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ABSTRACT

The Ultrasonic velocity, density, and viscosity dnseen measured for ternary mixture of N-N dimefilwyhamide
(DMF), Cyclohexane and Chloro-benzene at differemhperatures for a constant frequency (6 MHz). &hes
experimental data have been used to estimate grentidynamic parameters such as adiabatic compréissitp),
free length (1), internal pressurel(i), relaxation time {£), acoustic impedance (Z), and Gibb’s free enertfy)(for
the solution. The excess values of the parameteralso evaluated and discussed.
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INTRODUCTION

The studies of thermodynamical and transport ptaseof multi-component (binary and ternary) liqurdxtures
and solutions have found wide application in cheidextile, leather and nuclear industries. Ulrds
investigations of liquid mixtures consisting of @aolnd non-polar components enable to understandttecular
interactions and structural behavior of moleculed #heir mixture$1-3]. The intermolecular interaction influences
the structural arrangement along with the shapgbeofnolecules.

For a better understanding of the physio-chemioaperties and the molecular interaction betweerp#récipating
components of these mixtures, ultrasonic velocitaegether with density and viscosity are measutediféerent
temperatures for different concentration of the ponents in the mixture. These data furnish wedlthformation
about the interaction between ions, dipoles; hyednogonding, multipolar and dispersive for¢#s5]. In order to
understand the nature of molecular interactionsvéen the components of the liquid mixtures, itfisnberest to
discuss the same in terms of excess parametees thn the actual values. The dispersion ford@siware caused
by correlated movements of the electrons in interganolecules are responsible for positive exeadses. Dipole-
dipole, dipole-induced dipole, charge transfer ristion and hydrogen bonding between unlike mokxdre
responsible for possessing negative excess values.

The present paper deals with the study of diffeparameters of the mixture containing DMF, Cyclarex and
chlorobenzene at different temperature througlasitinic measurements at high frequency range.

DMF is a versatile compound. It is a non-aqueolgesd which has no hydrogen bonding in pure steberefore it
acts as an aprotic, protophilic medium with higlkleétric constant and it is also considered assaodiating
solvent. DMF being a polar molecule results in thpand induced dipolar interaction between it ahlbrobenzene
in addition to dipolar-dipolar interaction betweigsimolecules.

Cyclohexane is a non-polar, unassociated, inertdongtbon possessing globular structure. It is pcedun large
qguantity by hydrogenation of benzene. The princigsd of cyclohexane is conversion by oxidation imta a
mixture of cyclohexanol and the ketone, which sntloxidized further to adipic acid for the manufmetof nylon.
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Cyclohexane belongs to alicyclic hydrocarbon (afbskain). The packing of carbon atoms in the evembered
alkane groups allows the maximum intermolecularaations[6]. It is highly inert towards an electrophille or a
nucleophille at ordinary temperature. Due to tha-polar nature of cyclohexane and its inertnessatds/ electron
donord7], dispersive types of interaction are expected etwit and other components.

Chlorobenzene is a poor electron donor towardsethetron seeking proton of any group. It has loeletitric
constant £ = 5.649) and dipole moment. (i = 1.69 D). It ighmer acidic nor basic and is more reactive bectuse
chlorine atom is bonded with Rybridised carbon atom and consequently can bevedeasily. Hence the rate of
reaction with chlorobenzene is faster. The ratmofecular interactions results in a greater degfeariation with
respect to ultrasonic related parameters. The iclelaatom being an electron withdrawing atom atgratie n-
electron of benzene ring inBsCl and thus a decrease of the electron densitlyeofihg takes place. This makes the
benzene ring a relatively poor electron donor talsathe Cyclohexane molecules. Hence a weak interact
between chlorobenzene and Cyclohexane is expdatedr system the dipole - induced dipole intexattetween
DMF and chlorobenzene is significant.

MATERIALS AND METHODS

The chemicals used in the present work were acalyteagent (AR) and spectroscopic reagent (SRjegravith
minimum assay of 99.9% were obtained from E-MerHl [lindia). Various concentrations of the ternayuid
mixtures were prepared in terms of mole fractiont of which the mole fraction of the second compune
Cyclohexane (X= 0.4) was kept fixed while the mole fractionsrefaining two (X and X) were varied from 0.0
to 0.6. There is nothing significant in fixing teecond component at 0.4.

