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Abstract

We highlight the most recent developments of the solvation-layer interface condition (SLIC)
continuum dielectric model in predicting solvation thermodynamics of neutral small molecules in
water and multiple ionic liquids. We demonstrate that a simple temperature-dependent solvent-
accessible-surface-area (SASA) correlation and a cavity-dispersion-combinatorial (CDC) theory,
combined with the SLIC electrostatics model, provide highly accurate predictions of Gibbs solva-
tion energies, solvation entropies, and solvation heat capacities. The SLIC/SASA model parameters
are temperature dependent, whereas the SLIC/CDC parameters are constant. Compared to ex-
perimental data, the SLIC/SASA and SLIC/CDC models, respectively, achieve an RMS error 1.25
(1.24) and 0.98 (1.76) kcal/mol for hydration Gibbs energy (hydration entropy) predictions. Solva-
tion heat capacities are predicted with RMS errors 24.42 and 46.17 cal/mol/K. Most remarkably,
the SLIC/CDC predictions of solvation entropies and heat capacities are made without apriori
knowledge of experimental solvation entropies. In addition, the SLIC/SASA predictions of Gibbs
solvation energies (solvation entropies) of 12 amino acid side-chain analogs in seven (three) ionic
liquids are compared to the available explicit-solvent simulation data from Paluch et al.”4 and

Latif?? et al.

* Corresponding Author



I. INTRODUCTION

Implicit solvent models can be solved orders of magnitude faster than atomistic, explicit-
solvent models to compute comparably accurate thermodynamic properties. They replace
detailed statistical sampling of solvent molecular positions and orientations with continuum
electrostatics. The starting point for standard continuum electrostatics models is almost
always the Poisson or Poisson-Boltzmann partial differential equations that couple a mi-
croscopic description of solute to a macroscopic representation of the solvent™®:82  Solutes
have been described using different levels of granularity; from an electronic structure level,
as in polarizable continnum model (PCM)£252 up to coarse-grained models for DNA5227 and

2481 Even though the continuum description of solvent significantly

large macromolecules
reduces the complexities involved in statistical modelling, some of the continuum electro-
statics approximations breakdown in systems at atomistic length scales, that in turn can
lead to serious errors in predictions when compared with experimental datal?27:20,56:34.8891
This work presents two significantly improved implicit solvent models that remedy these
inaccuracies by making two simple modifications to the standard continuum electrostatics

theory.

Many prior investigators have taken different approaches to address the inaccuracies
of the standard continuum electrostatics theory. Several models use a non-linear func-
tion to describe the dielectric properties of solvent molecules. Sandbergs’s Langevin-Debye

model™

characterizes water polarizbility using the variation of water’s relative permittivity
with the local electric field. Warshel’s Langevin dipoles solvation model uses a nonlinear,
electrostatic potential-dependent surface area model to improve the accuracy of standard
continuum model in predicting hydration entropies, enthalpies, and Gibbs energies of small
molecules®?. Gong et al. used a nonlinear function to describe the solvent permittivity
that depends on the solute-solvent boundary distance to the solute center of mass®®. Nu-
merous models address the deviations from linear-response theory using a non-local theory.
Non-local theories replace the governing partial differential equations by partial integro—
differential equations to take into account the near-interface correlations between solvent

molecules??2951

Many models address both non-linearity and non-locality of the solvent
response. For instance, by including the dipole degrees of freedom for the solvent molecules,

Orland and co-workers derived a mean-field level Poisson model that can capture some



molecular-level characteristics of the solvent molecules, e.g., the organization of solvent
molecules around biomolecules®®#849 ~ Additional models that are both non-linear and non-
local include density-functional theory (DFT)-based approaches®, variational approaches®!,

101,102

and statistical-mechanical integral equations . Our work differs from previous work in

the literature in that we address different sources of inaccuracy in conventional continuum

38,B5,6L.8976 and liquid-vapor interface

methods, the neglect of charge-sign asymmetry (CHA)
potential?.

Standard continuum models are charge-sign symmetric, meaning that they predict the
same solvation Gibbs energy for an ion of charge magnitude ¢, regardless of its sign. In
reality, ions of equal size but opposite valence have very different solvation Gibbs ener-
gies that may differ as much as 40 kcal/mol in the same solvent. This effect is known as
charge-hydration asymmetry. The two major underlying mechanisms of CHA include steric
asymmetry and liquid—vapor interface potential. In water, the steric asymmetry is due
to the size difference between the hydrogen and oxygen atoms. Electropositive hydrogens
can approach a negative ion more closely than the electronegative oxygens can approach a
positive ion of the same radius®. The liquid-vapor interface potential, hereafter called the
static potential, emerges due to the highly ordered first solvation shell and has been thor-
oughly studied using atomistic simulations®2%% The static potential field is approximately
constant in the solute interior??. Our previous work showed that accounting for the static
potential as well as the solvent-steric component significantly improves the accuracy of the

solvation Gibbs energy predictions®73.

13145570 115.,16,26,27,99,103

Fitting atomic radii and using empirical corrections to the first solvation shel
are popular approaches to address the CHA in aqueous solvation. For example, Purisima et
al.®Y used surface charge density on the solute-solvent interface to adjust the Born radius
of each solute atom to solve the inaccuracies due to charge asymmetry. Parameter-fitting
approaches have some fundamental problems. First, the adjusted atomic radii often exhibit
unphysical trends in size, for example, radius of hydrogen may end up becoming larger than
that of fluorine®®. Second, other thermodynamic properties are inaccurate. When radii are
fitted to reproduce experimental solvation Gibbs energies using the Born expression, the

Born model ends up severely overestimating the transfer Gibbs energies and pKa shifts3%25,

Third, training-set and test-set compounds must have homologous structurest®L104.103

We have previously introduced an accurate solvation electrostatics model that includes
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the physical mechanisms underlying CHA. The model supplements the classical continuum
model with a non-linear boundary condition at the solute—solvent dielectric interface. The
new boundary condition accounts for molecular ordering in the solvation shell, and hence
we call it the solvation-layer interface condition (SLIC) model®5:86:75  The SLIC model also
includes the effect of static potential, that is especially important for solvation thermody-
namics calculations of charged species. The SLIC model provides improved predictions of
solvation properties while using standard classical force-field atomic radii, with a constant
scaling factor for all atom-types?. This simple model accurately predicts monovalent ion hy-
dration Gibbs energies?. The SLIC model was then extended to solvation calculations in pure
solvents and ionic solutions via the linear Poisson—Boltzmann equation®. The SLIC model
with temperature-dependent parameters can accurately correlate the ion solvation Gibbs en-
ergies, entropies, and heat capacities in various polar solvents®®57. Another remarkable ac-
complishment is the ability to reproduce positive charging Gibbs energies for atoms that are
hydrophobicf?. This was a significant outcome considering that the standard PB theories can
not reproduce positive charging Gibbs energies. The SLIC model also self-consistently corre-
lates ion transfer Gibbs energies in mixtures®®. With temperature-dependent SLIC parame-
ters and temperature-dependent parameters for the solvent-accessible surface area (SASA),
the combined model can accurately predict hydration Gibbs energies and entropies™. This
SLIC/SASA model exhibits significant weaknesses in predicting solvation heat capacity and

the nonpolar component of the solvation Gibbs energy for small molecules.

The present work combines the SLIC model with statistical descriptions of cavity-
dispersion-combinatorial molecular thermodynamics, hereafter called the SLIC/CDC model,
to address weakness in the SLIC/SASA model. The reference experimental data in this
work is far more comprehensive than the previous work”™. The new reference data improves
the quality of model assessment which was a major bottleneck in our previous work®. The
SLIC/SASA and SLIC/CDC models to our knowledge, are the first implicit-solvation model
capable of predicting hydration heat capacities. Prompted by the challenges involved in per-
forming molecular simulations in ionic liquids™% we test the performance of SLIC/SASA
in predicting solvation Gibbs energies and entropies. The following section introduces the
theory behind the SLIC/SASA and SLIC/CDC solvation models. Section E describes the
numerical methods and optimization scheme used in this work. Section Efl demonstrates the

accuracies of these models to predict experimental solvation thermodynamic properties.
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II. THEORY

We model the solvation Gibbs energy per mole of a mixture A4,,G as a sum of indepen-
dent energy modes

AsolvG = ASOlVGeS + AsolvG(np + Asolvahb> (1)

where A ;,G is the electrostatic contribution, A4, G P is the nonpolar contribution, and
A 4G ™ describes the contribution of hydrogen bonding. We propose two implicit solvent
models based on the contributions that are outlined in the Introduction. The SLIC/SASA
model comprises the SLIC electrostatic theory and the empirical solvent-accessible surface-

area (SASA) nonpolar correction as

GSLIC/SASA — A GSLIC,es + A GSASA,np' (2)
solv solv

solv

The new SLIC/CDC solvation model that adds a new nonpolar model, AsolvGCanp, and

the hydrogen bonding model, AsolvG CDC1p to the SLIC electrostatic model has the form

GSLIC/CDC _ ASOIVGSLIC,es + ASOlthb +A501VGCDC’DP' (3)

solv

We begin by summarizing the SLIC electrostatic model, and then we describe two differ-
ent approaches to treat the nonpolar solvation contribution. The solvent-accessible surface
area approach is an empirical correlation determined by the solute surface area. The cavity-
dispersion-combinatorial (CDC) theory describes the nonpolar contribution from statistical
thermodynamics models. In the SLIC/SASA model, we fit the SLIC and SASA param-
eters at each temperature. In the SLIC/CDC model, all parameters are fixed constants,

independent of temperature.

A. SLIC Electrostatics Theory

Figure m illustrates a schematic of the electrostatics problem. The solute is a dielectric
medium with relative permittivity €, in region {2, bounded by dielectric boundary I},. The
solute charge distribution, p(r), contains N, discrete point charges. The i-th charge is
located at r; and has value ¢;. The Poisson equation governs the electrostatic potential in

the solute ¢, (r):

V2<,09(r) = _px) re . (4)



The solvent region % is a homogeneous medium with relative permittivity .. The linearized

Poisson-Boltzmann equation governs the electrostatic potential in the solvent ¢ (r)

V2, (1) = Koy (1) res, (5)

where x is the inverse Debye screening length, defined in terms of ionic strength?®. The
dielectric region (2 is separated from the solvent region ¥ by a thin, uncharged region X
known as Stern layer, or ion-exclusion layer. The potential in the Stern layer satisfies the

Laplace equation, the Poisson—Boltamann equation in the absence of free charges,

V2<p25(r) =0 reXs. (6)

FIG. 1. Schematic of the continuum electrostatic problem. The solute interior region {2 contains
point charges ¢; at locations r; and is surrounded by an ion-exclusion region X, which in turn is
surrounded by the solvent region 3. The ion-exclusion region is bounded by the dielectric surface
I, and the Stern surface I'y and is charge-depleted. The outward unit normal on the dielectric

surface I', is denoted by n.

Boundary conditions are specified on the dielectric and Stern surfaces. The standard

continuum model enforces the classical Maxwell boundary conditions on both interfaces,
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namely, continuity of electrostatic potential and electric displacement field, as follows

Pq(r) = ¢y (1) (a)

rel
dop(r) Oy (1)

“29n(r)  ®s on(r) (b)

Boundary conditions in the SLIC models differ from the standard continuum models in two
ways. First, the continuity of the displacement boundary condition on the dielectric interface

(Equation H— b) is replaced with a new displacement boundary condition that captures charge

hydration asymmetry®®56:3
0p,) 198, 0)
Eq —EAMEL(rT)) | ——— = |eg — e, MEL(T)) | ———, rel, (8)
on(r) on(r)
where
B(Ea(x)) = o tanh(8E, (x) — ) + (9)
€y = &y — €, and E,(r~) and E,(r") are the normal electric field just inside and outside the

dielectric interface, respectively. Parameters «, 3, 7 and p are unique to the SLIC model.
Figure E shows a schematic plot of h(E,) in Equation E Parameter o corresponds to the
magnitude of asymmetry in dielectric response, i.e., it characterizes the difference between
the two response regimes. Response regimes correspond to F, >> 0 and F,, << 0 limits
of h(FE,) as shown in Figure E Parameter 8 captures the minimum variation in the local,
normal electric field that is required to change the dielectric response from one mode to
another. Parameter v determines the critical electric field where the transition between the
two modes occurs, i.e., the dielectric response adopts the negative mode if E, > /8 and
vice versa. Parameter p detemines the asymmetry of the two response modes with respect
to the bulk response. The second difference between the SLIC and standard continuum

model boundary condition is that the SLIC model replaces Equation H— d with a nonlinear
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electric displacement field boundary condition

e ey e

by

S

This ensures that Gauss’s law is satisfied outside the Stern surface I 555 The Supporting
Information section presents the numerical solution of the coupled system of partial differ-
ential equations (PDEs) @—B with the SLIC model boundary conditions using the boundary

element method.

E, >» 0 limit
positive response mode

==

Vo h(Ep)=atanh(BE, -y) + u

E, « 0 limit
negative response mode

FIG. 2. Schematic of the nonlinear perturbation funtion presented in Equation @

The SLIC model for the electrostatic Gibbs energy of solvation comprises reaction and

static potential contributes as
1 &
SLIC,es __ I ic __
ASO]VG ® = AsolvG e + ASO]VGStat ‘= 5 Z qi(preac(ri) + Spstaticqtot' (11>
i=1

where ¢, = Zficl q,(r,). The reaction potential contribution, ¢ __ . is due to the solvent
polarization response to the fixed solute charges. It can be calculated using the superposition

principle for electric potentials:

Yo = Poou + Preac’ (12>

where ¢ . is the electrostatic potential calculated from Coulomb’s law considering the
fixed charges in the solute region and ¢, is the electrostatic potential in the solute region
calculated from solving the system of governing PDEs with suitable boundary conditions.

The static potential, ¢_ . . is induced by the complex structuring of the solvent molecules



around a fully uncharged solute molecule. Atomistic simulations have shown that the static
potential is nearly constant in the solute region?. Similar to our previous work®, the static
potential is assumed to be constant and is regarded as a fitting parameter. The contribution
to solvation Gibbs energy due to static potential is zero for neutral small molecules because

the net electrostatic charge g, . is zero.

B. Hydrogen Bond Model

A simple two energy level system describes the solute and solvent in unbonded and
hydrogen bonded microstates. The hydrogen bond canonical partition function takes the

form of a two-state system
q"™ = e (1 4+ ¢75) where £ < 0, (13)

where €y and £9+¢ denote the energy in unbonded and hydrogen-bonded states, respectively,
and f is the reciprocal of kgT'. We use the canonical ensemble average energy to define the

average hydrogen bonding energy E?b for a hydrogen bond acceptor-donor system of type i,

1 hb . *667;
gpb:_a ngw e (14)
! op 1+ e Pa

where ¢; is the hydrogen-bond energy difference ¢ for the hydrogen bond type i. The Gibbs
energy term for the sum over all interactions between the hydrogen-bonding sites between

the solute and solvent can be written as

hbtypes

AG™ = 37 el (15)
J

where n; denotes the number of all possible hydrogen-bond types j between the solute
and solvent. The hydrogen bond energy controbution E?b can be computed or experimen-
tally measured independently. For the scope of the current work, values are calculated via
parameterization of the solvation energy functional (Equation B) against the experimental
values. These coefficients are independent of temperature and depend only upon chemical
group. Table in Supporting Information shows the hydrogen bonding atom-types used
in this work. This pre-averaging the energy states comprises a statistical approximation
that neglects longer range interactions. More formal speciation methods®® are fundamen-

tally correct.



C. SASA Nonpolar Model

The SASA nonpolar model estimates the nonpolar contribution to solvation using the

linear equation

ASOIVCTYSASA’np = P)/AA (16)

sasa T 7m0

where AS Asa s the solvent-accessible surface area of the solute. This area depends on the
solute conformation and is independent of temperature. Multiple conformations can be
considered in this model using a speciation approach®®. Parameters ~y , and 7, describe the
effective surface tension, and the energy required to create an infinitesimally small vacuum
cavity in the solvent, respectively®®. Both parameters are fit to data at each temperature of

interest, and they are assumed to be independent of solute and depend only on the solvent.

D. CDC Nonpolar Model

The CDC nonpolar model is an extension of the nonpolar model that has been successfully

used in COSMO-SAC solvation models P%27:28
AsolvGCDC,np = ASOIVGcaV + Asoldeisp 4 Asolchomb, (17)

where A g1y G Y, Ao G 9P, and A 41, G ™ are the cavity formation, dispersion, and com-
binatorial energy mode contributions to the nonpolar solvation Gibbs energy, respectively.

The cavity contribution is the Gibbs energy required to create a hole space in the pure
solute with the solute’s shape and size. Thermodynamic perturbation theory for molecules
with fused cores*?*provides

Ay G = RT((Ozc _ 1)77((3_;%? —(2a,—2)In {%] ), (18)

where o is the inverse of sphericity parameter, and 7 is the packing fraction of the solute??.

In this work, the two parameters are calculated as

Avaw Do (4)3)mr) — Viaw

O = ———— and = . ,
(63/TVeaw) 3 ! S (4/3)mr?

where n, is the number of atoms, ; is the radius of atom ¢, and A | ‘and V_, —are the Van

(19)

der Waals surface area and volume of the solute, respectively. Note that cavity formation
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energy is considered for the pure solute. The combinatorial term accounts for the differences
in size and shape of the solute and solvent molecules. The combinatorial contribution to

39:86 model

nonpolar solvation Gibbs energy is calculated using the Stavermann—Guggenheim
for a binary mixture of a solute ¢ and a solvent S. The infinite-dilution limit can be expressed

as:

Vvdw, S vdw, S 2 Avdw, S Avdw, ivvdw, S

Asolvagmb — _RT|1 = Vvdw, i (1 . %) +1n ‘Yvdw,i 2z Avdw,i <1 +1In [Avdw,SVvdw,i:| >:| , (20)

where z is the coordination number, i.e., the average number of the neighboring solvent
molecules around the solute. Parameter z is commonly taken to be a number in the range
10 — 12878827 hut in this work, it was empirically fit to data.

The dispersion contribution to the solvation Gibbs energy is calculated using a mean-field
model that accounts for all possible pairwise interatomic contacts between the solute and
solvent molecules®®. The infinite-dilution limit of the dispersion interaction energy for a
binary mixture of a solute ¢ and a solvent S can be written in terms of the Helmholtz energy

as:
— Na,S Na,S Nayi Na,S

ASOIVA?;ZP = ‘?//L g g mSmd e, — 2 g E mim? e, (21)
S
w T w

T

where n,, z is the total number of atom types in the species z, V; /1 is the partial molar
volume of the solute 7, and Vg is the partial molar volume of the solvent S. The variable
m! is the effective number of atom—types 7 of species ¢ defined as

() #)

act

where S, is the solvent-accessible surface area of atom a of species 7, S, is the surface area of
the atom a, and ¢, is a fitting parameter in the range 0-1. Surface area fractions of different
atom types for dispersion calculations are calculated using their COSMO radii. Table
in Supporting Information contains the COSMO radii?® for different atom types, defined by
element and electronic hybridization only. The parameter €., in Equation is the pair—
interaction energy between atom types 7 and w which is correlated using Lorentz—Berthelot
combinig rule as €., = /¢,€,, Where ¢, is the dispersion energy-coefficient of atom-type
7, obtained by fitting to data. Since solutions are regarded largely as incompressible, the

dispersion contribution to solvation Gibbs energy can be calculated from Equation R1] as?®
AsolvG(disp = AsolvA?/in (23)
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The original dispersion model?®

assumes the atom-specific energy coefficients in Equa-
tion R1 to be universal constants that are fit to experimental data.We use a simple square-
well potential to describe the temperature-dependent inter-molecular dispersion interactions.
The average energy accounts for all two-body interactions resulting from the second virial
coefficient. Thus the interaction between atom-types 7 and w can be written as
d 27 P07, Berw (3

el = (E) = - [erwe” (N2, —1)]. (24)
Parameter o,, = R, + R, where R; denotes the atom radius for atom-type . Parameter p,
is the average number density of the species in the mixture and parameter A\, = 7.,/0w
is the square-well range, where r,,, is the center-to-center distance between the atom-types
7 and w. The parameter p, approaches the number density of pure water in the infinite

dilution limit, i.e., p, = N/V

mix

. The parameter ., was taken to be constant, equal to 2, to
reduce the complexity of the model. Setting \,,, to this value incorporates the width of the
Lennard-Jones potential between the close range abscissa and 94.3% of the attraction energy
well. The only temperature dependence in Equation @ is from (8 which is the reciprocal of
k,T. Using Equation @, the final expression for the dispersion component of the infinite
dilution solvation Gibbs energy can be written as

Na,S Na,S Nayi Na,S

BanGiE =23 > mEmsed 230 > mimdel, )
w T w

-
We note that all the fitting parameters in the CDC nonpolar model are temperature-

independent.

III. COMPUTATIONAL METHODS

Experimental assessment of the SLIC/CDC and SLIC/SASA models requires determina-
tion of parameters from training data. Parameters are estimated by minimizing the objective
function defined by the Mean-Squared Error (MSE)

Ntrain

(26)

2
[ solv ref,i_ solv calc,i} ’

where A | G .. is the reference Gibbs solvation energy of the solute ¢ obtained from ex-

perimental data or explicit-solvent simulations, ASO]VGC . 1s the model-predicted solvation

alc,
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Gibbs energy of the solute, and N, is the number of the solutes in the training-set. We
used 1sgnonlin, the nonlinear least-squares solver of MATLAB!, with constraints on all
parameters. Parameter optimization is difficult since several parameter values evaluate to
local MSE minima. The optimization procedure used in our previous work fit the electro-
static and nonpolar parameters simultaneously. Considering that the nonpolar component
of the solvation Gibbs energy was available from the explicit-solvent MD simulations of
Mobley et al.?%, we used a 2-step optimization scheme in this work. First, the electrostatic
parameters are obtained by optimizing the SLIC electrostatic model against the explicit-
solvent MD electrostatic charging energies. Then, the total solvation model is optimized
against the experimental solvation Gibbs energies, where the electrostatic parameters are
fixed at their optimal values obtained in the first step. Our results show that this ap-
proach increases the accuracy of the model predictions with the attainment of the lower
MSE minima. The system of PDEs in Equations @—E with the SLIC model boundary condi-
tions in Equations H(a), H(C), B, and [L( are recast into boundary-integral equations (BIEs)
and solved numerically using boundary element method (BEM). The boundary integrals
and BEM derivations are provided in the Supporting Information. The first step in im-
plementing the BEM is discretizing the solute surfaces. Figure @ provides a schematic of
the molecular surfaces used in the SLIC model. The dielectric boundary I is the solvent
excluded surface (SES) formed by rolling a solvent probe sphere, representing a solvent
molecule, over the solute Van der Waals surface and tracing the interior surface, having a
surface area Ag... Solvent-accessible surface (SAS) is formed by tracing the center of the
solvent probe as it spans the solute Van der Waals surface and has a surface area AS A’
Similar to the dielectric boundary, the Stern surface I'g is formed by tracing the interior
of the solvent probe sphere rolling on a hypothetical Van der Waals surface that is created
by adding 2A to the atomistic Van der Waals radii. All the surfaces and surface areas
are computed using the MSMS software®, with vertex density and solvent probe radius set
to 2V6TtiC€S/A2 and 1.4 A, respectively. The second step is solving the system of BIEs.
We used a standard panel-based BEM using triangular panels with piecewise-constant ba-
sis functions and centroid collocation®%?, where the electrostatic potential and its normal
derivative are computed at the element centroids using Picard iteration. The system of
BIEs is documented in the Supporting Information (See Equation ) Let this system

of equations be AX = b, where some elements of matrix A depend on the unknown electro-
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static potential and its normal derivative in vector X and vector b is constant. Let vector
X(i) represent the unknowns at the centroids of surface elements at the ith iteration. A
self-consistent solution for X(;) is obtained by evaluating matrix elements A(; for the ith
iteration in terms of the unknowns from previous iteration X(;_;), and solving the linear
system of equations Ay X(;) = b. The iterations are continued until the convergence criteria
are met. We used a generalized minimal residual method (GMRES) with preconditioning,
to a tolerance of 1075 and maximum 100 iterations to solve the linear system of equations.
The BEM solution convergence was achieved within the first 20 iterations for most cases®.

k56 we terminated Picard iterations after 20 loops instead

In contrast to our previous wor
of 5 as we observed a few small-molecule calculations require more iterations to converge.
A rigorous analysis of the solution convergence, existence, and uniqueness can be found in

the work by Klotz".

FIG. 3. Schematic of the solvent excluded surface (SES), solvent accessible surface (SAS), and Van
der Waals (VAW) surface of a solute molecule. The SES is formed by tracing the inward part of
the solvent probe as it rolls on the solute Van der Waals surface. The SAS is formed by tracing

the center of the solvent probe. Ag denotes the surface are of the surface S.

IV. RESULTS

This section demonstrates the accuracy of the SLIC/SASA and SLIC/CDC solvation
models. Part demonstrates the predicted solvation thermodynamics of small molecules
in water versus experimental data. Part presents the SLIC/SASA model predictions of
solvation Gibbs energies and solvation entropies of 12 amino-acid sidechain analogs in seven
ionic liquids compared with that of the molecular dynamics (MD) simulations from Latif et

al. and Paluch et al’™.
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A. SOLVATION IN WATER

We assess the accuracy of the SLIC/SASA and SLIC/CDC models for predicting sol-
vation Gibbs energy for a subset of 502 neutral small molecules in water from the data
of Mobley et al.@, hereafter called Mobley test-set. The data contain 504 molecules but
two of the molecules (ammonia and 4-methoxy-N,N-dimethyl-benzamide) were excluded in
this work because our meshing software failed to generate discretized surfaces for them.
The Mobley test-set comprises experimental measurements. Mobley also provides explicit-

solvent molecular dynamics (MD) calculations that are helpful to benchmark our results.
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FIG. 4. SLIC/SASA (a), SLIC/CDC (b), and MD (c) predictions of solvation Gibbs energy
(vertical axis) for the Mobley test-set compared with experiments (horizontal axis). Blue and red
circles denote the model predictions for the test-set and training-set, respectively, at 25°C. Red
dashed lines show the +2kcal/mol error margin. The numbers in parentheses are the RMS errors

in kcal/mol.
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Figure @ illustrates the SLIC/SASA and SLIC/CDC solvation Gibbs enegy predictions
at 25°C, compared to experimental values. The results in Figure @ illustrate that both
the SLIC/SASA and SLIC/CDC models accurately reproduce the experimental solvation
Gibbs energies of small molecules in water. Predictions of the SLIC/SASA model show 0.3
kcal /mol improvement compared to our previous work™. The SLIC/CDC model exhibits
a remarkable accuracy in predicting solvation Gibbs energies. With an RMS error of 0.98
kcal/mol compared to experiments, only about 4% of the 502 small molecules have an error
larger than 2 kcal/mol. Furthermore, the errror is sensibly random in both the SLIC/CDC
and SLIC/SASA models. There is no observable bias for solutes having either positive
(weakly solvated solute) or negative (strongly solvated solute) solvation Gibbs energy. In
contrast, there are two modes of apparent bias in the MD calculations of solvation Gibbs
energy, as illustrated in Figure 4-c. First, the MD calculations systematically over-estimate
experimental solvation Gibbs energy. Second, the MD calculation errors are systematically
smaller in magnitude for weakly solvated solutes and grow in magnitude for more strongly

solvated solutes.
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FIG. 5. Histogram of errors relative to experiment, for neutral small-molecule solvation Gibbs
energies using SLIC/SASA, SLIC/CDC, and explicit-solvent MD results®®. The numbers in paren-
theses indicate the RMS errors in kcal/mol. Dashed lines show the means of the corresponding

populations.

