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1. The method to build model

Silica supercell: the process to build the silica supercell is given in detail as follow:
firstly, the initial silica unit cell was derived from the database of the Material Studio
software. Secondly, we cleave the unit cell along two perpendicular directions to
obtain an orthorhombic geometry, and a schematic how to cleave is given below. By
extending this orthorhombic unit cell, we could obtain desired orthorhombic silica

supercell.

cleave

Fig. S1. The schematic to cleave the silica unit cell. Atom color codes: O, red; Si, yellow. The
yellow box is periodic boundary.

Silica channel: the nanochannel model was built via three steps: First, a-quartz silica
supercell with orthorhombic dimensions (xyz) of 2.5x7.1x23.0 nm? was constructed.
Then, the corresponding atoms of nanoslit regions of supercell were removed to be as
nanoslit with exposed (001) surface. The junction region connecting two nanoslits
was smoothed by removing irregular atoms. Last, to reflect the realistic chemistry of
fracture surface, the silica surface was hydroxylated by hydroxyl with a density of
~9.6 nm2, which is consistent with the result of crystal chemistry calculations (5.9-

18.8 nm2) [1].



2. Initial models of EMD simulation

Four oil droplets composed of 100 dodecane molecules and dissolved CO, molecules
(0, 100, 200, 300) were first built. A 2 ns equilibrium molecular dynamic simulation
with NPT ensemble was conducted to achieve the reasonable oil density at a typical
reservoir condition of 330 K and 20 MPa. Notably, in simulation, we keep the oil
droplet having width fitting to the width of left nanoslit while the size can change
along the other two directions. We place these four oil droplet inside the left nanoslit
and keep the COM of these four oil droplets at the same position (Z is same). After
that, the rest space of whole nanoslit including left and right sections were filled with

water.

Fig. S2. Snapshots of initial system configurations of EMD: (a) 0 CO, molecules; (b) 100 CO,
molecules; (¢) 200 CO, molecules; (d) 300 CO, molecules. Atom color code: C, blue; O, red; H,
white; Si, yellow. For clarity, dodecane and CO; is displaced in enlarged VDW style.



3. The detailed interaction parameter of the silica slabs, dodecane and CO,

Table S1 Force field parameters for silica, dodecane and CO,*

Intermolecular Interactions

atoms & (Kcal/mol) 0 (A) q (e)
Si (quartz) 1.8405%10°  3.3020 2.100
O (Si-O-Si) 0.1553 3.1655 -1.0500
O (Si-OH) 0.1553 3.1655 -0.9500
H (Si-OH) 0 0 0.4250
C(C-H) 0.0550 3.8754 0
H (H-C) 0.0220 23519 0
C (0=C=0) 0.0559 2.7570 0.6512
0 (0=C=0) 0.1599 3.0330 -0.3256

*The parameters were derived from ref. [2] for silica, ref. [3, 4] for dodecane and ref. [5] for CO..

4. The water (CO;) contribution to resistance force change

In real displacing condition, all the fluid containing water, oil and injected CO,
molecules will bear driving force. In our study, the resistance force change of oil
droplet transport across the nanopore throat is focused. Based on our results (Fig. 3,
Fig. 4a,b), the changing of conformation energy of oil droplet is substantially larger
than that oil/pore interaction, meaning the conformation deformation of oil droplet is
the dominating contributor to the resistance force change. In other words, the
contribution coming from oil/pore interaction to resistance force change is slight. As
for the water, the water molecules with high diffusion velocity don’t undergo
conformation deformation as it pass across the nanopore throat. Hence, only the
water/pore interaction should be considered. In the whole transport process, the
water/pore interaction determined by their contact area would have negligible change
in comparison to the conformation energy change of oil droplet. Similarly, the CO,
contribution to the resistance force change could also be negligible. Therefore, the
results in this work should be convincing, at least in qualitative level. In order to
confirm this point, another simulation using piston force was considered. The
comparison (Seen Fig. S3) indicate that the water only increase the benchmark of
resistance force (large force need to push large water molecules ahead), but the

resistance force change as oil droplet transport across nanopore throat changes little.
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Fig. S3. The resistance force changes in our work and that using piston force pushing all fluid
across nanopore throat.

5. The resistance force

As seen in Fig. 2e in main body of paper, the COM of oil droplet roughly keeps linear
relationship over simulation time, meaning the oil droplet maintains nearly steady
moving velocity. To realize this mobility status, the pulling force should be equal to
the resistance force. In this study, the spring force is the pulling force and is
calculated as depicted in Fig. 2e, thus it could be considered as resistance force.

