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Fig. 1. (color online) (a) Single layer MoSs; (b) differ-

ent adsorption sites of Li.
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Fig. 2. Band structure of single layer (1 x 1) MoSs.
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Table 1. Each layer charges of Li-doped single, double
and triple layer MoS».

Bz /e WE e =RE/e
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Fig. 3. Band structure of (a), (d) single layer, (b), (e) double layer, (c), (f) triple layer MoS2 without (upper

panel) or with (lower panel) Li doping.
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Table 2. Effect of adsorption site on charges of Li-doped single and double layer MoSs.

Mo W Bz INTTEIR AT S W B
B2 /e WZ Je HZ/e MWZ e /e M)z e
LiJiF 0.99 1.00 0.99 1.00 0.98 0.98
Bz —0.99 —0.88 —0.99 —0.89 —0.98 0.85
woE — —0.12 —0.11 0.13

F3 LiBAB. =2 AR NS B
Table 3. Each layer charges of Li-doped single, double
and triple layer grapheme.
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Table 4. Each layer charges of Li-doped single, double
and triple layer BN.
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Fig. 4. Schematic diagram of parallel-plate capacitor

for Li doped (a) double layer and (b) triple layer.
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Fig. 5. Fermi level (dotted line), work function (num-
ber on the left of arrow), valence band (downward
parabola), conduction band (upward parabola), dis-
tance between valence/conductance band and Fermi
level (number on the right of arrow) of pristine Li

atom, single layer graphene, MoSs and BN.
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Fig. 6. (a) Electrostatic potential of single layer BN as a function of distance relative to BN, the right BN

is the image of the left BN; (b) band structure of single layer undoped BN; panel (c) is the same as panel
(b), but the Fermi level is shifted to the middle of band gap.
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Abstract

According to first-principles calculation, we study the charge distribution of Li-doped few-layer (1-3 layers) MoS2
and compare it with the results of graphene and BN. It is found that the stable adsorption sites of Li are the top (Mo)
site for MoS2 layer, and the hexagonal center for graphene and BN layers. Band structures of pristine MoSs show that
single-layer MoSs is a direct band gap semiconductor while few-layer MoSs is an indirect one. As MoSs is doped, the
Fermi level will shift to the conduction band, indicating a charge transfer between Li and MoS». The charge transfer
takes place mostly between Li and the topmost MoSy layer, which is very similar to that happening between graphene
and BN. However, the second and third layer of MoS2, which are far from Li, can acquire about 10% of transferred
charges. In contrast, the second and third layer obtain no more than 2% of charges for graphene and BN. Based on
the electrostatic theory, we derive for both double and triple layers the formulas of electrostatic energy, which show
clearly that only charge transfer between Li and the topmost layer will give the lowest electrostatic energy. Moreover, we
calculate the work functions of pristine MoS2, graphene and BN, and find that, despite similar work functions of MoS,
and BN, the larger band gap of BN will make charge transfer between Li and BN harder. The analyses of electrostatic
energy and work function show that the charge distribution is dominated by both interlayer electrostatic interaction
and work function of material. It is expected that the above results could be helpful for doping layered structures and

designing devices.

Keywords: charge transfer, few-layer MoS,, interlayer electrostatic interaction, work function
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