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Fig. 1. The geometric structure of doped ZPNRs.
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1 BHRABI ZPNR R 254 RERLEREZ
Table 1.  The bond lengths, binding energy, and total energy difference of doped and pristine ZPNRs.

system di/A b/A ds/A d,/A ds/A B,/eV ExyEpy/meV

ZPNR 2.25 2.25 2.25 — — -5.65 0
Fe-ZPNR 2.27 2.27 2.17 2.32 2.32 -5.69 130.11
Co-ZPNR 2.22 2.22 2.25 2.32 2.32 -5.68 0
Ni-ZPNR 2.26 2.26 2.25 2.50 2.48 -5.65 7.23

B 2 BEEE KR BRI EE R (a) Fe-ZPNR; (b) Co-ZPNR; (c) Ni-ZPNR
Fig. 2. The geometric structure after anneal simulation: (a) Fe-ZPNR; (b) Co-ZPNR; (c¢) Ni-ZPNR.
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Fig. 3. (a) The band structure and (b) density of states of ZPNRs in the nonmagnetic state.
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Fig. 4. The charge density of partial band: (a) Fe-ZPNR; (b) Co-ZPNR; (c¢) Ni-ZPNR.
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Fig. 5. The partial density of states of ZPNRs: (a) Fe-ZPNR; (b) Co-ZPNR; (c) Ni-ZPNR.
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Fig. 6. The band structure and density of states of ZPNRs in the ferromagnetic state: (a) ZPNR; (b) Fe-ZPNR; (c) Co-ZPNR;
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Fig. 7. The isosurface plots of spin polarization charge density in the ferromagnetic state: (a) Fe-ZPNR; (b) Co-ZPNR; (c) Ni-ZPNR.
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Fig. 8. The band structure of ZPNRs with different doping position: (a) NM; (b) FM.
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Magneto-electronic property in zigzag phosphorene
nanoribbons doped with transition metal atom”
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( Received 26 August 2020; revised manuscript received 15 October 2020 )

Abstract

The magneto-electronic properties of zigzag phosphorene nanoribbons (ZPNRs) doped, respectively, with
iron (Fe), cobalt (Co) and nickel (Ni) atoms are investigated by the first-principles method based on density
functional theory. The calculated results show that the structures of doped and undoped ZPNR are stable
because their binding energy and Gibbs free energy are negative, and the Forcite annealing dynamics simulation
shows that the thermal stabilities of all doped ZPNRs are extremely high. The ground states of pristine ZPNRs
and ZPNRs doped with Co atoms are nonmagnetic states, while the ground states of ZPNRs doped with Fe or
Ni atoms are ferromagnetic states. When they are in the nonmagnetic states, the pristine ZPNRs and ZPNRs
doped with Co atoms turn into semiconductors, while the ZPNRs doped with Fe or Ni atoms become metals.
The undoped ZPNRs are direct band gap semiconductors, while the ZPNRs doped with Co atoms are indirect
band gap semiconductors, and the band gaps of the latter are smaller than those of the former. The changes of
the properties of the ZPNRs are due to the introduction of impurity energy band into the energy band
structures. The spin-polarized calculation displays that the pristine ZPNRs and ZPNRs doped with Co atoms
are non-magnetic, and the ZPNRs doped with Fe or Ni atoms are magnetic but only in the ferromagnetic state.
In the ferromagnetic state, the ZPNRs doped with Fe atoms are spin semiconductors, while the ZPNR doped
with Ni atoms are spin half-metals. This means that the half-metal feature can be realized by doping Ni atom
into ZPNR. The magnetism of ZPNRs doped with Fe or Ni atoms is mainly contributed by impurity atoms,
and the occurrence of magnetism is due to the existence of unpaired electrons in ZPNR. The doping position
has a certain influence on the electromagnetic properties of ZPNR. In the ferromagnetic state, the ZPNRs are
half-metals when the Ni atoms are doped near the edge of the nanoribbons, while the ZPNRs are spin
semiconductors as the Ni atoms are doped near the symmetric center of the nanoribbons. These results might be
of significance for developing the phosphorene based electronic nanodevices
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