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ABSTRACT

Thermodynamic studies like density (0 ), specific gravity, ultrasonic

speed (U ) and excessmolar volume (VmE ) and molar excess enthal py of

binary liquid mixtures of toluene + 1,2-dichloroethane have been carried
out over the different range of composition at 303.15 K. Thermodynamic

parameterslikeisentropic compressibility K , intermolecular freelength,

L., Relative association, R , have been computed from experimental find-
ings. The excessthermodynamic functions have been fitted to the Redlich-
Kister polynomial equation. The experimental ultrasonic speeds have
been analyzed interms of Jacobson Free Length Theory (FLT), Schaaff’s
Collision Factor Theory (CFT), Nomoto’s relation, and Van Dael’s ideal

mixturerelation. Intermolecular FreeLength, L, , and availablevolume, V, ,

have been calculated from FLT, CFT and thermoacoustic approach. It is
observed that density and specific gravity increasesand ultrasonic speed,
isentropic compressibility and intermolecul ar free length decreases with
the mole fraction of 1,2-dichloroethane. It is found that intermolecular
interactions present between binary liquid mixtures are stronger than
pure solvent-solvent interactions. Observed negative values of excess
molar volume and positive value of molar excess enthalpy confirm the
presence of specific chemical attractive force of interactions between the
two binary liquid mixtures. © 2013 TradeSciencelnc. - INDIA

INTRODUCTION
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The measurement of thermodynamic and acoustic
properties contributesto the understanding of the physi-
cochemical behavior of the binary and multi-compo-
nent liquid mixtures. Excesspropertiesof liquid sys-
tems, such asmolar volumes, arerequired for testing

thetheoriesof solutions, development of separation
techniquesand equipment, and for other industrial ap-
plications. Tolueneisacommon solvent, ableto dis-
solvepants, pant thinners, sliconesed ants, many chemi-
cal reactants, rubber, printing ink, adhesives(glues),
lacquers, leather tanners, and disinfectants. It cana so
be used asafullereneindicator, and isaraw materia
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for toluene diisocyanate (used in the manufacture of
polyurethanefoam) and TNT. Inaddition, itisused as
asolvent to createasol ution of carbon nanotubes. The
chemical compound 1,2-dichloroethane, commonly
known by itsold nameof ethylenedichloride(EDC), is
achlorinated hydrocarbon, mainly used to producevi-
nyl chloride monomer (chloroethene), the major pre-
cursor for PV C production. Itisacolourlessliquid with
achloroform-like odour. 1,2-Dichloroethaneisaso
used generally as an intermediate for other organic
chemica compoundsand asasolvent. Thus, astudy of
physica propertiesdataon the binary mixture contain-
ing 1,2-dichloroethane and tol uene has attracted con-
siderable interest in the literature®3. Thus, 1,2-
dichloroethanein tol uene mixed sol vent would enable
usto havealarge number of solventswith appropriate
physico-chemical properties, which can beusedfor a
particular chemical process. Moreover, literature sur-
vey indicatesthat no ultrasonic sudy onthisbinary sys-
tem hasbeen reported at 303.15K. Therefore, present
study was undertaken in order to have deeper under-
standing of theintermol ecular interaction between the
componentsof theabovebinary liquid mixture. Thus, a
study of thermodynamic propertiesdataon the binary
mixture of 1,2-dichloroethanein toluene hasattracted
consderableinterest inour present study.

Research workers in the past have shown that
NMRX3, |RI7 and Raman spectrd®, have been used
to study molecular interactions. Thevel ocity measure-
ment of the propagation of ultrasonic waves®*¥ and
their absorption*#%° have already been found to be
useful inthe study of molecular interactionsfor inor-
ganic, organic and organo-metdlic binary systems. Like-
wise, researcherd?®2Y have al so employed ultrasonic
measurementsto ook into theimportant consequences
of ion-solvent interactionsfor the structure of eectro-
Iytic solutions. References®2¥ related to thefield of
medicine, whereasreferences??" based on studieson
emulsons/microemulsons, polymer surfactantsinterac-
tiong? and ultrasonic destruction of surfactants® are
only afew casesto suggest versatility of thetechnique.

