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VISCOMETRIC AND DENSITY STUDY OF BINARY
MIXTURES OF 2,2,2-TRIFLUOROETHANOL
WITH ANILINES

RAMAMURTHY PALEPU*, JOSEPH H. MACNEIL! and PAUL WISEMAN

Department of Chemistry, University College of Cape Breton, Sydney, N.S.,
Canada BIP 6L2.

( Received 10 August 1990)

Viscosity coefficients and densities of binary mixtures of 2,2,2-trifluoroethanol with aniline and N-
alkylanilines have been measured at five temperatures over the entire composition range. From the
experimental data, excess volumes, viscosities and free energies of activation values were calculated and
discussed in terms of intermolecular interactions between the components in the binary mixtures.
Semiempirical equations of McAllister and Heric were employed to fit the experimental viscosity of the
binary mixtures.

KEY WORDS: Viscosities, densities, binary mixtures, excess free energy of activation flow.

{ INTRODUCTION

A knowledge of the interaction of the amino group with other organic groups may
be of potential use for the extension of group models to systems of interest in
biochemical studies. Previously we have reported the viscosities and densities of
binary mixtures of anilines with phenols and alcohols.!=> This work presents the
viscosity and density of binary mixtures of 2,2,2-trifluoroethanol (TFE) with aniline
(ANL), N-methylaniline (MEA), N-ethylaniline (EAN), N,N-dimethylaniline (DMA)
and N,N-diethylaniline (DEA). From the experimental densities and viscosities, the
excess volume (VE), excess viscosity (#%) and the excess free energy of activation of
flow (AG**) have been computed. The experimental viscosity values of the binary
mixtures were analysed in terms of semitheoretical equations of McAllister® and
Heric”® in order to examine the closeness of the fit between each of the above
relations and the experimental values.

2 EXPERIMENTAL SECTION

Anilines and N-alkylanilines used in the present investigation were the same as our
earlier studies.!~* 2,2,2-trifluoroethanol (Aldrich Chemical Co. Ltd.) of stated purity

* To whom the correspondence shouid be addressed.
! Department of Chemistry, Queen’s University, Kingston, Ontario, Canada.
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>99 mole percent, was dried over molecular sieves. Densities were determined with
an Anton Paar densimeter DMA 45 with an estimated precision of 1 x 10™* gmL ™.
The densimeter was calibrated with water and air. The temperature of the thermo-
stated water measured from the output of the densimeter remained constant within
+0.001 K. The viscosity measurement were carried out in an Ostwald viscometer.
Temperatures of the thermostated bath remained constant within +0.02 K. Viscosi-
ties were expressed in units of cP equal to 107* Kg m~! s~ !, The reproducibility of
the viscosities was estimated to be +0.005 cP. The density and the viscosity values
of the pure compounds agree very well with the available data in the literature.®*°

3 THEORETICAL ASPECTS

Excess properties were calculated from the experimental viscosity and density values
and the following equations

nf = —(x + x,m,) (n
VE=V —(x,V, + x,V3) Q)
AG*E = RT[InnV — (x, Inn, V| + x, Inyn, V)] (3)

where #n, 1, and y, are the viscosities of the mixture and of the pure components ¥,
V, and V, are the molar volumes of the mixture and of the pure components. The
molar volume V of the mixture is defined as

V:(.\:IM1+X2M2)[)_1 (4)

where M and M, are the molecular masses of the components, p is the density of
the mixture and x, is the mole fraction of the component i in the solution. The values
of AG*E and V* were fitted at each temperature to a polynomial equation by the
methods of least squares:

YE=x(1-x)) A1 —2x)y7! (5
j=1
where 4, is the polynomial coefficients and n is the polynomial degree.!" The values
of coefficients at 298 K along with the standard deviation (¢) calculated according
to Eq. (6) are shown in Table 1.

N E _ vVE 27172
- l:z, (Yexp( Ycal) :] (6)

nexpl —n

Excess viscosity (n) values were found to be very small for all the systems in the
present study, therefore no attempts were made to fit excess #¥ into the equation (5).
Viscosity data for the liquid mixtures were also analysed in light of the various
theories of liquid mixtures viscosity. The various approaches for accurate estimation
of viscosity mixtures have been discussed by Reid er al.'? One approach for the
estimation of liquid mixtures viscosity is due to McAllister®, who has adopted the
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Eyring approach,’'* and has considered the interaction between layers of molecules
as if the molecules were undergoing a chemical reaction and have to overcome a
potential barrier of this process. For a binary mixture of A and B in which case
molecular interactions of 1-1-1, 2-2-2, 1-2-1, 2-1-2, 1-1-2 and 1-2-2 types can be
visualized, and McAllister’s approach for a three body interaction yields the equation:

