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(KR 0 ORE B A S 15 350 (DFT-D)4. JL A &5
R A DURE BE A7 B 1 R & A5 WSSO A B, B
Ji . AR AR R UCSIhRE Sy A 0.002 hartree/A,
0.005 AR 1.0x 1075 hartree (1 hartree=27.21 eV).
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hartree. )4 A T 6 LR, I8 H J5 385 BE T L (LDA)
#] Perdew-Wang (PWC) 2 il 5 T T H 45 &
.

A Z (¥ Lty B Hirshfeld A J 20 M3k 4, (7]
T ARy AT R FN W AR RS AL T RE &, X T R
ARURAAR 2R, 0 24 1 8 Ji ) ) B LRI B A 1 0
Titl, AR B AR R TRE . AT
PRI AE (Faa) t1F & H:

Ead Z[E(YmSi@Ahg) + HE(HQ)

X E(Y,,Si@Aly,), E(Y,,Si@Al s - nHy), E(Hy)
5N Y Si@Als, Y, Si@Al s - nHy BRI
TR e

(e) (f)
1 YSi@Ali2 A YSi@Alr2 - nHa(n = 1 — 7) PIRRI LTS (BUE KSR HMGE H, Y, AL SiEF, TIF) - (2) YSi@AlL2; (b)
YSi@Aly2-Ha; (c) YSi@Al12-2Hz; (d) YSi@Aly2-3Ha; (e) YSi@Alr2-4Ha; () YSi@Al12-5H2; (g) YSi@Aly2-6Ha; (h) YSi@Al12-7Ha
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W 7% v 4 J5 7 5 IF L, Si@Al, iy /b 8 67 F i,
AT 8 A& B 22 A 10 S H AT 45 R 19 1A S HE A FH 2L
fif Si@Aly, KA. Bl 200 1 B 1
T, B2 57 9% 25 10 HL T B W D, 1) B 4K Si@AL,
VA B # 1 P At 7 92D, PR S HE R AR 9859,
Si—Al H A W7 45 5, 5 4% T i K 16 12 ik 328 38 o
59. H YSi@Al5-6Hy Pf% 134 Si—Al SAKAK IR
b Si@Alys H1#%E T 13 Si—Al 8 K-25K 0.006
A, LDA 45 H T A IR fo e $8 S0M B ok A2 b /0 B
MR ) Si—Al 8K I 4 76 0.010 ALLPY, 3X 3
W] YSi@Al o PRI 5 Ae e PR L o, v LAAE
T8 A UL 1 I8 A 0 0 R P PR 3 R AT 4 A T AN &
SRS

ARG PR A R LA, b LDA 53811 YSi@Al 2 -Ha H &4 Tl B,

AR AR H R
E,q/eV dy_ul/A du—_n/A dsi—al/A Qvyle Quole
GGA LDA GGA LDA GGA LDA GGA LDA GGA LDA GGA LDA
YSi@Alj2-Hy 0416 2.150 0.886 2662 2.623 0.420 0.474 —0.110
YSi@Al;j2-2Hy  0.375  0.604 2237 2128 0.833  0.923 2.660 2.622 0.381 0.384 —0.052  —0.096
YSi@Al12-3Hy  0.363  0.593 2273 2.183 0.812  0.859 2.657 2.621 0.346  0.325 —0.034 —0.056
YSi@Alj2-4Hy  0.375  0.586 2279 2197 0.804 0.839 2.656 2618 0277 0.235 —0.018 —0.028
YSi@Al;2-5Hy  0.358  0.576 2302 2201 0.802  0.841 2,653 2.617 0263 0214 —0.012  —0.022
YSi@Al12-6Hy  0.333  0.550 2313 2213 0.800 0.835 2.651 2614 0.247 0.186 —0.008 —0.014
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76 b TAESERE b, FATTE— 2004 T 2 A
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Ui, FC 51 MR 1R) T L7 R X0 B T = 44 41
% Si@Al, 2 b, Wt ES: 74 3.59 eV F1 3.58 eV,
L Y15 R Y16 HRERITE 45 & e m2 0.5 e VB2,
IR KR B BE B Y, Si@AL o IR RELE % il F A5
SEATAE ML

WHC R, &)@ % o T I sk 1w s sigh ok
B2 hE, B TFE/NERE 4 (migration barriers)
4 8 B 1) 68 B B 5 1Y) 4 e B, 4 ) i -l
TR, X 4 W2 A R I A e T, &8
(1978 5 AT 70 AR UEAS AR LR (4 L~ A4 re Al A4
BEEAT B4 e AU fE U331 AT HIE 9T 2 W,
BR324 50 78 5 B 45 46 B ok A T 58 1) 45 g 1 R
FEHEF] G ScaSi@Aly, K, Kl 2(3c) Arasgify
MR 2 LL I 2(3a) Pron g5 /I 5 0.632 eV), 11 3C

R [19] AREHTICE AW T7E Si@Al . W% E

HT YSi@Al, Bk 2 W 6 M7,
fITE YoSi@AlL s WK EARIXAILAL T 2n(n = 1—
6) M T IR, 4R BTN Y2Si@Al, £ fE
T b 10 NS T, W 3(a)y—(e). H T HI
W Bt 1 AT DA g 18 HL T R R RS LIS ne,
nS F nS A 3, 3, 1, BAELR 72 W 11
MNEJET, B 5 ANE T T YaSi@Aly,-10Hs,
GGA F1 LDA 15 2| 1) F- W Bt 58 43 73 24 0.304 eV
H10.502 eV, WA TR N 3.7%.

