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Abstract: Density, p, viscosity, 7, and refractive index, np, were measured for
binary mixtures of diethyl malonate with ketones (acetophenone, cyclopenta-
none, cyclohexanone and 3-pentanone) at temperatures of 303.15, 308.15 and
313.15 K over the entire composition range. The excess volume, VE, deviation
in viscosity, A7, excess Gibb’s free energy of activation for viscous flow, AGE,
and deviation in molar refraction, AR, were determined from the experimental
data and the computed results were fitted to the Redlich—Kister polynomial
equation. The values of VE, An, AGE, and AR were plotted against the mole
fraction of diethyl malonate. The observed positive and negative values of the
excess parameters for all the studied binary mixtures were explained based on
the intermolecular interactions present in these mixtures. Furthermore, different
empirical relations were used to correlate the binary mixture viscosities and
refractive indices.

Keywords: density; diethyl malonate; ketones; molecular interactions; excess
properties.

INTRODUCTION

Liquid-liquid mixtures due to their unusual behavior have attracted con-
siderable attention.! The physico—chemical properties viz. density, viscosity,
refractive index or speed of sound and the thermodynamic behavior of binary
mixtures have been studied for various reasons. One of the most important of
which is that these properties provide information about molecular interactions.
Many engineering problems require quantitative data of the viscosity and density
of liquid mixtures. Such data find extensive application in solution theory and
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molecular dynamics.?2 Furthermore, these properties are used for the inter-
pretation of data obtained from biochemical and kinetic studies.>

Diethyl malonate, a colorless, fragrant liquid boiling at 199 °C, is prepared
by the reaction of monochloroacetic acid with methanol and carbon monoxide. It
is used to synthesize barbiturates and vitamins B1 and B6 because of its typical
structure consisting of two adjacent carbonyl groups. In the pharmaceutical
industry, diethyl malonate is used for the synthesis of pharmaceuticals such as
chloroquine. It can also be used in the pesticides, paint, spice industries, efc.

In general, ketoesters are highly polar and are known to self-associate
through dipole—dipole interactions.* Ketones are used as solvents for insecticides,
fungicides and as intermediates in the synthesis of pharmaceuticals. In particular,
acetophenone is most commonly used as a flavoring agent in many cherry-
flavored sweets, drinks and in chewing gum.

Thermodynamic and transport properties of binary liquid mixtures involving
various types of organic solvents are replete in the literature. However, only a
few studies on ketones with esters are available.>~10 Pan er al.ll studied the
density and viscosity for binary mixtures containing diethyl oxalate, and dibutyl
phthalate with normal alkanols at 303.15 K. Rodriguez et al.!? reported the
density and refractive index of and the speed of sound in binary mixtures (diethyl
carbonate + alcohols) at several temperatures. Nayak et al.!3 studied the density,
viscosity and refractive index of and the speed of sound in diethyl oxalate, di-
ethyl phthalate and dioctyl phthalate at 298.15, 303.15 and 308.15 K. Moreover,
Baragi et al.14 studied the density, viscosity and refractive index of and speed of
sound in binary mixtures of 1,4-dioxane with diethyl malonate. Likewise, ther-
modynamic and acoustic properties containing diethyl malonate with alcohols or
hydrocarbons have been reported in the literature.!5-19 In continuation of our
research program involving the study of excess properties?0-22 of binary liquid
mixtures containing various types of esters, in this manuscript the experimental
measurements of density, p, viscosity, 77, and refractive index, np, for binary
mixtures of diethyl malonate with ketones (acetophenone, cyclopentanone,
cyclohexanone and 3-pentanone) at 303.15, 308.15 and 313.15 K and at atmo-
spheric pressure are reported. The experimental values of p, 77 and np were used
to calculate the excess volume, VE, the deviation in viscosity, A7, the excess
Gibb’s free energy of activation for viscous flow, AGE, and the deviation in
molar refraction, AR. These results were used to discuss the nature of the in-
teractions between the unlike molecules in terms of dipole—dipole interactions
and dispersion forces. The refractive index data was also predicted using some of
the refractive index models of mixing rules and the results are discussed in terms
of the average percentage deviation (4PD) and the standard percentage deviation,
0 (%). The agreement between the experimental and theoretical values was found
to be satisfactory. Similarly, the McAllister four-body interaction model, the
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Lobe and Jouyban—Acree model were used to correlate the viscosities of the
binary liquid mixtures with the mole fraction.