In=x}lnv, +3x3x,Inv,, + 3x;x3lnv,; + x3Inv,
x,M M
+ ln[x1 + JZ\/I;L 2} + 3xfx2[ln% + 3le] 0

2M M
+ 3x1x§[ln 14 3Mj] + x%[ln ﬁ:]

In Eq. (7) v,, v, and v refer 1o the kinematic viscosities of the pure components 1, 2
and the mixture respectively. The interaction parameters v,, and v,,; were determined
by the methods of least squares from the viscosity data for the various systems, as
described by Reid e al.'?. Since our data extended over a wide temperature range,
the temperature functionality for the interaction parameters was obtained by the
assumption of an Andrade® form

B B
via= A, exp[—%j], vy = Ay eXP[%:I ®)

Table 2 shows the values of 4 and B for the various systems of the current study.
In comparison of the experimentally determined data with the values obtained by
McAllister’s method, the average percent error was found to be less than 1.0%. The
following relation was proposed by Heric”*® to correlate viscosities of binary mixtures.

logv=x,logv, + x,logv, + x,logM, + x,log M,

—log(x; M = x; M) + Ay, )
where A, is a deviation function
Apy = x 1 %[B12 + Bhilxy — x3)] (10)

Table 2 Andrade coefficients for the temperature functionality of McAllister
constants for binary mixtures.

System Via vy,

Ayz By, Az B,
TFE + ANL 697 x 10™* 2463.2 297 x 1073 1947.6
TFE + MAN 8.85 x 107 2256.8 6.01 x 107 1690.0
TFE + EAN 9.16 x 107* 2259.0 532 x 107* 23722
TFE + DMA 368 x 1073 1746.9 576 x 1073 1625.3

TFE + DEA 1.87 x 1072 2039.7 427 x 1073 1805.6
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Table 3 Values of adjustable parameters of Heric’s equation.

System T(K) B2 51 Average % error
TFE + ANL 298 0.2587 —0.0292 0.58
303 0.5740 —0.2605 1.12
308 0.5485 -0.2488 1.17
313 0.6080 —0.2662 1.13
318 0.6267 —0.2287 1.26
TFE + MAN 298 0.2435 —0.1599 043
303 0.4992 —0.4496 1.58
308 0.4862 —0.4080 1.54
313 0.5785 —0.4854 1.78
318 0.5269 —0.4462 1.81
TFE + EAN 298 0.1777 —0.0165 0.10
303 0.1770 —0.0095 0.06
308 0.1816 —0.0454 0.12
313 0.1937 —0.0439 0.21
318 0.1998 —0.0473 0.31
TFE + DMA 298 —0.0694 —0.1895 0.87
303 0.1403 —0.1224 0.37
308 0.2325 —0.0624 0.71
313 0.2974 —0.3265 1.60
318 0.2051 —0.0287 0.08
TFE + DEA 298 0.3293 —0.3379 0.60
303 0.5941 —0.4282 0.51
308 0.5691 —0.3442 042
313 0.5776 —0.4032 0.80
318 0.6139 —0.5586 1.12

The two adjustable parameters ), and f7, were determined from a nonlinear
least-squares methods and are presented in Table 3.

4 RESULTS AND DISCUSSION

Analysis of the adjustable parameters together with average percentage error indicate
that both McAllister and Heric with two adjustable parameters are found to be
effective in fitting our experimental data. The selection of a cubic equation (McAllis-
ter) is justified, since for each solution in this work the ratio of radius

r, 12BN
=[]

is found to be less than 1.5. The values of excess volumes (V%) and excess free energies
of activation flow (AG*E) at 298 K are graphically represented in Figures 1 and 2
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Figure 1 Plot of excess volume against mole fraction of trifluoroethanol at 298 K.

respectively, as a function of mole fraction of trifluoroethanol. The continuous curves
were generated with the aid of the coefficients of Eq. 5.

Positive values of excess volumes have been attributed to a looser liquid structure
which may be due to the breaking of the hydrogen bonds in the pure components.!®
The negative values of VE for ANL + TFE are explained in terms of different sizes
of the molecules or dipole—dipole interaction between them.'® Excess viscosities and
values of AG*E suggest that the specific interactions significant enough to cause
notable changes in the degree of association are not present in the mixtures.!-2¢
One can conclude from these results that the specific interactions between TFE and
anilines are mainly due to dispersion forces and may also be due to the weak hydrogen
bonding of the type N—H---O and O—H---N.
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Figure 2 Plot of excess Gibbs free energy of activation of flow against mole fraction of trifluoroethanol
at 298 K.
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