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Fig. 1. (a) Atomic force microscope characterization (the
green line inserted in the image shows the thickness of ger-

manium selenide after thinning); (b) photoluminescence

spectrum.
2.2 GeSe 4K RS R ELIRE T
WIS HOCES | B AR S N
T T2, ¥ GeSe 442K J il VB Bl ACHL #4544, Il
T GeSe 9K F #5416 WL BFFAS [R) e i 40O T
PSRBT LV g, & 2(a) b A Hl 58S
TR R, AR B IR 10 b i
2, S LSRN, T38RI 5% B
e Ak SR 5 FE A [ 5 76 22 W 1) peb HE AR
I, FOR AR R GE w5 peb Al AH
o7 P14 4 T fish s, TN 4 Ml oS 2o FRL I R B AR B
EE L. 32 R PR s 1 0 Ak s e
). XREN DIAE B2 RAST, dlad i 2 S

178502-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 17 (2021)

178502

K2 Aflsis A

i
Tk

(a) JELBRIEL; (b) 5P IE]

Fig. 2. Self-made experimental gas chamber: (a) Schematic diagram; (b) physical diagram.
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Fig. 3. (a) Optimized structure of GeSe monolayer; (b) band structures of GeSe monolayer; (c) considered positions for gas mo-

lecules adsorption: G site, S site, C site and B site on GeSe monolayer, respectively; (d) obtained stable adsorption configuration

(side and top view) for O, on GeSe monolayer; (e) obtained stable adsorption configuration (side and top view) for C,H;; on GeSe

monolayer. The yellow, green, red, black and white balls denote Se, Ge, O, C and H atoms, respectively.
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Fig. 4. (a) Voltage-current characteristic curve when germanium selenide device adsorbs different concentrations of oxygen;

(b) voltage-current characteristic curve when germanium selenide device adsorbs different concentrations of butane gas.
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Table 1.  Calculated adsorption energy (E,), the charge
transfer (p) between gas molecules and monolayer GeSe,

and the nearest distance (d ) between them.
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C,Hy —4.865 2.404 0.022  acceptor
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Fig. 5. Charge density difference for the configurations of
(a) Oy and (b) C,Hy; on GeSe monolayer. The plotted
isosurface is 0.0le/A® and 0.0009e/A®, respectively. Blue
atoms are selenium atoms, brown atoms are germanium
atoms, red are oxygen atoms, black are carbon atoms, and
pink are hydrogen atoms. In the differential charge density
graph, the yellow part indicates the gain of electrons, and
the green part indicates the loss of electrons. Electron local-
ization function (ELF) for configurations of (c¢) O, and (d)
C,H,, adsorbed on GeSe monolayer, respectively. The ELF
value is listed at the left side with a unit of e/A3.
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Abstract

As a type of two-dimensional (2D) semiconductor material, 2D germanium selenide (GeSe) exhibits
excellent optoelectronic properties, and has potential applications in optoelectronic devices. The GeSe is a
layered material with weak van der Waals interaction. Because of the high brittleness of GeSe, it is not easy to
obtain 2D GeSe samples only by mechanical peeling technique. In order to obtain a thinner GeSe sheet, we use
heat treatment to thin the bulk GeSe at a high temperature in vacuum. The GeSe samples obtained by
mechanical peeling are placed in a tubular furnace with a pressure of 5 x 10* Pa for high temperature heating
and thinning. In order to explore the better thinning effect, we set four temperatures to be at 320, 330, 340 and
350 °C, respectively. After high temperature thinning, the samples are characterized and observed by atomic
force microscope (AFM), scanning electron microscope (SEM), Raman spectrometer and photoluminescence
(PL) spectrometer. From the above experiments, the GeSe nanosheet with a thickness of about 5 nm is
prepared by mechanical peeling and high temperature thinning technology. Then, the electrical conductivities of
GeSe nanosheets in oxygen (O,) and butane (C,H,,) with different concentrations are evaluated by our designed
experimental device. The results show that with the increase of oxygen concentration, the electrical conductivity
of GeSe nanosheets increases. When the GeSe nanosheet is in butane gas, its conductivity under the same
voltage decreases with the increase of the concentration of butane gas. In order to further analyze the
mechanism of gas adsorption on GeSe nanosheets, we carry out the first-principles calculations. Our calculation
results show that the adsorption energy of GeSe nanosheets for oxygen and butane is —4.555 eV and —4.865 eV,
respectively. It is shown that both adsorption systems have a certain stability. The adsorption energy of C,H;,
is smaller than that of O,, which corresponds to the smaller layer spacing of C/H;y than that of O, on GeSe
surface. From Bader analysis, it is shown that 0.262e is transferred from the surface of GeSe nanosheet to O,
molecule, which is much larger than 0.022¢ transferred from GeSe to C,H;, molecule. It can be inferred that the
bond formed between GeSe and O, molecule is covalent bond, while GeSe adsorption C H;, is very fragile
hydrogen bond adsorption. In an ideal condition (single atomic GeSe layer, no Se vacancy, and the device
preparation process is vacuum), our calculation results show that C,H;, still has a weak ability to obtain

electrons from the GeSe nanosheet. However, the complex conditions such as the actual layer thickness, the
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appearance of Se vacancy and the adsorption of O, molecules on the surface leads to the difference between the
experimental results and the theoretical calculations, which can be attributed to the adsorption of O, molecules
on the GeSe surface from the air during the processing of GeSe thinning and device fabrication. Owing to the
high density of Se vacancies in the thin film, the high density of O, adsorption is caused. Thus, butane gas is
easy to lose electrons on the GeSe surface due to the O, adsorption. In other words, electrons are transferred
from butane gas molecules to the surface of GeSe film and neutralized with holes, which reduces the
concentration of carriers and the concentration of holes in GeSe film, thus reducing the conductivity. Our
research will contribute to the application of GeSe nanosheets in optoelectronic devices at the atmosphere of

oxygen and butane.

Keywords: GeSe nanosheet, electrical conductance, gas adsorption, first-principle
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