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ABSTRACT

Density, viscosity and refractive index of some binary mixtures of dibutyl maleate with acetophenone,
cyclopentanone, cyclohexanone, and 3-pentanone have been measured over the entire composition range at (303.15,
308.15 and 313.15) K and at atmospheric pressure. Excess volume (VF) and deviation in viscosity (A7) have been
estimated from the experimental data of density and viscosity. The results of excess properties are interpreted in
terms of molecular interactions. These results were fitted to Redlich-Kister polynomial equation to estimate the
binary coefficients and standard errors. Further the values of (VF) have been analyzed using Prigogine-Flory-
Patterson (PFP) theory. Refractive index composition data are discussed in the light of various equations suggested
by Lorentz-Lorentz, Weiner and Newton. The mixture viscosities have also been correlated using Auslaender and

Krishnan-Laddha models.
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I. INTRODUCTION

Thermodynamic data on density, viscosity
are mostly essential for any industrial process as they
find several practical applications [1, 2]. The excess
or deviation properties obtained from such
thermodynamic data enable us to understand the
molecular interactions involving in liquid-liquid
mixtures [3]. Dibutyl maleate has been selected
owing to its importance as an additive and
intermediate for plastics, pigments, pharmaceuticals
and agricultural products. Dibutyl maleate is used in
the manufacturing of paints giving them a higher
flexibility, stability to water and ultra violet light
besides a higher adherence, plasticizer in water
resistant film. Now days it can be used as gelatin
accelerator and anti-corrosive additive. To the best of
our knowledge there are no reports on thermo-
physical properties for the binary mixtures of dibutyl
maleate with ketones. This is mainly motivated us to
undertake the present study.

In continuation of our program of research
on the physicochemical properties of binary non-
electrolyte liquid mixtures of esters [4-6]. We report
here experimental densities (p), viscosities (7), and
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refractive indices (np) for dibutyl maleate +
acetophenone, + cyclopentanone, + cyclohexanone
and + 3-pentanone at (303.15, 308.15 and 313.15) K
over the entire range of mixture composition at
atmospheric pressure. The aim of this work is to
investigate the applicability of Prigogine-Flory-
Patterson (PFP) theory to the excess volume and also
to analyze applicability of the three parameter
viscosity models of Auslaender and Krishnan-Ladha
and the refractive index models viz. Loretz-Lorentz,
Weiner and Newton.

I1. EXPERIMENTAL

2.1 Materials

All the liquids used in the present study
were purified by standard methods [7]. The mole
fraction of purity was better than 0.995 for all the
liquids and they were stored in dark bottles to prevent
contamination from air and dried over 4A molecular
sieves. The purity of the solvents was finally checked
on GLC and the final purity was found to be better
than 99.8 mole %.
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2.2 Apparatus and Procedures

Mixtures of different compositions were
prepared for each binary system in airtight bottles.
Mass measurements accurate to + 0.01 mg were
made on digital electronic balance (Mettler, AE 240
Switzerland). The uncertainty in the mole fraction
thus estimated was found to be less than + 1 x 10™.
Densities of pure liquids and their binary mixtures
were determined using a Rudulph research analytical
digital densimeter (DDH-2910 USA). The instrument
calibration has been described earlier [8]. The
uncertainty in the density measurement was found to
be + 3 x 10™ g.cm™. The viscosities of pure liquids
and their mixtures were determined using an
Ubbelhode viscometer. The flow time of each sample
was measured by suspending viscometer in a low
temperature viscometer bath (Cat No: KVB-04/SP,
Sr. No: 2KX-03-375, Watts 1500, Volts 1-230)
supplied by S. Kumar Mumbai, India. The
temperature of the viscometer bath was controlled
within + 0.01K. The uncertainty in dynamic
viscosities is of the order of = 0.003 mPa.s.
Refractive indices of pure liquids and their mixtures
were measured using a refractometer (RMA40,
Metteler Toledo, Switzerland) with an uncertainty of
+ 0.0004. The instrument has built-in solid state
thermostat of temperature range (5 to 100° C) with an
uncertainty of + 0.1°C. The calibration of the
instrument was carried out by dry air and water at a
required temperature.

