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composition. By using these data, parameters such as adiabatic compressibility, B,
molar volume, V are calculated and some excess parameters like excess adiabatic
compressibility, BE, excess molar volume, VE, deviation in viscosity, An, and excess
Gibb’s free energy of activation for viscous flow, AG*E are calculated. The calculated
excess and deviation functions have been fitted to the Redlich-Kister polynomial
equation. The observed negative and positive excess values or deviation parameters
have been explained in the light of intermolecular interactions present in these binary

alcohols liquid mixtures.

INTRODUCTION

Ultrasonic measurements are very useful in chemical and food processing, material testing, under water ranging and
cleaning. Ultrasonic vibrations are commonly employed in mechanical machinery of materials ', preparation of colloids or emulsions,
the pregermination of seeds, for imaging of biological tissues [2], activation energy of metabolic process B!, formation and destruction
of azeotropes in petrochemical industries*! and in non-destructive testing (NDT). Study of thermodynamic properties of binary
mixtures of varying composition and environment provides opportunities for continuous adjustment of observable properties and
thus, yields an experimental background for optimizing the choice of solvent in manifold applications.

The extraction of benzene, toluene, ethylbenzene and xylenes from refinery products such as naphtha, kerosene and fuel
jets is very important to the petrochemical industry. Because of this, the information about the physical properties of pure liquids and
liquid mixtures containing aromatic and aliphatic compounds and their dependence with composition and temperature is very
important basic data.

The study of the possible changes of thermodynamic properties of mixtures and their degrees of deviation from ideality has
been found to be an excellent qualitative and quantitative way to obtain information about the molecular structure and intermolecular
forces in liquid mixtures. This has given impetus to the theoretical and experimental investigations on excess thermodynamic
properties of liquid mixtures.

Properties of liquid-liquid mixtures are thermodynamically very important as part of studies of thermodynamic, acoustic and
transport aspects. The intermolecular forces of liquids in a mixture show a considerable effect on the physical and chemical

propertiesis-91. Thermodynamic and hydrodynamic properties of cyclohexanone with 1-alkanols are important in the fundamental
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understanding of mixing processes and in many practical problems concerning chemical separation, heat transfer, mass transfer and
fluid flow.

Formation of hydrogen bonding between the molecules of a liquid mixture is a common chemical effect that influences
thermodynamic properties of solutions to a greater extent than any other specific and physical interactions!0.111, Molecules containing
hydrogen linked to an electro negative atom, exhibit a tendency to associate with each other and to interact with other molecules
possessing accessible electronegative atoms. The extent of self - association and intermolecular bonding between unlike molecules
vary with the composition of the mixture, for instance the dilution of a strong hydrogen bonds and gradual decrease in the
concentration of aggregates. This would be attended by absorption of heat as well as expansion in volume. The magnitude of
volume change can be determined by the structure breaking ability of the inert solvent. If the unlike molecules participate in
hydrogen bonding, it would result in evolution of heat and contraction in volume. In mixtures, where both the aforesaid effect
compete one another, the sign of excess function will depend on the predominant effect. Solvent structure determines the nature of
interactions between like and unlike molecules of a liquid binary mixture. It also provides basic information used in evaluating the
solute-solvent interactions.

Ultrasonic velocity, density and viscosity values are measured in binary liquid mixtures cyclohexanone with n-heptanol, n-
octanol and iso-octanol at temperatures (303.15, 308.15, 313.15 and 318.15) K over the entire range of mole fraction. By using these
data, the parameters like adiabatic compressibility, molar volume and some excess parameters like excess adiabatic compressibility,
BE, excess molar volume VE, deviation in viscosity, An, and excess Gibb’s free energy of activation for viscous flow, AG'E are
calculated. The calculated excess and deviation functions have been fitted to the Redlich-Kister polynomial equation. The observed
negative and positive excess values or deviation parameters have been explained on the basis of the intermolecular interactions
existing in these binary liquid mixtures.

