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ABSTRACT

Density and refractiveindex have been experimentally determined for bi-
nary liquid mixturesof 1,2-ethanediol with aliphatic al coholssuch asmetha-
nol, ethanol, 1-propanol and 1-butamol over the entire molefractionrange
at 298.15K . Using the experimental values of densitiesand refractiveindi-
ces, the excessmolar volumes and refractive index deviationswere calcu-
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lated. The results were fited by Redlich-Kister polynomial equation. The
results were disccused interns of intermolecular interaction between the

mixing components.
INTRODUCTION

Thermodynamic and transport properties provides
important information for thedesign of industrial pro-
cesses, toimprove our understanding of the molecular
interaction existingintheliquid mixtures, andtotest the
predictive capability of themodd sand methodsdevel -
oped to predict these propertiesd??. Measurement of
some of the bulk propertieslikedensity, refractivein-
dex have beenwidely used inthefield of interactions
and structural aspect evaduation studies®. Inother ward,
these bulk properties have been adequately employed
in understanding the nature of molecular systemsand
physicochemica behavior inliquid mixtures*d. Inthe
foregoing study, wereport excessmolar volumes (VE)
and deviationsinrefractiveindex (An,) for binary lig-
uid mixturesof 1,2-ethanediol with methanal, ethanol, 1-
propanol and 1-butanol at 298.15K .
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EXPERIMENTAL

Materials

1,2-Ethanediol (S.D fineAR) wasdried over an-
hydrous sodium sul phate® and Methanol, Ethanol, 1-
Propanol, 1-Butanol (S.D.FineAR) werepurified by
anhydrouscacium chloride”. All theliquidswerefil-
tered and ditilled at atmospheric pressure, and stored
over 4A molecular sieves. The triple distilled liquids in-
variably wereused. The purity of purified solventswas
checked by comparing the measured densitiesand re-
fractiveindiceswiththosereportedintheliterature. The
measured valuesareincludedin TABLE 1 dong with
theliteraturevalues.

M easur ements

Thebinary liquid mixtureswere prepared by mix-
ing known massesof pureliquidsinairtight-stoppered
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bottlesin order to minimizetheevaporationlosses. All
measurements of masswere performed onaMettler
one-pan baance(E-METTLER, ZURICH), which d-
lowsreading upto fifth decimal digit, withaprecision
of £ 0.05mg. Theuncertainty inthemolefractions of
the mixtureswas estimated to be +5x1075.

Densitiesof pure componentsand their mixtures
were measured using the singlearm capillary pycnom-
eter having abulb volumeof approximately 5 cméand
acapillary borewith aninterna diameter of 0.75 mm.
Theuncertainty in the density measurementswasfound
to be+3x10° g.cn3. The pycnometer was calibrated
using doubledistilled water at 298.15K

TABLE 1: Densitiesand refractiveindices of pure compo-
nentsat 298.15K

Therefractometer was calibrated by means of a
glasstest piece of known refractiveindex supplied by
the manufacturer. At alevel of confidence of 99.7%,
theuncertainty intherefractiveindex measurement was
+3x10*. Cdlibrationwasperformed by measuring the
refractiveindicesof doubly distilled water, ethanol at
defined temperature. Thesample mixturewasdirectly
injected intothe prismassembly of theinstrument using
anairtight hypodermic syringe, and an average of five
measurements wastaken for each mixture. For all the
measurements, temperature was controlled by circu-
lating thewater through an ultrathermostat JULABO
F-25which hasan accuracy + 0.02°C.

RESULTSAND DISCUSSION

-3
Liquids Exptl" /g'cml_it Exp Mo o Theexperimentaly determined valuesof dengities
1,2-Ethanediol 1.09892 1.11000° 1.4305 1.4310"7 (p)andrefractiveindices(n,) for thebinary liquid mix-
Methanol ~ 0.78634 0.78637"° 1.3265 13265  tureof 1,2-Ethanediol with diphatic acoholsat 298.15,
Ethanol ~ 0.78496 0.78493 g 1.3629 1.3594[[12] aesummarizedin TABLE 2.

