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S1. Derivation of three SFE expressions and the 3D-RISM-PW equation
In this section, we show the derivation of three SFE expressions (referred to as 1D-KH+RBC, 3D-KH+RBC,
and 3D-PW) and 3D-RISM-PW equation. In Section S1.1, we derive two SFE expressions, 1D-KH+RBC and 3D-
KH+RBC. In Section S1.2, we describe the formalism of the PW expansion derived by Ten-no.! In Section S1.3, we
derive 3D-RISM-PW equation and 3D-PW by using the formalism of the PW expansion.
S1.1. SFE expressions based on KH+RBC
This section gives the derivation of the SFE expressions based on KH+RBC using the thermodynamic
perturbation theory (TPT) in the ID- and 3D-RISM theories, referred to as 1D-KH+RBC and 3D-KH+RBC,

respectively.
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The SFE can be generally obtained by the following Kirkwood charging formula, which is written in the site—

site formalism as>?
(o] uai(r)
su=ampy [ rrdr [ Suaga, )
ai 0 0

where u is the solute—solvent intermolecular potential, and g(r) = h(r) + 1 is the site-site radial distribution
function, where h(r) is the total correlation function. In RBC, we assume that the effect of the bridge function on the

distribution functions is comparatively small, because it is short range and repulsive in nature. Thus, it can be
considered reasonable to make a functional Taylor expansion of eq. (1) in powers of fa(ib ) (r) = exp{b,;(r)} —1in

accordance with the TPT with respect to the KH solution. Here, we introduce the functional

Ugi(r)

Pailba ()] = f Sttt (N gar (), @

0

and write up the linear term in the functional Taylor expansion of eq. (1) in powers of fa(lb ) (r) = exp{by; (r)} — 1,

6¢ai

(b)
1P ;) (3)

at
bai(r)=0

Ap = ApfH + 411pi ridr
= J0
at

where AuXH is an SFE evaluated by the uncorrected KH. The functional derivative in eq. (3) is obtained by functional

differentiation of eq. (1) after rearrangement:

6¢ai _ . 6¢ai
W = exp{—bq;(r)} Sho () 4)

As following the original RBC-TPT strategy,’ we apply simultaneously the variation in the bridge correction and
the interaction potential, i.e., §by; (1) = 6{Buy;(r)} = BSu,; (r). Then, the variation in the functional ¢,;, ¢, in
response to 8b,; (1) is now expressed through the equivalent variation in the interaction potential, S6u,; (r). Because

the derivative of eq. (1) with respect to the interaction potential is simply

o _ 6Dai 3 1
b (1)~ Boug(r) B9« ), )

we obtain
6¢ai _ 6¢ai
(Sfa(ib) (T‘) - exp{_bai (T)} (Sbai (‘l")
_ 6¢ai
= exp{—by; (T)}m
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1
= Eexp{—bai ()} Gai(r)

= %gé‘!‘ () forbu(r) = 0. 6)

Substituting eq. (6) and f; a( 2

L

(r) = exp{b,;(r)} — 1 into eq. (3), and truncating the functional Taylor expansion in

the first order, in 1D-RISM we finally obtain the SFE expression based on KH+RBC using the TPT:
KH+RBC—TPT ku , A7P 2 KH
Au ~ ApKH 4 TZ drr2 g¥ () [explba; (1)} - 11, @)
= Jo
at

where g&H is a distribution function evaluated by the uncorrected KH. Substituting g&H(r) = hKH(r) + 1 into eq.
(7), the SFE expression referred to as 1 D-KH+RBC shown in the main text is obtained (see eq. (13) in the main text).
Repeating the above procedure in the case of 3D-RISM, the SFE expression based on KH+RBC with the

TPT in 3D-RISM can be obtained as

ApKHRBC=TPT o A KH 4 %Z f dr [{hfﬂ(r) + 1}[exp{b;(r)} — 1]] - ®

In 3D-RISM calculations, the integration in eq. (8) is performed over the volume of the solvent box.
S1.2. Distributed partial wave (PW) expansion

In this section, we provide only the essential features of the formalism of the PW expansion. The notation
used for the derivation follows that described in the original paper.! The details of the PW expansion are presented in
refs. 1 and 4.

It is assumed that a polyatomic molecule comprised of M atoms is present in a solvent comprised of simple
(spherical) particles interacting with the polyatomic molecule, and a function expressing the spatial distribution of
solvent particles around the solute molecule is expressed as X (r — ry,). Here, 1, represents the position vector of the
origin of the solute molecule (e.g., the center of mass of the solute molecule). In the formalism of the PW expansion,
the distribution function X(r — r,,) can be expanded as follows by using distribution functions having a position

vector whose starting point is a site of the solute molecule, a, as a variable:
X@T=1) = ) X =1) = ) Xofr =1 = Raw ()} ©
a a

In eq. (9), Q,, represents the Euler angle set (&, = (ay, B, ¥i)) of the Mth atom, and R, (ﬁM) represents the

intramolecular site—site displacement vector. Here, the distribution function with the position vector starting from each
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site of the solute molecule as a variable, X (r — r,), at the middle of eq. (9), is referred to as a partial wave (PW), and
€q. (9) is referred to as the PW expansion in the original papers.!*

Next, we introduce auxiliary functions of the distribution function X as defined in the original paper.!' In the
original distribution function, X (r — r,,), the starting point of the position vector is taken as the center of mass of the
solute molecule, but in the auxiliary function, X, (r — r,), the starting point of the position vector is taken as the

interaction site of the solute molecule:

X,(r-r)=X(r—-ry) = ZXy(r -r) va. (10)
¥

The auxiliary function, X, (r — r,), is referred to as a projection in the original paper.' Using the Dirac delta

function in three dimensions, the projection becomes
£,(r) = Z f dr'wy, (r — 1, 8,)X, (r') = Z Wy * X, (1), 1)
Y Y

where
Way (1, Qy) = 8{r — Ry ()}, (12)
where the function, w, is the “full” intramolecular correlation function, and the asterisk denotes the convolution

integral. The integrals including w in the k-space are calculated using the Rayleigh expansion of the plane wave:
Wiy (K By) = 41 (=Du(kRay) D Yo (K) iRy ()}, (13)
l m

where the underline denotes the Fourier transforms, j; and Y;,,, are the /-th order spherical Bessel function and the

spherical harmonics, respectively. The vectors with a hat (*) denote unit vectors in the direction of the vector. The

spherical components (I = 0) of w are identical to the elements of the 1D intramolecular correlation function matrix,
, in the 1D-RISM theory:

Way (£, @)y, = W0y (Ie). (14)

Finally, we introduce an important relation for the integral of the distribution product derived by Ten-no.!