Figure H shows histograms of the errors relative to experimental solvation Gibbs energies

for the two models along with those from Mobley’s explicit-solvent MD results®®. Mobley’s
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MD simulations were performed in GROMACS®® using the GAFF small molecule parame-
ters as assigned by Antechamber?® where partial charges were assigned using Merck-Frosst
implementation of AM1-BCC#34¢, Mobley’s calculations tend to slightly overestimate the
solvation Gibbs energies with an average error () and standard deviation (S,) of -0.68
and 1.05 kcal/mol, respectively. The SLIC/SASA and SLIC/CDC models do not exhibit
a bias in over- or under-prediction with average errors equal to -0.01 (S, = 1.25) and 0.03
(S, = 1.00) keal/mol, respectively. Particularly remarkable in this regard is the SLIC/SASA
model’s consistency considering that it uses only 6 free parameters and a training-set of 12

solutes.

TABLE 1: Accuracy of SLIC/SASA, SLIC/CDC, and MD in making predictions of solvation
Gibbs energies for hydrogen-bonding and non-hydrogen-bonding compounds. Ref column shows the
reference data that was used to parameterize the model. No HB denotes that the Hydrogen bonding
term was not included in the model. RMSE is reported in kcal/mol. Separate parameterizations

are run for each row.

RMSE w.r.t. AgG E’!jf

Model Reff Al HB non-HB
SLIC/SASA expt. 1.25 1.47 0.79
SLIC/CDC expt. 0.98 1.12 0.73
MD expt. 1.26 1.33 1.22
SLIC/SASA MD 0.95 1.00 0.85
SLIC/CDC(No HB) MD 0.77 0.91 0.47

Next, we compare the performance of the SLIC models and explicit-solvent molecular
dynamics, contrasting accuracy over all test data and between solute-solvent systems with
and without hydrogen bonding. Table [Il summarizes the statistical results. Separate pa-
rameterizations are derived for two types of reference and test data sets, as indicated in the
Ref column. Parameterizations indicated by expt use the experimental data from Mobley et
al.% as the reference. Parameterizations indicated by MD use the explicit-solvent molecular
dynamics calculations of Mobley®* as the reference. The statistical performance measured
by RMSE (in each column) is provided for the entire test set (All), for only systems with
hydrogen bonds (HB), and for systems without hydrogen bonds (non-HB) in columns 3, 4,
and 5, respectively. First, consider the results pertaining to the experimental reference and

test data. Overall, the performance of the SLIC/SASA model (RMSE=1.25) and MD simu-
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lations (RMSE=1.26) are comparable and quantitatively accurate. Overall, the SLIC/CDC
model (RMSE=0.98) is most accurate. Hydrogen bonding systems are more accurately de-
scribed by the MD forcefield (RMSE=1.33) than by SLIC/SASA (RMSE=1.47). The effects
of hydrogen bonding are successfully correlated using the simple, two-state bonding model
in equations @ — @, as the SLIC/CDC model (RMSE=1.12) is the most accurate for these
systems. Systems without hydrogen bonds are more accurately described by the SLIC/SASA
model (RMSE=0.79) and the SLIC/CDC model (RMSE=0.73), than by MD simulations
(RMSE=1.22). Second, consider the results for SLIC parameterizations when explicit sol-
vent molecular dynamics simulations are used for reference and test data. We note that the
MD forcefield does not include an explicit energy contribution for the existence of hydrogen
bonds. Instead, the structural and thermodynamic effects of hydrogen bonds are parame-
terized using constant, atom-centered charges. Therefore, the two-state hydrogen bonding
model is not included in this separate parameterization of the SLIC/CDC(no HB) model.
The SLIC/CDC(no HB) model (RMSE=0.77) is more accurate than the SLIC/SASA model
(RMSE=0.95), but their accuracies are comparable for polar systems in which hydrogen
bonding occurs in the experimental systems, (RMSE=0.91) and (RMSE=1.00) respectively.
The non-polar contribution to the SLIC/CDC(no HB) model (RMSE=0.47) markedly im-
proves the accuracy describing the simulations of systems in which hydrogen bonding does
not occur over the SLIC/SASA model (RMSE=0.85) using the linear SASA non-polar con-

tribution.

A more detailed statistical analysis further supports this assessment. Figure H presents
histogram distributions for the signed errors of the SLIC/SASA and SLIC/CDC models as
parameterized the first two rows of Table m There are slight differences in performance be-
tween the RMSE metric and the mean absolute error metric due to the use of equation (26)
for parameterization, but the numerical comparisons are qualitatively similar. Error distri-
bution functions for the SLIC/CDC model are roughly normally distributed while centered
at zero for both hydrogen bonding and non-hydrogen bonding compounds, the former are
slightly wider. Error distributions for the SLIC/SASA model are slightly skewed. Systems
with hydrogen bonds are slightly over-estimated and systems without hydrogen bonds are
slightly underestimated. We conclude that the two-state hydrogen bonding description in
the SLIC/CDC model improves the overall accuracy of the model in predicting solvation

Gibbs energies.
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FIG. 6. Histogram of errors relative to experiment, for neutral small-molecule solvation Gibbs
energies using the SLIC/SASA (a) and SLIC/CDC (b) models. The HB and non-HB denote
the hydrogen bonding and non-hydrogen bonding compounds, respectively. The numbers in the
legends indicate RMS (and mean absolute) errors in kcal/mol. Dashed lines show the means of the

corresponding populations. These lines are visually indistinguishable in graph (a).

The solvation entropy and heat capacity properties are temperature derivatives of the
solvation Gibbs energy that provide additional diagnostic assessments of solvation models.
Methods to calculate these properties for the SLIC/SASA and SLIC/CDC models are de-
scribed in Appendix V of the Supporting Information. The Supporting Information also
indicates how these properties were determined from an experimental data set compris-
ing 159 small molecular weight solutes. Because the experimental data is obtained from
the work of multiple research groups that use different experimental techniques for mea-
suring solvation enthalpies A | H, we assess the precision of the experimental data for
solvation entropies as 1 kcal/mol. Figure H illustrates comparisons of the experimental sol-
vation entropies with the predictions of the SLIC/SASA model, the SLIC/CDC model, and
MD simulations. The latter predictions were computed by Florian and Warshel?? using a
Langevin dipole method. Here we include their results for 25 solutes for which we have ex-
perimental measurements. All methods are generally accurate to within about +3 kcal /mol
absolute error. The SLIC/CDC model has no temperature-dependent fitting parameters
and performs with 1.76 kcal/mol RMS error. The square well model approximating the

dispersion energy has the greatest contribution to the solvation entropy. The experimental,
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temperature-dependent density of water contributes to the model?. The Langevin dipole
method performs with 1.13 kcal/ ol RMS error. The SLIC/SASA method has temperature
dependent parameters and performs with 1.23 kcal/mol RMS error with respect to exper-
imental data and 0.94 kcal/mol RMS error for the compounds that could be compared to
the Langevin dipole method.
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FIG. 7. SLIC/SASA (a - Blue circles, 159 data points), Florian et al.22 (a - green squares, 25 data
points), and SLIC/CDC (b - Blue circles, 159 data points) predictions of solvation entropies (ver-
tical axis) compared with experimental data (horizontal axis). In (a), magenta squares denote the
SLIC/SASA model results for the compounds in Florian et al.’s work. The numbers in parentheses

are the RMS errors in kcal/mol.

Table E shows the temperature dependence of the electrostatic and nonpolar parameters
of the SLIC/SASA solvation model. The electrostatic parameters and the nonpolar offset
parameter 7, show no significant change with the temperature. The nonpolar surface-
tension parameter 7, exhibits a linear increase with the temperature as 7x 107°T(K) -
2.03x1072 kcaul/mol/A2 with Pearson correlation coefficient of 0.93. The SLIC/SASA model
essentially predicts the solvation entropy to have a linear correlation with the molecular

surface area where the linear coefficient is equal to the rate which v, changes with the

0
temperature, i.e., AS x 8—7;148 asa- Figure in the Supporting Information illustrates

that solvation entropy is strongly correlated with SAS.
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TABLE 2: Optimized SLIC/SASA parameters as temperature varies.

electrostatic nonpolar
T(K) « B (%) ol Lo YA (kcal/mol/A2) 7B (kcal /mol)
278 0.41  -200.00 -0.95 -0.43 0.0006 1.63
288 0.42  -200.00 -1.02 -0.44 0.0005 1.63
298 043  -19595 ~-1.11 -0.45 0.0016 1.61
308 0.44  -200.00 -1.29 -0.46 0.0027 1.59
318 0.45  -199.75 -1.26 -0.46 0.0032 1.64

* Inverse the unit of electrif field

Figure B shows the histogram of errors in SLIC/SASA, SLIC/CDC and our former model
predictions of solvation entropies relative to experimental data. The current SLIC/SASA
model is more accurate than the previous published model™ in predicting solvation entropies
of neutral small molecules. The previous model exhibits a systematic under prediction of
solvation entropies (T'AS) with a mean error of 0.92 kcal/mol. The new SLIC/SASA and
the SLIC/CDC models demonstrate mean errors of 0.38 and -0.22 kcal/mol, respectively.
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FIG. 8. Histogram of errors relative to experiment, for solvation entropies using SLIC/SASA,
SLIC/CDC, and our previous SLIC/SASA model™. The numbers in parentheses are the RMS

errors in kcal/mol. Dashed lines indicate the distribution mean for the three models.

Lastly, we demonstrate the performance of the SLIC/SASA model in making predictions

of solvation heat capacities. Figure Q shows these predictions for 123 neutral small molecules,
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hereafter called HC test-set, compared with experimental measurements. Heat capacity pre-
dictions of the SLIC/SASA model are substantially more accurate when compared with our
previous results™. The previous model failed to provide meaningful predictions of solvation
heat capacities with a correlation coefficient of -0.43 and an RMS error of 217.98 cal/mol/K
(we reported a different correlation coefficient and RMS error in our previous work because
only 20 experimental heat capacities were available at the time). The new SLIC/SASA
model achieves a correlation coefficient of 0.69 and an RMS error of 24.42 cal/mol/K in
comparison with experimental solvation heat capacities. This level of accuracy is quite
surprising because solvation heat capacity is a second derivative property; therefore, one
would expect accurate predictions of this quantity to require more sophisticated physics and

molecular details than the present model.
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FIG. 9. SLIC/SASA predictions of solvation heat capacities (vertical axis) for the HC test-set
compared with experimental data (horizontal axis). Blue and red circles denote the predictions
for the test-set and training-set, respectively. The numbers in parentheses are the RMS errors in

cal/mol /K.
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B. DETAILED COMPARISON OF THE PREDICTED SOLVATION GIBBS
ENERGY COMPONENTS TO FEP CALCULATIONS

In the first study of the SLIC solvation models in section , we parameterized the
models using experimental data for solvation Gibbs energies, entropies, and heat capacities.
However, to assess the SLIC/SASA and SLIC/CDC in more details, we re-parameterized

them using explicit-solvent FEP results of Mobley et al®4

. Mobley’s work provides a break-
down of the change in Gibbs solvation energy to electrostatics and nonpolar components as
well as the breakdown of the nonpolar component into cavity and dispersion components.
The FEP data of Mobley et al.f motivated us to illustrate the separate performance of
the nonpolar and electrostatic models when comapred to Mobley’s explicit-solvent results.
In addition, we compare the performace of the SLIC/CDC models’ cavity and dispersion
components with that of the FEP data. Lastly, we present two sets of predictions for each
thermodynamic property. One where the 2-step optimization scheme that we introduced in
Section [[II is used (hereafter called 2-step scheme) and one where all the model parameters
are optimized in a single calculation (hereafter called I-step scheme). We used Mobley’s
FEP data for solvation Gibbs energies of small molecules®® to parameterize the SLIC/SASA
and SLIC/CDC models. Figure [L( shows the predictions for the two mdoels where the first
row denotes the predictions made using the 1-step scheme and the second row shows the
predictions made using the 2-step scheme. Predictions of the two models are in very good
agreement with the reference data and the quality of predictions for both models is improved
when compared to the results of the previous section where the two models were parame-
terized against the experimental data. This is intuitive because both the SLIC models and
the FEP calculations can not reproduce the solvation events that are beyond the scope of
atomistic simulations. Finally, optimization using the 2-step scheme does not demonstrate
a significant improvement over the 1-step scheme for the SLIC/SASA model (0.03 kcal/mol
improvement in RMS error), however, for the SLIC/CDC model, the improvement in the
RMS is 0.18 keal/mol.

As we mentioned in the beginning of this section, to assess how well the SLIC/SASA and
SLIC/CDC models reproduce different contributions to solvation Gibbs eneriges, we com-
pared the model-predicted electrostatic component of the solvation Gibbs energies with that

of the FEP data for the Mobley test-set. Figure [11]illustrates the outcome of this comparison
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FIG. 10. SLIC/SASA and SLIC/CDC predictions of the solvation Gibbs energies (vertical axis)
for the Mobley test-set compared with the FEP results (horizontal axis)@ of Mobley et al. First
row (a,b) denotes the predictions made using the 1-step scheme and second row (c,d) denotes the
predictions made using the 2-step scheme. Blue and red circles denote the model predictions for
the test-set and training-set, respectively. Red dashed lines show the +2kcal/mol error margin.

The numbers in parentheses indicate the RMS errors in kcal/mol.

where the first and second rows show the model predictions made using the 1-step scheme
and 2-step scheme, respectively. In Mobley’s work, the electrostatic component of solvation
Gibbs energy was calculated as the Gibbs energy of charging the solute in water. SLIC/SASA
and SLIC/CDC predictions of the electrostatic component of solvation Gibbs energies are

in good agreement with Mobley’s explicit-solvent results. The Pearson correlation coef-
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ficient (p) between SLIC/SASA-predicted electrostatic energies and Mobley’s data using
2-step scheme (1-step scheme) is 0.959 (0.960) with an RMS error of 0.80 (1.01) kcal/mol.
Similarly, SLIC/CDC predictions gives p = 0.969(0.975) and RMSE=0.69(1.40) kcal/mol.
By looking at Figures —c and d, we notice that using a larger training-set lead to a
higher accuracy in predictions made using the SLIC electrostatics model. This is most likely
due to the fact that a larger training-set provides an opportunity to include chemical groups

that might not be well represented when using a small training-set.

To illustrate the separate performance of the nonpolar models, Figure presents the
SLIC/SASA and SLIC/CDC models’ predictions of the nonpolar contribution, compared to
Mobley’s FEP results®. In Mobley’s work, the nonpolar component was computed as the
free energy of turning on the Lennard-Jones interactions between the uncharged solute and
water. Alternative ways of defining or computing the nonpolar component are possible and
can lead to different results®®. Notice that using the 2-step scheme significantly improves the
performance of the SLIC/CDC model in predicting the nonpolar component (Figure @d)
This is a promising result considering that the surface-area dependent models are known
to fail to reproduce the nonpolar energies from simulations. The SLIC/SASA model on
the other hand exhibits poor accuracy in predicting the nonpolar component of solvation
Gibbs energies when compared with the FEP calculations of Mobley®, regardless of the

optimization scheme used.

We also sought to assess the SLIC/CDC models’ preidctions of the cavity and dispersion
energies with the explicit-solvent results of Mobley®, as plotted in Figure . The sum
of cavity and combinatorial energy components is considered as the cavity energy. The
resulting RMS errors of the cavity and dispersion energy components using 2-step scheme
(1-step scheme) are 4.58 (4.61) and 4.64 (7.10) kcal/mol, respectively. The Pearson corre-
lation coefficients between the model predictions and the explicit-solvent results are 0.914
(0.912) and 0.863 (0.854), respectively, for cavity and dispersion components. Cavity and
dispersion energies have readily been shown to strongly correlate with molecular surface
areas and volumes®3£420 The SLIC/CDC model and MD correlations with the molecular
volumes and surface areas are presented in Table . The correlation plots can be found
in Supporting Information (Figures to BI-5). The 502 molecules in the Mobley test-
set are small enough that surface areas and volumes are highly correlated (R? = 0.995).

Our analysis confirms that both the dispersion and cavity components from explicit-solvent
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FIG. 11. SLIC/SASA and SLIC/CDC predictions of the electrostatic component of solvation

Gibbs energies (vertical axis) for the Mobley test-set compared with the FEP results (horizontal
axis) of Mobley et al@. First row (a,b) denotes the predictions made using the 1-step scheme
and second row (c,d) denotes the predictions made using the 2-step scheme. Blue and red circles
denote the model predictions for the test-set and training-set, respectively. Red dashed lines show

the +2kcal/mol error margin. The numbers in parentheses indicate the RMS errors in kcal/mol.

simulations and from the model predictions highly correlate with molecular surface area
and volume. Table in Supporting Information contains the correlation coefficients for

molecular surface area and volume as estimators of the cavity and dispersion energies.
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FIG. 12. SLIC/SASA (a) and SLIC/CDC (b) predictions of the nonpolar component of solvation
Gibbs energies (vertical axis) for the Mobley test-set compared with the FEP results (horizontal
axis) of Mobley et alg. First row (a,b) denotes the predictions made using the 1-step scheme
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the +2kcal/mol error margin. The numbers in parentheses indicate the RMS errors in kcal/mol.
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FIG. 13. SLIC/CDC predictions of the cavity (a) and dispersion (b) components of solvation
Gibbs energies (vertical axis) for the Mobley test-set compared with the FEP results (horizontal
axis) of Mobley et alg. First row (a,b) denotes the predictions made using the 1-step scheme
and second row (c,d) denotes the predictions made using the 2-step scheme. Blue and red circles
denote the model predictions for the test-set and training-set, respectively. Red dashed lines show

the +2kcal/mol error margin. The numbers in parentheses indicate the RMS errors in kcal/mol.
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C. SOLVATION THERMODYNAMICS IN IONIC LIQUIDS

This section presents the performance of SLIC/SASA in predicting solvation thermody-
namics in seven ionic liquids. Experimental measurements for solvation thermodynamics
are not available for a wide range of small molecules in ionic liquids. Instead, to test the
SLIC/SASA implicit-solvent model on ionic liquids, we used as reference solvation Gibbs
energies the results of explicit-solvent FEP calculations on amino-acid sidechain analogs by
Latif et al.?* and Paluch et al.”™. Solvation free energy calculations for amino-acid sidechain

analogs in ionic liquids with [BMIM]|T cations were performed by Latif et al.?*

at a temper-
ature of 298.15 K and in ionic liquids with [Tf2N]~ anions were performed by Paluch et al.™
at temperatures 298, 328, and 358 K. We first present the model predictions of solvation
Gibbs energies for 12 amino-acid sidechain analogs, hereafter called AA test-set, in seven
ionic liquids at 298 K. Table in Supporting Information presents the 12 amino-acids and
corresponding sidechain analogs. The seven ionic liquids are [EMIM]|[T{2N], [BMIM]|[T{2N],
[OMIM][Tf2N], [BMIM][BF4], [BMIM][C]], [BMIM]|[PF6], and [BMIM]|[TfO]. Next, we
present the model predictions of solvation entropies in [EMIM][T2N], and [BMIM]|[T{2N],

[OMIM]|Tf2N] at 328 K.

TABLE 3: Dielectric constants of seven ionic liquids at 298 K

Solvent Dielectric constant Solvent Dielectric constant
[EMIM][Tf2N] 15.293 ) 1242 [BMIM][PF6] 11.493) 135778 17.242
[BMIM][Tf2N] 11.6%3, 13.8578 [BMIM][TfO] 14.3478 12.942
[BMIM][BF4] 11.79313.5778, 14.683 [BMIM][C]] 12.6818

One of the challenges in making predictions of solvation thermodynamics in ionic liquids
was obtaining credible dielectric constants from the literature. Most ionic liquids exhibit
a dielectric constant in the range of 10-15 which classifies them as moderately polar sol-
vents?. The static dielectric constant of ionic liquids can not be determined by conventional
methods and require special measurement techniques®™. Because the reported dielectric con-
stants for ionic liquids that we found in the literature are sometimes very different (e.g.
11.4% and 17.2% for [BMIM]|[PF6]), for each ionic liquid, we parameterized SLIC/SASA
using multiple dielectric constants (unless, of course, there is a single reported value). The

dielectric constant(s) and the corresponding reference(s) that we used to parameterize the
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SLIC/SASA model for ionic liquid calculations are shown in Table . Regardless of the
dielectric constant that was used to parameterize the model, SLIC/SASA predictions of
solvation Gibbs energies are in good agreement with the explicit-solvent counterparts. Fig-
ure [14 shows the SLIC/SASA models’ predictions of solvation Gibbs energies for the AA
test-set in [BMIM]|[BF4] and [EMIM]|[Tf2N]. One reason behind the accurate SLIC/SASA
predictions when paramaterized using different values of dielectric constants is that the opti-
mizer can minimize the error relative to the reference data by tuning the SLIC electrostatic
parameters. The model predictions for the rest of the ionic liquids can be found in Table @

and Supporting Information.

TABLE 4: Performance of the SLIC/SASA model in prediction solvation Gibbs energies of the AA
test-set in seven ionic liquids at 298 K. £ and p denote dielectric constant and Pearson correlation

coefficient, respectively. Subscripts denote the reference that the explicit-solvent data was obtained;

L: Latif et al.24 and P: Paluch et al.”4

Tonic liquid ¢ RMSE »p Tonic liquid e RMSE »p

[EMIM][Tf2N], 152 0.66 0.981 [BMIM][BF4]. 14.6  0.45 0.995
[EMIM][Tf2N], 153  0.66 0.981 [BMIM][PF6]. 114 0.50 0.993
[EMIM][Tf2N], 12 0.78 0.974  [BMIM][PF6]_ 13.57 0.62 0.991
[BMIM][Tf2N], 11.6  0.55 0.986 [BMIM][PF6]. 172 0.53 0.993
[BMIM][Tf2N], 13.85 0.56 0.986 [BMIM][TfO] 14.34 0.56 0.993
[BMIM][Tf2N], 11.6  0.58 0.990 [BMIM][TfO] 129  0.61 0.992
[BMIM][T2N] 13.85 0.58 0.990  [BMIM][CI]; 12.68 0.88 0.991
[BMIM][BF4] 1.7 0.54 0.992 [OMIM][Tf2N], 12.85 0.52 0.987
[BMIM][BF4]; 13.57 0.49 0.994 [OMIM][Tf2N], 16.8  0.53 0.987

We also tested SLIC against the results of Paluch and Maginn et al., who have per-
formed solvation FEP calculations at multiple temperatures in water and octanol as well
as three ionic liquids containing anion [Tf2N]|~ which allows estimation of solvation en-
tropies™. Figure @ plots the SLIC/SASA-predicted solvation entropies for [EMIM]|[T{2N],
and [OMIM][Tf2N], compared to Paluch’s™ explicit-solvent results. We used a temperature-
dependent dielectric constant for [EMIM][Tf2N] and [BMIM][T{2N] from a work by Krossing
et al. where the dielectric constant for [BMIM][Tf2N] was extrapolated for T > 328 K23. No
temperature-dependent permittivity was available for [OMIM][Tf2N] and for consistency,
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we used the same permittivity™ at multiple temperatures. SLIC/SASA predictions of ionic
liquids are in good agreement with reference data. All entropy calculation started from the
same initial guess (see Numerical Methods and Supporting Information for more details).
Table H summarizes the SLIC/SASA models’ performance in predicting solvation entropies

of the AA test-set in three ionic liquids.

2| O Latif etal.[a](0.54)
o Latif et al.[b](0.49)
Latif et al.[c](0.45)

o Paluch et al.[b](0.66)
o Paluchetal.[d](0.78) A
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FIG. 14. Solvation Gibbs energies for the AA test-set in [BMIM][BF4] (a) and [EMIM][T{2N]

(b) calculated using the SLIC/SASA model (vertical axis), compared to the explicit-solvent MD

54,74

results (horizontal axis) . The reference data that is used to parameterize the model is denoted

in the legend. The letters in brackets denote the dielectric constant that was used; a:Reference?3,
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b:Reference™, c:Reference®3, and d:Reference®2. The numbers in parentheses are the RMS errors

in kcal /mol.

TABLE 5: Performance of the SLIC/SASA model in predicting solvation Gibbs energies of the AA
test-set in seven ionic liquids at 328 K. RMSE is reported in in kcal/mol and p denotes Pearson

correlation coefficient.

Tonic liquid RMSE 0

[EMIM][T{2N] 1.30 0.963
[BMIM][T{2N] 1.59 0.951
[OMOM][Tf2N] 1.37 0.947
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FIG. 15. Solvation entropies for AA test-set in octanol, [EMIM]|[T{2N], [BMIM][T{2N], and
[OMIM][Tf2N] at 328 K calculated using SLIC/SASA (vertical axis), compared to the explicit-

solvent MD results of Paluch at al. as reference”. The numbers in parentheses are the RMS errors

in kcal/mol.

V. DISCUSSION

In this work, we tested the performance of two implicit-solvent models that both use the
SLIC electrostatics model for electrostatic calculations. The first model is the SLIC/SASA
model that combines SLIC with a simple SASA-proportional nonpolar correlation. The
second model is the SLIC/CDC model that combines SLIC with a more sophisticated non-
polar model from COSMO-SAC studies and a hydrogen-bonding correlation that explicitly
accounts for the hydrogen bond energies. We demonstrated that both models predict hy-
dration Gibbs energies, entropies, and heat capacities with surprising accuracy compared
to experiments. We assessed the accuracy of the two models’ predictions of hydration
Gibbs energies, entropies, and heat capacities by comparing them with experimental data
for 502, 159, and 123 neutral small molecules, respectively. We also tested the perfor-
mance of SLIC/SASA in making predictions of solvation Gibbs energies and entropies for

12 amino-acid sidechain analogs in seven ionic liquids and octanol. Our results show that
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the SLIC/SASA model’s accuracy is not limited to aqueous solvents, and the model can be

successfully used to predict solvation properties in more complex solvents.

SLIC/SASA achieves high accuracy in predicting solvation properties using only six free
parameters and a training-set of only 12 small molecules. The small number of free pa-
rameters made it possible to fit the nonpolar and electrostatic parameters simultaneously.
We also tested a two-step optimization procedure. First, we obtained the electrostatic pa-
rameters by parameterizing the SLIC electrostatics model against Mobley’s explicit-solvent
electrostatic free energies. Next, we optimized the SLIC/SASA model against the experi-
mental hydration Gibbs energies, where we kept the electrostatic parameters found in the
first step fixed. The two-step optimization procedure lead to a slight increase in the accuracy
of predictions (= 0.1 kcal/mol). The SLIC/CDC model achieved higher accuracy than the
explicit-solvent simulations of Mobley in predicting hydration Gibbs energies. Compared to
the SLIC/SASA model, SLIC/CDC requires a higher number of small molecules in the train-
ing set (63 rather than 12). This large training-set is required to ensure the training-set’s
adequately diverse to represent the various atom-specific dispersion and hydrogen-bonding

parameters.

