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Experimental values of density of binary liquid mixtures of methyl ethyl ketone (MEK) with n-hexane,
cyclohexane, and benzene have been measured at a number of mole fractions at T ) (303.15, 313.15, and
323.15) K. The excess molar volumes Vm

E have been calculated from the density data. These quantities are
further fitted to the appropriate polynomial equations. The sign and magnitude of the calculated excess
values have been discussed in terms of the nature of the solvent-solvent interactions in binary mixtures.

Introduction

In the field of analytical chemistry, binary (or multicompo-
nent) solvent systems suffice to think of conductometric,
potentiometric, and electroanalytical techniques which work in
mixed solvents, chromatographic applications, etc.1-4 The nature
and type of interactions in binary organic liquid mixtures are
essential to understand their behavior in the analytical applica-
tions. These data are also useful in process engineering design
applications and other related areas and have drawn consider-
able attention from many investigators.5-12 We are concerned
about the research on the accumulation of the binary physical
property data of organic liquid mixtures,8,11 and in continu-
ation, the experimental density (F) data for the mixtures of
methyl ethyl ketone (MEK) with n-hexane, cyclohexane, and
benzene have been measured at a number of mole fractions
at T ) (303.15, 313.15, and 323.15) K. Excess molar
volumes, Vm

E, for the binary systems were calculated from
the experimental data and fitted to the Redlich-Kister
polynomial equation13 to estimate the binary interaction
parameters and standard errors. To analyze and interpret the
experimental data and the derived quantities, some previous
results for binary mixtures have been used.

Experimental

Materials. MEK (E. Merck, 0.98 mass fraction purity),
n-hexane (E. Merck, 0.95 mass fraction purity), cyclohexane
(BDH, 0.99 mass fraction purity), and benzene (BDH, 0.99 mass
fraction purity) were used without further purification. Caution
was taken to prevent evaporation of the solutions after prepara-
tion. The solvent purity was ascertained by comparing the
densities of the liquids with the available literature data (Table
1). There is fairly good agreement between our data and the
previously reported values.

Methods. All binary mixtures were prepared by mass on an
analytical balance with an uncertainty of ( 0.0001 g, operating
in a drybox and prepared just before use to ensure accuracy of
the calculated mole fractions up to the fourth decimal place.

The densities of liquids and their mixtures were measured by a
25 mL specific gravity bottle, previously calibrated with
redistilled water. The average uncertainty in the measured
density was ( 0.0002 g · cm-3. With the fluctuation of ( 0.05
K, temperature was controlled by a water thermostat. The Vm

E

values are accurate to ( 0.05 cm3 ·mol-1. For all mixture
compositions and pure solvents, triplicate measurements were
performed, and the average of these values was considered in
all calculations.

Results and Discussion

Binary composition of the mixtures of MEK with n-hexane,
cyclohexane, and benzene and the experimental densities at
T ) (303.15, 313.15, and 323.15) K are summarized in Table
2. Excess molar volumes, Vm

E, for the mixtures of the solvent
systems, as listed in Table 2, can be calculated using the
formula

Vm
E ) [(x1M1 + x2M2) ⁄ Fm - {(x1M1) ⁄ F1 + (x2M2) ⁄ F2}] (1)

where x1, M1, and F1 represent, respectively, mole fraction, molar
mass, and density of MEK, and x2, M2, and F2 are the
corresponding quantities of other organic solvents (n-hexane,
cyclohexane, and benzene). Fm is the density of the binary
mixtures.

The calculated Vm
E of the systems were fitted by least-squares

with a Redlich-Kister smoothing equation13 of the form

* Author(s) for correspondence. E-mail: a.majid.cu@gmail.com. Tel.: +88-
02-8854763. Fax: +88-031-726310. E-mail: i.m.m.rahman@gmail.com.
Tel./Fax: +81-76-234-4792.
† University of Chittagong.
‡ Kanazawa University.

Figure 1. Excess molar volumes for MEK (1) + n-hexane (2): b, 303.15
K; 2, 313.15 K; 9, 323.15 K.
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Vm
E ) x1x2∑

i)0

n

ai(x2 - x1)
i (2)

The coefficients, ai, of the polynomial equation with the standard
deviations, σ, are listed in Table 3.

