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ABSTRACT

The values of dielectric constant (€ ), refractive index (n) and density (p ) of the binary mixtures of phenol and p-

chlorophenol with carbon tetrachloride, benzene and acetone have been measured experimentally at 301K. From
these measurements evaluated the following parameter viz., polarization (P), molar refraction (R), molar volume
(V), molar polarizability (o ) also predict the following excess parameter like molar volume (VF), dielectric constant

(%), molar refraction (RF) and polarization (PF). The results are discussed in terms of molecular interactions.

INTRODUCTION

Dielectric and refractive index measurements caalide to give the valuable information regarding ttature of
molecular interactions of the pure liquids and iligumixtures. [1-6] Several workers [7-13] study exilar
interactions by using dielectric, ultrasonic arwhrspectroscopic technique. The present investigattudy the
molecular interaction of the phenols with solveatdtone , carbon tetrachloride and benzene) systems

EXPERIMENTAL SECTION

The refractive indices of the solutions under itigegions were determined using Abbe’s refractomatel density
of the solution was measured using 5ml specificviyabottle. The dielectric constants were measduirean
capacity measurement using dipole meter RLO9 seghfliy Toshniwal, India operated at 220 volts andking in
the heterodyne principle with an oscilloscope mudlication. It has a measuring frequency 300 KHae Bamples
were placed in a cell containing a co-axial bragmder and the cell was immersed in water by meznsecision
thermostat with an accuracy of +0.1°C supplied lop€drd Instruments Pvt. Ltd., Chennai. The scaldhefdipole
meter is calibrated using the standard liquidsasbon tetrachloride, benzene, and acetone. The rABegohenol,
carbon tetrachloride, benzene and acetone were wibdut further purification. The temperatures af the
measurements were maintained at 301K using

RESULTSAND DISCUSSION

The dielectric constantg(), refractive index (n) and densityp)(of the binary mixtures of phenol with solvent
(carbon tetrachloride (CC), benzene (BE) and aee{®€C) measured at 301 K are given in table 1 anBr@m
these experimental values, evaluate the polarizgB), molar refraction (R), molar volume (V) andgrizability (

a ) are using the following relations

Polarization of the binary mixtures
_€-1m
E+2p
Molar polarization of solution

1)
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_n°-1m @
n+2p

The molar volume can be calculated from the eqnatio

m

— 3)
&
Where m ang are the molecular weight and density of binarytomgs and the effective molecular weight
m= X;my+ Xom, (4)

The dipole moment induced by the electric field tencalculated from the optical refractive indexaofnaterial.
The refractive index is related to the polarizapitif molecules by Lorentz- Lorentz formula (7)

a =§T[NR (5)
4

Where N is the Avogadro number and R is the mafaction.

The calculated values of polarization (P) , molatapzation (R), molar volume (V) and polarizahili¢a ) are
given in table 3 and 4.

The excess parameter for binary liquid mixturestheemeasure of deviation from ideal behaviorhaf mixtures
are found to be more sensitive tool towards theemdér interaction in the liquid mixtures. The \eduof excess
refractive index (R) , molar refraction (B, molar polarization ( and molar volume (§ were determined
using the equation

AF= A- (X1A+ XA) (6)

Where A istherepresents the any excess parameter and A redéotee mentioned quantities. The subscripts 1 and
2 in above equations are respectively for compofeahd 2. X and X% are mole fraction of pure liquids 1, 2
respectively.

The excess dielectric permittivity were evaluatsihg the relation
€8 =(e-n")—((&, )+ (g, ~n)) 7

Whereg, , €,, and € are the permittivity of the component 1,2 and bymaixtures, a n; n are refractive indices
of the component 1,2 and binary mixtures respelgtiviehe deviation parameter contains the structunfarmation

due to interaction between 1 and 2.ff is zero over the all concentration, this represénere is no interaction
between 1 and 2 liquids. The excess parameteteglatith mole fraction as shown in fig. 1 to 5. eTdeviations of
this parameter are shown in fig. 1, it is obsertteat static dielectric constant deviation3 (ere found to be
positive and negative this indicates the intermakacinteraction takes place in mixtures.