2.1: Measurements

(i) Velocity Measurement:-

The velocity of ultrasonic wave in the ternary mig have been measured using multi-frequency olias
interferometer with an high degree of accuracy afeg at 11 different frequencies (Model M-84) sligxh by M/s

Mittal Enterprises, New Delhi. The measuring cdllirderferometer is a specially designed doubleledalvessel
with provision for temperature constancy. An elegically operated digital constant temperature ljgtadel SSI-
03spl) supplied by M/s Mittal Enterprises, New Dglbperating in the temperature range °el@ 85c with an

accuracy of = 0.1K has been used to circulate whieugh the outer jacket of the double walled raeag cell

containing the experimental liquid.

(i) Density Measurement:-

The densities of the mixture were measured usidgnal specific gravity bottle. The specific gravigttle with the
experimental mixture was immersed in a temperatorgrolled water bath. The density was measuredgutsie
formula

p2 = (Wo/Wq). ps

Where, w = weight of distilled water, w= Weight of experimental liquich, = Density of waterp, = Density of
experimental liquid

(i) Viscosity measurement:-
The viscosities of the ternary mixture were measwsing an Oswald’s viscometer calibrated with dewutistilled
water. The Oswald’'s viscometer with the experimentiture was immersed in a temperature controlleder
bath. The time of flow was measured using a digéakr stop watch with an accuracy of 0.1 sec.visepsity was
determined using the relation,

M2 =11 () (p2/p1)

Where n; = Viscosity of watery, = Viscosity of mixturep; = Density of waterp, = Density of mixture,,t= Time
of flow of water, § = Time of flow of mixture.
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2.2: THEORETICAL ASPECT
The following thermodynamic parameters were categldrom Jacobson’s relati¢g&—10].

(i) Adiabatic Compressibility (B):-

The adiabatic compressibility is the fractional @@se of volume per unit increase of pressure, wieimeat flows
in or out. It is calculated from the speed of so@d)l and the densitypj of the medium by using the equation of
Newton Laplace as,

p=1lp (@)
(ii) Intermolecular free length (Ly) :-

The intermolecular free length is the distance ketwthe surfaces of the neighboring molecules. dalculated by
using the relation

Li=Kp¥? e (2)
Where K is the temperature dependent constant fnid the adiabatic compressibility.

(i) Free Volume (M) :- Free volume in terms of ultrasonic velocity(U) ahd viscosityq) of liquid is

Vi =(MegU/Kn)¥2 e A3)

Where ‘M is the effective mass of the mixture, ‘K’ is anmBnsionless constant independent of temperande
liquid. Its value is 4.281 x f0

(iv) Internal Pressure (ITi ):-

The measurement of internal pressure is importarihé study of the thermodynamic properties ofitigu The
internal pressure is the cohesive force, which ligsalltant o force of attraction and force of remn between the
molecules. It is calculated by using the relation,

I, = bRT (k/U) Y2 (p® M) -ormemenv (4)
Where, ‘b’ stands for cubic packing, which is asednto be ‘2’ for all liquids, ‘ k' is a dimensiorde constant
independent of temperature and nature of liquitlsvalue is 4.281 x £0* T * is the absolute temperature in

Kelvin, ‘M¢' is the effective molecular weight, ‘R’ is the Wmeirsal gas constanty’is the viscosity of solution in
N.S.ni% ‘U’ is the ultrasonic velocity in m’sand p’ is the density in Kg.m of solution.

(v) Relaxation time (t):-

Relaxation time is the time taken for the excitatienergy to appear as translational energy an@pends on
temperature and impurities. The relaxation time lmagalculated from the relation,

L N L) R — )

Where B’ is the adiabatic compressibility anqgl is the viscosity of the mixture.

(vi) Acoustic impedance (Z2):-
The specific acoustic impedance is given by,

Z=Up --—({6)
Where ‘U’ is the velocity andy’ is the density of the mixture.

(vii) Gibb’s free energy:-
The Gibb’s free energy is calculated by using tHation
AG =kT.Ln (Ke/h)  —eeeeee @)

Where, %' is the viscous relaxation timel’*is the absolute temperature, ‘K’ is the Boltzmanronstant andh’ is
the Planck’s constant.
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RESULTS AND DISCUSSION

The experimental data relating to density, visgoaitd velocity at 288 K, 298 K, 308 K and 318 K fhe mixture
are given in table-3.1.

TABLE — 3.1: Values of Density f), Viscosity @) and velocity (U) at 288k, 298K, 308 K and 318 K.