Both models demonstrate high accuracy in predicting hydration entropies and heat ca-
pacities. Compared to our previous study, the new implementation of SLIC/SASA was
shown to be more accurate in predicting solvation entropies of small molecules. The new
SLIC/SASA implementation differs from our previous work in two ways. First, the num-
ber of Picard iterations was increased from 5 to 10 because we realized that 5 iterations
do not guarantee the solution convergence for a few compounds. Second, we used the op-
timal electrostatic parameters from hydration Gibbs energy calculations at 298 K as the
initial guesses for the entropy calculations at all temperatures. This ensures that the op-
timization at all temperatures starts from a local minimum. This was in contrast to our
previous work, where the initial guesses at all temperatures were also the same but not a
local minimum. These two changes also significantly improved the accuracy of SLIC/SASA
in predicting hydration heat capacities, where we achieved a 10-fold increase in accuracy
compared to our previous work™. One of the most remarkable outcomes of this work was
the SLIC/CDC model’s high accuracy in predicting hydration entropies and heat capacities
for small molecules. This was very surprising for two reasons; First, the SLIC/CDC model

does not require to be parameterized at different temperatures to make accurate predictions.
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In other words, the model does not need prior knowledge of the experimental hydration en-
tropies and heat capacities for the training-set compounds. This was in stark contrast to
the SLIC/SASA calculations, where the model uses temperature-dependent parameters to
predict hydration thermodynamics. Second, because hydration entropies are higher-order
derivative quantities of hydration Gibbs energies, one would not naturally expect to obtain
accurate predictions of hydration entropies with the same level of accuracy as solvation free
energies. This highlighted the value of a robust statistical-mechanics-based model, where
meeting the thermodynamic consistency conditions was shown to boost the accuracy of the

model significantly.

We find that when compared with the explicit-solvent results of Mobley, SLIC/CDC can
provide accurate predictions of the cavity and dispersion components of the nonpolar hy-
dration Gibbs energies. We noticed that the cavity and dispersion components are strongly
correlated and anti-correlated, respectively, with molecule’s size (volume or area.) Despite
this good correlation, the sum of the cavity and dispersion energy that gives the nonpo-
lar component of solvation Gibbs energy neither correlates with the molecular size nor the
explicit-solvent results. The reason is that the nonpolar component of solvation is the sum
of two anti-correlated quantities of the same order of magnitude. Therefore, the nonpolar
solvation energy is dominated by the noise in the model’s predictions of the two quantities,
namely, the cavity and dispersion energies. In other words, the deviations of model predic-
tions from a perfect correlation (for the cavity term) or anti-correlation (for the dispersion
term) with the size of small molecules are in the same order of magnitude as the nonpo-
lar energies. Similarly, the SLIC/SASA predictions of nonpolar hydration are inaccurate
and poorly correlated with the explicit-solvent data. This poor performance suggests that
implicit nonpolar models that solely incorporate area or volume dependant descriptors are

212320002 Cooper and Bardhan have

insufficient to capture nonpolar solvation. Other
recently proposed an auspicious approach where they use a simple model to make accurate

predictions of nonpolar solvation for small molecules of arbitrary shapes?.

Ionic liquid solvation study demonstrated SLIC/SASA’s ability to make accurate predic-
tions of solvation Gibbs energies and entropies in complex solvents. Accurate predictions
of solvation properties, significantly lower computational cost in comparison to explicit-
solvent simulations, and the challenges associated with the slow dynamics of solvation in

explicit-solvent simulations in ionic liquids™1% make the SLIC/SASA model a very ap-
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APPENDIX A: RELATIONSHIP BETWEEN THE CHANGE IN GIBBS EN-
ERGIES AND THE ELECTROSTATIC CHARGING ENERGIES IN SOLVATION
PROCESS

Solvation Gibbs energy is a thermodynamic property that is perhaps best defined by
Ben-Naim as the energy change during the process of introducing a solute to a solution at
a given absolute temperature T and pressure P. Solvation Gibbs energy is a measure of the
solute’s affinity for the solvent and can be directly determined by experimental measure-
ments. Standard solvation Gibbs energies (AsolVGO) are often described as the Gibbs energy
change in the process of transferring a solute from a gas-phase at 1 atm to a solution-phase
at 1 mol/L concentration. Ben-Naim proposed an alternative process where the solute is
transferred from a gas-phase at 1 mol/L concentration to a solution-phase at 1 mol/L con-
centration. We denote the solvation Gibbs energy change in this process by AsolvG*. For a

solute A in a solution S, the two definitions are related through the expression

sol

A GY = [Asolij; +kpTIn () /pi)]pAzlatma (A-1)

solv
raA=1

where pZOl and pi are the solution-phase and gas-phase number densities, respectively.
We adopt the definition of Ben-Naim for the rest of this section and we refer to A | G*
as solvation Gibbs energy. Consider a gas-phase and a solution-phase where species A are

distributed
[A], < [A]

g sol’

(A-2)
At equilibrium where the two phases are at the same pressure and temperature we have

sol

Ha = Has (A-3)

where ,uiA is the chemical potential of species A at phase i. Statistical thermodynamics
provides a useful relationship for the chemical potential of the solute as (following the work

of Ben-Naim*!12,23)
pia = iy + kpTIn pa A3, (A-4)

where A, is the momentum partition function and M*A is referred to as the pseudochemical

potential of species A and can be interpreted as the Gibbs energy change for adding a species
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A with the constraint that its center of mass is fixed (internal and translational degrees of
freedom do not change). No constraints are imposed on the other degrees of freedom of A.
The second term on the RHS is due to the removal of the fixed-position constraint and is
referred to as the liberation Gibbs energy™®. Using Equation @, chemical potential of the

solute in each phase can be obtained as

,url = /JZSO] + kgT'In pZOlAgA (A-5a)
Hi = 1y + kT In piA. (A-5b)

Finally, solvation Gibbs energy can be calculated as

* *s0l *g

AWGa =ty — iy (A-6)

Note that the standard solvation Gibbs energy can also be calculated as

sol #s0l sol *
Asolngz,uA —ui:,uA +kgTInp, Ai—,uAg—k:BTlnpiAgA
* sol
= A, G+ kT (57 /), (A7

which recovers Equation . Equation [L1] provided an expression for the electrostatic
interaction energy between the solvated solute and solvent. We now provide a relationship
between Gibbs solvation energy in Equation @ and electrostatic work in Equation .
Consider the reversible process of transferring the solute from a fixed position in the gas
phase to a fixed position in solution. The Gibbs energy change in the process (AsolvG) is
equal to the difference in standard chemical potentials between the solution and gas phases,

and also equal to the work performed on the system during the transfer, that is:

A G=A Gr=uy" — =W (A-8)

solv solv

Because we are only considering the electrostatic interactions during the transfer process,
the work required for the transfer can be interpreted as the difference between the work
required to discharge the solute in the gas phase and the work required to charge it in
solution. Note that we are disregarding the contribution of nonpolar solvation and will
focus on the electrostatic component for the rest of this section. We denote the electrostatic
component of the solvation Gibbs energy by A | G** and for the sake of simplicity will

refer to it as solvation Gibbs energy. We define the process of charging the solute as a
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function of a charging parameter A, ranging from 0 (uncharged) to 1, where the molecular
charge density reaches its final value p(r) at any point r in the dielectric region. Defining
the charge density in terms of the charging variable as p(r;\) = Ap(r) and knowing from
the linear-response theory that the total potential field is a linear function of the charge

distribution, we can write
p(r;A) = Ap(r). (A-9)

Note that in the solution phase, an extra term due to the contribution of static potential

is added to the total potential field which is independent of the internal charge distribution

of the solute??63 i.e.

PP (r; A) = dp(r) + ¢ .. (A-10)

Variation in charge for a volume element dV(r) in the solute region during a variation

dA in charging parameter can then be written as
dg = [p(r)dV(r)}d)\. (A-11)

The electrostatic potential energy, U, of a point charge ¢ at position r in the presence

of an electric potential ¢ is defined as

U(x) = go(r), (A-12)

The work performed on the system during the variation d\ can be obtined by integrating

over the dielectric region {2

AU (x / pdg = / r'; \) [p(r))dV (') d. (A-13)

Finally, substituting ¢(r; A) from Equation @ to Equation B—l?) and integrating A from

0 to 1 gives the charging work in the gas and solution phases as

aw@=AAﬁl}%ﬂmwawﬁzééwwmwmww (A-14a)

1
Ues sol )\d)\/ sol dV( )_i_gpstatic/ d)\/s:zp(r/)dv(r/)
0

=1é¢“wmwmww+¢mm/pwmww. (A-14b)

Q

o |
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where p& = and p& =, +¢ . Solvation Gibbs energy can now be calculated
using Equation lé—lél as the sum of the uncharging work in a gas phase and the charging

work in a solution phase

charging un.charging
in solution n gas
—
*es es __ es, sol es, g
ALGS=A_ US= U= 4 (y=E) (A-15)

Using this equation and plugging the expressions for ¢& and ¢ into Equation , we

obtain
*es 1 S0 / / / static / /
8,6 =5 [ =V )+ o [ v (A-16)
1

=5 [ PV )+ [ )V (A-17)

Considering the solute charge distribution to be N, discrete point-charges where the ¢—th
charge is located at r; with a value value ¢;, Equation reproduces what we presented
in Equation

Ne

N
*es 1 -
AsolvG - 5 Z qigpreac<ri) + Spstatic Z qi(ri>’ <A_18)
i=1 i=1
APPENDIX B: BOUNDARY ELEMENT METHOD FOR CONTINUUM ELEC-
TROSTATICS

Continuum electrostatics theory provides a mathematical model for the solvation electro-
statics problem by describing the behavior of the electrostatic potential in different domains
using a system of coupled PDEs. Each PDE corresponds to a domain and mimics the spatial
evolution of the electrostatic potential in that domain as seen in Equations @ to ??7. Bound-
ary element methods reformulates the system of coupled PDEs as a system of boundary
integral equations (BIEs). It then approximates the solution by finding the unknowns on
the boundaries separating the domains and then use that information to find the solution
at regions of interest. BEM is a powerful method especially for the problems with large do-
mains where other numerical methods such as FEM or FVM would have too many elements
to be practical. Another advantage of BEM is accurate treatment of the boundary condi-

tions which is extremely important in molecular electrostatics. Furthermore, by oviating the
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need to solve the unknown function (electrostatic potential and its normal derivative) on the
separating boundaries only (and not the entire domain), it offers a significant computational
advantage. There are numerous approaches that use BEM for solving the problem but here
here we are interested only in introducing the formulation originally proposed by Yoon and
Lenhoff. We encourage the interested reader to take a look at our previous work which
describes the polarizable continuum model (PCM) formulation.

The Yoon-Lenhoff formulation uses Green'’s second theorem, which says for two scalar
fields ®(r) and ¥(r), both twice continuously differentiable in a domain € that is enclosed
by the (sufficiently smooth) boundary I' (See Figure m with I' =T)),

{@(r’)gi((::)) —\If(r')gi((:/l; dr',  (B-1)

/Q [@(x)V*U(r') — @(x)V2U(r)]dr' = #

r

where n points outward from 2. Assuming ®(r’) to be the electrostatic potential, Equa-
tion B-1 allows the calculation of the ® at any point in Q directly from ® and 9®/dn
on I'". For instance, consider ®(r) to be the electrostatic potential in the solute region
¢ (r) from Equation @ (where V2, (r) = —p(r)/e,). Setting ®(r) = G\ (r,r’), where
G, (r,r') = 1/4x|r — 1’| is the free-space Green’s function for the Laplace equation in three-

dimension,
V3G, (r,Y)) = —0(r — 1), (B-2)

and plugging ®(r) into Equation E, we obtain
1 DG () nO2alr)
eal) = =30 Gutrm) = fh g G ff e S

where we described the solute charge distribution as a set of V. point charges, the i¢th of

which is located at r; with value ¢;

o6 =3 a5t —x,). (B-4)

The unknown functions on the boundary can be obtained by letting r approach the
boundary I' but both integral terms in Equation @ become singular at r = r... We can
remove the singularity by defining a sphere centered at r. and calculate the integrals as its

radius vanishes. Figure [L6 shows a schematic of this procedure.
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FIG. 16. Schematic of the limiting process to remove singularities in Equation @ asr’ —rp..

We divide the boundary I' to two regions as shown in the figure and calculate the surface
integrals in spherical coordinate system on the singular region I'c and as the sphere radius

€ vanishes

y / L oo () W
s [Y% SOQ(I‘)47r|r—r’\2 ' +§é§( on(r’) 4r|r — 1| r}

b=2r ¢p=2r 6=T agOQ
/ / ngmeded¢+/ / —fzsmé’dﬁdcp
p= 0= 9= 47T¢

(B-5)

where we assumed the unknown functions to remain constant on I'c as ¢ — 0. We can

now use this result to find the unknown functions on the boundary as

Po(ry) = lim @ (r)
r—r,

:—ZqG (B-6)

Qzl

| ) G, (r, ') , %al)
F5(r) ﬁg%( NS+ b 6 )

The term ¢ (r.)/2 on the right-hand side which we obtained in Equation @ is a con-
sequence of the discontinuity discontinuity in the dipole potential (first surface integral in

Equation E) across the interface®®. Equation @ can be written more simply by defin-
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ing the Laplace single-layer and double-layer potential operators. The Laplace single-layer
potential operator is defined as

pT 90 #G T ()dr', (B-7)

Lran

which computes the potential induced at the interface T due to a single-layer of charge
(monopole charge distribution) on the interface I'. Similarly, the Laplace double-layer po-
tential operator calculates the potential at the interface T due to a double-layer of charge
(dipole charge density) on the interface I’

T _ aGL (rT I'/) / /
L,ng - - an(r,) (p(r )dI‘ : (B_S)

K

Equation @ can then be rearranged and written using the operator definitions as

Opg(r)
ZqG r,r) +V v ;1() —K " p,(r) rel, (B-9)

LT
Qz 1 b

where we substituted I" with I in accordance with the schematic of the problem in
Figure m A similar limiting process for the governing PDE in the Stern layer gives the BIE

for the potential in that region as

L ) =Kk™ o () -V 205, eT (B-10)
- r) = r — r . -
2()025 L'y QPES L,y 8n(r) D
Note that the signs of the two surface-integral terms are flipped compared to Equation E
B because the normal-to-interface vector n now points into the region of intereset (ES), in

contrast to the previous case. Using the dielectric interface boundary conditions ((a) and

(b) in Equation H), we obtain the coupled system of BIEs known as the Yoon—Lenhoff

formulation
N,
74>y r .
+ LIy LT, 2olTr,) quGL<rFD7r]‘) (B-11)
11. ’C S_Q Ty agpﬂ(er) J=t ’
L, F 52 L,FD 8n(er ) O

where Z is the identity operator. Continuum electrostatic model that we illustrated
in Figure Iil consists of multiple embedded regions with different dielectric properties and
governing BIEs. Electrostatic potential in a region that is defined by multiple interfaces e.g.

3 can be obtained by finding the electrostatic potential and its normol derivative on the
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bounding interfaces. For example, using Green’s second theorem to find the electrostatic

potential in X gives

oy dp,, (r')
o, (r)=— ﬁg 9025@/)%(1.))(11‘ + % GL(r,r’)an—Er/)dr/ (B-12a)

S
D D

r,r 0oy, (r')
+ ﬁg @Es(r')%dr’ — ﬁg GL(r,r’)an—zr/)dr’, (B-12b)

S S

where the surface integrals in (é—lQ;) and (é-lQ&) correspond to the contributions from

I’ and Iy, respectively. Similarly for X region one finds

8902( r')
py(r) = ﬁg oy (r )8 dr —# G, (r,r') () ———dr. (B-13)

S

A limiting process on Equations tB—lj and tB—13| followed by imposing the boundary con-

ditions of Equation H is required to find the unknowns on I'y. Note that for a region like Yy
that is bounded by more than one interface, the limiting process as a point r € X moves
towards an interface results in one equation per interface. For example in the electrostatic
problem that we described, presence of the two interfaces ¥ and Y leads to a system of

four coupled BIEs as

L r r Ne
3L+ ICL,I;D 7VL,113D wﬂ(rFD ) 25 qu“ (rFD ’ ri)
17T SRyl K v Oqg(r, )
2 LI, &g LI LT LTy 9 0
n(er ) (B—14)
€
T A Y G S VAl Py(r) 0
Iy €y LIy L,Ig LTy
LT ]CFS 625 st 8¢XS (rrs )
17— - 0
_ Lo ey LI | é?n(rFg ) | i i

The system of BIEs in Eqution was obtained using the standard continuum theory

boundary conditions from Equation H Similarly, using SLIC boundary condition results in
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a block system of the form Ax = b as

A x b
174 _y'o Polre ) SN q. G (x, 1)
2 LTy LT, D J=11j oy
17 _ ICFD f VFD ICFD _VFD a@Q(rF )
2 L, 14+ f Lo, LI LI on(r, ) 0
w) | = . (B-15)
r f r r r
-3 ——V 5 iIT+K s -y r
LI, 1+ f Ly | 2 LIy LI (‘OES( Fs) 0
17— s Gyl &Pgs (r)
LIy do LI m 0
L 1L s/ L J

where f = [(B,) = [eg/(eg, — )] +h(Bo), h(E,) = atanh(BE, =)+, d, = —q,,, /2,

and d, = gﬁﬁrs [agozs (r')/On(r’)]dr’. Note that the knowledge of = and also the electrosttic

parameters «, [, v, and p are required to calculate A,,, A, , and A , in Equation )
Boundary element method descritizes the molecular surface to a set of N non-overlapping

boundary elements as shown in Figure @

NV

FIG. 17. Schematic of a boundary discretization: the boundary elements approximate the solute—

solvent interface.

BEM then approximates the unknown surface variables ¢ and dp/dn as weighted com-

binations of a set of IV basis functions as

N
@Q(rr> ~ Z wi,(p ei<rr> (B_16a)
i=1
dpg(rn) N
m ~ Z wi,@n ei(rr)7, (B—16b)
r i=1

such that the ith basis function e; equals 1 if r is on the ith element, and 0 otherwise.

The unknown weights w, and w,  are then found by forcing Equation to be satisfied

»¥Pn
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(see Section E) After determining the basis-function weights w, and w, , » the reaction
potential at the charge locations r; that are induced in the solute can be calculated using
Green's theorem. Note that ¢ (r.) in Equation is sum of the Coulombic potential

and the reaction potential as ¢, = ¢, + ¢ . The reactional potential can then be used

reac

to predict solvation Gibbs energies using Equation .

APPENDIX C: ADDING TEMPERATURE DEPENDENCE TO THE DISPER-
SION MODEL

The canonical partition function which is a measure of the number of microstates available

to the system can be written as

QUT(N.V.T) -
()

CN/ [6_’8 Z;V:ﬂpf-/Qm)] dpldp2 . .de / [efﬁUdisp(rl,r?...,rN) drldr2 B ‘drN

where g = kBLT is the Boltzmann constant, p = mv, Cy is the normalization constant
(Cn = 1/h if all the particles are distinguishable, otherwise Cy = 1/(N!h3Y) ), and U 4P
is the dispersion energy of the system with N particles. Note that the first integral is always
the same for any system (U = 0), and in fact, is the ideal-gas partition function (assuming

the particles to be indistinguishable):

. 1
QUP(N,V,T),, = / [@—6 Z?’:1<p?/2m>] dp,dp, ...dp,dr dr,...dr

~ NIp3N N
(C-2)
VN N 2 VN
_ -B i=1Pj 2m —_—
~ NI / [e o )]dpldp2 Py = g

where A = h/(v/2rmkgT) is the thermal de Broglie wavelength. The second part of
the Equation @ is particular to each individual system and gives rise to the particular
properties of different systems and is called configuration integral (some references call this

integral partition function rather than Equation @)

. —BU(r ,r ,..,x )
ZdlSp(N’V’T) ://e v N drldrz...drN. (C-3)

The Helmholtz free energy of dispersion can be written as
ABP(N V. T) = —kgTIn Q¥P(N,V,T), (C-4)
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where

. 1 .
QU P(N,V,T) = NN ZYP(N V,T), (C-5)

The potential energy, U 4P, can be expressed as a sum of intermolecular pair potentials,
u;;, of all the particle pairs (i, ) , triplet potentials (given by the difference of the interaction
energy of a triplet system w;;; and sum of the three pair potentials u;;, w;, and u;;), and so
on. Higher order potentials and quite often also triplet interaction potentials are neglected
and only pair potentials u;; are considered. Assuming the potential energy U %P to be

additive, it can be approximated using:

disp ~
UMP(r,r,,...,ry) = E udisp(rij), (C-6)
J<N
1<i<j
where r;; = |r; — r;| and u disp(nj) describes the dispersion interaction energy between

two particles as a function of their separation distance. Typically, u diSp('r’ij) —oo0asr — 0,

u, (rij) — 0 asr — oo, and u, (r;;) exhibits a minimum between the two limits. The
isp disp

assumption above makes it much easier to calculate the configurational integral, Z. Another

reasonable assumption for this system is that the pair potential depends only on the particle

center-to-center distance of particles ¢ and j (simple fluid)

N’

ZYWP(N V,T) = / e ?drdr, .. dr
where

e BU _ He—ﬁudisp(rij) — H(l + f(riy), (C-8)
i<j 1<j
and f(r;;) = e #u3) — 1. Expanding the product and writing all the terms gives
IO+ Fea)) =1+ fr) + DD i) frm) + . (C-9)
1<j 1<j 1<j k<l

therefore, Z 4P can be re-written as

ZdiSp(N,V,T)—/(1)-dr1dr2...drN+/ {Zf(rij)}drler---drN

+/ {Z;f(rij)f(rkz)] dr dr,...drg+... (C-10)
~ vN + N(N —2]->VN2 \/f(rij)drldr?
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By making a change of variables as follows

r + r,
R = 5 =T L, (C-11)
which gives dr;dry = dRdr, and substituting in Equation Ei—lO, Z %P can be found as
. N(N -1 N(N —1)yN-1
ZUP(N V. T)~ VY + % / f(r)drdR = V¥ + ( 5 ) /f(r)dr. (C-12)

Writing Z 9P in spherical polar coordinates gives

' N N—l N—-1 2T, OO
Zdlsp(j\[7 V, T) — VN + ( 5 )V / / / TQf(r) sin ¢ drdf ng
0 0 J0
N(N — 1)V N=1 poo
v M [ pgar (C-13
0

N BN o m VN 4 NZVNI/ 2mr? f(r)dr.

Finally, substituting the results to the partition function in Equation E

QMP(N,V,T) = —N‘j\w <VN + N2V / 2mr? f(r)dr)
: 0
(C-14)

= QUP(N,V,T)i (1 + Np, /0027T7’2f(1')d1')
0

where p, = N/V is the particle density of the system where for the infinitely dilute
solutions is assumed to be the number density of the solvent. This gives the change in

Helmholtz energy with respect to the ideal gas state from Equation @ to be

AN, V,T) = =kpT I Q™P(N,V,T), AA = A~ Ay

. disp o
N AAdlSp(N, V’ T) — _kBT]n % = —kBTln <1 + an/ 271‘7‘2f(r)d1'> (C-15>
ig 0

[e.e]

Taylor expansion of In(1+x) ~ —]CBTan (/ 27T7”2(6_Bu(r) _ 1) dr>
0

Finding an appropriate pair potential leads to an expression for the change in the
Helmholtz energy of the system. A great variety of pair potentials have been proposed
to this date. To keep the model as simple as possible, a square-well potential is used to

describe the dispersion interactions in the system!®:

© r<o
u(r) =49 —e o<r<M where A>1 (C-16)
0 r> Ao,
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where the pair potential has a short-range constant attractive potential ¢ with a square-
well shape. The parameter A\ determines the range of the square well. Plugging the square
well potential function to Equation Ei—15 gives

AAdse(N v, 7)Y 4
( Vv, ) - [/ (efﬁoo . 1)’1“2 dr
2rkgT N p,, 0

(C-17)

T R )

AAY (N vV, TV 271p,0 Be 3
NkgT B [1 N (e - 1)“ - 1)] = oo Ba(T).

where By(T') is called the second virial coefficient and O(1) denotes the first order ap-

proximation of the Helmholtz energy. Using Equation @, the average change in internal

energy (E) in a canonical distribution can be obtained as

(B - (aandisp Ol Q;;isp> o (a(ln Qg™ +InZ) 9l Qf;Sp>

op op op op
. 3
square—well potentlal} In7 — _271'[)%0' N [1 . (665 . 1)()\3 . 1)] (C—18)
OlnZ 107 2P0 N .
S{B) =" =555 = —pT[eeB (A* = 1)]

Using this form of average energy as the atom-specific energy coefficients in Equation
implicitly adds the temperature dependence to the dispersion model without needing to

explicitly parameterizing energy coefficients at different temperatures.

APPENDIX D: CALCULATION OF SOLVATION ENTROPIES AND SOLVA-
TION HEAT CAPACITIES

SLIC/CDC uses the adjustable parameters that are obtained in the optimization process

of solvation Gibbs energies to find solvation entropies. This is due to the fact that the
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temperature dependence of solvation Gibbs energy is naturally incorporated in the model

as explained previously. One can simply calculate the solvation entropies by differentiating

solvation Gibbs energies with respect to temperature as

A S

solv

calc,SLIC/CDC — —

0 (A G cale, SLIC/CDC )

solv

5T (D-1)

This is extremely attractive from the computational cost stand point as solvation Gibbs

energies and entropies can simultaneously be calculated in a single optimization run.

SLIC/SASA on the other hand needs to be parameterized at multiple temperatures as

we explain in the following: First, solvation Gibbs energies are calculated at five temper-

atures, linearly spaced between 278 K and 318 K. We use the standard-state temperature

dependence of the Gibbs energy of solvation?? to find solvation Gibbs energies and subse-

quently, the optimized SLIC/SASA model parameters at each temperature. The starting

initial guess at each temperature was set to

we computed the Gibbs solvation energies at

the optimized parameters at 298 K. Finally

each temperature and used a nonlinear least

square fit to determine entropy and heat capacity for each solute using

TY=A_ G

solv ~ calc

-A S

solv ~ calc

(To)

solv ~ calc (

[T -

+A_ C

solv ~ Pcalc

n (Tp) [(T ~Tp) —In g] . (D2

TABLE D-1: Optimized SLIC/SASA parameters as temperature varies.