Table 1: Thevaluesof dielectric constant ( €) , refractiveindex (n) and density (P ) of the phenol with solvent systems

« € | n | p € | n | p € | n | p
2 Carbon tetrachloride Benzene Acetone

0.10| 2.99| 1.467] 1526 3.0/ 1548 1.184 1901 1307806
0.15| 3.38| 1.471 1499 346 1547 1.176 1850 1.386319
0.20 | 3.77| 1474 1472 3.84 1546 1.168 1803 1394832
0.25| 4.16| 1478 1.44% 423 1545 1.160 1750 140345
0.30| 4.55| 1.481 1.41 4601 1544 1152 17,02 1401858
0.40| 5.33| 1.488 1.364 538 1542 1.136 16,03 14P3384
0.50| 6.11| 1.495 1.31 6.1p 1.54 1.1p0 15/07 1.4459100
0.60| 6.89] 15020 1.256 6.92 1.538 1.104 1405 146236
0.70| 7.67| 1509 1202 7.69 1536 1.088 13,02 1410962
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Table2: Thevaluesof dielectric constant ( €) , refractive index (n) and density (P ) of the p-chlorophenol with solvent systems

Xz € | n | p € | n | p € | n | p
Carbon tetrachloride Benzene Acetone

0.10| 2.83| 1.464 1509 2.87 1545 1.167 1868 1.380826
0.15| 3.13| 1.466 1474 3.16 1543 1.151 1802 1390849
0.20 | 3.43| 1.468 1.43 3.44 1540 1.134 1736 140072
0.25| 3.74| 1.470 1.40 3.7 1538 1.118 16,70 1400895
0.30| 4.04| 1472 1367 4.00 1535 1.101 1604 142018
040 | 4.65| 1.476f 1.29¢ 458 1530 1.068 1472 1400064
050| 5.26| 1.480 1.22% 515 1525 1.085 1340 1460010
0.60| 5.87| 1.484 1.154 572 1520 1.002 1208 14480056
0.70| 6.48| 1.488 1.0883 6.29 1515 0.969 1076 1500102

Table 3: The values of molar volume (V), molar refraction (R), polarization (P), polarizability (O x10%) of the phenol with solvent

systems
‘o v | rR[pPJal]Vv | RrR[]P[Ja[Vv |[RrR]P[a
Carbon tetrachloride Benzene Acetone
0.1 124.87| 34.4 4725 7.19 67.82 21)38 2749 4.46.53 17.6 65.6 3.67
0.15| 123.18| 34.12 51.1p 7.12 6846 21|71 30.81 4.53.51| 18.19] 66.17 3.79
0.2 | 121.47| 33.71 5441 7.04 69.61 2204 33.85 ©.68.477| 18.77| 66.7| 3.91
0.25| 119.73| 3341 57.14 6.97 70.y8 2238 364.67 4.68.39| 19.35| 67.1§ 4.04
0.3 | 117.97| 33.04 594 6.89 7197 22[72 3931 4.70.29 19.94| 67.61] 4.16
0.4 114.38| 32.2§ 62.79 6.713 74.839 2341 4415 4.882 21.1 68.34| 4.4
0.5 | 110.68| 3144 6494 656 76.88 24J]12 4858 5.83.62| 22.26|] 68.86 4.64
0.6 | 106.88| 3054 66.12 6.38 79.45 24185 5273 5.88.15| 23.41| 69.1§ 4.88
0.7 102.96| 29.6 66.52 6.119 82.09 25.6 56.67 5.36.598| 24.55| 69.27 5.12

Table 4: The values of molar volume (V), molar refraction (R), polarization (P), polarizability (0 x10%) of the phenol with solvent

systems
Xz v R | P Ja v R PJOa]JV IRI[P]Ja
Carbon tetrachloride Benzene Acetone
0.1 | 100.26| 27.67 3794 577 7126 2253 2736 @¥.73.164 11.91| 16.33 248
0.15| 101.82 28.2 42.28 5.88 74.47 23146 31.13 4.8%.59 12.9 19.3 2.69
0.2 | 103.45| 28.74 46.34 6.00 77.78 244 3489 5.09.19%| 13.95| 2248 291
0.25| 105.17| 29.34 50.19p 6.12 81.18 25|37 38.64 5.23.98| 15.06| 25.76 3.14
0.3 106.98| 29.9q¢ 53.8Y 6.25 84.69 26137 42.42 b.57.9%| 16.23| 29.18 3.38
0.4 | 110.89| 31.24 60.8y 6.52 9203 28/43 50.07 5.88.57| 18.78 36.54 3.92
0.5 115.26| 32.74 67.62 6.83 99.84 30.6 57,95 6.38.187| 21.64| 44.7 451
0.6 | 120.16] 34.3§ 7434 7.17 108.16 32/88 66.13 ¢.86.97| 24.88) 53.81 5.19
0.7 125.7 36.22 81.21 755 117.05 35.3 7469 71.30.18| 28.58| 64.08 5.9

