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Abstract: The viscosities, densities and ultrasonic velocities of binary liquid mixtures of Anisaldehyde with
o-xylene, m-xylene and p-xylene have been measured at temperatures (303.15, 308.15, 313.15 and 318.15) K over
the entire range of mole fraction. These data have been used to evaluate adiabatic compressibility (), free
volume (Vp), free length (L), mternal pressure (1) and enthalpy (H). Excess values of above parameters have
also been calculated and fitted to the Redlich-Kister polynomial relation to estimate the binary coefficients and
standard errors. The excess values of adiabatic compressibility and free volume are negative for all the binary
mixtures. The results are interpreted in terms of molecular interactions present in the mixtures.
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INTRODUCTION

The wultrasonic velocity measurements play an
important role in understanding the physicochemical
behavior of liquids. Being sensitive to very low
population densities at lugh energy states, ultrasonic
methods are reported to be complimentary to the other
technmiques  like  dielectric  relaxation,  infrared
spectroscopy, nuclear magnetic resonance, etc.
Thermodynamic properties derived from the measurement
of ultrasomic velocity, density and viscosity for bmary
mixtures are useful in understanding the nature and type
of intermolecular interactions between the component
molecules (Saravanakumar et al., 2010, Singh et al., 2005).
Excess thermodynamic properties of mixtures are useful in
the study of molecular interactions and arrangements.
Nain et al. (2010) and Singh et al. (2004) have carried out
mvestigations of thermophysical properties of binary
liquid mixtures contaiming aromatic ethers.

In order to study, the thermodynamic properties and
molecular interactions in the mixture of anisaldehyde with
o-xylene, m-xylene and p-xylene, the ultrasonic velocity
(1), density (p) and viscosity (1) over the entire range of
composition at (303.15, 308.15, 313.15and 318.15) K are
reported in the present study. The experimental values of
u, p and 1 were used to calculate the adiabatic
compressibility (), free volume (Vy), free length (L;),
internal pressure (1) and enthalpy (H). From these results
the excess parameters have been calculated and fitted to

the Redlich-Kister type (Redlich and Kister, 1948)
polynomial equation to derive the binary coetficients and
the standard deviations between experimental and
calculated results.

MATERIALS AND METHODS

The chemicals used were of analar grade and
obtained from SRL Chemicals, Mumbai. They were
purified by standard procedure (Perrin and Armarego,
1988). The purity of samples was checked by comparing
the densities, ultrasonic velocities and viscosities of the
pure compounds at 303.15 K with the available literature
as shown in Table 1. Job’s method of continuous
variation was used to prepare the mixtures of required
proportions. The prepared mixtures were preserved in
well-stoppered conical flasks. After mixing the liquids
thoroughly, the flasks were left undisturbed in order to
allow them to attain thermal equilibrium.

The densities of pure liquids and liquid mixtures were
measured by using a specific gravity bottle with an
accuracy of +0.5%. An electronic balance (Shimadzu
AUY220, Japan), with precision of 0.1 mg was used for
the mass measurements. An average of 4-5 measurements
was taken for each sample. Viscosities were measured at
the desired temperature using Ostwald’s viscometer,
which was calibrated using water and benzene. The flow
time has been measured after the attainment of bath
temperature by each mixture. The flow measurements were
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made with an electronic stopwatch with a precision of
0.01 sec. The viscosities were obtained from the following
relation:
n=k.p.t (1)

where, k, p and t are viscometric constant, density of
liquid and time of efflux for a constant volume of liquid,
respectively. The values are accurate to £0.001 mPa.s.

The ultrasonic velocities were measured by using a
single crystal ultrasonic pulse echo interferometer
(Model: F-80X Mittal enterprises, India) which consists
of a high frequency generator and a measuring cell. The
measurements of ultrasonic velocities were made at a fixed
frequency of 3 MHZ. The capacity of the measuring cell
is 12 mL. The equipment was calibrated by measuring the
velocity in carbon tetrachloride and benzene. The results
are in good agreement with those reported in literature
(Lide and Frederikse, 1995). The ultrasonic velocity has an
accuracy of £0.5 m sec™". The temperature was controlled
by circulating water around the liquid cell from
thermostatically controlled constant temperature water
bath with an accuracy of £0.01 K.