The trend of Vm
E for the binary mixtures of MEK with

n-hexane, cyclohexane, and benzene as a function of the binary

composition at T ) (303.15, 313.15, and 323.15) K is shown
in Figures 1, 2, 3, and 4, respectively. As it shows, for the whole
range of composition, the values of Vm

E are positive for the
systems of MEK with n-hexane and cyclohexane (Figures 1
and 2), while it is negative for the system of MEK with benzene
(Figure 3). It is also evident that the values of δVm

E/δT,
irrespective of sign of Vm

E, are positive for the binary systems

Table 1. Comparison of Experimental Densities, G (g · cm-3), of Pure Liquids with Literature Values at T ) (303.15, 313.15, and 323.15) K

T/K ) 303.15 T/K ) 313.15 T/K ) 323.15

liquid (s) exp. lit.a exp. lit.a exp. lit.a

MEK 0.7946 0.7948 0.7840 0.7844 0.7733 0.7738
n-hexane 0.6509 0.6503 0.6417 0.6411 0.6309 0.6317
cyclohexane 0.7689 0.7692 0.7592 0.7597 0.7487 0.7501
benzene 0.8681 0.8683 0.8574 0.8575 0.8466 0.8467

a TRC Databases for Chemistry and Engineering - TRC Thermodynamic Tables. Texas Engineering Experiment Station, Texas A&M University
System, 1998.

Table 2. Composition, Experimental Densities, G, and Excess Molar Volumes, Vm
E, for the Binary Mixtures of MEK with n-Hexane,

Cyclohexane, and Benzene at T ) (303.15, 313.15, and 323.15) K

T/K ) 303.15 T/K ) 313.15 T/K ) 323.15

x1 F/g · cm-3 Vm
E/cm3 ·mol-1 F/g · cm-3 Vm

E/cm3 ·mol-1 F/g · cm-3 Vm
E/cm3 ·mol-1

MEK (1) + n-Hexane (2)
0.0000 0.6509 0.0000 0.6417 0.0000 0.6309 0.0000
0.1057 0.6600 0.3236 0.6504 0.3905 0.6396 0.3988
0.2048 0.6700 0.4550 0.6590 0.7694 0.6480 0.8263
0.3035 0.6806 0.5891 0.6695 0.8901 0.6585 0.9462
0.4071 0.6929 0.6642 0.6820 0.8950 0.6704 1.0548
0.5035 0.7060 0.6037 0.6947 0.8659 0.6838 0.8985
0.6029 0.7207 0.5182 0.7092 0.7728 0.6982 0.8186
0.7042 0.7368 0.4473 0.7253 0.6631 0.7142 0.7212
0.8059 0.7549 0.3057 0.7429 0.5499 0.7322 0.5449
0.9033 0.7740 0.1453 0.7630 0.2221 0.7523 0.2198
1.000 0.7946 0.0000 0.7840 0.0000 0.7733 0.0000

MEK (1) + Cyclohexane (2)
0.0000 0.7689 0.0000 0.7592 0.0000 0.7487 0.0000
0.1066 0.7680 0.4497 0.7583 0.4498 0.7474 0.5191
0.2093 0.7683 0.7130 0.7574 0.8845 0.7465 0.9625
0.3084 0.7695 0.8538 0.7582 1.0664 0.7473 1.1462
0.4042 0.7713 0.9052 0.7599 1.1183 0.7492 1.1681
0.5064 0.7736 0.9192 0.7624 1.0900 0.7513 1.1908
0.6055 0.7762 0.8965 0.7651 1.0385 0.7544 1.0795
0.7007 0.7798 0.7489 0.7692 0.8080 0.7578 0.9325
0.8015 0.7840 0.5978 0.7727 0.6937 0.7617 0.7912
0.9070 0.7896 0.2544 0.7778 0.4185 0.7672 0.4204
1.000 0.7946 0.0000 0.7840 0.0000 0.7733 0.0000

MEK (1) + Benzene (2)
0.0000 0.8681 0.0000 0.8574 0.0000 0.8466 0.0000
0.1010 0.8612 -0.079 0.8506 -0.0583 0.8399 -0.0706
0.1999 0.8542 -0.0864 0.8435 -0.0854 0.8329 -0.1090
0.2988 0.8471 -0.1151 0.8366 -0.1349 0.8259 -0.1480
0.3969 0.8399 -0.1339 0.8293 -0.1413 0.8187 -0.1653
0.4996 0.8327 -0.1525 0.8221 -0.1583 0.8115 -0.1819
0.5988 0.8252 -0.1388 0.8146 -0.1419 0.8039 -0.1525
0.6993 0.8175 -0.1021 0.8069 -0.1017 0.7964 -0.1333
0.7931 0.8099 -0.0768 0.7994 -0.0847 0.7889 -0.1144
0.8961 0.8022 -0.0391 0.7917 -0.0432 0.7811 -0.0584
1.000 0.7946 0.0000 0.7840 0.0000 0.7733 0.0000

