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ABSTRACT

Viscosities and densities of binary liquid mixtures containing 2-butoxyethanol as one
component and aniline or N-alkylaniline as the other component have been measured over
the whole composition range at five different temperatures. McAllister’s approach correlates
the viscosity data with a significantly high degree of accuracy for all these systems. From the
experimental results, the excess volume, excess viscosity and excess molar free energy of
activation of flow have been evaluated and the departure from ideal behaviour is explained
on the basis of specific interactions between the components in these mixtures.

As a part of our studies on the thermodynamic properties of binary
mixtures of aniline and substituted anilines, the excess volume and viscosity
of binary mixtures of anilines with o-chlorophenol [1], m-cresol [2],
acetonitrile [3] and 2,2,2 -trichloroethanol [4] have recently been reported.
The results suggested that intermolecular interactions such as hydrogen
bonding as well as geometrical effects affect the volume and viscosity
behaviour of the mixture. It is generally known that viscosities of liquids and
liquid mixtures are sensitive to factors affecting the liquid structure and
thereby to various association equilibria [5,6]. Furthermore, the activation
energy of viscous flow of hydrogen-bonded liquids contains contributions
due to this association [7-9]. Thus the examination of the viscosity be-
haviour of binary mixtures of 2-butoxyethanol with anilines can be expected
to yield valuable information on the type and strength of interactions
between the components in these mixtures. In this work, the viscosities and
densities of 2-butoxyethanol (BUT) with aniline (ANL), N-methylaniline
(MEA), N,N-dimethylaniline (DMA), N-ethylaniline (EAN) and N, N-di-
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ethylaniline (DEA), and the thermodynamic functions derived from them
are reported.

EXPERIMENTAL

The aniline and N-alkylanilines used were the same as in earlier studies
[1-4]. 2-Butoxyethanol, an Aldrich product, was purified by distillation
under reduced pressure and stored over molecular sieves.

Densities were measured with a digital density meter DMA 45 (Anton
Parr, Austria) with an accuracy in the density measurement of +0.0001
g ml~1. A Sodev temperature controller was used in the measurements of
densities at different temperatures. Viscosities at different temperatures were
measured using modified Ostwald or Cannon-Fenske viscometers and a
viscosity bath (Koehler Instrumentation). The reproducibility in the viscos-
ity measurements was within +0.005 cP. The observed densities and viscosi-
ties of the pure components at the various temperatures are in excellent
agreement with the published values [10-12].

RESULTS AND DISCUSSION

The experimental values of viscosity and density for the five systems are
listed in Tables 1-5.

The excess functions, VE, nt and G*E, were calculated from the experi-
mental values using the following equations

V=(xM +x,M,)/p @
VE=V—(x,V; + x,V3) @
T'E’ =1 — (xl'rh + xz'flz) (3)
G*E=RT[In nV — (x; In ;,¥; + x, In m,1;)] @

where p, 7 and V are the density, viscosity and molar volume of the mixture,
M, M,, V}, V,, 7, and 7, are molar masses, molar volumes and viscosities
of the pure components 1 and 2 respectively. The excess quantities y* were
fitted to the Redlich-Kister equation [13]

n .
yE=x1x2Za,~(1*2x1)’_l (5)

=1

The values of the coefficients (a;) of this equation, together with the
standard deviation o(y") at 298 K are reported in Table 6. Figures 1-3
show the values of 7%, VE and G*F as a function of mole fraction of
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TABLE 6

Coefficients for the least-squares fit of results of eqn. (5) at 298 K

System yE 4

A, A, A, A oy

ANL+BUT qf 0.478 -0.820 —0.552 -0.317 0.0033
VE  —2716 0.854 —2.649 3.182 0.025
G*E 5599 —638.4 —364.7 —161.4 3

MNA+BUT f 0.200 —0.786 0.060 0.0072
VE 0967 0.056 —3.877 5.601 0.046
G*E  380.0 —-721.1 —156.2 7

DMA +BUT 7f -1.235 0.072 —0.364 0.684 0750  0.0081
VE 0.400 0.602 0.547 0.938 0.010
G*E 9313 —358.6 -171.5 947.5 10

EAN+BUT 7f 0.427 —0.611 0.416 0.438 0.0066
vE  —1.078 0.462 —1.500 2.240 0.0038
G*E 5706 —506.5 356.6 530.4 7

DEA+BUT of —1.038 —0.291 —0.249 —0.383 0.0065
VE 0.857 0.831 0.981 2.036 0.017
G*® 9263 —540.3 -3529 —407.4 7

0.3
KEY
ooo® ANL BUT

.
:
cas QMA + BUT
+
+

rTf(CP]