From the experimental data of density, viscosity and
ultrasonic velocity, various thermodynamic parameters are
evaluated using standard equations mentioned below:

Adiabatic compressibility:

(2

¢ Internal pressure:

oyl 3

where, b 1s a packing factor, K 13 a dimension less
constant (Pandey ef al, 1993a) independent of
temperature and nature of liquids and its value is 4.28x10°
and 1) 18 the viscosity. The other symbols have their usual
meaning.
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+  Free volume:
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where, M, 15 the effective molecular weight and K 1s
proportionality constant which 1s sensitive to molecular
phenomenon.

* Intermolecular free length:

(5)

L= KTE'M

137

where, K; is the temperature dependent constant.

Enthalpy:

(6)

where, V, is the molar volume and m is the internal
pressure.

¢ Excess Gibb’s free energy of activation:

G* = RT[]I][

The strength of interaction between the component
molecules of binary mixtures 1s well reflected n the
deviation of the excess functions from ideality
(Pandey et al, 1993b). The excess properties such as
B® V&, n°, Hf and L have been calculated using the
equation:

MV
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—= | —xn T ¥a
v, PR
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9

YE

= Yo — [X Y 45, Y] (8)
where, Y* is B* or V¥ or tfor L. or H® and x represent mole
fraction of the component and subscript 1 and 2 for the
components 1 and 2.

The excess values of above parameters for each
mixture have been fitted to Redlich-Kister polynomial
equation:

©)

3
VP = w1 ) e (2%~ 1
1=

The values of the coefficients a; were calculated by
method of least squares along with the standard deviation
0 (Y®). The coefficient is adjustable parameters for a better
fit of the excess functions. The standard deviation values
were obtained from:

Z in=1 (YeExpl —

m-n

(10)

E 2 1z
Y,
G(YE) _ cal) }

where, m 18 the number of experimental points, n is the
number of parameters, Y_, and Y, are the experimental
and calculated parameters, respectively.

RESULTS AND DISCUSSION

The experimental results of ultrasonic velocity,
density and viscosity of the pure hiquids at 303.15 K are
compared with the published data in Table 1. The values
of ultrasonic velocity, density and viscosity were taken
for all the three mixtures at four different temperatures and
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Table 1: Experimental and literature values of ultrasonic velocity (1), density (p) and viscosity (1) of pure liquid components at 303.15 K

U (m sec™!) px107% (kg m™) mx107 (Nsm™2)

Liquid Expt* Lit* Expt* Lit* Expt* Lit*
Anisaldehyde 1694.33 1684° 1.1252 1.1255 3.2512 3.275
o-xylene 1338.75 1328.30° 0.8707 0.8707 0.7051 0.708
m-xylene 1304.21 1300.34* 0.8557 0.8555 0.5544 0.552°
p=ylene 1288.43 1289.68" 0.8528 0.8523" 0.5782 0.576°
*Expt: Experimental value, *Lit: Literature value, Bhaskaran and Kubendran (2008), Al-Kandary et al. (2006)
Table 2: Ultrasonic velocity (L), density (p) and viscosity (1) for the binary systems at varying temperatures

