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ABSTRACT

Density {p), viscosity £) and ultrasonic velocity (U) of ternary liquid mixes of cresols namely
o-cresol, m-cresol and p-cresol with benzaldehyde t&trachloromethane solution have been
determined at 303, 308 and 313 K over the entimpmsition range. The measured data has
been utilized to estimate the excess viscosity, (excess Gibb’'s free energyl@") and
Grunberg’s interaction parameter (d). The variatiohexcess parameter indicates that there are
intermolecular interactions among components of tdmmary mixtures that lead to possible
hydrogen bond formation between unlike molecules.

Keywords: Viscosity, ultrasonic velocity, Gibb’s free engrghydrogen bond, interaction
parameter.

INTRODUCTION

Viscosity and ultrasonic measurements are extelysisged to study the molecular interaction in
pure liquids and liquid mixtures. When two liquidxtures are mixed together the resulting
changes in physical and acoustical properties eazohsidered as a sum of several contributions
due to free volume change, change in energy, chamgeolecular orientations and steric
hindrances. The mixing of different compounds givise to solutions that generally do not
behave as ideal solutions. The deviation from itded expressed by many acoustical variables
particularly by excess or residual extensive priggr The study of the solution properties of
the liquid mixtures finds applications in indust@md technological procéess

The carbonyl group is a part of several biologicatportant molecules such as proteins, lipids
and harmonés Phenols are widely used for phonograph recordspdwpreservatives and

138
Scholars Research Library



R. Palaniet al Arch. Phy. Res., 2011, 2 (3):138-145

selective weed killing. Cresols constitute oneh#f most important groups of aromatic organic
compounds, which occur in three isomeric forms.yTtied extensive use in various fields as
disinfectants, organic intermediates, textile somuagents, herbicides, surfactants and in the
production of few phenolic resins, salicyladehyd@nmarin etc., Both ortho- and para-cresols
are used as end product in azo dydany researchetfave studied the ultrasonic properties of
cresols in different organic solvents. Moreoveterlture survey indicates that no physico-
chemical studies on these systems have been rdpditerefore, the study of intermolecular
interactions in these systems will be interestingng to their applications. Keeping these
important aspects in view, the measurements oasalhic velocity, density and viscosity and
their related excess transport parameters for miseldent systems of benzaldehyde and
tetrachloromethane with o-cresol, m-cresol and ggar at 303, 308 and 313 K have been
undertaken. The variations of excess parameters b@en used to explain the nature and extent
of intermolecular interaction in these mixtures.

MATERIALS AND METHODS

All the chemicals used in this present reseah analytical reagent (AR) and spectroscopic
reagent (SR) grades of minimum assay of 99.9% mddairom E-Merck, Germany and SdFine
chemicals, India, which were used as such withodhér purification. The purities of the above
chemicals were checked by density determinatia®08; 308 and 313K * 0.1K. which showed
an accuracy of + 1 x IHgcn® with the reported valud8® The ternary liquid mixtures of
different known compositions were prepared in sesppeasuring flasks. The density, viscosity
and ultrasonic velocity were measured as a funafawomposition of the ternary liquid mixture
at 303, 308 and 313 K.

The substitute phenols such as o-cresol, m-crembpeacresol were added to a binary mixtures of
benzaldehyde and tetrachloromethane. For this perdonaries with fixed mole ratios/X, [

3:1 were prepared by volume. The density was déteanusing a specific gravity bottle by
relative measurement method. The weight of the gamvps measured using electronic digital
balance with an accuracy of + 0.1 mg (Model: ShimedX-200). An Ostwald's viscometer (10
ml) was used for the viscosity measurement. Effture was determined using a digital
chronometer to within £0.01s. An ultrasonic inteolmeter having the frequency of 3 MHz
(MITTAL ENTERPRISES, New Delhi, Model: F-81) witmaoverall accuracy of + 0.1% has
been used for velocity measurement. An electrorgitadly operated constant temperature bath
(Raaga Industries) has been used to circulate vilateugh the double walled measuring cell
made up of steel containing the experimental smhuit the desired temperature. The accuracy in
the temperature measurement is + 0.1 K.

THEORY AND CALCULATION
Various acoustical and transport parameters aoelledékd from the measured data such as

1
0 (D)

The Gibb’s free energy can be estimated from tHeviing relation.

Adiabatic Compressibility3 =

AG = K,T ln( K;ﬁj

.(2)
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where K, is the Boltzmaan’s constant (1.38 x4WK™), T the absolute temperature, ‘h’ the

Planck’s constant (6.626 x T0Js?) andt is the relaxation timet(= % ne).

Excess values of the above parameters can be de¢erosing

A®=A,, —Ay ... (3)
where A, =) A, X;, A, is any acoustical parameters axdthe molefraction of the liquid

component. Grunberg and NisSdarmulated the following relation to determine theeraction
parameter (d) regarded as a measure of the strehgthlecular interactions between the mixing
components.