EXPERIMENTAL

1,2- dichloroethane (CASNo. 107-06-2) was pro-
cured from Fischer Scientific Ltd. and arefurther puri-
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fied by themethods giveninVogd text book of practi-
ca organic chemistry!™®. Prior tothe experimental mea-
surements, all the organic liquidswerestored in dark
bottles over 0.4 nm molecular sievesto reduce water
content and were partially degassed with avacuum
pump under nitrogen atmosphere. Thepuritiesof dl the
samplesdetermined by chromatographic andysiswere
better than 0.996 on amolar basis. Binary mixturesare
prepared by mixing appropriate volumesof theliquid
component inthe specially designed glassbottleswith
air tight Teflon coated caps. Therequired properties
aremeasured on the same day immediately after pre-
paring each composition. Theuncertainty inmolefrac-
tionis+0.0001. A multi frequency digital micrometer
reading ultrasonicinterferometer (M-81, Mittal Enter-
prises, New Delhi) operatingat 1, 2, 3and 4 MHz was
used to measurethe ultrasonic vel ocity of the binary
liquid mixtures (with an uncertainty of £ 0.3 %) ata
constant temperature of 303.15 K by using adigital
constant temperature water bath. Thetemperature sta-
bility ismaintained within+ 0.001 K by circulating
thermostated water around the cell with acirculating
pump connected to water bath. Inorder to minimize
theuncertainty of themeasurement, severd maximaare
alowedto passand their number (fifty) iscounted. All
maximaarerecorded withthehighest swing of theneedle
on the micrometer scale. The total distance, d(cm)

moved by thereflector isgivenbyd = % ,wherel\is
thewavelength. Thefrequency v, of thecrystal being
accurately known (2.0 MHz), the speed of sound, uin

ms?iscalculated by using thereation u=iv. Molar
excessvolume,V.S wascal culated by specialy designed

double limbed glass dilatometer fitted with a
microcapillary (=0.01 cm) in the centre. The density of
solution was measured by adoublearm pyknometer of
bulb capacity 10 ml and acapillary of aninternd diam-
eter of about 1.0 mm. Themark of the stemwas cali-
brated by doubledistilled water (conductivity lessthan
1x10% ohm* cm?) with 0.9970 and 0.9940 gcm=3 as
its density at 298.15 K and 303.15 K, respectively
with buoyancy corrected. Theaccuracy of thedensity
resultswas+ 0.0001 (g cm?). Before each series of
measurements, theinstrument wascdibrated with triple
distilled freshly degassed water. Thedensity and ultra
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sonic speed of binary mixtureswere also measured by
an Anton Paar Densitometer (DSA 5000). The accu-
racy of the density results was = 0.00001 (g/cm?3).
Molar excess enthal py was measured using two drop
caorimeter Mode 4000, Caorimetric Scientific Cor-
poration, CSC. Weight measurement were performed
onaMettler ToledoAB 135-S/FACT, single pan ana-
Iytica balance, withaprecision of 0.01 mg. Thedens-
ties, and ultrasonic speed, u of the pureliquidswerein
good agreement with thevauesfoundintheliterature
and arepresentedin TABLE 1.

RESULTS

Themolar excessvolumes, v,5, of thesolutionwere
cdculated fromthedenstiesof thepureliquidsand their
mixturesusing thefoll owing equation!

VE:(x1M1+x2M2)_(lel+x2M2j .
" Prix P1 P> @
Where p . isthedensity of the mixtureand x,M,, p,
and x,,M,, p,arethe molefraction, molar mass, and
the density of purecomponent 1 and 2, respectively.