EXPERIMENTAL
Materials

The mass fractions of the liquids, alcohols (obtained from SRL Chemicals, Mumbai) are as follows: n-Heptanol (0.99), n-
octanol (0.990) and iso-octanol (0.990) and that of the liquid, cyclohexanone (obtained from Merck, Bangalore) is 0.99. All the liquids
obtained from the suppliers were further purified by standard procedure ['2],

Method

To prepare the mixtures in the required proportions Job’s method of continuous variation was used and the mixtures were
preserved in well-stoppered conical flasks. The flasks were left undisturbed to allow them to attain thermal equilibrium.

The mass measurements were performed on a Shimadzu AUY220, Japan, electronic balance with a precision of + 0.1 mg was
used for the mass measurements. Densities of pure liquids and their mixtures were determined by using a specific gravity bottle with
an uncertainty + 0.5%.

Ostwald’s viscometer calibrated using water and benzene has been used to measure viscosities at the desired temperature.
The flow time has been measured after the attainment of bath temperature by each mixture. An electronic stopwatch with a precision
of 0.01 s has been used to measure the flow time. For all pure compounds and mixtures, 5 to 7 measurements were performed and
the average of these values was used in all the calculations. The uncertainty of viscosity was + 10-3 m Pa.s.
A single crystal ultrasonic pulse echo interferometer (Model: F-80X Mittal enterprises, India), equipped with a high frequency
generator and a measuring cell has been used for measuring ultrasonic velocities. These measurements were made at a fixed
frequency of 3 MHz. By measuring the velocity in carbontetrachloride and benzene the equipment was calibrated. The results are in
good agreement with the literature reportsi'3l. The error in velocity measurement is + 0.5 %. The temperature was controlled through
the water circulation around the liquid cell using thermostatically controlled constant temperature water bath with an uncertainty +
0.01 K.

The experimental values of density (p), viscosity (n) and ultrasonic velocity (u) for all the mixtures over the entire range of
composition and at T= (303.15, 308.15, 313.15 and 318.15) K are presented in Table 1.

From the experimental values of density, viscosity and ultrasonic velocity, adiabatic compressibility, molar volume were
calculated using the equations,

B=1/pu - M
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where p is the density of the mixture and u is the ultrasonic velocity.
V = Mesf/ p - (2)
Mess is given by Mesf = (x1M1 + Xx2M2), where M; and M: are the molar masses of pure components.

The strength of interaction between the component molecules of the binary mixtures is well reflected in the deviation of the
excess functions from ideality. The excess properties such as excess adiabatic compressibility, BE, excess molar volume, VE, viscosity
deviation, An, and excess Gibb’s free energy of activation for viscous flow, AG'E have been calculated using the standard equations [141,
The excess values of above parameters for each mixture have been fitted to the polynomial equation 5],

YE=x1 (1-x1) T A (2x:-1))  (i=0,1,2) - (3)

The values of the coefficients Ai were calculated by the method of least squares along with the standard deviation o (YE). The
coefficient is adjustable parameters for a better fit of the excess functions. The standard deviation values were obtained from

6 (YE) = [ (YEexpt - YEa)2 / (Mm-n) ]1/2 )

Where m is the number of experimental points, n is the number of parameters, Yexp: and Yca are the experimental and
calculated parameters, respectively.

The values of the Redlich-Kister polynomial coefficient A; evaluated by the method of least squares along with standard
deviation are given in Table 2.

RESULTS AND DISCUSSION

The experimental values of ultrasonic velocity, density and viscosity at different mole fractions for different temperatures are
listed in table 1. From these results, it is observed that the velocity increases and viscosity decreases with the increase in
concentration of cyclohexanone. Both velocity and viscosity decrease with increase in temperature at any particular concentration.