U (m sec™) =107 (kg m™) n=107% (Nsm™%)
Mole fraction, X; 303.15 30815  313.15 31815 303.15 30815 313.15 31815 303.15 30815 31315 31815
anisaldehyde+o-xylene
0.0000 133875 131500 129750  1278.15 0.8707 0.8694  0.8677 0.8659 0.7051 0.6652  0.6211 0.5691
0.1007 1381.73  1356.74 1335.25 1308.74 0.918% 0.9160 0.9133  0.9060 0.8305 0.7886  0.7383 0.6730
0.2012 1415.52  1390.01 1367.16  1335.85 0.9282 0.9257 09217 09168 0.9746  0.9254  0.8682 0.7802
0.3016 145079 142517 140010  1363.08 0.9385 0.9348 09303 09245 1.1473 1.0964  1.0423 0.9363
0.4018 148547  1460.20 1432.84  1390.89 0.9976  0.9930 0.9896 09827 1.3428 1.2817  1.1989 1.0874
0.5019 152000 149501 1465.95 1418.67 10006 09971 09942 0.9872 1.5873 1.5214  1.4223 1.2641
0.6018 155472 1529.88 1498.89  1446.25 1.0158 1.0127  1.0084 1.0029 1.8103 1.7308  1.6263 1.4619
0.7016 159641 1570.18 1534.84  1475.68 1.0424 1.0382  1.0343 1.0291 2.0867  2.0233 1.9108 1.7142
0.8012 1650.27  1620.04 1580.95 1514.86 1.0678 1.0593  1.0577 1.0529 27389 26372 24949 2.2620
0.9007 1673.45 164735 1608.08 1536.11 11067 1.0957 1.0914 1.0869 2.9809  2.8714 27171 2.4706
1.0000 1694.33  1670.67 1631.33 1557.00 11252 1.1116  1.1095  1.1047 32512 31306 29614 2.6822
anisaldehyde+tm-xylene
0.0000 1304.21 128527 126632  1244.21 0.8557 0.8487 0.8458 0.8405 0.5544  0.5229  0.4932 0.4684
0.1023 1353.73  1331.96 1309.17  1280.17 0.8900 0.8833 0.8812 08755 0.6669  0.6301  0.5950 0.5606
0.2040 139152 1369.06 1344.84  1310.57 0.9058 0.9006 0.8975 0.8927 0.8017  0.7603  0.7166 0.6716
0.3053 142979 140722 1381.10  1341.21 0.9213 09164 09134 09084 0.9653 0.9167  0.8584 0.8036
0.4060 1467.47 144558 1416.84  1372.28 0.9561 0.9534 09506 0.944 1.1554 1.1019  1.0372 0.9617
0.5062 1505.00 148290 1452.69  1403.53 0.9825 09782 09755 09715 1.3887 1.3273  1.2481 1.1494
0.6060 1543.32 152041 148827  1434.52 1.0055  1.0008  1.0000 0.9979 1.6391 1.5702  1.4818 1.3626
0.7052 1589.41 156655 1529.75 1467.02 1.0361 1.0315 1.0295 1.0257 1.9248 1.8522 1.7494 1.6009
0.8040 1646.27 1617.88 1576.89  1510.24 1.0630  1.0575  1.0532 1.0479 27070 26098  2.4719 2.2452
0.9022 1671.45 1646.88 1606.93 1534.11 1.0983 1.0884 1.0839 1.0773 2.9363 2.8398  2.6905 2.4539
1.0000 1694.33  1670.67 1631.33 1557.00 11252 1.1116  1.1095  1.1047 32512 31306 29614 2.6822
anisaldehyde+p-xylene
0.0000 128843 127579 1253.68  1234.73 0.8528 0.8460 0.8430 0.8369 0.5782  0.5501  0.5065 0.4912
0.1026 1341.85 132600 1299.15 1272.62 0.8866 0.8820 08791 08731 0.6933 0.6616  0.6090 0.5861
0.2046 1380.25 1362.85 133632 130410 0.9018 0.8987 0.8951 0.8903 0.8294  0.7945  0.7316 0.6993
0.3060 142021 140175 1373.68 133599 09168 0.9119 09080 09039 0.9937 09496  0.8763 0.8317
0.4068 145920 1440.79 1411.26  1367.67 0.9518 0.9484 09437 09389 1.1904 1.1388  1.0517 0.9902
0.5071 1498.58 147943  1448.01 1399.59 0.9789  0.9748  0.9703  0.9657 1.4278 1.3706  1.2786 1.1815
0.6068 153841 151825 1484.25 1431.32 0.9975 0.9938 0.9914 09871 1.6707 1.6079  1.4986 1.3886
0.7059 1586.12 156539 1528.61 1465.86 1.0305 1.0282  1.0267 1.0237 1.9594 1.8919  1.7712 1.6272
0.8045 1644.80  1616.73 1576.03 1510.38 1.0602 1.0554  1.0515 1.0468 27188 26212 24789 2.2523
0.9025 1670.82 164672 1606.85 1534.35 1.0949  1.0861 1.0834 1.0746 2.9578  2.8541 27092 2.4628
1.0000 1694.33  1670.67 1631.33 1557.00 11252  1.1116  1.1095  1.1047 3.2512  3.1306  2.9614 2.6822

are shown m Table 2. From these values, various
acoustical parameters like adiabatic compressibility, free
length, free volume, internal pressure and enthalpy have
been evaluated. The excess values of some of the
acoustic parameters are also calculated and are presented
in Table 3. The values of the Redlich-Kister polynomial
coefficient, & evaluated by the method of least squares
along with the standard deviation 1s given in Table 4.
Plots of 7%, U, G"* and HF against mole fraction of
anisaldehyde for all the three systems are given in
Fig. 1-4, respectively.