This relation is helpful in deriving the 3D-RISM-PW equation and the SFE expression. By using eqgs. (10) and (11),

the following relation can be derived for the integral of the distribution product:

f drX(r—n)Z(r—ry) = Z f dr X, (r — v, ){wyy * Z,(r — 1)}
ay
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= Z f ArX,(r —r)Z,(r —1,). (15)

This relation means that any integral including the PWs with different site indices must be bridged by the full
intramolecular function with the indices, and is equivalent to the integration of one PW and another projection with a
coincident site index.!

S1.3. 3D-RISM-PW equation and PW-SFE expression in 3D-RISM

Ten-no and Iwata derived the formalism of 1D-RISM equation and SFE expression by applying the PW
expansion to the theory of molecular liquids.!* Here, we derive the formalism of 3D-RISM equation and SFE
expression by applying the PW expansion to the theory of molecular liquids according to Ten-no’s original paper.!

First, we describe some definitions of expressions introduced in the original paper.! In general, when the
solvents are polyatomic molecular liquids, not only the distances between the solute and solvent molecules, but also
the orientations of these molecules must be considered. At this time, the correlation functions between the solute and
solvent molecules have six degrees of freedom, the positions of the molecules (represented by the spatial coordinates)
and the orientations (represented by the Euler angles), and the equations for obtaining the correlation functions are

based on the following molecular Ornstein-Zernike (MOZ) equation:

H(1L,2) =C(1,2) +p f dry(C(1,3)H(3,2))g, , (16)

HQ1,2) =C(1,2) +p f dry(C(1L3)HB,2))a, (17)

where eq. (16) represents the equation for the solute—solvent correlations, and eq. (17) represents the equation for the
solvent—solvent correlations, respectively. The capital letters denote correlation functions in molecular form, and the
corresponding quantities with overbars refer to the functions for the pure solvents. In addition, p is the number density
of the pure solvents. For uniform liquids, the correlation functions are translationally symmetric and expressed by the
equation

X(1,2) =X(r; - 1,,9,9,) (X=Hor0). (18)

By applying the PW expansion to both the solute and solvent coordinates in eq. (18), the equation is expanded as
XA = ) Kealre =180, 8,) = ) X(19,2), (19)
ai at

where the Greek and Roman subscripts «, 7, ... and i, j, ... refer to the interaction sites of the solute and solvent

molecules, respectively. In the absence of external fields, the correlation functions are also invariant with respect to
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the simultaneous rotations about Q,, &,, and £,. Then, the PWs, X,,;(1%,25), in eq. (19) are decomposed into the

radial and angular portions as follows:>®

X192 = 3 XD Ured )y (0, 8o o). (20)
J

(Dfljzjn1n2 (ﬁ'l'ﬁZ' f) = \/(Zjl + 1)(2j2 +1)

Ji o Jz TN AU g \nU2) (8 \nU) s
x > ()b, (@)D, (@)DR®, (21)
mympym

1))

where X éi (Iry;|) represent the radial parts, and @ (ﬁl, Q,, fm-) represent the rotational invariants introduced by Blum

v o Jz ]

57 o
and Torruella.”~" In addition, (ml m, m

) represent the Wigner 3-j symbols, and DU )(ﬁ) denotes the Wigner

rotation matrix. Furthermore, using the relational expression (eq. (14)) between the “full” intramolecular correlation

function and 1D intramolecular correlation function, the following useful relational expression can be derived:!
f dry (X5 (Irs D{wye < Y (3.2) Pa, = X&) * w0y + Y (I3, (22)

that is, the integration over Q5 is decoupled, where X (0)(|r|) and Y,g:)( [r|) are the ] = 0 components of the PWs.

ay
When deriving 1D-RISM-PW, the PW expansion is applied to both the solute and solvent coordinates in the solute—
solvent total correlation function,! but when deriving 3D-RISM-PW, we apply the PW expansion only to the solvent

coordinates in the solute—solvent total correlation function. Then, the projections of the total correlation functions for

the solute—solvent and solvent—solvent are given by

H(1,2H = Z H; «w;; (1,29, (23)
j

ﬁij(li' 2)) = Zwik * Hyy +wy;(15,27), (24)
Tl

where eq. (23) represents the projection for the solute—solvent correlation, and eq. (24) represents the projection for
the solvent-solvent correlation, respectively; w;; represents the “full” intramolecular correlation function for the
solvent molecules. In addition, the Euler angles must be coincident for the same site indices.

The derivation of 3D-RISM-PW is shown below. By applying the PW expansion to the solvent coordinates
in MOZ for the solute—solvent correlation (eq. (16)) and using the integral relation for the distribution product (eq.

(15)), the equation can be rewritten as follows:
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Y2 =Y G2 +p Y [ dr(GL 3 W Fly (32, (25)
J j

jkl

By substituting eq. (25) into eq. (23), the projections are rewritten as

A2 =) 6wy (1L2)+p ). f dr; {Ce(1, 3) (Wi * Hyj + 3 (3%, 29 P,
J

ki
-> [C,- (1,20 +p ) [ dry (L 3 g « iy w3 3, 2")}@] - (26)
J kl

By using eqs. (14), (22), and the definition of the projections, we can derive the following equation:

PRCELEDY {cm(l, 2" +p ) G x @ * Him(L, zm)}. @7
m m kl

Equating site—site contributions, the partial OZ (POZ) equation in 3D-RISM is obtained:

(1,20 = G(L2) +p ) Gy = e+ Fa(1,2) (28)
Tk

Then, we introduce the following assumption for the solute—solvent direct correlation function:
€;(1,2Y) = ¢;(ry), (29)
and use the following integration of the solute—solvent total correlation function over the orientations of solvent
molecules and the solvent—solvent total correlation function over the orientations of solvent molecules:

. 1 ; . . N

R () = (Hi(1,29)e, =5 f 8(x; +1; — 1) H;(1,2)dr;dQ,, (30)
hi' (r) = (Hq(3%,2)a,a,

1 k 4 1k P4 T (2% 20dridrk 0. 40
= 8(|rk +15))8(|rd + 15| — r)H,; (3%, 2)dridrkdQ,dQ; . (31)
By applying egs. (29)—(31) to eq. (28) and assuming that the system has rotational symmetry, we can obtain the

3D-RISM-PW equation:

BV = a0 +p ) ¢+ @+ BV (D), (32)
jk
= BV = g0 +p ) g B (), (33)
jk
REW@) = 6y +p ) G @i < REV() (34

kl
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where eq. (32) is the equation for the solute—solvent correlation in real space, eq. (33) is that in the k-space, and eq.
(34) is the equation for the solvent—solvent correlation. The equation for the solvent—solvent correlation (eq. (34)) is
the same as that derived in ref. 1. These equations are the minimum model in the angular expansion of the PWs in the
present theory. With respect to the spherical components of the projections, egs. (32) and (34) reduce to 3D-RISM in

terms of the following identities:

(1,200, = hi(®) = ) B 5 5 (), (35)
J

(Hy(1,27)g,0, = hy(|t = 1]) = Z @y * hig" * @y (r =1, (36)
kl

+h(r) ="« &(r) & h(9) = h"V&(K), (37)

h(r) = ® "V « & () & h(k) = ®h""V o (k), (38)

where eqs. (37) and (38) are the relational expressions of egs. (35) and (36) in matrix form, respectively.

