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S1. DC electric field application method

The electric field utilized in this study was generated by the built-in program within

GROMACS software. The mathematical expression for this specific electric field is depicted

in Eq. (S1).!

E(t)= E,exp {—(t;a#g)z} cos [a)p (t—1, )]

(S

where E| 1s the amplitude of electric field strength, 7, is the time at the peak in the field strength,

t 1s electric field application time, o, is the width of the pulse, and w, is the angular frequency.

When 6,0 and ©,=0, a DC electric field with a field strength of £, will be generated. The

simulation system employed DC electric fields exclusively along the z-axis of the box.

S2. Force field parameters

The force field parameters for Span-80, n-hexane and water molecules were shown in

Table S1.23

Table S1 Nonbonded interaction parameters.

C24H440¢

Atom Cg (kJ mol! nm®) Cj, (kJ mol-! nm!?)

H44

C24

H42

H43

8.464e-05

0.0023406244

8.464e-05

8.464e-05

4.937284e-06

S2

1.5129¢-08

1.5129¢-08

1.5129¢-08

Charge

©)

0.0481

-0.2379

0.0481

0.0481



C22

H38

H39

C19

H34

H35

Cl16

H28

H29

C13

H24

H25

Cl4

H26

H27

C17

H30

H31

C20

H36

H37

C23

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

S3

0.2314

-0.0473

-0.0472

-0.0623

0.0015

0.0015

0.111

-0.0227

-0.0227

-0.1758

0.0491

0.0491

0.0445

0.0031

0.0031

-0.1579

0.0332

0.0332

0.2933

-0.0251

-0.0251

-0.3374



H41

C21

H40

C18

H32

H33

Cl12

H22

H23

C10

HI18

HI19

C8

H14

HI15

Cc7

H12

HI13

c9

HI16

H17

Cl1

8.464e-05

0.0023406244

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

8.464e-05

0.0023406244

1.5129¢-08

4.937284e-06

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

S4

0.1479

-0.251

0.1186

0.1888

0.0059

0.0059

-0.2044

0.0481

0.0481

0.0641

0.0069

0.0069

-0.023

0.0086

0.0086

0.0091

0.0065

0.0065

0.0217

0.0324

0.0324

-0.4016



H20

H21

Cl15

06

05

Co

H7

HR8

C4

H4

04

H1l1

Cl

H1

01

Cs

HS5

Hé6

C3

H3

03

HI10

8.464e-05

8.464e-05

0.002025

0.00308914

0.0022619536

0.002025

8.464e-05

8.464e-05

0.0023406244

8.464e-05

0.00177494

0.0023406244

8.464e-05

0.0022619536

0.0023406244

8.464e-05

8.464e-05

0.0023406244

8.464e-05

0.00177494

1.5129¢-08

1.5129¢-08

le-06

4.77422e-06

1.21e-06

le-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.21e-06

4.937284e-06

1.5129¢-08

1.21e-06

4.937284e-06

1.5129¢-08

1.5129¢-08

4.937284e-06

1.5129¢-08

1.21e-06

S5

0.1367

0.1367

0.7662

-0.6026

-0.4477

0.1274

0.0711

0.0711

0.1106

0.1263

-0.6876

0.4591

0.2188

0.0185

-0.4594

0.0073

0.0802

0.0802

0.3395

-0.009

-0.7365

0.445



C2 0.0023406244 4.937284e-06 0.283
H2 8.464¢e-05 1.5129¢e-08 0.0387
02 0.00177494 1.21e-06 -0.7035
H9 0 0 0.406
CeH 4
Charge
Atom Cg (kJ mol! nm®) C, (kJ mol-! nm!?)
(e)
H14 8.464e-05 1.5129¢-08 0.069
Cé6 0.0023406244 4.937284e-06 -0.308
H12 8.464e-05 1.5129¢-08 0.069
H13 8.464e-05 1.5129¢-08 0.069
C5 0.002340624 4.94E-06 0.219
H10 8.464e-05 1.5129¢-08 -0.037
H11 8.464e-05 1.5129¢-08 -0.037
C4 0.002340624 4.94E-06 -0.058
HS8 8.464e-05 1.5129¢-08 0.007
H9 8.464e-05 1.5129¢-08 0.007
C3 0.002340624 4.94E-06 -0.058
H6 8.464e-05 1.5129¢-08 0.007
H7 8.464e-05 1.5129¢-08 0.007
C2 0.002340624 4.94E-06 0.219
H4 8.464e-05 1.5129¢-08 -0.037
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27