Thefollowingrelationshave been usedto correlate
the sound vel ocity, u, of thebinary liquid mixtures:

Nomotoreation!®

u:[&j :(XlRﬁXszj o
V., XV, + XV,

mix

Wherex, x,,V,,V,andR , R, aremolefractions, molar
volumes, and molar sound vel ocity of first and second
components, respectively.

Van dael relation=

1 1 X, X,
XM, M, B MuE ML ®
171 X2 2 uid.mix |vllul M2U2
Where, M,, M, and u,, u, are the molar masses and
sound velocities of first and second components, re-
spectively, and u,, . istheultrasonic velocity of the
ideal mixture.

Jacobson’s free length theory (FLT)3

K
u. =

mix - 1 4
L, (mix.)pn}:lé( )
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WhereK isthe Jacobson constant which istempera-
ture dependent only anditsvalueis642.15at 313.15
K. The Lf(m.x') istheintermolecular freelength of the

Na
v -Herev,

representsthe available volume per moleandY isthe
surface area per mole and these may be expressed as

Va = (VT _Vo) ®

binary mixtures, whichisgivenbyLf =

Y =(367N,Vy; )% ()

HereN, istheAvogadro’s number and V, and V_are
themolar volumesat zero Kelvinand at temperature T,
respectively. TheV, can be obtained from thefollow-
ingrelationusing critical temperature T

T 03
V,=V; [1— ?j @)

c

Thecritical temperature, T_ isthemolefraction addi-
tiveof thevauesof itspurecomponentsandisgiven by
therdation:

Tc = XlTC(l) + XZTC(Z) 8

Thethermodynamicintermolecular freelengths, L., in
the binary liquid mixtures have been calculated using
therdation:

|:VT - {leoa) + X2V0(2) }]
(6Vs +%,V;)
Theultrasonicintermolecular freelengthsL, haveaso

been computed using the Schaaff s relation for avail-
ablevolume(V):

u
V.=V, {1— u—}

o0

L, =2 9)

(10)
Where, uisthe ultrasonic velocity at temperature T
andu_is1600 m.s™.

Schaaff’s collision factor theory (CFT)%)

[xb, +xb, ]
V

mix

Uy = U, (XS +%,S,) (11)

Where, b and sarethe geometric volumeand collision
factor, respectively. Theactud volumeof themolecule
per moleof theliquid hasbeen computed usingthere-
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4

b:§7zr3N (12)

Where, r isthe molecular radiuswhich hasbeen com-
puted using the Schaaff ’s relation!*
%

%

r:(ﬂyl : [1_””{ L

oN ) [167|" Mu

M yRT Mu? )2

= 1+ -1

p pu’ 3yRT (14)

[ 3 %
| 162N

Where, bisthevan der Waal’s constant and is equal to
four timestheactua volumeof themoleculesper mole
of theliquid, i.e. b=4b.

The thermoacoustical method®% has also been
employed to obtainthe availablevolume, V_ usingthe
relaion

V,=V; 1 V;
Kl K +K +1

Thek ', K ,and k" areknown asisothermal, isobaric
and i sochoric acoustical parameters, respectively, and

Mu?
3yRT

(15)

(16)

can beexpressed by therelation

K'=K+K"=1[3+ S*(1+O;:I')+X} 17)
K =1+% (18)
K %{u > (10;“”} (19)
s -1.4 @

The Xisknown astheisobarictemperature coefficient
of internal pressure and can be expressed as
(1+2aT)

X=2 21)

V&
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Where,, representsthereduced molar volumeand C,
is the Moelwyn-Hughes parameter and can be ex-
pressed as

i

1+aT (22)
_13 1 4T
1737 ,T 3 23)

Thethermal expansion coefficient, o, hasbeen calcu-
lated using the equation:

(%)

Theisentropic compressibility hasbeen ca culated from
Newton-Laplace’s equation
1

k =
el (25)