. Density ) Viscosity @) Velocity (U)
Mole fraction Kg.m® (10° N.S.nP) m.st
X1 X3 288K 298K 308K 318K 288K 298K 308K 318K 288k 298 08K 318K

0.0000| 0.6000] 998.17 991.7
0.0999| 0.4999] 981.86 9755
0.1998 | 0.4001] 964.2 957.9
0.3001 | 0.3000] 944.9 938.4
0.4000| 0.1999] 923.88 917.7
0.4998 | 0.1001] 900.8 894.7
0.5997| 0.0000 875.41 869.3

984.p3 975125 1.1088400.| 0.6509] 0.548¢ 12804  124p 1206 1166.4
968.85 959140 1.1104486.| 0.6655| 0.5509 1291j1 1254 1218.3 1178.1
95146 942125 1.116661Q.| 0.6755] 0.553¢ 13046 1269 1238.3 1190.6
il
8

932.47 923153 1.15538820.| 0.6852| 0.5573 1320, 1287, 1246.9 1205.4
911.y2 903)08 1.1)83@956.| 0.6899] 0.5594 1336, 1303 1263  1220.6
889.p4 880171 1.191M01@.| 0.6943| 0.561% 1355 1321} 1280.1  1237.6
863.p6 855/98 1.2188158.| 0.7002] 0.5631 13772 1350. 1300.5 1256.4

NEIEEEIEIR
=|o|lo|w|o|w

Ultrasonic velocity increases with increase in rAoéetion. This is due to the structural changesuogng in the
mixtures resulting in increase of intermolecularcé&s. However velocity decreases with increasesinperature
because of less ordered structure and more splhetagen the molecules.

The calculated values of adiabatic compressibifjyand free length (). are reported in table - 3.2, whereas values
of free volume and internal pressure are reportadhle -3.3.

TABLE — 3.2: Values of Adiabatic compressibility ) and free length (L) at 288k, 298K, 308 K and 318 K.

) Adiabatic compressibilityf}) Free length ()

Mole fraction (10°NL.nP) (10" m)

X1 Xz 288K 298K 308K 318K 288K 298K 308K 318K
0.0000| 0.6000] 6.1109 6.5365 6.98p7 7.5368 0.48465068.] 0.5340] 0.557¢
0.0999| 0.4999 6.1099 6.5106 6.9540 7.5099 0.484%058.| 0.5330] 0.5566
0.1998| 0.4001] 6.0937 6.4766 6.90p9 7.4869 0.483%030.| 0.5313] 0.5557
0.3001| 0.30000 6.0728 6.4286 6.89(7 7.4%22 0.48315020.| 0.5308| 0.5544
0.4000| 0.1999] 6.0569 6.4132 6.87p9 7.4324 0.4824016.] 0.5300] 0.5537
0.4998| 0.1001] 6.0459 6.3999 6.8642 7.4132 0.482(0008.| 0.5295| 0.553(
0.5997| 0.00000 6.0228 6.3105 6.84p6 7.4008 0.4811497@.| 0.5287| 0.552%

TABLE — 3.3: Values of free volume (V) and internal pressure {Ii) at 288k, 298K, 308 K and 318 K

Mole fraction F(rfg7vr$]lsl_1r?:§r1()w I?terr;algres'\il:rrg(ll))

X1 Xz 288K 298K | 308K 318K | 288K 298K| 308K 318K
0.0000| 0.60000 0.4648 0.6533 0.91p7 1.1268 131.981.392 111.56| 106.81
0.0999| 0.4999] 0.4352 0.6157 0.8482 1.0708 137.025.7%2 116.27| 110.3§
0.1998| 0.4001] 0.4064 0.5760 0.7988 1.0149 142.380.583 120.74| 114.11
0.3001| 0.30000 0.3683 0.53118 0.74p3 0.9%591 149.406.173 125.49| 118.09
0.4000| 0.1999 0.3383 0.4949 0.6980 0.9082 156.041.584 129.92| 122.09
0.4998| 0.1001] 0.3185 0.4664 0.65f1 0.8%89 161.556.584 134.53| 126.25
0.5997| 0.00000 0.2927 0.4365 0.61p8 0.8121 168.531.925 139.35| 130.44

The intermolecular interaction seems to be strotiggan the intra-molecular interaction thus leadim@ decrease of
volume. Hence free volume decreases with increasadle fraction. When the temperature is incredbede is
reduction in molecular interaction as they move yafram each other. This reduces the cohesive foftels a
decrease in internal pressure and increase irvéileene occurs with increases in temperature (f.1-

Contraction in volume leads to subsequent decrigaadiabatic compressibility as well as in intergwllar free
length. These parameters increase with increatriperature for a particular concentration. (Fig)5
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Fig.-2. Variation of internal pressure with mole fraction
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Fig.-7: Variation of adiabatic compressibility with temperature
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Fig.-8: Variation of Free Volume with temperature
Internal pressurdT;), viscous relaxation time) and Gibb’s free energ\\G) are reported in table -3.3.

