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Fig. 1. (a) 2D GeS, atomic structure and its band structure and orbital projection density. Optimized geometries and its band
structure: (b) Chiral nanoribbon; (c) Ge-S edge ZGeS,NR; (d) S-Ge edge ZGeSyNR; (e) S-S edge ZGeS,NR. Optimized geometries:
(f) Bare-edged NR (NO); (g) H-S-NR (N1); (h) H-NR-H (N2); (i) H2H-NR-H2H (N3); (j) H-NR-O20 (N4); (k) H2H-NR-O20 (N5).
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Table 1. Edge formation energy E; (in eV/A) and geometrical parameters of the ribbon edges for the nanoribbon Ni (i = 0,
1,2,3,4,5),ie, S—Ge bond lengths d; and d, (in A) and bond angle 6 (in (°)) between the two edge S—Ge bonds.

Structure NO N1 N2 N3 N4 N5
dy /A 2.44 2.42 2.51 2.49 2.49 2.52
dy /A 2.20 2.69 2.53 2.50 2.43 2.40
6/(°) 146.64 170.49 175.89 166.77 176.11 179.07
E; /(eV-A1) 0 ~1.293 ~1.735 -2.323 ~2.704 ~2.996
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Fig. 2. Geometry of quenched nanoribbons: (a) NO, (b) N1, (c) N2, (d) N3, (e) N4, (f) N5. Differential charge densities of nanorib-
bons: (g) N1, (h) N2, (i) N3, (j) N4, (k) N5. Cyan denotes loss of electrons, magenta denotes gain of electrons, and the isosurfaces

are 0.005 e/A3. Numbers next to each plot denote the number of electrons gained by either H or O.
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Fig. 3. The band structure, projected density of states and partial charge density for nanoribbons: (a) NO, (b) N1, (¢) N2, (d) N3,

(e) N4, (f) N5, where equivalent surface is set to 0.02]¢| A 3.
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Fig. 4. (a) Effective mass m*, (b) deformation potential constant E; and tensile modulus C, (c) carrier mobility u for electrons and

holes in semiconducting nanoribbons Ni (i = 0, 1, 3, 5) along the transport direction, where h for holes and e for electrons;
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Fig. 5. (a) Schematic diagram of applied strain; (b) strain energy versus strain for semiconducting nanoribbons Ni (i = 0, 1, 3, 5).
Evolution of band edges (CBM and VBM) and electronic phase versus strain e: (c) NO; (d) N1; (e) N3; (f) N5.
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Fig. 6. Strain effects for NO: (a) Band structure versus strain; (b) bond length and bond angle versus strain; (c) Bloch states at the
Z point for five typical strains of HVB, with an isosurface of 0.04e/A3; (d) projected densities of states (PDOS) for S and Ge atoms

on the edge at five typical strains.
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Fig. 7. (a) Schematic diagram of applied external electric field; (b) electric field energy versus electric field for the semiconducting
nanoribbons Ni (i = 0, 1, 3, 5). Evolution of band edges (CBM and VBM) and electronic phases of Ni with electric field: (¢) NO;

(d) N1; (e) N3; (f) N5.
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Fig. 8. Electric field effects for N1: (a) Band structure versus electric field; (b) band gap versus electric field; (c¢) Bloch state of sub-

band 1 at the Z point for three typical values of the electric field; (d) Bloch state of subband 2 at the Z point for three typical values

of the electric field, with an isosurface of 0.06e/A3.
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Abstract

GeS, monolayers have been successfully prepared in this work. To further expand their applications and
discover new physical properties, we construct armchair-type GeS, nanoribbons (AGeS,NR) and use different
concentrations of H and O atoms for the edge modificationand their structural stabilities, electronic properties,
carrier mobilities, and physical field modulation effects are studied in depth. The results show that the edge-
modified nanoribbon has a higher energy and thermal stability. The bare edge nanoribbon is a nonmagnetic
semiconductor, while the edge modification can change the bandgap of AGeS;NR and make it a wide or
narrowed bandgap semiconductor, or a metal, which is closely related to the elimination or partial elimination
of the edge states or the creation of hybridization bands. Thus edge modification extends the application range
of nanoribbons in the fields of electronic devices and optical devices. In addition, the carrier mobility is found to
be very sensitive to the edge modification: the carriers’ (electrons’ and holes’) mobilities of nanoribbons can be
adjusted to a difference of up to one order of magnitude, and the difference in carrier mobility polarization can
be tuned to one order of magnitude. Strain effect studies reveal that the semiconducting nanoribbons are robust
in keeping the electronic phase unchanged over a wide strain range, which is useful for maintaining the stability
of the electron transport in the related device. Most of the semiconducting nanoribbons have the stability to
keep the semiconducting properties unchanged under high external electric field, but the bandgap can be
reduced significantly with the increase of the electric field. In short, this study provides a theoretical analysis

and reference for understanding the property of GeS, nanoribbons and developing related devices.

Keywords: GeS, nanoribbons, edge modification, electronic properties, physical field modulation, crrier

mobility
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