Table 3. Coefficients, ai, of the Redlich-Kister Equation (Equation 2), Expressing Vm
E and Standard Deviation, σ, for the Binary Mixtures of

MEK with n-Hexane, Cyclohexane, and Benzene at T ) (303.15, 313.15, and 323.15) K

system T/K a0 a1 a2 a3 σ/cm3 ·mol-1

MEK (1) + n-hexane (2) 303.15 2.4483 -0.8861 0.0251 -0.0218 0.0266
313.15 3.5275 -1.3377 0.7198 0.6716 0.0530
323.15 3.8621 -1.7849 0.2764 1.3058 0.0648

MEK (1) + cyclohexane (2) 303.15 3.7233 -0.1768 0.5892 -1.2545 0.0228
313.15 4.4176 -1.6267 0.7976 2.5114 0.0373
323.15 4.7222 -1.2770 1.2845 1.4935 0.0358

MEK (1) + benzene (2) 303.15 -0.5777 0.0389 0.1986 0.0525 0.0065
313.15 -0.6009 0.1132 0.1421 -0.0765 0.0099
323.15 -0.6800 0.0768 -0.0316 -0.0746 0.0087
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of MEK with n-hexane and cyclohexane, while it is negative
for the system of MEK with benzene.

Comparison of the Vm
E curves shows that, throughout the

whole range of composition, the Vm
E values for the binary

system of MEK with cyclohexane are only slightly greater than
that obtained for the system of MEK with n-hexane (Figure 4).
However, the values of Vm

E are negative for the system of MEK
with benzene. The sign of Vm

E depends upon the resultant of
the factors contributing to expansion and contraction of volume.
Dissociation of associated MEK in solution systems, particularly
in the hydrocarbon-rich region, and dispersive force in MEK
may be responsible for the expansion of volume in the present
systems. For volume contraction, probable reasons to be
considered are: donor-acceptor interaction between π-electrons
of aromatic ring and ketone and possible inclusion of benzene
at least partially into the structural network of ketone. In the
hydrocarbon-rich region, disintegration of multimers of ketone

into smaller units through disruption of H-bonding in ketone
takes place causing the volume to expand. The contribution of
dispersive force in volume expansion is clearly indicated by
the more positive Vm

E obtained for n-hexane and cyclohexane
than that for benzene. For MEK with the benzene system, the
combined effect for volume contraction (i.e., donor-acceptor
interaction and inclusion of benzene into the structural network
of ketone, as mentioned earlier) exceeds the effects responsible
for volume expansion indicated by the observed negative Vm

E.
Chowdhury et al.8 and Singh et al.12 suggested a similar explanation
for the volumetric properties of the systems of 1-hexanol with
n-hexane and 1-propanol with xylenes, respectively.

The calculated values of Vm
E and volumetric behavior for

the system of MEK with n-hexane are comparable with the
results of Baraldi et al.10 at T ) (303.15, 313.15, and 323.15)
K. Volumetric behavior of MEK with cyclohexane at T )
(298.15 and 303.15) K was reported by Lee et al.,14 while data
at T ) 298.15 K were available from Ramallo et al.15 However,
no literature data are available with which to compare the present
results for MEK with cyclohexane at T ) (313.15 and 323.15)
K. Grolier et al.16 and Grguric et al.17 reported experimental
density data for the solvent mixture of MEK with benzene at
T ) 298.15 K, but no data are available in the literature with
which we can compare the present results.

Literature Cited

(1) Rowlinson, J. S.; Swinton, F. L. Liquids and Liquid Mixtures;
Butterworth Scientific: London, 1982.

(2) Reichardt, C. SolVents and SolVent Effects in Organic Chemistry, 3rd
ed.; Wiley-VCH: Weinheim, 2003.

(3) Dominey, L. A. Current state of the art on lithium battery electrolytes.
In Lithium batteries: new materials, deVelopments, and perspectiVes;
Pistoia, G., Ed.; Elsevier: Amsterdam, 1994; pp 137-165.

(4) Sadek, P. C. The HPLC SolVent Guide, 2nd ed.; Wiley-Interscience:
New York, 2002.

(5) Garcia de la Fuente, I.; Gonzalez, J. A.; Cobos, J. C.; Casanova, C.
Excess molar volumes for dimethyl carbonate + heptane, decane,
2,2,4-trimethylpentane, cyclohexane, benzene, toluene, or tetrachlo-
romethane. J. Chem. Eng. Data 1992, 37, 535–537.

