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Fig. 1. The optimized geometric structures: (a) side view of
GeTe; (b) top view of fH-GeTe; (c) side view of fH-GeTe;
(d) side view of hH-GeTe-hF'; (e) side view of hF-GeTe-hH;
(f) K point path.
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Table 1. Structural parameters for all chemically decorated GeTe.
Structure (a/b)/A 6/(°) /A L/A L/A a/A Ei/eV
GeTe 3.95 91.22 2.76 — — 1.56 —
fH-GeTe 5.09 119.92 2.94 1.60 1.69 -0.08 -5.80
fF-GeTe 4.18 93.08 2.88 1.79 2.04 1.58 ~7.45
hH-GeTe-hF 4.02 92.04 2.97 1.59 2.08 1.56 -5.79
hF-GeTe-hH 5.21 119.99 3.01 1.81 1.69 -0.03 ~7.74
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Fig. 2. Phonon dispersion: (a) GeTe; (b) fH-GeTe; (c) fF-GeTe; (d) hH-GeTe-hF; (e) hF-GeTe-hH.
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Fig. 3. Variation of the total energy in the molecular dynamics simulation at 500 K for: (a) GeTe; (b) fH-GeTe; (c) fF-GeTe;
(d) hH-GeTe-hF; (e) hF-GeTe-hH, during a timescale of 2.5 ps. The insets are the top (left panel) and side (right panel) views of
the atomic structure snapshots taken from the molecular dynamics simulation.
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Fig. 4. Band structure and density of states: (a) GeTe; (b) fH-GeTe; (c) fF-GeTe; (d) hH-GeTe-hF; (e) hF-GeTe-hH.
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Table 2. The effective mass for all chemically decorated GeTe.

Effective mass GeTe fH-GeTe fF-GeTe hH-GeTe-hF hF-GeTe-hH
mj; /mo 0.54 0.24 0.23 1.50 0.30
mg/mo 0.52 0.39 0.27 0.91 0.49

D 1.04 1.63 1.17 1.65 1.63
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(a) GeTe; (b) fH-GeTe; (c) fF-GeTe; (d) hH-GeTe-hF;

0.5531
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0.2367
0.07845

—0.07977
Z

) hF-GeTe-hH

Fig. 5. Electron density difference (0,0,1): (a) GeTe; (b) fH-GeTe; (c) fF-GeTe; (d) hH-GeTe- hF7 (e) hF-GeTe-hH.
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TR SR A AR SR A AT 1 0 I 4 4R A
S JE A (4) 30, (5) g H B2

CB = y — E. — 0.5E,, (4)

3.3

VB = E, + E,, (5)

Horh CB 5 VB 70l 32718 347 Jie 55 4l TR L Y
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SRR W AT B S 1Y GeTe By HL T PR3
K, FEEHA DM EAE T B3R TR R
JEE. o 2B, B4R B GeTe BYEALE LT
2.07 eV, WL EMTRE EZKIT Oy, HyOy Hl O,
H i fF-GeTe fil hF-GeTe-hH #1717 i1 &8 1k Fa #
Ay BRIk 2.79 eV 1 2.90 eV, K& T REfg 4 L)
FEMIAN, B LLFE L [ S (OHY), T O,
Hy0, 1 Oy 55 7= Wy &5 A H5m  EALRE J1, 7T DL
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HATRRA AR ST, AL 25 ) [ (4 g
FHRI.

3 CERRRSAT M B HL
Table 3. Reduction and oxidation potentials of CB and VB edges of all chemically decorated GeTe.
Structure GeTe fH-GeTe fF-GeTe hH-GeTe-hF hF-GeTe-hH
X 5.03 6.01 7.23 6.59 6.59
CB/eV -0.37 0.76 2.68 1.74 1.28
VB/eV 1.42 2.25 2.79 2.44 2.90
- CB
> GeTe = VB
=
2 ) H,O/H2 (0.00 eV)
TN SR R -GeTe Os/H204 (0.68 V)
> 1
= T hEGeTehH o 0 (1.23 ev)
= hH-GeTe-hF
I e e e i sl HzOz/HzO (1 7 eV)
I ] R T e I ,,,,,,,,,,,,,,, 03/H20 (2.07 eV)
A~ fF-GeTe
gl OH-/H,0 (2.80 eV)

Fig. 6. Reduction and oxidation potentials of CB and VB edges of all chemically decorated GeTe.
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Fig. 7. Absorption spectra of all chemically decorated GeTe.
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Abstract

Using the first principle calculation based on the density functional theory, we have systematically
investigated the structure stability, electronic structure and photocatalytic properties of two-dimensional single-
layered GeTe crystal structure modified by H and F. The results show that the lattice constant, bond angle and
bond length of GeTe increase after being modified. The stability analysis shows that all the materials have
excellent dynamical, mechanical, and thermal stabilities. The electronic structure analysis shows that the two-
dimensional GeTe is an indirect bandgap semiconductor with an energy gap of 1.797 eV, and its energy band is
mainly composed of Ge-4p and Te-5p, while it is converted into a direct bandgap semiconductor by H or F
modification and H-F co-modification (F and Ge on one side, H and Te on the other), and their corresponding
energy gaps are reduced to 1.847 eV (fH-GeTe), 0.113 eV (fF-GeTe) and 1.613 eV (hF-GeTe-hH). However, hH-
GeTe-hF is still an indirect band gap semiconductor, and its energy gap is reduced to 0.706 eV. The results of
the density of states show that part of the Ge-4p and Te-5p electrons are transferred to a deeper level due to
the adsorption of H or F atoms, resulting in a strong orbital hybridization between them and the adsorbed
atoms. The effective mass shows that the effective mass of H or F modified and H-F co-modified GeTe (F and
Ge on one side, H and Te on the other) decrease, and their carrier mobilities increase. The carrier
recombination rates of all modified GeTe materials are lower than that of the intrinsic GeTe, so the
semiconductor will be more durable. The electron density difference shows that due to the electronegativities of
atoms being different from each other, when H or F is used to modify GeTe, some electrons transfer to H and F
atoms, resulting in the weakening of covalent bond between Ge and Te atoms and the enhancement of ion
bond. The results of band-edge potential analysis show that GeTe can produce hydrogen and oxygen by
photolysis of water. However, the valence band edge potential of the modified GeTe decreases significantly, and
its oxidation ability increases considerably, the photocatalytic water can produce O,, Hy, O3, OH-, etc. Optical
properties show that the modified GeTe can enhance the absorption of visible and ultraviolet spectrum, which

indicates that they have great application prospects in the field of photocatalysis.

Keywords: two-dimensional GeTe, electronic structure, effective mass, photocatalysis
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