-0.5

0 1 .2 .3

4

S

- . - .6 - -
MOLE FRACTION OF BUTOXYETHANOL

Fig. 1. Plot of excess viscosity versus mole fraction of 2-butoxyethanol at 298 K.
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Fig. 2. Plot of excess volume versus mole fraction of 2-butoxyethanol at 298 K.
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Fig. 3. Plot of excess free energy of activation of flow versus mole fraction of 2-butoxyethanol
at 298 K.
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2-butoxyethanol. The continuous curves were generated with the aid of the
coefficients of eqn. (5).

Viscosity data for the liquid mixtures were also analysed in terms of
McAllister’s equation [14]

In v=x} In », + 3x%x, In »;, + 3x,x2 In v,

+x§ hl Vz_ln

M M
x; + xjwlz}+3x12x2 In [-§—+ 3]‘;1}

1 2M M

2 1 2 3 it §
+3x,x3 ln[3+ 3Ml]+x2 ln[Mz] (6)
In eqn. (6), »;, », and » refer to the kinematic viscosities of the pure
components 1, 2 and the mixture respectively. The interaction parameters
v,, and v, were determined by the least-squares method as described by
Reid et al. [15]. As our data extended over a wide temperature range, the

temperature functionality for the interaction parameters was obtained by the
assumption of an Andrade’s form [14]

B
vy = A;p €Xp ( 7112)
(By) ‘
vy = Ay exp _72_’_1 (7)

Table 7 shows the values of 4 and B for the various systems of the current
study. In a comparison of the experimentally determined data with the
values obtained by McAllister’s method, the average error was found to be
less than 1.0%. The selection of a cubic equation (McAllister) is justified as
in all the systems the ratio of the radius is smaller than 1.5.

Examination of Fig. 1 shows that the values of 7t become negative when
2-butoxyethanol is added to dimethyl- and diethylanilines and exhibited a
minimum for these systems. According to Fort and Moore [16], the values of
n" are negative for systems of different sizes in which dispersion forces are

TABLE 7

Andrade coefficients for the temperature functionality of McAllister constants for binary
mixtures

System V12 Va1

A12 B12 A 21 B12
ANL+BUT 3.50x 1074 2725.1 470x10"4 2678.7
MNA + BUT 7.90x10~* 2363.8 222x1073 2149.7
EAN+BUT 7.70x107° 2392.7 2.45%1073 2126.7
DMA +BUT 3.65%x10°* 1779.2 7.57%1073 1696.4

DEA +BUT 2.82%x1073 1939.2 491x%1073 1866.8
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dominant. In the case of N-methyl- and ethylanilines, #* values become
slightly negative initially and positive at higher concentrations of 2-
butoxyethanol. The 1t values for the ANL-BUT system are slightly positive
in the entire composition range of the mixture. The observed behaviour of
the system can be explained on the basis of the difference in sizes as well as
the ability to form weak hydrogen bonding of the type O-H---N or
N-H - - - O. Positive values of V'E in the case of DEA + BUT and DMA +
BUT could be attributed to a looser liquid structure which may be due to
the break-up of the hydrogen bonds in the pure components [17]. The
negative V'E values for BUT mixtures with ANL, MEA and EAN could be
attributed to the strong effect these components have on each other’s
structure [18]. The positive G*E values can be seen in binary systems as an
indication of the strength of the interaction between molecules [19,20]. From
the values of excess functions, one can conclude that the strength of specific
interactions varies in the order ANL + BUT > MEA + BUT > EAN + BUT
> DMA + BUT > DEA + BUT.

The specific interactions between 2-butoxyethanol and the anilines are
mainly due to dispersion forces due to different sizes and weak hydrogen
bonding of the type N-H:---O and O-H---N.
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