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1. Computational details

DFT Calculations: All DFT calculations are implemented in the Vienna ab initio
simulation package with vdW modification (D2). 2 The exchange-correlation
functional is based on Perdew-Burke-Ernzerhof (PBE) generalized gradient
approximation.? The interaction between electron and ion is described by the
projector augmented wave potential. The kinetic energy cutoff are set to be 400 eV.
All structures are fully relaxed until the atomic forces on each atom are smaller than
0.02 eVA-1 and the total energy change is less than 1.0 x 107 eV.

MD Simulations: All MD simulations are performed using Gromacs-4.5.4 package built
on all-atom AMBER99SB[15] and Universal[16] force field, together with SPCE model.*
7 The simulations are carried out in the canonical ensemble (number of molecules,
volume, and temperature are constant) with a time step of 1 fs. Intermolecular
interactions are described by combing the vdW and electrostatic interactions that are
calculated according to 12-6 Lennard-Jones potential and Coulomb's law with a
spherical cut-off of 1.5 nm. Outside 1.5 nm, the smoothed particle mesh Ewald sum is
employed to deal with the electrostatic interaction.® The temperature is controlled by
means of the Berendsen thermostat, and periodic boundary conditions are employed
to avoid the edge effect.

AIMD Simulations: We perform AIMD simulations based on DFT using the cp2k code.>
10 The entire system is treated quantum-mechanically, representing valence and core
electrons with double-T basis sets of the MOLOPT type and Goedecker-Teter-Hutter
pseudopotentials, respectively.'’ 12 The D3 method by Grimme is used to account for
dispersion interactions in an approximate way.!3® The time step is fixed at 0.5 fs and

the temperature maintained at 300 K using a Nosé—Hoover thermostat chain.

2. Organic molecule layers
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As shown in Figure S1 below, the intermolecular distance changes in a range of 2.4-
3.4 A. The molecules can connect closely with hydrogen bonding, but the molecules
can also be far away from each other with very weak H...H interactions, where active

species of oxygen and water can pass through.

Figure S1. Optimized three NMP molecules on the surface of BP.
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Figure S2. a) Top and side views of NMP on BP surface; b) Calculated band structures of the pristine
BP (gray solid line) and the NMP-adsorbed BP (red and blue dotted lines) where red and blue lines
record the contributions of BP and NMP, respectively; ) Top and side views of CHP on BP surface;
d) Calculated band structures of the pristine BP (gray solid line) and the CHP-adsorbed BP (red and

blue dotted lines) where red and blue lines record the contributions of BP and CHP, respectively.
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15 ns

Figure S3. Snapshots from MD simulation of BHT molecules dispersion (with a more disturbed
patter comparing with the case in Figurel) in the CH,Cl, solvent in the presence of BP.

3. 2D coordination polymers
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Figure S4. Initial and optimized structures of Cu?* attaching a BHT molecule with two H,0 around.
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Figure S5. a-d) Snapshots from the AIMD trajectory simulating the breaking of S-H bonds and

formation of Cu-S bonds.
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Figure S6. Energy fluctuation with AIMD time steps of 0.5 ps.
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Figure S7. Spin density of Cu-BHT molecule, and the density is mostly distributed on two S atoms.

4. Electronic calculations of heterostructures
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Figure S8. a) Top view of the atomic structure of BP monolayer and b) the associated Brillouin zone.
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Figure S9. a&b) Top view of the optimized atomic structure of CuBHT and graphene monolayers,

where a=b=8.80 A for CuBHT polymer and a=b=2.46 A for graphene.

Figure S10. a) Top and side views of BP/graphene hetrostructure; b-d) Band structures of

monolayer BP, monolayer graphene, and BP/graphene bilayer.

As we see from Figure S8 and Figure S9, CuBTH/graphene and BP belong to different
crystal systems with significantly different lattice parameters, where hexagonal
P63/mmc for CuBHT/graphene and orthorhombic D,h for BP, respectively. To obtain
the associated interface supercells, we have defined orthorhombic graphene unit cells
from V3 x 1 primitive unit cell, and afterward we created a 9 x 3 supercell for
overlapping BP supercell with size of 5 x 4. For CuBHT, we have defined orthorhombic
CuBTH unit cells from V3 x 1 primitive CuBTH units, and afterward we created a2 x 1
supercell for overlapping BP supercell with size of 9 x 2. The overall induced strain in
the lattice is <4%, which would induce the difference of BP band structures as we see

in Figure 3 &S10.
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Figure S11. a) Top view of the atomic structure of ZnBHT monolayer and b) the associated band

structure, which shows a direct band gap of 1.36 eV at gamma point.

5. GaSe
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Figure S12. a) Top view of the atomic structure of BHT molecule adsorption on GaSe surface; b)

The associated band structure; c) Partial charge densities of the VBM and CBM.
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Figure S13. Top (a) and side (b) view of supercell structure that used for electronic structure

calculation of GaSe/CuBHT, which corresponds to a size of 7 x 3.
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Figure S14. Radial distribution function

heterostrcture after evolution of the system after 30 ns.
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