Model AG AS AC),
SLIC/SASA 6 30* 30*
SLIC/CDC 38 38 38
SLIC/CDC (No-HB) 26 26 26

* 6 parameters per temperature at 5 temperatures

This limits the impact of numerical errors

(due to poor discretization and optimization

termination) on calculation of the derivative quantities (entropies and heat capacities). Ta-

ble summarizes the number of parameters used in this work by the SLIC/SASA and

SLIC/CDC models to calculate different thermodynamic properties.

o8



APPENDIX E: REFERENCE DATA COLLECTION AND TRAINING-SET SE-
LECTION

As discussed in the introduction, our earlier work failed to fully explore the performance of
SLIC/SASA and address its potential issues in predicting solvation entropies due to the lack
of experimental data™. This motivated us to carry out a broader search in the literature
to obtain credible experimental measurements of entropy and heat capacity of solvation.
Due to the way the SLIC/SASA model predicts solvation entropies and heat capacities, one
major restriction is that the experimental data is only valuable if the small molecule belongs
to the subset of 502 small molecules of Mobley et al., where the molecular structures with
accurate charge locations and partial charges are readily available. Table presents the
number experimental data points and the number references that the data are gathered from

compared with the previous work.

TABLE E-1: Number of reference data for small molecule solvation calculations.

Thermodynamic variable Present work Mehdizadeh et al.”®
A LG 502 502
A LS 159 25
A_.Cp 123 18

Our training-set for SLIC/SASA calculations is composed of 12 neutral amino-acid
sidechain analogues as shown in Table in Supporting Information. Our results suggest
that SLIC/SASA achieves a surprising accuracy even with such a small training-set. While
a training set of this size is adequate for parameterizing SLIC/SASA models, SLIC/CDC
model requires a larger training set due to the larger number of free parameters. For the
SLIC/CDC model, we used a training set with 65 neutral compounds to make sure that
it covers the wide variety of dispersion and hydrogen bonding specific atom types. This

training-set is presented in Table in Supporting Information.
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TABLES

TABLE SI-1: Hydrogen bond atom types

Acceptors N
Donors H

Amine

OH

N N F

NAmide NO2
H

other

NH Hother

0)

OEster NO2 OH

0 Carbonyl

TABLE SI-2: Training-set used in SLIC/CDC calculations

2-nitropropane
triethyl-phosphate
2,6-dimethylpyridine
trimethyl-phosphate
benzene
methanethiol
but-1-ene
dimethyl-sulfate
but-1-yne

piperidine

m-xylene
ethylamine

methane
N-methylacetamide
n-pentylamine
nitromethane
p-dibromobenzene
nonanal
benzaldehyde
anthracene

4-formylpyridine

methyl-octanoate
1-nitropentane
n-octane
3-cyanophenol
n-propylbenzene
pyridine

p-cresol
4-nitroaniline
propanoic-acid
1,4-dioxane
tetrahydropyran
acetic-acid
trichloroethene
butan-1-ol
2-methoxyaniline
methyl-acetate
2-methylhexane
propanone
methanol
1,2,4-trimethylbenzene

cyclohexylamine

hex-1-ene
4-bromophenol
n-butanethiol
ethanamide
naphthalene
teflurane
3,3-dimethylbutan-2-one
4-chloroaniline
3,3,3-trimethoxypropionitrile
2-methylpropane
chloroethane

2,2, 2-trifluoroethanol
diethyl-sulfide
2-fluorophenol
ethene

2-iodopropane
imidazole
iodobenzene
3-methyl-1h-indole
2-naphthylamine
dimethyl-sulfide
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TABLE SI-3: The experimental data of solvation heat capacities of 12 amino acids (AAs) and their

analogues in [cal]
mol.K
Amino-acid (abbv.) AC,* Analogue AC), ACI;AA - AC’? nalogue
alanine(Ala) 33.9 methane 52.6" 18.7
asparagine(Asn) 6.0 ethanamide 26.04 20.0
isoleucine(Ile) 74.1 n-butane 92.0P 17.9
leucine(Leu) 69.3  2-methylpropane 88.6" 19.3
phenylalanine(Phe) 68.1 toluene 85.8° 17.7
serine(Ser) 10.5 methanol 27.34 16.8
threonine(Thr) 29.2  ethanol 47.6° 18.4
tyrosine(Tyr) 41.6 p-cresol 62.0°¢ 20.4
valine(Val) 58.8  propane 78.9P 20.1
cysteine(Cys) 50.9 methanethiol 60.7* 18.8
methionine(Met) 20.6 methyl-ethyl-sulfide 39.4* 18.8
tryptophane(Trp) 80.3  3-methyl-1h-indole 99.1* 18.8
aReference® dReferencel?
bReference4 °Reference?
“Reference?

*The difference between solvation heat capacity of the AA and its analogue (AC]/}A — AC;} rlaLlOgue)

cal
mol.K

does not vary significantly (u = 18.8 and o = 1.16 ) for the amino acid side-chain analogues
with known experimental solvation heat capacities.

Borrowing from this, the missing experimental solvation heat capacities were approximated using:

ACMB = ACM +18.8 <l

61



TABLE SI-4: Dispersion interaction atom types, radii, and the optimal dispersion energy coeffi-
cients. Energy coefficients are reported in kcal/mol. The optimized value for the parameter g5 was

found to be 0.37

Atom type R(A) Atom type R(A) Atom type R(A)
C(sp3) 2 H 1.3 P 2.12
C(sp2) 2 O(sp3-H) 1.72 S 2.16
C(sp) 2 O(sp3) 1.72 Cl 2.05
N(sp3) 1.83 O(sp2) 1.72 Br 2.16
N(sp2) 1.83 O(sp2-N) 1.72 I 2.32
N(sp) 1.83 F 1.72

TABLE SI-5: Optimized SLIC/SASA (SS) and SLIC/CDC (SC) model parameters used in this

work
Model

SS SC SC(No HB) SS SC(No HB)
Reference data %4 expt. expt. expt. MD MD
Parameter — type*
a —ES 0.43 1.93 1.90 0.45 0.88
B —ES 195.95  -198.59 -191.13 -48.81 -46.11
v —ES -1.11 -1.03 -0.55 -0.54 -1.05
u—ES -0.45 -2.24 -1.70 -0.55 -0.77
Pniic — ES 0.1 -0.10 -0.10 -0.06 -0.10
Y4 — SA 0.0016 - - -0.0017 -
vg — SA 1.61 - - 2.38 -
Br-D - 0.5 0.50 - 0.16
Csp -D - 0.48 0.30 - 0.14
CSp2 -D - 0.48 0.22 - 0.25
Csp3 -D - 0.61 0.22 - 0.35
Cl-D - 0.31 0.40 - 0.14
F-D - 0.24 0.32 - 0.07
H-D - 0.18 0.04 - 0.02
I-D - 0.35 0.40 - 0.11
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Table @ (Continued)

Model
SS SC SC(No HB) SS SC(No HB)
Reference data 54 expt. expt. expt. MD MD
Parameter — type*
NSp -D - 0.65 0.54 - 0.00
N _-D - 0.58 0.41 - 0.51
sp2
N .,-D - 0.70 0.39 - 0.30
sp3
O .,-D - 0.09 0.06 - 0.02
sp2
OSPQN -D - 0.52 0.44 - 0.19
O ,-D - 0.23 0.37 - 0.23
sp3
OSp3H -D - 0.45 0.16 - 0.18
P-D - 0.45 0.00 - 0.00
S-D - 0.49 0.34 - 0.17
qs — D - 0.39 0.27 - 0.37
z—C - 2.33 2.82 - 6.91
N, ine — Homn - 0.00 — - —
NAmide N HOH N 0.34 N B N
Nyitro — Hon - 0.00 — - —
N iher — Hom — 0.00 — — —
OCarbonyl B HOH N 0.00 n n n
OEster —Hopn — 0.17 — - —
ONMO - Hopn — 0.00 — - —
OHydroxyl B HOH - 0.49 - — -
Hydroxyl N HNH B 0.12 N N n
Fluorine — Hoy — 0.00 - — —

* ES: electrostatic, SA: surface area, D: dispersion, C: combinatorial, H: hydrogen bonding
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TABLE SI-6: SLIC/SASA (SS) and SLIC/CDC (SC) predictions of hydration Gibbs energies,
solvation entropies and solvation heat capacities of 109 neutral compounds compared with ex-
perimental measurements. This subset of small molecules was the biggest set that was found in

the literature where for all the compounds, the experimental values of hydration thermodynamics

(AG Pt AS Pt and ACpeXpt) were available.

kcal kcal cal
AG [mﬂ WUNG [mJ AC, [M]
Neutral compound expt.® SS SC expt. SS SC expt. SS SC
1,2-diacetoxyethane -6.34 -10.61 -7.47  10.25> 8.06 1272  96.85" 85.88 113.70
1,2-dimethoxyethane -4.84 -527 -321 874> 7.00 963 57.84"> 7754  46.15
1,2-ethanediol -9.3  -11.77 -11.12  7.38> 717 1010  27.22> 40.08  86.19
1,4-dioxane -5.06 -4.00 -4.34 581" 584 7.38  30.54> 56.41  40.48
2,2-dimethylpropane -6.25 -4.63 -4.14  10.75> 9.86 12.70  92.90° 123.91 141.89
2,4-dimethylpentan-3-one  -6.69 -9.67 -8.27 857" 833 10.74  62.76° 79.03 106.09
2,6-dimethylpyridine -6.76  -9.44 -5.42 7.09>  7.45 7.60 4462  59.93  88.59
2-butoxyethanol -4.43 -2.73 -3.15  11.34° 822  9.02  96.80° 95.36  68.59
2-ethoxyethanol 4.5 417 -434  929° 827 841  7887¢ 8553 106.14
2-methoxyethanol -4.47 -3.45 -3.09  10.25° 7.52 873  84.37° 80.82 79.71
2-methylbutan-2-ol 232 2.00 131  7.50° 7.28 553  88.43° 91.52  39.50
2-methylpropan-1-ol -4.63 -3.35 -4.84 7.824  6.93 7.44 64.53>  77.77 143.72
2-methylpropan-2-ol -6.4 -9.67 -8.39 9.72> 9.41 11.76 78.15>  98.66  46.61
2-methylpropane 251 203 231 791° 791 649  117.11° 102.82 53.33
2-methylpyridine 2274 -3.13 -1.39 933> 931 973 58.10° 124.31 87.33
2-propoxyethanol 459 292 -429 9.62¢ 811 841  75.55" 100.10 44.36
3-methyl-1h-indole -5.88  -6.17 -7.15 858" 874 1206  99.10* 99.10  65.78
3-methylpyridine 477 =337 -4.92 7907 6.96 7.39  67.07° 7887 117.98
3-nitrophenol -9.62  -6.50 -10.04 596" 8.03 10.70  59.54"> 6823 = 67.32
4-methylpentan-2-one -3.05 -3.52 -3.00 7.77d 828 830  66.92° 103.83  56.58
4-methylpyridine -4.93 -354 -5.02 7.780 687 742  66.13" 76.83  78.88
4-nitrophenol -10.64 -6.98 -10.40  5.16" 8.04 10.67  55.74> 66.70  67.15
acenaphthene 2315 =312 -3.76  8.11° 870 11.76  93.09° 107.70  54.72
acetic-acid -6.69 -9.16 -8.15 5339 6.58 7.42  23.54> 4244 131.69
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Table @ (Continued)

kcal kcal cal
AG [ml} TAS [ml} AC, [M]
Neutral compound expt.® SS SC expt. SS SC expt. SS SC
anthracene -3.95 -4.47 -5.39 9.45> 8.78 13.03 47.97° 103.96 111.09
benzene -0.86 -1.21 -0.66 6.12°  6.29 7.88 69.31¢ 67.58  52.16
bromomethane -0.82 0.45 -1.06 4.68> 459  2.89 47.99*  39.06 139.32
but-1-ene 1.38 1.34  2.10 6.73° 6.90 6.6 93.21° 83.34 207.52
buta-1,3-diene 0.61 044 1.85 6.46° 6.17  6.97 138.79> 68.37 167.09
butan-1-ol -4.72  -3.92 -4.41 9.43° 797  8.90 80.07¢ 86.99 121.79
butan-2-ol -4.62 -3.22 -3.87 9.79¢ 776  8.48 81.26° 84.47  70.56
butanoic-acid -6.35 -852 -7.42 727 895 9.35 52.87° 86.25  98.67
butanone -3.71  -3.99 -3.19 6.61> 6.36  7.02 55.86°  65.99  50.69
chlorodifluoromethane -0.5 -0.81  -2.17 6.93> 5.29 2.89 83.60° 40.36  29.83
chloroethylene -0.59 040 0.15 5150 5.02 441 30.90°  46.02 101.38
chlorofluoromethane -0.77 -090 -1.61 3.820  4.02 3.71 36.85" 21.47 103.76
chloromethane -0.55  0.22 -0.46 4.38> 436  3.28 44.05°>  34.58  82.12
cycloheptanol -5.48 -3.67 -7.46 11.77¢ 8.95  8.48 105.16° 105.63  68.06
cyclohexane 1.23 2.04 0.21 8.54¢ 8.17  6.46 97.99¢ 10740 46.74
cyclohexanol -5.46 -4.21 -5.63 10.84° 9.16  9.22 81.26° 103.70 139.88
cyclopentanol -5.49 -4.05 -5.32 10.11¢ 8.49  8.59 88.43¢ 91.14 151.10
cyclopropane 0.75 1.73  0.43 5.72¢ 593  4.30 74.09° 66.73  64.72
di-n-butylamine -3.24 -1.81 -2.00 14.309 11.88 12.00 94.79> 166.18 117.06
di-n-propyl-sulfide -1.28  -0.36  -0.46 9.51° 9.77  9.31 116.40° 132.95 48.84
di-n-propylamine -3.65 -1.89 -2.71 13.019 10.05 12.15 95.43> 133.25  87.06
diethyl-disulfide -1.64 -0.97 -2.55 7.55¢ 849  7.31 86.76° 108.03 16.89
diethyl-sulfide -1.46  -0.59 -0.92 7.55° 7.84  7.20 76.48° 98.11  19.11
diethylamine -4.07 -2.15 -2.91 10.87¢ 8.13 10.19 88.65" 98.05 131.28
dimethyl-disulfide -1.83 098 -1.23 5.86° 745  7.00 68.36° 80.28  64.39
dimethyl-sulfide -1.61 -0.44 -1.27 5.31¢  5.61  4.82 54.49¢  57.48  34.72
dimethyl-sulfoxide -8.71 -840 -8.24 7.88% 486  6.04 23.11°  34.78  66.09
ethanamide -9.71  -9.80 -10.95 6.565 598  7.06 22.61°  42.67  38.74
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Table @ (Continued)

kecal kcal cal
AG [mJ _TAS* [mJ AC, [M]
Neutral compound expt.® SS SC expt. SS SC expt. SS SC
ethane 1.83 191 167 587 558  3.99  66.92° 60.91  50.08
ethanol -5 -4.74 -4.56  6.97° 6.47 7.0l  47.56° 53.16  92.97
ethene 1.28 120 202  4.62¢° 4.82 454  57.36° 45.76  70.52
ethyl-acetate 22,94 -4.22 -266 7.36" 7.24 844  67.64°> 83.70 103.67
ethylbenzene -0.79 -0.95 -0.15  822° 822 994  88.43° 10321 98.06
fluoromethane -0.22 -0.26 0.13 351" 3.89 376 36.33° 2594  40.51
heptan-1-ol -4.21 -3.65 -3.87  12.33° 10.59 11.98  124.28° 135.63  95.55
heptan-2-one -3.04 -3.64 -256  9.969 947 10.04  64.01° 124.63 38.13
heptan-4-one 22,92 -3.21 -250  10.881 9.59 985  58.05° 127.61 53.14
hexan-1-ol 4.4 -362 -396  11.28° 9.72 10.99  109.94° 120.38 106.80
hexan-3-ol -4.06 -2.76 -3.83  11.97° 9.60 10.06  112.33° 118.70  76.68
iodomethane -0.89 -0.86 -1.64 4.70° 422 324 99.81" 2822 134.18
m-xylene -0.83 -0.86 -0.44  7.77° 834  9.61  98.09° 105.89 52.12
methane 1.99 1.86 1.33  4.52° 443 257 5258 40.24  18.37
methanethiol -1.24 -1.49 -1.72  3.98° 4.80 4.11  69.70' 69.70  72.98
methanol 5.1 -5.08 -6.60 5.09° 5.40 527  27.25° 33.82 158.07
methyl-acetate -3.13  -5.04 -3.97 643> 577 7.07  49.02® 5504  85.60
methyl-ethyl-sulfide -1.5 =054 -1.14 6475 6.73 597  39.80% 39.80 81.31
morpholine =717 -5.16 -7.06 8.83> 6.84 9.76  33.17" 68.65 146.46
n-butane 2.07 200 1.60 7.66° 7.45 587  92.02° 94.53  40.62
n-butylacetamide -9.31  -9.17 -10.07  11.53¢ 994 10.92  85.44> 115.39 59.87
n-butylamine 424 -3.89 -448 9279 820 10.00  72.54> 9202  56.81
n-hexane 248 210 1.93  943° 930 797  117.11° 127.90 25.03
n-hexylamine -3.95 -345 -4.14 11149 10.05 11.93  104.95"> 126.50  46.90
N-methylacetamide 210 -858 -9.29  6.92%8 6.59 844  40.03" 59.97  30.42
N-methylmorpholine -6.32 -4.17 -431 949> 7.05 9.62  47.83" 79.86  46.96
N-methylpiperidine -3.88  -1.64 -3.94 11.24> 811 7.97  96.65° 103.73  32.79
n-pentane 232 205 1.84 860° 838 697  105.16° 111.19 19.30
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Table @ (Continued)

kcal kcal cal
AG [ml} TAS [ml} AC, [M]
Neutral compound expt.® SS SC expt. SS SC expt. SS SC
n-pentylamine -4.09 -3.99 -4.91 10.169 9.16 10.76 89.44%> 109.34  44.29
n-propanethiol -1.06 -1.47 -1.54 5.56°  6.88 6.07 78.87° 73.08  35.33
n-propylamine -4.39  -3.74  -4.25 8.334 7.31 9.10 55.26°  75.95  58.43
n-propylbenzene -0.53 -0.86 -0.10 9.36° 9.16 10.87 107.55° 120.26  85.01
naphthalene -24  -3.05 -3.15 8.20> 7.52 10.53 82.10° 85.35 108.97
N,N-dimethylformamide  -7.81 -6.81 -4.99 6.705 555  7.92 32.55°  48.31  29.75
octan-1-ol -4.09 -5.07 -4.80 13.09¢ 12.61 12.73 136.23° 158.24  80.27
p-cresol -6.13 -6.00 -6.16 8.004 8.24 10.98 62.02> 81.03  67.12
p-xylene -0.8 -0.88 -0.44 7.83¢ 834 9.63 80.09" 105.77  45.03
pentan-1-ol -4.57 -3.69 -3.95 10.37¢ 8.89  9.96 96.08° 104.71 164.29
pentan-3-ol -4.35 -3.22 -3.86 11.02¢ 890  9.35 97.99¢ 104.95 94.97
pentan-3-one -3.41  -3.42 -2.90 7814 767 777 71.99>  92.76  52.08
phenol -6.61 -6.20 -6.16 6.409  7.20 10.22 50.53  61.51  51.12
piperidine -5.11  -2.42  -4.98 9.92> 794 927 76.12> 9224  41.75
prop-2-en-1-ol -5.03 -4.32 -3.63 737 6.63 8.1 62.14° 59.82  76.51
propan-1-ol -4.85 -3.76 -4.36 8.33¢ 7.02  8.00 64.05° 71.20  77.11
propan-2-ol -4.74  -3.78 -4.33 8.64° 6.92  7.69 65.01°¢  68.73  83.73
propane 1.96 1.96 1.63 6.83° 6.52  4.95 78.87¢ 77.81  49.10
propanoic-acid -6.46 -9.23 -8.12 6449 810 834  38.29° 67.18 127.71
propanone -3.8  -4.15 -349 537" 567 585  39.77° 5559  55.11
propene 1.32 1.22 1.71 5.88¢ 592  5.42 66.92°  65.69 111.90
propyne -0.48 0.50 -0.39 3.75¢ 536  4.31 79.54>  53.73  89.20
pyrene -4.52  -5.39 -7.64 10.08" 8.70 13.27 129.97 100.25 171.82
pyridine -4.69 -3.70 -5.24 6.629 575  6.45 54.40° 55.35  28.56
pyrrolidine -5.48 -3.12 -5.48 9.11> 7.16 8.74 60.33" 78.30  89.07
tetrafluoromethane 3.12 1.25 1.77 6.12>  5.13 4.66 90.75" 49.62 177.44
tetrahydrofuran -347 -1.83 -2.24 723> 6.51  6.64 50.29°  74.18  90.77
tetrahydropyran -3.12  -1.13 -2.09 7.96> 7.27  7.01 63.60° 88.34  96.18
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Table @ (Continued)

kcal kcal cal

AG [mo]} TAS* [mol} AC, [M]
Neutral compound expt.® SS SC expt. SS SC expt. SS SC
toluene -0.89 -1.06 -0.55 7.19¢ 732 876 81.268 86.61  89.80
RMSE 1.37 0.95 1.29 1.71 24.23 45.91
MAE 1.02 0.74 0.98 1.33 18.12 36.61
aReference®. °Reference!?.
bReference?. fReference!.
“Reference’?. 8Reference?.
dReference!?.

*Calculated using:

—TAS = AG - AH

T Approximated using the difference between AH of Tyr and p-cresol:

AH (3-methyl-1h-indole) ~ AH (Trp)+AH (p-cresol) — AH (Tyr)

tApproximated using the average of |ACII}A - AC;,A nalogue| (Gee Table @)

SInterpolated from the experimental values of AH for dimethyl-sulfide and diethyl-sulfide.

Experimental solvation enthalpies were transformed to the 1 M gas standard state:

AHipy = AHper +0.6——

kcal
mol

. (See References

12,3233
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TABLE SI-7: The experimental data and SLIC/SASA predictions of hydration Gibbs energies,

entropies, and heat capacities of 502 neutral compounds.

kcal kcal cal
AG [m] —TAS* LHOJ AC, [molK]

expt.? calc. expt. calc.  expt. calc.
Neutral compound tot es np
1-bromo-2-chloroethane -1.95 -0.02 -2.03 2.01 5.81 58.13
1-bromo-2-methylpropane -0.03 0.66 -1.41 2.06 7.33 89.49
1-bromobutane -0.40 0.63 -1.46 2.09 7.72 96.58
1-bromoheptane 0.34 0.79 -1.46 2.25 10.52 147.02
1-bromohexane 0.18 0.76 -1.43 2.19 9.60 130.54
1-bromooctane 0.52 0.85 -1.45 2.30 11.46 163.91
1-bromopentane -0.10 0.71 -143 214 8.68 113.83
1-bromopropane -0.56 0.58 -1.46 2.03 6.80 79.94
1-chloro-2,2,2-trifluoroethane 0.06 -0.72 -2.73 2.01 5.27 43.94
1-chlorobutane -0.16 046 -1.61 2.08 7.55 93.49
1-chloroheptane 0.29 0.62 -1.62 2.24 10.35 143.81
1-chlorohexane 0.00 0.52 -1.66 2.18 9.25 123.74
1-chloropentane -0.07 045 -1.67 2.13 8.35 107.50
1-chloropropane -0.33 047 -1.55 2.02 6.44 72.99
1-ethylnaphthalene -2.40 -2.73 -4.97 2.24 9.21 116.87
1-iodobutane -0.25 -0.52 -2.62 2.10 7.57 91.32
1-iodoheptane 0.27 -0.32 -2.58 2.26 10.39 142.04
1-iodohexane 0.08 -0.36 -2.57 2.21 9.45 125.26
1-iodopentane -0.14 -0.43 -2.58 2.16 8.53 108.65
1-iodopropane -0.53 -0.58 -2.63 2.05 6.65 74.78
1-methyl-imidazole -8.41 -5.62 -7.65 2.03 5.71 52.37
1-methyl-pyrrole -2.89 -2.38 -4.43 2.04 6.32 66.77
1-methylcyclohexene 0.67 1.29 -0.83 2.12 8.62 114.46
1-methylnaphthalene -2.44 -2.86 -5.05 2.19 8.36 101.30
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Table @ (Continued)

kcal kcal cal

AG [ml] TAS [ml} AC, [le]
expt.? calc. expt. calc. expt. calc.

Neutral compound tot es np
1-naphthol -7.67 -8.23 -10.39 2.16 9.37 89.79
1-naphthylamine -7.28 -7.52 -9.68 2.16 9.07 90.07
1-nitrobutane -3.09 -1.04 -3.15 2.10 7.62 92.14
1-nitropentane -2.82 -0.94 -3.10 2.16 8.56 109.00
1-nitropropane -3.34 -1.14 -3.19 2.05 6.68 74.95
1,1-diacetoxyethane -4.97 -9.18 -11.40 2.22 8.69 102.90
1,1-dichloroethane -0.84 -0.14 -2.15 2.00 5.82 58.26
1,1-dichloroethene 0.25 0.85 -1.14 1.99 5.77 59.76
1,1-diethoxyethane -3.28 -3.47 -5.69 2.21 9.43 123.75
1,1-difluoroethane -0.11 -1.02 -2.98 1.96 4.89 40.85
1,1,1-trichloroethane -0.19 0.60 -1.44 2.04 6.55 73.28
1,1,1-trifluoro-2,2,2-trimethoxyethane -0.80 -3.71 -5.87 2.16 7.33 78.83
1,1,1-trifluoropropan-2-ol -4.16 -6.86 -8.90 2.04 8.04" 6.65 44.29
1,1,1-trimethoxyethane -4.42 -4.60 -6.73 2.13 7.75 91.42
1,1,1,2-tetrachloroethane -1.28 0.32 -1.75 2.07 6.62 71.52
1,1,2-trichloro-1,2,2-trifluoroethane  1.77 1.47 -0.60 2.07 7.54 94.07
1,1,2-trichloroethane -1.99 -1.25 -3.29 2.03 5.29 41.40
1,1,2,2-tetrachloroethane -247 -0.39 -2.46 2.06 6.52 64.17
1,2-diacetoxyethane -6.34 -10.61 -12.84 2.23 10.25> 8.06 96.85" 85.88
1,2-dibromoethane -2.33 0.08 -1.94 2.02 5.99 61.42
1,2-dichlorobenzene -1.36 -0.39 -2.50 2.10 7.07 79.03
1,2-dichloroethane -1.79 -1.22 -3.22 2.00 5.00 39.99
1,2-dichloropropane -1.27 -1.07 -3.11 2.05 6.08 61.01
1,2-diethoxyethane -3.54 -4.36 -6.58 2.22 9.49 124.15
1,2-dimethoxyethane -4.84 -527 -7.36 2.09 874> 7.00 57.84> 77.54
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Table @ (Continued)

kcal kcal cal

AG [ml] TAS [ml} AC, [le]
expt.? calc. expt. calc. expt. calc.

