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ABSTRACT
S G L

The Morse potential function is used to approximate the pair
interaction potential for a wide variety of hydrocarbons. The
effects of molecular asymmetry (narrowing and deepening of the
potential well) are most clearly evident in potentials determined
from experimental second virial coefficients. Such potentials are
shown to be more realistic than those potentials determined from

experimental viscosities which are much less sensitive to asymmetry.
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The study of the gas-phase thermal properties of polyatomic
molecules has both practical and theoretical interest. The
description of the pair interacticns of polyatomic molecules has
proved to be such a formidable task that the present state of the
art is quite rudimentary. Thus, it is customary to attempt a rough
description of the properties of dilute gases in terms of model
potential functions containing a few adjustable constants which are
fixed empirically.

0f the wide variety of semi-empirical potential functions which
have been proposed (5,6,17-19) to predict the properties of dilute
gases,vthe most widely studied has been the two-parameter Lennard-

Jones (12-6) model:

- Py = 46[(0"&)12 - (G'/r)6]

This potential provides a fair compromise between simplicity and
accuracy in its application to spherical meclecules. It is now well
established, however, that the (12-6) model is insufficiently
flexible to represent the interaction cf asymmetrical molecules.
As shown by Pitzer (26) and Balescu (2) the potential well narrows
and deepens as the corresponding molecule deviates from spherical
symmetry.

These shape effects have been demonstrated quite clearly in
some recent investigations of model potentials deduced largely

from experimental second virial coefficient data. At least in



part, they are built into the Kihara potential (18) when its hard
core is fixed on the basis of molecular structure alone (7,8,12).
Even when all their parameters are determined from 'B(T) data
alone, the Kihara as well as other three-parameter potentials (27,29)
exhibit the narrowing and deepening of the potential well with
increasing molecular asymmetry.

It is the purpose of this survey to assess the sensitivity to
molecular shape of potentials determined from.the exper imental
viscosities for a variety of hydrocarbons. It is no essential

restriction to confine the study to the Morse potential model,

(P(r) = € {:exp [-2(C/0‘)(r-rm;l - 2 exp [-(c/a‘)(r'rm)]}

which has proven moderately successful when applied to spherical
molecules (19,20). The parameters € and @ have the same

significance as for the (12-6) model. The third parameter, c¢ ,
is related to the curvature of the potential at ro through the

expression

Thus, large values of c¢ correspond to a narrow potential well,

while small values of c¢ correspond to a wide one. Apparently,
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this model has the requisite flexibility for application to non-spherical
molecules.

To confirm this view, the Morse potentials for a few n-alkanes which
were determined from B(T) data alone (21,22), are presented in Table I.
There it is seen that € /k,c, and 0 1increase with the increase in chain
length about as expected from a consideration of molecular structure
(2,26). Next, Morse potentials were fixed by minimizing the rms percentage
deviation between the experimental and calculated Vl(T)o The latter were
found from tables of collision integrals (23) recently developed in this
laboratory. These "viscosity-determined" Morse potentials are listed in
Table II along with (lZ-6) potentials which were also determined from
viscosity data (16). 1In view of its greater flexibility, it is no surprise
that the Morse potential affords appreciably better agreement with the

experimental 72(T) that does the (12-6) model. However, for neither model

"do the potentials determined from viscosity afford reasonable agreement

with the experimental B(T). The rms percentage errors for B(T) are
typically 40 per cent or more, well outside the range of experimental
uncertainty. In contrast, as shown in Table I, the Morse potentials
determined from é(T) alone fare' appreciably better in reproducing the
experimental YI(T)° In those cases the errors in 7Z(T) are typically
under 20 per cent,

For the rare gases, which are essentially structureless, spherical
molecules, potentials deduced from B(T) are usually not too different
from those found from Q (T)y (17). For the n-alkanes, however, it is
evident from the results that a real dichotomy exists between the Morse

potentials deduced from each of these properties. An explanation
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may be found by examining the structure-dependence of the ''virial-derived"
and "viscosity-derived" potentials., 1In accord with the predictions of
Pitzer (26) and Balescu (2), the attractive portions of the ''virial-
derived'" potentials deepen and narrow fairly smoothly with increasing
chain length (which we equate with increasing asymmetry): those for the
"viscosity-derived" potentials do not. Although the same comparison
cannot be made for the remaining hydrocarbons we treat, we are able to
discern little connection between molecular structure and the parameters
of the '"viscosity~derived" potentials. It is well known that for all
molecules the low-temverature B(T) vyields information on the depth as a
function of the width of the potential well. 1t appears that the B(T)
for asymmetricv mclecules is sensitive to their structure in a way that
specifies the well shape even more closely. Since this sensitivity to
structure seems to be lacking in the }Z(T) data, the '"virial-derived"
potentials are expected to be more nearly correct. This view is
supported by the discussion in the preceding paragraph.

It is not strictly valid to compare potentials determined from these
properties singly, since neither one is sufficient to specify the
potential in the first place. 1In an ensuing work (22) it will be shown
that it is possible to find compromise Morse potentials which adequately

reproduce both B(T) and 7Z(T) for a number of hydrocarbons.
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Notation

second virial coefficient

Morse parameter geverning width of potential well,
Boltzmann's constant

separation between molecular centers
separation at the energy minimum
rms percentsge deviations

rms deviations

absoclute temperature

critical temperature

depth of potential

viscosity

finite separation of molecular centers at

zero potential energy

pctential energy function
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