% T YSi@Alyo-6Hy F1 YoSi@Aly,-10H, A%
PR HURE K, 7E Y3Si@AL, iR EILHEIE T 16 A
AT, iR gs i 3(6) . GGA 13 H
(S KW B e A 0.324 eV, LDA 153118 0.527 eV,
i A 2] 5.0%.

hit— B RRE S TAE Y, Si@AL B L1

Y3Si@Als

E2 YnSi@Ali2 (m = 2,3) BIRIIESEMATTIRALH  (2a) AE = 0.000 eV; (2b) AE = 0.021 eV; (2¢)
AFE = 0.839 ¢V; (2d) AE = 1.161 eV; 3a) AE = 0.000 eV; 3b) AE = 0.318 eV; (3c) AE = 0.632 eV; (3d)

AE = 0.846 eV; 3e) AE = 0.881 eV
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¢

3 Y2Si@Alj2-2nHs (n = 1—5) Fl Y3Si@Alyo-16Ho BIFEN JLAT45H  (a) Y2Si@Alj2-2Hs; (b)
Y2Si@Aly2-4Ha; (c) Y2Si@Al12-6Ha; (d) Y2Si@Aly2-8Ha; (€) Y2Si@Aly2-10Hs; (f) Y3Si@Aly2-16Hs

WAL, Bl 4 25 H T YsSi@Al o BRI 7+
TG 40 e A 25 i (PDOS). MBI A 401, &0 s B
T A S L AAE —9 eV Ab, XN FE0 T
(1) o JCEEAS, 1T Fermi BEZR AT A% B X T o
SRS, BERS by ST U H—H R W 2,
W B A>T IR LR T d SIS B E Fermi Ag 4 b
A BT, MAE —9 eV A BT n, [FI#F Fermi
REAb K —9 eV b H5EIN s PUBE A& W& ES,
YL Y3Si@Aly2-16Hy A% 40 )5+ 5 & R+ 2 [H)
A Kubas AHHAE .

FRATERT Y3Si@Al o 16Hy BIFEBEIT T HTZ 51
AT, g5 Rl 5 frox. WE T el LUE Y, Fermi

600 [
a
_ 400 @)
s 200}
Z 0
[s]
2 600 | i
z (b) - :
g 400} d(Y) :
[:H] H
z 0 oo Mo
R 600 i :
[ (c) ;
& 400 | W m — s(H)
200 U J |
0 . i
—9 —6 -3 0
ekt feV

4 Y3Si@Alj2 M Y3Si@Alyo-16Hy HIHEHI4M U A%
J (PDOS) (T B % b Fermi fiE%%)  (a) Y3Si@Alya;
(b), (c) Y3Si@ Al12-16H>)

LUMO HOMO
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REZL BT 1) 2 708 R AL R 71 4d . &
JEF1 s B DLER BT 3s FH 3p BB 4LRg; 44
JRFH d FUBFE D T o REEFUE R AT H i
AL Z, RIFELRTIREBE TFRE D TH o
HE, 1X A& 3 () Kubas A1 ELAE ], &5 PDOS 43 #7
iR —3

4 25 5

AT H % R B iSRG
T Y,.Si@Al, (m = 1-—3) HAfE S &4 7 A H

YER, JFHEE T GGA Hi LDA 545 . Wis %
s 0 J5F- DAL 1) T S B 2 AR A1 7% Si@ Al
Z b, BAEBRATM O R EN B AN, 287 R
1t Si@Aly, A% B2, YSi@Al, BIi% & % v L
Wt 6 AN TEHEMZ S 1 YoSi@AlL s Il Y3Si@Al
P #5543 590 AT LAY 10 AT 16 ANEH T, AU
SrEy Ik 3.7 %1 5.0 %; XFF Y,,Si@Al s - nHy
P1#%, GGA 15 H 1B 8 4 0.304—0.416 eV,
LDA 75 TS0 B B8 4 0.502—0.604 eV, 3 H 1)
W B BB A R A L R R A ARSI B S
THE 8 S I SRR R B 4t T8 O 5 S
FEE S K.
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Abstract
The adsorption property of hydrogen molecules on Y,,Si@Al12 (m = 1—3) cluster is investigated using the density functional
theory. The results show that yttrium atoms do not suffer from clustering on the Si@Al; 2 cluster. The 18-electron rule can be used to
design these systems, and Si@ Al; 2 cluster coated with three yttrium atoms can adsorb 16 H> molecules with a gravimetric density of up
to 5.0 wt%. The calculated adsorption energy of 0.324-0.527 eV/H2 molecule is suited for reversible hydrogen storage in near-ambient

conditions.
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PACS: 31.15.es, 21.60.Gx, 88.30.R—

% Project supported by the National Natural Science Foundation of China (Grant No. 10904031).

1 E-mail: liyuncai @henu.edu.cn

073101-7