1128?;]”5' g:ggggg 8:;82?2 (9] iggg’g iggg [13] Fromthevaluesof dengities(p), refractiveindices
TABLE 2: M easured density and refractiveindex valuesfor 1,2-ethanediol + methanol, ethanol, 1-propanol and 1-butanol at
208.15K.

X1 p /(g.cm™) nD X1 p /(g.cm™) nD X1 p /(g.cm®) nD
0.0000 0.78634 1.3265 0.2560 0.87767 1.3982 0.6737 1.00671 1.4344
0.0356 0.80032 1.3424 0.3112 0.89619 1.4074 0.7704 1.03421 1.4348
0.0736 0.81444 1.3540 0.3711 0.91539 1.4160 0.8785 1.06479 1.4335
0.1143 0.82909 1.3669 0.4364 0.93587 1.4229 1.0000 1.09892 1.4305
0.1580 0.84451 1.3778 0.5080 0.95777 1.4284 - - -
0.2052 0.86078 1.3881 0.5867 0.98132 1.4320 - - -

1,2-Ethanediol + M ethanol
0.0000 0.78496 1.3629 0.3310 0.88001 14111 0.7480 1.01176 1.4255
0.0503 0.79916 1.3740 0.3937 0.89888 14154 0.8283 1.03873 1.4265
0.1025 0.81376 1.3834 0.4589 0.91893 1.4188 0.9122 1.06767 1.4282
0.1565 0.82889 1.3922 0.5268 0.94010 14214 1.0000 1.09892 1.4305
0.2125 0.84505 1.3995 0.5975 0.96255 1.4231 - - -
0.2707 0.86205 1.4058 0.6712 0.98639 1.4245 - - -

1,2-Ethanediol + 1-Propanal
0.0000 0.79963 1.3834 0.3923 0.89301 1.4129 0.7948 1.01901 1.4249
0.0647 0.81357 1.3898 0.4586 0.91136 1.4156 0.8629 1.04417 1.4266
0.1296 0.82793 1.3961 0.5253 0.93071 1.4179 0.9313 1.07079 1.4285
0.1949 0.84301 1.4013 0.5922 0.95107 1.4200 1.0000 1.09892 1.4305
0.2604 0.85882 1.4058 0.6594 0.97247 1.4216 - - -
0.3262 0.87548 1.4097 0.7270 0.99504 1.4232 - - -

1,2-Ethanediol + 1-Butanal
0.0000 0.80572 1.3972 0.3923 0.89887 1.3521 0.7948 1.02226 14101
0.0647 0.81953 1.3714 0.4586 0.91708 1.3597 0.8629 1.04658 1.4185
0.1296 0.83394 1.3563 0.5253 0.93613 1.3690 0.9313 1.07207 1.4251
0.1949 0.84907 1.3477 0.5922 0.95609 1.3803 1.0000 1.09892 1.4305
0.2604 0.86491 1.3448 0.6594 0.97711 1.3909 - - -
0.3262 0.88151 1.3467 0.7270 0.99909 1.4005 - - -

Physical CHEMISTRY o

A udéan Journal



PCAIJ, 4(1) June 2009

Balasaheb B.Arbad et al. 11

TABLE 3: Coefficients, a of eq. (4) and gandar d deviations, o
for thebinary mixturesat 298.15K

Parameter o o a2 3}
1,2-Ethanediol (1)+ Methanol (2)

VE/cm3.mol-1 25719  0.1946 0.0029 0.0095

AnD 0.1955 -0.0796 27496  0.0008
1,2-Ethanediol (1) + Ethanol (2)

VE/cm3.mol-1 1.4097 -0.0023  1.1088 0.1106

AnD 0.1007 -0.0765 0.0236  0.0007
1,2-Ethanediol (1)+1-Propanoal (2)

VE/cm3.mol-1 13727 -0.1692 -0.1090 0.0038

AnD . 0.0407 -0.0256 -0.0019  0.0001
1,2-Ethanediol (1)+ 1-Butanol (2)

