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1 Introduction

The present electronic support information contains the following data:

1. Further details on the pre-optimizations performed with the ReaxFF calculations.

2. Convergence tests of the k-points mesh and the comparison among the energies ob-

tained using the Γ-point and the 2×2×1 mesh.

3. All the final optimized (MoS2)n/Gr, n = 4, 6, 9, 12, 16 configurations along with their

relative total energies, ∆Etot.

4. (MoS2)n/Gr, n = 4, 6, 9, 12, 16 work functions for the most stable 2H-, 1T′-, stripe-,

and 1D-MoS2 nanoflakes.
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5. Isosurfaces of the clean (12×6
√

3)R60◦ Gr relaxed supercell.

6. Further information into the HOMO, LUMO, and work functions values of gas-phase

MoS2 nanoflakes which compose the most stable (MoS2)n/Gr, n = 1, 4, 6, 9, 12, 16

and 2H-MoS2/Gr bilayer isosurfaces and MoS2/Gr.

2 Trial Configurations for the (MoS2)n Systems using Re-

active Force Field as Implemented in LAMMPS

In order to reduce the computational demand of screening thousands of configurations

to obtain a representative set, we established a procedure employing Reactive Force Field

(ReaxFF) to optimize the initial set, which contained hundreds of thousands of configurations

with different docking distances, angles and positions, and keep only the most significant con-

figurations. The optimization procedure employed a conjugated gradient algorithm, with an

energy tolerance criteria of 10−6 eV, and the lattice parameter was optimized in monolay-

ers by allowing the simulations box to change during the optimization. The potential was

employed as it accurately described the periodic monolayers of the materials, Figure S1.

Table S1: Comparison between structural properties obtained through
DFT/PBE+TS1,2 calculations in the FHI-aims package,3 ReaxFF4,5 in the
LAMMPS code,6,7 and experimental results.

Monolayer Property ReaxFF DFT/PBE+TS Experimental

2H-MoS2 a0 (Å) 3.184 3.177 3.188

1T′-MoS2
d(100) (Å) 5.582 5.702 5.729

d(010) (Å) 3.094 2.753 2.799

Pristine-C2 a0 (Å) 2.462 2.462 2.46210
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Figure S1: Energy distribution of the ReaxFF optimized (MoS2)n/Gr, n = 4,
6, 9, 12, num16 configurations used as pre-optimized structures for further DFT
relaxation.

3 Computational DFT Convergence Tests

Since total energies differences are fundamental for our work, we performed k-points

mesh convergence in order to establish the most suitable grid to be used in our calculations.

From Figure S2, we observed that the 2×2×1 k-points mesh is the smallest grid density

allowing us to obtain energies in total energies consistent with more dense grids. Thus, we

used this mesh for all the relaxation calculations performed within this this work. We also

performed a comparison among the relative total energies of all the investigated Mo16S32/Gr

configurations using the 2×2×1 k-points mesh and solely the Γ-point, Table S2.
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Figure S2: Convergence test for the 3×4 Mo12S24 on a (6×3
√

3)R·60◦ Gr monolayer
as function of the total k-points. The k-points meshes used ranged from 1×1×1
to 8×8×1.

The differences in mesh grid densities provided dissimilar total energies in all systems.

However, the relative total energies area in good agreement. This result suggests that large

MoS2 nanoflakes adsorbed in large Gr monolayers can be energetically evaluated using the

Γ-point. However, since our intent herein is to evaluate structural and electronic properties,

we employed a denser k-points mesh.
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Table S2: Total energies, Etot, and relative total energies, ∆Etot, along with
their respective names of the Mo16S32 nanoflakes adsorbed on the Gr sheets for
calculations performed using the Γ point and 2×2×1 the k-points mesh.

