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Fig. 1. Top (upper panel) and side (bottom panel)
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icene.

3.2 TELIES FHEKRHERTEL
YS&axiil
301 ARMLEM AT

XF BN Li B 110, A e 0 S i A D A gt
RN ALE, W 1 ER, 3 A 8 TREL (T) 4

7/

107103-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 10 (2018) 107103

B2 (V) #rAL (B) BLE N Te 246 (H). S8R 14
Li J5 7 7 Jall T8O BB A Tk A4 o i % T ) DY o it R A7
B AT AL, DA e R s 5 A AT X B
LiJf 7 P 45 G RE 7l B 2 A 3 pras. A
HRT R, BN L ST W B A R AR I 2 R O 1 R
(Lio.11Si0.89 FEHi) FL AT HARIIRER, AR Li 1

Lip.20Si0.80

Lig.11510.89

Lig 335i0.67

(PRI 4E A RN 2.11 eV /L, Bt 2 A7 5 B Li
I A s T PR ) B A e A B (B R
&, A LiJEF - 45 A R KT Li R 5 Z 1811
W RE (1.71 eV), 7] WiZ Li J& 1 FI#E M 2 (B A7 7E
BRI L 7, AEAE Lio. 11 Sio s fM B A £E 2 IR Y
HARETRE G MR TR FFR € .

Lig 50510.50

Lip.43Si0.57

© e ©
- e A o
© & © © 0 0 %u

B2 ANIE Li 4153 N el vk 28 0 45 A RPN DAL 1]

Fig. 2. Top (upper panels) and side (bottom panels) views of geometry structures of LizSii—g.

2.5
—e—1Li,Si,_,
[ ) [ ]
2.4} \ /
““ [ ]
L 2.3}
=
> [
O
E 2.2k /
2.1}F °
2.0 1 1 1 1 1
0 0.1 0.2 0.3 04 05 06

xT

B3 A Li Hor kst &b Li J T 1P 45 5 hE
Fig. 3. Binding energies of Li in LizSii—g.

UK 24446 N F1 8 AN Li JE 1 (49 Bl 5 o
Lig.20Si0.80, Lio.33Si0.67, Lio.43Si0.57 1 Lig.50S10.50
Tk I ) TS A Tk s Y 2 T % WO P 7 B AT 4544
fLtl. M 2 FTE 3 ] BIE B, Lio.20Sio.s0 M
Li 5 () e A BARAR 2 b A, HE R i
A Li 575 AL T RE I R 2R, 0 BS54
HHEN2.25 eV /Li. S m I Li 2050 T (Lio.33Si0.67
), LiJi 1 0 s fa e Ar B 7% A8 2 7 4 A A fr
208, HHEA 243 V/Li T4 A e, b5 Li
24 73 1 4k 25 35 N (Lio.43Si0.57 A1 Lio.50Si0.50 i 4,
Li Jf T AaE A BB B R 45 Ar, FIont B (1)~ 35) 45

HRE BN 2.33 eV/Li f12.43 eV /Li. k8 K Li
W B 20 4, SRR G R I Li JE TP 45 A Re kK
MRy, AT H A KRR &S, KA SN
2 Li W B 2H 43 2 0.50 B, Li J - 78 fek I 2 1D ) I
B ik B LA, 3t 5 1 A FFROE AR R A 29290, Rk
KE, BEHE Li o M 0.11 8 n# 0.50, Li J& -7 1°F
VG B A M KBS, HAR KT HAERE,
Ut B Li W B 20 23 7 B BB AT iR m R A 24
Li B MRk I A e Mt BBOR S, J5 SR 25 465 1)
BEAT S AFENT IR A B,
3.2.2 AW,

N T ERAR Li R AV A 25 S HLER, AR S A
L W B 2H 43 5% 185 1) Lig.50Sio.50 ok 00 45 ¥4 N 5,
1T T Mulliken Hfaf 477 J& A S %5 2 20 #1. Mulliken H,
Wi R RN, TSR FAHR T LR FREAEXR
B, B LR R R A R T 20077 A
F, AT Li A1 Si i 523 5l A2 Sy s 1 F A A7 ERL Y
B P IE LI LA B A SRR SR T S T R
— N R H g, X6 TS A S A i R
WEE. [FN, NEAMSEER G LLE R, Si
s p 3 5 Lifs M p P =4 7 B & 24k
(—4.98——0.51 eV LA 2 0.60—6.23 eV), K Li [
sHMpHiEZ s 7 st 72, AR g s 7 Li A Si