Next, we derive the SFE expression based on the PW expansion in 3D-RISM, 3D-PW. First, the SFE

expression in MOZ is derived assuming the HNC approximation as:!*!
_ p
Ay (MOZ-HNC) — 55 f dry,(H2(1,2) — H(1,2)C(1,2) — 2C(1,2))g,q, - (39)

Then, by using egs. (15) and (23), the first and second terms of the integrand on the right-hand side of eq. (39) can

be transformed as

f dr;,H%(1,2) =Z f dry, {H; = wy; (1, 29)}H; (1, 29)
ij
=Zfdr12ﬁi(1,2i)Hi(1,2i), (40)
fdrle(l,Z)C(l,Z) =Zfdr12{Hj *w;;(1,29}€;(1,29)
ij

= [ dnefh 296,29, (41)
i
By substituting egs. (40) and (41) into eq. (39), the following equation can be obtained:
2 = L5 [ dna (1, 20H 1,29 = B(1,26,(1,2) = 261, 29)g, 0, (42)
i

By substituting (H;(1, Zi)>ﬁ2 = h'W(r), (H,(1, 2"))32 = h;(r), and eq. (29) into eq. (42), 3D-PW can be obtained:
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_P 1 !
=53, [ arfai) ~5hEaw +5 RO ®). (43)

The correlation functions computed by 3D-RISM/HNC are used for 3D-PW in the present study.

S2. Expression of the bulk solvent pressure
In this section, we derive a bulk solvent pressure in a manner similar to that reported in Sergiievsky et al.!! They
defined the pressure from the work (free energy change) required to exclude the solvent from a macroscopic volume
starting from a uniform density solvent. This work can be derived from the SFE of solute molecules with a large
repulsive core. The pressure can also be defined by density differentiation of the free energy, from virial equation, and
by integration of the compressibility with respect to density. Although the pressures evaluated by these different
definitions should be identical, when using integral equations the pressures derived from different definitions are often
different.? Among the various definitions of pressure, their pressure expression of Sergiievsky et al., which is defined
from the work of excluding the solvent from a macroscopic volume, is directly related to the SFE of large molecules,
so it is useful in considering the solute size dependence of the SFE.
Let us consider the work of excluding solvent molecules from a macroscopic volume V around a solute. When all

of the solvent molecules are excluded from the system, the 3D total correlation function of solvent site i is

Vi, hy(r) = -1 rev, (44)

Therefore,
hi(k = 0) = f hy(r) dr = —V (45)
h(k =0)=—Ve (46)

where et = (1,1,1,---,1) is an ng element vector, with n; being the number of solvent sites. The 3D-RISM equation

can be transformed as

h=X¢ (47)
¢(k=0)=X'h(k=0)=-VX""e (48)
e'e(k =0)=—-Ve'Xte =—V(1— pyé(k = 0)) (49)

where et X1 e =1 — p,¢(k = 0) is taken from eq. (All) in Ref 11. (k) is a solvent-solvent direct correlation

function in Fourier space. One can obtain the following relation:
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Vzcl(k—O)—pchl,(k—O)—l (50)

ij

where the RISM assumption

¢tk = 0) = Z &k = 0) (51)

ij
is used.

In the case of 3D-HNC, the solvation free energy is given by
p 1 1
=23 [ () - zhmam + 5 0u) dr (52)
i

When all the solvent molecules are excluded from a system, the solvation free energy is given by

Aug = %Zf(—ci(r) +%ci(r) +%) dr
5—22[(1 —c(r))dr
= %(nsV - Z Gk = 0)) (53)

L

From eq. (50), one can obtain

PoV .
Ayozzo—ﬁ ns_pozcij(k=0)+1
ij
Po Po
> —(ng+1) - 2[), CU (k=0) (54)

The bulk solvent pressure can be related to the work of excluding the solvent molecule from a system volume V by

P = Au/V, and the pressure using 3D-RISM/HNC is given by

A 0 0
Pap-sine =~ = ﬁ(ns+1)—p 25 2,0 =00 (55)

This expression is identical to the pressure expression given in Ref. 11.
In a similar fashion, the bulk solvent pressure expressions for 3D-RISM/KH, 3D-RISM/HNC+RBC-TPT, and 3D-
RISM/GF are readily obtained as

P3p_kn =A%__ﬁ( +1) - ﬁ Cij(k =0) (56)
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Apo _ po

2
14 N
P3p_reC =V = 28 (ns+1)_i ¢ij(k =0) (57)
ij
Ao po Ps A
P3D—GF=7=ﬁ_ﬁ 4 ¢ij(k=0) (58)
ij

where ¢;;(k) in equation (56) is obtained by solving RISM-KH for a pure solvent system, whereas those in equations
(57) and (58) are obtained by RISM-HNC for a pure solvent system.