(6) Comelli, F.; Francesconi, R. Densities and excess molar volumes of
dimethyl carbonate + six methyl n-alkyl ketones at 298.15 K and
atmospheric pressure. J. Chem. Eng. Data 1994, 39, 108–110.

(7) Aminabhavi, T. M.; Patil, V. B.; Aralaguppi, M. I.; Phayde, H. T. S.
Density, Viscosity, and Refractive Index of the Binary Mixtures of
Cyclohexane with Hexane, Heptane, Octane, Nonane, and Decane at
(298.15, 303.15, and 308.15) K. J. Chem. Eng. Data 1996, 41, 521–
525.

(8) Chowdhury, M. A.; Majid, M. A.; Saleh, M. A. Volumetric and
viscometric behaviour of binary systems: (1-hexanol + hydrocarbons).
J. Chem. Thermodyn. 2001, 33, 347–360.

(9) Tamura, K. Excess molar enthalpies and excess molar heat capacities
of (2-butanone plus cyclohexane, or methylcyclohexane, or benzene,
or toluene, or chlorobenzene, or cyclohexanone) at T)298.15 K.
J. Chem. Thermodyn. 2001, 33, 1345–1353.

(10) Baraldi, P.; Giorgini, M. G.; Manzini, D.; Marchetti, A.; Tassi, L.
Density, refractive index, and related properties for 2-butanone plus
n-hexane binary mixtures at various temperatures. J. Solution Chem.
2002, 31, 873–893.

(11) Saleh, M. A.; Habibullah, M.; Ahmed, M. S.; Uddin, M. A.; Uddin,
S. M. H.; Uddin, M. A.; Khan, F. M. Excess molar volumes of the
systems m-xylene + 1-propanol, +2-propanol, +1-butanol, +2-
methyl-2-propanol. Phys. Chem. Liq. 2005, 43, 139–148.

(12) Singh, K. C.; Kalra, K. C.; Maken, S.; Yadav, B. L. Excess Volumes
of 1-Propanol and 2-Propanol with Aromatic Hydrocarbons at 298.15
K. J. Chem. Eng. Data 1994, 39, 241–244.

(13) Redlich, O.; Kister, A. T. Algebraic Representation of Thermodynamic
Properties and the Classification of Solutions. Ind. Eng. Chem. 1948,
40, 345–348.

(14) Lee, L. S.; Chuang, M. L. Excess volumes of cyclohexane with
2-propanone, 2-butanone, 3-pentanone, 4-methyl-2-pentanone, 1-pro-
panol, and 2-propanol and ethanoic acid plus 1-propanol systems.
J. Chem. Eng. Data 1997, 42, 850–853.

(15) Ramallo, A. V.; Legido, J. L.; Tojo, J. Densities, refractive indexes,
and excess molar volumes of {x1CH3COCH2CH3 + x2c-C6H12 +

Figure 2. Excess molar volumes for MEK (1) + cyclohexane (2): b, 303.15
K; 2, 313.15 K; 9, 323.15 K.

Figure 3. Excess molar volumes for MEK (1) + benzene (2): b, 303.15
K; 2, 313.15 K; 9, 323.15 K.

Figure 4. Comparison of the excess molar volumes for the binary mixtures
at T ) 303.15 K: b, MEK (1) + n-hexane (2); 2, MEK (1) + cyclohexane
(2); 9, MEK (1) + benzene (2).

1140 Journal of Chemical & Engineering Data, Vol. 54, No. 3, 2009



(1-x1-x2)CH3(CH2)5CH3} at the temperature 298.15 K. J. Chem.
Thermodyn. 1993, 25, 993–998.

(16) Grolier, J. P. E.; Benson, G. C.; Picker, P. Simultaneous measure-
ments of heat capacities and densities of organic liquid mixtures.
Systems containing ketones. J. Chem. Eng. Data 1975, 20, 243–
246.

(17) Grguric, I. R.; Serbanovic, S. P.; Kijevcanin, M. L.; Tasic, A. Z.;
Djordjevic, B. D. Volumetric properties of the ternary system ethanol

plus 2-butanone plus benzene by the van der Waals and Twa-Coon-
Bluck-Tilton mixing rules: experimental data, correlation and predic-
tion. Thermochim. Acta 2004, 412, 25–31.

Received for review November 19, 2008. Accepted January 19, 2009.

JE800883B

Journal of Chemical & Engineering Data, Vol. 54, No. 3, 2009 1141