Neutral compound tot es np
1,2-ethanediol -9.30 -11.77 -13.73 1.96 7.38> 7.17 27.22> 40.08
1,2,3-trichlorobenzene -1.24 0.13 -2.00 2.13 7.73 91.31
1,2,3-trimethylbenzene -1.21 -0.76 -2.93 2.17 T7.15° 8.84 115.30
1,2,3,4-tetrachlorobenzene -1.34  0.73 -1.43 2.16 8.58 108.20
1,2,3,5-tetrachlorobenzene -1.62 1.03 -1.14 2.17 8.88 114.78
1,2,4-trichlorobenzene -1.12 035 -1.79 2.14 7.96 95.88
1,2 4-trimethylbenzene -0.86 -0.72 -2.90 2.18 8.08° 9.13 120.57
1,2,4,5-tetrachlorobenzene -1.34 098 -1.19 217 8.84 114.05
1,3-dichlorobenzene -0.98 -0.13 -2.24 2.11 7.28 83.26
1,3-dichloropropane -1.89 -0.90 -2.95 2.05 6.28 65.63
1,3-dimethylnaphthalene -247 -2.60 -4.84 2.24 9.44 121.68
1,3,5-trichlorobenzene -0.78 0.70 -1.44 2.14 8.25 102.40
1,3,5-trimethylbenzene -0.90 -0.65 -2.84 2.20 8.30° 9.37 125.05
1,4-dichlorobenzene -1.01 -0.20 -2.31 2.11 7.21 81.94
1,4-dichlorobutane -2.32 -1.17 -3.27 2.10 7.12 80.48
1,4-dimethyl-piperazine -7.58 -4.19 -6.33 2.14 8.17 70.46> 100.67
1,4-dimethylnaphthalene -2.82 -2.64 -4.87 2.23 9.21 117.39
1,4-dioxane -5.06 -4.00 -6.02 2.03 5.81° 5.84 30.54> 56.41
2-bromo-2-methylpropane 0.84 0.26 -1.81 2.07 7.46 92.35
2-bromopropane -0.48 0.32 -1.71 2.03 6.71 78.25
2-butoxyethanol -6.25 -4.63 -6.83 2.20 10.75 9.86 92.90> 123.91
2-chloro-1,1,1-trimethoxyethane -4.59 -6.05 -8.20 2.15 7.13 74.10
2-chloro-2-methylpropane 1.09 0.21 -1.86 2.06 7.35 90.45
2-chloroaniline -4.91 -5.30 -7.39 2.09 8.07 76.16
2-chlorobutane 0.00 0.34 -1.73 2.07 7.44 91.86
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Table @ (Continued)

kcal kcal cal

AG [ml] TAS [ml} AC, [M]
expt.? calc. expt. calc. expt. calc.

Neutral compound tot es np
2-chlorophenol -4.55 -3.77 -5.85 2.08 7.55 74.57
2-chloropropane -0.25 0.20 -1.82 2.02 6.57 75.81
2-chloropyridine -4.39 -3.60 -5.66 2.06 6.83"> 6.04 57.91
2-chlorotoluene -1.14 -0.64 -2.76 2.12 7.55 89.31
2-ethoxyethanol -6.69 -9.67 -11.76 2.09 8.57° 8.33 62.76" 79.03
2-ethylpyrazine -5.45 -5.59 -7.71 2.11 6.95 72.63
2-ethylpyridine -4.33 -3.09 -5.22 213 7.85% 7.88 95.06
2-ethyltoluene -1.04 -0.80 -2.97 217 8.84 114.88
2-fluorophenol -5.29 -3.95 -6.02 2.06 7.07 66.50
2-iodophenol -6.20 -3.23 -5.34 2.11 7.73 79.63
2-iodopropane -0.46 -0.76 -2.80 2.04 6.61 74.30
2-isobutylpyrazine -5.04 -5.00 -7.18 2.18 8.33 98.65
2-methoxy-1,1,1-trimethoxyethane  -5.73 -8.76 -10.97 2.21 8.14 91.97
2-methoxyaniline -6.12 -7.28 -9.41 2.13 8.46 84.15
2-methoxyethanamine -6.55 -6.75 -8.78 2.03 7.23 67.76
2-methoxyethanol -6.76 -9.44 -11.46 2.02 7.09> 7.45 44.62> 59.93
2-methoxyphenol -5.57 -5.82 -7.94 2.12 7.88 79.68
2-methyl-but-2-ene 1.31 125 -0.82 2.07 7.78° 7.75 98.91
2-methylbut-2-ene 1.31 1.25 -0.82 2.07 7.75 98.91
2-methylbuta-1,3-diene 0.68 045 -1.59 2.05 5.51° 6.98 83.25
2-methylbutan-1-ol -4.42 -3.33 -5.42 2.09 8.25 95.29
2-methylbutan-2-ol -4.43 -2.73 -4.82 2.09 11.34° 8.22 96.80° 95.36
2-methylbutane 2.38 2.03 -0.04 2.07 7.78 7.94 103.33
2-methylhexane 293 212 -0.06 2.18 9.79 136.60
2-methylpent-1-ene 147 140 -0.72 2.12 8.59 113.90
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Table @ (Continued)

kcal kcal cal

AG [ml] TAS [ml} AC, [M}
expt.? calc. expt. calc. expt. calc.

Neutral compound tot es np
2-methylpentan-2-ol -3.92 -3.25 -5.39 214 9.27 112.31
2-methylpentan-3-ol -3.88 -2.11 -4.25 2.14 8.98 112.45
2-methylpentane 2,51 2.08 -0.06 2.13 9.70° 8.98 122.03
2-methylpropan-1-ol -4.50 -4.17 -6.21 2.04 9.29¢ 827 78.87° 85.53
2-methylpropan-2-ol -4.47 -3.45 -5.49 2.05 10.25¢ 7.52 84.37¢ 80.82
2-methylpropane 2.32  2.00 -0.04 2.04 7.50° 7.28 88.43° 91.52
2-methylpropene 1.16  1.25 -0.77 2.02 6.82 65.37° 82.05
2-methylpyrazine -5.51 -5.90 -7.96 2.06 5.88 52.34
2-methylpyridine -4.63 -3.35 -5.43 2.08 7.829 693 64.53> 77.77
2-methyltetrahydrofuran -3.30 -1.39 -3.45 2.07 7.43 91.35
2-methylthiophene -1.38 -0.46 -2.52 2.06 6.87 78.37
2-naphthol -8.11 -8.26 -10.42 2.16 9.09 87.52
2-naphthylamine -7.47 -7.85 -10.02 2.17 9.17 92.42
2-nitroaniline -7.37 -5.76 -7.86 2.10 7.66 68.18
2-nitrophenol -4.58 -7.78 -9.88 2.10 7.53 58.84
2-nitropropane -3.13 -1.22 -3.26 2.04 6.62 74.24
2-nitrotoluene -3.58 -1.94 -4.07 2.13 7.35 82.74
2-phenylethanol -6.79 -6.53 -8.68 2.15 8.63 91.98
2-propoxyethanol -6.40 -9.67 -11.82 2.15 9.72> 941 78.15" 98.66
2,2-dimethylbutane 2.51  2.07 -0.04 2.11 8.58 114.83
2,2-dimethylpentane 2.88 211 -0.05 2.16 9.51 131.68
2,2-dimethylpropane 2,51 2.03 -0.04 207 7.91°¢ 791 117.11° 102.82
2,2,2-trifluoroethanol -4.31 -6.34 -833 1.99 7.06> 6.49 38.21
2,2,4-trimethylpentane 2.89 2.13 -0.05 2.18 9.88 138.34
2,2 5-trimethylhexane 293 218 -0.06 2.24 10.88 156.20
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Table @ (Continued)

kcal kcal cal

AG [ml] TAS [ml} AC, [M]
expt.? calc. expt. calc. expt. calc.

Neutral compound tot es np
2,3-dimethylbuta-1,3-diene 0.40 0.46 -1.63 2.09 7.76 97.43
2,3-dimethylbutane 2.34  2.07 -0.04 211 8.72° 8.62 115.59
2,3-dimethylnaphthalene -2.78 -2.60 -4.84 2.24 9.38 120.51
2,3-dimethylpentane 2.52 211 -0.05 2.16 9.38 129.35
2,3-dimethylphenol -6.16 -5.38 -7.52 2.14 8.95 95.82
2,3-dimethylpyridine -4.82 -3.13 -5.25 2.12 8374 7.83 94.97
2,3,4-trimethylpentane 256 2.14 -0.05 2.19 9.95 139.51
2,4-dimethylpentan-3-one -2.74 -3.13 -5.31 2.18 9.33> 9.31 58.10> 124.31
2,4-dimethylpentane 2.83 2.10 -0.05 2.15 9.26 127.17
2,4-dimethylphenol -6.01 -5.33 -7.48 2.15 9.19 100.06
2,4-dimethylpyridine -4.86 -3.19 -5.32 2.13 9.05¢ 8.05 99.02
2,5-dimethylphenol -5.91 -3.92 -6.07 2.15 8.72 101.37
2,5-dimethylpyridine -4.72 -3.07 -5.20 2.13 9.22¢ 818 101.88
2,5-dimethyltetrahydrofuran -2.92 -1.07 -3.20 2.12 8.52 111.38
2,6-dimethylaniline -5.21 -4.46 -6.61 2.15 8.80 99.60
2,6-dimethylnaphthalene -2.63 -2.59 -4.85 2.25 9.63 125.17
2,6-dimethylphenol -5.26 -3.98 -6.13 2.15 8.58 98.23
2,6-dimethylpyridine -4.59 -2.92 -5.06 2.14 9.62¢ 811 75.55> 100.10
3-acetylpyridine -8.26 -7.66 -9.78 2.12 6.57 62.45
3-chloroaniline -5.82 -5.27 -7.36 2.09 8.54 82.68
3-chlorophenol -6.62 -5.19 -7.28 2.09 4.81> 7.73 68.91
3-chloroprop-1-ene -0.57 -0.23 -2.24 2.00 5.74 57.49
3-chloropyridine -4.01 -2.73 -4.78 2.05 6.44> 6.32 65.09
3-cyanophenol -9.65 -7.80 -9.91 2.11 7.84 65.28
3-cyanopyridine -6.75 -5.31 -7.39 2.08 5.83 50.05
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Table @ (Continued)

kcal kcal cal

AG [ml] TAS [ml} AC, [M]
expt.? calc. expt. calc. expt. calc.

Neutral compound tot es np
3-ethylphenol -6.25 -5.62 -7.77 2.15 9.25 100.77
3-ethylpyridine -4.59 -3.24 -5.37 2.12 7.91 96.39
3-formylpyridine -7.10 -8.00 -10.07 2.07 5.51 41.11
3-hydroxybenzaldehyde -9.50 -9.81 -11.91 2.10 7.45 58.29
3-methoxyaniline -7.29 -7.95 -10.08 2.12 8.60 82.70
3-methoxyphenol -7.66 -7.87 -9.99 2.12 7.76 66.59
3-methyl-1h-indole -5.88 -6.17 -8.32 2.16 8.74 93.83
3-methyl-but-1-ene 1.83 1.44 -0.63 2.07 7.75 98.71
3-methylbut-1-ene 1.82 144 -0.63 2.07 7.75 98.71
3-methylbutan-1-ol -4.42 -5.19 -7.28 2.09 9.56 102.82
3-methylbutan-2-one -3.24 -3.73 -5.82 2.09 7.49% 7.50 90.06
3-methylbutanoic-acid -6.09 -8.28 -10.38 2.09 9.42 96.87
3-methylheptane 297 2.17 -0.07 2.23 10.70 152.93
3-methylhexane 271  2.12 -0.05 2.17 9.63 133.76
3-methylpentane 2.51 2.08 -0.05 2.13 8.85 119.79
3-methylpyridine -4.77 -3.37 -5.44 207 7.904 696 67.07° 78.87
3-nitroaniline -8.84 -7.34 -9.45 2.11 8.26 70.24
3-nitrophenol -9.62 -6.50 -8.61 2.11 5.96° 8.03 59.54> 68.23
3-nitrotoluene -3.45 -2.13 -4.28 2.14 7.64 87.76
3-phenylpropanol -6.92 -6.29 -8.50 2.20 9.32 107.54
3,3-dimethylbutan-2-one -3.11 -351 -5.62 2.11 8.229 810 101.59
3,3-dimethylpentane 2.56 2.10 -0.04 2.15 9.23 126.64
3,3,3-trimethoxypropionitrile -6.40 -7.81 -10.00 2.19 6.85 63.73
3,4-dimethylphenol -6.50 -5.54 -7.68 2.14 9.09 98.38
3,4-dimethylpyridine -5.22 -3.28 -5.39 211 7.724 7.78 94.52
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Table @ (Continued)

kcal kcal cal

AG [ml] TAS [ml} AC, [M]
expt.? calc. expt. calc. expt. calc.

Neutral compound tot es np
3,5-dimethylphenol -6.27 577 -7.92 2.16 9.36 102.72
3,5-dimethylpyridine -4.84 -3.17 -5.30 2.13 9.02¢ 8.19 102.50
4-acetylpyridine -7.62 -7.86 -9.98 2.12 6.43 59.37
4-bromophenol -7.13 -5.61 -7.70 2.09 854> 7.73 67.53
4-bromotoluene -1.39 -0.69 -2.83 2.13 7.83 94.14
4-chloro-3-methylphenol -6.79 -5.15 -7.28 2.13 8.56 85.24
4-chloroaniline -5.90 -5.90 -7.99 2.09 8.23 74.92
4-chlorophenol -7.03 -5.57 -7.66 2.09 7.59 65.77
4-cyanophenol -10.17 -8.10 -10.21 2.11 7.96 67.05
4-cyanopyridine -6.02 -5.38 -7.46 2.07 5.74 47.91
4-ethylphenol -6.13 -5.88 -8.03 2.15 9.15 97.72
4-ethylpyridine -4.73 -3.40 -5.53 2.12 7.80 93.94
4-ethyltoluene -0.95 -0.77 -2.96 2.19 9.24 122.20
4-fluorophenol -6.19 -5.63 -7.69 2.07 7.27 60.27
4-formylpyridine -7.00 -7.78 -9.85 2.07 5.34 37.21
4-hydroxybenzaldehyde -8.83 -10.83 -12.93 2.10 7.28 52.05
4-isopropyltoluene -0.68 -0.43 -2.66 2.23 9.87 133.05
4-methoxyacetophenone -4.40 -7.75 -9.96 2.20 7.75 82.79
4-methoxyaniline -7.48 -8.12 -10.24 2.12 8.33 77.61
4-methyl-1h-imidazole -10.27 -7.26 -9.29 2.03 6.78 60.03
4-methylacetophenone -4.70 -5.69 -7.88 2.19 8.39 100.62
4-methylbenzaldehyde -4.27 -571 -7.85 214 7.32 78.89
4-methylpentan-2-ol -3.73 -2.21 -4.34 2.13 9.11 111.64
4-methylpentan-2-one -3.05 -3.52 -5.65 2.14 7.77% 828 66.92> 103.83
4-methylpyridine -4.93 -3.54 -5.61 2.07 7.78% 6.87 66.13> 76.83
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Table @ (Continued)

kcal kcal cal

AG [ml] TAS [ml} AC, [le]
expt.? calc. expt. calc. expt. calc.

Neutral compound tot es np
4-n-propylphenol -5.90 -5.79 -8.00 2.21 10.09 114.69
4-nitroaniline -10.27 -8.31 -10.42 2.11 8.44 69.19
4-nitrophenol -10.64 -6.98 -9.09 2.11 5.16> 8.04 55.74"> 66.70
4-tert-butylphenol -5.91 -6.77 -8.99 2.22 10.77 119.45
acenaphthene -3.15 -3.12 -5.32 221 811> 870 93.09> 107.70
acetaldehyde -3.50 -4.31 -6.25 1.93 4.37 21.85> 29.39
acetic-acid -6.69 -9.16 -11.11 1.95 5.339 6.58 23.54> 42.44
acetonitrile -3.88 -2.81 -4.74 1.93 4.24 28.10
acetophenone -4.58 -5.83 -7.96 2.13 7.29 79.66
alpha-methylstyrene -1.24 -1.70 -3.86 2.16 8.28 102.59
aniline -5.49 -6.39 -8.45 2.06 7.73 69.75
anisole -2.45 -3.12 -5.23 2.10 6.89 74.51
anthracene -3.95 -4.47 -6.73 2.26 9.45° 8.78 47.97° 103.96
azetidine -5.56 -3.51 -5.48 1.98 6.21 61.72
benzaldehyde -4.02 -581 -7.89 2.08 6.19 57.56
benzamide -11.00 -10.70 -12.80 2.10 7.53 67.36
benzene -0.86 -1.21 -3.25 2.03 6.12° 6.29 69.31° 67.58
benzonitrile -4.21 -3.31 -5.40 2.09 6.60 68.43
benzotrifluoride -0.25 -1.79 -3.92 2.12 7.10 77.01
benzyl-alcohol -6.62 -5.87 -7.97 2.10 7.83 79.40
benzyl-bromide -2.38 -2.01 -4.14 2.13 7.25 80.57
benzyl-chloride -1.93 -2.19 -4.31 2.12 7.09 77.70
biphenyl -2.66 -2.93 -5.18 2.24 9.35 119.28
1-chloro-2-(2-chloroethoxy)ethane ~ -4.23 -4.28 -6.41 2.14 6.48 61.11
bromobenzene -1.46 -0.86 -2.94 2.08 6.74 73.55
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Table @ (Continued)

kcal kcal cal

AG [ml] TAS [ml} AC, [mol'K]
expt.? calc. expt. calc. expt. calc.

Neutral compound tot es np
bromoethane -0.74 043 -1.55 1.98 5.77 60.91
bromomethane -0.82 045 -1.46 1.92 4.68° 459 47.99> 39.06
bromotrifluoromethane 1.79 1.28 -0.69 1.97 5.70 60.18
but-1-ene 1.38 1.34 -0.68 2.02 6.73° 6.90 83.34
but-1-yne -0.16 0.65 -1.36 2.01 3.06° 6.46 -29.47° 73.97
buta-1,3-diene 0.61 044 -1.56 2.00 6.46° 6.17 138.79" 68.37
butan-1-ol -4.72 -3.92 -598 2.06 9.43° 797 80.07° 86.99
butan-2-ol -4.62 -3.22 -5.27 205 9.79¢ 7.76 81.26° 84.47
butanenitrile -3.64 -2.31 -4.36 2.05 6.66 74.64
butanoic-acid -6.35 -8.52 -10.58 2.06 7.27¢ 895 52.87° 86.25
butanone -3.71 -3.99 -6.03 2.04 6.61° 6.36 55.86> 65.99
butyraldehyde -3.18 -3.99 -6.03 2.04 6.36 65.99
chlorobenzene -1.12 -0.78 -2.85 2.07 6.64 72.08
chlorodifluoromethane -0.50 -0.81 -2.75 1.94 6.93> 5.29 83.60° 40.36
chloroethane -0.63 0.22 -1.75 1.97 5.58 57.43
chloroethylene -0.59 0.40 -1.54 1.95 5.15° 5.02 30.90> 46.02
chlorofluoromethane -0.77 -0.90 -2.82 1.92 3.82> 4.02 36.85> 21.47
chloromethane -0.55 022 -1.69 1.91 4.38> 4.36 44.05> 34.58
cis-1,2-dimethylcyclohexane 1.58 2.10 -0.05 2.16 9.40 129.68
cyanobenzene -4.10 -3.31 -5.40 2.09 6.60 68.43
cyclohepta-1,3,5-triene -0.99 -0.98 -3.06 2.08 6.18° 7.20 84.68
cycloheptanol -5.48 -3.67 -5.80 2.13 11.77¢ 8.95 105.16° 105.63
cyclohexane 1.23 204 -0.05 2.09 8.54° 817 97.99° 107.40
cyclohexanol -5.46 -4.21 -6.31 2.10 10.84° 9.16 81.26° 103.70
cyclohexanone -4.91 -3.86 -5.95 2.09 7.70 94.40
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expt.? calc. expt. calc. expt. calc.