In the case of 3D-PW, the solvation free energy is given by
_Po 1 1 PW
Ap = 7 —ci(M) — s @) + 5 (@7 (@) | dr (59)
i
where
J

The integral of the third term in the right-hand side of eq (59) is

thihfwdr= —thfwdr= —Zﬁfw(k - 0)
T Y [ 7

=—eth®W(k=0)=—e'®@ h(k=0)=Vetd le=V (61)
where e!@~te ~ 1 is assumed.!! Then, the work for excluding the solvent molecules from the macroscopic cavity is

given by

__&ZA_ 14
A.Uo— Zﬁ . Cl(k_0)+ Zﬁ
i

_ P ;i (k =0)—2 62
=g P 2 Culk =0 - “
ij
Finally, the bulk solvent pressure is

2

PEC, p
P3D—PW:_% Cij(k=0)+_0
ij

3 (63)

In the case of 1D-RISM, the relationship between solute-solvent and solvent-solvent direct correlation functions,

corresponding to eq. (50), becomes

%Zém(k=0)=p02c“i,-(k=0)—1 (64)

ij
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Using eq. (64), the solvation free energy for excluding the solvent molecules in ID-HNC is

41 1 1
bty = TN | (eaalr +geuirD +3) ridr
ai

4@02[(1 cai(IrD)) r2dr

_ Po
=2 (n nV — Z Coilk = O))

poV A
=20_ nuns_pozcij(k =0)+1

ij

(nuns +1) - ¢ij (k=0)

ﬁ B

Therefore, the pressure for 1D-HNC is

Ap po
Pip_une = 70 28 = (nng +1) - 2; ¢ij(k =0)

Similarly, the pressure expressions for 1D-KH, 1D-RBC-TPT, 1D-GF, and 1D-PW are given by

Ap
P1D-KH=70 28 = (nns + 1) — 2[), Cij(k=0)

Ap
Pip_rec = 70 28 = (nns +1) - Zﬁ Cij(k =0)

2
P P A
Pip_cr =ﬁ_ﬁ 4 Cij(k =0)
i

_Po Pb
PlD PW — ﬁo 2; l](k )

(65)

(66)

(67)

(68)

(69)

(70)

where ¢;;(k) in equation (67) is obtained by solving RISM-KH for a pure solvent system, whereas those in equations

(68), (69), and (70) are obtained by RISM-HNC for a pure solvent system.

S3. Assessment of the effect of structural fluctuation of the solute molecule

In this study, we employ the optimized geometry of the solute structure for the SFE calculations. Some of the solute

molecule have large degrees of freedom in their molecular geometry. Here, we assess the effect of structural
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fluctuation of the solute molecules. We employ undecan-2-one, n-decane, and decan-2-one, which have relatively
large degrees of freedom. The SFEs of these molecules for the structure taken from MD trajectories are shown in
Figure S3-S5 and Table S4-S6. As can be seen, the average values of the SFE have only a 1-2 kcal/mol difference
from the SFE of the optimized geometry of the solute. Therefore, the conclusions in the present manuscript may not

be influenced by the effect of structural fluctuation.
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Table S1. SFE values computed by the FEP method (Au(FEP)) and experimental SFE values (Au(exp)) for all the
small organic molecules used in this study. The table includes the electrostatic (Ayei(FEP)) and nonpolar (Ap,,(FEP))

components. These data are taken from the ref. '2. The units are [kcal mol™].

Molecule name Apg1.(FEP) Ap,p(FEP) Au(FEP) Au(exp)
1-bromo-2-chloroethane -1.77 1.79 0.02 -1.95
1-bromo-2-methylpropane -0.95 2.19 1.24 -0.03
1-bromobutane -0.97 2.65 1.68 -0.40
1-bromoheptane -0.97 2.63 1.66 0.34
1-bromohexane -0.97 2.75 1.78 0.18
1-bromooctane -0.97 2.89 1.92 0.52
1-bromopentane -0.96 2.44 1.48 -0.10
1-bromopropane -0.98 2.27 1.29 -0.56
1-chloro-2,2,2-trifluoroethane -2.27 2.43 0.16 0.06
1-chlorobutane -1.22 2.21 0.99 -0.16
1-chloroheptane -1.21 2.74 1.53 0.29
1-chlorohexane -1.23 2.46 1.23 0.00
1-chloropentane -1.22 2.40 1.18 -0.07
1-chloropropane -1.25 2.17 0.92 -0.33
1-ethylnaphthalene -4.61 1.61 -3.00 -2.40
1-methyl-imidazole -7.06 0.73 -6.33 -8.41
1-methyl-pyrrole -3.90 1.31 -2.59 -2.89
1-methylcyclohexene -0.66 1.99 1.33 0.67
I-methylnaphthalene -4.52 1.28 -3.24 -2.44
1-naphthol -8.31 0.80 -7.51 -7.67
I-naphthylamine -8.63 0.87 -7.76 -7.28
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I-nitrobutane
I-nitropentane
1-nitropropane
1,1-diacetoxyethane
1,1-dichloroethane
1,1-dichloroethene
1,1-diethoxyethane
1,1-difluoroethane
1,1,1-trichloroethane
1,1,1-trifluoro-2,2,2-trimethoxyethane
1,1,1-trifluoropropan-2-ol
1,1,1-trimethoxyethane
1,1,1,2-tetrachloroethane
1,1,2-trichloro-1,2,2-trifluoroethane
1,1,2-trichloroethane
1,1,2,2-tetrachloroethane
1,2-diacetoxyethane
1,2-dibromoethane
1,2-dichlorobenzene
1,2-dichloroethane
1,2-dichloropropane
1,2-diethoxyethane
1,2-dimethoxyethane
1,2-ethanediol

1,2,3-trichlorobenzene

-2.43

-2.40

244

-9.52

-1.64

-0.85

-4.57

-2.41

-1.13

-4.57

-6.05

-5.55

-1.43

-0.32

-2.01

-1.88

-9.93

-1.60

-1.96

-2.15

-2.13

-5.47

-5.29

-8.71

-1.67
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1.06

1.62

1.81

2.09

2.39

2.60

1.88

2.31

2.49

1.66

1.54

1.85

1.51

1.47

1.61

1.79

1.32

1.63

1.93

2.39

1.93

1.09

1.29

-1.51

-1.29

-1.38

-7.90

0.17

1.24

-2.18

0.19

0.75

-2.26

-3.56

-3.89

0.11

1.53

-0.50

-0.41

-8.32

0.19

-0.64

-0.52

-0.20

-3.08

-3.36

-7.62

-0.38

-3.09

-2.82

-3.34

-4.97

-0.84

0.25

-3.28

-0.11

-0.19

-0.80

-4.16

442

-1.28

1.77

-1.99

-2.47

-6.34

-2.33

-1.36

-1.79

-1.27

-3.54

4.84

-9.30

-1.24



1,2,3-trimethylbenzene
1,2,3,4-tetrachlorobenzene
1,2,3,5-tetrachlorobenzene
1,2,4-trichlorobenzene
1,2,4-trimethylbenzene
1,2,4,5-tetrachlorobenzene
1,3-dichlorobenzene
1,3-dichloropropane
1,3-dimethylnaphthalene
1,3,5-trichlorobenzene
1,3,5-trimethylbenzene
1,4-dichlorobenzene
1,4-dichlorobutane
1,4-dimethyl-piperazine
1,4-dimethylnaphthalene
1,4-dioxane
2-bromo-2-methylpropane
2-bromopropane