I1l. RESULTS AND DISCUSSION

The experimental values of densities (o), excess
volumes (VF), viscosities (7), refractive indices (np)
of at (303.15, 308.15 and 313.15) K are listed as a
function of mole fraction in Table 1. The density
values have been used to calculate excess volumes V&
using the following relation

VE= (M1 + Xo My) 1 p — (e Mi/ pr+ Xo Mol po) (1)
Where p is the density of the mixture and (x;, M; and
p1) and (xo, M, and p,) are the mole fractions, molar
masses, and densities of pure components 1 and 2
respectively. The variation in excess volume with
mole fraction of the studied binary mixtures is
displayed in Fig.1. The VE values are found to be
negative over the entire range of composition
exhibiting negative curves. The VE of mixtures is
mostly influenced by chemical, structural and
physical effects. The close observation of Fig.1
indicates that molecular interactions between ester
and ketones are most favored in the region of x; = 0.5
with minima. This may be attributed to variable size
and shapes of acetophenone, cyclopentanone,
cyclohexanone and 3-pentanone molecules causing
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strong interactions with ester molecule. In the present
study the negative VE values may indicate that
volume reducing factors are dominant over the
expansion factors. Fig.2 shows that deviation in
viscosity (An). The viscosity deviations Az were
calculated using the relation

An=n— Xy 71+ X2 172) (2
where 7 is the dynamic viscosity of the mixture and
m and 7, are the viscosities of pure components
respectively.

The excess molar volumes and the deviations in the
viscosities were fitted to Redlich-Kister [9] equation
of the type

n

A= () 2 AR ®)
i=0

Where Ay is either VE or Az and “n’ is the degree of
polynomial. Coefficients A; were obtained by fitting
equation (3) to experimental results using a least
squares regression method. In each case, the optimum
number of coefficients is ascertained from an
examination of the variation in standard deviation
(o). The variation in standard deviations (o) was
calculated by using the relation

oY) = [Z (Yobs — ycal)z/ (n-m)] v (4)

where ‘n’ represents the number of data points and
‘m’ is the number of coefficients. The calculated
values of the polynomial coefficients along with their
standard deviations (o) are given in Table 2. It is
observed that the An values are negative for mixtures
of acetophenone and 3-pentanone, while for mixtures
of cyclopentanone and cyclohexanone A7 values are
completely positive over the entire mole fraction
range of dibutyl maleate. Further it is observed that
the values are more negative for 3-pentanone and less
negative for acetophenone. However the negative
deviation decreases with increase in temperature.
Likewise for mixtures of cyclopentanone the An
values are less positive as compared to
cyclohexanone indicating the effect of temperature
on mixtures. A close observation of Fig. 1 and 2
reveals that the isotherms do not follow common
trend indicating a clear idea that the strength of
specific or dispersion forces is not the only factor
influencing the deviation in mixture viscosities [10].
The shape and size of the liquid components are also
responsible factors.

3.1 Correlation of Mixture Viscosities:

Molecular models have been developed and
utilized to obtain further understanding of liquid
mixture viscosity. Generally the models have been
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indicative that interaction terms are essential in
prediction  of  mixture  viscosity  behavior.
Unfortunately determination of the interaction terms
has been by data fitting and so the shortcomings of
these models are similar to the correlations except
that at least the adjustable parameters have some
physical interpretation. Reid et al [11] and Monnery
et al [12] have reviewed several mixture viscosity
models to correlate the mixture viscosities. In this
report we have correlated the experimental mixture
viscosities using the Auslaender and Krishnan-
Laddha models.

3.1.1 Auslaender model:

Auslaender [13 ] proposed a suitable equation for
experiemental viscosity data as

7 = mXs (X1 + B1aXa) + 72 (Aza X2 (B2 X1 + X)) / Xq (X1
+ B1oX2) + (A2 %) (Ba1 X1 + %) (5)
Where A,;, By, and By, are parameters representing
the binary specific interactions and could be
calculated by a least square procedure.