The increase in mole fraction of cyclohexanone increases the net dispersive interactions and hence the velocity continuously
increases as observed. In the case of alcohols, the methyl group becomes more non polar with increase in chain length. Further, the -
OH group can dissolve preferably the polar component. So, in the lower mole fraction ranges, the added cyclohexanone has
practically no interaction with the methyl or hydroxyl group of alcohols, thus sound velocity seems to decrease. Cyclohexanone being
non polar, the predominant dispersive type interactions with temporary dipolar type are existed as a net result of intermolecular
forces in all the systems, but more in iso-octanol system. These observations are in agreement with the general trends of the
ultrasonic velocity variations in binary liquids 116-181,

Further, increase in temperature decreases the interaction due to thermal agitation, which is obvious from the decrease in
ultrasonic velocity at higher temperatures. Similar observations were made by Syal et all'® and Subramaniyam Naidu & Ravindra
Prasad20 in the investigation of temperature dependence of ultrasonic velocity in certain binary liquid mixtures. The ultrasonic
velocity values decrease with increase of temperature due to breaking of hetero and homo molecular clusters at higher temperatures.
A reduction in viscosity with increase in mole fraction of cyclohexanone suggests that the existing intermolecular interactions are
weakening in magnitude. However, the increasing sound velocity with increasing mole fraction of cyclohexanone leads to a notion
that the system is getting more and more compact. Figure 1 (a to c) - Figure 4 (a to c) show the variations of excess properties and
deviations with the mole fraction of cyclohexanone. The results indicate that the excess adiabatic compressibility, BE, excess molar
volume VE and excess Gibb’s free energy of activation for viscous flow, AG*t are positive in the entire composition range.

The variation of BE with the composition of mixture of cyclohexanone is presented in Figure 1(a to c). From the figures, it is
observed that BE reaches a maximum at about 0.5 mole fraction for all the temperatures studied. Kiyohara and Benson 2! have
suggested that BE is the resultant of several opposing effects. A strong molecular interaction through charge transfer, dipole induced
dipole and dipole dipole interactions, interstitial accommodation and orientation ordering leading to a more compact structure makes
BE negative and break up of the alcohol structures tends to makes BE positive. The BE values are positive for binary liquid mixtures of
cyclohexanone with n-heptanol, n-octanol and iso-octanol. The positive values of BE for mixtures of cyclohexanone with n-heptanol,
n-octanol and iso-octanol signify de-clustering of alcohols in the presence of cyclohexanone leading to positive BE values. The
positive deviations in adiabatic compressibility increase with increase in temperature indicating the weakening of strength of
interactions at higher temperature.
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(m.s-1)
0.0000 1312.0
0.1322 1319.7
0.2553 1327.8
0.3702 1336.8
0.4776 1346.6
0.5783 1355.9
0.6729 1365.7
0.7619 1375.4
0.8458 1385.4
0.9250 1396.0
1.0000 1408.0
0.0000 1340.0
0.1454 1344.31
0.2769 349.9
0.3963 1356.6
0.5052 1363.6
0.6050 1370.4
0.6967 1377.2
0.7813 1383.8
0.8597 1390.4
0.9324 1397.7
1.0000 1408.0
0.0000 1303.2
0.1445 1310.3
0.2753 1320.4
0.3944 1330.8
0.5033 1341.4
0.6031 1351.8
0.6951 1362.2
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Table 1: Ultrasonic velocity, density and viscosity values for the binary mixtures at T = (303.15, 308.15, 313.15, 318.15) K

p
(gm. cm3)

T=303.15K
0.8155
0.8263
0.8370
0.8479
0.8593
0.8724
0.8859
0.8999
0.9143
0.9289
0.9444

T =303.15K
0.8182
0.8270
0.8369
0.8475
0.8588
0.8715
0.8848
0.8985
0.9128
0.9281
0.9444

T =303.15K
0.8245
0.8320
0.8408
0.8506
0.8613
0.8732
0.8858
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n
(mPa.s)

