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Infinite Dilution Diffusion Coefficients of Several Alcohols in Water

Sam F. Y. Li* and Hui M. Ong
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A Taylor dispersion instrument was used to measure the
diffusion coefficients of methanol, ethanol, and 1-butanol
in water. A correlation scheme based on a
free-volume-type expression could be used to represent
the experimental data to within experimental uncertainty.

Introduction

Diffusion coefficient measurements are required in a number
of engineering applications, in the study of mass-transfer pro-
cesses and in evaluating theories of diffusion and the liquid
state. The Taylor dispersion technique (7-5) has in recent
years been established as a rapid and accurate method for
measuring the diffusion coefficients of liquids. In previous
publications (6, 7), we have reported diffusion data for mixtures
ot alkanes obtained using an instrument based on this techni-
que. In this work, the same instrument was used to measure
the diffusion coefficients of a series of alcohols in water at
infinite dilution.

The rough hard-sphere theory (8-10) has been used ex-
tensively for the correlation of diffusion coefficient data for
alkane mixtures ( 77-74). In particular, it has been shown that
a free-volume-type expression (17) derived from the rough
hard-sphere theory can be used for correlating and predicting
diffusion coefficients of n-alkanes. However, the application
of this theory to water/alcohol systems has not been examined.
It is therefore one of the objectives in this paper to examine
the applicability of this theory to these latter systems.

Experimental Techniques

The Taylor dispersion technigue is based on the dispersion
of a puise of an injected mixture in a laminar flowing stream
of slightly different composition. The ideal model to measure
liquid diffusivities consists of an infinitely long straight tube of
uniform, circular cross section, radius a,, through which flows
a fluid or a mixture of fluids with physical properties independent
of composition, at a mean velocity u,. Following the injection
of a d-function of another fluid of a different composition at a
particular axial location in the tube, the combined action of the
parabolic velocity profile and molecular diffusion causes dis-
persion of the injected material. Under suitable conditions, the
measurements of the first two temporal amounts of the dis-
tribution of the concentration perturbation a distance L down-
stream from the point of injection allows the mutual diffusion
coefficients of the binary fluid mixture, D ,,, to be determined
according to the following equation (2):

A, {1+ 40&12/?&12]”2 +3

) 24mt, [1+ 402 /18] + 2047 /T4 - 1
o + (1 - £V (1)

Dy, X
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Table I. Infinite Dilution Diffusion Coefficients of
Methanol, Ethanol, and 1-Butanol in Water

10D, m? 571

T, °C methanol ethanol 1-butanol
35 1.88 1.53 1.18
40 2.10, 2.19,° 2.42% 1.69 1.34
45 2.35 1.91 1.47

¢Easteal and Woolf (15). °Extrapolated from Matthews and
Akgerman (13).

Here A, = ma,? is the cross-sectional area of the tube. 7y
2

denotes the first raw moment of the distribution and a° its
second central moment. In addition
6a = 12.7997¢, (2)
with
Todo’
fo= 48LD ,, ®

Diffusion times of the order of 1-2 h were used in the
measurements to ensure that the effects due to secondary flow
in the diffusion tubes were negiigible (7, 2). The injected
samples contained less than 0.1 mole fraction of the alcohols
as it has been found that, below this concentration, the diffusion
coefficients were independent of the concentration of the
sample injected.

Results and Discussion

Table I displays the results obtained for the diffusion coef-
ficients of methanol, ethanol, and 1-butanol in water at tem-
peratures 35, 40, and 45 °C. For methanol, previous mea-
surements by Akgerman (73) and Easteal and Woolf (75) were
available for comparison with the present data. The agreement
with the data of Easteal and Woolf is within mutual experimental
uncertainties whereas the extrapolated data of Matthews and
Agkerman were found to be higher than the present data.

Dymond (76) has shown that a free-volume-type equation
can be used to represent computer calculations for self-diffu-
sivity of rough hard-sphere molecules. Chen et al. (77) de-
veloped an analogous expression for mutual diffusion in the
form

Dy /T =BV - Vp) 4)

where (3 is a function of the solute and solvent interaction and
V, is a function only of the solvent and represents the molar
volume at which diffusivity approaches zero. Therefore, the
rough hard-sphere predicts that D,/ T2 would form a straight
line when plotted vs molar volume of the solvent. If this rela-
tionship holds, then it would be possible to predict D, for a
given solute/solvent pair by determining the two constants, 8
and Vj.
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Figure 1. Free-volume relationship for mutual diffusion of several
alcohols in water. Symbols: (@) methanol, (A) ethanol, (l) 1-butanol.

Table II. Coefficients 8 and Vj, for Methanol, Ethanol, and
1-Butanol

1053, mol m™! 108Vp,

solute g1 K /2 m? mol!
methanol 0.3650 17.82
ethanol 0.2846 17.81
1-butanol 0.2235 17.82

Figure 1 illustrates the plots of D,/ T/ for the alcohol/water
systems. The linear relationship was demonstrated for all three
systems studied. In Table II, the values of 3 and V,, obtained
are listed. With the values of V,, obtained, the rigid-sphere
diameter for the solvent can be calculated by means of the
following equation:

VD = bVo = BNO'z3 (5)

where N is the Avogadro constant, o, is the hard-sphere di-
ameter of the solvent molecules, and b is a constant used to
account for the effects of correlated molecular motions in
hard-sphere fluids (76, 77). The constant b has been found
to be 1.3509 from linear regression of the molecular dynamics
simulation results of Easteal et al. (78). Subsequently, the
molecular diameter of the solvent was calculated with eq 5 to
be 0.314 nm.

By a development analogous to that for diffusion, Dymond
(79) has shown that the viscosity of hard-sphere fluids can be
represented by

TV /n=B(V-V,) (6)

where 7) is the measured viscosity and V/,, is the molar volume
at which fluidity approaches zero. This quantity is analogous
to V, calculated from diffusion data and therefore can also be
used to determine the molecular diameter of the solvent. Vis-
cosity data from literature (20) were obtained. The values of
V, and o, were also determined by plotting T"/5 versus V.
The agreement between V, and V, was within 0.2%, and the
diameters determined from both properties were in complete
agreement.
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Osmotic Coefficients of Some Cobalt-Amine-Type Salts from

Cryoscopic Measurements
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Osmotic coefficients of aqueous solutions of
tris(ethylenedlamine)cobalt(111) chloride,
tris(ethylenediamine)cobalt(111) bromide,
tris(ethylenediamine)cobalt(111) iodide,
tris(ethylenediamine)cobait(111) nitrate, and
tris(ethylenediamine)cobalt(I11) perchlorate have been
measured from 0.000 to 0.025 mol-kg™'. The
freezing-point method was used for the determination of
the osmotic coefficients. These results were fitted to
semlempirical least-squares equations, and these
equations were used to calculate the mean molal activity
coefficients.
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Introduction

The osmotic and activity coefficients of single and mixed
electrolytes have been available in the literature for many years.
A considerable number of aqueous solutions containing salts
were investigated by Scatchard and his collaborators who de-
veloped the freezing-point method for the determination of the
osmotic coefficients to a high degree of precision. The same
method was used by Lange to investigate other systems at low
solute concentrations, and more recently by Prue et al. and
Lilley and Scott. A bibliography of these previous investigations
is reported in ref 1.

The object of this work is to continue our investigations on
cobalt-amine salts (7) and present experimental results on
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