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The time required to obtain a stable PSLS from an initial, completely random
structure is different for M2B. M2C and M2D system containing two symmetric

alkyl side chains, as shown in Figure S1-S3.
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Figure S1 Evolution of density and potential energy of M2B molecular system during
(I) NPT MD simulation (30 ns) and (II) subsequent NVT MD simulation (250 ns).
(IIT) The snapshots of trajectory at different simulation time. H atoms were hidden for
clarity.
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Figure S2 Evolution of density and potential energy of M2C molecular system during
(I) NPT MD simulation (30 ns) and (II) subsequent NVT MD simulation (250 ns).
(IIT) The snapshots of trajectory at different simulation time. H atoms were hidden for

0 ns) — Density

.0 C — Potention Ener £
@WWWWMWWVMMWWWW%&%O 3
1 =

|t=4

1 1
1 1
ns .
1 1
1 1
1 1
1 1
1 1

t=7ns

, 612005
i o=
WWWWWWMWWWVM 60600-2

NPT MD simulation

, 20 25
Time/ns

()
NPT MD Simulation

t,=0ns

clarity.

t,=4ns

a=b=c=39.36 A

=61600 o
E NVT MD simulation d
=
5 GOS00-pmid ot bt
§60000 3
3 3
3 592001 1=230ns|
o '
-2 58400
5
&£ 57600 . : . ;
30 80 130 180 230 280
Time/ns
an
NVT MD simulation
t.=7ns

(111)

a=b=c=39.42 A

a=b=c=39.76 A



12 NPT MD simulation — Density 63600% €624OO NVT MD simulation d
— Potention Energy| ‘E §
1.0' a(tzons) - 63000 8 8 61600
G N A A 2 2
§)O~8' bre 405 560800 j
=06 Wl g B _ !
g . 61800 5 éa)ooo t 230ns3
0.4 T £
3 felins.  =15ms o002 - 59200]
021 b 5 B
: S : : 606002 2 58400 : : : ;
0 5 10 15 20 25 30 &~ 777730 0 80 130 180 230 280
Time/ns - Time/ns
@ an
NPT MD Simulation NVT MD simulation

t.=15ns t;=230ns

a=b=c=48.97 A a=b=c=42.67 A  a=b=c=43.12 A a=b=c=42.68 A
(111)
Figure S3 Evolution of density and potential energy of M2D molecular system during
(I) NPT MD simulation (30 ns) and (II) subsequent NVT MD simulation (250 ns).
(IIT) The snapshots of trajectory at different simulation time. H atoms were hidden for

clarity.



The evolution of density and potential energy and formation process of ordered
‘columnar’ stacking structures of M3C and M3D molecular systems are summarized

in Figure S4 and S5.
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Figure S4 Evolution of density and potential energy of M3C molecular system during
(I) NPT MD simulation (30 ns) and (II) subsequent NVT MD simulation (250 ns).
(IIT) The snapshots of trajectory at different simulation time, and the four snapshots
below hidden the side chains to see more clearly the changes in aggregates in systems.
The molecular dimer, trimer, tetramer, pentamer, hexamer and heptamer aggregation
structures are colored by orange, green, red, blue, purple, and sky-blue, respectively.
H atoms were hidden for clarity.
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Figure S5 Evolution of density and potential energy of M3D molecular system during
(I) NPT MD simulation (30 ns) and (II) subsequent NVT MD simulation (250 ns).
(IIT) The snapshots of trajectory at different simulation time, and the four snapshots
below hidden the side chains to see more clearly the changes in aggregates in systems.
The molecular dimer, trimer, tetramer, pentamer and heptamer aggregation structures
are colored by orange, green, red, blue and sky-blue, respectively. H atoms were
hidden for clarity.
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Figure S6 Evolution of potential energy and the snapshots of trajectory at different
simulation time of mix asphaltene ((a) M2B, (b) M2C, and (c) M2D) and toluene
solvent (30% wt.) molecular systems plus. The H atoms are hidden for clarity.
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Figure S7 Evolution of potential energy and the snapshots of trajectory at different
simulation time of mix asphaltene ((a) M3C, (b) M3D) and toluene solvent (30% wt.)



molecular systems plus. The H atoms are hidden for clarity.
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Figure S8 The radical distribution function g(r) of asphaltene-asphatene molecules in
five molecular aggregation structures (r is the distance between the centers of
aromatic cores). 30 % weight toluene solvent is mixed with the asphaltene molecules.
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Figure S9 The radical distribution function g(r) of asphaltene-asphatene molecules in

five molecular aggregation structures (» is the distance between the centers of
aromatic cores). Asphaltene molecules are dissolved in excess toluene solvent.
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(a) Nanoaggregates of M2B in toluene solvent
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(b) Nanoaggregates of M2C in toluene solvent
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(c) Nanoaggregates of M2D in toluene solvent
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(d) Nanoaggregates of M3C in toluene solvent
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Figure S10 Molecular snapshots of nanoaggregates of five kinds of model asphaltene
molecules at different stage of MD simulations. Toluene solvents are not displayed.