From Table 2, it can be observed that the ultrasonic
velocity (U) of binary mixtures at each mole fraction

decreases with increase of temperature. Also 1t 1s
observed that at each temperature, as anisaldehyde mole
fraction increases, the ultrasonic velocity, density and
viscosity of the mixtures increase. The order of
interactions among the mixtures 13 observed as
anisaldehydeto-xylene>anisaldehyde+m-xylene>
anisaldehydetp-xylene.

Adiabatic compressibility, (b is found to be decreased
with increase mn the concentration of amsaldehyde. It 1s
primarily the compressibility that changes with structure,
which leads to a change in ultrasonic velocity. The
change in adiabatic compressibility m liquid mixtures
indicates that there 1s a definite contraction on mixing and
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Table 3: Excess Free length (L), Excess adiabatic compressibility (B%) and excess free volume (V&) for the binary systems at varying temperatures
LE (A9 pEx10M mA N V& x10% (m® mol™)

Mole fraction, X;  303.15 308.15 313.15 318.15 303.15 30815 313.15 318.15 303.15  308.15 313.15  318.15
anisaldehyde+o-xylene

0.0000 0.000 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000  0.000 0.0000  0.0000 0.0000 0.0000
0.1007 -0.013 -0.013 -0.012 -0.009 -3.745 -3.753 -3.561 -2.892 -2.095  -2.507 -2.946  -3.2353
0.2012 -0.011 -0.0113 -0.010 -0.008 -3.648 -3.705 -3.451 -2.856 -3.681 -4.126 -4.748 47389
0.3016 -0.009 -0.0095 -0.008 -0.005 -3.467 -3.509 -3.189 -2.414 -4.749  -5.393 -6.521 -6.8997
0.4018 -0.017 -0.0181 -0.017 -0.015 -5.344 -5.508 -5.337 -4.689 -5.155 -5.698 -6.294 70611
0.5019 -0.013 -0.0134 -0.013 -0.010 -4.200 -4.436 -4.292 -3.622 -5.362 -5.932 -6489  -6.7730
0.6018 -0.009 -0.0106 -0.009 -0.007 -3.419 -3.692 -3.501 -2.951 -4.487  -4.888 -5.433 -5.9477
0.7014 -0.009 -0.0105 -0.009 -0.007 -3.199 -3.394 -3.147 -2.671 -3.537 4076 -4.613 -5.0335
0.8012 -0.012 -0.0109 -0.010 -0.008 -3.155 -3.076 -2.917 -2.583 -3.986 4352 -4.820 54288
0.9007 -0.008 -0.007 -0.007 -0.006 -1.982 -2.005 -1.872 -1.612 -1.988  -2.167 -2.400 27675
1.0000 0.000 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000  0.000 0.0000  0.0000 0.0000 0.0000
anisaldehydetimn-xylene

0.0000 0.000 0.0000 0.000 0.000 0.0000  0.0000  0.0000  0.0000 0.0000  0.0000 0.0000 0.0000
0.1023 -0.0124  -0.011 -0.011 -0.009 -3.532 -3.516 -3.442 -3.118 -3420 3822 -4.297 4333
0.2040 -0.0114  -0.012 -0.011 -0.009 -3.988 -4.110 -3.991 -3.574 -6.129  -6.819 1406 -7.5601
0.3053 -0.0107  -0.011 -0.010 -0.008 -4.086 -4.287 -4.164 -3.595 -7.815 -B.608 -9.006 94221
0.4060 -0.0134  -0.015 -0.014 -0.012 -4.810 -5.261 -5.142 -4.583 -8.4060 -9.270 -9.955  -10.2073
0.5062 -0.0129  -0.014 -0.014 -0.012 -4.661 -5.044 -4.973 -4.596 -8.3934  -0218 -9.852  -10.0536
0.6060 -0.0110  -0.012 -0.012 -0.011 -4.076 -4.411 -4.426 -4.213 -7.3473  -B.076 -8.710  -89675
0.7052 -0.0117  -0.013 -0.012 -0.010 -3.881 -4.252 -4.110 -3.687 -5.7259  -6.347 -5.880 71299
0.8040 -0.0130  -0.013 -0.012 -0.010 -3.647 -3.768 -3.497 -3.246 -6.2003  -6.758 S1304 0 -7.5995
0.9022 -0.0077  -0.008 -0.007 -0.006 -2.058 -2.178 -2.037 -1.762 -2.9899  -3.296 -3.572 -3.8045
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000  0.0000 0.0000  0.0000 0.0000 0.0000
anisaldehyde+p-xylene