3.1.2 Krishnan-Laddha model:
The equation proposed by Krishnan-Laddha [14] is
based on Eyring’s theory of absolute reaction rates
[15]. The kinematic viscosities of the binary systems
were correlated using following equation
Inv=x; Invi+ X, Invy + X1 INM 1+ X, INM 5 — |n[ (XlM 1
+X,M ) —2.303 X1 X5 [B1p + Cpp (X1 - Xp) +
D1z (X1 - X2)°1] (6)
Where M; and M, are molar mass of the
pure component and B, Ci,, D, are the binary
viscosity coefficients. The last term of this equation
called as the excess free energy of activation for the
flow takes into account the deviation of data of
binary liquid mixtures from the linear additive
behavior of the pure component viscosities.
The predictive abilities of above models was tested
by calculating the standard percentage deviation
o (%) between the experimental (77exy) and calculated
(77 car) Viscosities as

2 \Y¥%
o (%) = 100 (77 expt = 77 cal)
77expt (7)

where ‘n’ represents the number of data points in
each set and ‘k’ the number of numerical coefficients
in the equations. 77 ¢, has been obtained from model
equations (5 and 6). The calculated interaction
parameters of equations (5 and 6) and o (%) values
are given in Table 3. Analysis of these values reveals
that for Auslaender model, the ¢ (%) values are in the
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range of (0.02-0.91) with average o (%) value as
0.323. While for Krishnan-Laddha model, the o (%)
values are in the range of (0.02-2.60) with average
o (%) value as 0.982 for the studied binary systems.
From the analysis of o (%) values it is evident that
Auslaender model predicts the experiemental mixture
viscosities more satisfactorily than Krishnan-Laddha
model.

3.2 Applications of Refractive Index Mixing Rules:

Refractive index is a fundamental physical
property of a substance. It is often used to identify a
particular substance, confirm its purity, or measure its
concentration. There have been several theoretical
mixing rules for predicting the refractive index of
binary liquid mixtures. Pandey et al [16] have
discussed the significance of such mixing rules.
Among the various mixing rules the most widely
used refractive mixing rules are of Lorentz-Lorentz
and Weiner. In the present report we have applied the
following mixing rules for the analysis of our
experimental refractive index data.

3.2.1 Lorentz-Lorentz £17,18]
[N22-1/n2+2] = [n°-1/n2+2] @, + [n,2-1 1 n,?
+2] @, (8)

3.2.2 Weiner [17,18]
[nlz2 -2 g+ 2 n12] = [nzz' N’/ +2 nlz] 9)

3.2.3 Newton [19]
Ni22-1=(n%-1) @1+ (n-1) @, (10)

Where ny, is the refractive index of the binary
mixture. @, and @, are the volume fractions, and n,
n, are the refractive index of pure components 1 and
2 respectively. The predictive ability of equations
(8-10) has been tested by calculating the average
percentage  deviation  (APD)  between the
experimental and calculated values using the
following relation

n

APD =100

i=1

nDexp — Npcal In (11)

Where ‘n’ is the number of data points. The values of
average percentage deviations of the investigated
mixtures are given in Table 4. A perusal of refractive
index data reveals that these np values decrease with
increase in temperature for all the binary liquid
mixtures. This decrease may be attributed to the
decrease in densities with increase in temperature.
Similar behavior has also been observed by
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Bhatia et al [20], Mehra et al [21] and Navendra et al
[22] in their respective studies. Isehunwa et al [23]
have also attributed these changes in refractive index
to the structural changes which occur during mixing.
A close examination of APD values Table 4 reveals
that Weiner relation with low APD values predicts np
more satisfactorily as compared to Lorentz-Lorentz
and Newton relation. The APD values predicted by
Newton relation are very large and follow the order
Weiner < Lorentz-Lorentz < Newton

Furthermore it was observed that the refractive index
values predicted by the studied mixing rules have
exactly follow the same trends as that of
experimental values, which support the experimental
observations.

3.3 Prigogine-Flory-Patterson Theory:

The Prigogine-Flory-Patterson (PFP) theory
was used to correlate the VF results for the studied
binary mixtures. The details pertaining to PFP theory
and different contributions have been reported earlier
[24]. The parameters involved for the pure
components are obtained by PFP theory and are
represented in Table 5. While the values of three
contributions of PFP theory to VE and the calculated
VE data at x; = 0.5 along with experimental equimolar
values of VE for each of the binary mixture at the
studied temperatures are given in Table 6.

