.9918
1.0000 0.0000 -0.7019 0.0001 1229 1229.0098 12289970  1.0000
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between the components of the system. The molecular interaction in the system
may be explained on the concept that the cyclohexane has no planar structure but
it exists in chair and boat forms. Contrary to it, benzene has a planar structure.
When the concentration of cyclohexane is increased in benzene, the tilted ends
of the molecules of the former keep the molecules of the latter farther. Due to
this more space is created when we compare the value of u&xp/u(%m) at almost the
same amount of X (X; = 0.6009 in the 1% system, X, = 0.5989 in the 2" system
and X = 0.6015 in the 3" system) the values are in the increasing order showing
that there is a weak interaction between unlike molecules. The interaction between
cyclohexane-p-xylene is more than that in the cyclohexane -toluene, further more
than cyclohexane-benzene. The presence of methyl group present in toluene and
p-xylene molecules creates hindrance producing more space which has also been
noted by Pande et al.'% on the basis of molar volume, available volume and free
volume data.
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