5.0490
3.6407
2.9618
2.5560
2.3039
2.1506
2.0382
1.9463
1.8694
1.8060
1.7572

6.4020
4.0277
3.1222
2.6326
2.3355
2.1564
2.0331
1.9397
1.8611
1.7999
1.7572

6.9459
4.0412
3.0963
2.6053
2.3080
2.1304
2.0076

U
(m.s1)

1298.0
1301.9
1307.1
1313.1
1319.4
1325.6
1331.9
1338.4
1345.3
1353.0
1362.0

1322.4
1321.6
1323.6
1327.1
1330.9
1334.9
1338.9
1343.2
1347.7
1353.0
1362.0

1291.2
1294.3
1300.4
1307.8
1315.1
1322.3
1329.1

P
(gm. cm-

3)

n
(mPa.s)

u
(m.s1)

Cyclohexanone + 1-Heptanol

1278.0
1282.6
1288.1
1294.4
1301.21
308.1
1314.9
1322.3
1330.0
1338.2
1349.0
1-octanol

1298.0
1297.4
1301.4
1306.2
1311.3
1316.1
1321.1
1326.5
1331.4
1337.7
1349.0

1284.2
1285.9
1291.2
1298.0
1305.0
1311.6

T =308.15 K
0.8115 4.3408
0.8211 3.1954
0.8314 2.6360
0.8423 2.2979
0.8538 2.0775
0.8668 1.9417
0.8804 1.8423
0.8944 1.7626
0.9087 1.6941
0.9236 1.6396
0.9396 1.6013
Cyclohexanone +

T =308.15K
0.8141 5.5155
0.8222 3.5331
0.8316 2.7717
0.8419 2.3595
0.8531 2.1033
0.8657 1.9463
0.8789 1.8355
0.8928 1.7501
0.9071 1.6801
0.9225 1.6292
0.9396 1.6013

Cyclohexanone + iso-octanol

T =308.15K
0.8233 5.8745
0.8300 3.5405
0.8381 2.7617
0.8473 2.3537
0.8576 2.1000
0.8689 1.9361
0.8810 1.8172

1318.3

P
(gm. cm-3)

T=313.15K
0.8074
0.8159
0.8259
0.8368
0.8484
0.8611
0.8743
0.8881
0.9022
0.9175
0.9347

T=313.15K
0.8102
0.8176
0.8264
0.8365
0.8475
0.8600
0.8732
0.8867
0.9012
0.9165
0.9347

T=313.15K
0.8201
0.8261
0.8337
0.8427
0.8525
0.8634
0.8752

n (mPa.s)

3.6357
2.7287
2.2923
2.0314
1.8532
.7290
.6407
.5732
.5196
.4788
4561

—_ e o

4.6285
3.0435
2.4290
2.0956
1.8793
.7407
.6432
.5697
.5090
4704
4561

—_ o o

5.3715
3.2183
2.5138
2.1497
1.9188
1.7630
1.6517

15

U
(m.s1)

1255.2
1263.9
1273.7
1284.4
1295.4
1306.6
1318.0
1330.1
1342.8
1356.2
1372.8

1279.0
1282.5
1291.2
1300.4
1310.1
1319.4
1328.3
1337.1
1346.2
1356.3
1372.8

1267.0
1272.5
1282.1
1293.3
1304.0
1314.8
1324.8

p
(gm. cm-3)

T=318.15K
0.8023
0.8096
0.8185
0.8288
0.8398
0.8516
0.8640
0.8770
0.8906
0.9055
0.9225

T=318.15K
0.8060
0.8119
0.8197
0.8287
0.8389
0.8503
0.8626
0.8756
0.8891
0.9039
0.9225

T=318.15K
0.8153
0.8200
0.8267
0.8348
0.8440
0.8542
0.8652

n (mPa.s)

2.9306
2.2665
.9319
.7293
.5971
.5005
4319
.3823
.3463
3179
.3101

—

L

3.7415
2.5590
2.0877
.8232
.6552
.5424
.4596
.3957
.3473
.3120
.3101

—

L g

5.0579
2.9154
2.2701
1.9419
.7345
.5930
4872

O —
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0.7800 1372.5
0.8587 1382.6
0.9319 1393.4
1.0000 1408.0
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0.8989
0.9126
0.9274
0.9444