A perusal of Table 6 reveals that the
interactional contribution VE(im), and the free volume
VEr) contribution are positive, while the internal
pressure V=, contribution values are negative for the
liquid mixtures investigated. Moreover comparison
between Ve and VEpepy is made by calculating

VEpep) Values using 7, at equimolar composition.

On the basis of the present analysis it may be
concluded that PFP theory satisfactorily predicts V&
values for the binary systems of acetophenone and
3-pentanone with dibutyl maleate. Whereas for
cyclopentanone and cyclohexanone studied binary
mixtures the predicted VE values are larger than the
experimental values.

IV. CONCLUSION

The values of densities, viscosities and
refractive indices at (303.15, 308.15 and 313.15) K
have been determined over the entire composition
range for the binary mixtures of dibutyl maleate with
acetophenone, cyclopentanone, cyclohexanone and
3-pentanone. From the experimental data excess
volume and deviation in viscosity have been
calculated. The data of excess properties showed
excellent agreement with Redlich-Kister polynomial.
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Both positive and negative deviations are observed
for deviation in viscosity, while the deviations in
excess volumes show completely negative deviations.
The Prigogine-Flory-Patterson (PFP) theory applied
to the excess volume data correctly predicts the sign
of VE values for all the studied mixtures. The PFP
theory predicts the V& values satisfactorily for
mixtures of acetophenone and 3-pentanone, while for
cyclopentanone and cyclohexanone it predicts values
with large difference. Viscosity results were analyzed
by using Auslaender and Krishnan-Laddha models. It
was observed that Auslaender model predicts the
mixture viscosities with low percentage standard
deviations as compared to Krishnan-Laddha. The
refractive indices of binary mixtures were correlated
theoretically from pure component data by using the
mixing rules. It was observed that Weiner relation
predicts the refractive indices reasonably well. The
overall molecular interactions study for binary
mixtures of dibutyl maleate with linear, cyclic and
aromatic ketones exhibit strong interactions. Hence it
may be concluded that size, shape, specific or
dispersion forces of components are important factors
in molecular interactions between liquid mixtures.
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Table 1: Mole Fraction (x;), Densities (), Excess Volumes (VF), Dynamic Viscosities (7 ), Refractive Index (np)

for the Binary Mixtures

X1 plg.cm?® VE/ cm®.mol™* 5l mPa.s No
Dibutyl Maleate (1) + Acetophenone (2)
T=303.15 K
0.0000 1.0199 1.518 1.5294
0.0545 1.0176 -0.127 1.659 1.5198
0.1125 1.0151 -0.226 1.810 1.5105
0.2235 1.0107 -0.380 2.098 1.4956
0.3359 1.0067 -0.495 2.398 1.4834
0.4285 1.0036 -0.546 2.654 1.4750
0.5255 1.0005 -0.556 2.929 1.4674
0.6215 0.9974 -0.493 3.211 1.4608
0.7185 0.9944 -0.386 3.500 1.4550
0.8160 0.9916 -0.257 3.791 1.4500
0.9156 0.9890 -0.118 4.092 1.4456
1.0000 0.9870 4.346 1.4418
Dibutyl Maleate (1) + Acetophenone (2)
T=308.15 K
0.0000 1.0169 1.378 1.5270
0.0545 1.0141 -0.085 1.502 1.5169
0.1125 1.0114 -0.174 1.635 1.5075
0.2235 1.0064 -0.271 1.893 1.4922
0.3359 1.0019 -0.329 2.156 1.4800
0.4285 0.9986 -0.358 2.376 1.4715
0.5255 0.9954 -0.359 2.609 1.4640
0.6215 0.9925 -0.341 2.847 1.4576
0.7185 0.9897 -0.283 3.091 1.4520
0.8160 0.9870 -0.187 3.338 1.4473
0.9156 0.9845 -0.082 3.592 1.4433
1.0000 0.9826 3.807 1.4399
Dibutyl Maleate (1) + Acetophenone (2)
T=313.15 K
0.0000 1.0135 1.291 1.5250
0.0545 1.0103 -0.048 1.402 1.5145
0.1125 1.0072 -0.095 1521 1.5047
0.2235 1.0018 -0.148 1.749 1.4893
0.3359 0.9971 -0.183 1.981 1.4769
0.4285 0.9937 -0.200 2.173 1.4685
0.5255 0.9905 -0.204 2.374 1.4611
0.6215 0.9876 -0.189 2.574 1.4548
0.7185 0.9849 -0.154 2.778 1.4494
0.8160 0.9824 -0.104 2.984 1.4449
0.9156 0.9801 -0.051 3.196 1.4411
1.0000 0.9783 3.377 1.4380
Dibutyl Maleate (1) + Cyclopentanone (2)
T=303.15 K
0.0000 0.9385 0.999 1.4335
0.0705 0.9487 -0.237 1.242 1.4340
0.1410 0.9570 -0.466 1.489 1.4348
0.2755 0.9680 -0.728 1.961 1.4362
0.3565 0.9726 -0.801 2.242 1.4369
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0.4418
0.5318
0.6318
0.7398
0.8416
0.9150
1.0000