Theexcessisentropic compressibility wasfound out by
usingtherdation,

= ks - kgd
Where, k! theisentropic compressibility for theideal

mixture, was obtained according to Benson and
Kiyohard*® and Acreg“!:

o (o) 2]

[Z&Cp.] (27)

Where, ¢, isthevolumefraction of componenti inthe
mixture, X isthecorresponding molefraction, T isthe
absolute temperature andk_,, V, o and C,ae the
isentropic compressibility, the moI arvol ume, thecubic
expansion coefficient, and the molar heat capacity of
pure componentsrespectively. The cubic expans on co-
efficentswere obtai ned from experimental densty mea-
surementsperformedin our [aboratory at different tem-
peratures.

Theexcessisentropic compressibility of thebinary
mixture werefitted with aRedlich-Kister polynomial
equation(“?

= %% 2 A (% —X,)’
j=0

(24)

(26)

= [k Ta

(28)
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Where, A arethe adjustable parameters.

Oswal* extended the Prigogine-Flory-Patterson
(PFP) theory to estimatetheisentropic compressibility’s
and speedsof sound of liquid mixtures. Atagiventem-
perature, T, the PFP theory can be used to calculate
themolar volumes, V and themolar heat capacities,
C,, of aliquid mixtureif theinteraction parameter, X ,,
isknown.

Inter molecular freelength and relative association
has been cal culated by thefollowing formula:

L, =K(K,)? (29)

(30)

Wherep,and u, arethedensitiesand ultrasonic speed
of puresolvent, p and u are the density and ultrasonic
gpeed of mixturerespectively and K isthetemperature
dependent Jacobson constant (6.0816 x 10* at 35°
C).

Thedeviation parametersof binary liquid mixtures
have been evd uated using thegenera equation:

AY =Y, — (XY, + X,Y,) (31)
Where, Y indicatesthe parameter such asisentropic
compressibility, inter molecular freelength and ultra
sonic speed. X, and X, arethemode fraction of com-
ponent 1 and 2 respectively. AY, Y, Y,,andY . arethe
deviation parameter, parameters of the component 1
and 2 and observed parameters, respectively.

The number of contact sites per segment of amol-
ecule, hasbeen estimated using Bondi’s method*!. Mo-
lecular interaction parameter for each binary mixture
was obtained by fitting the PFP theory to the corre-
sponding experimenta equimolar VEvadued*>4, Once
theinteraction parameter isobta ned, theisentropic com-
pressibility and the speed of sound can be estimated.

Physical propertiesof pure substancelikedensity,
ultrasonic speed at 308.15K areshownin TABLE 1.
Density, speedsof sound, u, and specific gravity of bi-
nary liquid mixtureof 1,2-dichloroethaneintolueneover
the different composition range at a temperature of
308.15K arereported in TABLE 2. Values of molar
excessvolume, v, , isentropic compressibility, K, in-
termolecular freelength, L, andrelativeassociaion, R,

of the binary liquid mixtureis shown in TABLE 3.

= Pyl Paper

TABLE 4 shows molar excess volume of the binary
liquid mixtureof 1,2-dichloroethaneintolueneat 308.15
K. Theoretical valuesof ultrasonic speed cal culated
from FLT, CFT, Nomoto’s (NOM) and Van Dael and
Vanged’s (VD) ideal mixing relation were compared
with experimental valuesand their percentageerror for
1,2-dichloroethane (1) + toluene (2) at 303.15K were
shownin TABLE 4. Thevaluesof the coefficients of
Redlich-Kister polynomial equationfor al thebinary
mixturesa ongwith vauesof thestandard deviationare
represented in TABLE 5for 1,2-dichloroethanein tolu-
enebinary liquid mixtureat 308.15K.

TABLE 6 showsIntermolecular FreeLength, L,
calculated from Free Length Theory (FLT), Collision
Factor Theory (CFT), and Thermoacoustic Approach
(TAP). TABLE 7 shows availablevolume, V_, calcu-
lated from FLT, CFT and TAPfor 1,2-dichloroethane
(1) +toluene(2) binary liquid mixtureat 308.15K.

