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Effect of Li Adsorption on Work Function Modulation of
Bilayer @-Borophene: A Theoretical Study
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Zheng, Bing** Lou, Yuanging“ Yu, Haitao”
(“ School of Chemistry and Materials Science, Key Laboratory of Functional Inorganic Material Chemistry
(Ministry of Education), Heilongjiang University, Harbin 150080, China)
(¢ Department of Mathematics, Heilongjiang Provincial Key Laboratory of Complex Systems Theory and Computation,
Heilongjiang University, Harbin 150080, China)

Abstract As a new member of the two-dimensional nanomaterial family, borophene is regarded as a potential material
platform for nanoscale electronic devices. Especially, borophene-based electrodes have potential application values in
light-emitting diodes, organic light-emitting diodes, organic solar cells and field emitters. Therefore, the work function mod-
ulation (to an optimal value) of borophene is highly important to maximize the energy conversion efficiency and performance
of the device. Based on the first-principles density functional theory, the effects of Li adsorption on the structure, electronic
properties and work function of double-layer a-borophene (DBBP) are studied. The calculation results show that Li adsorp-
tion can effectively adjust the work function of DBBP from 4.65 eV to 1.96~4.46 ¢V with different Li contents. This engi-
neering range is superior to what are reported in the literatures for Li-adsorbed monolayer BBP (modified from 4.16 eV to
2.31~3.67 eV), and double-layer graphene with intercalated Li (3.4~3.9 eV) and K (3.3~3.8 eV). The work functions of
LiypyDBBP (3.73 eV) and Li;p/DBBP (2.91 eV) are close to the commonly used electrode materials Mg and Ca, respec-
tively, while the work function of Lisp/DBBP is even lower than Ca. In addition, the factors that affect the work function
reduction of Li,/DBBP relative to DBBP, such as configuration, substrate deformation, binding energy, electron transfer,
charge rearrangement, electrostatic potential, vacuum and Fermi level, are systematically studied. The results demonstrate
that the decrease in the Li,/DBBP work function is mainly due to the change in Fermi level, while the change in vacuum level
only plays a minor role. Apart from that, the deformation of the substrate does not have a positive effect on the reduction of
the Li,/DBBP work function, but the electron transfer from the adsorbed atoms to the matrix (charge redistribution caused by
chemical effects) is the inherent reason for the decrease in the Li,/DBBP work function. This study shows that Li adsorption
is a simple and effective method to reduce the work function of DBBP. Due to its metallic character and extremely low work
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function, Li-adsorbed DBBP nanomaterials can be utilized as cathode materials in electronic devices.
Keywords borophene; work function; adsorption; electronic structure; binding energy
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Figure 1 (a) Structures of buckled a-borophene (BBP) and (b) double
layer a-borophene (DBBP). Ly 5 is the average B—B bond length
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Figure 2 Optimized structures of (a) DBBP and (b)~(f) Li,/DBBP
(n=1~4). L is the average Li—B bond length
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Figure 3 Schematic diagram of Li-shift pathway in Li/DBBP

1 40 T ET S Li,/DBBP & & 2 18] B A1)
JZEIFER B, 3R 1 AT, Li,/DBBP & R [1)Z 16 1E
490.131~0.147 nm A1 DBBP (1) /2 /8] #H(0.154 nm) ik T 5.
/2 BBP ] B—B “F#J8#K:(0.170 nm), A, X{Z BBP
J2 TE] R0 43 DX 72 A — 7 W R AE . th4h, EARBE
WPt Li JR iR R I, Li/DBBP & & 171 )2 (A #E
SRR BT S, (A ARk Y0 /N (0.260 ~ 0.264
nm), 1&T LiJa,-BIJdAAR R 113 )2 (8] $E(0.328 ~0.362
nm)**,
£ 1 Li/DBBP KR INLEATE(E) ERIED)TFHERIED,)

Table 1 Binding energy (E,), inter-layer distance (D), and average
inter-layer distance (D,) of Li,/DBBP systems
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Structure Ey/eV D/nm D,/nm
DBBP — 0.154 0.286
Liysy/DBBP 3.51 0.147 0.260
Liys/DBBP 3.35 0.143 0.261
LipyDBBP 3.60 0.140 0.263
Lizpy/DBBP 347 0.135 0.263
Liyp/DBBP 3.40 0.131 0.264
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eV/atom, SZIE; 1.65 eV/atom, Hip{H)*, HAR{KIE
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Figure 4 Calculated AE | /n, E_ /n, AE_ /0 and average bind-
ing energies ( £, ) of Li,/DBBP systems as a function of HC
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Figure 5 (a) Total Bader and Hirshfeld charges (Qowi) of Li adatoms in
Li,/DBBP systems; (b) average Bader and Hirshfeld charges (Q ) of Li
adatoms in Li,/DBBP systems
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