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1 (a) REH 3FRSFMALE; (b) Li T T ORI O EJ7 LI EE 5 (¢) CoHo-Li-CoHg 38 1A 43 il 11 £ A iR A2 5 1

CeHg-Li-CoHg = AR 45

Fig. 1. (a) Three unequal positions in benzene ring; (b) the optimized structure of the benzene ring with the Li atom located above

the face site of the hexagonal ring; (c) potential energy surface scanning curve of CgHg-Li-CgHg and the most stable sandwich

structure of CqHg-Li-CgHg.

PERRAE. THE AL FERIR T B ALY Li RS
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CeHg b CHg-Sc G5 TR, PRI AR SC4 T ek
— ¥ CeH-Li §7 R B = BIA 2549 CyHg-Li-CyHs,
FEarT HoARR e M. A T A B Li R 76 SUZ A 80
Z (B8 2% B Y fe AR 2 B BE, B SE X CgHg-Li-
CoHg 2510 BB AT 494, B A 1(c)
Fi7R, LA Li i SR 8RB AR 5, 90
KRo1 A RIEWAL Li 5T 2441 1.30 A
W, R ERE R AL, AR, CoHg-Li-CoHg
Li i F 53R MEE A REN 3.43 eV, BB KT [k

Li 5280 N A (1.63 eV), J& CgH-Li 454
Li 5 CeHg Z %A Ren 3 f52, AT LIk —H
SN, 25 F RIS Colg 239 i UM 2 A7 S 4
T, 224~ Li JEF7E U2 A7 8800 2 (Rl 48 24 i
N RA R

FERE 2(a) H, B2 AN 2 x 3 i —
A 6 P7STTIR, 6 AL E X D—©),
ARSCHE T RAEHFFE 2 A4 Li A T i feka
SE S5 K. AR 2 4> Li J5F 2 [ A7, — 3t
A 4 FARRIA A AR Li J5F, 25 OH 4 .
QDAL . OOHA DO A, BRI
miE 2(b)—K 2(e) PR, LEXPUFPLE T, Li i+
5 S0 Z 8] 17 % 45 5 BE (average binding
energy, ) & A A0 Li i 145 H W BE &
ZHI 2 Li 48 2% 1A R 04 L RE 15 3 Y 22 FEBR D

(h)

Bl 2 (a) EABIEH2x 3MMP LIEFRH6ME; 2 LiEFHMNNET (b)) QDDA E; (c) DO 4E; (d) ODOAE;
(e) DO A; 34 Li HF4HNT (f) DDA E; () DG4 A ; (h) 24 Li JEF458 4% e 8 WUZ A 88 4 45 #) graphene-2Li-

graphene

Fig. 2. (a) 6 positions of the Li atom in the 2 x 3 unit cell of monolayer graphene; two Li atoms are located at (b) D@
combination; (¢) @D® combination, (d) O® combination; (¢) D® composition; three Li atoms are located in (f) D@
combination; (g) @@ combination; (h) the most stable graphene-2Li-graphene double-layer graphene structure doped by two Li

atoms.
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Li JRFECH M. THAAH, Li R 53R
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OB 22 Li JR 1A .

IR, 24 2 A4 Li JEFA T 880 04 R — s
A B8 2xa) Li R e i — 00 & A= T il X
T PEZE A PR — VAR E LS. N T s
A 0 BB T 1T, R A BRI O — RN AR 3 A4
Li [, /- B F@OMALE, ik 2(f) F1E 2(g)
Fiw, & 2(f) FE 2(g) g5t Li 5 RT3 45
EHESF N 1.42 1 1.44 eV, H/NTEAR Li 1952
KPR AE (1.63 e V)T, FHZAS Li Ji I B 7E 5
R BRI 2 S e .

BT ORIENZ A 00 Z A E 2 4 Li Ji+.
FRAE 2 A Li B 2Z (B A X7 B, ATh IR %5 1 4 b
AR A B 258, 53 51 O & . D@D
& OOHAEHO@AE. TEA LS b Li 53R
Z B (45 & B4 9k 3.30, 3.35, 3.41 il 3.43 eV,
BIR TR Li (95250 N ERAE (1.63 V)T, Tl 41
A Li AT RUZ A B Z AR 2 i, Ho,
P Li i N OO A 5 3R 14454 fig i
K, Wb izgsitimtase, iE 2(h) s, EATER
2, efksstah Li B RaRs MR, BB EA1Z
)G HEFRAE T, BRI, B L J5 1 B4 I 8 A X 4
K (DA E) B ke, Mr-Hganeitag L
—5. R LB, K 2(h) 4544 (graphene-2Li-
graphene) 1 Li 5 J& JI§ 19 45 & B8 A CgHg-Li-
CeHg TR Li A5 A REFHIR], DL AP R
B A BB A T, AUZ A B 2 ] D@ 4 A ik B
Li PR, P2 A8 XT Li 1 145 A g
AARZ B . [HE, 7EE] 2(h) 4584 (graphene-
2Li-graphene) H1 P 2 A 85 Js 22 1] 19 BE 2 14 o 32
3.69 A (nz 1 Fid), o CeHgLi-CoHy 4544 o B
EIRIIE R (2.60 A) KT 0.89 A, PilH 24K
WY e A S5 dm I es, 2 RECE W Li Rk
T RUJZ A 85 05 1 2 BLTF- Y 5 1] b 1) S8 5.
graphene-2Li-graphene 2544 Li J& 2 [8] A9 5 2
HJ 571 A, ERTF Li-Li “REAEK (2.61 A),
LEE BUZ A 8 XT Li JiF- 45 A it K FAESE Li
JFF 2Z 454 RE R SE, IEIA 24 Li B0 T X
R BRI Z AN R U, AT iE A

