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S1. The force fields parameter of silica and oil components

During the simulation, the CHARMM force field was used for organic oil molecules,
while CLAY force filed was used to describe the interactions of silica molecules. The detailed

parameters are listed in Table S1.

Table S1 Force field parameters for oil molecules and silica

Atoms & (Kcal/mol) o (A) q (e)
C(CH3) 0.0779 3.6349 --
C(CH2) 0.0560 3.5814 --
H (C-H) 0.0240 2.3876 --
C(C=C-C) 0.0699 3.5501 --
N (C=N-C) 0.0599 3.3676 --
C(C=0) 0.0699 3.5636 -
0 (C=0) 0.1199 3.0291 --
Si 1.8405x107 3.3020 2.1

O (Si-O-Si) 0.1554 3.1655 -1.050

O (Si-OH) 0.1554 3.1655 -0.950

H(Si-OH) 0 0 0.425

S2. Structural Information about Asphaltene
The radial density profiles and radial pair distribution profiles for different type of atoms

in asphaltene are shown in Figure S1.
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Figure S1 (a) Radial density profiles for C, N and O atoms in asphaltene molecules; (b) radial pair

distribution function between C, N, O in asphaltene and hydrogen in silica surface, respectively.

S3. Density Profile of Water in the Capillary
Here, then density distribution of water along capillary at time 10.0 ns is selected, shown

in Figure S2.
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Figure S2 The density distribution profiles of water phase along the capillary. x axis is the distance

from the entrance of the capillary, and y axis is the density of the fluids.

S4. Three-phase Contact angle

Three phases contact angle is analyzed to assess the wettability properties of capillary.
According to our previous study !, contact angle will have large fluctuation and reach a
dynamic equilibrium value during displacement. To determine the contact angle for three fluid,

liquid in capillary is firstly divided into cylindrical shells, and then is subdivided by certain



thickness 1.5 A. According to the density of fluids in each shell, the meniscus curves of fluid-
fluid interface can be obtained approximately, then the contact angle can be calculated by

fitting the profiles !.
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Figure S3 Contact angle for different type of fluids

The calculated contact angles for different type of fluids during simulation time are
shown in Figure S3. According to Figure S3, the value for all fluids is much smaller than 90°,
indicating the water-wet property for capillary. Meanwhile, contact angles for all fluids will
decrease initially due to the development of meniscus stage. Combing analysis of configuration
and interfacial thickness, the fluids flow will keep stable after 10 ns simulation time. From
Figure S3, the contact angle for fluids tends to dynamic equilibrium after 10 ns. The value for
NP-free case is relatively higher than fluids with NPs during whole process, while contact angle
for fluids with —CH3 NPs is almost identical with the value of fluids with —OH NPs. The
difference of contact angle for three kinds of fluids are very small during the dynamic
equilibrium stage.

Based on the Lucas-Washburn equation, there is an inverse relationship between contact
angle and displacement. Usually, the bigger the contact angle 2, the smaller the displacement
into the nanopore. As the small difference of three-phase contact angle for all three fluids, the
wettability alteration of capillary is secondary effect factors for nanofluids transportation in

silica nanopore.

S6. Further Simulation on Displacement Process with NPs



Here, the simulation with longer time was performed on two NPs systems to displace all
oil molecules out from the silica nanopores. Therefore, 28.0 ns and 34.0 ns were employed for

—OH NPs and —CH3 NPs, respectively. The final configurations are shown in Figure S4.
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Figure S4 Simulation configurations for systems with -OH NPs and —CH3 NPs at 28.0 ns and 34.0 ns,

respectively.

S6. Steered Molecular Dynamics Simulation for Nanoparticle

In order to briefly probe the resistance of fluid interface and oil phase to the hydrophilic
NPs, the steered molecular dynamics (SMD) method 3 was adopted to mimic the migration of
nanoparticles in the pore from water to the oil phase. An external force was applied on the

center of one NP to horizontally drag it to the oil phase.
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Figure S5 External force profile for pulling a hydrophilic NP from the water to the oil phase by steered

molecular dynamics simulation. (a) Force vs time; (b) force vs reaction coordinates.

The resistance experienced by NP is plotted with time evolution and reaction coordinates,
shown in Figure S5. Combining the analyses of Figure S5 (a) and Figure S5 (b), the force can
be divided into five stage. Initially, the force rapidly increases during the first ~150 ps (Stage
I), the NP moves very slowly but gains inertia at this stage. When the external force reaches

certain value at simulation time of ~200 ps (Stage II), the NP starts to move more significantly.



In Stage III, the NP starts to move to the water-oil interface, and the external force reduces to
a stable value, until the NP passing through the fluid interface during simulation time from
~350 to ~ 550 ps (Stage IV). The external force further drops after the NP fully enter the oil
phase owing to repellence between NP and oil molecules (Stage V). During the passing of NP
though the fluid interface, some water molecules are attached with NP and move together to

the oil phase. The detailed SMD snapshots at different stages are shown in Figure S6.

t=0ps

t=150 ps
t=200 ps
t=2350ps
t=550ps
t="700 ps

Figure S6 Simulation configurations about pulling one NP from water phase to oil phase by steered

molecular dynamics.

S7. Local pressure along capillary

To calculate the local pressure distribution along axial direction, simulation box was
divided into layers with the thickness of Ad =1.5 A along y direction. For different layer, the
pressure of individual atoms was calculated in LAMMPS, then the local pressure distribution
was obtained by integrating the stress of atoms in each layer along axial direction. The
schematic diagram is shown in Figure S7. The method has been well adopted in other

literature®.
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Figure S7 Schematic diagram to calculate local pressure distribution along capillary.
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