Inn,. =X, Inn, +X,Inn, + X, Inn, +X,X,X.d ...(4)

RESULTS AND DISCUSSION

The experimental values of densip),(viscosity () and ultrasonic velocity (U) of pure liquids
and for the ternary liquid systems at 303, 308 318K are given in Tables - 1 & 2. The values
of excess viscositynf), Gibb’s free energyA\GF) and the Grunberg’s interaction parameter (d)
are shown in Table-3. Further, the variation osthexcess parameters of studied systems with
molefraction of cresols at 303, 308 and 313 K & in Figs. 1 & 2 and the curves are drawn
using least square fitting.

Table-1 Values of density ), viscosity £) and ultrasonic velocity (U) of pure liquids at 3@, 308 and 313K

Organic liquids p/ (kg m™) n/(x10°Nsni?) U/(m.s™)

303K 308K 313K 303K 308K 313K 303K 308K 313K

Benzaldehyd: Exp. value 1055.3 1032.2027.0 1.3997 1.3855 1.37741451.7 1442.41434.6
Literature value 1049.0 — - - - - 14640 - -

Tetrachloromethane Exp. value 1561.9 1546.91531.4 0.8679 0.8521 0.7919 899.6 889.6 864.6
Literature value1574.8  — - - - - 9070 - -

0-Ccreso Exp. value 1044.3 1041.71039.6 8.1797 8.0413 7.14581526.4 1521.61507.2
Literature value1048.7  — - 86430 - - 15250 - -

m-creso Exp. value 1027.0 1023.4020.9 4.5482 3.7896 2.34301431.2 1424.41421.8
Literature value1030.6  — - - - - - - -

P-creso Exp. value 1016.4 1013.4011.4 3.8887 2.5679 2.39361400.4 1370.21350.5

Literature value1026.4  — - - - — - _

140
Scholars Research Library



R. Palaniet al Arch. Phy. Res., 2011, 2 (3):138-145

Table-2 Values of density ), viscosity €) and ultrasonic velocity (U) at 303, 308 and 313for

p/ (kg m™) n/(x10°Nsm?) U/(m.s™)
303K 308K 313K 303K 308K 313K 303K 308K 313K
System-| : benzaldehyde (X) + tetrachloromethane (%) + o-cresol (%) [(X1)/ (X2)=3:1]

Molefraction (X 3)

0 14105 1388.1 1371.1 1.2585 1.2354 1.2214 1176.4 1161.2 1159.1
0.02 1408.4 1374.1 1364.7 1.3280 1.2946 1.2715 1182.2 11741 1167.2
0.04 13905 1368.7 1352.8 1.3821 1.3481 1.3375 1191.4 11843 1170.3
0.06 1384.1 13619 1324.7 1.4800 1.4186 1.3943 1197.9 1189.1 1175.8
0.08 1374.1 13455 13105 1.5248 1.4586 1.4494 1208.6 11942 1189.3
0.10 1369.1 13219 1296.8 1.5712 15186 1.4927 1227.1 1218.7 1201.8

System-Il : benzaldehyde (X) + tetrachloromethane (%) + m-cresol (%)

0 14105 1388.1 1371.1 1.2585 1.2354 1.2214 1176.4 1161.2 1159.1
0.02 1397.2 1366.3 1358.3 1.3110 1.2842 1.2475 1179.2 1165.8 1163.2
0.04 1382.8 1351.7 1349.2 1.3658 1.3290 1.2611 1185.6 1169.1 1164.9
0.06 1373.1 1349.1 1314.1 1.3947 1.3557 1.2851 1192.3 11744 1172.1
0.08 1369.9 1326.9 13014 1.4589 1.3989 1.3183 1203.9 1183.2 1179.1
0.10 1355.6 1319.4 1284.2 1.4918 1.4403 1.3403 1216.3 1199.4 1197.0

System-lIl : benzaldehyde (X) + tetrachloromethane () + p-cresol (%)

0 14105 1388.1 1371.1 1.2585 1.2354 1.2214 1176.4 1161.2 1159.1
0.02 1395.1 1361.8 1354.7 1.3032 1.2673 1.2456 1178.3 1164.6 1161.0
0.04 1380.3 1348.7 1344.2 1.3343 1.2941 1.2598 1181.1 11685 1163.2
0.06 1361.8 1346.6 1312.1 1.3922 1.3204 1.2934 11849 1173.2 1168.4
0.08 13549 1321.1 1299.2 1.4389 1.3493 1.3132 11929 11822 11723
0.10 1349.3 1311.2 12749 1.4905 1.3675 1.3365 1203.4 1196.2 1192.1