PR A fitg SR A LA — i 1) 8 ) 24 R e 1
AL E 2(h) 4544 (graphene-2Li-graphene)

AT T 300 KRBT /8 J 2 il A SOl
Nose-Hoover Chain thermostats #4744 BR A% i
P, PR R BB RENE. 78 300 K, 1 fs 2
K, 5 ps JaHysh f e a5k 58 2(h) G55 Rk
A, I, graphene-2(Li-3H,)-graphene 45 1)
BAE NI 2= 2t v,
XTSI A B %k (CsHy-Fe-CqHy) 1419
4544, Fe R HANZ T HuA A [Ar]3d%4s?, B34
C;H; oo HA 5 a1, Fe IR FIUIRIMNZ 3d HL
BA 8AH T, Wik, kR —ILHA 18 ML F,
TR MR R e 2, R DL ek
SiA AR I B A TR B A = BIR S  AR
FEMETT LA 18 FL R0 00 B2 R A7 g . IS4,
CeHg-Li-CoHg 550842 J8 2 44 1) = WA S5 14 4n o] fig
R NoRWE? FATANTEZ LA B Hy 7
— MRS, MZ BB &, B4 B B4 =
WA 45 AR AT AR RAF ROt AR R . 2T okt
X = BIR 4514 graphene-2Li-graphene [ (2 x
3) o0 Al S PR RE AT IR A DR R . K 3(a)—
& 3(d) 43 45 i T graphene-2Li-graphene /& %
1 (2 x 3) HIoH RS Li JE M 1—4 4> Hy 43
TIaMIEZe. £ 141 TIREREXT Hy 30
K B F.q. i 22 W B BE (consecutive adsorption
energy, E,). #l Li i1 Bader LA (Qp; ! Q).
XUZA S HZ R Do g
RZRXF Hy 5311 E,q & XA
Ea = (EgaLic + nEu,
— EGoa(Linta)c) /(2n), (2)
K Egorias Puys Egainm,)-c 23 li& graphene-
2Li-graphene, #. 4~ H, 43 F . Ml graphene-(Li-
nH,)-graphene 1Y BLBE & . M3 1 A] K1, graphene-
2Li-graphene " &E4> Li JEFXF 1—3 /> Hy 4+ F 19
SR B REAL T 0.10—0.80 eV Z[8], 7ERENSSLFL
A0 W B R A A N 02, L, graphene-2Li-
graphene " EEA Li L F 2 WM 3 4~ Hy 591,
filt U BE TR 10.20 wt. %, it 5 I RE R B X it %
PERHRIE 1) 2017 4EAEEEE 5.5 wt.% 1Y HAREL
TR ZXT Hy 70 F LW N RE (E,) & B
E: = (EgaLi-(n—1)is)-6 + 2En,
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E 3

%1
¥ bader BT (Qu Al Qn), D2 BIEHZMEIE (Do)
Table 1.

graphene-2Li-graphene [ 2 x 3 il 1 &34~ Li J5 4350 W B 1—4 4> H, 43 F 1 4544 [

Fig. 3. The structural of the 2 x 3 unit cell of graphene-2Li-graphene with each Li atom adsorbed by 1-4 H, molecules.

P =A% graphene-2(Li-nH,)-graphene[G-2(Li-nH,)-G)](n = 1—4) H11 H, 0 F W E,y, E,., Li f1 H [}

The E,q and E, of H, molecules average bader charge of Li and H (@Qp; and @), interlayer distance of double-lay-

er graphene (Dg_¢) in the expanded sandwich structure graphene-2(Li-nH,)-graphene|G-2(Li-nH,)-G)](n = 1—4).

G-2Li-G G-2(Li-H,)-G G-2(Li-2H,)-G G-2(Li-3H,)-G G-2(Li-4H,)-G
E,q/eV — 0.37 0.17 0.12 0.06
E,/eV — 0.19 0.19 0.10 -0.08
Qui/e 0.99 0.62 0.31 0.02 0.01
Qu/e — 0.20 0.18 0.16 0.12
De.q/A 3.69 3.84 4.40 4.90 4.93

