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ABSTRACT

The ultrasonic velocity, density and viscosity eallhave been measured at 288 K, 298 K, 308 K a8dK3h the
ternary system of N,N-dimethylformamide, cyclohexand benzene. From these experimental data, dcalst
parameters such as adiabatic compressibilify free length (b, free volume (¥, internal pressurel;), relaxation
time ¢), Gibb's free energyAG), acoustic impedance (Z) and their excess vahae® been estimated using the
standard relations. The results are interpretedténms of molecular interaction between the comptmef the
mixtures.

Key Words: Sound velocity, adiabatic compressibility, friegth, free volume, internal pressure, molecular
interaction.

INTRODUCTION

Ultrasonic investigations of liquid mixtures corisig of polar and non-polar components are of amrsible
importance in understanding the intermolecularrattions between the component molecules and fipdcations
in several industrial and technological proces&e$]] The ultrasonic velocity in a liquid is fundantally related to
the binding forces between the atoms or molecuteshas been successfully employed in understartdagature
of molecular interactions in pure liquids and bynand ternary mixtures [5-7]. The variation of atonic velocity
and related parameters throw much light upon thecstral changes associated with the liquid mixunaving
strongly interacting components [8] as well as viakeracting components [9].

In order to have a clear understanding of the intdecular interactions between the component médecuhe
author’s have performed a thorough study on th&dignixtures using ultrasonic velocity data.

The present work deals with the ultrasonic veloaityl computation of related parameters with thedess values
in ternary system of N,N-Dimethylformamide + Cyatodane + Benzene at 288k, 298K, 308k & 318K (at f+&)
For preparing various concentration mixtures, nfidetions of component liquids were varied from th@®.6.

N-N-Dimethyl formamide (DMF), as a polar solvens, ¢ertainly to some extent associated by dipoletdip
interactions, and is of particular interest becafdbe absence of any significant structural éffetue to the lack of
hydrogen bonds; therefore, it may work as an aprgiotophilic solvent with a large dipole momemidahigh
dielectric constantp=3.24D ande=36.71). It is used in the separation of saturated unsaturated hydrocarbons
and serves as a solvent for many polymers. Cyckie%=2.02) belongs to alicyclic hydrocarbon (closedichdt

is non-polar, unassociated, inert hydrocarbons feasl globular structure [10]. Hence it is not inemlvin any
interaction with DMF or benzene. However dispersiorces caused by correlated movements of elections
interactive molecules are possible between cyclahexand the other components. Benzene is a nongmient,
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which is freely miscible with many organic solvefitd]. It has slightly polar nature due to the aelized electron
cloud, which results in the solute-solvent molecalssociates.

EXPERIMENTAL SECTION

N, N-Dimethylformamide, Cyclohexane, Benzene (ARdg) were purified by the standard methods [12fiods
concentrations of the ternary liquid mixtures werepared in terms of mole fraction, out of which thole fraction
of the second component, Cyclohexang £X0.4) was kept fixed while the mole fractiong@faining two (% and
X3) were varied from 0.0 to 0.6. There is nothinghgigant in fixing the mole fraction of second cooment at 0.4.
Ultrasonic velocity measurements were made usitrgadnic interferometer (Model M-84, Mittal entagars, New
Delhi) at 6 MHz with accuracy of +0.1fsDensity and viscosity was determined using aifipegavity bottle and
Ostwald’s viscometer. All the measurements were arad288 K, 298 K, 308 K, and 318K with the helpaof
electronically operated digital constant tempematbath (Model SSI-03spl, Mittal Enterprises, NewlHde
operating in the temperature range’el® 85c with an accuracy of + 0.1K.

THEORY

The ultrasonic velocity (U), densitg)(and viscosity) in pure liquids and liquid mixture of various @amtrations
have been measured at 288 K, 298 K, 308 K and 318hermodynamic and acoustical parameters such as
adiabatic compressibilitys], inter molecular free length (). free volume (\f/,), viscous relaxation time)(, internal

pressurer), Gibbs free energyAG) and acoustic impedance (Z), were determinedgusia observed values of
velocity, density and viscosity using respectiveagpns and the Excess values of these parametzesevaluated
using the equations given below .

Intermolecular free length p., is calculated using the standard expression

1/2
L - KB (1)

Where K is a temperature dependent constant knewia@bson constant and 3 is the adiabatic contgliggshat
can be calculated from the speed of sound (U) laadiénsity of the mediunp) as

2 -1
p=(up) &)
The relation for free volume in terms of ultrasowniocity and the viscosity] of liquid as
3/2
Vf: (Mg U T km)  -mmmmmmmmmmmmeee 3)
Expression for the determination of internal pres$iis
Yo 2/3 716
IT;= b.R.T.(Kn/U) - (p /Meff ) - (4)
Where b stands for cubic packing which is assuneebte 2’ for liquids and ‘K’ is a dimensionless tant
9
independent of temperature and nature of liquidsiemvalue is 4.281x10‘T’ is the absolute temperature and “ "

Meﬁ“ is the effective molecular weight.

