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Ef=  1.19 eV/atom

Ec=   -6.59 eV/atom

Ef=   1.06 eV/atom

Ec=   -6.70 eV/atom

Ef=   0.95 eV/atom

Ec=   -6.84 eV/atom

T-ACPNF P-ACPNF H-ACPNF

Ef=   1.26 eV/atom

Ec=   -6.50 eV/atom

Ef=   1.00 eV/atom

Ec=  -6.77 eV/atom

Ef=  0.79 eV/atom

Ec=   -7.01 eV/atom

Figure S1: Various β-phosphorene hydrogen passivated nanoflakes with zigzag (ZZ) and 
armchair (AC) edge structures with triangular (T), parallelogram (P) and hexagonal (H) 
shapes. The formation energy (Ef) and cohesive energy (Ec) are also shown with each 
hydrogen passivated nanoflakes.
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Figure S2: Phonon spectra of zigzag (ZZ) edge β-phosphorene nanoflakes with triangular 
(T), parallelogram (P) and hexagonal (H) shapes. Upper panel has bare ZZPNFs while lower 
panel has corresponding hydrogen passivated nanoflakes.
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Figure S3: Real part of dielectric constant (ɛ1), imaginary part of dielectric constant (ɛ2), 
electron energy loss spectra of unpassivated ZZPNF and ACPNF with (a) triangular (T) (b) 
parallelogram (P) and (c) hexagonal (H) shape, for in-plan polarization.

Figure S4: Real part of dielectric constant (ɛ1), imaginary part of dielectric constant (ɛ2), 
electron energy loss spectra of hydrogen passivated ZZPNF and ACPNF with (a) triangular 
(T) (b) parallelogram (P) and (c) hexagonal (H) shape, for in-plan polarization.
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Figure S5: Parallelogram (P)-shaped zigzag (ZZ) and armchair (AC) nanoflakes with 
different number of P-atoms in bare and hydrogen-passivated PNFs.