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000  0.0000 0.0000  0.0000 0.0000 0.0000
0.1026 -0.0125  -0.013 -0.012 -0.010 -3.924 -3.995 -3.808 -3.446 -2.850 -3.2861 3748 3741
0.2046 -0.0122  -0.013 -0.012 -0.011 -4.313 -4.450 -4.398 -3.933 -5.214 -59419  -65806  -60.554
0.3060 -0.0114  -0.011 -0.011 -0.009 -4.417 -4.453 -4.377 -3.833 -6.681 -7.3303 814 8114
0.4068 -0.0141  -0.015 -0.014 -0.012 -5.152 -5.396 -5.342 -4.741 -7.383  -B.0299 -8913 -8.823
0.5071 -0.0138  -0.015 -0.014 -0.012 -5.029 -5.269 -5.223 -4.703 -7439  -B1180 -9.232  -8821
0.6068 -0.0109  -0.012 -0.011 -0.010 -4.201 -4.458 -4.442 -4.026 -6.414  -7.0293 -7928  -T783
0.7059 -0.0119  -0.013 -0.013 -0.011 -4.056 -4.418 -4.422 -3.945 -5.030 -5.5550  -6315 -5.205
0.8045 -0.0135  -0.013 -0.012 -0.011 -3.850 -3.877 -3.714 -3.486 -5.561 -6.0210  -6792  -6785
0.9025 -0.007¢  -0.008 -0.007 -0.006 -2.109 -2.214 -2.175 -1.812 -2.724 29544 3377 3421
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000  0.0000  0.0000 0.0000  0.0000 0.0000 0.0000

Table 4: Redlich-Kister Coefficients (a) and standard deviation (o) for the binary systems at varying temperatures

Functions ay a a o} ay % a g
anisaldehyde+o-xylene T = 303.15 K T=30815K

LE A -0.0509 0.0355 -0.1025 0.003662 -0.0537 0.0348 -0.0955 0.003719
BE (x107" m? N™h -16.8465 12.0621 -23.3232 0.888143 -17.7910 11.9560 -22.1242 0.910549
VE IO m’ mol™) -21.4516 0.5692 -1.9320 0.452904 -23.7357 2.1627 -3.4801 0.445764
UE (i sec™!) 10.9244 50.8746 170.89 4.342786 5.8364 42.5185 146.76 3.226308
nE(x107° Nm™?) -94.7441 193.8635 420.9190 2546317 -68.5909 206.2432 431.6000 23.82163
G* (cal mol™) 99.2609 310.3821 73.7259 21.99248 106.4214 299.6615 99.9784 21.80237
anisaldehydet+o-xylene T = 313.15 K T=31815K

LE (AD -0.0509 0.0348 -0.0860 0.003866 -0.0413 0.0231 -0.0708 0.003479
FEELOY mE N -17.2118 11.5508 -20.2031 0.944018 -14.5199 8.3951 -16.7941 0.847455
VE IO m’ mol™)  -25.9696 3.5144 -5.8893 0.476825 -27.1122 3.1551 -9.9012 0.518241
UE (m sec™!) 3.4450 40.3513 116.8074 2.7979 2.1250 29.9778 77.6651 2.553136
mE (x107° N'm™%) -94.7441 193.8635 420.9190 2546317 -68.5909 206.2432 431.6000 23.82163
G* (cal mol™) 99.2609 310.3821 73.7259 21.99248 106.4214 299.6615 99.9784 21.80237
anisaldehydetm-xylene T = 303.15 K T=30815K

LE A -0.0519 0.0231 -0.0834 0.002416 -0.0570 0.0189 -0.0754 0.002301
FEELOY mE N -18.7642 9.6319 -19.0228 0.634119 -20.2923 8.6652 -17.5543 0.606972
VE IO mPmol™)  -33.6046 2.1257 -3.0767 0.604456 -36.9137 2.7014 -4.0398 0.63636
UE (ms™) 12.6252 40.8534 196.9824 4.444837 9.4678 47.3886 169.7418 3.251656
mE (x107° N'm™%) - 262.586 271.2076 412.1320 27.15016 -241.6701 319.6554 454.0950 28.07026
G** (cal mol™") 70.3386 318.9747 244.4066 26.64186 63.8712 346.5720 2721138 26.54153
anisaldehyde+tm-xylene T = 313.15 K T=31815K