TABLE — 3.3: Values of viscous relaxation time1) and Gibb’s free energy AG) and acoustic impedance (2)
at 288k, 298K, 308 K and 318 K.

Mole fraction Viscous relaxation time) Gibb’s free energy AG ) Acoustic impedance (2)
(x10%2 s) (x 102 k.J.mol) (x 10 Kg.n?.sh)
X1 X3 288K 298K 308K 318K 288K 298K 308K 318K 288k 298 08K 318K

0.0000| 0.6000] 0.8854 0.732 0.60p8 0.5%13 0.66416230.| 0.5774| 0.5688% 1.278 12318 1.18§78 1.1B75

0.0999| 0.4999 0.8964 0.734 0.61y0 0.5%16 0.66906256.| 0.5852| 0.5690 1.267| 1.2241 1.18§04 1.1803

0.1998 | 0.4001] 0.907 0.743 0.62P4 0.5%26 0.6738%29@.| 0.5889 0.569% 1.257| 12161 1.1734 1.1p18

0.63p2 0.5538 0.6860636Q.| 0.5942| 0.5708 1.247 1.2084 1.1427 1.14132

0.4000| 0.1999 0.955 0.765 0.63P5 0.5%44 0.6946416.| 0.5957| 0.5712 1.235 1.1962 1.1515 1.1p23

0.4998 | 0.1001] 0.960 0.764 0.63p4 0.5%50 0.6963%430.| 0.5977| 0.5718 1.220 11828 1.1381 1.0p00

1

1

p
0.3001| 0.3000] 0.9354 0.758

8

|

7

N EINEREE
I ENI=IE NI =)

0.5997| 0.0000, 0.978 0.77¢ 0.63B9 0.5556 0.70406438.| 0.6000] 0.5723 1.205 1.1787 1.1236 1.0[/55

Relaxation time increase with increase in moletfomcof DMF. Such situation suggests that, the males get
rearranged due to co-operation procddd. When temperature increases relaxation time dsesemdicating the
reverse process. (Fig. 9-10)
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Fig.-9. Variation of Viscous Relaxation Time with nole fraction

Gibbs’ free energy increases with increase in cotnagon of DMF. Increasing value of Gibbs functisaggests
that the closer approach of unlike molecule is ubkydrogen bondinfl2-13]. The increase in Gibbs’ free energy
also suggests shorter time for rearrangement ofntbkecules in the mixtures. The case is just revevhen
temperature increases keeping the concentratioMd constant. (Fig. 11-12)
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Fig-12. Variation of Gibb’s Free Energy with tempeature

The ratio of instantaneous excess pressure of article to the instantaneous velocity of that mdetis known as
specific acoustic impedance of the medium. Thisuatio impedance decreases with increase in coratimtrof
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DMF as well as with increase in temperature. Thiidates that there is a decrease in molecularectration in
both the cases. (Fig. 13-14).
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Fig.-13. Variation of Acoustic Impedance with moldraction
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Fig.-14. Variation of Acoustic Impedance with tempgeature

Excess values of adiabatic compressibil§) (excess free length {i) and free volume (Y are reported in table-
3.5. Excess internal pressuf@ f) and excess Gibb’s free energyGF) are reported in table-3.6.

TABLE — 3.5 : Excess values of adiabatic compressiity (B), free length (L;) and free volume (V) at 288k,
298K, 308 K and 318 K.