Neutral compound tot es np
cyclohexene 0.37 1.25 -0.82 2.07 7.42¢ 7.73 98.15
cyclohexylamine -4.59 -2.30 -4.40 2.10 8.86 82.86" 104.25
cyclopentane 1.20 197 -0.08 2.05 7.05° 7.49 95.21
cyclopentanol -5.49 -4.05 -6.11 2.06 10.11¢ 8.49 88.43° 91.14
cyclopentanone -4.70 -3.77 -5.82 2.05 6.99 81.33
cyclopentene 0.56 1.09 -0.94 2.03 6.10° 6.94 83.59
cyclopropane 0.75 173 -0.23 196 5.72° 593 74.09° 66.73
decan-1-ol -3.64 -4.06 -6.44 2.38 14.02 190.91
decan-2-one -2.34 -3.41 -5.78 2.37 12.25 174.83
di-isopropyl-sulfide -1.21 -0.78 -2.95 2.17 9.15 122.36
di-n-butyl-ether -0.83 -0.37 -2.66 2.30 11.60 167.37
di-n-butylamine -3.24 -1.81 -4.11 2.30 14.309 11.88 94.79> 166.18
di-n-propyl-ether -1.16 -0.49 -2.69 2.19 9.73 133.66
di-n-propyl-sulfide -1.28 -0.36 -2.57 2.21 9.51° 9.77 116.40° 132.95
di-n-propylamine -3.65 -1.89 -4.08 2.19 13.019 10.05 95.43% 133.25
dibromomethane -1.96 045 -1.51 1.96 5.15 46.51
dichloromethane -1.31 -0.10 -2.04 1.94 4.56 34.07
diethoxymethoxybenzene -5.23 -5.11 -7.49 2.38 11.56 157.16
diethyl-disulfide -1.64 -097 -3.13 2.15 7.55° 849 86.76° 108.03
diethyl-ether -1.59 -0.92 -3.00 2.08 7.62 94.40
diethyl-malonate -6.00 -9.66 -11.95 2.29 9.57 115.25
diethyl-succinate -5.71 -8.76 -11.10 2.34 10.74 139.50
diethyl-sulfide -1.46 -0.59 -2.69 2.10 7.55° 7.84 76.48° 98.11
diethylamine -4.07 -2.15 -4.24 2.08 10.879 8.13 88.65> 98.05
diiodomethane -2.49 -1.10 -3.09 1.99 5.17 38.96
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Neutral compound tot es np
diisopropyl-ether -0.53 -0.23 -2.39 2.16 9.10 122.27
diisopropylamine -3.22 -1.62 -3.78 2.16 9.32 120.63
dimethoxymethane -2.93 -2.75 -4.77 2.02 6.04 43.00° 62.59
dimethyl-disulfide -1.83 098 -1.05 2.03 5.86° 6.79 68.36° 80.28
dimethyl-ether -1.91 -1.59 -3.54 1.95 5.21 50.09
dimethyl-sulfate -5.10 -8.96 -11.04 2.08 5.62 41.70
dimethyl-sulfide -1.61 -0.44 -2.42 1.98 5.31° 5.61 54.49° 57.48
dimethyl-sulfone -10.08 -10.88 -12.89 2.01 4.24 15.25
dimethyl-sulfoxide -8.71 -840 -10.39 1.99 7.88% 486 23.11> 34.78
dimethylamine -4.29 -3.59 -5.55 1.95 6.18 46.32> 57.41
E-1,2-dichloroethene -0.78 0.66 -1.32 1.99 5.70 57.12
E-but-2-enal -4.22 -5.05 -7.08 2.03 6.00 59.05
E-hept-2-ene 1.68 1.48 -0.71 2.20 9.90 137.50
E-hex-2-enal -3.68 -4.53 -6.67 2.14 8.06 97.12
E-oct-2-enal -3.43 -4.30 -6.55 2.25 9.93 130.79
ethanamide -9.71 -9.80 -11.76 1.96 6.56' 598 22.61> 42.67
ethane 1.83 1.91 -0.02 1.94 5.87° 558 66.92° 60.91
ethanethiol -1.14 -1.56 -3.53 1.97 5.16° 6.00 59.05
ethanol -5.00 -4.74 -6.69 1.95 6.97¢ 6.47 47.56° 53.16
ethene 1.28 1.20 -0.70 1.91 4.62° 4.82 57.36° 45.76
ethyl-acetate -2.94 -4.22 -6.30 2.09 7.36> 7.24 67.64> 83.70
ethyl-benzoate -3.64 -5.39 -7.62 2.23 9.13 114.40
ethyl-butanoate -2.49 -3.86 -6.05 2.19 9.31 122.35
ethyl-formate -2.56 -4.00 -6.02 2.02 6.02 57.89
ethyl-hexanoate -2.23 -3.80 -6.10 2.30 11.20 156.52
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Neutral compound tot es np
ethyl-pentanoate -2.49 -394 -6.19 2.25 10.24 139.08
ethyl-phenyl-ether -2.22 2773 -490 2.17 8.28 100.95
ethyl-propanoate -2.68 -4.17 -6.31 2.14 8.34 104.45
ethylamine -4.50 -3.86 -5.81 1.95 7.819 6.27 57.65
ethylbenzene -0.79 -0.95 -3.09 2.14 8.22° 8.22 88.43° 103.21
fluorene -3.35 -3.83 -6.06 2.24 8.75° 8.85 256.00° 107.58
fluorobenzene -0.80 -0.81 -2.86 2.05 6.33 66.81
fluoromethane -0.22 -0.26 -2.14 1.88 3.51> 3.89 36.33> 25.94
formaldehyde -2.75 -4.25 -6.11 1.86 3.19 5.16
halothane -0.11 0.22 -1.82 2.05 6.64 71.22
hept-1-ene 1.66 1.49 -0.70 2.19 9.73 134.24
hept-1-yne 0.60 0.86 -1.31 2.17 9.27 124.73
heptan-1-ol -4.21 -3.65 -5.87 2.22 12.33° 10.59 124.28° 135.63
heptan-2-one -3.04 -3.64 -5.84 221 9.96¢ 947 64.01> 124.63
heptan-4-one -2.92 -3.21 -5.42 2.21 10.884 9.59 58.05> 127.61
heptanal -2.67 -3.64 -5.84 2.20 9.10 115.19
hex-1-ene 1.58 1.44 -0.69 2.13 8.68° 8.79 117.33
hex-1-yne 0.29 0.79 -1.33 212 8.34 107.99
hexa-1,5-diene 1.01 0.80 -1.31 2.11 8.13 104.36
hexafluoropropene -3.76  0.54 -1.51 2.05 6.60 13.72> 71.86
hexan-1-o0l -4.40 -3.62 -5.79 2.16 11.28° 9.72 109.94° 120.38
hexan-2-one -3.28 -3.71 -5.87 2.15 8501 8.55 108.04
hexan-3-ol -4.06 -2.76 -4.91 2.15 11.97¢ 9.60 112.33° 118.70
hexanal -2.81 -3.83 -5.98 2.15 8.22 99.39
hexanoic-acid -6.21 -8.17 -10.34 2.17 10.61 119.28
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hydrazine -9.30 -10.87 -12.72 1.85 5.88 23.83
hydrogen-sulfide -0.70 -3.09 -4.92 1.83 3.96 11.61
imidazole -9.63 -7.34 -9.30 1.96 561 27.37° 38.91
indane -1.46 -1.05 -3.20 2.15 8.40 106.62
iodobenzene -1.74 -0.88 -2.97 2.09 6.89 75.70
iodoethane -0.74 -0.79 -2.78 1.99 5.55 53.90
iodomethane -0.89 -0.86 -2.79 1.93 4.70° 422 99.81> 28.22
isoamyl-acetate -2.21 -4.23 -6.45 2.22 9.78 130.06
isoamyl-formate -2.13 -4.36 -6.52 2.16 8.72 105.72
isobutyl-acetate -2.36 -3.90 -6.08 2.18 8.95 115.13
isobutyl-formate -2.22 -4.03 -6.15 2.11 7.87 91.00
isobutyl-isobutanoate -1.69 -3.28 -5.55 2.27 10.99 154.38
isobutylbenzene 0.16 -0.57 -2.78 2.21 9.42 125.13
isobutyraldehyde -2.86 -3.79 -5.83 2.04 6.38 67.72
isoflurane 0.10 -2.76 -4.88 2.11 7.51 69.37
isopropyl-acetate -2.64 -4.10 -6.22 2.12 7.91 96.53
isopropyl-formate -2.02 -3.70 -5.76 2.06 6.78 72.88
isopropylbenzene -0.30 -0.88 -3.06 2.18 8.56° 8.91 115.68
m-bis-trifluoromethyl-benzene 1.07 -297 -5.15 2.18 7.34 76.01
m-cresol -5.49 -5.72 -7.82 2.10 7.93¢ 835 84.47
m-xylene -0.83 -0.86 -3.00 2.14 7.77¢ 8.34 98.09> 105.89
methane 1.99 1.86 -0.01 1.87 4.52° 4.43 52.58° 40.24
methanesulfonyl-chloride -4.87 -7.27 -9.27 2.00 4.49 18.69
methanethiol -1.24 -1.49 -3.40 1.91 3.98° 4.80 36.73
methanol -5.10 -5.08 -6.96 1.88 5.09° 540 27.25° 33.82
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Neutral compound tot es np
methoxyflurane -1.12 -1.18 -3.27 2.10 7.03 75.62
methyl-acetate -3.13 -5.04 -7.06 2.02 6.43> 577 49.02> 55.04
methyl-benzoate -3.92 -5.80 -7.96 2.16 7.83 89.49
methyl-butanoate -2.83 -4.18 -6.31 2.13 7.94 96.34
methyl-chloroacetate -4.00 -4.78 -6.83 2.05 5.58 46.08
methyl-cyanoacetate -6.72 -7.24 -9.31 2.07 5.13 31.27
methyl-cyclohexanecarboxylate -3.30 -3.58 -5.78 2.20 9.30 121.69
methyl-cyclohexyl-ketone -3.90 -3.53 -5.71 2.18 9.11 119.18
methyl-cyclopropanecarboxylate -4.10 -4.71 -6.81 2.10 7.38 85.74
methyl-cyclopropyl-ketone -4.61 -3.51 -5.59 2.07 7.18 83.93
methyl-ethyl-ether -2.10 -1.25 -3.27 2.01 6.41 72.24
methyl-ethyl-sulfide -1.50 -0.54 -2.58 2.04 6.73 77.82
methyl-formate -2.78 -4.17 -6.12 1.95 4.67 31.83
methyl-hexanoate -249 -4.16 -6.39 2.23 9.82 130.20
methyl-isopropyl-ether -2.01 -1.08 -3.13 2.05 7.15 85.99
methyl-methanesulfonate -4.87 -9.13 -11.18 2.05 5.34 37.68
methyl-octanoate -2.04 -3.91 -6.25 2.34 11.65 163.05
methyl-p-methoxybenzoate -5.33 -7.35 -9.59 2.23 8.42 96.07
methyl-p-nitrobenzoate -6.88 -5.80 -8.02 2.22 8.12 88.63
methyl-pentanoate -2.56 -4.27 -6.45 2.18 8.85 112.54
methyl-propanoate -2.93 -4.54 -6.61 2.07 6.96 78.21
methyl-propyl-ether -1.66 -1.23 -3.30 2.07 7.43 90.79
methyl-t-butyl-ether -2.21 -0.87 -2.96 2.09 7.78 97.60
methyl-tert-butyl-ether -2.21 -0.88 -2.96 2.09 7.78 97.60
methyl-trifluoroacetate -1.10 -2.80 -4.86 2.06 5.95 53.65
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methyl-trimethylacetate -2.40 -3.69 -5.84 2.15 8.60 109.74
methylamine -4.55 -4.50 -6.39 1.89 526  25.07°  36.60
methylcyclohexane 1.70 2.07 -0.06 2.13 12.02° 8.91 120.86
methylcyclopentane 1.59 2.01 -0.08 2.09 8.28 109.47
morpholine -7.17 -5.16 -7.19 2.03 8.83> 6.84 33.17° 68.65
N-acetylpyrrolidine -9.80 -7.17 -9.30 2.13 7.96 95.59
n-butane 2.07 2.00 -0.04 2.04 7.66° 7.45 92.02° 94.53
n-butanethiol -0.99 -1.37 -3.44 2.08 7.08° 7.75 90.66
n-butyl-acetate -2.64 -4.34 -6.53 2.19 9.18 118.71
n-butylacetamide -9.31 -9.17 -11.34 2.17 11.53¢ 9.94 85.44"> 115.39
n-butylamine -4.24 -3.89 -5.95 2.06 9.27¢ 820 72.54> 92.02
n-butylbenzene -0.40 -0.85 -3.09 2.24 10.02° 10.06 136.32
n-decane 3.16 228 -0.09 2.37 13.05 195.36
n-heptane 2.67 2.14 -0.06 2.21 10.46° 10.25 145.00
n-heptylamine -3.79 -3.58 -5.81 2.22 11.03 142.49
n-hexane 248 210 -0.06 2.15 9.43° 9.30 117.11°¢ 127.90
n-hexyl-acetate -2.26 -4.16 -6.46 2.30 11.02 151.85
n-hexylamine -3.95 -3.45 -5.62 2.17 11.14% 10.05 104.95" 126.50
n-hexylbenzene -0.04 -0.76 -3.11 2.35 11.88° 11.92 169.80
N-methyl-N-2,2 2-trifluoroethyl-aniline1.92 -5.47 -7.69 2.23 7.48 73.52
N-methylacetamide -10.00 -8.58 -10.60 2.02 6.92f 6.59 40.03> 59.97
N-methylaniline -4.69 -5.60 -7.71 2.11 8.13 84.43
N-methylmorpholine -6.32 -4.17 -6.25 2.08 9.49> 7.05 47.83> 79.86
N-methylpiperazine =777 -5.48 -7.57 2.09 7.93 52.96° 88.41
N-methylpiperidine -3.88 -1.64 -3.74 2.10 11.24> 811 96.65" 103.73
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n-nonane 3.13 223 -0.08 231 12.11 178.35
n-octane 2.88 2.19 -0.07 2.26 11.46° 11.18 161.65
n-octylamine -3.65 -3.76 -6.04 2.28 11.93 159.07
n-pentane 232 205 -0.05 210 8.60° 8.38 105.16° 111.19
n-pentyl-acetate -2.51 -4.33 -6.58 2.25 10.10 135.23
n-pentyl-propanoate -2.11 -3.95 -6.25 2.30 11.27 157.88
n-pentylamine -4.09 -3.99 -6.10 2.12 10.169 9.16 89.44> 109.34
n-pentylbenzene -0.23 -0.80 -3.10 2.30 10.83° 11.02 153.48
n-pentylcyclopentane 2.55  2.19 -0.11 2.30 11.83 173.26
n-propanethiol -1.06 -1.47 -3.49 2.03 5.56° 6.88 78.87¢ 73.08
n-propyl-acetate -2.79 -4.25 -6.39 2.14 8.27 102.62
n-propyl-butyrate -2.28 -3.68 -5.93 2.25 10.38 142.24
n-propyl-formate -2.48 -4.31 -6.39 2.07 7.13 77.27
n-propyl-propanoate -2.44 -4.00 -6.20 2.20 9.41 124.39
n-propylamine -4.39 -3.74 -5.75 2.01 8331 731 5526° 75.95
n-propylbenzene -0.53 -0.86 -3.056 2.19 9.36° 9.16 107.55° 120.26
n-propylcyclopentane 2.13 2.10 -0.09 2.19 9.98 139.96
naphthalene -2.40 -3.05 -5.20 2.15 8.20° 7.52 82.10" 85.35
nitrobenzene -4.12 -2.38 -4.47 2.09 6.44 64.44
nitroethane -3.71 -1.29 -3.28 2.00 5.57 53.91
nitromethane -4.02 -1.50 -3.44 1.94 3.92> 4.16 26.13
N,N-dimethyl-p-methylbenzamide -9.76 -8.56 -10.82 2.27 9.62 120.79
N,N-dimethyl-p-nitrobenzamide -11.95 -9.20 -11.47 2.27 8.66 95.39
N,N-dimethylaniline -3.45 -4.15 -6.31 2.16 7.78 90.36
N,N-dimethylbenzamide -9.29 -8.75 -10.96 2.21 8.57 101.15
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Neutral compound tot es np
N,N-dimethylformamide -7.81 -6.81 -8.83 201 6.70' 5.55 32.55" 48.31
non-1-ene 2.06 1.58 -0.72 2.30 11.61 168.10
nonan-1-ol -3.88 -4.42 -6.75 2.33 13.03 172.04
nonan-2-one -2.49 -3.50 -5.82 2.31 11.819 11.32 157.82
nonan-5-one -2.64 -3.10 -5.42 2.32 12.809 11.44 160.85
nonanal -2.07 -3.68 -5.99 2.31 11.02 149.79
o-cresol -5.87 -5.54 -7.64 2.10 8514 8.14 80.59
o-toluidine -5.53 -5.55 -7.65 2.10 8.34 84.80
o-xylene -0.90 -0.90 -3.03 2.13 7.25° 8.05 100.51
oct-1-ene 1.92 1.55 -0.69 2.24 10.14° 10.66 151.07
oct-1-yne 0.71 090 -1.33 2.23 10.20 141.40
octan-1-ol -4.09 -5.07 -7.34 2.27 13.09° 12.61 158.24
octan-2-one -2.88 -3.56 -5.82 2.26 10.38 140.92
octanal -2.29 -3.79 -6.05 2.26 10.04 131.99
p-cresol -6.13 -6.00 -8.10 2.10 8.009 824 62.02> 81.03
p-dibromobenzene -2.30 -0.28 -2.40 2.12 7.45 85.59
p-toluidine -5.57 -6.14 -8.25 2.11 8.72 88.50
p-xylene -0.80 -0.88 -3.02 2.14 7.83¢ 834 80.09" 105.77
pent-1-ene 1.68 1.40 -0.68 2.08 7.86 100.68
pent-1-yne 0.01 0.75 -1.32 2.07 7.42 91.42
penta-1,4-diene 0.93 0.60 -1.46 2.06 7.25 88.10
pentachloroethane -1.39 0.8 -1.24 2.09 7.71 91.90
pentan-1-ol -4.57 -3.69 -5.80 2.11 10.37¢ 8.89 96.08° 104.71
pentan-2-ol -4.39 -3.58 -5.69 2.11 9.10 105.05
pentan-2-one -3.52 -3.76 -5.86 2.10 7.529 7.63 91.50
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pentan-3-ol -4.35 -3.22 -5.33 2.10 11.02° 8.90 97.99° 104.95
pentan-3-one -3.41 -3.42 -552 210 7.819 7.67 71.99> 92.76
pentanal -3.03 -3.81 -5.91 2.10 7.27 82.50
pentanenitrile -3.52 -2.26 -4.36 2.10 7.59 91.43
pentanoic-acid -6.16 -8.48 -10.59 2.11 9.73 70.08" 101.32
phenanthrene -3.88 -4.55 -6.80 2.25 852 860 263.07° 100.50
phenol -6.61 -6.20 -8.25 2.05 6.40¢ 7.20 50.53> 61.51
phenyl-formate -3.82 -6.29 -8.40 2.11 6.85 64.16
phenyl-methyl-sulfide -2.73 -1.88 -4.01 2.13 7.61 88.99
phenyl-trifluoroethyl-ether -1.29 -4.79 -6.99 2.21 7.61 72.11
piperazine -7.40 -6.35 -8.38 2.03 7.59 4240 74.84
piperidine 511 -2.42 -4.48 2.06 9.92°  7.94 76.12° 92.24
prop-2-en-1-ol -5.03 -4.32 -6.30 1.98 7.37° 6.63 62.14° 59.82
propan-1-ol -4.85 -3.76 -5.76 2.00 8.33° 7.02 64.05° 71.20
propan-2-ol -4.74 -3.78 -5.79 2.00 8.64° 6.92 65.01° 68.73
propane 196 196 -0.03 1.99 6.83° 6.52 78.87¢ 77.81
propanenitrile -3.84 -2.46 -4.46 1.99 5.64 55.75
propanoic-acid -6.46 -9.23 -11.23 2.01 6.449 810 38.29"> 67.18
propanone -3.80 -4.15 -6.14 1.99 5.37° 567 39.77° 55.59
propene 1.32 1.22 -0.75 1.97 5.88 5.92 66.92° 65.69
propionaldehyde -3.43 -3.96 -5.95 1.99 5.40 48.67
propyne -0.48 0.50 -1.45 1.95 3.75° 5.36 79.54" 53.73
pyrene -4.52 -5.39 -7.67 2.28 10.08" 8.70 129.97" 100.25
pyridine -4.69 -3.70 -5.72 2.02 6.62¢ 575 54.40> 55.35
pyrrole 478 -4.23 -6.21 1.98 6.18 52.29
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pyrrolidine -5.48 -3.12 -5.14 2.02 9.11> 7.16 60.33> 78.30
quinoline -5.72 -4.52 -6.66 2.13 7.33  68.36" 80.95
sec-butylbenzene -0.45 -0.70 -2.92 2.22 9.64 128.92
styrene -1.24 -1.78 -3.90 2.12 7.46 87.14
teflurane 0.50 -0.25 -2.28 2.03 6.27 61.00
tert-butylbenzene -0.44 -0.86 -3.06 2.20 9.39 124.49
tetrachloroethene 0.10 1.95 -0.10 2.06 7.58 96.64
tetrachloromethane 0.08 1.82 -0.20 2.02 6.93 84.53
tetrafluoromethane 312 125 -0.69 1.94 6.12> 513 90.75> 49.62
tetrahydrofuran -3.47 -1.83 -3.84 2.02 7.23> 6.51 50.29"> 74.18
tetrahydropyran -3.12 -1.13 -3.19 206 7.96> 7.27 63.60> 88.34
thiophene -1.42 -0.61 -2.61 2.00 5.68 55.81
thiophenol -2.55 -2.59 -4.67 2.08 6.82 68.00
toluene -0.89 -1.06 -3.15 2.09 7.19¢ 7.32 85.805% 86.61
trans-1,4-dimethylcyclohexane 2.11  2.11 -0.06 2.17 9.66 134.31
triacetyl-glycerol -8.84 -14.75 -17.02 2.27 9.28 85.26
tribromomethane -2.13 1.14 -0.87 2.01 6.52 72.81
trichloroethene -0.44 1.04 -0.98 2.02 6.48 72.19
trichloromethane -1.08 0.50 -1.49 1.98 5.85 57.27
triethyl-phosphate -7.54 -11.11 -13.43 2.32 10.65 139.65
triethylamine -3.22 -0.88 -3.04 2.15 8.98 119.38
trimethoxy-methane -4.42 -5.04 -7.13 2.10 6.94 74.67
trimethoxymethylbenzene -4.04 -6.07 -8.33 2.27 9.64 122.57
trimethyl-phosphate -8.70 -11.87 -14.00 2.13 6.47 57.71
trimethylamine -3.20 -2.16 -4.16 2.00 6.28 69.71
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Table @ (Continued)

kcal kcal cal
AG [ml] TAS [ml} AC, [M}

expt.? calc. expt. calc. expt. calc.
Neutral compound tot es np
undecan-2-one -2.15 -3.63 -6.06 2.42 13.25 192.76
Z-1,2-dichloroethene -1.17 -0.11 -2.10 1.98 5.21 45.66
Z-pent-2-ene 1.31 136 -0.71 2.07 7.69 97.71
RMSE 1.25 1.22 24.42
MAE 0.95 0.89 18.52
aReference’?. °Referencels.
bReference?. fReferencel.
“Reference®?, &Reference?.
dReferencel®,
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TABLE SI-8: SLIC/CDC predictions of the total, electrostatic, hydrogen bonding, dispersion,

cavity, and combinatorial components of hydration Gibbs energies and the predicted hydration

entropies for 12 small molecules. Experimental data are also presented for the solutes with exper-

imental measurements available.

AG [kl] ~TAS* [kl]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
1-bromo-2-chloroethane -1.95 -141 -1.93 0.00 -9.14 0.97 8.70 4.75
1-bromo-2-methylpropane -0.03 -1.59 -1.30 0.00 -12.59 1.57 10.73 5.06
1-bromobutane -0.40 -0.41 -1.35 0.00 -12.68 1.61 12.02 6.27
1-bromoheptane 0.34 0.07 -1.35 0.00 -19.35 3.07 17.70 9.42
1-bromohexane 0.18 0.12 -1.33 0.00 -17.03 2.57 15.91 8.50
1-bromooctane 0.52 0.17 -1.34 0.00 -21.67 3.57 19.61 10.46
1-bromopentane -0.10 -0.02 -1.33 0.00 -14.80 2.08 14.03 7.46
1-bromopropane -0.56 -0.58 -1.35 0.00 -10.46 1.15 10.08 5.20
1-chloro-2,2,2-trifluoroethane 0.06 -0.07 -2.73 -0.37 -6.20 1.00 8.23 6.07
1-chlorobutane -0.16 0.25 -1.50 0.00 -11.78 1.53 12.00 6.63
1-chloroheptane 0.29 0.59 -1.50 0.00 -18.61 2.99 17.71 9.74
1-chlorohexane 0.00 -0.06 -1.54 0.00 -16.44 2.48 15.44 8.28
1-chloropentane -0.07 0.05 -1.55 0.00 -14.13 1.99 13.74 7.44
1-chloropropane -0.33 -0.42 -1.44 0.00 -9.80 1.07 9.75 5.15
1-ethylnaphthalene -2.40 -3.66 -4.58 0.00 -22.96 3.26 20.62 11.53
1-iodobutane -0.25 -0.68 -2.46 0.00 -11.66 1.75 11.70 6.66
1-iodoheptane 0.27 0.08 -2.42 0.00 -18.21 3.22 17.50 10.00
1-iodohexane 0.08 -0.09 -2.41 0.00 -15.97 2.72 15.58 8.92
1-iodopentane -0.14 -0.38 -2.43 0.00 -13.94 2.23 13.76 7.84
1-iodopropane -0.53 -0.97 -2.47 0.00 -9.51 1.29 9.72 5.93
1-methyl-imidazole -8.41 -591 -7.65 -0.10 -12.51 1.10 13.24 7.43
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Table @ (Continued)

AG [“] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
1-methyl-pyrrole -2.89 -0.44 -4.22 0.00 -11.60 1.23 14.15 8.88
1-methylcyclohexene 0.67 0.31 -0.75 0.00 -16.37 2.10 15.32 7.84
1-methylnaphthalene -2.44 -3.65 -4.67 0.00 -20.88 2.75 19.15 10.81
1-naphthol -7.67 -8.77 -8.74 -2.11 -19.12 2.43 18.77 12.36
1-naphthylamine -7.28 -8.88 -8.37 -3.40 -19.02 2.49 19.42 13.15
1-nitrobutane -3.09 -2.81 -297 -0.96 -15.07 1.74 14.44 8.03
1-nitropentane -2.82 -3.16 -2.93 -1.24 -17.47 2.22 16.25 9.02
1-nitropropane -3.34 -2.86 -3.01 -0.96 -12.75 1.28 12.58 7.07
1,1-diacetoxyethane -4.97 -6.41 -11.45 -0.27 -15.52 2.60 18.23 11.87
1,1-dichloroethane -0.84 -1.37 -2.05 0.00 -8.20 0.94 7.94 4.46
1,1-dichloroethene 0.25 0.02 -1.11 0.00 -6.79 0.79 7.12 4.56
1,1-diethoxyethane -3.28 -1.83 -5.52 -0.16 -17.41 2.52 18.74 10.89
1,1-difluoroethane -0.11 -0.75 -2.86 -0.25 -6.13 0.61 7.88 4.99
1,1,1-trichloroethane -0.19 043 -1.34 0.00 -7.26 1.27 7.75 5.26
1,1,1-trifluoro-2,2,2-trimethoxyethane -0.80 -1.53 -5.66 -0.61 -12.56 2.47 14.83 10.26
1,1,1-trifluoropropan-2-ol -4.16 -6.05 -7.94 -2.48 -7.51 1.27 10.61 8.04> 8.79
1,1,1-trimethoxyethane -4.42 -3.71 -6.59 -0.24 -14.24 2.13 15.23 9.00
1,1,1,2-tetrachloroethane -1.28 -0.06 -1.74 0.00 -8.23 1.54 &8.37 5.86
1,1,2-trichloro-1,2,2-trifluoroethane  1.77 3.04 -0.55 -0.37 -5.64 1.64 7.96 7.12
1,1,2-trichloroethane -1.99 -2.89 -3.25 0.00 -8.48 1.75 7.09 4.44
1,1,2,2-tetrachloroethane -247 -1.93 -2.55 0.00 -8.88 2.08 7.42 5.09
1,2-diacetoxyethane -6.34 -7.47 -12.97 -0.27 -16.40 2.54 19.63 10.25" 12.72
1,2-dibromoethane -2.33 -2.06 -1.85 0.00 -9.98 1.04 8.73 4.42
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Table @ (Continued)

salte! s [l
mol mol
expt.? calc. expt. calc.

Neutral compound tot es hb disp comb cav
1,2-dichlorobenzene -1.36 -1.56 -2.37 0.00 -14.01 1.83 13.00 7.79
1,2-dichloroethane -1.79 -2.20 -3.06 0.00 -8.59 0.89 8.55 4.80
1,2-dichloropropane -1.27 -2.13 -2.92 0.00 -10.56 1.35 10.01 5.52
1,2-diethoxyethane -3.54 -2.18 -6.36 -0.16 -18.23 2.47 20.11 11.71
1,2-dimethoxyethane -4.84 -3.21 -7.26 -0.16 -13.34 1.45 16.10 8.74> 9.63
1,2-ethanediol -9.30 -11.12 -11.84 -4.22 -7.45 0.57 11.82 7.38"> 10.10
1,2,3-trichlorobenzene -1.24 -1.83 -1.95 0.00 -15.06 2.14 13.04 7.80
1,2,3-trimethylbenzene -1.21 -2.09 -2.68 -0.01 -18.87 2.56 16.91 7.15° 8.98
1,2,3,4-tetrachlorobenzene -1.34 -2.00 -1.42 0.00 -16.14 2.47 13.09 7.82
1,2,3,5-tetrachlorobenzene -1.62 -1.37 -1.14 0.00 -16.06 2.47 13.36 8.13
1,2,4-trichlorobenzene -1.12 -1.35 -1.76 0.00 -15.03 2.15 13.29 8.07
1,2,4-trimethylbenzene -0.86 -1.65 -2.66 0.00 -19.11 2.61 17.51 8.08° 9.43
1,2,4,5-tetrachlorobenzene -1.34 -1.43 -1.19 0.00 -16.05 2.47 13.35 8.12
1,3-dichlorobenzene -0.98 -0.96 -2.14 0.00 -13.99 1.83 13.33 8.12
1,3-dichloropropane -1.89 -2.00 -2.75 0.00 -10.91 1.33 10.34 5.65
1,3-dimethylnaphthalene -2.47 -3.64 -4.45 0.00 -23.34 3.25 20.90 11.57
1,3,5-trichlorobenzene -0.78 -0.71 -1.43 0.00 -14.99 2.15 13.57 8.36
1,3,5-trimethylbenzene -0.90 -0.29 -2.61 0.00 -18.78 2.63 18.46 8.30° 10.47
1,4-dichlorobenzene -1.01 -1.02 -2.21 0.00 -14.03 1.83 13.38 8.15
1,4-dichlorobutane -2.32 -2.21 -3.04 0.00 -13.14 1.78 12.19 6.63
1,4-dimethyl-piperazine -7.58 -3.62 -6.40 -1.81 -16.65 2.20 19.05 12.14
1,4-dimethylnaphthalene -2.82 -4.11 -4.48 0.00 -23.22 3.21 20.39 11.12
1,4-dioxane -5.06 -4.34 -5.97 -0.16 -13.11 1.16 13.74 5.81> 7.38
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Table @ (Continued)

AG [kcal] TAS [kcal]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
2-bromo-2-methylpropane 0.84 0.17 -1.66 0.00 -10.51 1.64 10.71 6.09
2-bromopropane -0.48 -1.03 -1.58 0.00 -10.17 1.17 9.55 4.85
2-butoxyethanol -6.25 -4.14 -6.60 -2.19 -17.28 2.43 19.49 10.75" 12.70
2-chloro-1,1,1-trimethoxyethane -4.59 -5.23 -8.02 -0.24 -15.37 2.41 15.99 9.71
2-chloro-2-methylpropane 1.09 0.68 -1.71 0.00 -9.84 1.56 10.67 6.34
2-chloroaniline -4.91 -6.60 -6.33 -3.40 -13.42 1.70 14.84 10.79
2-chlorobutane 0.00 -0.41 -1.59 0.00 -11.66 1.54 11.31 6.03
2-chlorophenol -4.55 -5.03 -5.22 -2.11 -13.52 1.64 14.17 9.98
2-chloropropane -0.25 -0.40 -1.69 0.00 -9.44 1.09 9.62 5.23
2-chloropyridine -4.39 -5.78 -5.60 -0.10 -13.60 1.40 12.13 6.83" 6.55
2-chlorotoluene -1.14 -1.41 -2.56 0.00 -15.22 1.98 14.39 8.30
2-ethoxyethanol -6.69 -8.27 -10.63 -2.19 -12.67 1.47 15.75 8.57° 10.74
2-ethylpyrazine -5.45 -8.69 -7.72 -0.19 -17.96 1.89 15.29 7.36
2-ethylpyridine -4.33 -4.22 -5.16 -0.10 -16.97 2.03 15.98 7.85¢ 8.65
2-ethyltoluene -1.04 -1.77 -2.74 0.00 -18.52 2.59 16.90 9.19
2-fluorophenol -5.29 -4.54 -5.50 -2.23 -12.57 1.47 14.28 10.35
2-iodophenol -6.20 -4.63 -4.82 -2.11 -13.40 1.86 13.84 9.96
2-iodopropane -0.46 -1.45 -2.61 0.00 -9.37 1.31 9.22 5.13
2-isobutylpyrazine -5.04 -9.55 -7.21 -0.19 -21.67 2.80 16.72 7.55
2-methoxy-1,1,1-trimethoxyethane  -5.73 -5.69 -10.77 -0.24 -17.13 2.74 19.72 12.36
2-methoxyaniline -6.12 -6.94 -8.38 -3.48 -15.67 2.01 18.57 13.25
2-methoxyethanamine -6.55 -5.46 -8.26 -3.48 -9.82 1.05 15.04 11.29
2-methoxyphenol -5.57 -542 -7.35 -2.19 -15.86 1.96 18.02 12.52
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Table @ (Continued)

salie s [l
mol mol
expt.? calc. expt. calc.