From table 1 and 2, it can be seen that with areaging concentration of phenol and p-chlorophetha, static
dielectric constant values are increases for catetrachloride and benzene and decreases for @&cettm the
systems phenol with acetone, the values of stéglearic constant are decreased with increaseoitentration.
This type of results contribution of acetone hagdapermanent dipole moments also have large satlectric
constant, because the dielectric polarization dég@nimarily on the ability of their dipoles to r&nt in an applied
electrical field.

As the concentration of phenol increases in thetsosl of carbon tetrachloride and benzene, thenalgnt of
dipoles along the field also increases due to #ffect static dielectric constant increases. Thereiase in
concentration, the alignments of dipoles along fiell also decrease. This caused gradually incréassatic
dielectric constant. This may be possible due toeiase the molar volume also increases in thetaféelength of
the dipole caused by the concentration increases.

The density of the solution decreases for the pinaixtures of phenol+ carbon tetrachloride , pHenbenzene ,
p-chlorophenol + carbon tetrachloride, and p-aspdyenol+ benzene indicates that may be molar velofibinary
solution decreases because influence of hydrogedihg with carbon tetrachloride and benzene mokcind
increases for the binary mixtures of phenol+ @oet p-chlorophenol + acetone , indicates that beymolar
volume of binary solution decreases because infleie weak interaction between acetone moleculls.density
values of solution depending on the density of mamaponents.

The density of these binary mixtures increases mitheasing mole fraction of the phenol indicatest the molar
volume of binary solution decreases because inflei@f hydrogen bonding with acetone molecules.
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Refractive index values of the binary mixtures @ages for phenol + carbon tetrachloride, phenotetome, p-
chlorophenol + carbon tetrachloride and p-chlorouthe acetone because electronic polarizatioreesses reverse
trend for phenol + benzene and p-chlorophenol z&e& because electronic polarization decreases.

Generally, the polarizability. consists of two contributions, the first one mesmrgthe ability with which the
molecules will be deformed by an electric fielddasther due to the orientation of the molecule®ldip under the
action of this field . The more important are threeptation effects. Since we measured the refradtidex in the
optical region, the polarizability should not ind&i orientation effects. The evaluated polarizapilialue are
reported in table 3 and table 4. The Rm valuesinddafor the binary mixtures of phenol and p-cbfdrenol with
solvent (carbon tetrachloride , benzene , acetosmution lies in range. From table 3 and tablegroduces the
experimental trend of [JRversus mole fraction of phenol and p-chlorophesolution. The mean molar
polarizability values are tabulated in table 3 @d-rom table it is observed that, the contributadnelectronic
polarizability small.

Molar volume decreases for the binary mixtures bénml + carbon tetrachloride, it is indicate thia¢ tweak
interactions taking place and increases for thenpher benzene, phenol+acetone, p-chlorophenol -ecarb
tetrachloride, p-chlorophenol + benzene and p-clploenol + acetone, it may arise the solute — solveeractions.
Similar variation observed for the molar refractwfrthe binary mixtures.

The polarization values decreases for the phendiemzene , phenol + acetone, p-chlorophenol + carbon
tetrachloride , p-chlorophenol+ benzene , p-chlbespl + acetone and decreases for phenol + cadb@thloride.
This is support to the exiting solute-solvent iatgions.

Information related to solute-solvent interactiomynbe obtained by deviation from equation and friogarel.
Shows the static dielectric constants are depemrdem@henol and p-chlorophenol mole fraction fxhie solutions
of carbon tetrachloride, benzene and acetone &.3Mis dependence is strongly nonlinear, and tesdem to be
good example for illustration of a possible ermie@sion in the estimation of the static dielectanstants of liquid
mixtures, assuming the static dielectric constahtle pure liquids.

The deviations ofe® are shown in fig. 1 and fig. 2. From the fig. Wddiy. 2, it is observed that static dielectric
constant deviationsef ) were found to be positive and negative this iatlis the intermolecular interaction takes
place in mixtures.

