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2 Figure S1：2D structural diagram of the asphaltene molecular model.

3
4 Figure S2：Simulation system: (a)70% n-heptane + 30% toluene system; (b) 70% n-

5 heptane + 30% toluene + asphaltene system (n-Heptane molecules are shown in cyan, 

6 toluene molecules in green, and ASP1 molecules in a ball-and-stick model).

7
8 Figure S3：Stacked asphaltene structures and their behavior in solvents.
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1 Table S1. The composition and dimensions of different solvent simulation systems (P 

2 =1 bar (0.1 MPa), T = 60℃ (333 K)).

Toluene 
mass 

fraction 

Number 
of n-

heptane 
molecules

Number 
of toluene 
molecules

Number 
of 

asphaltene 
molecules

Initial 
dimension of 
the system 

model

Final dimension 
of the system 

model

10% 4590 555 22 12.0 nm ×12.0 
nm ×12.0 nm

10.96 nm 
×10.97nm 
×10.96 nm

20% 4080 1110 22 12.0 nm ×12.0 
nm ×12.0 nm

10.87 nm 
×10.87 nm 
×10.87 nm

30% 3580 1630 22 12.0 nm ×12.0 
nm ×12.0 nm

10.78 nm 
×10.77 nm 
×10.77 nm

40% 3054 2224 22 12.0 nm ×12.0 
nm ×12.0 nm

10.68 nm 
×10.67 nm 
×10.67 nm

50% 2550 2772 22 12.0 nm ×12.0 
nm ×12.0 nm

10.56 nm 
×10.57 nm 
×10.56 nm
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1 Table S2. The composition and dimensions of simulation systems at different 

2 temperatures (P =1 bar (0.1 MPa), 30% toluene).

Temperatur
e

Number 
of n-

heptane 
molecules

Number 
of toluene 
molecules

Number 
of 

asphaltene 
molecules

Initial 
dimension of 
the system 

model

Final 
dimension of 
the system 

model

30℃ 
(303K) 3580 1630 22

12.0 nm 
×12.0 nm 
×12.0 nm

10.61 nm 
×10.61 nm 
×10.61 nm

40℃ 
(313K) 3580 1630 22

12.0 nm 
×12.0 nm 
×12.0 nm

10.66 nm 
×10.66 nm 
×10.66 nm

50℃ 
(323K) 3580 1630 22

12.0 nm 
×12.0 nm 
×12.0 nm

10.71 nm 
×10.71 nm 
×10.71 nm

60℃ 
(333K) 3580 1630 22

12.0 nm 
×12.0 nm 
×12.0 nm

10.78 nm 
×10.77 nm 
×10.77 nm

70℃ 
(343K) 3580 1630 22

12.0 nm 
×12.0 nm 
×12.0 nm

10.82 nm 
×10.81 nm 
×10.82 nm

80℃ 
(353K) 3580 1630 22

12.0 nm 
×12.0 nm 
×12.0 nm

10.89 nm 
×10.89 nm 
×10.89 nm

90℃ 
(363K) 3580 1630 22

12.0 nm 
×12.0 nm 
×12.0 nm

10.92 nm 
×10.91 nm 
×10.91 nm
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1 Table S3. The composition and dimensions of simulation systems at different pressures 

2 (T = 60 ℃ (333 K), 30% toluene).

Pressure

Number 
of n-

heptane 
molecules

Number 
of toluene 
molecules

Number 
of 

asphaltene 
molecules

Initial 
dimension of 
the system 

model

Final dimension 
of the system 

model

0.1MPa 
(1bar) 3580 1630 22 12.0 nm ×12.0 

nm ×12.0 nm

10.78 nm 
×10.77 nm 
×10.77 nm

0.5MPa 
(5bar) 3580 1630 22 12.0 nm ×12.0 

nm ×12.0 nm

10.76 nm 
×10.76 nm 
×10.76 nm

1MPa 
(10bar) 3580 1630 22 12.0 nm ×12.0 

nm ×12.0 nm

10.75 nm 
×10.75 nm 
×10.75 nm

2MPa 
(20bar) 3580 1630 22 12.0 nm ×12.0 

nm ×12.0 nm

10.74 nm 
×10.74 nm 
×10.74 nm

5MPa 
(50bar) 3580 1630 22 12.0 nm ×12.0 

nm ×12.0 nm

10.73 nm 
×10.73 nm 
×10.73 nm

8MPa 
(80bar) 3580 1630 22 12.0 nm ×12.0 

nm ×12.0 nm

10.71 nm 
×10.71 nm 
×10.71 nm

10MPa 
(100bar) 3580 1630 22 12.0 nm ×12.0 

nm ×12.0 nm

10.72 nm 
×10.72 nm 
×10.72 nm
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