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1. MOSCED’s Association Term

As in UNIQUAC, the combinatorial term can readily be modeled using the athermal
Flory-Huggins equation (or one of its various extensions) [1–3]. The residual term can be
modeled using a solubility parameter based method. The original Scatchard-Hildebrand
regular solution theory (RST) takes the form [1,2]:

ln γ∞,RES
2 =

v2

RT
(δ1 − δ2)

2 (1)

where R is the molar gas constant, v2 is the molar volume of component 2, and δi is the
solubility parameter of component i = {1, 2}, defined as the square root of the component’s
cohesive energy density. Unfortunately, for all cases we find that ln γ∞,RES

2 is positive. This
limitation stems from the fact that RST only accounts for dispersion interactions. Additional
interactions may be taken into account by expanding the cohesive energy density as a sum
of contributions (or partial solubility parameters) [2,4–6]. For example, the expansion used
by the Hansen Solubility Parameter (HSP) method takes the form [5,7]:
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where δi,D, δi,P, and δi,H correspond to the solubility parameter resulting from dispersion,
polar, and association (or hydrogen bonding) interactions, respectively. We equivalently
write our dispersion and polar solubility parameters as λi and τi, respectively, and write
the association solubility parameter as the product of the contribution due to hydrogen
bond acidity (αi) and basicity (βi). This results in:
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(3)

While HSP offers an improvement in accuracy, unfortunately we again find that for all
cases ln γ∞,RES

2 is positive. Tijssen et al. [6] acknowledged the deficiency and suggested a
splitting of the association term, leading to the following expression:

ln γ∞,RES
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]
(4)

With this update, the association term can be positive or negative, allowing ln γ∞,RES
2 to be

positive or negative. We can re-write the association term to better understand its physical
meaning as [8]:

(α1 − α2)(β1 − β2) = −(α1β2 + α2β1) + (α1β1 + α2β2) = −2
(
αβcross − αβself

)
(5)

where we have defined αβcross and αβself to be the mean “cross” and “self” association
term (or interaction energy), respectively:
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αβcross =
1
2
(α1β2 + α2β1) (6)

αβself =
1
2
(α1β1 + α2β2)

If the system has favorable intermolecular cross-association interactions (relative to the
self-association interactions), such that the two components would prefer to associate with
each other, the association term will be negative. We therefore see that the limiation of
HSP is that it compares only the self-association interaction of the two components (see
eq. (3)). The split association term given by eq. (4) forms the basis of MOSCED, which has
been shown to predict a range of phase-equilibrium with a high level of accuracy [8–15].
Interestingly, it has been suggested that HSP could be improved by likewise splitting the
association term [16–19].

2. MOSCED’s Asymmetry Terms

While empirical in nature, the inclusion of the asymmetry terms ψ1 and ξ1 are physi-
cally based and very important to modify the residual contribution for polar and hydrogen
bonding interactions. The solubility parameters are solute descriptors. The same parame-
ters used to characterize a solute may not be appropriate to characterize a solvent [20,21].
This disparity is accounted for (or corrected) by including ψ1 and ξ1. These additional terms
are not adjustable, but are a function of the solvent solubility parameters. The functional
form has been optimized for numerical predictions. As emphasized by Park and Carr
[22], the introduction of the asymmetry terms was a major advancement in improving the
predictive accuracy of MOSCED over other solubility parameter methods.

3. MOSCED and Wilson’s Equation

For a binary system we can compute the composition dependent activity coefficient of
component 1 and 2, at mole fraction composition x1 and x2 = 1− x1 as:

ln γ1,2 = − ln(x1 + Λ12x2) + x2

(
Λ12

x1 + Λ12x2
− Λ21

Λ21x1 + x2

)
(7)

ln γ2,1 = − ln(x2 + Λ21x1)− x1

(
Λ12

x1 + Λ12x2
− Λ21

Λ21x1 + x2

)
where Λ12 and Λ21 are adjustable parameters which may be related to the binary (inter-
molecular) interaction parameters (BIPs) of the system (a12 and a21):
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[
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RT

]
(8)
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v2
exp

[
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]
where v1 and v2 are the molar volume of pure component 1 and 2, respectively. At infinite
dilution, eq. (7) reduces to:

ln γ∞
1,2 = − ln(Λ12) + 1−Λ21 (9)

ln γ∞
2,1 = − ln(Λ21) + 1−Λ12

It follows that with knowledge of the limiting activity coefficient of each component in the
binary mixture, eq. (9) reduces to a system of two equations with two unknowns that can
be used to parameterize Wilson’s equation. This would allow one to calculate composition
dependent activity coefficients, and moreover this approach may readily be generalized to
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multi-component systems. Wilson’s equation has two binary parameters for each pair in a
multi-components system, where limiting activity coefficients may be used to parameterize
each binary pair [1].

4. Note on Solute Force Fields

The solute alkyl groups (CH3, CH2 and CH) were modeled as a single united-atom
pseudoatom as a result of the parameterization of the TraPPE-EH force field for n-alkanes
which places the LJ site for a hydrogen atom at the center of the corresponding bond [23],
and the complication of implementing such a model in a molecular dynamics framework.
When generating intermolecular parameters using ANTECHAMBER, all sites were mod-
eled explicitly. This ensured the atom types were properly identified. Once the final set
of intramolecular parameters was obtained, intramolecular parameters involving alkyl
hydrogens were removed. When computing CM4 partial atomic charges, the partial atomic
charges computed for each alkyl group was summed together and placed at the center of
the UA site. When using RESP, we are able to constrain the alkyl-H partial atomic charges
to 0.

Additionally, note that TraPPE-EH does parameterize aniline in ref. 24. We chose
not to use the N LJ parameters from aniline because it is a primary amine, and it was
previously shown in ref. 25 that there is an appreciable change in LJ parameters in going
from a primary to secondary amine. Also, in ref. 25, the primary amide LJ parameters
are the same as the primary amine (i.e., only the charges change). Therefore, we took the
secondary amide LJ parameters for N to be the same as for a secondary amine. The H
has LJ parameters of 0 in primary and secondary amines and primary amides. The LJ
parameters for H in a secondary amide were therefore taken to also be 0 in the present
study.
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