6. Dynamic transport snapshots

')"i'lé{t‘iii)iill'liil’l’ FXEXEF NN Y, XXEELY, SESESERASAERES45 S5 5SES5ESE5555S XXX XN
kel bS48 Y 5SY b, 555889 oo KX X ¢ 3 3 BSSS588885854801 S o X X1
0 IlS . %‘iﬁxll ﬂgﬁ I FFFLY, FHETEN | ]_ .1 9 ns o Y, EAASER NSNS XXX
7 [y X AEANE R et 3 {} ASERP AN E3TYRAN]
& 5 IR G & . A i
s 2 ARHERD i Sl SR A T i3
% 58 A | . :
g 3 LTy some e i - Ay
O gk A, -%f R RSy L
i Rl SIS NENNSY X ELEEEEE B s :d AREINA S EEEELBEEIEEXEE
" R IR I I I 5 Y X KX LEIXN T LFLN, ALLIAEX! I BIEBIEIET ER PRI P SANSS EXAEILLY XXX EXX]
a (SRR, 3 XX SSIIISY ESSSSAARISVSENIANNS. SXSNIY X XXX|
SASSSSABISSSSERSREESAREESARABSRS SRR A N AR S S AR LSRR RS SARAASIRRRIRS SRR SANL]
2 01 ns-‘.‘ XL X XY AS T YA AL LS, ;&5\ FEEXXEI I | 5 ns BARANARR NSRS K oYX Koo Ko Koo ¢
B Mg X %mﬁﬁ x‘%oom I ) BISSIIIIIITIINY]
e EANAR AN SELEOLTEY ! e : 2 KSR K9 A
; : % e o ! 2
S A : S5 £
N 4] S RE
e SRSUENEN ’\» (X NN | i g 0 'j& NN, TR
) ¥ 5555588556444 ESSANSS SRSl i X BASA48888580088888880064
g WP 1i\1&%ﬂ %;xxi ERALLEEE %ﬁ%gg;;m(nt N T L EXY 15%\‘(\&11& EEEX NI XKL LLEXY]
ES IR R XIS T A XIS XXX IHAN | | FR RN I I TR IS KX NI H ARSI S XTI I HAI SIS SH LIS

LRI X XL E XX XA XN XA XEY X XY
XY,
K IFHIT

BESSERSSSEEERSERLERELERL LR ERSEEAEERLEEL RSl

0ns gEesssaans iy 0.98 nsia

FAIAILLENN K XX

P
<4

g
X NI KT AL LS,
SSSSSSSSISHSSSISS

==
<

aa

SLELLSS
R

Fig. S4 Dynamic transport process of oil with CO,: (a) 100 CO, molecules; (b) 300 CO, molecules.
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7. The number changes of CO, molecules inside and at the surface of oil droplet

In our simulation some CO, molecules are found solvated in the water far from the oil
droplet and has no impact on the transport behavior of oil droplet. In the systems
containing different number of CO, molecules, only the CO, molecules inside the oil
droplet and at the surface of oil droplet have impact on the transport behavior of oil
droplet, so we calculated the changes of these CO, molecules during simulation (Fig.
S5). As shown, the amount of these CO, molecules indeed increases when the added
CO;, amount increase from 100 to 300. So, our simulation results could reveal the
effect of added CO, amount. This discussion has been added in the revised

supplementary materials
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Fig. S5. The changing profile of CO, molecules inside the oil droplet and at the surface of oil
droplet in three systems containing 100, 200, 300 CO, molecules.

8. The calculation method of diffusion coefficient of dodecane

To avoid the interference from spring pulling force on molecule diffusion, the process
of 5 ns equilibrium molecular dynamics simulation (EMD) were selected to evaluated
the diffusion coefficient of dodecane molecules in the four simulation systems. The
trajectories of last 2.5 ns were used to calculate the mean-square diffusion (MSD)
curve of dodecane molecules as shown in Fig. S6. The diffusion coefficient (D) was
calculated by Einstein Function (1) as below [6].

1. dy ,
p=gim 2RO -ROF) .
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Fig. S6. Mean-square diffusion profile of dodecane molecules. Here, the system with 200 CO,

molecules was selected as representation.

9. The calculation method of the interface tension between oil and water

The simulation box for the ternary water-CO,-dodecane system consists of three
independent phases as shown in Fig. S7. This kind of system to calculate the interface
tension (IFT) was frequently used in previously Ref. [7-9] Here, the two water phases
involves totally 1926 molecules, and the middle phase is the dodecane—CO, mixture
containing 100 dodecane molecules and different numbers of CO, molecules (0, 100,
200, 300). Those four calculation models were firstly conducted 4 ns EMD simulation
with NPT ensemble at the condition of 330 K and 20 Mpa to obtain equilibrium state.
And then, 2 ns EMD simulation with NVT ensemble at the temperature of 330 K was
implemented for calculating the IFT between oil and water. The IFT between oil and
water was calculated using the formulation of the Gibbs interfacial tension [10]. Two
interfaces in the system are both perpendicular to the z axis and parallel to the xy

plane, hence the IFT is evaluated from the expression of pressure tensor [7]:

1P, +P,
Y == _( 2 - PZ)LZ
(2)

2
where P,= P,, (a =X, y, z) is the diagonal elements of the pressure tensor, and L, is the

length of the simulation box in z direction.



Fig. S7. The simulation box for the ternary water—CO,—dodecane system. Here, the system with 200

CO; molecules was selected as representation.

10. Captions for supporting movie

Movie S1: Oil droplet transport process across the nanopore throat.
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