EXPERIMENTAL
Materials

Diethyl malonate, acetophenone (Sigma-Aldrich) and cyclopentanone, cyclohexanone
and 3-pentanone (all Merck) with mass fraction purities greater than 99.0 % were used
without further purification. The purity of the solvents was ascertained by gas liquid chroma-
tography (GLC) and the analysis indicated a mol % purity of > 99.0 %. The experimental
results of density, viscosity and refractive index of the pure liquids at 303.15 K are compared
with available literature data in Table I-S of the Supplementary material.

Methods

Binary mixtures were prepared by mass in airtight-stoppered glass bottles. The masses
were recorded on a digital electronic balance (Mettler AE 240, Switzerland) to an uncertainty
of £0.0001 g. To prevent the samples from preferential evaporation, the mixtures were pre-
pared by transferring aliquots via syringes into stoppered bottles. The uncertainty in mole
fraction was thus estimated to be less than +£0.0001. A set of nine binary mixtures was pre-
pared for each system, and their physical properties were measured at the respective compo-
sition of the mole fraction varying from 0.1 to 0.9 in steps of 0.1.

The densities of the pure liquids and their binary mixtures were determined with a por-
table density meter (DMA 35 Anton Paar). The instrument was calibrated frequently before
the start of the actual experiments using deionized water and dry air according to established
standard procedures. The instrument has a temperature sensor that measures the sample tem-
perature right at the measuring cell. The densities of all the binary mixtures were measured
after achieving thermal equilibrium with successive increments of 5 K for the temperature
range from 303.15 to 313.15 K. All measurements for each sample were made in triplicate;
the average values are reported and considered for further analysis. The reproducibility of the
density measurements was +0.0005 g cm™ and the experimental uncertainty in the density
measurements was approximately £3x104.

The viscosities of the pure liquids and their mixtures were determined at atmospheric
pressure and at temperatures 303.15, 308.15 and 313.15 K using an Ubbelhode viscometer.
The viscometer bulb had a capacity of about 15 ml and the capillary tube had a length of about
90 mm with an internal diameter of 0.5 mm. The thoroughly cleaned and perfectly dried
viscometer was filled with the sample liquid by fitting the viscometer to about 30° from the
vertical and its limbs were closed with Teflon® caps to avoid the evaporation. The viscometer
was kept in a transparent-walled bath with a thermal stability of £0.01 K for about 20 min to
obtain thermal equilibrium. An electronic digital stopwatch with an uncertainty of £0.01 s was
used for flow time measurements. At least three repetitions of each mixture reproducible to
+0.05 s were obtained, and the results were averaged. The viscosity was calculated from
measured efflux time, ¢, using the following relation:

n=p (At - B/t (1
where p is the density and 4 and B are characteristic constants of the viscometer, which were
determined by taking water and benzene as calibration liquids. The uncertainty in the thus
estimated viscosity was found to be £0.008 mPa s.

Refractive indices were measured using a refractometer (RM40, Mettler Toledo, Switz-
erland) with an uncertainty of +0.0001. The instrument had a built-in solid state thermostat
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5 1 O RATHNAM, MOHITE and KUMAR

temperature range (5 to 100 °C) with an uncertainty of £0.1 °C. The instrument calibration
was realized with doubly distilled water. The average of three measurements was taken for
each sample.

RESULTS AND DISCUSSION
Experimental data and excess or deviation values

The densities, p, viscosities, 77, and refractive indices np of the mixtures at
303.15, 308.15 and 313.15 K are listed as a function of mole fraction in Table II-S
of the Supplementary material.

