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EXCESS YOLUMES OF TERNARY
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N-METHYLCYCLOHEXYLAMINE,
BENZENE WITH 1-ALKANOLS AT 303.15K
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New excess volume data have been measured for three ternary mixtures at 303.15K. The
mixtures included N-methylcyclohexylamine and benzene as common components. 1-
propanol, 1-butanol and 1-pentanol were chosen as non-common components. The data
were compared with those predicted by empirical relations. The experimental results
have been analysed in terms of intermolecular interactions between unlike molecules.

Keywords: Ternary mixtures; Dilatometer; Intermolecular interactions

INTRODUCTION

This work forms a part of our study on the measurements of thermo-
dynamic properties of non-electrolyte solutions [1,2]. In the present
investigation we report here experimental ternary excess volume data
for three ternary mixtures containing N-methylcyclohexylamine and
benzene with 1-propanol, 1-butanol and 1-pentanol. The excess
volumes have been measured to understand the nature and degree of
interaction between the components. The ternary excess volumes are

*Corresponding author.
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compared with those predicted from binary data using empirical
equations [3,4]. The methods of calculation of empirical equations
aspect have been already discussed in the literature [5, 6].

EXPERIMENTAL DETAILS

Apparatus

Excess volumes for ternary mixtures were measured with the
dilatometer described by Naidu and Naidu [7]. The mixing cell
contains three bulbs of different capacities that were connected
through W-tube. Mercury was taken at the bottom of the bulbs of
dilatometer to separate the three components. One of the bulbs was
fitted with a capillary and the other two bulbs were fitted with ground
glass stoppers. Four dilatometers of the aforesaid types were used to
cover the entire range of composition. All the measurements were
made at constant temperature employing a thermostat that could
be maintained to +0.01 K. The measured V' values were accurate
to +0.003 cm®mole ',

Materials

All the liquids used were of analytical grade and purified as described
in the literature [8]. The purity of the components was checked by
measuring the densities and boiling points. Densities were measured
using a bicapillary pycnometer, giving an accuracy of two parts in 10°.
Boiling points were measured using Swietoslawski-type ebuliometer,
yielding an accuracy of =+ 0.2°C. The measured values are included in
Table I along with the literature [8, 9] values.

TABLE I Densities of pure components at 303.15K
Density p (gem ™3

Compounds Present work Literature [8,9]
N-methylcyclohexylamine 0.84687 0.84690
benzene 0.86846 0.86850
1-propanol 0.79562 0.79567
1-butanol 0.80203 0.80203

1-pentanol 0.80762 0.80764
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Results and Discussion

The measured excess volume data for the ternary mixtures are listed
in Table II. Binary VZ parameters to compute ternary data for the
systems N-methylcyclohexylamine with benzene, N-methylcyclohexyl-
amine with 1-alkanols and benzene with 1-alkanols were taken from
the literature [10—12). The least square parameters for all these binary
systems are given in Table III. The ternary excess volume data,
predicted by using the binary data through the empirical equations
[3,4] proposed by Redlich-Kister, Kohler, Tsao-Smith and Hwang
et al., are given in columns 4-7 of Table II.

The experimental ternary excess volume data for all the mixtures
are negative over the entire range of composition studied. This can be
explained on the basis of the following factors:

(i) addition of benzene and l-alkanols to associated liquid, N-
methylcyclohexylamine may lead to break up of hydrogen bonds
in amine aggregates,

(ii) loss of dipolar association due to the addition of non-common
components and

(iii) hydrogen bond interactions of the type N—H ...II amine and II
electrons in aromatic ring may be expected.

The first two factors above are responsible for expansion in volume
and the last factor contributes to contraction in volume. The experi-
mental ternary VF data in the present investigation suggest that the
factor which is responsible for contraction in volume is dominant
in nature over the entire range of mole fraction in all three ternary
mixtures.

The dependence of experimental ternary excess volume Vi, (exptl)
on composition is expressed by the polynomial

VE(exptl) = VE,(b) + X1 XoX3[A + BXy (X3 — X3) + CX2 (X2 — X3)7]
(1)
and
Vin(b) = Vi + Vi + Vi3 (2)

where X;, X, and X; are the mole fractions of N-methylcyclohexyl-
amine, benzene and 1-alkanol respectively. 4, B and C are ternary
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TABLE IV Values of ternary constants 4, B and C and the standard deviation
o(AVE,) at 303.15K

A B C o(AVE,)
System (cm3 mol™ 1)
N-methylcyclohexylamine(1) + 0.4345 6.1146  243.7530  0.001
benzene(2) + 1-propanol(3)
N-methylcyclohexylamine(l) + 0.6681 0.2975 88.6792 0.001
benzene(2) + 1-butanol(3)
N-methylcyclohexylamine(l) + 0.4097 1.8066  204.8071 0.001
benzene(2) + 1-pentanol(3)

constants and their values obtained by the least squares method are
given in Table IV along with standard deviation o(AVEy,).

Analysis of the data in Table II, indicates that the agreement be-
tween measured V5, and that calculated from empirical equations
is satisfactory in all three ternary systems.
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