LE A -0.0551 0.0225 -0.0672 0.002369 -0.0499 0.0234 -0.0535 0.002568
BEx107H m? N -20.0052 9.1434 -16.1281 0.623054 -18.4927 8.8622 -13.2993 0.673748
VEEIOT m’ mol™)  -39.4619 4.0060 -6.5577 0.619671 -40.2518 2.6099 -7.6738 0.662907
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Table 4: Continued

Functions a a; a, g a a a g

UE (i sec™!) 5.7893 41.1702 137.6178 2.554452 3.5361 26.5902 96.1709 2.71084
mE (x107° N'm™%) -253.887 310.8779 483.7135 27.31739 -252.9021 327.9681 501.4045 25.73112
G* {cal mol™) 53.7459 368.9131 315.8617 27.75695 34.1844 403.7281 360.0868 2871552
anisaldehyde+p-xylene T = 303.15 K T=30815K

LE A -0.0556 0.0318 -0.0869 0.002951 -0.0592 0.0303 -0.0865 0.003019
BE(x107H m? N -20.2848 11.8664 -20.4274 0.760773 -21.2442 11.6112 -20.4661 0.787695
VE IO m* mol™)  -20.7651 0.0191 -1.8609 0.587401 -32.4971 1.3562 -3.3482 0.589559
F (m sec™!) 16.7878 31.8370 216.0144 4.60949 13.0603 35.4891 190.7487 3.106281
mE (x10° Nm™%) -245.048 273.3291 388.2955 27.58187 -220.8306 297.1040 436.6086 27.27429
G* (cal mol™) 88.2186 337.2531 253.7260 2513176 82.1559 347.1295 259.9321 25.33885
anisaldehyde+p-xylene T = 313.15 K T=31815K

LE(AD -0.0568 0.0262 -0.0783 0.002689 -0.0496 0.0300 -0.0625 0.002846
FEELOY mE N -21.0414 10.6015 -18.8373 0.714691 -18.9651 10.6851 -15.7897 0.739478
VE I m? mol™)  -36.9575 1.4992 -4.0487 0.657527 -35.3047 1.1682 -6.9562 0.626509
UE (ms™?) 10.6788 40.3728 149.6002 2.578684 5.3369 28.3134 110.2170 2.857757
e (x107° Nm™%) -237.999 333.34606 488.7546 28.19423 -245.9407 298.1271 488.9928 25.04555
G* {cal mol™) 86.1977 394.6831 279.1507 27.71634 50.2570 406.0278 340.8629 27.72395

the variation may be due to complex formation. Tt clearly
shows that there are some sigmficant interactions
between the molecules of the mixtures taken under study.
Intermolecular free length (I.o) shows a similar behavior as
reflected by adiabatic compressibility. The decrease in
compressibility brings the molecules closer, resulting in a
decrease of intermolecular free length. Intermolecular free
length 1s a predominant factor m determimng the variation
of ultrasonic velocity in the mixtures. The decrease in the
values of adiabatic compressibility and the free length
with increase in ultrasomic velocity further strengthens
the strong molecular interactions between the unlike
molecules through hydrogen bonding,.

It 1s also observed that there 1s decrease m free
volume and increase in internal pressure with increase in
mole fraction of anisaldehyde for all the three systems. It
shows the presence of strong mteractions and hence,
supports the present investigation. In order to understand
m a better way, the nature of molecular mteractions
between the components of the liquid mixtures, the
discussion can be extended to excess parameters.

The results of excess values of compressibility, B* of
anisaldehydeto-xylene, amsaldehydet+m-xylene and
anisaldehyde+p-xylene are shown in Table 3 and are
observed to be negative. The negative values of [B®
suggest that the mixtures are less compressible than the
corresponding ideal mixtures which signifies chemical
effect including charge transfer forces, formation of H
bonds and other complex forming mteractions making
negative contributions towards P® and positive
contributions towards G** (Parveen et al., 2009a). Also it
1s observed that m case of all the mixtures at each
temperature, as mole fraction of anisaldehyde increases,
the P* values of the binary mixtures attain a minimum
value at the mole fraction 0.5. Beyond this, the B* values
of the mixture increases with the increase of mole fraction
of anisaldehyde. However, the change in P* with
temperature has been observed to be small for the

mixtures anisaldehydetp-xylene. Similar behaviour was
reported by Gupta et al. (2006) and Tloukhani et al. (2005),
who worked on binary mixtures.