The viscous relaxation time is obtained using gation

T=(43)Bn (®)

Gibbs free energy is calculated from the relation
AG =K.T.In (K.Tx/ h) ----eemmmeemeev (6)

Where 7’ is the viscous relaxation time, ‘K’ is the Boltamn’s constant, ‘T’ is the absolute temperature largdthe
Planck’s constant.

The specific acoustic impendence is given by,
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Z=Up

()

Where, ‘U’ and p’ are the velocity and density of liquid respechjve

In order to understand the nature of the moledul&ractions between the components of the liquidures, it is
of interest to discuss the same in term of excassnpeters rather than actual values.

E
Excess parameters (Pof all the parameters are computed by the reiatio

E
A=A 'Aid
exp

(8)

n
Where Ai\d =X Aixi, ‘Ai, is any parameters andi:Xhe mole fraction of the liquid components of ‘i".

TABLE — I: Values of Density (p), Viscosity ) and velocity (U) at 288k, 298k, 308k and 318k.

. Density p) Viscosity @) Velocity (U)

Mole fraction Kg.m® (10° N.s.m?) m.<?

X1 Xz 288K 298K | 308K | 318K 288K| 298K| 308K 318K 288H 298K 08K | 318K
0.0000| 0.6000] 835.2 830.94 824.87 818{23 0.9123%798.| 0.5364| 0.458% 12804 1247.7 122p.1 114
0.0999| 0.4999 842.8 837.12 831.16 824{30 0.926%85Q.] 0.543| 0.4667 1286 12528 1226.1 117
0.1998| 0.4001] 850.26 84341 837.55 830{47 0.934%936.| 0.5531| 0.476% 129444 12582 123B.3 11§
0.3001| 0.3000] 855.4% 849.41 844.p6 836(76 0.9425/016.| 0.5635| 0.4864 13023 12674 1241.4 114
0.4000| 0.1999] 862.86 856.25 850.p1 843(09 0.9585180.| 0.5741| 0.497% 13127 1280.9 125p.8 12(
0.4998| 0.1001] 869.85 862.47 857.24 849(49 0.9627730Q.| 0.5845| 0.5077 13235 1287.7 12595 121
0.5997| 0.00000 875.4% 869.38 863.p6 855(98 0.9729466.] 0.5951| 0.518]1 13345 1298.8 127p.2 123

TABLE - II: Values of Adiabatic compressibility (g) and free length (L) at 288k, 298k, 308k and 318k.

Mole fraction

Adiabatic compressibilityf})

Free length ()

(10°NL.nR) (10%m)
X1 X, | 288K | 298K | 308K | 318K| 288K| 298K] 308K 318K
0.0000| 0.6000 7.3028 7.7306 8.14B7 9.0033 0.529%508.] 0.5768] 0.609/
0.0999| 04999 7.1715 7.6111 8.00B2 8.7810 0.525 468.5 0.5718] 0.601¢
0.1998| 0.4001 7.0196 7.4897 7.84p7 8.5107 0.5194420.] 0.5663] 0.594¢
0.3001| 0.30000 6.8926 7.3298 7.687/8 8.3492 0.5145360.] 0.5604] 0.586¢
0.4000| 0.1999 6.7256 7.1142 7.5144 8.1215 0.50846288.] 0.5541] 0.578¢
0.4998| 0.1001 6.563] 6.9900 7.35B6 7.9285 0.5025236.] 0.5481] 0.571
0.5997 | 0.0000 6.4140 6.8148 7.1740 7.7]06 0.496%170.] 0.5414] 0.564

TABLE — IlI: Values of Vi

Mole fraction Viscous relaxation timg( Gibb’s free energy AG )
(x10%2 s) (x 102 k.J.mol)

X1 Xz 288K 298K 308K 318K 288K 298K 308K 318K
0.0000| 0.60000 0.8883 0.7007 0.58P4 0.5%04 0.6654050.| 0.5607| 0.5681
0.0999| 0.4999] 0.8859 0.69593 0.57p4 0.5458 0.6643F6018.| 0.5585| 0.5644
0.1998| 0.4001] 0.8746 0.6925 0.5789 0.5445 0.6592600Q.| 0.5581| 0.5634
0.3001| 0.30000 0.8661 0.6852 0.5776 0.5419 0.6554958.] 0.5571| 0.5613
0.4000| 0.1999] 0.859% 0.6823 0.5752 0.5387 0.6523F%940.| 0.5554| 0.5587
0.4998| 0.1001] 0.8424 0.6804 0.57B1 0.5367 0.6443%920.| 0.5538| 0.557(
0.5997 | 0.0000f 0.832 0.6787 0.56P2 0.5326 0.6394918.| 0.5509| 0.5537

TABLE — IV: Values of Free volume (\f) & Internal pressure (II;) at 288k, 298k, 308k and 318k.