Figure 1 showsvariation of molar excessvolume
withthemolefraction of 1,2-dichloroethanein toluene
binary liquid mixture. Figure 2 showsvariation of molar
excess enthalpy with the mole fraction of 1,2-
dichloroethanein toluenebinary liquid mixture.

DISCUSSION

Density and specific gravity of binary liquid mix-
turesof 1,2-dichloroethanein tolueneincreaseswith
themolefraction of 1,2-dichloroethanewnhileultrasonic
speed decreases with the mole fraction of 1,2-
dichloroethane (TABLE 2). Binary systems of 1,2-
dichloroethaneintolueneshowsdecreaseinisentropic
compressibility over entirerangeof molefractionof 1,2-
dichloroethane. From TABLE 3, it isobserved that the
vauesof excessmolar volumearenegativewhileval-
uesof isentropiccompressibility arepogtive, suchtrends
of negativeva ueof speed of sound and positivevaue
of isentropic compressibility isquite commoni452,

Cl CHs
/o
oy
7\
H il
1,2-dichloroethane Toluene
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In pure 1,2-dichloroethane thereisthe usual dis-
persveinteraction. Theeffect of addingapolar second
componentisprimarily to disrupt thedispersiveinter-
action of thefirst component.

The behavior of binary liquid mixturescan be ex-
plained in term of 1) physical forces -dispersion 2)
chemical forces— dipole-dipole interaction’. The
former factor increasestheintermolecular freelength
as described by Jacobson™. Thisisturn, causes nega
tivedeviation in sound speed and positivedeviationin
compressibility. Ontheother hand, thelatter factor de-
creasestheintermolecular path lengthsleadingto apos-
tivedeviationin sound speed and negativedeviationin

compressibility and excessmolar volume,v.E . Theac-
tual values depend upon therel ative strength of two
opposing effects. The observed positivevauesof k £

and negativeva ueof excessmolar volume (TABLE 3)
imply that there are attractive dipole-induced dipole
chemicd interaction between thetwo unlikemolecules.

TABLE 1: Comparison of experimental densities, po of pure
liquidswith literature

values at ultrasonic  Uand molar VO at
208.15K speed volume 303.15K
Components pgem®  u@ms? O (cm®*mol™)
Expt. Lit.  Expt.Lit.  at 308.15K
Toluene 0.87910.8762 1292 1290 120.9
1,2- dichloroethane 1.2537 1.2542 1272# 1270# 66.5

# value at 298.15K

TABLE 2: Density, ultrasonic gpeed and specificgravity of the
binary liquid mixtureof 1,2-dichloroethane (1) + Toluene(2)

Molefraction Density Ultrasonic speed Specific

(X9) (g/ce) (u) (m/s) Gravity
0.0679 0.88375 1267.24 0.88457
0.1581 0.90325 1258.18 0.90725
0.2225 0.94399 1250.26 0.93584
0.3170 0.96389 1238.25 0.95457
0.4164 0.98887 1224.59 0.98998
0.5196 1.02494 1209.32 1.02942
0.6207 1.05499 1201.58 1.08564
0.7202 1.16482 1192.56 1.10457
0.8228 1.18869 1181.56 1.15478
0.9299 1.19470 1176.89 1.19993

Since, v,E isapacking effectand H £ isaninterac-
tional effect between the A and B constituents of an

(A+B) mixtureand asdata of the 1,2-dichloroethanein
toluenebinary liquid mixtures are negative throughout
the composition range of toluene, thissuggeststhat as
compared to thedispersonforces, negativevaueof in
genera, lways cause close packing of themolecules
dueto specific attractive chemica interaction between
thetwo unlikemolecules. Thelr respective contribution
to the measured dataisafunction of themolefraction
of 1,2-dichloroethane.

