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SRR A RIS 5 eV DL I, 20 KTk Sc 1A RAESLINMEA(3.90 eV), FEIMLAHARH Sc R+ 1T LA 208 G k.
FECAT I, =HIREEMINTE R B3N T Sc BT E5ERMNEERE, 4T LI — D2k 2 18 M7 HINmh =
InAssE, MR ERAR FIHT U SR RL. 3 = B YE 4514 graphene-Sc-graphene (2 X 3) 5t H 44> Sc JiF i £ 7]
DA BT 2 A Hy 237, % Hy B3R BE 23 5915 0.67 eV A1 0.54 eV, AT BRI I A4k 2205 B (0.1~0.8 eV)Z 1], Kt
ZAR R LSRR IR R R Hy BRI B, g S ML AT R A B = WAVA 45 # graphene-Sc-graphene F It
Dewar-Kubas 1 BT A, TERL T n-6-m BLIK) HL 4544,
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Geometric Structure, Electronic Property, and Hydrogen Storage Capacity
of the Sc Atoms Decorated Expanded Sandwich Type Structure
Graphene—Sc—graphene

Tang, Chunmei* Wu, Jiaren Wan, Yimin Zhang, Zhengjun
Kang, Jing Xiang, Yuanyuan Zhu, Weihua
(College of Science, Hohai University, Nanjing 210098, China)

Abstract With the extensive use of fossil fuels such as coal and oil, the energy crisis and the accompanying environmental
pollution has become a serious problem today, hydrogen has attracted widespread concern because of its less pollution and
renewable usage. One of the key issues affecting the widespread use of hydrogen energy is the hydrogen storage. The metal
decorated nanomaterials exhibited remarkable hydrogen adsorption capacities. The generalized gradient approximation based
on density functional theory is used to study the geometric structure, electronic property, and hydrogen storage capacity of the
Sc atom decorated expanded sandwich type structure graphene-Sc,-graphene. It is calculated that the structure with the Sc
atom locating above the hollow site of the hexagonal ring on the graphene plane has the largest binging energy, but smaller
than the experimental cohesive energy of bulk Sc (3.90 eV). However, when one or more Sc atoms locate between two gra-
phene layers and about 2 A distance to the substrate, the binding energy of the Sc atom to the substrate increase up to 5 eV,
much larger than the experimental cohesive energy of bulk Sc (3.90 eV), so can prevent them from clustering on the graphene
surface. Therefore, the sandwich type structure obviously increases the binding strength between the Sc atom and the sub-
strate. It is known from the 18-electron rule that the structure can be stabilized through adsorbing the hydrogen molecules.
Therefore, they can become the ideal hydrogen storage nanomaterials. Each Sc in the graphene-Sc-graphene sandwich type
structure can adsorb up to two H, molecules, and the average adsorption energy of H, for graphene-(Sc-H,)-graphene and
graphene-(Sc-2H,)-graphene are 0.67 eV and 0.54 eV respectively, which are between the physical adsorption and chemical
adsorption (0.1 ~ 0.8 eV), therefore, they can realize the reversible adsorption of hydrogen. The expanded gra-
phene-Sc-graphene sandwich type structure adsorbs hydrogen mainly through the Dewar-Kubas interaction and forms the
n-6-1 electronic structure.

Keywords graphene; Sc; electronic property; hydrogen storage; density functional theory
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Material Studio H1ff) Dmol® # a5 si!"™. 52 ¥
PR M % FE iz MR 2L i (density functional theory,
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(energy gap, E)N 5.20 eV, 5 Park 2115155 C—H
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Figure 1 (a) Three unequal sites in the benzene structure; (b) Optimized
structure with the Sc atom upon the face site of the benzene; (c) Opti-
mized structure of the CgHs-Sc-C¢Hg sandwich structure; (d) The scan
curve of the potential energy surface

Youn 2558 R L CeHg-Sc-CoHg = VA 4544 1)
Sc—C ##K/NF CgHg-Sc 1) Sc—C #, It HE5 M HE
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MZA Sc JRFAEXNZ A 8 M 2 T3 260, WL
SR B 4 R I