1E-16 0 '
-0.5
02 1 0.5 |
-1 4 p
-0.4 - —o—CC —o—CC
% % -1.5 A
—&—BE —a—BE
-0.6 A 2
—A—AC —a—AC
-0.8 - 25 -
A
-1 -3
X, X,
Fig. 1 phenol with solvent system Fig. 2 p-chlorophenol with solvent system

The 1f not equal to zero values are generally observedhi® systems where dispersion or weak dipole-dipol
forces are primarily responsible for the interagtimetween the component molecules. In the systemsruwstudy,
phenol, p-chlorophenol and acetone molecules igtdyhpolar and carbon tetrachloride and benzenkecotes are
non-polar having electrons. On mixing, a phenal prchlorophenol molecule would induce a small tippoment

in the solvent molecule, which might lead to weadjgote-induced dipole interaction between the congmbn
molecules, in addition to donor- acceptor inte@cttietween electrons solvent and highly polar Obligrof phenol
and p-chlorophenol resulting in negative valuesgaiize deviation in hvalues may also be observed due to the
difference in the molecular size of the componeatetules, as in the present mixtures. The magnitdichegative

n® values (Fig. 2 & 3) follows the sequence: carlmrachloride > benzene > acetone.
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0.06 0.06
0.05 0.04
0.04 0.02

0.03 —e—CC 0 —e—CC

e 00 —=BE E —=BE
0.01 -0.02

0 —a—AC -0.04 —A—AC
-0.01 05 -0.06
-0.02 -0.08

X, X,
Fig. 3 phenol with solvent system Fig. 4 p-chlorophenol with solvent system

This is also the sequence in the difference in madéumes of phenol and p-chlorophenol with carbetrachloride,
benzene and acetone in the present study. Fohalhixtures, the values become positive phenol wétbon
tetrachloride and acetone and negative for pheriibl Benzene as shown in fig.5 and 6 also similandrof p-
chlorophenol with carbon tetrachloride, benzend, aretone.

0 T
-5 0.5 1
10 —e—CC —e—CC
>I.I.l - w

15 ——BE = —&—BE
20 —a—AC ——AC
-25

X, X,
Fig. 5 phenol with solvent system Fig. 6 p-chlor ophenol with solvent system

The deviation in ¥ suggests that the position of chlorine on the at@mring influences the Salues in these
mixtures. We thus conclude that the magnitude 9ffor the present systems, depends on chlorinéoogt, and
hydroxyl functional group.

—e—CC —e—CC
3 3
—&—BE ——BE
——AC —a—AC
X, ' X,
Fig. 7 phenol with solvent system Fig. 8 p-chlor ophenol with solvent system

The deviations in molar refraction fRare shown in Fig. 7 and fig. 8, all the threeabjnmixtures are negative for
phenol +benzene and positive for phenol + carbtradkloride, phenol +acetone. Negative for lowenaamtration

and positive for higher concentration in p-chlorepbl as one of the component of the solvents. Tagnitude of
negative R values follows the order: carbon tetrachloride rdmme <acetone . In general, the negative values R
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suggest weak interactions and positive for strowgraction between the component molecules in flkeune. Thus,
the observed trends irfRalues with composition support the trends shown™for the mixtures under study.

—o—CC —o—CC
a a
—8—BE —&—BE
——AC ——AC
Fig. 9 phenal with solvent system Fig. 10 p-chlorophenal with solvent system

The deviations of Pare shown in fig. 9 and fig. 10, it is obsenthdt excess polarization deviations | were
found to be positive and negative this indicatesitttermolecular interaction takes place in mixsuri@eviation is
positive strong interaction between the compongstesns and negative deviations weak interactiomwéet the
component systems.

CONCLUSION

The excess parameter like molar volume refracthnaex, polarization, molar refraction, dielectricripétivity
shows deviation is positive strong interaction lestw the component systems and negative deviatiaak w
interaction between the component systems. Thesvafluefractive index , polarization dielectric stemt , molar
refraction increases for carbon tetrachloride ,zeee and decreases for acetone which exhibit weakarbon
tetrachloride , benzene also strong interactioraé@tone.

From the trends and behaviour of the evaluatedssxealues of binary mixtures of phenol and p-clgbemol with
carbon tetrachloride, benzene and acetone at 303vHch may eventually concluded as exist a molecula
interaction between the phenols and acetone iugfvrdiydrogen bonding and carbon tetrachloride aswizd
through dipole-dipole interactions. The strengttiref molecular interactions gets weakened on fureition of
carbon tetrachloride and benzene. Weak dipolar anftbsive forces are exist in the present systemyjaifl
mixture also solute- solute interactions component.
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