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S1 Introduction

In this Supporting Information, the following information is provided: (a) the force field
parameters, both for Lennard-Jones (LJ) and molecular mixtures; (b) system-size depen-
dency of shear viscosity for all studied LJ systems; and (c) a detailed description of all MD

simulation results for different system sizes, available as a ZIP file.
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S2 Force field parameters

Two types of systems are considered in this study: (1) LJ systems, and (2) molecular systems.

The definitions of the force fields are listed below.

S2.1 Lennard-Jones systems

The Lennard-Jones (LJ) interaction potential defined between two spherical particles is:

Uy (ri;) = 4eij [(:—Z)m - (%)6] (S1)

where ¢;; and o0;; are the Lennard-Jones parameters and r;; is the distance between two
particles. To limit the range of the LJ interaction potential, we use a truncated and shifted

Lennard-Jones potential:

Uy (r55) = Uy (1e) <1
ULJ,truncated and shifted (Tij) = (SQ)
0 >,

For simulations of LJ systems, the cutoff radius r. is 4.00. For the interaction between
unlike particles, the Lorentz-Berthelot mixing rules with an adjustable parameter (k;;) are

used to include non-ideality:!

€ij = (1 — ki) \/€ii - €55

04 + 05
Oijj = —(~

S2.2 Molecular systems

Molecules consist of several atoms connected together with bonds. Schematic representa-
tions of all molecules studied here (methanol, water, ethanol, acetone, methylamine, carbon

tetrachloride) are shown in Figure S1. Each (pseudo-)atom is an interaction site, interacting
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with the other interaction sites in the same molecule or other molecules. The force field

consists of nonbonded intermolecular and bonded intramolecular interactions:

U = Unonbonded + Ubonded = [ULJ + Uelectrostatic] + [Ubond + Uangle + Utorsion] (S4>

The nonbonded interactions are due to the LJ and electrostatic interactions between
the atoms of different molecules or atoms of the same molecule separated by at least three
bonds. The LJ potential is identical to what is defined in Equation (S1), however, a truncated
Lennard-Jones potential at a cutoff radius of 10 A with analytic tail corrections for energy

and pressure is used:?

Uy (rij) r <.
ULJ,truncated (rij) = ’ (85)
0 r>Tr.

Electrostatic interactions are computed from Coulomb’s law:

4iq;
Ue ectrostatic = S6
lectrostat 471'607“1‘]‘ ( )

where ¢; and ¢; are the partial atomic charges on each atom. ¢, is the permittivity of
free space. The particle-particle particle-mesh (PPPM) method with a relative precision of
107 is used to handle the long-range electrostatic interactions.! All nonbonded force field
parameters needed for Equations (S5) and (S6) are listed in Table S1. The LJ interactions
between unlike atoms are considered via the Lorentz-Berthelot mixing rules (Equation (S3)
with k;; = 0).

The bonded interactions within a molecule consist of bond stretching, bond-angle bend-
ing, and dihedral angle torsion. Quadratic potentials for bond stretching and bond-angle

bending are used:

Ubond (7’) = Kb(T — 7"0)2 (S?)

Usngie (0) = Ky(0 — 6,)° (S8)
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where K3, and Ky are the force constants and ry and 6y are the equilibrium bond length and
angle, respectively. These force field parameters are reported in Tables S2 and S3 for bond
stretching and bond-angle bending, respectively. For most of the studied molecules, bonds
are considered to be rigid. The rigidity of bonds (and angles for water molecules) is taken
into account with the SHAKE algorithm. ™3

In this study, only ethanol has a dihedral angle. The dihedral angle (¢) potential is taken
from the TraPPE force field:*

Usorsion (8)/ks/[K] = 0.0+ 209.82[1 + cos (¢)] — 29.17[1 — cos (2¢)] + 187.93[1 + cos (3¢)]
(S9)

S3 System-size dependency of the shear viscosity

The studies by Yeh and Hummer® and Moultos et al.% revealed that the shear viscosity does
not depend on the system size. Figure Figure S2 shows a comparison of the shear viscosity
for two different system sizes (500 and 4000 LJ particles), for all LJ systems considered.
In all cases, the viscosity computed with 500 LJ particles equals the viscosity with 4000 LJ

,6

particles. In agreement with prior studies,>% our results show that viscosity has no finite-size

effects.

S4 Simulation results

A ZIP file containing the processed results of all MD simulations is provided as a part of
the Supporting Information. All computed properties for the simulated system sizes are
listed in comma-separated values (csv) files. The description of each column along with the
corresponding units is provided in Tables S4 and S5 for LJ and molecular systems, respec-
tively. The results for the LJ systems are in dimensionless units. The extrapolated values to

the thermodynamic limit are listed in “Particles_Inifinite_Extrapolated.csv” file and
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the finite-size corrected thermodynamic factors can be found in the file “thermodynamic_

factor.csv’.
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Table S1: Nonbonded force field parameters for molecules used in this study. A schematic
representation of these molecules is shown in Figure S1.

Molecule pseudo-atom | o / [A] | €/kg / [K] | ¢ / [€]
CHj 3.75 98.0 0.265

methanol? O 3.02 93.0 -0.700
H 0.0 0.0 0.435

water” O 3.166 78.175 -0.8476
H 0.0 0.0 0.4238

CHj 3.75 98.0 0.000

4 CH, 3.95 46.0 0.265
ethanol 0 302 | 930 | -0.700
H 0.0 0.0 0.435

CH; 3.75 98.0 0.000

acetone® C 3.82 40.0 0.424
O 3.05 79.0 -0.424

CHj 3.75 98.0 0.180

methylamine® N 3.34 111.0 -0.892
H 0.0 0.0 0.356

carbon tetrachloride!” gl gjé 15403.3693 _g()lfolf
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Table S2: Bond stretching parameters of the molecules used in this study. A schematic
representation of these molecules is shown in Figure S1. Bonds are kept rigid via the SHAKE

algorithm.!

Molecule bond Ky | [K/A?] | ro [ [A]
. CH, - O rigid 1.430
methanol O-H rigid 0.945
water’ O-H rigid 1.000
CH; - CH, 156000 1.540
ethanol? CH, - O rigid 1.430
O-H rigid 0.945
; CH, - C rigid 1.520
acetone C-0 rigid 1.229
methylamine? C;I{ 5_ HN Egg 13411(8]
carbon tetrachloride ! C-Cl 158500 1.766
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Table S3: Bond-angle bending parameters of the molecules used in this study. A schematic
representation of these molecules is shown in Figure S1. The water molecule is kept rigid
via the SHAKE algorithm.*

Molecule angle Ko | [K/A% | 6y ][]
methanol* CH;-0O-H 27700 108.5
water ' H-O-H rigid 109.47
othanol CH;3 - CH,y - O 25200 109.5
CH,-O-H 27700 108.5

acetone® CH; - C - CH; 31250 117.2
CH;-C-0 31250 121.4

.9 CH;-N-H 31250 112.9
methylamine H-N-H 21955 | 106.4
carbon tetrachloride ™ Cl-C-Cl 37500 109.5
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Figure S1: Schematic representation of the molecules used in this study. The bonded and
nonbonded interaction parameters are listed in Tables S1 to S3.
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Figure S2: Comparison between the shear viscosity of the studied LJ systems for two system
sizes of 500 and 4000 particles, computed from equilibrium Molecular Dynamics simulations.
The dashed line indicates perfect agreement between the two system sizes.
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