The density values were used to calculate the excess molar volumes, VE,
using the following relation:

VE = (xiM1 + xoMp)/p— (xiM1/p1 + x2Ma/p2) (2

where p is the density of the mixture and x1, M7 and pj, and xp, M5 and p», are
the mole fraction, molar mass, and density of pure components 1 and 2, res-
pectively. The calculated excess molar volumes are included in Table II-S and
graphically represented in Fig 1.
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Fig. 1. Excess volume, VE, as a function of diethyl malonate mole fraction, x; + acetophenone
(AC); + cyclopentanone (CP); + cyclohexanone (CH); + 3-pentanone (3-PT).
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The deviations in the viscosity, A7, were calculated using the relation:
An=mn-(x1 m +x2 1) 3)
where 77 is the absolute viscosity of the mixture, and 77; and 77, are the viscosities

of the pure components 1 and 2, respectively. The A7 data are graphically repre-
sented in Fig. 2.
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Fig. 2. Deviation in viscosity, A7, as a function of diethyl malonate mole fraction, x; + ace-
tophenone (AC); + cyclopentanone (CP); + cyclohexanone (CH); + 3-pentanone (3-PT).

The excess Gibb’s energy of activation, AGE, of viscous flow was obtained
using the following relation:

AGE = RT(In (V) — x1In (1 1) — x2n (17272)) 4

where V is the molar volume of the mixture and V| and V> are the molar volumes
of the pure components 1 and 2, respectively. The AGF data are graphically
represented in Fig. 3.

The refractive index values, n, were used to calculate the Lorentz—Lorentz
molar refraction,?3 and deviations in the molar refraction were calculated as:

AR = Ry — (x1R] + x2R)) (5)
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where Ry and R; are the molar refractivities of pure components 1 and 2, res-
pectively, and Ry, is the molar refractivity of the mixtures calculated by using the
relation:

R = ((n2-1) / (n? + 2))/((c1 My + x2Mp)/ p) (6)
The so-obtained AR data are graphically represented in Fig. 4.
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Fig. 3. Excess Gibbs Energy, AGF, as a function of diethyl malonate mole fraction, x; + ace-
tophenone (AC); + cyclopentanone (CP); + cyclohexanone (CH); + 3-pentanone (3-PT).

All of the quantities (VE, A7, AGE and AR) were fitted to the Redlich—Kis-
ter24 polynomial equation by the method of least squares to derive the binary co-
efficients:

n .
Ay=xi(1-x1) X 4 (2x1 - 1) (7)
i=0
The variation in standard deviation (o) was calculated using the relation:
o) = (Z (Vobs _ycal)z/(n - m))l/z 3
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where n represents the number of data points and m is the number of coefficients.
The calculated values of coefficients along with the standard deviations (o) are
given in Table L.

0.15

0.1 A

0.05 4

-0.05

AR ford md?

-0.1 A

0151 g AC 30315 K, 0 CH 303.15 K,

¢ AC 308.15 K, +CH308.15 K,

BAC 3B K, = CH31315 K
029 % CP 30315 K, * 3-PT30315K,

¥ CPA0S15 K 43-PT 308.15 K|

—CP 31315 K, e FPT 31315 K
015 . . . .

0 0.2 04 0.4 0.8 1

X1

Fig. 4. Deviation in molar refraction, AR, as a function of diethyl malonate mole fraction, x; +
acetophenone (AC); + cyclopentanone (CP); + cyclohexanone (CH); + 3-pentanone (3-PT).

TABLE I. Derived parameters of Eq. (7) for various functions and standard deviation (o) of
the binary mixtures at 303.15, 308.15 and 313.15 K

Function T/K Ay A A, Aj o
Diethyl malonate (1) + acetophenone (2)

VE 303.15 0.2699 -0.0155 0.0981 —-0.0084 0.002
308.15 0.3453 0.0153 0.0076 —-0.0333 0.004
313.15 0.4504 0.0366 -0.0692 -0.1189 0.003

An 303.15 0.2699 -0.0155 0.0981 —-0.0084 0.002
308.15 0.1775 -0.0229 0.0039 —-0.0345 0.001
313.15 0.1517 -0.0227 -0.0079 0.0143 0.001

AR 303.15 0.2036 -0.0618 -0.1182 0.0500 0.002
308.15 0.2979 -0.0175 —0.0898 0.0193 0.002
313.15 0.3518 -0.0260 -0.1566 0.0275 0.003

AGE 303.15 524.3250 —57.1088 163.6531 -27.5843 3.539

308.15 422.6787 —66.2303 18.3785 —66.5172 5.551
313.15 404.1643 —68.1976 —8.5612 23.7000 1.466
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TABLE 1. Continued

Function T/ K AO Al A2 A3 O
Diethyl malonate (1) + cyclopentanone (2)

