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Fig. 1. (color online) Crystal structure of optimized monolayers SbAs, BiSb and {X-M (X = H, F; M =
SbAs, BiSb): (a) Top view of SbAs and BiSb; (b) side view of SbAs and BiSb; (¢) top view of f{X-M (X =
H, F; M = SbAs, BiSb); (d) side view of f{X-M (X = H, F; M = SbAs, BiSb).
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Table 1. Structural parameters and energy gap (Eg) of optimized SbAs, BiSb and fX-M (X = H, F; M =

SbAs, BiSh).
R FR G H /A AJA 6/(°) li/A lo/A I3/A Eg/eV
SbAs 3.866 1.517 91.480 2.700 — — 1.489
BiSb 4.236 1.690 90.878 2.973 — — 0.984
fH-SbAs 4.952 0.057 119.960 2.860 1.537 1.732 0.337
fH-BiSb 5.396 0.073 119.945 3.117 1.738 1.820 0.434
fF-SbAs 4.842 0.203 119.481 2.803 1.830 1.960 0.358
fF-BiSb 5.251 0.345 118.734 3.052 1.993 2.052 0.230
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Fig. 2. Phonon dispersion of monolayers SbAs, BiSb and {X-M (X = H, F; M = SbAs, BiSb): (a) SbAs;
(b) BiSh; (c) fH-SbAs; (d) fH-BiSb; (e) fF-SbAs; (f) {F-BiSb.
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Fig. 4. (color online) Band structure and density of states (DOS) of SbAs and BiSb: (a) Band structure of
SbAs; (a) band structure of BiSb; (c¢) DOS of SbAs; (d) DOS of BiSh.
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Fig. 5. (color online) Band structure of {X-M (X = H, F; M = SbAs, BiSb): (a) fH-SbAs; (b) fH-BiSb;

(c) fF-SbAs; (d) fF-BiSb.
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Fig. 7. (color online) Band structure and local density of states of quasi-planar (low-buckled) SbAs with H and F
removed: (a) Band structure and local density of states of quasi-planar SbAs with H removed; (b) band structure

and local density of states of low-buckled SbAs with F removed.
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Fig. 8. (color online) Band structure and crystal structure of fX-SbAs (X = H, F) growth on h-BN
(2 x 2) substrate: (a) Top view; (b) side view; (c) band structure of fH-SbAs@BN; (d) band structure of

fF-SbAs@QBN.
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Effects of surface regulation on monolayers
SbAs and BiSb*
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Abstract

Using the first principle calculation based on the density functional theory, we systematically investigate the stabil-
ities and the structural and electronic structures of fully hydrogenated and fully fluorinated SbAs and BiSb. The results
show that the SbAs and BiSb transform the buckled structure into quasi-planar structure after being fully hydrogenated
or low-buckled structure after being fully fluorinated. Stability studies show that both the SbAs and BiSb structures
(intrinsic, full hydrogenated, and fully fluorinated) are highly stable, and thus likely to be obtained in experiment. The
electronic structure study shows that both SbAs and BiSb turn from wide band gap semiconductors into narrow direct-
gap semiconductors after being fully hydrogenated and fully fluorinated, meanwhile the band structures still have good
linear dispersion. Based on further analyses of the electronic structures of quasi-planar or low-buckled SbAs and BiSb,
the reasons for the changes of band structures are revealed. Calculations show that the £X-SbAs (X = H, F) films on
h-BN substrate can maintain the direct band gap characteristics because of the weak coupling between them, indicating

that they may have great applications in the field of optoelectronic devices in the future.

Keywords: two-dimensional materials of pnictogens, first principle calculation, surface regulation,

electronic structure
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