Neutral compound tot es hb disp comb cav
2-methyl-but-2-ene 1.31 0.96 -0.74 0.00 -12.20 1.49 12.41 7.78° 6.71
2-methylbut-2-ene 1.31 0.96 -0.74 0.00 -12.20 1.49 12.41 6.71
2-methylbuta-1,3-diene 0.68 1.07 -1.45 0.00 -10.53 1.30 11.76 5.51¢ 7.12
2-methylbutan-1-ol -4.42 -470 -5.24 -2.11 -13.07 1.78 13.94 8.96
2-methylbutan-2-ol -4.43 -3.15 -4.55 -2.11 -11.49 1.83 13.16 11.34° 9.02
2-methylbutane 2.38 0.34 -0.04 0.00 -13.03 1.67 11.74 7.78° 5.58
2-methylhexane 2.93 0.92 -0.05 0.00 -17.20 2.63 15.54 7.81
2-methylpent-1-ene 147 146 -0.65 0.00 -13.90 1.97 14.03 7.7
2-methylpentan-2-ol -3.92 -3.23 -4.94 -2.11 -13.47 2.31 14.99 10.10
2-methylpentan-3-ol -3.88 -3.54 -4.12 -2.11 -14.90 2.28 15.31 9.70
2-methylpentane 2,51 139 -0.05 0.00 -14.88 2.17 14.14 9.70° 7.28
2-methylpropan-1-ol -4.50 -4.34 -5.24 -2.11 -10.92 1.34 12,59 9.29¢ 8.41
2-methylpropan-2-ol -4.47 -3.09 -5.15 -2.11 -9.23 1.38 12.02 10.25° 8.73
2-methylpropane 232 131 -0.03 0.00 -10.74 1.26 10.82 7.50° 5.53
2-methylpropene 1.16 1.50 -0.70 0.00 -9.53 1.06 10.67 6.10
2-methylpyrazine -5.51 -9.37 -7.97 -0.19 -15.74 1.42 13.12 6.08
2-methylpyridine -4.63 -4.84 -5.39 -0.11 -14.82 1.55 13.93 7.82¢ 7.44
2-methyltetrahydrofuran -3.30 -241 -3.39 -0.08 -14.16 1.52 13.69 6.91
2-methylthiophene -1.38 -1.83 -2.37 0.00 -13.30 1.41 12.43 6.65
2-naphthol -8.11 -8.68 -8.97 -2.11 -19.22 2.44 19.18 12.71
2-naphthylamine -7.47 -8.79 -8.63 -3.40 -19.06 2.50 19.80 13.50
2-nitroaniline =737 -9.79 -6.97 -4.36 -16.68 1.88 16.34 11.28
2-nitrophenol -4.58 -11.39 -8.89 -3.07 -16.87 1.83 15.61 10.38
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Table @ (Continued)

AG [kl] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
2-nitropropane -3.13 -3.33 -3.06 -0.96 -12.14 1.28 11.55 6.40
2-nitrotoluene -3.58 -5.42 -3.85 -0.96 -18.62 2.13 15.88 8.71
2-phenylethanol -6.79 -5.86 -8.06 -2.11 -16.68 2.24 18.74 12.87
2-propoxyethanol -6.40 -8.39 -10.82 -2.19 -15.00 1.94 17.68 9.72> 11.76
2,2-dimethylbutane 2,51 1.63 -0.04 0.00 -13.18 2.13 12.71 6.75
2,2-dimethylpentane 2.88 1.88 -0.04 0.00 -15.28 2.63 14.58 7.83
2,2-dimethylpropane 2.51 231 -0.03 0.00 -11.00 1.71 11.64 7.91¢ 6.49
2,2,2-trifluoroethanol -4.31 -4.83 -7.01 -2.48 -5.62 0.83 945 7.06"> 8.33
2,2, 4-trimethylpentane 2.89 0.76 -0.04 0.00 -17.34 3.00 15.15 7.64
2,2,5-trimethylhexane 293 1.25 -0.05 0.00 -19.22 3.55 16.97 8.85
2,3-dimethylbuta-1,3-diene 0.40 0.21 -1.48 0.00 -12.77 1.74 12.72 7.20
2,3-dimethylbutane 2.34 023 -0.04 0.00 -14.652.14 12.78 8.72° 6.11
2,3-dimethylnaphthalene -2.78 -3.74 -4.46 0.00 -23.20 3.26 20.67 11.43
2,3-dimethylpentane 252 0.34 -0.04 0.00 -16.38 2.60 14.16 6.90
2,3-dimethylphenol -6.16 -6.42 -6.60 -2.11 -17.06 2.22 17.13 11.08
2,3-dimethylpyridine -4.82 -5.16 -5.20 -0.10 -17.16 1.97 15.33 8374 7.87
2,3,4-trimethylpentane 2.56 0.84 -0.05 0.00 -17.11 3.07 14.93 7.60
2,4-dimethylpentan-3-one -2.74 -1.39 -5.38 -0.05 -14.84 2.67 16.22 9.33> 9.73
2,4-dimethylpentane 2.83 -0.04 -0.05 0.00 -17.13 2.53 14.61 6.89
2,4-dimethylphenol -6.01 -5.84 -6.57 -2.11 -17.02 2.27 17.58 11.54
2,4-dimethylpyridine -4.86 -4.73 -5.26 -0.10 -17.19 2.02 1580 9.05¢ 8.31
2,5-dimethylphenol -5.91 -5.08 -5.63 -2.11 -17.15 2.27 17.54 11.45
2,5-dimethylpyridine -4.72 -4.76 -5.16 -0.10 -17.30 2.03 15.77 9.22¢ 8.24

95



Table @ (Continued)

AG [“] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
2,5-dimethyltetrahydrofuran -2.92 -1.10 -3.15 -0.08 -15.98 2.03 16.07 8.60
2,6-dimethylaniline -5.21 -6.20 -6.07 -3.40 -16.88 2.31 17.84 11.98
2,6-dimethylnaphthalene -2.63 -3.09 -4.46 0.00 -23.45 3.30 21.52 12.13
2,6-dimethylphenol -5.26 -5.26 -5.67 -2.11 -16.99 2.26 17.24 11.24
2,6-dimethylpyridine 459 -4.29 -4.99 -0.10 -17.05 2.03 15.81 9.62¢ 8.41
3-acetylpyridine -8.26 -9.22 -9.86 -0.15 -16.58 1.98 15.38 8.49
3-chloroaniline -5.82 -5.93 -6.13 -3.40 -13.28 1.70 15.18 11.16
3-chlorophenol -6.62 -6.04 -6.48 -2.11 -13.52 1.64 14.43 4.81> 10.22
3-chloroprop-1-ene -0.57 0.10 -2.10 0.00 -8.37 0.88 9.69 5.98
3-chloropyridine -4.01 -4.95 -4.77 -0.10 -13.70 1.38 12.22 6.44> 6.57
3-cyanophenol -9.65 -9.62 -9.08 -2.20 -16.01 1.77 15.91 10.60
3-cyanopyridine -6.75 -8.25 -7.31 -0.10 -16.14 1.51 13.78 7.01
3-ethylphenol -6.25 -5.43 -6.87 -2.11 -16.87 2.28 18.14 12.20
3-ethylpyridine -4.59 -4.40 -5.32 -0.10 -17.07 2.02 16.07 8.66
3-formylpyridine -7.10 -9.06 -10.19 -0.15 -14.38 1.51 14.14 8.12
3-hydroxybenzaldehyde -9.50 -9.42 -11.18 -2.16 -14.14 1.77 16.29 11.75
3-methoxyaniline -7.29 -843 -8.80 -3.48 -16.00 1.97 17.89 12.44
3-methoxyphenol -7.66 -8.36 -9.10 -2.19 -16.19 1.91 17.21 11.59
3-methyl-1h-indole -5.88 -7.15 -7.49 -2.50 -18.33 2.33 18.84 12.06
3-methyl-but-1-ene 1.83 2.60 -0.57 0.00 -11.14 1.51 12.80 7.66
3-methylbut-1-ene 1.82 2.60 -0.57 0.00 -11.14 1.51 12.80 7.66
3-methylbutan-1-ol -4.42 -6.16 -5.95 -2.11 -13.31 1.77 13.44 8.37
3-methylbutan-2-one -3.24 -2.95 -5.85 -0.05 -11.73 1.71 12.98 7.49¢ 7.61
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Table @ (Continued)

AG [“] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
3-methylbutanoic-acid -6.09 -7.68 -9.09 -2.16 -12.16 1.82 13.92 9.66
3-methylheptane 297 1.33 -0.06 0.00 -19.16 3.13 1741 8.97
3-methylhexane 2.71 0.16 -0.05 0.00 -17.30 2.64 14.87 7.14
3-methylpentane 251 0.80 -0.04 0.00 -14.99 2.16 13.66 6.78
3-methylpyridine 477 -4.92 -5.39 -0.10 -14.92 1.54 13.94 7.90¢ 7.39
3-nitroaniline -8.84 -10.72 -8.06 -4.36 -16.86 1.90 16.66 11.53
3-nitrophenol -9.62 -10.04 -7.78 -3.07 -17.01 1.84 15.98 5.96" 10.70
3-nitrotoluene -3.45 -5.26 -4.05 -0.96 -18.81 2.19 16.36 9.13
3-phenylpropanol -6.92 -591 -8.04 -2.11 -18.92 2.73 20.42 13.74
3,3-dimethylbutan-2-one 2311 -2.52 -5.65 -0.05 -12.18 2.14 13.22 8.22¢ 7.93
3,3-dimethylpentane 256 049 -0.04 0.00 -15.38 2.60 13.30 6.58
3,3,3-trimethoxypropionitrile -6.40 -7.77 -9.69 -0.34 -17.10 2.58 16.78 9.76
3,4-dimethylphenol -6.50 -7.00 -6.78 -2.11 -17.11 2.25 16.74 10.73
3,4-dimethylpyridine -5.22 -6.02 -5.32 -0.10 -17.31 1.99 14.71 7.72¢ 7.24
3,5-dimethylphenol -6.27 -6.01 -7.00 -2.11 -17.08 2.28 17.90 11.82
3,5-dimethylpyridine -4.84 -4.89 -5.26 -0.10 -17.40 2.01 15.85 9.02¢ 825
4-acetylpyridine -7.62 -9.44 -10.00 -0.15 -16.56 1.98 15.30 8.42
4-bromophenol -7.13 -7.28 -6.93 -2.11 -14.39 1.72 14.42 854> 985
4-bromotoluene -1.39 -1.62 -2.63 0.00 -16.08 2.07 15.02 8.53
4-chloro-3-methylphenol -6.79 -6.78 -6.51 -2.11 -15.89 2.11 15.62 10.48
4-chloroaniline -5.90 -6.65 -6.69 -3.40 -13.43 1.70 15.18 11.10
4-chlorophenol -7.03 -6.53 -6.90 -2.11 -13.59 1.64 14.43 10.19
4-cyanophenol -10.17 -9.85 -9.28 -2.20 -16.04 1.77 15.91 10.58
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Table @ (Continued)

AG [“] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
4-cyanopyridine -6.02 -8.35 -7.37 -0.10 -16.10 1.51 13.71 6.96
4-ethylphenol -6.13 -5.76 -7.09 -2.11 -17.04 2.28 18.20 12.18
4-ethylpyridine -4.73 -4.66 -5.47 -0.10 -17.05 2.01 15.94 8.55
4-ethyltoluene -0.95 -0.09 -2.73 0.00 -18.72 2.64 18.71 10.80
4-fluorophenol -6.19 -5.89 -6.94 -2.23 -12.61 1.47 14.43 10.47
4-formylpyridine -7.00 -8.83 -9.94 -0.15 -14.32 1.51 14.07 8.08
4-hydroxybenzaldehyde -8.83 -10.48 -12.14 -2.16 -14.24 1.77 16.29 11.71
4-isopropyltoluene -0.68 -0.35 -2.45 0.00 -20.11 3.11 19.10 10.80
4-methoxyacetophenone -4.40 -8.00 -9.86 -0.13 -19.76 2.72 19.03 11.12
4-methoxyaniline -7.48 -8.68 -9.00 -3.48 -16.13 1.97 17.96 12.46
4-methyl-1h-imidazole -10.27 -9.65 -9.04 -2.59 -12.09 1.11 12.96 8.14
4-methylacetophenone -4.70 -547 -7.80 -0.05 -18.26 2.60 18.04 10.64
4-methylbenzaldehyde -4.27 -4.85 -7.82 -0.05 -15.91 2.12 16.81 10.33
4-methylpentan-2-ol -3.73 -4.38 -3.96 -2.11 -15.33 2.24 14.77 8.95
4-methylpentan-2-one -3.05 -3.00 -5.67 -0.05 -13.95 2.18 14.49 7.77% 8.30
4-methylpyridine -4.93 -5.02 -5.55 -0.10 -14.87 1.53 13.96 7.78% 7.42
4-n-propylphenol -5.90 -5.61 -7.06 -2.11 -19.18 2.77 19.97 13.16
4-nitroaniline -10.27 -11.53 -8.84 -4.36 -16.93 1.90 16.69 11.54
4-nitrophenol -10.64 -10.40 -8.11 -3.07 -17.02 1.84 15.96 5.16" 10.67
4-tert-butylphenol -5.91 -6.64 -7.52 -2.11 -18.83 3.17 18.64 12.35
acenaphthene -3.15 -3.76 -4.92 0.00 -22.852.94 21.07 8.11° 11.76
acetaldehyde -3.50 -3.50 -6.31 -0.05 -5.34 042 7.78 5.04
acetic-acid -6.69 -8.15 -9.83 -2.16 -5.90 0.53 9.22 5.33% 7.42
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Table @ (Continued)

AG [“] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
acetonitrile -3.88 -4.61 -4.55 -0.11 -7.22 0.41 6.86 3.39
acetophenone -4.58 -5.52 -7.90 -0.05 -15.87 2.12 16.19 9.77
alpha-methylstyrene -1.24 -1.72 -3.57 0.00 -17.38 2.38 16.85 9.85
aniline -5.49 -6.33 -7.18 -3.40 -12.31 1.39 15.17 11.14
anisole -245 -296 -4.96 -0.08 -15.55 1.78 15.84 9.29
anthracene -3.95 -5.39 -6.23 0.00 -25.29 3.46 22.68 9.45" 13.03
azetidine -5.56 -5.71 -5.32 -3.40 -9.52 0.73 11.80 8.00
benzaldehyde -4.02 -4.84 -7.87 -0.05 -13.57 1.64 15.01 9.48
benzamide -11.00 -12.74 -12.69 -2.60 -15.86 1.82 16.59 10.72
benzene -0.86 -0.66 -3.04 0.00 -11.83 1.21 12.99 6.12° 7.88
benzonitrile -4.21 -4.30 -5.20 -0.10 -15.30 1.64 14.65 8.41
benzotrifluoride -0.25 0.03 -3.73 -0.37 -12.67 2.05 14.76 10.29
benzyl-alcohol -6.62 -5.50 -7.40 -2.11 -14.41 1.76 16.65 11.65
benzyl-bromide -2.38 -2.08 -3.86 0.00 -15.84 2.02 15.59 9.19
benzyl-chloride -1.93 -1.59 -4.03 0.00 -15.09 1.95 15.57 9.48
biphenyl -2.66 -0.16 -4.82 0.00 -20.66 3.09 22.23 14.27
bromobenzene -1.46 -1.75 -2.76 0.00 -13.72 1.59 13.13 7.62
bromoethane -0.74 -0.99 -1.43 0.00 -8.25 0.72 7.97 4.00
bromomethane -0.82 -1.06 -1.36 0.00 -5.81 0.32 579 4.68> 2.89
bromotrifluoromethane 1.79 128 -0.66 -0.37 -4.15 0.69 5.77 4.57
but-1-ene 1.38 210 -0.62 0.00 -9.58 1.07 11.23 6.73° 6.65
but-1-yne -0.16 0.04 -1.27 0.00 -9.95 0.91 10.35 3.06° 5.57
buta-1,3-diene 0.61 1.85 -1.44 0.00 -8.27 0.86 10.69 6.46° 6.97
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Table @ (Continued)

AG [“] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
butan-1-ol -4.72 -441 -5.61 -2.11 -11.34 1.35 13.30 9.43° 8.90
butan-2-ol -4.62 -3.87 -4.81 -2.11 -11.02 1.36 12.70 9.79¢ 8.48
butanenitrile -3.64 -3.73 -4.17 -0.10 -11.77 1.24 11.07 5.67
butanoic-acid -6.35 -7.42 -9.24 -2.16 -10.40 1.38 13.00 7.279 9.35
butanone -3.71 -3.19 -6.12 -0.05 -9.98 1.25 11.71 6.61° 7.02
butyraldehyde -3.18 -3.19 -6.12 -0.05 -9.98 1.25 11.71 7.02
chlorobenzene -1.12 -0.94 -2.67 0.00 -12.94 1.52 13.15 7.97
chlorodifluoromethane -0.50 -2.17 -2.84 -0.25 -3.85 0.96 3.80 6.93° 2.89
chloroethane -0.63 -0.36 -1.63 0.00 -7.36 0.66 7.97 4.39
chloroethylene -0.59 0.15 -1.47 0.00 -5.85 0.50 6.97 5.15> 4.41
chlorofluoromethane -0.77 -1.61 -2.86 -0.12 -4.96 0.36 5.97 3.82> 3.71
chloromethane -0.55 -0.46 -1.58 0.00 -4.93 0.27 5.78 4.38" 3.28
cis-1,2-dimethylcyclohexane 1.58 -0.95 -0.05 0.00 -18.65 2.73 15.02 6.69
cyanobenzene -4.10 -4.30 -5.20 -0.10 -15.30 1.64 14.65 8.41
cyclohepta-1,3,5-triene -0.99 -0.79 -2.82 0.00 -14.16 1.65 14.54 6.18° 8.51
cycloheptanol -5.48 -7.46 -5.36 -2.11 -17.752.37 1539 11.77¢ 8.48
cyclohexane 1.23 0.21 -0.04 0.00 -15.33 1.83 13.76 8.54° 6.46
cyclohexanol -5.46 -5.63 -5.43 -2.11 -15.29 1.94 15.26 10.84° 9.22
cyclohexanone -4.91 -4.33 -6.00 -0.07 -14.30 1.83 14.22 7.63
cyclohexene 037 0.69 -0.75 0.00 -13.98 1.63 13.79 7.42° 7.29
cyclohexylamine -4.59 -5.17 -3.88 -3.40 -15.25 1.99 15.36 9.45
cyclopentane 1.20 0.70 -0.07 0.00 -13.38 1.39 12.76 7.05° 6.15
cyclopentanol -5.49 -532 -5.22 -2.11 -13.48 1.49 14.00 10.11¢ 8.59
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Table @ (Continued)

AG [“] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
cyclopentanone -4.70 -3.70 -5.84 -0.07 -12.42 1.38 13.24 7.32
cyclopentene 0.56 0.60 -0.87 0.00 -11.89 1.20 12.16 6.10° 6.47
cyclopropane 0.75 0.43 -0.20 0.00 -9.12 0.61 9.14 5.72° 4.30
decan-1-ol -3.64 -3.97 -5.61 -2.11 -24.86 4.31 24.30 14.80
decan-2-one -2.34 -2.22 -5.79 -0.05 -23.35 4.20 22.77 13.00
di-isopropyl-sulfide -1.21 -2.71 -2.76 0.00 -17.19 2.55 14.70 7.13
di-n-butyl-ether -0.83 0.70 -2.60 -0.08 -21.49 3.34 21.52 11.99
di-n-propyl-ether -1.16 0.85 -2.62 -0.08 -16.71 2.34 17.92 10.19
di-n-propyl-sulfide -1.28 -0.46 -2.39 0.00 -18.14 2.60 17.47 9.51° 9.31
di-n-propylamine -3.65 -2.71 -3.88 -3.40 -16.44 2.40 18.60 13.014 12.15
dibromomethane -1.96 -2.58 -1.51 0.00 -7.84 0.63 6.13 2.74
dichloromethane -1.31 -1.56 -2.04 0.00 -6.10 0.50 6.07 3.44
diethoxymethoxybenzene -5.23 -3.07 -7.15 -0.24 -26.00 4.19 26.13 15.87
diethyl-disulfide -1.64 -2.55 -2.89 0.00 -16.38 2.10 14.62 7.55° 7.31
diethyl-ether -1.59 0.06 -2.92 -0.08 -12.19 1.39 13.85 7.89
diethyl-malonate -6.00 -6.74 -12.04 -0.27 -18.86 3.05 21.39 13.54
diethyl-succinate -5.71 -5.25 -11.19 -0.27 -20.86 3.55 23.52 14.95
diethyl-sulfide -1.46 -0.92 -2.51 0.00 -13.73 1.63 13.69 7.55° 7.20
diethylamine -4.07 -2.91 -4.01 -3.40 -11.78 1.44 14.84 10.87¢ 10.19
diiodomethane -249 -251 -3.18 0.00 -6.02 0.86 5.83 3.68
diisopropyl-ether -0.53  0.50 -2.29 -0.08 -15.38 2.36 15.89 8.96
diisopropylamine -3.22 -4.28 -3.54 -3.40 -15.61 2.35 15.91 10.01
dimethoxymethane -2.93 -1.82 -4.71 -0.16 -11.02 1.02 13.05 7.64
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Table @ (Continued)

sate! s [l
mol mol
expt.? calc. expt. calc.

Neutral compound tot es hb disp comb cav
dimethyl-ether -1.91 -3.02 -3.49 -0.08 -9.55 0.49 9.61 4.62
dimethyl-sulfate -5.10 -6.10 -11.26 -0.27 -10.04 1.41 14.06 9.72
dimethyl-sulfide -1.61 -1.27 -2.25 0.00 -9.18 0.70 9.47 5.31° 4.82
dimethyl-sulfone -10.08 -8.78 -13.28 -0.11 -8.21 0.98 11.83 7.88
dimethyl-sulfoxide -8.71 -8.24 -10.52 -0.05 -8.91 0.84 10.41 7.88¢ 6.04
dimethylamine -4.29 -4.25 -5.15 -3.40 -7.00 0.53 10.77 8.11
E-1,2-dichloroethene -0.78 -0.22 -1.34 0.00 -7.15 0.76 7.51 4.74
E-but-2-enal -4.22 -3.72 -7.15 -0.05 -9.07 1.05 11.51 7.42
E-hept-2-ene 1.68 227 -0.65 0.00 -16.63 2.48 17.07 9.67
E-hex-2-enal -3.68 -2.86 -6.73 -0.05 -13.54 1.97 15.49 9.62
E-oct-2-enal -3.43 -2.58 -6.61 -0.05 -18.11 2.95 19.25 11.65
ethanamide -9.71 -10.95 -11.51 -2.60 -7.67 0.57 10.26 6.56° 7.06
ethane 1.83 1.67 -0.02 0.00 -6.13 0.43 7.39 587¢ 3.99
ethanethiol -1.14 -1.86 -3.20 -0.01 -8.77 0.69 9.43 5.16° 5.00
ethanol -5.00 -4.56 -5.76 -2.11 -6.72 0.50 9.53 6.97¢ 7.01
ethene 1.28 2.02 -0.64 0.00 -4.43 0.27 6.82 4.62° 4.54
ethyl-acetate -2.94 -2.66 -6.31 -0.13 -11.33 1.42 13.70 7.36" 8.44
ethyl-benzoate -3.64 -3.83 -7.59 -0.13 -19.37 2.79 20.48 12.69
ethyl-butanoate -2.49 -2.30 -6.08 -0.13 -15.93 2.38 17.47 10.42
ethyl-formate -2.56 -2.57 -6.14 -0.13 -8.92 0.95 11.69 7.48
ethyl-hexanoate -2.23 -2.18 -6.12 -0.13 -20.33 3.38 21.03 12.36
ethyl-pentanoate -2.49 -2.12 -6.25 -0.13 -17.93 2.87 19.33 11.55
ethyl-phenyl-ether -2.22 -2.02 -4.61 -0.08 -17.69 2.31 18.05 10.68
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Table @ (Continued)

AG [“] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
ethyl-propanoate -2.68 -2.69 -6.35 -0.13 -13.76 1.89 15.66 9.42
ethylamine -4.50 -4.29 -5.54 -3.40 -6.59 0.55 10.69 7.81¢ 8.28
ethylbenzene -0.79 -0.15 -2.86 0.00 -16.31 2.15 16.87 8.22° 9.94
fluorene -3.35 -4.13 -5.63 0.00 -23.94 3.24 22.19 8.75" 12.80
fluorobenzene -0.80 -0.31 -2.68 -0.12 -11.98 1.34 13.13 8.22
fluoromethane -0.22 0.13 -2.03 -0.12 -3.71 0.15 5.84 3.51> 3.76
formaldehyde -2.75 -3.28 -6.27 0.00 -2.56 0.10 5.45 4.04
halothane -0.11 -0.06 -1.86 -0.37 -6.84 1.93 7.09 5.68
hept-1-ene 1.66 2.39 -0.64 0.00 -16.19 2.48 16.74 9.63
hept-1-yne 0.60 0.51 -1.22 0.00 -16.52 2.30 15.96 8.64
heptan-1-ol -4.21 -3.87 -5.53 -2.11 -17.89 2.78 18.88 12.33° 11.98
heptan-2-one -3.04 -2.56 -5.88 -0.05 -16.64 2.69 17.33 9.96% 10.04
heptan-4-one -2.92 -2.50 -5.50 -0.05 -16.93 2.69 17.30 10.88¢ 9.85
heptanal -2.67 -2.86 -5.91 -0.05 -16.81 2.67 17.25 9.93
hex-1-ene 1.58 228 -0.63 0.00 -13.97 1.99 14.89 8.68° 8.61
hex-1-yne 0.29 0.14 -1.24 0.00 -14.47 1.82 14.03 7.48
hexa-1,5-diene 1.01 274 -1.18 0.00 -12.52 1.78 14.67 9.24
hexafluoropropene -3.76 241 -1.51 -0.75 -5.82 1.38 9.12 7.93
hexan-1-ol -4.40 -3.96 -5.50 -2.11 -15.72 2.29 17.07 11.28° 10.99
hexan-2-one -3.28 -2.88 -5.91 -0.05 -14.49 2.20 15.37 8.50% 8.89
hexan-3-ol -4.06 -3.83 -4.61 -2.11 -15.30 2.29 15.89 11.97¢ 10.06
hexanal -2.81 -2.57 -6.05 -0.05 -14.27 2.18 15.62 9.28
hexanoic-acid -6.21 -6.68 -9.16 -2.16 -14.53 2.33 16.84 11.63
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Table @ (Continued)