107103-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 10 (2018) 107103

2GR ER. LR PR pERSS 7k
B OX R DKM Li JE A Si R S0 454k 1 il FE
LR EARSIE TR T HEMsB T, 7
R4 SiE 1) p PUE Y S8 S, I SR T
AR AL 2 B Li R T p Sl R A B R, IF
¥ —FB 4 HL T DUk [F] Li 6 p BU0E, R &{H 15 Lifl
Si 2 ] 47 5 %5 58 [) s-p A p-p I8 224k BV g 4,
T Li i T HIAELE, Lio.50Sio.s0 FEMSE I T 4
0.7 eV [NRERR, Rl iZ g i B A 2 SR EE

12F —Si-s
— Si-p
9
- 6F
|
% 3F
=z
8 0 B S 1
g —10 -5 0 5 10
28
-
o —— Li-s
& 6L — Lip
wn
g
A 4r
2+
T .
-5 0 5 1

—10 0

Energy/eV

4 Lip.50Si0.50 HEME A LR

Fig. 4. Diagram of density of states of Lig.50Si0.50-

3.3 ARELIAESY THEHEERRNS FENASR
3.3.1 | KA P A0 HT

BT EROUAL S R S, X% Li 473 Tk
Wi B 5 AL (R AR REREAT TR TE. BATR R
I35 LAAN[R] 0 52 B AN 7 1) 32848 DN AE L J 5
ElERY ke & A | TRER E FEL S N i hE - SN LR i |
WG, LBt s — ik 2 7 i K&, 5

(a) Lig.11Si0.80-1Hz Lig.11Si0.89-2Hy  Lig.11Sing0-3Ha  Lig.11Si0.80-4Hz (b)
; E 3.5+
< 3.0}
Q
Q
2 25f
7
8 20L
a
3
S 1.5F
1 o
] £
: ;@ 1.0}
Lk
© [ 9] < < 051
S = OGO s Sl gl A~ 0

eHoSi @Li

SRS AR T 45 MR A G 2 3 HE R iz 25
LiJi 7, DMFIERES /A R0 B E R AR PO R,
B A B B D AU O B LR T 2 A
PRES, Jfad i b AR T A — AR PR AE %
Li J5 7 R ES0 T (0IR BH PR 9 R BT e 0 1k R
R OAIEE R AR AU L4 5 RIKK
Lig.11Si0.so FEE N 25 A6 N, A A 1) 3K fig S
FlE k2 (B 5 (a). XS, BITEST T
T2 45 ) 0 T PR A R P 5 R4 T R
PR, AN 5 (b) Fros. S (a) P15 (b) HrA] EA
B, RBMTIANESS T, ZEASS TS
FIARA S5 AT AR B 72 Li R, A S W P i g
N1.96 A; MR T 2AMNER 0 TR, S G
R, X 2ANEA FAEWRM G H R T — A
SR SRR A R £ R R PR PR S 40 5 2.01 A
12,02 A; HiFIM3NES S T, HFEASSTH
W B2 8 E S A AR AL S 3 B T 2.05 A, B4R
— ML 3B B FR [ = A 45 405 4RSI IS
IyF, SERRAL SR R BLA NI A4 T HE R T
BELiJRT, AR B EE AR N 3.96 A, Gk TS
— AR TR ES. AT, RS R A Li
JEF i % BB IR 3 AR T, X5 Wang 25 P 1
WF 9545 BAR R, R, Lio.1q Sio.so Fl 475 25 K40 ) 8 K
JR B R N 2.54 wt %%, AT ISR 25 B g A
0.58 eV /Hs.

R Fd e K S T v, AR Sk et 3L
AR I S5 M B K e A AT TR AL, B T REMG
MR Li i1 I 2 REH 3 NS 7, IR RAT
TE25 B & REIR S M I A SO B A LR, FE RS Li JR
TR 3ANER ST, BEBIGE A E A5

4.0

1H, 2H, 3H, 4H,

Number of hydrogen molecules

5 Lig.11Si0.80 TEMECR AR FIMRI (a) LMK, (b) E AWM SIE

Fig. 5. Diagrams of (a) geometry structures with (b) corresponding adsorption distance statistics of Lig.11Si0.89

during the maximum hydrogen storage judgment.