VE/cm3.mol-1 1.0574 -0.1956 -0.0308  0.0016

AnD -0.2013 0.1707  -0.0012  0.0003

V & cm®.mol *

Figurel: Variation of excessmolar volume (VE) against
molefraction (x,) of 1,2-ethanediol at 298.15K: (e) metha-
nol, () ethanol, (a) 1-propanoal, (m) 1-butanol

008

Figure2: Variation of deviation in refractiveindex (An,)
against molefraction (x,) of 1,2-Ethanediol at 298.15K:
(e) Methanal, (¢) Ethanol, (&) 1-Propanol, () 1-Butanol

(n,), theexcess parameters such asexcess molar vol-
ume (VF) and deviationinrefractiveindex (An,) of all
themixturesat temperature 298.15 K hasbeen calcu-
lated usingfollowing equations.

—= Pyl Peper

Excessmolar volume® (VE) werecd culated from
themeasured densities(p) by using equation
VE=((x,M,+X,M,)/p)—(X,V,+X,V,) 1)
Where p isthedensity of themixtureandM_, V., x, and M., V,
X, arethe molecular mass, molar volumes and molefractions of
pure components 1 and 2 respectively.

Thedeviationinrefractiveindex (An,) of binary
mixtureswere caculated® by usingthe s mpleadditiv-
ityrule,

An_=n_- XN, - XN, 2
Where, n,, n, and n_, are the refractive index of liquid mix-
ture, pure components 1 and 2 respectively. x, and x, are mole
fractions of pure components 1 and 2 respectively.

Theca culated vaues of excessmolar volumes (VE)
and deviationin refractiveindices (An,) werecorre-
lated by Redlich— Kister polynomial™®® asshownin
Eq.

AY =xx,Za (X,-X,) (3)

The coefficientsin equation (3) wereestimated by
theleast squaresfit method and thestandard deviations
were cal culated by equation.

o =[Z (AY Experimental” AY Cgiaea)’/ (D=N)I% 4
Where D and N arethe number of data points and parameters,
respectively.

Regression resultsfor excessmolar volumesand
deviationinrefractiveindicesof binary liquid mixtureof
1,2-Ethanediol (1) and diphatic acoholsasMethanal,
Ethanol, 1-Propanol, and 1-Butanol (2) at 298.15K
areasshowninTABLE 3.

Thegraphical variation of VVE?for the binary mix-
turesof 1,2-Ethanediol with Methanol, Ethanol, 1-Pro-
panol and 1-Butanol withincreasing molefractionsof
1,2-Ethanediol at 298.15K isshowninfigurel. The
vauesof excessmolar volumearefound to bepositive
for all the systems, where dispersion, induction and di-
polar forcesare operating, the values of excessmolar
volumearefound to be positive, whereasthe existence
of specificinteractionsbetween the mixing components
of thevarioushinary sysemstendsto makeexcessmolar
volumenegative™. Since, normaly dispersiveinterac-
tion between unlike molecul esis weaker than those
between likemolecules, it isreasonablethat they con-
tribute positively*? to VE, In these systemsthe excess
molar volumevalues decreasewith increasein carbon
atom of a cohol, which results solute-sol vent interac-
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tion between mixing components.

Figure 2 showsthegraphical variation of An for
the binary mixturesof 1,2-Ethanediol with Methanol,
Ethanol, 1-Propanol and 1-Butanol withincreesngmole
fractionsof 1,2-Ethanediol at 298.15K. Inthe present
study, thevauesof An, arefoundto be positivefor the
binary mixturesof 1,2-Ethanediol withMethanal, Ethanol
and 1-Propanol but inthe caseof 1,2-Ethanediol + 1-
Butanol, An_ values are found to be negative due to
larger number of € ectronwithdrawing group at 298.15
K temperatures, that meansthere is decreesin An,
vaueswithincreasein carbon atom of alcohols.

Hencein conclusi on, we can say that even though
somedispersioninteractionisobserved in case of al
these binary mixtures or dominance of dispersion
forced3 isobserved. Since, normaly dispersivein-
teraction between unlikemol ecul esiswesker than those
between likemolecules.
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