TABLE 3: Molar excess volume, VmE, isentropic
compressibility, KSE,intermolecuIarfreeIength, L,,and

relativeassociation, R, , between binary liquid mixtures of
1,2-dichloroethane+ Toluene

Molar Excess . Intermolecular free .
Mole I sentropic lenath Relative
) Volume, Han engtn, s
Fraction £ Compr essibility 1 association,
(X2) Vm (-ve) Ks, x107 (m¥N) L; (10 m) Ra
0.0679  0.92123 7.05 51.04983 1.0029
01581  1.30733 6.99 50.85938 1.0125
02225  1.73685 6.78 50.06495 1.0211
03170  2.40359 6.77 50.02683 1.0343
04164  3.24597 6.74 49.94104 1.0497
05196  4.74267 6.67 49.67385 0.9678
0.6207  3.32389 6.57 49.27663 0.9761
0.7202  2.47953 6.04 47.25074 0.9859
0.8228  1.74284 6.03 47.20932 0.9982
09299  1.17547 6.04 47.27729 1.0035

Theconclusionisfurther fortified by theincreasing
vaueof relativeassociation, R, includedinTABLE 3.
All thetrendsof the above parametersindicatethat the
mixturesarelesscompressi blethan their correspond-
ingidea mixtures. Generdly, thedeviation parameter is
congidered to be thereflecting agents of the magnitude
of polarity a thesiteof interactionin the molecules™!.

Theintermolecular freelength,L, , canberelated to
the spacefilling ability assuming that themoleculesare
incompressible hard sphereshaving uniformradius. The
study of standard deviations,, presented in TABLE5,
revealsthat theresults of ultrasonic velocity for 1,2-
dichloroethanewith toluene systems can be satisfacto-
rily explained by Van Dedl 1dedl Mixturerdation (mini-
mum<0.1).

Itisobservedthat valueof density andrelativeas-
sociaionincreaseswithincreaseinmolefraction of 1,2-
dichlororethaneintoluene (TABLE 2 & 3). Thevaue

Physical CHEMISTRY — commmm
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TABLE 4: Theoretical valuesof ultrasonic speed calculated from FLT, CFT, Nomoto’s (NOM) and Van Dael and Vangeel’s
(VD) ideal mixingrelation and percentageerror for 1,2-dichloroethane (1) +toluene(2) at 303.15K

' u (msh % error
Experimental FLT CFT NOM VD FLT CFT NOM VD
0.0679 1267.24 1266.12 1265.34 1268.45 1269.34 0.0883 0.1499 0.0954 0.1657
0.1581 1258.18 1257.56 1256.45 1259.34 126049 0.0492 0.1375 0.0921 0.1835
0.2225 1250.26 1249.47 1248.59 1251.89 125330 0.0631 0.1335 0.1303 0.2431
0.3170 1238.25 1237.57 1236.49 1239.59 124112 0.0549 0.1421 0.1082 0.2317
0.4164 1224.59 1223.69 1222.49 1226.21 1226.78 0.0734 0.1714 01322 0.1788
0.5196 1209.32 1207.56 1207.34 1210.34 121134 0.1455 0.1637 0.0843 0.1670
0.6207 1201.58 1199.79 1198.89 1203.21 1203.32 0.1489 0.2238 0.1356  0.1448
0.7202 1192.56 1191.38 1191.34 1193.48 119237 0.0989 0.1023 0.0771 0.0159
0.8228 1181.56 1180.42 1179.45 1182.90 118289 0.0964 0.1785 0.1134 0.1125

of ultrasonic gpeed decreaseswithincreasein molefrac-
tion of 1,2-dichloroethaneintoluene(TABLE 2). This
isthegeneral trend showing presenceof stronginter-
molecular interaction between thetwo binary liquid mix-
tures. Thedecreasein thevaueof intermolecular free
length with increase in mole fraction of 1,2-
dichloroethanein toluene (TABLE 3) further confirms
presence of attractiveintermolecul ar forces between
thetwo binary liquid mixtures. Theva ue of intermo-
lecular freelength decreaseswith increasein magnitude
withthemolefraction of 1,2-dichlororethaneinthebi-
nary liquid mixtures. Aboveresultswerefurther sup-
ported by the values of relative association. It isob-
served that val ue of relative associationincreaseswith
increasein molefraction of 1,2-dichlororethaneintol u-
ene (TABLE 3). It further confirms presence of spe-
cificchemicd attractivedipole-induced dipoleinterac-
tion between thetwo binary liquid mixturesin compari-
sontopureliquids.