28

29

30

31

32

33

34

35

36

37

HS5 8.464e-05 1.5129¢-08 -0.037

C1 0.002340624 4.94E-06 -0.308
H1 8.464¢e-05 1.5129¢e-08 0.069
H2 8.464¢e-05 1.5129¢e-08 0.069
H3 8.464e-05 1.5129¢e-08 0.069
H,0O
Charge
Atom Cg (kJ mol! nm®) C, (kJ mol-! nm!?)
(e)
ow 0.0026173456 2.634129e-06 -0.8476
HWI1 0 0 0.4238
HW2 0 0 0.4238

S3. Molecular simulation process and pre-simulation optimization
S3.1 Molecular simulation process

The molecular simulations in this paper are shown in Fig. S1 below. Energy minimization
involves eliminating the repulsive force within the system to prevent simulation crashes caused
by excessive force on certain atoms at the start of the simulation. During the pre-equilibration,
the system is designed to relax pressure and temperature from initial values to those near the
expected values. This process also aims to eliminate any irregularities in the initial structure,
ensuring that the overall simulation system reaches a state of balance and stability. During the
formal simulation, an electric field is applied to the simulation system, initiating the collection

of simulation data and statistical analysis.

S7



38
39

40

41

42

43

44

45

( Molecular Topological Structure{C¢H40 H,Ol Span80(Cz4H4405)}>

MD Simulation Setup

A 4

MD System Topology

A 4

Energy Minimization [¢——

Steepest Descent
Method

A 4

Temperature Annealingl Berendsen Pressure

Equilibri
quilibrium Couplingl Parrinello-Rahman Method

A 4

Molecular Dynamics Leapfrog
Simulation Algorithm

A 4

Analysis of Numerical Results

\ 4
End

Fig. S1. Typical process of molecular dynamics simulation.

S3.2. Energy minimization

As shown in Fig. S2, the total potential energy at the end of the minimization process was
observed to negative, which was expected for a system containing water molecules. From Table
S2, the maximum force exerted in all simulated systems was below 200 kJ-mol!''nm™!,

indicating the complete convergence of the energy minimization.*>

—— C6&-Pure

- - -C6-0OH
C6-COOH

- = C6-Mix
Cé-CHO

-960000 |-

=1120000 -

-1280000

Potential (kJ-mol™)

-1440000

-1600000 -

0 2000 4000 G000 8000 10000 12000
Step

S8



Fig. S2. Potential energy in the process of energy minimization.

Table S2 Data related to energy minimization of the system.

Types of Maximum force (Fqy)

Steps converged to F,,,, <200  Potential Energy

model systems [kJ-(mol-nm)~']

48

49

50

51

52

53

54

55

Ce-Pure 51.5 5055 -1536071.5
Ce-OH 175.4 8072 -1543019.1
Cs-COOH 187.5 9425 -1586955.4
Ce-CHO 101.1 8217 -1562544.1
Ce-Mix 198.5 11919 -1566992.4

S3.3. Equilibrium

As shown in Figures S3 and S4, the final temperature and pressure of the two systems

basically fluctuated slightly around the preset value through the thermostat and barostat. Figure

S5 showed that the total potential energy of the system was stable after equilibrium. So, it was

suggested that the balanced structure could be used for formal simulations.*>

—— C6-Pure
300 i i S
- - -CB6-OH
— - —- CB-Mix
250 - C6-COOH
3 - CB-CHO
g 200F
=2
8 150}
[
Q
g
P 100
50 |-
0t
1 1 1 1 1
0 50 100 150 200

T (ps)

Figure. S3. Temperature during equilibrium.
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Figure. S4. Pressure during equilibrium.
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Figure. S5. Potential energy during equilibrium.
S4. Solvent accessible surface area (SASA)
The solvent molecule approaches the van der Waals surface of the central molecule, and
the surface through which the center of the solvent molecule passes is referred to as the solvent

accessible surface area (SASA), denoted in Figure S6.

accessible surface

‘--
. RS /
p .

A %,
-~ o’ -
~--‘

van der Waals surface

Figure. S6. Schematic diagram of solvent accessible surface area.
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The formula for calculating the solvent accessible surface area is as follows.

mll

SASA = 47zz r’ T(l) (S3)

where 7; is the sum of the van der Waals and solvent radii for each respective atom, m,..(7) is
the number of dots on atom i not occluded by neighboring atoms and the summation is over all

atoms in the molecule, and m is the number of points per sphere.
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