Mole fraction

Free volume (Y

Internal pressurd(;)

(107 m®.mol?) ( x160 N.m?)

X1 Xz 288K 298K 308K 318K 288K 298K 308K 318K
0.0000| 0.6000] 1.356% 2.0287 2.7988 3.3049 443.299.739 369.29| 358.8(
0.0999 | 0.4999] 1.3217 1.9976 2.7416 3.2348 451.815.500 375.34| 364.72
0.1998 | 0.4001] 1.305 1.9563 2.66p6 3.1408 458.252.041 382.39| 371.64
0.3001| 0.3000f 1.2888 1.9262 2.59B6 3.0561 463.998.041 389.49| 378.53
0.4000| 0.1999] 1.2588 1.8680 2.5258 2.9736 472.356.302 396.70| 385.6(
0.4998 | 0.1001] 1.254 1.8221 2.46p7 2.8924 477.543.883 403.97| 392.81
0.5997| 0.0000f 1.2378 1.7675 2.400l7 2.8204 483.872.494 411.19| 399.92
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TABLE — V: Values of Acoustic impedance (Z) at 288k298k, 308k and 318k.

Mole fraction Acoustic impedance (2)
(x 10 Kg.nt.s?)

X1 Xz 288K | 298K | 308K 318K
0.0000| 0.6000, 1.069% 1.0368 1.0064 0.9%33
0.0999| 0.4999] 1.0841 1.0487 1.01p1 0.9689
0.1998| 0.4001] 1.1006 1.0612 1.033 0.9844
0.3001| 0.3000f 1.1141 1.077 1.04¥8 1.0011
0.4000| 0.1999] 1.1327 1.098 1.0689 1.0189
0.4998| 0.1001] 1.1512 1.111 1.0797 1.0351
0.5997| 0.0000] 1.1683 1.1291 1.09y4 1.0%36

TABLE — VI: Excess values of adiabatic compressilitly (), Free length (L) and free volume (V) at 288k, 298k, 308k and 318k.

Mole fraction Adiabatic comppF) Free length () Free volume (V)
(10°N2.m?) (10°m) (107 m*.mol?)

X1 Xz 288K | 298K | 308K| 318K| 288K| 298K 308K 318 288K 298K 08K | 318K
0.0000| 0.6000f 0.521 0.350 0.138 0.324 0.020 00130060 0.012f 0.299 0.551 0.828 0.894
0.0999| 0.4999 0.563 0427 0.216 0345 0.022 0/010100 0.014| 0.237 0.489 0.737 0.790
0.1998| 0.4001 0.582 0501 0.278 0.376 0.024 0/0210130, 0.016| 0.183 0.41y 0.628 0.662
0.3001| 0.3000f 0.62¢ 0.532 0.331 0.395 0.026 0)0230160] 0.018| 0.134 0.356 0.522 0.542
0.4000| 0.1999 0.631 0521 0376 0411 0.028 00230180 0.019| 0.073 0.26f 0.421 0.425
0.4998| 0.1001] 0.642 0.588 0.431 0459 0.029 0026210 0.022| 0.03§ 0.190 0.322 0.310
0.5997| 0.0000, 0.66¢ 0.613 0.469 0485 0.030 0028230 0.024| 0.012 0.105 0.230 0.204

TABLE - VII: Excess values of Internal pressure (), Acoustic impedance (Z) and Gibb’s free energyAG) at 288k, 298k, 308k & 318k.