NT W FEZE A 5MG 2 8145 4% Sc JiT Bk R4
R, ASCE: TR — IR B A B s it T 2
Sc R TFEMBI A, N T AR R, FATIERER D
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BT G, WAL EE 4 FREA, 2l () +H@)4
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R, (HAR/N T A Sc (1 P T BE L6 1E(3.90 e V)P 5
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W5 () 57— W B 355 =4 Se JRF, i 2(H~2(h) i,
XL gE R Se H IR A5 A B84 0N 2.94 €V.2.62 eV,
2.44 eV, #R/INT A Sc N R BESLIE(3.90 eV)PY, iX
BeRBHZ A Sc JET/E5 20 S IAR T EWL PR 25 5 &
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B2 (fZ208MQX3)RITT 6 MO (b)~(e) FZ Q2 X3)AIT I 2 4> Sc J&T /1 4 ThE5H; (D~ (h) 520 82 X 3) 8 Tl i
34N Sc JRTHI 3 R, ()WUR SR X 3)HIE 2 4 Sc JR T () +H(6) A BB A4

Figure 2 (a) The six face sites of the (2X3) unit on the single graphene plane; (b)~~(e) 4 structures of the (2X3) unit with 2 Sc atoms; (f)~(h) 3 struc-
tures of the (2 X 3) unit with 3 Sc atoms; (i) the 2 Sc atoms with the (1) (6) combine doped structures in the double (2 X 3) unit
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(AR NI/ 3(a) ~ (d) 7 A & T
graphene-Sc-graphene 4 % [1](2 X 3) B cH &4 Sc i1
WeBft 1~4 A~ Hy JEIALEER. 3R 1 W TR RX Hy
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energy, E.). AEBR E. Sc J5LTH1 H J5F 1) NBO Hifir.
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graphene-(Sc-nH, )-graphene

raphene

HH, Egaphenes Eys Esen Egraphene-(Se-nt)-graphene 73 Al 72 L
JZ graphene. H,. Sc #l graphene-(Sc-nH,)-graphene ).,
Bei. HIER 1 AL SUZQX3)BRITCHZ A B S
HHEB AR 2 A Sc i), B4 Se JE TR 1~4 4~ H,
B, BT RSN, Sc 5 SRR 1 i AR ELAE AN
WO ES, WE 1 FFras, graphene-(Sc-nH,),-graphene
(G-(Sc-nHy)-G) (n=1~4)" Sc T 5H ) 2 [0 1) 45
BRI 5.17, 5.06, 4.96 F14.91 eV, AHIRH K T[]
A Sc I RAESLINE(3.90 eV)PY, Ak, £A4 Sc i1
BoRgith, WM Hy Mg, Sc AR A BRI
&, UL R TR S A BT 4G

B3 ¥ E=1A%5K graphene-Sc-graphene [1J(2 X 3) 570 PIAS Sc JRT-(1)+(6)H & B 44 A Sc JRT I 1~4 A Hy (451 1
Figure 3 The adsorption of 1~4 H, molecules by each Sc atom in the (2X3) unit of the expanded graphene-Sc-graphene structure with two Sc atoms

doping as the (1)+(6) combine style

R 1 Y E=WIELHK graphene-Sc-graphene(G-Sc-G) ' Sc J& T 5 41 M4 (1 45 & fE [Ew(Sc)], E, A1 H F1 Sc ) NBO HLfif QOs., Ou, gra-
phene-(Sc-nH,),-graphene[G-(Sc-nH,),-G)|(n=1~4)f] Sc J&F 54 BIHE M4 G BE[Ey(Sc)], Ews Ecv Ee~ H A Sc [f] NBO Hifif

Table 1 The binding energy [E£,(Sc)] between the Sc atom and the graphene, E,, as well as the NBO charge of H and Sc (QOs., On) in the expanded gra-
phene-Sc-graphene(G-Sc-G) sandwich structure. The binding energy [Ey(Sc)] between the Sc atom and the graphene, E.q, Ec, Eg, as well as the NBO
charge of H and Sc (Qs., On) of graphene-(Sc-nH,),-graphene[G-(Sc-nH,),-G)](n=1~4) structures

G-Sc-G G-(Sc-Hy)»-G G-(Sc-2H,),-G G-(Sc-3H,),-G G-(Sc-4H,),-G
E(Sc) 5.66 5.17 5.06 4.96 491
E./eV — 0.67 0.54 0.41 0.32
EJeV — 0.67 0.11 0.05 —0.26
EeV 0.27 0.68 1.17 1.17 1.17
OsJe 1.50 1.30 0.00 —0.23 —0.86
Oule — 0.06 0.05 0.01 0.05
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Figure 4 (a)~(c) The PDOS of the isolated H, molecule, the Sc atom, and graphene-graphene; (d)~(e) the PDOS of the Sc and graphene in the gra-
phene-Sc-graphene structure; (f)~(h) the PDOS of the H, Sc, and graphene-graphene in the graphene-(Sc-2H,),-graphene structure
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