VE 303.15 0.3304 0.0120 -0.0616 0.1423 0.003
308.15 0.2703 0.0290 -0.1013 0.0249 0.003
313.15 0.2052 -0.0338 -0.1370 0.0204 0.003

An 303.15 0.0846 —-0.0238 -0.0191 0.0022 0.001
308.15 0.0656 -0.0332 -0.0081 0.0290 0.000
313.15 0.0505 -0.0125 -0.0250 0.0051 0.000

AR 303.15 —-0.8002 0.1332 0.3718 —-0.0028 0.007
308.15 —0.5458 0.0791 0.2558 0.0616 0.004
313.15 —0.3462 0.0611 0.1225 0.0404 0.002

AGE 303.15 893.7855  -216.1805 13.3465 —1.8419 1.130

308.15 856.6069  —228.7443 249172 51.6539 0.381
313.15 836.9972  —182.8202  —19.9603 16.6195 0.401
Diethyl malonate (1) + cyclohexanone (2)

VE 303.15 0.8241 0.5942 -1.5870 0.1723 0.003
308.15 0.8975 0.3965 —1.4937 0.4915 0.005
313.15 0.9476 0.4495 -1.2831 0.3316 0.004
An 303.15 —0.5462 -0.2207 0.2528 0.3333 0.003
308.15 —0.6070 —0.1422 0.1618 0.1496 0.003
313.15 —0.6537 —0.0865 0.0319 0.0593 0.003
AR 303.15 —0.5224 0.2712 0.0495 —0.0556 0.003
308.15 —0.2905 0.0613 -0.0117 0.0873 0.002
313.15 —0.1338 0.0027 0.0172 0.0522 0.002
AGE 303.15 —606.8685  —-369.8802  375.6739 527.3885 5.562

308.15 —804.4342  —295.0760  288.3852 300.8933 5.448
313.15 —990.5262 -219.4471  108.3232 146.5062 5.365
Diethyl malonate (1) + 3-pentanone (2)

VE 303.15 -0.2039 0.0412 0.0346 —0.0952 0.002
308.15 —0.3303 0.0391 —0.0235 —0.0562 0.004
313.15 —0.4549 0.05565 0.0368 -0.2077 0.003
An 303.15 —0.6370 —0.0554 0.0660 0.0845 0.004
308.15 —0.5786 0.0052 0.0676 —0.0248 0.004
313.15 —0.5071 —0.0271 0.0676 0.0578 0.003
AR 303.15 0.2608 —0.0043 —0.0575 0.0992 0.002
308.15 0.3112 —0.0878 0.0389 0.1473 0.001
313.15 0.4423 —0.0568 -0.0319 0.0299 0.003
AGE 303.15 821.9431 —-18.5135 124.3100 -9.8292 10.572

308.15 777.7993 165.4446 144.2818  —309.9339 9.692
313.15 746.4863 34.3000 166.5115 —37.4047 7.395

The excess molar volume curves (Fig. 1) are not symmetric. The VE values
for the systems diethyl malonate + acetophenone and + cyclopentanone are com-
pletely positive, the maximum values of isotherms fall around the mole fraction
x1 = 0.5, while for diethyl malonate + 3-pentanone, they are completely negative
over the entire composition range, having minima at x; = 0.5. However, for the
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system diethyl malonate + cyclohexanone, the VE values are negative in the lower
composition of ester (x; = 0.2) at 303.15, 308.15 and 313.15 K, and the VE values
become positive as the composition of ester increases. The positive values of VE
suggest the dominance of dispersion forces while the negative values of VE sug-
gest specific interactions between the unlike molecules of the binary liquid sys-
tems.25:26 In the present study, the unusual behavior as observed for diethyl ma-
lonate + cyclohexanone indicates that the strengths of the specific or dispersion
forces are not the only factor influencing the excess volume of the liquid mixtu-
res but the molecular size and shape of the component also play a dominant role
in deciding the deviation from ideality. Moreover, it was observed in many bi-
nary systems that there is no simple correlation between strength of the interac-
tions and the observed properties. Accordingly, Rastogi et al.27 suggested that
the observed excess property is a combination of an interaction and non-inter-
action part, the non interaction part being the size effect, i.e.,:

XE (observed) — XE (interaction) + XE (size effect)

where XE refers to the excess or deviation in the property.