The excess properties are found to be more semsdwards intermolecular interaction between
the component molecules of liquid mixtures. Thensand extent of deviation of excess
properties depend on the strength of interactiawden unlikenoleculed’. According to Foret
al.!, the excess viscosity gives the strength of theemér interaction between the interacting
molecules. For systems where dispersion, indu@rmhdipolar forces which are operated by the
values of excess viscosity are found to be negatiereas the positive values shows the
existence of specific interactions leading to therfation of complexes in liquid mixtures. The
excess viscosity (Fig.1) is negative through theleslrange of concentration in all the three
systems. From the analysis and close observatisnfaund that they decrease with increasing
the molefraction oKz whereas it increases with the raising of tempeeaflihis behaviour shows
that the existence of molecular interaction betwiencomponents of mixture for all the systems
studied.
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Table-3 Excess values of viscosity,{), Gibbs free energy \c*) and Grunberg’s interaction parameter (d) at
303, 308 and 313K for

_nE/(x10° Nsm?) AGE/(x10%KJ mol™) d
Molefraction (X 3)

303K 308K 313K 303K 308K 313K 303K308K 313K
System-| : benzaldehyde (X) + tetrachloromethane (%) + o-cresol (%) [(X1)/ (X2)=3:1]

0 0.0083 0.0168 0.0197 1.13 1.45 1.15 0.07 0.04 0.10
0.02 0.0770 0.0933 0.0868 5.72 2.34 135 8.11 4.46 6.30
0.04 0.1611 0.1756 0.1398 7.28 0.33 10.46 455 2.74 544
0.06 0.2015 0.2409 0.2011 18.10 6.16 19.23 6.25 3.25 4.38
0.08 0.2950 0.3368 0.2641 1295 5.74 17.79 4.28 1.78 3.67
0.10 0.3869 0.4125 0.3385 1.83 2.66 13.41 3.07 1.66 2.65

System-Il :  benzaldehyde (X) + tetrachloromethane (>¢) + m-cresol (%)

0 0.0083 0.0168 0.0197 1.13 1.45 1.15 0.07 0.04 0.10
0.02 0.0214 0.0187 0.0156 9.08 17.39 6.01 7.79 6.40 7.20
0.04 0.0322 0.0146 0.0241 15.13 1857 7.49 6.23 5.03 3.38
0.06 0.0689 0.0197 0.0221 12.32 15.68 15.99 3.83 3.23 2.90
0.08 0.0604 0.0062 0.0149 13.69 20.47 20.80 4.50 3.22 3.23
0.10 0.1031 0.0156 0.0109 9.24 15.62 16.53 352 3.13 2.90

System-lll : benzaldehyde (%) + tetrachloromethane (3¢) + p-cresol (%)

0 0.0083 0.0168 0.0197 1.13 145 1.15 0.07 0.04 0.10
0.02 0.0159 0.0112 0.0185 8.75 10.69 6.88 7.00 4.88 6.66
0.04 0.0173 0.0107 0.0274 11.47 1429 759 3.76 3.43 3.11
0.06 0.0319 0.0096 0.0168 21.66 14.01 18.40 459 2.93 3.42
0.08 0.0376 0.0081 0.0201 22.56 18.22 20.30 4.40 2.83 2.79
0.10 0.0384 0.0162 0.0198 22.43 11.79 16.24 4.49 2.28 2.58
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i System-| : benzaldehyde (X,) + tetrachloromethane (X,) + o-cresol (X,) .
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Fig.1 Variation of excess viscosity (1°) of benzaldehyde and

tetrachloromethane solvent
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The variation of excess Gibb’s free energy (Fig@® found to be positive in all the systems
studied. The values @&GFincreases with increasing the molefractiorXgbut it decreases with
the raising of temperature. According to Restdal.}* the positive value oAGE may be
attributed to specific interactions like hydrogeanding and charge transfer while negative
values are due to the dominance of dispersion $orte the present investigation the increasing
positiveAGF values shows the strong interaction between thikeumolecules and vice-versa.

i System-l : benzaldehyde (X,) + tetrachloromethane (X,) + o-cresol (X,).
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Fig.2 Variation of excess Gibb’s free energy (AG ) of
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with mole fraction of cresols (X,) at 303, 308 and 313 K
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The interaction parameter ‘d’ in equation Grunbetgal.? is a measure of the strength of
interaction, between the mixing components.

d-values were studied to show the various typestefactiort® as follows: Large and positive
d-value indicated strong specific interaction; dmabsitive value indicated weak specific
interaction; large negative value indicated no gjeinteraction. It is evident from Table-3 that
d-value is positive and it is decreases with ingire@ the mole fraction oKX; as well as
temperature for all systems studied. The positaleer of ‘d’ may be attributed to the dominance
of specific interaction arising from the making lofdrogen bonds between hydrogen atom of
cresols and carbonyl oxygen atoms of benzaldehyde.

CONCLUSION

Excess transport properties of ternary liquid nmesu of cresols in benzaldehyde and
tetrachloromethane at 303, 308 and 313K are coreside be a reflecting agent of magnitude of
polarity and size of the molecules in the inte@ctiThe result of excess properties reveal that
the strong molecular interaction exists in the om&s which may be due to the dominance of
hydrogen bonding and charge transfer between théngnicomponents. The strength of
interaction tends to weaker with rising of temperatwhich may due to the presence of weak
inter molecular forces and thermal dispersion ferce
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