0.0000
0.0705
0.1410
0.2755
0.3565
0.4418
0.5318
0.6318
0.7398
0.8416
0.9150
1.0000

0.0000
0.0705
0.1410
0.2755
0.3565
0.4418
0.5318
0.6318
0.7398
0.8416
0.9150
1.0000

0.0000
0.0471
0.1002
0.2012
0.3097
0.4013
0.5035
0.6038
0.7066
0.8024
0.9135
1.0000

0.9765 -0.848
0.9798 -0.865
0.9826 -0.827
0.9846 -0.675
0.9857 -0.423
0.9862 -0.197
0.9870
Dibutyl Maleate (1) + Cyclopentanone (2)
T=308.15 K

0.9339

0.9445 -0.279
0.9527 -0.499
0.9637 -0.763
0.9685 -0.865
0.9724 -0.914
0.9757 -0.933
0.9784 -0.878
0.9804 -0.726
0.9815 -0.473
0.9820 -0.245
0.9826

Dibutyl Maleate (1) + Cyclopentanone (2)

T=313.15K

0.9290

0.9398 -0.293
0.9482 -0.531
0.9594 -0.812
0.9642 -0.911
0.9681 -0.955
0.9713 -0.952
0.9741 -0.908
0.9763 -0.788
0.9775 -0.551
0.9780 -0.320
0.9783

Dibutyl Maleate (1) + Cyclohexanone (2)
T=303.15 K

0.9377

0.9443 -0.205
0.9506 -0.391
0.9599 -0.620
0.9675 -0.782
0.9724 -0.843
0.9767 -0.847
0.9800 -0.792
0.9824 -0.632
0.9842 -0.449
0.9859 -0.207
0.9870
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2.534
2.834
3.161
3.510
3.836
4.072
4.346

0.927
1.145
1.363
1.772
2.016
2.265
2.525
2.805
3.100
3.376
3.576
3.807

0.865
1.062
1.257
1.620
1.835
2.054
2.280
2.520
2.773
3.010
3.180
3.377

1.816
1.965
2.135
2.455
2.790
3.051
3.312
3.539
3.754
3.956
4177
4.346

1.4376
1.4384
1.4391
1.4399
1.4407
1.4412
1.4418

1.4310
1.4315
1.4322
1.4337
1.4346
1.4355
1.4363
1.4370
1.4378
1.4387
1.4392
1.4399

1.4290
1.4292
1.4299
1.4315
1.4324
1.4334
1.4342
1.4350
1.4358
1.4365
1.4371
1.4380

1.4465
1.4464
1.4462
1.4456
1.4447
1.4442
1.4437
1.4433
1.4428
1.4424
1.4420
1.4418
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0.0000
0.0471
0.1002
0.2012
0.3097
0.4013
0.5035
0.6038
0.7066
0.8024
0.9135
1.0000

0.0000
0.0471
0.1002
0.2012
0.3097
0.4013
0.5035
0.6038
0.7066
0.8024
0.9135
1.0000

0.0000

0.0508
0.1135
0.2135
0.3133
0.4052
0.5078
0.6065
0.7152
0.8098
0.9185
1.0000

0.0000
0.0508
0.1135
0.2135
0.3133
0.4052
0.5078
0.6065
0.7152

Dibutyl Maleate (1) + Cyclohexanone (2)