2-butoxyethanol

2-chloro-1,1,1-trimethoxyethane

2-chloro-2-methylpropane
2-chloroaniline
2-chlorobutane
2-chlorophenol

2-chloropropane

-2.79

-1.25

-0.92

-1.35

-2.75

-0.97

-1.60

-2.18

-4.50

-0.96

-2.73

-1.63

-2.38

-8.20

-4.50

-4.71

-1.25

-1.16

-5.94

-5.40

-1.44

-6.04

-1.35

-4.51

-1.40

2.14

0.93

0.90

1.17

2.39

1.22

1.61

1.80

1.71

1.41

2.77

1.53

2.11

0.80

1.21

0.36

2.14

2.13

1.87

2.10

2.26

1.08

2.56

1.28

222

-0.65

-0.32

-0.02

-0.18

-0.36

0.25

0.01

-0.38

-2.79

0.45

0.04

-0.10

-0.27

-7.40

-3.29

-4.35

0.89

0.97

-4.07

-3.30

0.82

-4.96

1.21

-3.23

0.82

-1.21

-1.34

-1.62

-1.12

-0.86

-1.34

-0.98

-1.89

2.47

-0.78

-0.90

-1.01

-2.32

-7.58

-2.82

-5.06

0.84

-0.48

-6.25

-4.59

1.09

-4.91

0.00

-4.55

-0.25



2-chloropyridine
2-chlorotoluene
2-ethoxyethanol
2-ethylpyrazine
2-ethylpyridine
2-ethyltoluene
2-fluorophenol
2-isobutylpyrazine
2-methoxy-1,1,1-trimethoxyethane
2-methoxyaniline
2-methoxyethanamine
2-methoxyethanol
2-methoxyphenol
2-methyl-but-2-ene
2-methylbuta-1,3-diene
2-methylbutan-1-ol
2-methylbutan-2-ol
2-methylbutane
2-methylhexane
2-methylpent-1-ene
2-methylpentan-2-ol
2-methylpentan-3-ol
2-methylpentane
2-methylpropan-1-ol

2-methylpropan-2-ol

-4.85

-2.18

-6.41

-6.94

-4.96

-2.85

-4.89

-6.81

-7.61

-7.69

-7.04

-6.92

-6.00

-0.56

-1.12

-4.88

-5.17

0.01

0.01

-0.40

-5.13

-4.75

0.01

-5.02

-5.31

S17

1.49

1.67

1.64

1.26

1.75

2.19

1.65

1.71

1.64

1.42

1.55

1.26

2.94

2.93

2.10

2.21

2.51

2.99

3.15

2.34

2.56

2.77

2.06

222

-3.36

-0.51

4.77

-5.68

-3.21

-0.66

-3.24

-5.10

-5.97

-6.53

-5.62

-5.37

474

2.38

1.81

-2.78

-2.96

2.52

3.00

2.75

-2.79

-2.19

2.78

-2.96

-3.09

-4.39

-1.14

-6.69

-5.45

-4.33

-1.04

-5.29

-5.04

-5.73

-6.12

-6.55

-6.76

-5.57

1.31

0.68

442

443

2.38

2.93

1.47

-3.92

-3.88

2.51

-4.50

447



2-methylpropane
2-methylpropene
2-methylpyrazine
2-methylpyridine
2-methyltetrahydrofuran
2-methylthiophene
2-naphthol
2-naphthylamine
2-nitroaniline
2-nitropropane
2-nitrotoluene
2-phenylethanol
2-propoxyethanol
2,2-dimethylbutane
2,2-dimethylpentane
2,2-dimethylpropane
2,2,2-trifluoroethanol
2,2 4-trimethylpentane

2,2,5-trimethylhexane

2,3-dimethylbuta-1,3-diene

2,3-dimethylbutane
2,3-dimethylnaphthalene
2,3-dimethylpentane
2,3-dimethylphenol

2,3-dimethylpyridine

0.01

-0.45

-6.99

-4.95

-3.39

-1.90

-8.70

-8.83

7.84

-2.54

-3.79

-7.05

-6.14

0.01

0.01

0.01

-6.05

0.02

0.00

-1.11

0.01

443

0.00

-6.49

-4.79

S18

2.73

2.79

0.89

1.54

1.44

1.68

0.82

0.96

-0.12

0.93

0.65

1.72

1.93

2.52

2.89

2.59

2.10

291

2.86

2.80

2.68

1.84

2.66

1.82

1.52

2.74

2.34

-6.10

-3.41

-1.95

-0.22

-7.88

-7.87

-7.96

-1.61

-3.14

-5.33

-4.21

2.53

2.90

2.60

-3.95

2.93

2.86

1.69

2.69

-2.59

2.66

-4.67

-3.27

2.32

-5.51

-4.63

-3.30

-1.38

-8.11

7.47

-1.37

-3.13

-3.58

-6.79

-6.40

2.51

2.88

2.51

-4.31

2.89

2.93

0.40

2.34

-2.78

2.52

-6.16

-4.82



2,3,4-trimethylpentane
2,4-dimethylpentan-3-one
2,4-dimethylpentane
2,4-dimethylpyridine
2,5-dimethylphenol
2,5-dimethylpyridine
2,5-dimethyltetrahydrofuran
2,6-dimethylaniline
2,6-dimethylnaphthalene
2,6-dimethylphenol
2,6-dimethylpyridine
3-acetylpyridine
3-chloroaniline
3-chlorophenol
3-chloroprop-1-ene
3-chloropyridine
3-cyanopyridine
3-ethylphenol
3-ethylpyridine
3-formylpyridine
3-methoxyaniline
3-methyl-1H-indole
3-methyl-but-1-ene
3-methylbutan-1-ol

3-methylbutan-2-one

0.01

-5.13

0.00

4.94

-5.97

-4.76

-3.52

-6.51

442

-5.78

-5.15

-8.04

-6.41

-6.38

-1.48

-3.78

-5.84

-6.91

-4.59

-8.22

-8.44

-7.53

-0.33

-5.15

-5.34

S19

2.85

2.66

2.89

1.76

1.58

1.93

1.63

1.64

1.77

1.69

1.79

0.94

1.04

2.36

1.28

1.21

1.89

1.63

0.58

0.99

0.98

3.13

2.23

241

2.86

-2.47

2.89

-3.18

-4.39

-2.83

-1.89

-4.87

-2.65

-4.09

-3.36

-7.10

-5.37

-5.28

0.88

-2.50

-4.63

-5.02

-2.96

-7.64

-7.45

-6.55

2.80

-2.92

-2.93

2.56

2.74

2.83

-4.86

-5.91

-4.72

-2.92

-5.21

-2.63

-5.26

-4.59

-8.26

-5.82

-6.62

-0.57

-4.01

-6.75

-6.25

-4.59

-7.10

-7.29

-5.88

1.83

442

-3.24



3-methylheptane
3-methylhexane
3-methylpentane
3-methylpyridine
3-nitroaniline
3-nitrophenol
3-nitrotoluene
3-phenylpropanol
3,3-dimethylbutan-2-one