A perusal of (Fig. 2) reveals that the A7 values for the binary mixtures of
diethyl malonate with acetophenone and with cyclopentanone are completely po-
sitive, while for diethyl malonate + cyclohexanone and + 3-pentanone, the A7
values are completely negative over the entire range of composition at all the stu-
died temperatures. The positive A7 values decrease with increasing temperature.
The negative An values become more negative as the temperature increases for
diethyl malonate + cyclohexanone, whereas less negative for diethyl malonate +
3-pentanone. The positive A7 values are indicative of specific interactions,28-30
while the negative A7 values indicate that dispersion forces are dominant; fur-
thermore, the existence of dispersion forces indicates that the component mole-
cules have different molecular sizes and shapes.3!

The values of AGE (Fig. 3) for the binary mixtures of diethyl malonate with
acetophenone, cyclopentanone and 3-pentanone are completely positive over the
entire composition; while for the mixtures of with cyclohexanone, the values are
completely negative all the studied temperatures. The positive AGE values de-
crease with increasing temperature, whereas the negative AGE values become
more negative.

The dependences of the molar refraction, AR, on the mole fraction of diethyl
malonate at 303.15, 308.15 and 313.15 K are presented in Fig. 4. It is observed
that for the mixtures with acetophenone and 3-pentanone, AR is completely posi-
tive, while for the mixtures with cyclopentanone and cyclohexanone, the AR va-
lues are completely negative over the entire range of composition. The positive
AR values increase with increasing temperature, whereas the negative AR values
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5 1 6 RATHNAM, MOHITE and KUMAR

become less negative. The plots are of parabolic shape and are characterized by
the presence of well-defined minima/maxima.

Correlating models for mixture viscosities

The experimental viscosities of the binary mixtures of diethyl malonate with
acetophenone, cyclopentanone, cyclohexanone and 3-pentanone at 303.15,
308.15 and 313.15 K were fitted to the two parameter Lobe,32 the three para-
meter McAllister four-body33 and the three parameter Jouyban—Acree3435 mo-
dels.

The Lobe Equation involves the volume fraction of components @ and &,
and was tested by fitting with two parameter, ajp and a1, to the kinematic
viscosity—mole fraction (v, x1) data pairs and is given by:

v =01 viexp (Prapzln (vo/v1)) + Pavaexp (Praziln (V2/v1)) ()]

The McAllister (four-body) Model applied to correlate kinematic viscosities
of binary liquid mixtures is given by:

In v=x1ln v| + 4x13x20n vi112 + 6x12x02In vy 122 + 4x1x231n va01 + x40 vy —
—In [x] + (epMa/M1)] + 4x13x21n {[3 + (Ma/M7)]/4} + 6x1%x2x
xIn {[1 + (Mo/M1)]/2} +4x1x231In {[1 + (3Mo/M)])/4} + x2%n (Mo/M7) (10)

where v, v| and 1, are the kinematic viscosities of the binary mixtures and the
pure components 1 and 2, respectively. vi112, V1122 and vp721 are model parame-
ters, which are obtained by non-linear regression.

The Jouyban—Acree Model is based on a theoretical consideration of two-
body and three-body interactions between the various molecules in solution. The
model could be used in practice for correlating the experimental viscosity data of
different binary mixtures at various temperatures as:

In 7=x1In 11 + xoln 10 + Ag(x1x2/T) + A1(x1x2(x1 — x2)/T) +
+ Ap(x1x2(x1 = x2)%/T) (11)
where Ag, A1 and A4, are interaction parameters. 77; and 77, are the viscosity of the
pure components at temperature 7. The predictive ability of Eqs. (9)—(11) was
tested by calculating the standard percentage deviation o (%) as:
0 (%) = (1/n-k¥(100(Yexp — Yea)/ Yexp)H)!2 (12)

and the average percentage deviation (4PD) using the relation:
n
APD =100 3. (|Yexp — Yeal|) / (13)
i=1

between the experimental and the calculated values; n represents the number of
data points in each set and k the number of numerical coefficients in the equa-
tions, Y indicates the respective correlating property. The deviation values of Egs.
(12) and (13) obtained using the experimental viscosity data are given in Table II.
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5 1 8 RATHNAM, MOHITE and KUMAR

A close examination of these values reveals that the magnitude of these values
remained almost same, with the exception for the Jouyban—Acree Model, for
which the obtained APD values were much lower in comparison to the standard
percentage deviation ¢ (%) values. While for the mixtures of diethyl malonate +
3-pentanone, the same trend was observed for all three studied models. Further-
more, it was observed that the McAllister four-body Model correlates the mixture
viscosities excellently when compared to the Lobe and Jouyban—Acree Models.