Molar excess volume

== Molar excess volume

Molar excess volume

Mole fraction (x1)

Figurel: Variation of molar excessvolume, (VSE ) for the
binary liquid mixtureof tolueneand 1,2-dichlor oethane

From TABLE 3, thedecreasein thevalueof inter-

molecular freelength substantivethe above argument
undoubtedly and undeniably unveilsthefact the spe-
cificinteraction are being operative between themol -
eculesof solvent and co-solventsinthe mixture. The
negativevalueof molar excessvolumeincreasesupto
middlei.e. upto molefraction of 0.5145 and then de-
creases (Figure 1). The observed negative values of
molar excessvolume (TABLE 3) indicatespresence of
specific chemicd interaction between thebinary liquid
mixturesof 1,2-dichlororethane and toluene.

Molar Excess Enthalpy

50
40
30
20
10
0
-10
-20
30
-40
50
,60 =

—&— Molar Excess Enthalpy

0.7021
0.7864

Molar excess enthalpy ()/mol)
0.8343
0.9462

Mole fraction (X1)

Figure2: Variation of molar excessenthalpy (H £ ) with the

molefraction (X,) of 1,2-dichlor oethanein toluenebinary
liquid mixture

TheHEvaluesof 1,2-dichloroethane + tolueneare
negative up to amol efraction of 0.5429 and then posi-
tive(Figure2). Theexcesshesat isthusmarkedly asym-
metrical inthissystem. Such asymmetryiscommonin
mixturesin which specific interactionsoccur®. Itis,
however, difficult to comment specifically about the
nature of theseinteractionsfrom thermodynamic evi-
dence a one. A weak complex formation>” between
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the n-electrons of toluene under the present investiga-
tion with 1,2-dichloroethane could be aprobabl e ex-
planation for theresults obtained.

Theoretical valuesof ultrasonic speed cal cul ated
fromFLT, CFT, Nomoto’s (NOM) and Van Dael and
Vanged’s (VD) ideal mixing relation were compared
with experimentd valuesand their percentageerror for
1,2-dichloroethane (1) + toluene (2) at 303.15K were
shownin TABLE 4. It isobserved that value of theo-
retica ultrasonicspeed cd culated from freelength theory
was found to bein close agreement with the experi-
mentd vaues. Thevaueof theoretica ultrasonic speed
calculated from Nomotosrelation showslargedevia-
tion from experimenta vaues.

TABLE 5: Valuesof parameters A of theRedlich-Kister
equation and corresponding standard deviations, a(ksE) for

thebinary systemsat 308.15K
Ak AL A A olkE)rPa?)

1,2- dichloroethane (1) + Toluene (2)
-3450 7.40 -11.40 0.11

65.3

TABLE 6: Intermolecular freelength (L), calculated from
FLT, CFT and TAPtheoriesfor binary mixturesat 308.15K

X1 Lf(FLR)/nm Lf(TAP) Lf(CFT)/nm
1,2-dichloroethane (1) + Toluene (2)
0.0687 51.037 50.013 51.302
0.1099 50.860 50.206 50.825
0.1753 50.094 50.424 50.379
0.2648 50.015 50.687 50.116
0.3774 49.874 50.746 49.842
0.5213 49,515 50.814 49.347
0.6146 49.442 50.953 49.205
0.6879 49.154 51.103 46.702
0.7778 47.762 51.473 48.016
0.8989 47.448 51.564 48.047
0.9236 47.157 51.616 47.337

