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The Vienna Ab Initio Simulation Package (VASP)1,2 was utilized to simulate bare and 

fluorinated phosphorene nanostructures in the framework of Density Functional Theory (DFT) and 

plane-wave (PW) basis set. The projector augmented wave (PAW)3 method with a cutoff energy of 

400 eV and generalized gradient approximation (GGA) of Perdew-Burke-Ernzerhof (PBE)4 exchange 

functional were employed within periodic boundary condition (PBC). The hybrid density functional 

proposed by Heyd-Scuseria-Ernzerhof (HSE06)5 was adopted for band structure calculations. Van-

der-Waals-London dispersion interactions were corrected by D3 Grimme method.6 The reciprocal 

space in structural optimizations and band structure calculations was sampled by 12 × 12 × 1 and 10 

× 8 × 1 k-points generated using Г-centred Monkhorst-Pack scheme7 for monolayer PF2 and PF, 

respectively. A vacuum region of >12 Å set to avoid artificial interaction between neighboring images. 

The convergence for the force and electronic minimizations were set no less than 10-3 eV/Å and 10-

5 eV, respectively. Random cluster simulation using the CALYPSO code8 were performed with 

population size equal to 50. VESTA software9 was used to produce some figures. The thermal stability 

of fluorinated phosphorene nanostructures was evaluated using ab-initio molecular dynamics (AIMD) 

approach10,11 within canonical (NVT) ensemble12 and Nosé-Hoover thermostat.13,14 Time step of 1 fs 

at the temperature of 350 K was conditioned during AIMD simulation. The size of supercells was 

varied from 4 × 4 × 1 in tetragonal structures to 5 × 5 × 1 in the hexagonal one. Molecular electrostatic 

potential maps were calculated using GAUSSIAN1615 within B3LYP/6-31++G(d,p)16–19 basis set. 
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Figure S1. Evolution of free energy of the fluorinated phosphorene P16F2 structure during the AIMD 

simulation at 298.15 and 350 K (10 ps) within the NVT ensemble. The 2×2×1 supercell contained 72 

atoms in total was used as the initial structure.  

 

 

 
Figure S2. AIMD snapshots of the configurations demonstrating interaction of oxygen with pristine 

phosphorene. The AIMD simulation was carried out at 298.15 K within the NVT ensemble and time 

step of 1 fs during 10 ps. The supercell contained 64 P atoms was used as the initial structure.  
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Figure S3. AIMD snapshots of the configurations demonstrating interaction of oxygen with 

fluorinated phosphorene. The AIMD simulation was carried out at 298.15 K within the NVT ensemble 

and time step of 1 fs during 10 ps. The supercell contained 64 P and 8 F atoms was used as the initial 

structure. 

 

 

 

Figure S4. Molecular electrostatic potential maps generated with B3LYP/6-31++G(d,p) level electron 

density for the fluorinated (left) and bare (right) phosphorene fragments. Electrostatic potentials are 

mapped with isosurface set to 0.0004 a.u. The red surface corresponds to a negative region of 

electrostatic potential (-0.03 a.u.), whereas the blue color corresponds to the region where potential is 

positive (+0.03 a.u.). 
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