3,3-dimethylpentane

3,3,3-trimethoxypropionitrile

3,4-dimethylpyridine
3,5-dimethylphenol
3,5-dimethylpyridine
4-acetylpyridine
4-bromotoluene
4-chloroaniline
4-chlorophenol
4-cyanopyridine
4-ethylphenol
4-ethylpyridine
4-ethyltoluene
4-formylpyridine
4-isopropyltoluene

4-methoxyacetophenone

0.01

0.00

0.00

-4.56

-8.00

-7.45

-3.51

-7.38

-5.18

0.01

-6.93

-4.59

-7.01

447

-8.38

-2.20

-6.47

-6.53

-6.01

-7.07

-4.72

-2.78

-8.13

-2.53

-7.89

S20

3.28

2.76

2.72

1.37

-0.24

-0.21

0.35

1.88

2.27

2.52

1.19

1.41

1.89

1.53

0.75

2.24

1.19

1.17

1.00

1.99

1.85

2.73

0.82

2.73

1.60

3.29

2.76

2.72

-3.19

-8.24

-7.66

-3.16

-5.50

-2.91

2.53

-5.74

-3.18

-5.12

-2.94

-7.63

0.04

-5.28

-5.36

-5.01

-5.08

-2.87

-0.05

-7.31

0.20

-6.29

2.97

2.71

2.51

4.77

-8.84

-9.62

-3.45

-6.92

-3.11

2.56

-6.40

-5.22

-6.27

4.84

-7.62

-1.39

-5.90

-7.03

-6.02

-6.13

-4.73

-0.95

-7.00

-0.68

-4.40



4-methoxyaniline
4-methyl-1H-imidazole
4-methylacetophenone
4-methylbenzaldehyde
4-methylpentan-2-ol
4-methylpentan-2-one
4-methylpyridine
4-nitroaniline
acenaphthene
acetaldehyde

acetic acid

acetonitrile
acetophenone
alpha-methylstyrene
ammonia

aniline

anisole

anthracene

azetidine
benzaldehyde
benzamide

benzene

benzonitrile
benzotrifluoride

benzyl alcohol

-8.09

-8.85

-6.70

-6.43

-5.10

-5.28

-4.73

-9.03

-4.89

-5.18

-7.07

-3.76

-6.67

-3.53

-5.82

-7.00

-3.98

-5.97

-5.09

-6.36

-10.97

-2.70

414

-3.02

-6.94

S21

1.17

0.86

1.88

1.53

2.35

2.32

1.32

-0.20

1.38

1.79

1.12

1.25

1.60

2.27

1.78

1.08

1.68

0.58

1.68

1.37

0.78

2.00

1.52

2.47

1.53

-6.92

-7.99

-4.82

-4.90

-2.75

-2.96

-3.41

-9.23

-3.51

-3.39

-5.95

-2.51

-5.07

-1.26

-4.04

-5.92

-2.30

-5.39

-3.41

-4.99

-10.19

-0.70

-2.62

-0.55

-5.41

-7.48

-10.27

-4.70

-4.27

-3.73

-3.05

-4.93

-10.27

-3.15

-3.50

-6.69

-3.88

-4.58

-1.24

-4.29

-5.49

-2.45

-3.95

-5.56

-4.02

-11.00

-0.86

-4.21

-0.25

-6.62



benzyl bromide
benzyl chloride
biphenyl
bis-2-chloroethyl ether
bromobenzene
bromoethane
bromomethane
bromotrifluoromethane
but-1-ene

but-1-yne
buta-1,3-diene
butan-1-ol

butan-2-ol
butanenitrile
butyraldehyde
chlorobenzene
chlorodifluoromethane
chloroethane
chloroethylene
chlorofluoromethane

chloromethane

cis-1,2-dimethylcyclohexane

cyanobenzene
cyclohepta-1,3,5-triene

cycloheptanol

-3.13

-3.37

-4.97

-3.78

-2.20

-1.01

-0.89

-0.38

-0.37

-0.77

-0.96

-5.12

-5.20

-3.59

-5.07

-2.13

-2.32

-1.26

-1.06

-2.25

-1.14

0.02

-4.13

-1.97

-5.14

S22

1.99

1.81

1.58

1.92

1.83

1.94

1.98

241

2.85

1.28

2.89

1.98

2.08

1.36

2.06

1.53

2.28

2.04

2.28

2.03

1.95

2.03

1.57

2.12

0.99

-1.14

-1.56

-3.39

-1.86

-0.37

0.93

1.09

2.03

248

0.51

1.93

-3.14

-3.12

-2.23

-3.01

-0.60

-0.04

0.78

1.22

-0.22

0.81

2.05

-2.56

0.15

-4.15

-2.38

-1.93

-2.66

-4.23

-1.46

-0.74

-0.82

1.79

1.38

-0.16

0.61

472

-4.62

-3.64

-3.18

-1.12

-0.50

-0.63

-0.59

-0.77

-0.55

1.58

-4.10

-0.99

-5.48



cyclohexane
cyclohexanol
cyclohexanone
cyclohexene
cyclohexylamine
cyclopentane
cyclopentanol
cyclopentanone
cyclopentene
cyclopropane
decan-1-ol
decan-2-one
di-isopropy! sulfide
di-n-butyl ether
di-n-butylamine
di-n-propyl ether
di-n-propyl sulfide
di-n-propylamine
dibromomethane
dichloromethane
diethoxymethoxybenzene
diethyl disulfide
diethyl ether
diethyl malonate