Pelagia Research Library

Mole fraction Adlabat(lj(f(;:loomg:re]zs)&bllltﬁ) Frea(l)elrggnt]r; ® F(rfgyr(r)]l#nr?grl()v

X1 Xz 288K | 298K | 308K| 318K| 288K 298K 308K 318 288K 298K 08K 318K
0.0000| 0.6000 .0162 .157 306 2989 .0218 .0F259213.1488| -0.1176 -0.2431 -0.1585 -0.19[78
0.0999| 0.4999 .0911 .2143 .3343 .341 .0554 .0p8%331 .1587| -0.251§ -0.392p -0.2099 -0.0570
0.1998| 0.4001] .1492 .2618 .3437 .3853 .0816 .1200594.| .1785| -0.3783 -0.565R -0.4378 -0.1¢J00
0.3001| 0.3000] .2024 .2951 .3844 4175 .1056 .136772.| .1936| -0.5971 -0.782L -0.6563 -0.2480
0.4000| 0.1999 .2624 .3629 4177 4667 .1334 .1679321 .2161| -0.7353 -0.923p -0.7589 -0.3453
0.4998| 0.1001] .3262 4275 .4599 5153 .16¢21 .1957121| .2378| -0.7707 -0.984p -0.8506 -0.4290
0.5997| 0.0000 .3789 4258 .4944 572 .18§68 .1p852852 .263 | -0.86664 -1.055p -0.9350 -0.4849
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TABLE — 3.6 : Excess values of internal pressurelli ), Acoustic impedance (Z) and Gibb’s free energyAG)
at 288k, 298K, 308 K and 318 K.

Mole fraction Internal pressurélj ) Gibb’s free energy AG )
x16 N.m? (x 102 k.J.mol)
X1 Xz 288K | 298K | 308K| 318K| 288K| 298K] 308K 318K

1.197 1.168 0.1201 0.1008950| 0.0838
1.860 0.686 0.2482 0.40021682| 0.0941
2,283  0.294 0.2729 0.2692648| 0.1584
2.875 0.145 0.4716 0.47013774| 0.2238
3.248 0.085 0.6864 0.61P3A543| 0.2864
3.784 0.153 0.7316 0.10846343| 0.3482
4544 0.295 0.8871 0.7903%188| 0.4110Q

0.0000| 0.6000 2.60 3.10]
0.0999| 0.4999 3.257 341
0.1998| 0.4001 4.187 4.17
0.3001| 0.3000 6.746 5.65
0.4000| 0.1999 8.998 7.02
0.4998| 0.1001 10.1 7.93
0.5997| 0.0000 12.6 9.25

E I RIS

Positive excess values of adiabatic compressibiliicates the existence of dispersive forces detwmolecules of
mixtures. It also indicates loosely packed molegiethe mixtures. The positive excess values w@frival pressure
clearly confirm this prediction. (Fig.-15-16).
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The positive value of excess free length showsettistence of dispersive forces between moleculesigfure.
Spencer et. dR] has also reported a similar observation. (Fig.-17)
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Fig.-17. Variation of Excess free length with molé&action

Excess free volume exhibiting negative values therentire range of composition clearly suggessettistence of
strong interactive forces present in the mixtuidsgative free volume increases with increasing eotration of
DMF. This also indicates strong molecular assomialietween the unlike molecules. (Fig.-18)
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Fig.-18. Variation of Excess free volume with mol&action

The variations of excess Gibb’s free energy aredoto be positive and it increases with increasmdate fraction
but it decreases with the rise in temperature. Adiog to Reed et. gl14] the positive value of excess Gibb’s free
energy may be attributed to specific interactioih® Ihydrogen bonding and charge transfer. In thesqmt
investigation positive values of excess Gibb’s fregergy shows the strong interaction between thigeaun
molecules. (Fig. — 19)
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Fig.-19. Variation of Excess Gibb’s free energy wit mole fraction
CONCLUSION

Ultrasonic velocity studies on the system of teynauixture of DMF with cyclohexane and chlorobenzehews
that, when concentration of DMF increases, moré rigructure is formed due to bonding between thike
molecules through dipole-dipole and dipole-indudguble interaction. Ultrasonic velocity increaseshwincrease
in concentration of DMF and decreases with increaséemperature, adiabatic compressibility decreaséh
concentration of DMF but increases with Increaseeimperature, the same variation also occur in ofdece
length and free volume. Internal pressure, relaxkatime and Gibb’s free energy increase with insee#n
concentration of DMF, and decreases with increagemperature. Acoustic impedance decreases witkase in
concentration of DMF, and also with increase ingerature. So acoustic parameters are highly atfextteifferent
temperatures due to dipole-dipole and dipole-indudipole interaction between molecules. Dispersorees are
also found to exist between the components of tixéune.
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