AG [“] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
hydrazine -9.30 -11.21 -11.69 -6.80 -1.48 0.07 8.69 10.00
imidazole -9.63 -10.14 -9.02 -2.59 -9.80 0.67 10.60 6.80
indane -1.46 -1.49 -2.96 0.00 -18.80 2.30 17.97 9.84
iodobenzene -1.74 -1.07 -2.79 0.00 -12.84 1.73 12.83 7.96
iodoethane -0.74 -1.52 -2.62 0.00 -7.33 0.85 7.58 4.26
iodomethane -0.89 -1.64 -2.67 0.00 -4.92 0.42 5.53 4.70° 3.24
isoamyl-acetate -2.21 -3.58 -6.50 -0.13 -17.67 2.82 17.91 10.34
isoamyl-formate -2.13 -3.99 -6.74 -0.13 -15.17 2.30 15.75 9.24
isobutyl-acetate -2.36 -2.25 -6.09 -0.13 -15.27 2.37 16.87 10.17
isobutyl-formate -2.22 -256 -6.30 -0.13 -12.86 1.85 14.87 9.19
isobutyl-isobutanoate -1.69 -1.31 -5.59 -0.13 -19.34 3.36 20.38 12.15
isobutylbenzene 0.16 -2.03 -2.57 0.00 -20.22 3.07 17.69 9.48
isobutyraldehyde -2.86 -3.07 -5.90 -0.05 -9.81 1.24 11.45 6.84
isoflurane 0.10 -0.28 -5.05 -0.70 -7.52 2.46 10.53 9.25
isopropyl-acetate -2.64 -3.17 -6.19 -0.13 -13.25 1.89 14.51 8.60
isopropyl-formate -2.02 -3.02 -5.82 -0.13 -10.83 1.39 12.37 7.50
m-cresol -5.49 -5.81 -6.92 -2.11 -14.79 1.80 16.22 7.93¢ 11.07
m-xylene -0.83 -0.44 -2.77 0.00 -16.45 2.15 16.64 7.77° 9.61
methane 1.99 1.33 -0.01 0.00 -3.44 0.12 4.67 4.52° 2.57
methanesulfonyl-chloride -4.87 -6.14 -9.53 -0.11 -6.65 0.92 9.22 6.49
methanethiol -1.24 -1.72 -3.09 -0.01 -6.47 0.30 7.56 3.98° 4.11
methanol -5.10 -6.60 -6.03 -2.11 -6.27 0.15 7.65 5.09° 5.27
methoxyflurane -1.12 -091 -3.26 -0.33 -10.11 1.76 11.03 7.53
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Table @ (Continued)

AG [keal] ~TAS" [1“3&1]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
methyl-acetate -3.13 -3.97 -7.13 -0.13 -9.05 0.95 11.39 6.43> 7.07
methyl-benzoate -3.92 -4.88 -7.94 -0.13 -17.18 2.27 18.10 11.17
methyl-butanoate -2.83 -3.22 -6.36 -0.13 -13.63 1.86 15.05 8.91
methyl-chloroacetate -4.00 -4.32 -6.87 -0.13 -10.31 1.20 11.79 7.32
methyl-cyanoacetate -6.72 -7.53 -9.33 -0.23 -12.44 1.37 13.10 7.74
methyl-cyclohexanecarboxylate -3.30 -5.08 -5.80 -0.13 -19.85 291 17.80 9.18
methyl-cyclohexyl-ketone -3.90 -3.96 -5.73 -0.05 -17.94 2.77 16.99 9.12
methyl-cyclopropanecarboxylate -4.10 -4.28 -6.87 -0.13 -14.02 1.62 15.13 8.61
methyl-cyclopropyl-ketone -4.61 -4.00 -5.60 -0.05 -12.83 1.47 13.01 6.95
methyl-ethyl-ether -2.10 -0.38 -3.20 -0.08 -9.78 0.92 11.76 6.79
methyl-ethyl-sulfide -1.50 -1.14 -2.40 0.00 -11.42 1.15 11.54 5.97
methyl-formate -2.78 -294 -6.24 -0.13 -6.52 0.52 9.44 6.25
methyl-hexanoate -249 -296 -6.43 -0.13 -18.05 2.84 18.81 11.02
methyl-isopropyl-ether -2.01 -1.11 -3.07 -0.08 -11.71 1.35 12.40 6.76
methyl-methanesulfonate -4.87 -6.34 -11.46 -0.11 -9.04 1.19 13.07 8.91
methyl-octanoate -2.04 -2.64 -6.27 -0.13 -22.69 3.85 22.61 13.07
methyl-p-methoxybenzoate -5.33 -6.69 -9.53 -0.13 -20.92 2.88 21.01 12.63
methyl-p-nitrobenzoate -6.88 -9.93 -8.03 -1.52 -23.10 2.81 19.89 11.47
methyl-pentanoate -2.56 -2.73 -6.53 -0.13 -15.60 2.34 17.19 10.31
methyl-propanoate -2.93 -3.41 -6.68 -0.13 -11.38 1.40 13.39 8.11
methyl-propyl-ether -1.66 -0.33 -3.28 -0.08 -12.08 1.36 13.75 7.84
methyl-t-butyl-ether -2.21 -0.39 -2.90 -0.08 -12.28 1.79 13.09 7.44
methyl-tert-butyl-ether -2.21 -0.39 -2.90 -0.08 -12.28 1.79 13.09 7.44
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salie s [l
mol mol
expt.? calc. expt. calc.

Neutral compound tot es hb disp comb cav
methyl-trifluoroacetate -1.10 0.20 -4.86 -0.51 -7.32 1.31 11.57 8.95
methyl-trimethylacetate -2.40 -1.80 -5.87 -0.13 -13.38 2.31 15.28 9.50
methylamine -4.55 -1.63 -5.91 -0.90 -4.02 0.18 9.02 7.02
methylcyclohexane 1.70 0.28 -0.05 0.00 -16.88 2.29 14.92 12.02¢ 7.13
methylcyclopentane 1.59 0.77 -0.07 0.00 -15.26 1.85 14.25 6.96
morpholine -7.17 -7.06 -6.91 -3.48 -12.67 1.21 14.79 8.83> 9.76
N-acetylpyrrolidine -9.80 -7.42 -9.52 -0.05 -16.46 2.09 16.53 8.95
n-butane 2.07 1.60 -0.04 -0.01 -10.85 1.27 11.23 7.66° 5.87
n-butanethiol -0.99 -1.91 -3.13 -0.01 -13.36 1.56 13.02 7.08° 6.74
n-butyl-acetate -2.64 -2.64 -6.56 -0.13 -15.88 2.38 17.56 10.55
n-butylacetamide -9.31 -10.07 -10.97 -2.60 -16.43 2.38 17.55 11.539 10.92
n-butylamine -4.24 -4.48 -5.63 -3.40 -11.03 1.40 14.18 9.274 10.00
n-butylbenzene -0.40 0.05 -2.87 0.00 -20.60 3.14 20.38 10.02° 11.89
n-decane 3.16 2.10 -0.08 0.00 -24.65 4.22 22.61 11.98
n-heptane 2.67 242 -0.06 0.00 -17.29 2.69 17.07 10.46° 9.24
n-heptylamine -3.79 -4.38 -5.40 -3.40 -18.06 2.85 19.63 12.74
n-hexane 248 193 -0.05 0.00 -15.28 2.20 15.06 9.43° 7.97
n-hexyl-acetate -2.26 -2.24 -6.48 -0.13 -20.31 3.38 21.30 12.64
n-hexylamine -3.95 -4.14 -5.39 -3.40 -15.57 2.35 17.87 11.149 11.93
n-hexylbenzene -0.04 0.19 -2.89 0.00 -25.14 4.15 24.06 11.88° 13.90
N-methylacetamide -10.00 -9.29 -10.45 -2.55 -9.95 1.00 12.66 6.92" 8.44
N-methylaniline -4.69 -6.57 -6.79 -3.40 -15.04 1.85 16.82 11.62
N-methylmorpholine -6.32 -4.31 -6.28 -0.98 -15.06 1.67 16.34 9.49> 9.62
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AG [“] TAS [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
N-methylpiperazine 70T -7.07 -7.38 -4.30 -14.37 1.72 17.26 11.99
N-methylpiperidine -3.88 -3.94 -3.85 -0.90 -16.34 1.99 15.17 11.24> 7.97
n-nonane 3.13 2.03 -0.07 0.00 -22.32 3.70 20.72 10.96
n-octane 2.88 216 -0.06 0.00 -19.88 3.19 1891 11.46° 10.07
n-octylamine -3.65 -4.33 -5.71 -3.40 -20.06 3.35 21.48 13.88
n-pentane 2.32 1.84 -0.04 0.00 -13.04 1.72 13.21 8.60° 6.97
n-pentyl-acetate -2.51 -248 -6.63 -0.13 -17.97 2.87 19.39 11.61
n-pentyl-propanoate -2.11 -2.17 -6.32 -0.13 -20.42 3.37 21.32 12.58
n-pentylamine -4.09 -4.91 -5.84 -3.40 -13.40 1.87 15.87 10.169 10.76
n-pentylbenzene -0.23 -0.03 -2.88 0.00 -23.10 3.65 22.31 10.83° 12.88
n-pentylcyclopentane 2.55 0.83 -0.09 0.00 -23.91 3.81 21.03 10.55
n-propanethiol -1.06 -1.54 -3.04 -0.01 -11.04 1.12 11.44 5.56° 6.07
n-propyl-acetate -2.79 -2.51 -6.42 -0.13 -13.57 1.89 15.72 9.59
n-propyl-butyrate -2.28 -2.08 -5.97 -0.13 -18.27 2.88 19.42 11.48
n-propyl-formate -2.48 -2.72 -6.56 -0.13 -11.12 1.40 13.69 8.61
n-propyl-propanoate -2.44 -2.40 -6.25 -0.13 -16.01 2.38 17.61 10.52
n-propylamine -4.39 -4.25 -5.40 -3.40 -8.83 0.96 12.42 8331 9.10
n-propylbenzene -0.53 -0.10 -2.83 0.00 -18.51 2.64 18.61 9.36° 10.87
n-propylcyclopentane 2.13 0.76 -0.08 0.00 -19.32 2.80 17.35 8.59
naphthalene -2.40 -3.15 -4.83 0.00 -18.57 2.30 17.95 8.20° 10.53
nitrobenzene -4.12 -5.28 -4.28 -1.25 -16.23 1.71 14.77 8.69
nitroethane -3.71 -3.24 -3.10 -0.96 -10.61 0.84 10.59 5.94
nitromethane -4.02 -3.52 -3.29 -0.96 -8.31 0.42 8.62 3.92> 4.94
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Table @ (Continued)

AG [“] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
N,N-dimethyl-p-methylbenzamide -9.76 -5.97 -10.88 -0.05 -21.21 3.34 22.83 14.14
N,N-dimethyl-p-nitrobenzamide -11.95 -11.42 -11.58 -1.06 -24.97 3.39 22.82 13.32
N,N-dimethylaniline -3.45 -3.56 -5.98 -0.90 -17.25 2.32 18.25 11.44
N,N-dimethylbenzamide -9.29 -6.02 -11.08 -0.05 -18.92 2.82 21.21 13.44
N,N-dimethylformamide -7.81 -4.99 -9.02 -0.05 -9.54 0.97 12.65 6.70° 7.92
non-l-ene 2.06 2.68 -0.65 0.00 -20.68 3.48 20.53 11.74
nonan-1-ol -3.88 -2.06 -5.89 0.00 -22.51 3.80 22.54 12.84
nonan-2-one -2.49 -2.46 -5.84 -0.05 -21.27 3.69 21.01 11.819 11.98
nonan-5-one -2.64 -1.87 -5.46 -0.05 -21.09 3.70 21.04 12.809 12.08
nonanal -2.07 -2.33 -6.05 -0.05 -21.00 3.68 21.10 12.25
o-cresol -5.87 -5.97 -6.73 -2.11 -14.68 1.80 15.76 8.519 10.69
o-toluidine -5.53 -6.35 -6.70 -3.40 -14.57 1.85 16.48 11.55
o-xylene -0.90 -1.66 -2.80 0.00 -16.45 2.12 1547 7.25° 8.52
oct-1-ene 1.92 243 -0.63 0.00 -18.59 2.97 18.68 10.14° 10.64
oct-1-yne 0.71 048 -1.24 0.00 -18.82 2.79 17.75 9.56
octan-1-ol -4.09 -480 -6.05 -2.11 -20.64 3.28 20.71 13.09¢ 12.73
octan-2-one -2.88 -2.78 -5.85 -0.05 -19.13 3.19 19.06 10.83
octanal -2.29 -2.55 -6.13 -0.05 -18.78 3.17 19.25 11.21
p-cresol -6.13 -6.16 -7.17 -2.11 -14.81 1.80 16.13 8.00¢ 10.98
p-dibromobenzene -2.30 -2.55 -2.29 0.00 -15.65 1.99 13.40 7.48
p-toluidine -5.57 -6.24 -6.99 -3.40 -14.62 1.86 16.92 11.94
p-xylene -0.80 -0.44 -2.79 0.00 -16.46 2.15 16.67 7.83° 9.63
pent-1-ene 1.68 2.20 -0.62 0.00 -11.73 1.51 13.03 7.61
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Table @ (Continued)

AG [“] ~TAS" [“]
mol mol

expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
pent-1-yne 0.01 0.08 -1.23 0.00 -12.32 1.35 12.27 6.54
penta-1,4-diene 0.93 230 -1.33 0.00 -10.53 1.31 12.85 8.20
pentachloroethane -1.39 0.86 -1.29 0.00 -7.80 2.45 7.50 6.24
pentan-1-ol -4.57 -3.95 -5.43 -2.11 -13.37 1.81 15.14 10.37° 9.96
pentan-2-ol -4.39 -3.95 -4.90 -2.11 -13.29 1.83 14.52 9.41
pentan-2-one -3.52 -3.08 -5.91 -0.05 -12.39 1.72 13.56 7.524 7.86
pentan-3-ol -4.35 -3.86 -4.84 -2.11 -13.11 1.83 14.37 11.02° 9.35
pentan-3-one -3.41 -2.90 -5.54 -0.05 -12.61 1.72 13.59 7.814 7.77
pentanal -3.03 -2.76 -5.98 0.00 -12.05 1.70 13.58 8.07
pentanenitrile -3.52 -3.51 -4.17 -0.10 -14.01 1.70 13.08 6.79
pentanoic-acid -6.16 -7.28 -9.31 -2.16 -12.61 1.84 14.95 10.45
phenanthrene -3.88 -5.98 -6.29 0.00 -25.40 3.43 22.29 8.52° 12.60
phenol -6.61 -6.16 -7.32 -2.11 -12.47 1.33 14.40 6.409 10.22
phenyl-formate -3.82 -4.37 -8.39 -0.13 -14.29 1.86 16.59 10.93
phenyl-methyl-sulfide -2.73 -2.35 -3.72 0.00 -16.73 2.07 16.04 9.09
phenyl-trifluoroethyl-ether -1.29 -248 -6.92 -0.33 -16.25 3.29 17.73 12.40
piperazine -7.40 -9.77 -7.87 -6.80 -12.13 1.26 15.76 12.11
piperidine 511 -4.98 -4.19 -3.40 -13.64 1.54 14.71 9.92> 9.27
prop-2-en-1-ol -5.03 -3.63 -5.67 -2.11 -7.72 0.72 11.15 7.37° 8.51
propan-1-ol -4.85 -4.36 -5.60 -2.11 -9.05 0.91 11.49 8.33° 8.00
propan-2-ol -4.74 -433 -5.34 -2.11 -8.87 0.93 11.07 8.64° 7.69
propane 1.96 1.63 -0.03 0.00 -8.57 0.83 9.40 6.83° 4.95
propanenitrile -3.84 -3.97 -4.26 -0.11 -9.53 0.81 9.13 4.63
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Table @ (Continued)

Neutral compound

kcal kcal

AG |2 ~TAS* |2

mol mol

expt.? calc. expt. calc.

tot es hb

disp comb cav

propanoic-acid
propanone
propene
propionaldehyde
propyne

pyrene

pyridine

pyrrole
pyrrolidine
quinoline
sec-butylbenzene
styrene

teflurane
tert-butylbenzene

tetrachloroethene

tetrachloromethane

tetrafluoromethane

tetrahydrofuran
tetrahydropyran
thiophene
thiophenol

toluene

trans-1,4-dimethylcyclohexane

-6.46 -8.12 -9.76 -2.16

-3.80 -3.49 -6.16 -0.05

1.32 1.71 -0.68 0.00

-3.43 -3.16 -6.00 -0.05

-0.48 -0.39 -1.36 0.00

-4.52 -7.64 -7.09 0.00

-4.69 -5.24 -5.69 -0.10

-4.78 -4.75 -5.63 -2.50

-5.48 -548 -4.97 -3.40

-5.72 -6.58 -6.53 -0.10

-0.45 -0.12 -2.71 0.00

-1.24 -1.17 -3.63 0.00

0.50 0.07 -2.39 -0.50

-0.44 -0.49 -2.83 0.00

0.10 -0.20 -0.09 0.00

0.08 1.05 -0.18 0.00

3.12 177 -0.67 -0.50

-3.47 -2.24 -3.81 -0.08

-3.12 -2.09 -3.14 -0.08

-1.42 -2.35 -2.51 0.00

-2.55 274 -4.25 -0.01

-0.89 -0.55 -2.92 -0.01

211 0.73 -0.06 0.00

-8.29 0.93 11.16

-7.79 0.83 9.69

-7.25 0.64 9.00

-7.76 0.81 9.84

-7.61 0.51 8.08

-28.39 3.83 24.01

-12.53 1.09 12.00

-8.99 0.79 11.58

-11.65 1.11 13.42

-19.23 2.17 17.10

-19.28 3.08 18.79

-15.26 1.92 15.80

-5.62 1.75 6.84

-18.12 3.04 17.42

-9.11 1.37 7.63

-6.06 1.12  6.15

-3.11 048 5.58

-12.10 1.07 12.68

-14.21 1.49 13.85

-11.05 0.95 10.26

-14.34 1.56 14.31

-14.10 1.67 14.81

-18.24 2.76 16.27

6.444  8.34
5.37°  5.85
5.88¢ 5.42
6.04
3.75¢  4.31
10.08> 13.27
6.624  6.45
8.24
9.11> 8.74
9.25
10.93
9.62
5.82
10.21
4.85
4.56
6.12>  4.66
723" 6.64
7.96"  7.01
5.44
8.31
7.19¢ 8.76

8.07
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Table @ (Continued)

salie s [l
mol mol
expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav
triacetyl-glycerol -8.84 -10.65 -16.72 -4.37 -14.96 3.97 21.44 18.59
tribromomethane -2.13 -270 -091 0.00 -9.18 1.01 6.38 2.88
trichloroethene -0.44 -0.56 -1.00 0.00 -8.12 1.06 7.51 4.73
trichloromethane -1.08 -1.79 -1.54 0.00 -6.07 1.31 4.51 2.90
triethyl-phosphate -7.54 -8.69 -13.85-0.29 -19.30 3.52 21.23 13.37
triethylamine -3.22 -1.73 -3.04 -0.90 -16.32 2.31 16.23 9.17
trimethoxy-methane -4.42 -3.45 -7.02 -0.24 -13.79 1.64 15.96 9.58
trimethoxymethylbenzene -4.04 -2.42 -8.26 -0.24 -19.88 3.56 22.40 14.71
trimethyl-phosphate -8.70 -9.92 -14.45 -0.29 -12.40 1.95 15.28 10.07
trimethylamine -3.20 -1.43 -4.28 -0.90 -9.67 0.94 12.48 7.94
undecan-2-one -2.15 -2.09 -6.12 -0.05 -25.45 4.73 24.80 14.28
Z-1,2-dichloroethene -1.17 -1.45 -2.08 0.00 -7.30 0.75 7.17 4.36
Z-pent-2-ene 1.31 1.15 -0.64 0.00 -12.11 1.49 12.42 6.81
RMSE 0.98 1.76
MAE 0.69 1.35
aReference®, dReferencel?.
bReference?. °Referencel?.
“Reference!?, fReferencel.
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Table @ (Continued)

kcal kcal
AG |2 STAS |
mol mol
expt.? calc. expt. calc.
Neutral compound tot es hb disp comb cav

TABLE SI-9: Pearson correlation coefficients for molecular surface area and volume as estimators

of cavity and dispersion energies.

Thermodynamic property model A

vdw vdw

MD 0.981(-0.949) 0.984(-0.958)
A G cav (A Gdisp)

solv solv

SLIC/CDC 0.900(-0.778) 0.913(-0.817)

TABLE SI-10: Solvation Gibbs energies (in %) for 12 amino-acid sidechain analogues in

ol
[BMIM]|[Tf2N] as calculated using SLIC/SASA (SS), compared to MD obtained values of Paluch
et al.”™ and Latif et al.24 The dielectric constant that is used to parameterize SLIC/SASA is shown

for each calculation.

Solute AGMD, Patuch  AGE batuen AGHD Lo AGE Lot
Dielectric constant 2311.6 813.85 2311.6 813.85
methane 0.97 0.58  0.56 1.52 1.04 1.07
propane -0.03 -0.56  -0.57 0.09 -0.30  -0.27
n-butane -0.53 -1.07  -1.08 -0.54 -0.89  -0.87
2-methylpropane -0.57 -0.98 -0.98 -0.50 -0.78  -0.76
toluene -4.26 -3.79  -3.75 -4.61 -3.57  -3.57
methanol -3.75 -4.20  -4.20 -3.89 -4.11  -4.10
ethanol -4.13 -4.62  -4.62 -3.95 -4.51  -4.52
p-cresol -7.83 -7.61 -7.59 -8.97 -8.91  -8.87
methanethiol -2.68 -2.46 -2.48 -1.80 -2.63  -2.62
methyl-ethyl-sulfide -3.75 -2.95 -2.92 -3.00 -2.67  -2.66
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TABLE SI-10: Solvation Gibbs energies (in X)) for 12 amino-acid sidechain analogues in

mol

[BMIM][Tf2N] as calculated using SLIC/SASA (SS), compared to MD obtained values of Paluch

et al.™ and Latif et al.>4 The dielectric constant that is used to parameterize SLIC/SASA is shown

for each calculation.

Solute AGMD, Paluch ~ AGE baruen AGHES Lot AGE Yt
Dielectric constant 2311.6 813.85 2311.6 13.85
ethanamide -8.46 -9.31  -9.29 -9.83 -10.41 -10.43
3-methyl-1h-indole -8.98 -8.21 -8.18 -10.40 -9.44  -9.44
RMSE 0.55 0.56 0.58 0.58
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FIGURES
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FIG. SI-1. SLIC/SASA, SLIC/CDC, and experimental solvation entropies (vertical axis) for the
entropy-set plotted against van der Waals surface areas (horizontal axis). The numbers in paren-

theses are the Pearson correlation coefficients.
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FIG. SI-2. Dependence of the cavity-formation part of the hydration Gibbs energy on the van der
Waals volume for SLIC/CDC and Mobley calculations.
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FIG. SI-3. Dependence of the dispersion component of the hydration Gibbs energy on the van der
Waals volume for SLIC/CDC and Mobley calculations.
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FIG. SI-4. Dependence of the cavity-formation part of the hydration Gibbs energy on the van der
Waals area for SLIC/CDC and Mobley calculations.
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FIG. SI-5. Dependence of the dispersion component of the hydration Gibbs energy on the van der
Waals area for SLIC/CDC and Mobley calculations.
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FIG. SI-6. SLIC/SASA predictions of hydration Gibbs energies (vertical axis) of 7 small molecules
compared with experiments (horizontal axis). Blue and red circles denote test-set and training-set
predictions, respectively. The optimization process was carried out in two steps where the electro-
static parameters were obtained by optimizing the SLIC electrostatic model against electrostatic
component of hydration Gibbs energies from explicit-solvent MD. Next, the SLIC/SASA model
was optimized against experimental data where the electrostatic parameters were held at their

optimal values from the previous step.
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FIG. SI-7. SLIC/SASA predictions of the electrostatic component of hydration Gibbs energies (ver-
tical axis) of 38 small molecules compared with experiments (horizontal axis). Blue and red circles
denote test-set and training-set predictions, respectively. The optimization process was carried
out in two steps where the electrostatic parameters were obtained by optimizing the SLIC elec-
trostatic model against electrostatic component of hydration Gibbs energies from explicit-solvent
MD. Next, the SLIC/SASA model was optimized against experimental data where the electrostatic

parameters were held at their optimal values from the previous step.
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FIG. SI-8. Solvation Gibbs energies for 12 amino acid side chain analogues in [BMIM][TfO] calcu-
lated using SLIC (vertical axis), compared to MD (horizontal axis). SLIC was parameterized using

1.54 as reference. The letters in brackets denote the

the explicit-solvent MD results of Latif et a
dielectric constant that was used; a:Reference?® and b:Reference”™. The numbers in parentheses

are the RMS errors in kcal/mol.
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FIG. SI-9. Solvation Gibbs energies for 12 amino acid side chain analogues in [BMIM][T{2N]
calculated using SLIC (vertical axis), compared to MD (horizontal axis). SLIC was parameterized
using the explicit-solvent MD results of Paluch et al.” as reference. The letters in brackets denote
the dielectric constant that was used; a:Reference?® and b:Reference’. The numbers in parentheses

are the RMS errors in kcal/mol.
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FIG. SI-10. Solvation Gibbs energies for 12 amino-acid sidechain analogues in [BMIM][C]] calcu-
lated using SLIC (vertical axis), compared to MD (horizontal axis). SLIC/SASA was parameterized
using the explicit-solvent MD results of Latif®! et al. as reference. The letters in brackets denote
the dielectric constant that was used; b:Reference’. The number in parentheses is the RMS error

in kcal/mol.
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FIG. SI-11. Solvation Gibbs energies for 12 amino acid side chain analogues in [OMIM][T{2N]
calculated using SLIC (vertical axis), compared to MD (horizontal axis). SLIC/SASA was pa-
rameterized using the explicit-solvent MD results of Paluch et al.” as reference. The letters in
brackets denote the dielectric constant that was used; b:Reference™ and e:Reference'?. The num-

bers in parentheses are the RMS errors in kcal/mol.
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FIG. SI-12. Solvation Gibbs energies for 12 amino acid side chain analogues in [BMIM][PF6]

calculated using SLIC (vertical axis), compared to MD (horizontal axis). SLIC/SASA was param-

eterized using the explicit-solvent MD results of Latif et al.@ as reference. The letters in brackets

denote the dielectric constant that was used; a:Reference@, b:Reference@ and C:Reference@. The

numbers in parentheses are the RMS errors in kcal/mol.
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FIG. SI-13. Performance of SLIC/SASA in predicting hydration Gibbs energies for hydrogen-

bonding and non-hydrogen-bonding small molecules.
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FIG. SI-14. Performance of SLIC/CDC in predicting hydration Gibbs energies for hydrogen-

bonding and non-hydrogen-bonding small molecules.
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FIG. SI-15. Explicit-solvent MD simulation results of hydration Gibbs energy calculations shown

for hydrogen-bonding and non-hydrogen-bonding small molecules@.
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FIG. SI-16. SLIC/SASA and LPB/SASA predictions of solvation Gibbs energies for 9 small

molecules in trimethylbenzene.
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