Mo16S32/Gr Γ-point Calculations 2×2×1 k-mesh Calculations
Configurations Etot (eV) ∆Etot (eV) Etot (eV) ∆Etot (eV)

2H (elongated) −2426596.51317770 16.4802 −2426620.31525518 16.7075
2H (VS2; pseudo-4×4) −2426598.39630271 14.5971 −2426622.46119435 14.5616
2H (4×4) −2426599.12990317 13.8635 −2426622.90428496 14.1185
2H (vacancy; pseudo-4×4) −2426599.71200071 13.2814 −2426623.72298713 13.2998
2H (reconstructed triangle) −2426605.31955451 7.6739 −2426629.44245283 7.5803
1D −2426607.05635059 5.9371 −2426631.14663425 5.8762
2H (stripe) −2426607.27752448 5.7159 −2426631.39191937 5.6309
1T′ (unmatched trapeze) −2426611.32312237 1.6703 −2426635.22318342 1.7996
1T′ (elongated triangle) −2426611.51188396 1.4815 −2426635.47899364 1.5438
1T′ (elongated) −2426611.61760539 1.3758 −2426635.54619756 1.4766
1T′ (trapeze) −2426611.77880465 1.2146 −2426635.66138268 1.3614
1T′ (4× 4) −2426612.99340730 0.0000 −2426637.02280037 0.0000
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4 Optimized DFT-PBE+TS Configurations for

(MoS2)n/Gr, where n = 4, 6, 9, 12, 16

Figure S3: Top and side view of all DFT-optimized Mo4S8/Gr configurations.
The boxes defined the (12×6

√
3)R60◦ supercell used. The numbers over each

configurations are the values of the total relative energies, ∆Etot.
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Figure S4: Top and side view of all DFT-optimized Mo6S12/Gr configurations.
The boxes defined the (12×6

√
3)R60◦ supercell used. The numbers over each

configurations are the values of the total relative energies, ∆Etot.
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Figure S5: Top and side view of all DFT-optimized Mo9S18/Gr configurations.
The boxes defined the (12×6

√
3)R60◦ supercell used. The numbers over each

configurations are the values of the total relative energies, ∆Etot.
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Figure S6: Top and side view of all DFT-optimized Mo12S24/Gr configurations.
The boxes defined the (12×6

√
3)R60◦ supercell used. The numbers over each

configurations are the values of the total relative energies, ∆Etot.
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Figure S7: Top and side view of all DFT-optimized Mo16S32/Gr configurations.
The boxes defined the (12×6

√
3)R·60◦ supercell used. The numbers over each

configurations are the values of the total relative energies, ∆Etot.
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5 Density of States for the Ground-states Isomers
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Figure S8: Total density of states of all (MoS2)n/Gr, n = 1, 4, 6, 9, 12, 16
ground-state configurations.
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6 Work Functions for the MoS2/Gr Systems
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Figure S9: Work functions of the stacked MoS2/Gr systems, with sorted by the
adsorbed MoS2 nanoflakes morphologies.

7 Clean Gr Supercell Isosurfaces

Figure S10: Orbital isosurfaces associated with the a) VBM and b) CBM of the
(12×6

√
3)R60◦ Gr relaxed supercell; and c) the total charge, q, of the clean Gr

supercell herein used.
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8 Gas-Phase HOMO and LUMO values for MoS2

Nanoflakes and 2H-MoS2/Gr Bilayer VBM and CBM.

Table S3: Energy values of the HOMO and LUMO orbitals of the gas-phase
(MoS2)n , n = 1, 4, 6, 9, 12, 16, along the values of VBM and VBM for the 2H-
MoS2 monolayers. All energies are in eV. The calculated work function of the
1T′-MoS2 monolayer is 5.79 eV.

System HOMO (VBM) LUMO (CBM) ∆EHOMO-LUMO
diff

MoS2 −5.12 −4.42 0.69
Mo4S8 −5.65 −4.93 0.72
Mo6S12 −5.62 −5.30 0.32
Mo9S18 −5.69 −5.12 0.57
Mo12S24 −5.66 −5.26 0.40
Mo16S32 −5.58 −5.33 0.26
2H-MoS2 −5.85 −4.40 1.44
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