T=308.15 K
0.9328
0.9396 -0.225
0.9460 -0.420
0.9555 -0.671
0.9630 -0.813
0.9681 -0.901
0.9724 -0.900
0.9757 -0.841
0.9783 -0.714
0.9801 -0.528
0.9816 -0.236
0.9826
Dibutyl Maleate (1) + Cyclohexanone (2)
T=313.15 K
0.9282
0.9352 -0.248
0.9417 -0.455
0.9512 -0.705
0.9588 -0.860
0.9638 -0.930
0.9683 -0.961
0.9716 -0.900
0.9742 -0.771
0.9760 -0.582
0.9774 -0.264
0.9783
Dibutyl Maleate (1) + 3-Pentanone (2)
T=303.15 K
0.8057
0.8256 -0.149
0.8473 -0.324
0.8763 -0.536
0.9000 -0.687
0.9182 -0.768
0.9353 -0.798
0.9491 -0.754
0.9619 -0.627
0.9714 -0.460
0.9807 -0.190
0.9870
Dibutyl Maleate (1) + 3-Pentanone (2)
T=308.15 K
0.8017
0.8214 -0.130
0.8428 -0.270
0.8718 -0.490
0.8954 -0.632
0.9136 -0.717
0.9306 -0.732
0.9444 -0.688
0.9572 -0.561
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1.657
1.798
1.952
2.240
2.544
2.770
2.995
3.185
3.361
3.517
3.681
3.807

1.542
1.678
1.836
2.096
2.355
2.553
2.743
2.910
3.059
3.174
3.298
3.377

0.429

0.513
0.630
0.830
1.072
1.344
1.715
2.145
2.695
3.226
3.852
4.346

0.397
0.479
0.584
0.775
0.995
1.239
1.564
1.935
2.401

1.4440
1.4439
1.4436
1.4430
1.4423
1.4420
1.4415
1.4411
1.4408
1.4405
1.4401
1.4399

1.4420
1.4419
1.4416
1.4410
1.4404
1.4400
1.4396
1.4392
1.4389
1.4386
1.4382
1.4380

1.3879

1.3925
1.3976
1.4045
1.4103
1.4154
1.4207
1.4256
1.4305
1.4345
1.4388
1.4418

1.3857
1.3900
1.3949
1.4019
1.4078
1.4129
1.4182
1.4230
1.4281
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0.8098
0.9185
1.0000

0.0000
0.0508
0.1135
0.2135
0.3133
0.4052
0.5078
0.6065
0.7152
0.8098
0.9185
1.0000

0.9667 -0.393 2.858
0.9761 -0.143 3.404
0.9826 3.807
Dibutyl Maleate (1) + 3-Pentanone (2)
T=313.15K
0.7977 0.388
0.8171 -0.095 0.466
0.8382 -0.198 0.566
0.8669 -0.377 0.745
0.8904 -0.502 0.951
0.9086 -0.585 1.167
0.9256 -0.597 1.457
0.9394 -0.548 1.782
0.9522 -0.415 2.185
0.9618 -0.262 2.582
0.9716 -0.097 3.039
0.9783 3.377

1.4322
1.4366
1.4399

1.3835
1.3874
1.3920
1.3990
1.4051
1.4103
1.4156
1.4205
1.4256
1.4297
1.4344
1.4380

Table 2: Derived Parameters of equation (3) for various functions and standard deviation of the binary mixtures at
(303.15, 308.15 and 313.15) K

