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This supplementary document will show more numerical results and graphs for

the three systems of (i) interaction between two DOXH molecules, (ii) interaction

between a DOXH molecule and a flat graphene sheet and (iii) interaction between

two DOXH molecules and a flat graphene sheet.
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S-1 Energy behaviors between two DOXHs

The learning curve is plotted in Fig. S1 for Type A1, A2 and A3 of the interaction

between two DOXH molecules. It shows that seeds II-5 (Type A1) and seed III-2

(Type A2) have small improvement in the solutions after 200 generations but seed

III-3 (Type A3) uses more than 200 generations to converge.

Figure S1: Convergence of algorithms for interacting between two DOXHs.

The three stable configurations between two DOXHs with reference to the Carte-

sian coordinate system are shown in Fig. S2. Both discrete atomic description and

vector representation are depicted.

Moreover to ensure the optimum stage, we plot the energy function in terms

of the offset distance between the carbon ring planes of DOXHs and the offset

rotational angle on z-axis. The energy profiles for Type A1, Type A2 and Type A3

are plotted in Fig. S3(a), Fig. S3(b) and Fig. S3(c), respectively.
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(a) Type A1 (b) Type A1 (vector)

(c) Type A2 (d) Type A2 (vector)

(e) Type A3 (f) Type A3 (vector)

Figure S2: Atomic structure (left column) and vector representation (right column)
for (a),(b) Type A1, (c),(d) Type A2 and (e),(f) Type A3 for three stable configura-
tions of interaction between two DOXHs referencing to Cartesian coordinate system.
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(a) Type A1

(b) Type A2

(c) Type A3

Figure S3: Energy level as a function of offset distance between carbon ring planes
and offset rotational angle on z-axis for various positions of seed (a) II-5 for Type
A1, (b) III-2 for Type A2 and (c) III-3 for Type A3.
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S-2 Energy behaviors between DOXH and graphene

We obtain only one stable configuration for the interaction between DOXH and

graphene. The optimization learning curve in Fig. S4 is depicted from seed III-15,

the algorithm is guaranteed to converge to the stable state after 60 generations.

Both discrete atomic description and the vector representation for the stable

configuration is shown in Fig. S5. Further, the three dimensional graphs for the

energy level between a DOXH molecule interacting with a flat graphene sheet are

illustrated in Fig. S6. For this system, one local minimum is clearly shown which

in turn gives only one stable configuration.

Figure S4: Convergence of algorithm for interaction between DOXH and graphene.
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(a) Atomic description (b) Vector representation

Figure S5: (a) Atomic structure and (b) vector representation for stable configu-
rations of interaction between DOXH and graphene sheet referencing to Cartesian
coordinate system.

(a) (b)

Figure S6: Energy level as a function of (a) offset rotational angles on x- and y-axis
and (b) offset distance z and offset rotational angle on x-axis for various positions
for interaction between DOXH and graphene of seed III-7.
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S-3 Energy behaviors between two DOXHs and

graphene

The optimization learning curves in Fig. S7 belongs to seeds III-9 and III-8 to

represent Type B1 and Type B2, respectively. Both results converge to the stable

state after 250 generations.

Figure S7: Convergence of algorithms for two DOXHs interacting with graphene.

The atomic structures and their vector representations for the two stable config-

urations are illustrated in Fig. S8. One local minimum is found for both structures

as shown in Fig. S9.
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(a) Type B1 (b) Type B1 (vector)

(c) Type B2 (d) Type B2 (vector)

Figure S8: Atomic structure (left column) and vector representation (right column)
for (a),(b) Type B1, and (c),(d) Type B2 for two stable configurations of interaction
between two DOXHs and graphene sheet referencing to Cartesian coordinate system.
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(a) Type B1

(b) Type B2

Figure S9: Energy level as a function of offset distance between carbon ring planes
and offset rotational angle on z-axis for various positions of (a) seed III-9 for Type
B1 and (b) seed III-8 for Type B2.
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