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Einstein, ‘parachor’ and molecular volume: Some history and a
suggestion

S. N. Balasubralhmanyam

Einstein’s first paper P=P—cic26(r). closer to a popular potential used today if

In 2002, the Royal Society commemo-
sated the centenary of young Einstein's
first scientific paper by publishing J. N.
Murrell’s analytical comments' on ‘an
extraordinarily advanced paper for a re-
cent graduate’. At the end of his com-
ments, Murrell makes an interesting
connection between certain additive con-
stants calculated by Einstein and ‘para-
chor equivalents™ that were to be descri-
bed some two decades after Einstein's
paper.

As a part of his examination of the na-

In this case, ¢ is a characteristic constant
of the molecule and ¢() is a function of
the distance [between] the molecules,
taken as independent of the nature of the
molecule’

Murrell comments: ‘We can see im-
mediately the limitations of this model
because there are no angular variables, to
allow for electrostatic contributions to
the potential, for example’. However,
there have been many subsequent models
that do o better, employing, for exam-
ple. a Lennard-Jones functional fom for

e had written for a pair of molecules:

P =Pe— (TaZpc1a2900s(ra):

which is a sum of atom-atom potentials
This model does introduce non-ceatral

terms [through the variability of »] into
the intermolecular potential. . .
“Einstein defines an integral (K') of the
potential taken over a surface layer and
then comes to the formula:

Teca = V[(7- TEHDKT

—

X 5D i

Parachorix

[Macleod, Transactions of the Faraday Society. 19, 38-41 (1923)]
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Abstract
‘We compiled an experimental database for the surface tension of binary mixtures
containing a wide variety of fluids, from the chemical classes (water, alcohols,
amines, ketones, linear and branched alkanes, naphthenes, aromatics, refrigerants,
and cryogens). The resulting data set includes 65 pure fluids and 154 binary pairs
with a total of 8205 points. We used this database to test the performance of a para-
chor model for the surface tension of binary mixtures. The model uses published
ions to determine the p s of the pure fluids. The model has a single,
constant binary interaction parameter for each pair that was found by fitting experi-
mental mixture data. It can be also used in a predictive mode when the interaction
parameters are set to zero. We present detailed comparisons on the performance
of the model for both cases. In general, the parachor model in a predictive mode
without fitted interaction parameters can predict the surface tension of binary mix-
tures of non-polar mixtures such as linear and branched alkanes, linear and branched
alkanes with ics with a i ics with
and mixtures of linear alkanes of similar sizes with an average absolute percentage
deviation of about 3 % or less. Polar mixtures of halocarbons with other halocar-
bons and also polar/nonpolar mixtures of alkanes with halocarbons could be mod-
eled with an average absolute deviation of less than 0.35 mN-m™" with the use of a
binary interaction parameter. The parachor model even with a fitted binary interac-
tion parameter performs poorly for mixtures of water and organic compounds and is
not recommended.

Keywords Binary mixtures - Parachor - Surface tension
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