Function TIK Ay Ay A, Az o
Dibutyl Maleate (1) + Acetophenone (2)
VE 303.15 -0.9715 0.4201 -0.8418 5.699 0.009
308.15 0.2476 0.2794 -1.8409 7.9291 0.008
313.15 -0.0849 0.1404 -0.7692 3.3835 0.004
Ay 303.15 -0.4982 0.0489 0.3307 -0.9116 0.001
308.15 -0.0740 0.0132 -0.0576 0.4788 0.001
313.15 -0.0104 -0.0095 -0.0546 0.1909 0.000
Dibutyl Maleate (1) + Cyclopentanone (2)
VE 303.15 -3.5219 -0.1547 0.1831 1.2517 0.016
308.15 -3.7546 -0.1593 -0.0689 1.1444 0.008
313.15 -3.8683 0.0134 -0.7704 0.2469 0.009
Ay 303.15 0.2229 -0.0326 -0.1479 0.0597 0.001
308.15 0.2653 -0.0425 -0.0977 0.0037 0.001
313.15 0.3147 -0.0557 -0.0907 -0.0040 0.001
Dibutyl Maleate (1) + Cyclohexanone (2)
VE 303.15 -2.0499 0.3746 0.8162 -0.2328 0.010
308.15 -2.7778 0.2711 11174 -0.1345 0.008
313.15 -3.3766 -0.4111 0.6939 0.2930 0.009
Ay 303.15 -0.4104 -0.9386 1.1420 -0.8287 0.007
308.15 -0.4523 -0.9790 1.0194 -0.6360 0.005
313.15 -0.5040 -1.0118 0.7944 -0.5222 0.005
Dibutyl Maleate (1) + 3-Pentanone (2)
VE 303.15 -3.1980 0.0377 0.3699 0.4270 0.006
308.15 -2.9656 0.1482 0.7807 0.3528 0.010
313.15 -2.3992 0.2964 1.1603 0.1763 0.005
Ay 303.15 -2.8014 0.0603 0.7277 0.0130 0.005
308.15 -2.2608 -0.0013 0.6508 0.2329 0.002
313.15 -1.7979 0.0334 0.5781 0.2472 0.003
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Table 3:  Adjustable Parameters and Percentage Standard Deviation o (%) of correlations for the Viscosities of
Binary Mixtures

System T/K Auslaender Krishnan-Laddha Model
B2 Ay B o (%) B, Ci D1, o (%)
Dibutyl Maleate (1)+ 303.15 47855 5.3809 0.1930 0.14 -0.2721 0.0690 -0.0403 0.12
Acetophenone (2) 308.15 3.2294  3.4823 0.3030 0.08 -0.2742 0.0738 -0.0361 0.02

313.15 19458 19869 05201 0.02 -0.2717 0.0780 -0.0240 0.03
Dibutyl Maleate (1)+  303.15  4.6532 4.3612 0.2193 0.34 -0.6750 0.2991 -0.1234 0.23
Cyclopentanone(2) 308.15  7.2236 6.5687 0.1455 0.19 -0.6560 0.2926 -0.1269 0.30
31315  9.0107 7.9071 0.1204 0.17 -0.6449 0.2887 -0.1226 0.30
Dibutyl Maleate (1)+  303.15 1.0483 0.7648 09254 054 -0.3788 0.0190 0.1693 1.18
Cyclohexanone (2) 308.15 0.1052 0.0828 7.3497 0.29 -0.4018 0.0221 0.1622 1.18
313.15 0.7970 0.4878 09708 0.14 -0.4213 0.0342 0.1130 1.01
Dibutyl Maleate (1)+  303.15 1.1939 31518 0.4644 091 -0.4217 -0.0919 0.0226 2.60
3-Pentanone (2) 308.15 17540 4.0973 03329 056 -0.4508 -0.0549 0.0187 2.50
313.15  2.1431 45415 0.2810 0.49 -0.4612 -0.0363 0.0158 2.31

Table 4: Average Percentage Deviation (APD) in the Refractive Index from Different Mixing Relations

System T/K Lorentz-Lorentz Weiner Newton

APD APD APD

Dibutyl Maleate (1) + 303.15 0.052 0.041 0.191
Acetophenone (2) 308.15 0.101 0.071 0.286
313.15 0.139 0.096 0.362

Dibutyl Maleate (1) + 303.15 0.055 0.034 0.106
Cyclopentanone (2) 308.15 0.062 0.038 0.119
313.15 0.073 0.045 0.142

Dibutyl Maleate (1) + 303.15 0.021 0.013 0.041
Cyclohexanone (2) 308.15 0.016 0.010 0.030
313.15 0.015 0.010 0.030

Dibutyl Maleate (1) + 303.15 0.146 0.095 0.310
3-Pentanone (2) 308.15 0.170 0.110 0.356
313.15 0.201 0.130 0.413