1.9126
1.8397
1.7832
1.7572

Parameter

BE ('| 0'0m?2 N*])

VE (cm3 mol-1)

An (m.pa.s)

AGTE10 (cal/mo)l

BE (1019m2 N-1)

VE (cm3 mol-")

An (m.pa.s)

1335.9 0.8938
1342.8 0.9071
1350.4 0.9218
1362.0 0.9396

1.7291
1.6612
1.6155
1.6013

ISSN: 2319-9849

1324.7
1330.9
1337.5
1349.0

0.8877
0.9013
0.9162
0.9347

Table 2. Redlich-Kister Coefficients and standard deviations

Temp (K) Ao A Az
Cyclohexanone + n-heptanol
303.15 5.7869 0.7132 1.0549
308.15 6.5372 0.7763 1.8934
313.15 7.4132 1.7236 3.4987
318.15 8.5669 2.0025 5.7375
303.15 4.1596 0.9636 -0.8857
308.15 4.9436 0.3960 0.1833
313.15 5.6252 0.5564 1.9640
318.15 2.0000 0.7389 0.5370
303.15 -4.62220 3.7782 -1.9960
308.15 -3.7672 2.9712 -1.6152
313.15 -2.9731 2.2799 -1.3743
318.15 -2.2406 1.5542 -0.9937
303.15 -641.8395 562.7782 207.7521
308.15 -601.58 518.30 186.14
313.15 -258.2856 299.9903 -1745.57
318.15 -152.5302 212.3212 -352.412
Cyclohexanone + n-octanol
303.15 7.3720 1.9599 3.7868
308.15 9.1246 2.4899 5.6650
313.15 9.9229 3.1050 8.8102
318.15 11.3820 4.3309 11.8413
303.15 5.7453 0.6462 0.6247
308.15 6.8084 0.8931 1.5312
313.15 7.4867 1.5756 3.0172
318.15 8.5277 2.3098 4.3827
303.15 -7.2150 6.5168 -3.6479
308.15 -6.0063 5.3288 -3.1563

1.5640
1.5000
1.4571
1.4561

1334.8
1344.6
1356.4
1372.8

0.0533
0.0403
0.0899
0.1218
0.0546
0.0510
0.0520

0.0531

0.0364
0.0302
0.0293
0.0169
8.3615
7.3812
3.0953
4.0215

0.1065
0.1397
0.1972

0.2771

0.0349
0.0608
0.1157
0.1467
0.0908
0.0720

16

0.8769
0.8894
0.9034
0.9225

1.4065
1.3434
1.3201
1.3101
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AGTEOO(cal/mol

BE (1019m2 N-1)

VE (cm3 mol-1)

An (m.pa.s)

AG™KO0Ocal/mol

313.15
318.15
303.15
308.15
313.15
318.15

303.15
308.15
313.15
318.15
303.15
308.15
313.15
318.15
303.15
308.15
313.15
318.15
303.15
308.15
313.15
318.15

ISSN: 2319-9849

-4.8059 4.1303
-3.5694 2.9191
-785.5912 515.4169
-750.9418 485.0687
-708.2866 443.9841
-627.7802 379.1991

Cyclohexanone + iso-octanol
8.1551 2.0149
8.7261 2.7259
9.5216 3.0584
10.4432 4.0013
6.0600 1.3508
6.7775 2.0797
7.6462 2.6024
8.0954 3.5500
-8.5913 8.6145
-6.8842 6.71947
-6.2950 6.1256
-6.1732 6.4351

-924.6155 669.0640
-851.5910 608.5980
-855.3715 599.7509
-913.2112 741.8120

-2.5992
-2.0501
222.9285
269.1688
-299.9233
-342.1892

5.7442
7.5348
8.8292
10.0925
2.2336
3.4396
4.0568
6.5812
-5.3749
-4.4003
-4.2917
-4.3567
-392.7572
-429.7266
527.8228
-539.2363

17

0.0578
0.0370
6.0626
4.0942
11.2567
3.1342

0.1313
0.1707
2.2122
0.2558
0.0774
0.1116
0.1059
0.1911
0.6937
0.1096
0.1017
0.1177
7.6811
6.9257
6.5032
11.1050
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Figure 1(a): Variation of excess adiabatic compressibility with molefraction of cyclohexanone for cyclohexanone + n-heptanol system.