Theintermolecular freelength, L, canberelatedto
the spacefilling ability assuming that themoleculesare
incompressiblehard sphereshaving uniformradius. The
intermol ecular freelength, L, obtained usingfreelength
theory (FLT) for the (1,2-dichlororethane + toluene)
decreases with the increase in mole fraction of 1,2-
dichlororethane (TABLE 6). However, the L valueob-
tained from Schaaf ’s collision factor theory (CFT) in-
creases with the increase in the mole fraction of 1,2-

dichlororethane. Thechangeinthedopeof theisotherms

of L, asafunction of molefractionin the higher mole
fraction region predicted by FLT and CFT showsthat
theentropy effect rel ated to thestructurd rearrangement
of solvent moleculesdueto disruption of dispersivein-
teractions between like molecules. However, the
thermoacoustic approach (TAP) predictsthat thel, val-
uesinthese binary mixturesdecreaseswith increasein
themolefraction of 1,2-dichlororethane. TheL, values
for these binary mixtures obtained from the ultrasonic
methods are higher than those obtained from thefree
length theory and thethermoacoustica approach.

TABLE 7: Availablevolume, V, calculated from FLT, CFT
and TAPfor binary mixtureat 308.15K

V.10°(FLR)/ V.10%CFT)/ V.10 TAP)/

X1 (m%.mol™) (m%.mol™) (m.mol™)
1,2-dichlororethane (1) + Toluene (2)
0.0762 31.4634 30.5804 29.7689
0.1176 31.0765 30.1417 29.2420
0.2356 30.8754 29.7731 28.8814
0.2856 30.4721 29.2708 28.2844
0.3657 29.8376 28.7544 27.7804
0.4021 29.1455 28.2621 27.3585
0.5434 28.8341 27.8040 26.9134
0.6655 28.3231 27.3310 26.2710
0.7546 27.7423 26.8463 25.8126
0.8739 27.2745 26.2321 25.3734
0.9343 26.7316 25.7679 24.7214

The available volume, V_, obtained using Free
Length Theory (FLT) for the (1,2-dichlororethane +
toluene) decreaseswith theincreasein mol efraction of
1,2-dichlororethane (TABLE 7). However, theV, vaue
obtained from Schaaf ’s Collision Factor Theory (CFT)
increaseswith theincreaseinthemolefraction of 1,2-
dichlororethane. The changein the slope of theiso-
thermsof availablevolumeasafunction of molefrac-
tioninthehigher molefractionregion predicted by FLT
and CFT showsthat the entropy effect related to the
structura rearrangement of solvent moleculesdueto
stronger specific chemical interactionsbetween unlike
moleculesof toluenein 1,2-dichlororethane. However,
thethermoacoustic approach (TAP) predictsthat the
V, vauesinthesebinary mixturesdecreasewithincrease
inthemolefraction of 1,2-dichlororethane.

CONCLUSIONS

Density (p), ultrasonic velocity (u), molar excess
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enthapy, HE , and excessmolar volume, v.E of binary

liquid mixturesof toluene and1,2-dichloroethane have
been measured over the entire range of composition
and at 308.15 K. From these experimental results, pa-
rameterssuch asisentropic compressibility, k £, coef-
ficients A, standard deviations o (YF), intermolecul ar
freelength, L, and relative association, R, have been
estimated. Theexcessfunctionshavebeenfittedtothe
Redlich-Kister polynomial equations. Intermolecular
FreeLength, L, and availablevolume, V,, have been

calculated from FLT, CFT and Thermoacoustic Ap-
proach. Theobserved positivevaluesof K & and nega-

tivevalueof excessmolar volume v E andfirst nega:

tiveand then positivevauesof HE for thesemixtures

imply that thereare specific chemical attractivedipole-
induced dipol einteraction between thetwo unlikemol-
ecules.
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