Table 5: Parameters of the Pure Components used in PFP theory calculations at (303.15, 308.15 and 313.15) K

c 4 e 10°Kg/ - « N ——
omponent T/IK 10" a /K MPa v P*/J.cm V*/cm®.mol
Dibutyl Maleate 303.15 8.29 67.0 1.2146 55.33 190.43
308.15 8.32 68.9 1.2183 55.23 190.71
313.15 8.36 70.8 1.2222 55.23 190.94
Acetophenone 303.15 5.81 224 1.1574 105.32 101.79
308.15 5.83 23.0 1.1602 105.13 101.84
313.15 5.85 23.6 1.1630 104.98 101.94
Cyclopentanone 303.15 10.83 38.6 1.2681 136.77 70.68
308.15 10.89 39.8 1.2729 136.61 70.76
313.15 10.95 41.0 1.2777 136.53 70.87
Cyclohexanone 303.15 9.45 37.9 1.2396 116.15 84.44
308.15 9.49 39.0 1.2438 115.99 84.60
313.15 9.54 40.1 1.2481 116.06 84.72
3-Pentanone 303.15 9.93 46.3 1.2497 101.54 85.54
308.15 9.98 47.7 1.2541 101.40 85.66
313.15 10.03 49.3 1.2586 100.92 85.79
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Table 6 Calculated Values of Three Contributions of the PFP Theory to Excess Volume at (303.15, 308.15 and

313.15) K
System TIK Y2 | V& cm®.mol™ at Calculated contributions / cm®.mol™
Jem?® (X,= X, = 0.5)
Experimental PFP Interactional Free P* effect
VE(im) Volume VE(ip)
Vi)
Dibutyl Maleate 303.15 0.8133 -0.556 -0.545 0.00089 0.00390 -0.00050
(1) + 308.15 2.2233 -0.359 -0.372 0.00092 0.00403 -0.00052
Acetophenone (2) 313.15 3.5429 -0.204 -0.207 0.00094 0.00418 -0.00054
Dibutyl Maleate 303.15 -2.5453 -0.865 -0.914 0.00110 0.00343 -0.00057
(1) + 308.15 -2.7605 -0.933 -0.982 0.00113 0.00358 -0.00060
Cyclopentanone 313.15 -2.8940 -0.952 -1.034 0.00116 0.00370 -0.00062
(2)
Dibutyl Maleate 303.15 -4.9241 -0.847 -0.885 0.00113 0.00075 -0.00011
Q)+ 308.15 -5.1717 -0.900 -0.950 0.00116 0.00078 -0.00011
Cyclohexanone 313.15 -5.3670 -0.961 -1.008 0.00119 0.00081 -0.00012
(2)
Dibutyl Maleate 303.15 -3.3316 -0.798 -0.793 0.00122 0.00147 -0.00017
1) + 308.15 -2.7734 -0.732 -0.722 0.00125 0.00154 -0.00018
3-Pentanone (2) 313.15 -1.8022 -0.597 -0.569 0.00129 0.00158 -0.00019

Vel cmimol

Fig. 1 Excess Volume, VE as a function of Dibutyl Maleate mole fraction, x;
(Dibutyl Maleate + acetophenone): (o), at 303.15 K; (0), at 308.15 K (A),
at 313.15 K. (Dibutyl Maleate + cyclopentanone): (X), at 303.15 K; (*),
at 308.15 K; (-), at 313.15 K. (Dibutyl Maleate + cyclohexanone): (O),
at 303.15 K; (+), at 308.15 K; (m), at 313.15 K. (Dibutyl Maleate +
3-pentanone) :( 4 at 303.15K; (A), at 308.15 K; (e), at 313.15 K.
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Fig. 2 Deviations in viscosity, Az as a function of Dibutyl Maleate mole fraction, x;
(Dibutyl Maleate + acetophenone): (0), at 303.15 K; (0), at 308.15 K; (A),
at 313.15 K. (Dibutyl Maleate + cyclopentanone): (X), at 303.15 K; (>f<),
at 308.15 K; (-), at 313.15 K. (Dibutyl Maleate + cyclohexanone): (O),
at 303.15 K; (+), at 308.15 K; (m), at 313.15 K. (Dibutyl Maleate +
3-pentanone) :( 4 at 303.15K; (A), at 308.15 K; (e), at 313.15 K.
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