Correlating models for refractive index

The experimental refractive index and density data of the studied binary
mixtures were correlated using empirical/semi-empirical relations and models as
reported earlier.36 The experimental refractive index data were then compared
with the corresponding Lorentz—Lorentz,37-38 Weiner,37-38 Heller,37-38 Eyk-
man,39 Newton,*9 Eyring—John#! and Dale—Gladstone*? relations.

The values of standard percentage deviation, o (%), and average percentage
deviation (4APD) as obtained from Eqs. (12) and (13) are reported in Table IIIL.
Comparison of these values revealed that ¢ values were small in magnitude as
compared to the values of APD. For diethyl malonate + 3-pentanone, the maxi-
mum APD (0.164) was obtained using the Eykman Relation while the minimum
APD (0.024) was obtained using the Weiner relation. Whereas, for diethyl malo-
nate + cyclopentanone system, the APD values are quite higher (maximum 0.274
by the Eykman and minimum 0.033 by the Weiner Relation) as compared to the

TABLE III. Average percentage deviation (4PD) and standard percentage deviation, g, in the
refractive index from different mixing relations

Lorentz— . Dale— .
/K Lorentz Eykman Weiner Heller Gladstone Newton Eyring—John

APD o/% APD o/% APD o/% APD o/% APD o/% APD o/% APD o/%

Diethyl malonate (1) + acetophenone (2)

303.15 0.013 0.011 0.049 0.022 0.010 0.010 0.040 0.020 0.065 0.026 0.151 0.039 0.023 0.015
308.15 0.024 0.015 0.023 0.015 0.003 0.006 0.044 0.021 0.044 0.021 0.129 0.036 0.005 0.007
313.15 0.026 0.016 0.017 0.013 0.005 0.007 0.048 0.023 0.040 0.020 0.124 0.035 0.009 0.009

Diethyl malonate (1) + cyclopentanone (2)

303.15 0.114 0.034 0.274 0.052 0.073 0.027 0.216 0.047 0.219 0.047 0.223 0.048 0.218 0.047
308.15 0.079 0.028 0.189 0.044 0.056 0.022 0.149 0.039 0.152 0.039 0.155 0.040 0.150 0.039
313.15 0.052 0.023 0.126 0.035 0.033 0.018 0.098 0.031 0.101 0.032 0.104 0.031 0.099 0.032

Diethyl malonate (1) + cyclohexanone (2)

303.15 0.087 0.029 0.214 0.046 0.057 0.024 0.166 0.041 0.174 0.042 0.182 0.043 0.170 0.041
308.15 0.057 0.024 0.143 0.038 0.038 0.019 0.109 0.033 0.117 0.034 0.125 0.035 0.113 0.034
313.15 0.047 0.022 0.119 0.034 0.032 0.018 0.090 0.030 0.097 0.031 0.105 0.032 0.093 0.031

Diethyl malonate (1) + 3-pentanone (2)

303.15 0.038 0.020 0.088 0.030 0.024 0.015 0.071 0.027 0.069 0.026 0.066 0.026 0.070 0.027
308.15 0.053 0.023 0.121 0.035 0.033 0.018 0.098 0.031 0.095 0.031 0.092 0.030 0.097 0.031
313.15 0.071 0.027 0.164 0.040 0.044 0.021 0.131 0.036 0.129 0.036 0.126 0.035 0.130 0.036
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diethyl malonate + cyclohexanone system. For diethyl malonate + acetophenone,
all the mixing rules, except the Newton Relation, exhibited low APD values with
a maximum (0.065) by the Dale—Gladstone and the minimum (0.003) by Weiner
Relation. Furthermore, it was observed that temperature has an effect on o va-
lues. For the binary mixtures of diethyl malonate + cyclopentanone and diethyl
malonate + cyclohexanone, the values were found to decrease with increasing
temperature, while for the binary mixtures of diethyl malonate + 3-pentanone, the
values increased with increasing temperature. However, for the binary mixtures
of diethyl malonate + acetophenone, the values of o and APD did not exhibit any
systematic variation with temperature. Based on the present analysis, it could be
concluded that all the studied mixing rules predicted the experimental refractive
index data satisfactorily.