diethyl succinate

0.01

-5.28

-5.14

-0.53

-5.08

0.01

-5.27

-4.85

-0.58

-0.03

-5.16

-5.26

-2.56

-2.65

-4.71

-2.67

-2.15

-4.76

-1.10

-1.60

-7.19

-2.51

-3.02

-8.27

-10.32

S23

1.66

1.02

1.30

2.09

1.14

1.52

1.12

1.14

1.96

2.67

2.67

3.28

2.66

3.24

3.08

2.88

2.64

2.50

1.97

1.83

2.75

2.44

2.32

1.82

1.85

1.67

-4.26

-3.84

1.56

-3.94

1.53

-4.15

-3.71

1.38

2.64

-2.49

-1.98

0.10

0.59

-1.63

0.21

0.49

-2.26

0.87

0.23

444

-0.07

-0.70

-6.45

-8.47

1.23

-5.46

-4.91

0.37

-4.59

1.20

-5.49

-4.70

0.56

0.75

-3.64

-2.34

-1.21

-0.83

-3.24

-1.16

-1.28

-3.65

-1.96

-1.31

-5.23

-1.64

-1.59

-6.00

-5.71



diethyl sulfide
diethylamine
diisopropyl ether
diisopropylamine
dimethoxymethane
dimethyl disulfide
dimethyl ether
dimethyl sulfate
dimethyl sulfide
dimethyl sulfone
dimethyl sulfoxide
dimethylamine
(E)-1,2-dichloroethene
(E)-but-2-enal
(E)-hept-2-ene
(E)-hex-2-enal
(E)-oct-2-enal
ethanamide

ethane

ethanethiol
ethanol

ethane

ethyl acetate

ethyl benzoate

ethyl butanoate

-2.18

-4.93

-3.01

-4.60

-4.33

-0.72

-2.70

-8.13

-1.70

-11.21

-9.68

-4.72

-0.87

-5.82

-0.43

-5.48

-5.37

-9.94

0.00

-2.49

-5.20

-0.30

-5.14

-6.33

-5.39

S24

2.39

2.21

2.90

2.63

1.64

2.20

1.85

0.28

1.96

0.85

1.36

1.61

2.07

2.16

3.26

2.26

2.90

1.32

2.58

2.09

1.75

2.66

1.91

1.65

2.35

0.21

-2.72

-0.11

-1.97

-2.69

1.48

-0.85

-7.85

0.26

-10.36

-8.32

-3.11

1.20

-3.66

2.83

-3.22

-2.47

-8.62

2.58

-0.40

-3.45

2.36

-3.23

-4.68

-3.04

-1.46

4.07

-0.53

-3.22

-2.93

-1.83

-1.91

-5.10

-1.61

-10.08

-8.71

-4.29

-0.78

-4.22

1.68

-3.68

-3.43

-9.71

1.83

-1.14

-5.00

1.28

-2.94

-3.64

-2.49



ethyl formate
ethyl hexanoate
ethyl pentanoate
ethyl phenyl ether
ethyl propanoate
ethylamine
ethylbenzene
fluorene
fluorobenzene
fluoromethane
formaldehyde
halothane
hept-1-ene
hept-1-yne
heptan-1-ol
heptan-2-one
heptan-4-one
heptanal
hex-1-ene
hex-1-yne
hexa-1,5-diene
hexafluoropropene
hexan-1-ol
hexan-2-one

hexan-3-ol

-4.52

-5.43

-5.47

-4.12

-5.51

-5.00

-2.76

-5.31

-2.10

-1.61

-4.87

-1.59

-0.33

-0.75

-5.09

-5.30

-5.19

-5.06

-0.33

-0.76

-0.65

-1.17

-5.08

-5.28

-4.96

S25

1.53

2.63

2.38

2.11

2.12

1.86

2.17

1.02

2.03

2.40

1.65

2.29

3.30

1.59

2.37

2.50

2.51

243

2.92

1.55

3.09

3.46

2.05

2.51

2.33

-2.99

-2.80

-3.09

-2.01

-3.39

-3.14

-0.59

-4.29

-0.07

0.79

-3.22

0.70

2.97

0.84

-2.72

-2.80

-2.68

-2.63

2.59

0.79

2.44

2.29

-3.03

-2.77

-2.63

-2.56

-2.23

-2.49

-2.22

-2.68

-4.50

-0.79

-3.35

-0.80

-0.22

-2.75

-0.11

1.66

0.60

-4.21

-3.04

-2.92

-2.67

1.58

0.29

1.01

-3.76

-4.40

-3.28

-4.06



hexanal

hexanamide
hydrazine

hydrogen sulfide
imidazole

indane

isoamyl acetate
isoamyl formate
isobutyl acetate
isobutyl formate
isobutyl isobutanoate
isobutylbenzene
isobutyraldehyde
isoflurane

isopropyl acetate
isopropyl formate
isopropylbenzene
m-bis(trifluoromethyl)-benzene
m-xylene

methane
methanesulfonyl chloride
methanethiol
methanol
methoxyflurane

methyl acetate

-5.09

-9.76

-8.36

-3.05

-8.49

-2.97

5.44

-5.17

-5.23

-5.00

-5.29

-2.66

-4.98

-4.21

-5.15

-4.37

-2.86

-4.19

-2.71

0.00

-6.85

-2.25

-5.15

-2.49

5.44

S26

2.13

1.62

1.26

1.88

0.64

1.27

2.39

1.78

243

1.79

2.74
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methylcyclopentane
morpholine
N-acetylpyrrolidine
n-butane
n-butanethiol
n-butyl acetate
n-butylamine
n-butylbenzene
n-decane

n-heptane
n-heptylamine
n-hexane

n-hexyl acetate
n-hexylamine
n-hexylbenzene
N-methyl-N-(2,2,2-trifluoroethyl)aniline
N-methylacetamide
N-methylaniline
N-methylmorpholine
N-methylpiperazine
N-methylpiperidine
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n-octylamine

n-pentane
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n-pentyl acetate

n-pentyl propanoate
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nonan-2-one
nonan-5-one
nonanal
o-cresol
o-toluidine
o-xylene
oct-1-ene
oct-1-yne
octan-1-ol
octan-2-one

octanal
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p-toluidine
p-xylene
pent-1-ene
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penta-1,4-diene

pentachloroethane

pentan-1-ol
pentan-2-ol
pentan-2-one
pentan-3-ol
pentan-3-one
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pentanenitrile
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phenanthrene
phenol

phenyl formate

phenyl methyl sulfide

phenyl trifluoroethyl ether

piperazine
piperidine
prop-2-en-1-ol
propan-1-ol
propan-2-ol
propane
propanenitrile
propanone
propene
propionaldehyde
propyne

pyrene

pyridine

pyrrole
pyrrolidine
quinoline
sec-butylbenzene
styrene

teflurane

tert-butylbenzene
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tetrachloroethene
tetrachloromethane
tetrafluoromethane
tetrahydrofuran
tetrahydropyran
thiophene
thiophenol

toluene

trans-1,4-dimethylcyclohexane

tribromomethane
trichloroethene
trichloromethane
triethyl phosphate
triethylamine
trimethoxy methane
trimethoxymethylbenzene
trimethyl phosphate
trimethylamine
undecane-2-one
(2)-1,2-dichloroethene

(Z2)-pent-2-ene
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Table S2. The mean signed errors (MSEs) of the RISM SFE from FEP. The MSEs are given in kcal mol™!.