_30 t
RN
3 2
S Z20 t
] 27
a
8 o —e— 303.15K
e g—l_o L —e— 308.15K
w g —a— 313.15K
—a— 318.15K
OO 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
Molefraction of cyclohexanone

Figure 1(b). Variation of excess adiabatic compressibility with molefraction of cyclohexanone for cyclohexanone + n-octanol system.
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Figure 1(c). Variation of excess adiabatic compressibility with molefraction of cyclohexanone for cyclohexanone + iso-octanol system.
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Figure 2(a). Variation of excess molar volume with molefraction of cyclohexanone for cyclohexanone + n-heptanol system.
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Figure 2(b). Variation of excess molar volume with molefraction of cyclohexanone for cyclohexanone + n-octanol system.
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Figure 2(c). Variation of excess molar volume with molefraction of cyclohexanone for cyclohexanone + iso-octanol system.
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Figure 3 (a). Variation of deviation in viscosity with molefraction of cyclohexanone for cyclohexanone + n-heptanol system.
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Figure 3 (b). Variation of deviation in viscosity with molefraction of cyclohexanone for cyclohexanone + n-octanol system.
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Figure3(c). Variation of deviation in viscosity with molefraction of cyclohexanone for cyclohexanone + iso-octanol system.
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Figure 4(a). Variation of excess Gibb's free energy with mole fraction of cyclohexanone for cyclohexanone + n-heptanol system.
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Figure 4(b). Variation of excess Gibb's free energy with molefraction of cyclohexanone for cyclohexanone + n-octanol system.
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Figure 4(c). Variation of excess Gibb's free energy with molefraction of cyclohexanone for cyclohexanone + iso —octanol system.

The variation of VE with the mole fraction of cyclohexanone for these systems at different temperatures is presented in
Figure 2(a- ¢). It is seen that the VE values are positive for all the systems over the entire composition range at different temperatures.
It is a well known fact that alcohols are self associated through hydrogen bonding. The mixing of cyclohexanone with alcohols is
expected to induce changes in hydrogen bonding equilibrium and electrostatic interactions with different resultant contributions to
the volume of the mixtures. Weakening of interactions between molecules of cyclohexanone tends to increase in volume. Similarly,
the disruption of alcohol multimers through breaking of hydrogen bonds makes a positive contribution to VE. The VE values of binary
mixtures of cyclohexanone with alcohols follow the order, n-heptanol<n-octanol<iso-octanol. This may be due to the fact that the
extent of hydrogen bonding and self association decreases with increasing chain length of alcohols. The weakening of interactions in
iso-octanol when compared to n-octanol may be attributed to steric hindrance [22],
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The positive values of VE over the entire range of mole fraction may be attributed to the dominance of molecular dissociation
over association. Chowdhury et al [231 suggested for the mixtures of associated molecules that the main reason for a positive VE and a
negative An may be the disruption of the associated molecules. The values of VE increase with increasing temperature of the mixture
for all the three binary systems under study. The increase in VE is attributed to the breaking of donor-acceptor interactions between
unlike molecules with a rise in temperature, leading to an expansion in volume that results in an increase in VE values [24],