The excess properties of the mixtures are mfluenced
by three main contributions, viz. (1) physical : due to non-
specific Vander Waals type forces, (2) chemical : due to
hydrogen bonding, dipole-dipole and donar-acceptor
interactions between unlike molecules and (3) structural:
due to the fitting of smaller molecules into the voids
created by the bigger molecules. The first effect leads to
contraction m volume and hence, leads to positive
contribution towards H® and negative centribution
towards U* and 1. In case of all the three mixtures, the IT®
values are found to be negative for the mole fraction
range of 0.0 to 0.7. The negative contribution of ©* value
(Fig. 1) 18 an evidence of presence of stronger molecular
interactions between the components present in the
mixture. Further, the values of ©° are more negative in
anisaldehyde+m-xylene and anisaldehydetp-xylene when
compared to anisaldehyde+o-xylene mixtures.

V{ is found to be negative for all the mixtures over the
entire composition range of anisaldehyde. As temperature
rises, V" values decreases in the mixtures. The negative
values of V{ suggest the existence of streng dipole-dipole
interactions due to hydrogen bonding among the
molecules (Parveen et al., 2009b).

The plots (Fig. 2) of deviation in ultrasonic velocity,
U* with mole fraction at all the four temperatures for all the
three mixtures extubit positive values. The positive values
of U® decrease with increase in temperature which
indicates the decrease of strength of mteractions with
temperature 1n all the systems. The higher positive values
of TU* are observed in case of the anisaldehyde+p-xylene
when compared with other two mixtures. Tt confirms that
anisaldehydetp-xylene  exhibits  higher
interactions when compared to other two mixtures. Similar
results of U® have been observed by Chorazewski (2007).

molecular
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Figure 3 indicates the variation of G** with mole
fraction of anisaldehyde at different temperatures for all
the mixtures, respectively. In case of all the three mixtures,
G** values are almost positive. It indicates the presence
of strong intermolecular interactions through hydrogen
bonding between the molecules of the mixtures.
Subha et al. (2004) made the similar results. The positive
values of G** in each system attain a maximum value at all
temperatures at the mole fraction of 0.8. It suggests that
an increase in intermolecular interaction between unlike
molecules is due to thermal energy. However, G** value
with temperature is small in anisaldehydeto-xylene
mixture when compared to other two mixtures.

The values of H® can be interpreted in terms of the
formation of intermolecular hydrogen bonding and the
breaking of associated structures of anisaldehyde with
o-xylene, m-xylene or p-xylene. In case of all the three
mixtures, the H* values (Fig. 4) are found to be negative
for the mole fraction range of 0.0-0.7. The negative values
of H® in the mixtures indicate the presence of stronger
interactions between unlike molecules. However, as mole
fraction of anisaldehyde increases from 0.7-1.0, the H®
values are found to be positive. The positive values of H*
indicate that the interactions among the molecules lead to
weak dispersion type of forces arrived due to rupture of
hydrogen bonding in the structure. Similar variations in H*
with change in composition has also been reported by
Misra et al. (2007).

CONCLUSIONS

In the present investigation, the excess adiabatic
compressibility B, excess free volume V;* exhibit negative
values over the entire range of composition in case of all
the three mixtures. It clearly indicates the presence of
strong hydrogen bonding interactions between unlike
molecules (Fort and Moore, 1965). This also may be
quantitatively mterpreted in terms of closer approach of
unlike molecules leading to reductions in compressibility
and volume (Jayakumar ef al., 1996). Further, n° which is
usually discussed in terms of molecular interactions,
whose negative excess values for all the systems
suggests that strong molecular association between the
unlike molecules. The positive values of G** and U® in
case of all the three mixtures supports the interpretation
given above in terms of strong interactions. On comparing
the above results for the three mixtures, the strengths of
interactions in the following order
anisaldehyde+m-xylene>anisaldehydetp-xylene>

are observed

anmisaldehyde+o-xylene.
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