F1 graphene-2(Li-nH,)-graphene [/ & f8 & . & &
X Hy 1 3% 2 W B RE ARG, S BRXE B H,, 23F, 1R
/N IE A B (B 3R R IR R A AR UK 22 B H, 43
F. NFE LA, B SR 4544 graphene-2Li-
graphene Y EEAS Li X128 4 4> Hy 40 F 1Y%
SR BRFRE -0.08 eV, T LA, 1Z4R R a4 Li 7
2 0] IR 34~ Hy 43 1. 3HEATAL, Hy 28 F
() H—H 8 K76 0.75—0.76 A2 [a], #1H i H, 4>
TROE (0.75 A) Feigsir, WAL Hy 431
& 2 W BEE. B 3 AT AL, A Li RT3
A Hy 40P, BEEEE 34 Hy 4314 2.30 A, B K
F 555N Hy 43 F2ZIRIEEE (2.03 F11.95 A).
MEEAS Li BT 4 4 Hy 20 FiF, 5 44 Hy 4>
T 22 8] A BE B 43 51 A 2.00, 2.00, 2.03 1 2.52 A.
DL SEUE I 2SR Li BB AR 3 AN AR 4 A4
H, 43 ¥, HEFRAE TR B . SR 1 7550, 24
Li 7AW F Hy 53F i A 0.99e B HL AT,
I, SANZE s U B 1A TR RS T C R
T, Li 5 C ZHJE R 75, GE7E U2 8806 2 ]
WA, AM T — DAt A (A2 Rl A W
Hy 43 THCH MRG0, Li B s (%) i far e i A8 20,
VLI Z S BB WOk A H R FR9E 5
Pir. PE— 2R R B, SRR A BRI = (8] 1 B

Li W R 1—3 4> Hy 43 F I, XUZ A 554 Z 18]
BB B 25 M\ 3.69 Ak — 25 Fi7 K FI| 3.84, 4.40 Al
4.90 A, I, 76 SUZ A 880 2 1) o5 3 0 JR k22
XAy B e A ) T L ) R R (Y
BEAS Li JF T W BfE 4 A~ H, 43 Bsf A 345 5 0 % Bf
3/~ Hy 7 PR B LT ASE, RS 4 4> Hy 46
TR TR E, LAY Li ik, Xz
[B] S e AN K.

H % 1 4519 Bader HLfar i A1 Li Ji 7417 1EHL
far, YA Li JE T 54 BG4 G0, S Bs
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4 KNREIZGEHP LFEFSEH, 0 FROSEER  (a) 8009 Li J F; (b) graphene-2Li-graphene 1 Li J F; (c) graphene-2(Li-
H,)-graphene ' Li JE F; (d) graphene-2(Li-3H,)-graphene "1 Li Jfi F; (e) H4#[%) Hy, 4> T ; (f) graphene-2Li-graphene 1 graphene;
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Fig. 4. The PDOS of Li atom or H, molecules: (a) Isolated Li atom; (b) the Li atom in graphene-2Li-graphene; (c) the Li atom in
graphene-2(Li-H,)-graphene; (d) the Li atom in graphene-2(Li-3H,)-graphene; (e) isolated H, molecules; (f) the graphene in
graphene-2Li-graphene; (g) the Hy molecules in graphene-2(Li-H,)-graphene; (h) the Hy molecules in graphene-2(Li-3H,)-graphene.
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Fig. 5. The structures of graphene-2(Li-3H,)-graphene at 77
and 300 K after 5 ps dynamic times.
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Abstract

The growth of population and the limited supply of fossil fuels have forced the world to seek for new kinds
of alternative energy sources which are abundant, renewable, efficient, secure and pollution-free. In this regard,
hydrogen is generally considered as a potential candidate. However, it is a great challenge to find hydrogen
storage materials with large hydrogen gravimetric density under ambient thermodynamic conditions. The most
effective way to improve the hydrogen storage capacity is to decorate the pure nanomaterials with transition
metals, alkaline metals, and alkaline earth metals. The generalized gradient approximation based on density
functional theory is used to study the hydrogen storage capacity of the expanded sandwich structure graphene-
2Li-graphene. It is calculated that the structure with the Li atom located above the face site of the hexagonal
ring of the graphene has the maximum binding energy (1.19 eV), which is less than the experimental cohesive
energy of bulk Li (1.63 eV). However, the calculated binding energy values of the Li atom to the upper and
lower graphene layer are both 3.43 eV, which is much larger than the experimental cohesive energy value of
bulk Li, so it can prevent the Li atoms from clustering between graphene layers. Each Li atom in the graphene-
2Li-graphene structure can adsorb 3 H, molecules at most. Thus, the hydrogen gravimetric density of graphene-
2(Li-3H,)-graphene is 10.20 wt.%, which had far exceeded the gravimetric density of the target value of 5.5 wt.%
by the year 2017 specified by the US Department of Energy. The average adsorption energy values of H,
adsorbed per Li are 0.37, 0.17, and 0.12 eV respectively for 1-3 H, molecules, which are between the physical
adsorption and chemical adsorption(0.1-0.8 eV), therefore, it can realize the reversible adsorption of hydrogen.
Each Li atom can adsorb 3 H, molecules at most by the electronic polarization interaction. The dynamic
calculations and GFRF calculations show that the interlayer Li atom doped double-layer graphene has good
reversible adsorption performance for hydrogen. This research can provide a good research idea for developing
good hydrogen storage materials and theoretical basis for experimental worker. These findings can suggest a

way to design hydrogen storage materials under the near-ambient conditions.
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