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Figure S1.

The interaction energy [1] between oil and wall during structural optimization of the oil-pore
systems of imbibition systems I and II.
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(a) The interaction energy between water molecules and wall, and (b) hydrogen bond number
as a function of time t in spontaneous imbibition systems I-II respectively. H-bond exists if the

distance of O-O is less than 3.5 A and simultaneously the angle of H-O-+-O is less than 30° [2].
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Figure S3.

Molecular model for calculating the interfacial tension of pure oil and water systems.
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The oil-water interfacial tension is calculated by:

LX <(Pxx) _ (Pyy) '; (Pzz)>

where Lx is the X-direction length of the simulation box, and Paal(a =x,y,z) is the diagonal
element of the pressure tensor, which is averaged over position and time.
Figure S4.

Quartz wall sizes and different modified wall surfaces with different wettability.
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Figure S5.
(a) Initial and (b) equilibrium configuration for static contact angle testing respectively. (c)

Schematic diagram of static contact angle calculation method. (d) Static wetting angle of Wa
and Ws.

In this work, the static contact angle of the oil-water-quartz wall three-phase system is
measured to characterize the different wettability of two modified quartz walls (Wa and Ws).
The molecular model for measuring static contact angle is shown in Figure S5a. To ensure the
stability and accuracy of the results, referring to the data in Figure S6, shale oil composed of a
single component n-Ci7Hss was selected as the wetting external phase, and water clusters were
selected as the wetting internal phase. Since the molecular diameter of water molecules is
smaller than that of oil molecules, and the edges of water droplets are more “smooth” than the
edges of oil droplets, this article adopts the “oil-water droplet-mineral wetting model” that is
beneficial to the observation and calculation of contact angles. When using "cube-shaped water
clusters" for the wetting model, water spreads in a cylindrical shape on the wall surface, which
can eliminate the influence of the three-phase contact line tension on the contact angle. After
performing 2ns EMD on this molecular model under reservoir conditions, the stable adsorption
configuration of water clusters on the wall surface was obtained as shown in Figure S5b.

Thus, to quantitatively characterize the microscopic contact angles of nano water droplets
on different modified quartz surfaces, the water droplets adsorbed on the silica wall surface
are approximately regarded as part of an ideal cylinder, as shown in Figure S5c. By
geometrically analyzing the bottom surface of the cylinder in the X-Z plane, the contact angle

of the oil-water-wall three-phase system can be obtained after stabilization of the adsorption



configuration of the water droplet. The test results are presented in Figure S5d, which matches
well with the experimental results of Liu et al. [3].
Figure Sé.

The mass fraction of hydrocarbons with different numbers of carbon atoms of (a) JHW05815
Oil Sample, (b) JHW07121 Oil Sample, and (c) J41 Oil Sample.
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The Xinjiang Research Institute of Petroleum Exploration and Development utilized gas
chromatography-mass spectrometry (GC-MS) to analyze shale oil samples from the lower
section (P211) of the Lugaogou Formation. Figure S6 displays the test results of the different
hydrocarbon components of the J41, JHW5815, and JHW07121 oil wells, revealing that the

carbon number of the hydrocarbon with the highest mass fraction in the chromatographic peak
is n-Ci7Hse.

Table S1.

The average mass fraction of light, heavy, and medium hydrocarbon components of the Jimsar
shale oil.

J41 JHWO05815 JHWO07121 Average

Light components(Cs-Cs) (%) 2.6 5.4 2.3 3.43
medium component (Cs-Cie) (%) 36.1 345 33.3 34.63
heavy component (Ci-Ca0) (%)  61.3 60.1 64.3 61.9

By averaging the data from the oil sample of three wells with different well numbers in
Figure S6, the average mass fractions of light (Cs-Cs), medium (Cs-Cis), and heavy component
(C17-Cuo) of the Jimsar shale oil were obtained as shown in Table S1 (refer to [4] for the way of
dividing the light, medium and heavy components of shale oil). In this MD simulations, the
light, medium, and heavy components are replaced by Cs, Cs, and Czo, respectively.

Table S2.
The mole fractions and number of each component of the shale oil model

Shale oil components ‘ Mole fraction (%) ‘ Number

n-Butane(n-CsHio) 14.28 110
n-Octane (n-CsHis) 50.12 385
n-Eicosane (n-C20H42) 35.6 275

The average mass fraction as shown in Table S1 was converted to a molar fraction to obtain
the number of each hydrocarbon component of the simulated shale oil.



Table S3.

Atom charge and detailed interaction parameter of SiOz, oil, and water.

Non-bond
Atom types g, Kcal/mol 5, A q,e
Si 1.8405%10°¢ 3.3020 2.1
0O (0-Si-0) 0.1554 3.1665 -1.05
O (Si-OH) 0.1554 3.1655 -0.95
H (Si-OH) 0.0000 0.0000 0.425
H (Si-O-CH3) 0.0152 2.8460 0
C (Si-O-CH) 0.0951 3.4730 0.338301
O (Si-O-CH3) 0.0957 3.0330 -0.863301
H (H-C) 0.0300 2.5000 0.06
C (-CHz2-) 0.0660 3.5000 -0.12
C (CHs-) 0.0660 3.5000 -0.18
0 (H:0) 0.1554 3.1660 10.8476
H (H20) 0.0000 0.0000 0.4238
Bonds
Bond Type K., Kcal/(mol-A?) ro, A
C-C 268.0000 1.5290
C-H 340.0000 1.0900
O-C (Si-O-CHz) 350.0000 13300
C-H (Si-O-CH3) 350.0000 1.0900
O-H (Si-OH) 554.1349 1.0000
O-H (H20) 554.1349 1.0000




Angles

Angle Type Ko, keal/(mol-rad?) 00, deg
C-C-C 58.3500 112.700
C-C-H 37.5000 110.700
H-C-H 33.0000 107.800

O-C-H (Si-O-CH3) 56.2500 109.471
H-C-H (Si-O-CH3) 56.2500 109.471
Si-O-H 30.0000 107.490
H-O-H (H20) 45.7696 109.470
Dihedrals
Dihedral type | Vi, kcal/mol | V3, kcal/mol | V3, kcal/mol | V4, kcal/mol
C-C-C-C 1.7400 -0.1570 0.2790 0.0000
C-C-C-H 0.0000 0.0000 0.3660 0.0000
H-C-C-H 0.0000 0.0000 0.3180 0.0000
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