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Excess Properties of Binary Mixtures of 2-Methoxy-2-
methylpropane with n-Heptane

VASILE DUMITRESCU*
Petroleum and Gas University of Ploiesti, 39 Bucuresti Blvd., 100520, Ploiesti, Romania

Densities, viscosities, and refractive indexes of the binary system 2-Methoxy-2-methylpropane +
n-Heptane have been measured at 293.15, 298.15 and 303.15 K and atmospheric pressure,
over the whole composition range. The excess values of molar volume, viscosity, Gibbs free
energy of activation of viscous flow, and internal pressure were calculated from experimental
measurements. Based on the variation of the excess functions with composition, conclusions
about the molecular interactions in these kinds of mixtures were obtained.
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In previous works we studied several binary liquid
solutions of C

6
-C

8
 hydrocarbons with alcohols [1 – 5].

In this contribution we report the following excess
properties: molar volumes (VE), viscosity (ηE), molar free
energy of activation of viscous flow (G*E), and internal
pressures (P

i
E), for 2-Methoxy-2-methylpropane + n-

Heptane mixtures, which were calculated from the
density, viscosity, and refractive index measured.

Experimental part
The chemicals MTBE (2-Methoxy-2-methylpropane)

was obtained from Merck (>99.8 mol %) and n-heptane
was supplied by Fluka (>99.5 mol %). The chemicals
were dried over molecular sieves (Fluka type 4 Å). The
purity was checked through chromatographic and
refractive index methods. Through weighting, mole
fractions were determined. The precision of the mole
fraction was   ± 0.00005. The densities were determined
by hydrostatic weighing method of Kohlrausch. The
experimental technique has been previously described
[6].

Viscosities of the pure compounds and of the binary
mixtures were determined with an Ubbelohde kinematic
viscometer [7] that was always kept in a vertical position
in a water thermostat. The kinematic viscosity was
calculated using the relation:

(1)

where  t is the flowing time (± 0.1s) of a constant volume
liquid through the viscometer capillary; A and B are
characteristic constants of the used viscometer, which
were determined by taking water and benzene as the
calibrating liquids for correction of kinetic energy
(Hagen-Poiseuille) deviations. The dynamic viscosity
was determined from the equation:

(2)

where ρ is the density of the liquid.
The precision of the densities was ± 0.00005 g/cm3.

The accuracy of the viscosity measurement was
estimated to be ± 0.0010 mPa . s. In all determinations,
triplicate experiments were performed at each
composition and temperature, and the arithmetic mean
was taken for the calculations of the viscosity. The flow
times were repeatable within 1%. The refractive indices
(sodium D line), n

D
 of pure substances as well as

mixtures were measured with an Abbe refractometer.
For the density, viscosity and refractive index a
thermostatic water bath, whose temperature was
controlled to ± 0.05 K was used.

Results and discussion
The measured densities, viscosities and refractive

indices of the pure component liquids are listed in table
1 together with published values [8-12]. All measured
values show good agreement with data given in the
literature. Densities, viscosities and refractive indexes
of the binary mixtures of MTBE + n-heptane are
reported in table 2.

The excess functions of the binary systems can be
represented by a Redlich-Kister type equation:

(3)

where XE represents any of the following properties:
 are the mole fractions of the

components i and j, respectively, and a
k 
denotes the

polynomial coefficients.
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The values of these coefficients are given in table 3
along with the standard deviation, σ, defined by:

(4)

where m is the number of data points and n is the number
of estimated parameters.

The excess functions were calculated with the
following equations:

where P
i
, P

i1
 and P

i2 
are the internal pressures of the

mixtures and the pure components, respectively, which
can be obtained from the Buchler-Hirschfelder-Curtis
equation of state [13]:

(5)

(6)

(7)

(8)

Table 2
EXPERIMENTAL DENSITIES, VISCOSITIES, AND REFRACTIVES OF BINARY MIXTURES

OF MTBE (x)  + n-HEPTANE AT DIFFERENT TEMPERATURES

Table 3
COEFFICIENTS a

k 
FROM EQUATION (3) AND STANDARD DEVIATIONS FOR

THE MTBE + n-HEPTANE SYSTEM AT DIFFERENT TEMPERATURE
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(9)

where N is Avogadro’s number and d the molecular
diameter of the mixture or the pure components,
calculated by the following relation [14]:

          (10)

where n
D
 are the refractive indexes of the mixtures or

the pure components.

Fig. 4. Excess internal pressures of the MTBE (x) + n-heptane
system at 298.15 K

In figure 1 excess molar volumes are plotted against
composition. It can be seen that the isothermal curves
at 293.15 K, 298.15 K and 303.15 K are positive for
MTBE + n-heptane system over the entire range of mole
fractions and at all the temperatures. Several effects
may contribute to the values of VE, such as breaking of
liquid order on mixing, contribution to the difference in
size and shape of the components, difference in free
volumes, and dipole-dipole interactions [15].

The positive values of the excess molar volumes
indicate that the two former effects are dominant over
the latter effects, implying that dispersion forces are
dominant in MTBE + n-heptane system.

In figure 2, it is observed that excess viscosity for
MTBE + n-heptane mixture present negative excess
values over the entire range of mole fractions and at all
the temperatures. The negative deviations occur when
dispersion forces are preponderant, which is in complete
agreement with the conclusion reached for the VE

behaviour.

Figure 3 shows the dependence of the calculated G*E

values upon composition. The small values of this excess
property indicate that in MTBE + n-heptane system the
molecular interactions are weak.

The values of excess internal pressure calculated at
298.15 K are negative over the entire range of mole
fractions. The negative values indicates qualitatively that
the repulsion forces are higher than those of attraction
in MTBE + n-heptane system.

Fig. 1. Molar excess volumes of the MTBE (x) + n-heptane
system at different temperatures

Fig. 2. Excess viscosities of the MTBE (x) + n-heptane system at
different temperatures

Fig. 3. Molar excess free energies of viscous flow activation
of the MTBE (x) + n-heptane system at different temperatures

Conclusions
The densities and viscosities of binary mixtures of

MTBE + n-heptane were measured experimentally at
293.15 K, 298.15 and 303.15 K over the entire
composition range. From these results, the excess values
of molar volume, viscosity, Gibbs free energy of activation
of viscous flow, and internal pressure have been
computed and fitted to the Redlich-Kister equation. The
results show that for the MTBE + n-heptane system
the dispersion forces are preponderant and also that the
repulsion forces have a predominant effect in these
mixtures.
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