SFE expression MSE
Total Nonpolar Electrostatic

3D-HNC 16.00 16.65 -0.65
3D-KH 20.64 21.18 -0.54
3D-GF 1.70 3.54 -1.84
3D-HNC+RBC 0.06 0.89 -0.83
3D-KH+RBC 4.63 5.29 -0.66
3D-PW 11.83 11.81 0.03
1D-HNC 32.28 34.32 -2.03
1D-KH 35.09 37.16 -2.08
1D-GF -4.39 -2.48 -1.91
1D-HNC+RBC -10.94 -8.20 -2.74
1D-KH+RBC -9.42 -6.68 -2.74
1D-PW 3.68 4.20 -0.52
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Figure S1. Comparison of the nonpolar components of RISM SFEs (only GF, HNC+RBC, KH+RBC, and PW) with
the FEP results. The solid black line represents y = x; open circles are results of 3D-RISM; open triangles are results

of 1D-RISM.
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Figure S2. Comparison of the RISM SFEs with the FEP results obtained by using the same force field parameters
used by Mobley et al.'? The solid black line represents y = x; open circles are results of 3D-RISM calculations; open

triangles are results of 1D-RISM calculations.
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Table S3. The RMSEs and MSEs of the RISM SFE from FEP, and R? values obtained by using the same force field

parameters used by Mobley et al.!? The RMSEs and MSEs are given in kcal mol .

SFE expression RMSE MSE R?

3D-HNC 16.33 15.60 0.285
3D-KH 20.95 20.01 0.174
3D-GF 2.48 1.34 0.850
3D-HNC+RBC 1.98 0.06 0.784
3D-KH+RBC 5.46 4.43 0.528
3D-PW 11.71 11.19 0.388
1D-HNC 34.12 31.99 0.069
1D-KH 36.83 34.61 0.061
1D-GF 5.50 -4.53 0.633
1D-HNC+RBC 10.40 -9.72 0.804
1D-KH+RBC 9.10 -8.32 0.808
1D-PW 3.73 3.29 0.739
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Figure S3. Comparison of the RISM SFEs using 10 structures of undecan-2-one obtained by molecular dynamics
simulation. (a) 3D-RISM and (b) 1D-RISM. Color code: light blue dashed lines, HNC; yellow dash-dotted lines, KH;

blue dotted lines, GF; red long dash-two-dotted lines, HNC+RBC; purple long dash-dotted lines, KH+RBC; and green

solid lines, PW.
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Figure S4. Comparison of the RISM SFEs using 10 structures of n-decane obtained by molecular dynamics simulation.
(a) 3D-RISM and (b) 1D-RISM. Color code: light blue dashed lines, HNC; yellow dash-dotted lines, KH; blue dotted

lines, GF; red long dash-two-dotted lines, HNC+RBC; purple long dash-dotted lines, KH+RBC; and green solid lines,

PW.
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Figure SS. Comparison of the RISM SFEs using 10 structures of decan-2-one obtained by molecular dynamics
simulation. (a) 3D-RISM and (b) 1D-RISM. Color code: light blue dashed lines, HNC; yellow dash-dotted lines, KH;
blue dotted lines, GF; red long dash-two-dotted lines, HNC+RBC; purple long dash-dotted lines, KH+RBC; and green

solid lines, PW.
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Table S4. The average values of the RISM SFEs using 10 structures of undecan-2-one obtained by molecular
dynamics simulation. The RISM SFE values obtained using single structure (the values listed in Figure 1 in the main

text) are also listed. The average values and RISM SFEs are given in kcal mol™'.

SFE expression Average value using 10 structures RISM SFE using single structure

3D-HNC 29.35 28.88
3D-KH 38.56 37.81
3D-GF 4.36 4.26
3D-HNC+RBC 3.96 3.02
3D-KH+RBC 13.07 11.79
3D-PW 21.36 20.98
1D-HNC 68.62 67.55
1D-KH 73.91 72.79
1D-GF -14.13 -12.24
1D-HNC+RBC -11.35 -13.26
1D-KH+RBC -8.36 -10.39
1D-PW -0.40 1.12
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Table SS. The average values of the RISM SFEs using 10 structures of n-decane obtained by molecular dynamics
simulation. The RISM SFE values obtained using single structure (the values listed in Figure 1 in the main text) are

also listed. The average values and RISM SFEs are given in kcal mol ™.

SFE expression Average value using 10 structures RISM SFE using single structure

3D-HNC 32.52 32.26
3D-KH 40.68 40.28
3D-GF 10.65 10.59
3D-HNC+RBC 9.38 8.81
3D-KH+RBC 17.37 16.63
3D-PW 24.50 24.33
1D-HNC 69.08 68.57
1D-KH 73.86 73.34
1D-GF -5.61 -4.50
1D-HNC+RBC -5.01 -5.88
1D-KH+RBC -2.45 -3.39
1D-PW 5.94 6.84
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Table S6. The average values of the RISM SFEs using 10 structures of decan-2-one obtained by molecular dynamics
simulation. The RISM SFE values obtained using single structure (the values listed in Figure 1 in the main text) are

also listed. The average values and RISM SFEs are given in kcal mol ™.

SFE expression Average value using 10 structures RISM SFE using single structure

3D-HNC 26.32 26.11
3D-KH 34.69 34.28
3D-GF 3.11 3.37
3D-HNC+RBC 2.33 2.05
3D-KH+RBC 10.60 10.07
3D-PW 19.03 18.91
1D-HNC 61.38 61.00
1D-KH 66.22 65.80
1D-GF -12.42 -11.27
1D-HNC+RBC -12.33 -13.07
1D-KH+RBC -9.64 -10.46
1D-PW 0.58 -0.45
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Table S7. The bulk solvent pressure by RISM. The units are in MPa. n,, denotes number of solute sites.

SFE expression

Pressure

3D-HNC
3D-KH

3D-GF
3D-HNC+RBC
3D-KH+RBC
3D-PW
1D-HNC
1D-KH

1D-GF
1D-HNC+RBC
1D-KH+RBC

1D-PW

863.8
1141.9

658.1

863.8

1141.9

726.7
658.1+205.8n,
936.2+205.8n,,
658.1
658.1+205.8n,
936.2+205.8n,,

726.7
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Figure S6. The RISM SFEs with PC are compared with the FEP. The solid black line represents
y = x; open circles are results of 3D-RISM calculations; open triangles are results of 1D-RISM

calculations.
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