The positive VE values for cyclohexanone + n-heptanol, cyclohexanone + n-octanol and cyclohexanone + iso octanol
mixtures can be viewed in terms of fitting of smaller cyclohexanone (molar volume =1.039 x 10-5> m3mol-') molecules into voids
created by bigger n-heptanol (molar volume =1.425 x 10-5 m3mol-'), n-octanol (molar volume =1.592x10-5 m3mol-') and iso-octanol
(molar volume =1.579 x 10-5 m3mol-') molecules, but this possibility seems to be dim. This may be due to the fact that alcohol
molecules are highly self associated and well packed as indicated by high viscosity values (n-heptanol n= 5.0490cp, n-octanol n=
6.4020cp and iso octanol n= 6.9459cp) and very low values of free volume (n-heptanol Vi =1.8739 cm3mol-', n-octanol Vs = 1.6073
cm3mol-! and iso-octanol Vs =1.3640cm3mol-') calculated by using the relation given by Suryanarayana, in the pure state, which
might hinder the breaking of associated alcohol structures and do not allow the fitting of cyclohexanone molecules into the well
packed structures of alcohol molecules, thereby, leading to positive VE values for all the mixtures.

The deviation in viscosity, An gives a quantitative estimation of intermolecular interactions. As suggested by Fort and Moore
1251 the deviation in viscosity becomes positive as the strength of interaction increases. The An values may be generally explained by
considering the following factors 1261,

1. The differences in size and shape of the component molecules and the loss in dipolar interactions in pure components may
contribute to a decrease in viscosity.

2. The specific interactions between unlike molecules such as hydrogen bond formation and charge transfer complexes may cause
increase in viscosity in mixtures than in pure components.

The former effect produces negative deviation in viscosity while the later produces positive deviations. The net deviation in
viscosity is generally considered as a result of the two major effects. The deviations in viscosity for the three systems at all the
temperatures are negative indicating the dominance of nonspecific interactions between unlike molecules.

The experimental viscosities as a function of mole fraction of cyclohexanone for the three systems are shown in Figure 3(a -
c). The values of An for all the binaries of cyclohexanone with n-heptanol, n-octanol and iso-octanol are negative over the entire
composition range and a minimum around 0.5 mole fraction of cyclohexanone. This reveals that the strength of nonspecific
interaction is not the only factor influencing the viscosity deviation of liquid mixtures. The molecular size and shape of the
components also play an equally important role [271,

The negative An values for iso - octanol are larger than the other two systems to an appreciable amount. This seems to be
due to the presence of methyl groups at different positions in aromatic solvent molecules offering resistance to flow process in binary
mixtures making the flow process still more difficult causing an increase in An values for these solvents. The An values, thus have the
following trend for binary mixtures with a common cyclohexanone:

n-heptanol <n-octanol <iso-octanol

This is also supported by the excess molar volume studies. As the temperature increases, the magnitude of the viscosity
deviation sharply decreases due to the rapid breaking up of the molecular aggregates in the systems and ultimately tends to approach
ideality.

From Figure 4 (a - ¢), AG*t is found to be negative in all the three systems. In the present investigation, it is found that the
dipolar and dispersive forces are mainly operating in the behaviour of AG*t which supports An trends 28, In order to elucidate the
forces that are acting between unlike molecules, the help of excess Gibb's free energy of activation of viscous flow is quite essential.
According to Reed and Taylor 291 and Meyer et al 139, positive Gibb's energy values indicate specific interactions while negative values
indicate the dominance of dispersion forces.

CONCLUSIONS
Ultrasonic velocity, density and viscosity values were measured in binary liquid mixtures cyclohexanone with n-heptanol, n-

octanol and iso-octanol at temperatures (303.15, 308.15, 313.15, 318.15) K for the entire mole fraction range. By using these
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experimental values, various parameters like adiabatic compressibility and molar volume were calculated and some exess parameters
like excess adiabatic compressibility, BE, excess molar volume, VE, deviation in viscosity, An, and excess Gibb’s free energy of
activation for viscous flow, AG' are calculated. The positive values of BE, VE, and AG'E and negative values of An indicate that only
dispersion and dipolar forces are operating with complete absence of specific interactions.
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