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Force field parameters

Table S1. The NERD potential parameters for n-heneicosane®*.

Potential form

Parameters

+V, (1-cos2¢)+V, (1+cos3¢)

Bond V(r) k ) k. = 96500 K/A?
= (r=t.)

stretching ky 2 beq=1.54 A

potential
Bond bending 7(0) @(9— ) )2 k,= 62500 K/rad?

potential ky 2 “ 0,,=114.0°

Torsion V(¢) Vo=0K, V;=355.04K, V,=-
Vo+V,(1+cosg)
. 0 1
potential B 68.19K, I';=701.32 K

Table S2. Optimized Tersoff potential parameters for graphene?’

A=1393.6eV B =430.0eV
A =3.4879 A A, =22119 A
Ay =0.0000 A-! n=0.72751
¢ =38049.0 B =1.5724x107
d = 4.3484 h =-0.930
R=195A D=0.15A
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Figure S1. Snapshots of a monolayer graphene-liquid heneicosane system under (a) heat-
matrix mode and (b) heat-graphene mode. Heat source and heat sink region are labeled as
"hot" and “cold”, respectively. The non-equlibrium molecular dynmaics simulations have

been performed for both modes.
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Figure S2. Density distributions in heneicosane along the z-axis in (a) liquid heneicosane-
monolayer graphene system at 400 K and 1 atm (b) disordered heneicosane-monolayer
graphene system at 250 K and 1 atm. One of the three systems constructed is shown here (c)
parallel aligned heneicosane-monolayer graphene system at 250 K and 1 atm. (d)
perpendicular aligned heneicosane-monolayer graphene system at 250 K and 1 atm. The first
adsorption layer is shown an inset of each figure. The density profiles are plotted with respect

to the position of graphene. The zero on x-axis represent the position of graphene.
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Figure S3. Variation of the interfacial thermal conductance at the interface between liquid
heneicosane and monolayer graphene as a function of cross section size of the computational
system under the heat-matrix mode at 350 K and 1 atm. The error bars have been symbolized

by vertical lines.
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Figure S4. Overall vibrational density of states (VDOS), D(w), of a monolayer graphene and
heneicosane in arbitary units for the interface between: (a) graphene and amorphous
heneicosane at 250 K and 1 atm, (b) graphene and parallel-aligned heneicosane crystal at 250
K and I atm, (c) graphene and perpendicualr-aligend heneicosane crystal at 250 K and 1 atm.
(d) The VDOS profiles in arbitary units of a monolayer graphene-liquid heneicosane system

at 350 K and 1 atm; the in-plane and out-of-plane VDOS of graphene is shown in the figure.
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Pressure in simulation systems

Note that the local pressure at the interface is different in the normal and lateral directions due
to the interfacial tension. As an example, we have calculated pressure components along normal
(z) and lateral directions (x and y) distributions along the z-direction in a monolayer graphene-
liquid heneicosane system under NPT ensemble at 400 K and 1 atm as shown in Fig. S5. For
the calculation of pressure, the data were collected for 4 ns. It is noticed that the pressure
components in the bulk liquid region are same in all three directions and are extremely close to
the target pressure (Fig. S5). Fujiwara and Shibahara®! have shown that the normal pressure
component to the interface should be constant throughout the liquid in the solid-liquid interface
region at mechanical equilibrium. However, it should be noted that the procedure adopted by
Fujiwara and Shibahara®S! for the pressure calculation is an approximated one. We notice that
the normal pressure component fluctuates in the interface regions, which is primarily attributed
to the algorithm used in the LAMMPS for calculating pressure.5? The algorithm in LAMMPS
neglects higher order terms of the Irving and Kirkwood method.5*-54 Varnik et al.5* showed that
pressure oscillations in the interface region depends on the expressions retained in the
calculation of pressure tensor. They concluded that the oscillations on the normal pressure are
not unphysical and the important points are recovery of normal pressure in the bulk region and
correct value of the surface tension. Similar types of fluctuations have been reported in the past

studiesS>-S7, where the LAMMPS had been used for simulations.
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Figure S5. Liquid heneicosane pressure components Py(z), Py,(z), P..(z) distribution in the
direction normal to the interface for the liquid heneicosane-monolayer graphene at 400 K and

1 atm

Spectral heat flux and VDOS

It should be noted that the output forces and velocities has three components along Cartesian
coordinates. The components along x- and y-axis describe transverse or in-plane mode
contributions to total VDOS and total spectral heat flux. The in-plane VDOS and in-plane

spectral heat flux are calculated as follows

1

D(a))in-plane - kB_TZimi Ij: dz-em” <vxy1i (T) ' V)O’J (0)> (Sl)

2 +eo ot
q (a))in-plane = z [ Zjeh,ieg —® dre <F;fy,ii (T) ) V)O’,i (0)> (SZ)

Similarly, the components along z-axis describe longitudinal or out-of-plane mode
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contributions to total VDOS and total spectral heat flux. The out-of-plane VDOS and out-of-

plane spectral heat flux are calculated as follows

D(®) s = Z [ dre (v, (z)-v.,(0)) (S3)

q(a) out- ofplane - I Z/eh ieg J - dz‘em" <F; ij (T) ’ VZJ (0)> (84)

As expected, the summation of in-plane and out-of-plane spectrally resolved heat flux gives the

total spectral heat flux. ¢(w)  =g¢ (a))in_plane +q (a))om_of_plane . Normalized cumulative heat flux

1s calculated as follows

Normalized cumulative ¢, (w)= J“”M dow (S5)

’ J-Ow qtotal (CO)

where i = in-plane, out-of-plane, total

Width of heating region influence on thermal conductance

To investigate the effect of the width of control regions, we have performed a few additional
simulations with larger heating regions. We have injected heat into all graphene layers in a
three-layer graphene system, fiver-layer graphene system and seven-layer graphene system.
The width of heating regions is different in all three systems. The simulations performed in this
manner correspond to the single-layer graphene system under heat-graphene mode.
Additionally, we have also heated the central three layers in a seven-layer graphene system
(shown in Fig. S6). It is observed that the interfacial thermal conductance values are close to
the same within the error bars irrespective of the widths of the controlling regions. Therefore,
we conclude that the width of the controlling region does not have significant influence on the

results obtained in this study.
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Figure S6. Interfacial thermal conductance between liquid heneicosane and graphene

with different widths of heating regions at 400 K and 1 atm.
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