CONCLUSIONS

The density, viscosity and refractive index measurements for binary mixture
of diethyl malonate + acetophenone, + cyclopentanone, + cyclohexanone and +
3-pentanone at 303.15, 308.15 and 313.15 K over the entire composition range
were determined. From the experimental data, the excess volume, VE, deviations
in viscosity, A7, molar refraction, AR, and excess Gibb’s Free Energy of activa-
tion of flow, AGE, were obtained. The reported excess properties showed both
positive and negative deviations. These excess properties were correlated by the
Redlich—Kister polynomial equation to derive the coefficients and standard de-
viations. The viscosity results were also analyzed using the empirical relations
proposed by Lobe, McAllister and Jouyban—Acree. Furthermore, the refractive
indices of the binary mixtures were correlated using various empirical/semi-
empirical relations and models.

SUPPLEMENTARY MATERIAL

The comparison of experimental results and literature data (Tables I-S and II-S) are
available electronically from http://www.shd.org.rs/JSCS/, or from the corresponding author
on request.

Acknowledgement. One of the authors (M. V. Rathnam) sincerely acknowledges the
University Grant Commission, New Delhi for financial assistance through the major research
project (No 38-24/ 2009(SR) dated 21/12/2009.
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U3BOA

CTYUJA BOJTYMETPUICKUX, BUCKOZUMETPHUJCKUX 1 OIITUYKUX CBOJCTABA 1
MOJIEKYJICKUX MHTEPAKLIMJA V BUHAPHOJ CMEIIU JUETUJIIMAJIOHATA U
KETOHA HA 303,15, 308,15 1 313,15 K

MANAPRAGADA V. RATHNAM', SUDHIR MOHITE' 1 MANAPRAGADA S. KUMAR?

! Physical Chemistry Research Laboratory, B. N. Bandodkar College of Science, Thane — 400 601, India u
’Department of Chemistry, Zulal Bhilajirao Patil College, Deopur, Dhule — 424 002, India

W3Bpiiena cy mepemwa TyCTUHE, O, BUCKO3HOCTH, 7], U MHJAeKca pedpakuuje, np, OUHapHHX
cMenra JMeTHIMalloHaTa ca KeTOHMUMa (aneTo(eHOH, IUKIONCHTAHOH, IIUKJIOXEKCAaHOH U 3-TeH-
TaHOH) Ha Temneparypama 303,15, 308,15 n 313,15 K u y nenom KoHIeHTpanoHOM omcery. Ha
OCHOBY eKCIIepHMEHTAITHAX IMojaTaka, onpelieHe cy momyHcka 3ampemusa, VE, mpomena Buckos-
HOCTH TIpH Memnamy, A7, nomyHcka I'mGcoBa cnoGomna enepruja, AGE, u npomena Monapse pe-
¢bpakuuje npu memamwy, AR. Jlobujene BpeaHocTu cy kopenucaHe Pemmux—Kucrtep-oBuM mosnu-
HoMom. Bpemnoctu VE, A7, AGE u AR cy npuxasaHe rpaduuku y 3aBUCHOCTH OJ MOJICKOT yJena
queTwiManoHara. [I03UTHBHE W HeraTHBHE BPEJHOCTH JOIYHCKHX CBOjCTaBa 3a CBE MCIIMTHBAHE
OuHapHe cMmelle cy O0jallllbeHe Ha OCHOBY MelyMOJICKyJICKHX MHTEpaknuja HPHCYTHHX Y OBHM
cmemrama. [Topex Tora, N3BpIIEHO je KOPEINCAamke BUCKO3HOCTH M MHJIEKCA pedpakiyje OMHapHUX
cMela MpeKo pasInIuTHX EMIHPHjCKAX KOpeIalmja.

(ITpumsseno 12. jyma, peuanpano 22. cenrembpa 2011)
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