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Figure S1 Structure of MoS,.

9.27A

(b)

4.98A

Figure S3 Structures (top view-left and side view-right) of (a) C¢Hg-top, (b)

CsHg-hollow, and (¢) C¢Hg-bridge.
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Figure S4 Structures (top view-left and side view-right) of (a) C,4H,-top, (b)

C,4H2-hollow, and (¢) C,4H;,-bridge.

(top view-left and side view-right) of (a) C,4H;,-top30°,

(b) Co4H 2-hollow30°, and (¢) Cy4H;,-bridge30°.

Figure S5 Structures



and (¢) Cs;,H,4-bridge.
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Figure S6 Structures (top view-left and side view-right) of (a) C;;,H4-top, (b)
-hollow

CsoHyy

(top view-left and side view-right) of (a) C;,H4-top30°,

and (c) C;,H4-bridge30°.

Figure S7 Structures
-hollow30°,

(b) C3xHyy



Figure S8 Structures (top view-left and side view-right) of (a) C;,H4-top60°,

(b) C3;H 4-hollow60°, and (¢) Cs,H;4-bridge60°.

Figure S9 Structures (top view-left and side view-right) of (a) C;,H4-top90°,

(b) C3;H 4-hollow90°, and (¢) Cs,H;4-bridge90°.




If we further increase the size of GQDs, the interaction between the
adjacent GQDs cannot be avoided and the composite is no longer
0D/2D heterojunction. We can infer when the size of GQDs further
increase, the conjugate effect of GQDs will be stronger. As the
contact area of GQDs and MoS, increases, ultimately we can think
of it as a 2D/2D graphene-MoS, heterojunction. There is much

about graphene-MoS, research work.!2
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Figure S10 Electron localization function (ELF) of the (a) CsHg-MoS,, (b)
Cy4H2-MoS; and (¢) C3,H4-MoS; along with scaling factor (0—1).
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Figure S11 Work function of (a) MOSz, (b) C6H6, (C) C24H12, and (d) C32H14.
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Figure S12 Diagram of the band edge positions before and after contact of MoS,
and CgHg; CBO is the conduction band offset, VBO is the valence band offset,
Evac 1s the vacuum level, Ec is the bottom of the conduction band, Ey is the top
of the valence band, E, is the band gap, and Ef; and Eg, are the Fermi levels of
MoS, and C¢Hg, respectively.
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Figure S13 Diagram of the band edge positions before and after contact of MoS,
and C,4H;,; CBO is the conduction band offset, VBO is the valence band offset,
Evac 1s the vacuum level, Ec is the bottom of the conduction band, Ey is the top
of the valence band, E, is the band gap, and Ef; and Eg, are the Fermi levels of
MoS,; and Cy4H;,, respectively.
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Figure S14 The partial charge densities (top view) of the CBM (upper) and
VBM (bOttOI’l’l) for (a) C6H6-MOS2, (b) C24H]2'M082 and (C) C32H14-MOSQ.
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Figure S15 The partial charge densities (side view) of the CBM (upper) and
VBM (bOttOI’l’l) for (a) C6H6-MOS2, (b) C24H]2'M082 and (C) C32H14-MOSQ.



As shown in Figure S14-15, the VBMs of Cy;H,-MoS, and C;,H4-MoS,
are both contributed by GQDs and the CBMs of C,;H;,-MoS, and
C3;H 4-MoS, are both contributed by MoS,. So their excited state can
have charge-transfer (CT) character. As for C¢Hg-MoS,, the electronic
densities of the VBM and the CBM are both primarily localized on MoS,,

which indicate C¢Hg-MoS, has locally excited (LE) character.

Table S1 Bnding energy, Binding energy per atom and distance of heterojunctions.
A-U represent configurations of S3-S9 from top to bottom orderly.

Configuration Energy (eV) Binding energy d(A)
(eV)
MoS, -2234.603
CsHe -76.107
CyHiz -262.969
CsHis -343.611
A -2311.259 -0.549 3.206
B -2311.183 -0.473 3.346
C -2311.229 -0.519 3.273
D -2499.218 -1.646 3.309
E -2499.211 -1.639 3.305
F -2499.215 -1.643 3.304
G -2499.271 -1.699 3.268
H -2499.182 -1.610 3.334
I -2499.238 -1.666 3.309
J -2580.343 -2.129 3.307
K -2580.329 -2.115 3.322
L -2580.345 -2.131 3.325
M -2580.367 -2.153 3.299
N -2580.333 -2.119 3.339
(@) -2580.321 -2.107 3.340
P -2580.340 -2.126 3.323
Q -2580.344 -2.130 3.335
R -2580.330 -2.116 3.322
S -2580.340 -2.126 3.329
T -2580.330 -2.116 3.341
U -2580.364 -2.150 3.330




Here, “d” is the difference between average positions along the z-axis of
S atoms in the upper layer and the centroids of GQDs as shown in Figure
S3. Configuration A, G and M are C¢H¢-MoS,, Cy4H,-MoS, and C;,H 4-

MoS, in the main body, respectively.

Table S2 Bader charge analysis of C¢Hg-MoS,, Co4H,-MoS, and C;,H;4-MoS,.

Charge Transfer (e)
MoS, GQDs
CsHs-MoS; +0.03 -0.03
C,4Hi-MoS, +0.07 -0.07
Cs,Hi14-MoS, +0.08 -0.08

Here, the charge transfer value can be calculated based on the Bader
charge®* and it means the amount of charge which MoS, or GQDs gained

(+) or lost () in the process of forming a heterojunction.

Table S3 Work function (eV) of MoS,, C¢Hg, C,4H > and C3,H 4.

This work Calculated values
MoS, 5.71 5.887
CeHs 6.07
Cy4Hy, 5.00 5.298

C32H14 4.54




Table S4. VBM and CBM relative to the absolute vacuum scale (AVS) (eV)
before and after contact.

Before contact After contact
VBM CBM VBM CBM
CsHe-MoS,
CsHg -6.54 -1.44 -6.29 -1.19
MoS, -5.71 -3.97 -5.82 -4.08
Cy4Hi-MoS,
CyHy, -5.46 -2.61 -5.85 -3.00
MoS, -5.71 -3.97 -5.39 -3.65
Cs3Hi4-MoS;
CsHyg -5.02 -3.07 -5.54 -3.59
MoS, -5.71 -3.97 -5.06 -3.32

Table S5. VBM and CBM relative to the normal hydrogen electrode scale
(NHE) after contact.

NHE scale (eV)
VBM CBM
CsHg-MoS,
C¢Hg 1.79 -3.31
MoS, 1.32 -0.42
CyHi»-MoS,
CyHyz 1.35 -1.50
MoS, 0.89 -0.85
C3,H4-MoS,
CsoHyg 1.04 -0.91
MoS, 0.56 -1.18
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