Mole fraction Internal pressuref) Acoustic impedance & Gibb's free energy AGF)
( x1¢ N.m?) (x 10 Kg.n?.s?) x 102 k.J.mof
X1 X2 288K 298K 308K 318K| 288K 298K 308K 318 288K 2951K 08K | 318K
0.0000| 0.6000] -41.91 -47.81 -50.59 -46p4 -0[05 03d. -0.02| -0.03] -0.09 -0.08 -0.1p -0.09
0.0999| 0.4999 -33.38 -43.22 -46.16 -42[12 -0|06 05(Q. -0.03| -0.04] -0.03 -0.06 -0.08 -0.97
0.1998| 0.4001 -27.1 -37.99 -40.86 -3710 -0|07 06d. -0.04| -0.05| -0.0Z -0.0f -0.0f -0.06
0.3001| 0.3000] -21.5% -33.4p -35.5%8 -32p5 -0{08 07(Q. -0.05| -0.05| -0.01 -0.04 -0.0p -0.04
0.4000| 0.1999 -13.19 -26.36 -29.98 -26,98 -0{09 080. -0.06| -0.06] 0.01 -0.02 -0.08 -0.03
0.4998| 0.1001 -8.09] -20.0B -2442 -21p6 -0/10 90.0-0.07| -0.07| 0.02f -0.01 -0.0p -0.01
0.5997| 0.00000 -1.76] -12.6f -18.81 -16.37 -0{11 00.1-0.08| -0.08] 0.03 0.01 -0.0L 0.0p
TABLE — VIII: Excess values of Acoustic impedanceZ) at 288k, 298k, 308k and 318k.
Mole fraction Viscous relaxation timerf )
(x10% s)
X1 X2 288K 298K 308K 318K
0.0000| 0.6000 -0.120% -0.1447 -0.1487 -0.1213
0.0999| 0.4999] -0.0881 -0.1231 -0.1282 -0.1p4
0.1998| 0.4001] -0.0649 -0.0991 -0.10p4 -0.0836
0.3001| 0.3000] -0.0389 -0.0796 -0.0833 -0.0645
0.4000| 0.1999] -0.0107 -0.0585 -0.06P1 -0.0458
0.4998| 0.1001] 0.0067 -0.0305 -0.04p8 -0.0261
0.5997| 0.0000f 0.0311 -0.0052 -0.02f1 -0.0083
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RESULTS AND DISCUSSION
It is evident from table-1 that density, viscos#tgd ultrasonic velocity decreases with increastemiperature for a

particular mole fraction of the components in teenary mixture, whereas the same parameters iresess the
mole fraction of DMF is increased relative to thbkey components.
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Benzene and cyclohexane are both non-polar. Howserezene has a relatively higher dielectric conisdad is an
electron donor. Hence dispersive types of intevastiare expected between benzene and cyclohexane.

DMF is a polar molecule, when it is in associatieith benzene and cyclohexane, the DMF-DMF dipolar
association tends to breakdown releasing severdf didoles. These free dipoles of DMF induce moménte
neighboring cyclohexane and benzene moleculestirggih induced dipolar interaction.

Increase in concentration of DMF thus results iordase in free length and adiabatic compressibilihe regular
fall in free length with increase in concentratiohDMF causes a rise in sound velocity [13]. Thisnd is an
indication of clustering together of the molecuéesthe associative effect of the polar group dotemaver the
other type of interaction [14].

Velocity shows a reverse trend as temperaturedse@sed. This happens as the spacing between tleeules
increases leading to a less ordered structure.

Relaxation time decreases very slowly with incréaseole fraction of DMF, but decreases rapidiyt@mperature
increases. The former indicates lack of strong mdér interaction between the components of theursx and the
latter is true because of instantaneous converdiencitation energy to translational energy.

Acoustic impedance (Z) is the ratio of the effeetsound pressure at a point to the effective pdatio/elocity at
that point. The pressure is measured by the tptafithe force of dispersion, repulsion, ionic atigolar. In our
present investigation, acoustic impedance incresleedy with increase in concentration of DMF, shiogvweak
molecular interaction (as both benzene and cyclaheare non-polar). Since Z =plJas temperature increases, Z
decreases. Acoustic impedance is also used fossisgehe absorption of sound in the medium.

Gibbs’ free energyAG) decreases slowly with increase of concentrabb®MF, where as it decreases rapidly
when temperature increases. Decreas&Gnsuggests longer time for rearrangement of moéscir the mixture.
Since in the present case, two of the componeritseimixture are non-polar the intermolecular iat#ion is weak
and becomes weaker with increase in temperature.

Increase in internal pressurd; may be due to strengthening of cohesive forcecesthe interaction in our case is
weak, TI;" increases slowly with concentration of DMF, betcdeases rapidly with increase of temperature.

The nature of molecular interaction may also belysea in terms of the excess parameters. Excesdatil

compressibility %) and excess free lengthf). are positive, indicating weak molecular interastbetween the
components of the mixtur@.ositive excess value of free volume predicts brgpkf liquid order on mixing and
presence of non-specific physical interaction betwanlike molecules. This leads to expansion ofin@ during

mixing.

Excess value of internal pressuf& is negative and it decreases as temperatureaisese Negative value B
indicates absence of complex formation and weadaction between component molecules. It is aleo Heat the
excess free volume and excess internal pressurefaneposite nature. Excess acoustic impedaricandl excess
Gibbs’ free energGF are both negative. This indicates dominance qfatision forces.

CONCLUSION

Density, viscosity and ultrasonic velocity increagéth increase in mole fraction of DMF. This isedio the dipole-
induced dipole interaction between DMF and the iotive non-polar components. They shows a reveesaltwhen
the temperature increases. Parameters like Gilbbs’dnergy, acoustic impedance, relaxation time ialdicate a
weak dipole-induced dipole interaction between ¢benponents, which is also confirmed by the natdréheir

excess values.
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