107103-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 10 (2018) 107103

Y Lig.11Sio.s9 M H A TR, FHFHRE
A8 AH AT Li J5 7 WP B S S0 T L AR R — € R
. 22 RERSTHALE. T m 251
itl, A UKRPEHFRESE LR FIES s T3
BIENZERE R ERMEERE. RASTE
I 1A 25 11 B K il 25 445 A8 A i P B T 43 il
WK 6FIR LT H. IWE6 MK L AT LLE 2, b
EHLiA D AW, fig & =B AW T, R
P& Li WP 2H 2 B % A R T L& i ik 0l () &
FAifBE /I, Lio.20Si0.80, Lio.33Si0.67, Lio.43Si0.57 AN
Lio.50Si0.50 f: I 45 14 73 93l 55 % BR A8 IR BT 6 >\ 8 A

Lig.20S10.80-6Hz

Lig.11Si0.89-3H2

Lio.33S10.67-8Ha

4RI ANE 51, THE RIS B K i &= i &
R4y ik B 4.82 wt%, 6.00 wt%, 9.58 wt% Al
11.46 wt%, AH L)~ B g 73 51l 4 0.47 €V /Ha,
0.54 eV /Hy, 0.41 eV /Hy #10.34 eV /Hy. MF 1 ik
AILLE B, T E Rl GGA 2 M E AL A
TIP3 B R, T A R Y4 B 2 TR R
R % ), XS T A HRE AR 522
ZnT LUK I, Lio 33Si0.67, Lio.a3Sio.s7 1 Lig.50Si0.50
ek e 8 ) 11 i K ot i S R R~ 1) W B e S ik
F| 7 DOE il i€ W filr Ebn 1, Re8AE NS A7 A KL
S, BAELER R AT .

Lig.43Sio.57-14H>

Lio.50Si0.50-18Hy

e H

€ si

° % 3% ou

Bl6 AR Li 2150 T REMG VR 2 R R il S 45 A R A (U P

Fig. 6. Top (upper panels) and side (bottom panels) views of geometry structures of Li;Sii—, with the maximum

hydrogen storage.

Rl BEEGE RS
Table 1. The hydrogen storage properties of LizSii—g.

RGR  AAATERA TARRk/A RIRE/ &V TR L wi%
GGA GGA+4vdW
Lig.11Si0.89 3 0.755 0.11 0.58 2.54
Lig.20Sio.80 6 0.758 0.10 0.47 4.82
Lig.33Sip.67 8 0.766 0.08 0.54 6.00
Lig.43Sio.57 14 0.766 0.03 0.41 9.58
Lig.50Si0.50 18 0.766 0.02 0.34 11.46
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Abstract

Alkali metal has predicted to be a promising candidate for decorating silicene surface to obtain the high hydrogen
storage capacity, owing to their physical properties of lightweight, lower cohesive energy, and appropriate strength of the
interaction with Ha molecules. However, though the high potential in hydrogen storage of alkali metal adatoms-decorated
silicene under the fixed adatom adsorption component is well known, the evidence for the hydrogen storage capacity
of alkali metal adatoms-decorated silicene under different adatom adsorption components remains largely unexplored,
which may be of great significance to make the most advantages of alkali metal adatoms-decorated silicene in hydrogen
storage aspects. Herein, according to the first-principles calculation corrected by the van der Waals effect, we take Li-
decorated silicene for example and perform the detailed study of the geometry structure, the stability and the hydrogen
storage capacity of silicene under different Li adsorption components (LiySii—z), aiming to maximize the hydrogen
storage performance of Li-decorated silicene. The results show that the preferred site of Li changes from the hollow
site to the valley site as the Li component increases from 0.11 to 0.50, and binding energy of Li is always greater
than the corresponding cohesive energy, showing the high stability of Li-decorated silicene and the feasibility of the
method to obtain a higher hydrogen storage capacity by increasing the Li component. The hydrogen storage of silicene
under different Li adsorption components is investigated by the sequential addition of He molecules nearby Li atoms in a
stepwise manner. It can be observed that the hydrogen storage capacity of Li-decorated silicene increases and the average
adsorption energy decreases with the increase of the Li component. The corresponding hydrogen storage capacities of
Lio.11Si0.89, Lio.20Si0.80, Lio.33Si0.67, Lio.43Si0.57 can reach up to 2.54 wt%, 4.82 wt%, 6.00 wt% and 9.58 wt% with
0.58 eV /Ha, 0.47 eV /Hz, 0.54 eéV/Hy and 0.41 eV /H; average adsorption energy, respectively. When the Li component
increases up to 0.50, Li atoms are saturated with a maximum hydrogen storage capacity of 11.46 wt% and an average
adsorption energy of 0.34 eV/Hgz, which well meet the hydrogen storage standard set by the U.S. Department of Energy
and mean that the hydrogen storage can be theoretically improved by increasing the Li adsorption component to a
saturated level. Furthermore, we analyze the Mulliken charge population, the charge density difference and the density
of states, showing that the charge-induced electrostatic interaction and the orbital hybridization are the key factors
for the hydrogen adsorption of Li-decorated silicene. Our results may enhance our fundamental understanding of the
hydrogen storage mechanism and explore the applications in areas of hydrogen storage for Li-decorated silicene, which

are of great importance for the usage of hydrogen in the future.
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