Exploring Edge Magnetism in Oxygen-terminated zigzag Phosphorene Nanoribbons
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Abstract

Few layer black phosphorous, or phosphorene, has been attracting much attention during the last two
years due to its very interesting semiconducting properties: a sizable band gap that ranges between 0.3
— 2 eV depending on the number of layers, and very high carrier mobilities of around 10® cm?v-'s™.[1]
These properties makes black phosphorous one of the potential candidates, together with transition
metal dichalcogenides, to lead the new generation of field-effect transistors.

Similarly to graphene, cutting few layer black phosphorous along different directions leads to edge
geometries that can present either metallic or insulating behavior. These edges are highly reactive and
tend to adsorb chemical species during the fabrication process modifying the electronic properties of the
nanoribbon[2]. In particular, phosphorene nanoribbons are prone to be oxidized when handled in
ambient air.[3]

Motivated by recent experimental observations of magnetism in oxidized black phosphorous antidot
lattices[4], here we explore by means of first-principles calculations the possibility of inducing edge
magnetic moments in zigzag phosphorene nanoribbons (ZZPNR). In contrast to previously reported
calculations[5], we find that edge oxidation is key to achieve a strong edge magnetism out of this
material, and that such magnetism is very different to that reported previously in zigzag graphene
nanoribbons.
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1t Figure Caption: Band structures of O-terminated zigzag phosphorene

- (b _w nanoribbons of different width. The upper panel correspond to 6l-

ZZPNR and the lower one to the 10I-ZZPNR case. The Fermi level is

set at E = 0. (@) and (d) are the band structures without spin. It is

important to note the presence of a pair of midgap state bands. (b) and

(d) are the same bands but including the spin polarization. (c) and (f)

show the edge magnetic moments obtained in presence of oxygen.

) Interestingly, the magnetic moments order antiferromagnetically along
wthe edges and ferromagnetically between adjacent P and O atoms.

Energy (eV)
=y

Energy (eV)
o

a
X
=
=



mailto:Contact@E-mail

	1ICN2 - Institut Català de Nanociéncia i Nanotecnologia (ICN2), Campus UAB, 08193 Bellaterra (Barcelona), Spain
	2ICREA – Institució Catalana de Recerca i Estudis Avançats, 08070 Barcelona, Spain
	[1] L. Li, Y. Yu, G. J. Ye, Q. Ge, X. Ou, H. Wu, D. Feng, X. H. Chen and Y. Zhang, Nature Nanotechnology, 9 (2014) 372.
	[2] X. Peng, A. Copple and Q. Wei, Appl. Phys. Lett., 116 (2014) 144301.
	[3] A. Ziletti, A. Carvalho, D. K. Campbell, D. F. Coker and A. H. Castro Neto, Phys. Rev. Lett., 114 (2015) 046801.
	[4] Y. Nakanishi, D. Soriano, C. Ohata, R. Iwaki, Y. Fukai, K. Nomura, T. Nakamura, S. Katsumoto, S. Roche and J. Haruyama, Submitted to Nature Communications
	[5] Y. Du, H. Liu, B. Xu, L. Sheng, J. Yin, Z.-G. Duan and X. Wan, Sci. Rep., 5 (2015) 8921.
	[6] Z. Zhu, C. Li, W. Yu, D. Chang, Q. Sun and Y. Jia, App. Phys. Lett., 105 (2014) 113105.
	Figures
	Figure Caption: Band structures of O-terminated zigzag phosphorene nanoribbons of different width. The upper panel correspond to 6l-ZZPNR and the lower one to the 10l-ZZPNR case. The Fermi level is set at E = 0. (a) and (d) are the band structures without spin. It is important to note the presence of a pair of midgap state bands. (b) and (d) are the same bands but including the spin polarization. (c) and (f) show the edge magnetic moments obtained in presence of oxygen. Interestingly, the magnetic moments order antiferromagnetically along the edges and ferromagnetically between adjacent P and O atoms.

