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A. Computational methods

DFT calculations were carried out with the Perdew, Burke, and Ernzerhof (PBE)1 

exchange-correlation based on the generalized gradient approximation (GGA)2,3 as 

implemented in the framework of Vienna ab initio Simulation Package (VASP)4,5. The 

projector augmented wave (PAW)6,7 was utilized to describe the electron-ion 

interactions and plane wave cutoffs were set to 500 eV. The Ge(001) surface was built 

with ten layers of Ge atoms and a vacuum region of more than 15 Å. Five of ten atomic 

layers were allowed to relax and the remaining layers were fixed at the bulk structure. 

One layer of hydrogen atoms was introduced to passivate the bottom Ge surface atoms. 

A 4 × 2 supercell with 6 × 12 Monkhorst-Pack (MP) k-point meshes was built to model 

the Ge NWs on Pt/Ge(001) surfaces.8 The atomic coordinates were optimized until the 

Hellmann-Feynman forces were smaller than 0.02 eV/Å. The van der Waals (vdW) 

correlation by the DFT-D3 method was taken into account in all calculations.9 

VASPKIT, a pre-and post-processing tool for VASP code, was utilized to prepare some 

input files.10 Calculated STM images were obtained using the Tersoff-Hamann 

method11: the tunneling current is proportional to the local density of states integrated 

from bias to Fermi level, and were visualized using the p4VASP program (see 

http://www.p4vasp.at/). The molecular orbitals were calculated via Gaussian16 with 

B3LYP (Becke, 3-parameter, Lee-Yang-Parr) and 6-31G* basis set.12

http://www.p4vasp.at/
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Fig. S1 Top and side views of the structural models with the 4 × 2 supercell for NWs 
on Pt/Ge(001), Pt/Ge(001) surfaces with isolated TCNQ, and dimerized Ge(001) 
surfaces. The white, light green, yellow, grey, and blue balls represent Ge, Pt, C, H, and 
N atoms, respectively. The larger spheres are higher than other atoms.
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Fig. S2 The electronic band structures of the Pt/Ge(001) surfaces with TCNQ molecular 
NWs and their corresponding projected density-of-states (PDOS). The thickness of the 
lines is proportional to their weight of contribution. The Fermi level (EF) is adjusted to 
0 eV. The HOMO and LUMO of the gas-phase TCNQ molecule are marked by the 
green and red lines, respectively.
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