Chinese Physical Society

ME#E Acta Physica Sinica

€D Institute of Physics, CAS

BRI 674 C1sBo M (M = L, Ti, Fe) MRS AT BRR 5

BEAME EaA BRE REA KK A%

Calculations of the hydrogen storage of the boron carbon Fullerene C,3BsM (M = Li, Ti, Fe)
Tang Chun-Mei Wang Cheng-Ji Gao Feng-Zhi Zhang Yi-Jie Xu Yan Gong Jiang-Feng
5| Fi{Z & Citation: Acta Physica Sinica, 64, 096103 (2015) DOI: 10.7498/aps.64.096103

TEZ 7% 132 View online:  http://dx.doi.org/10.7498/aps.64.096103
241 4 % View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/19

AT RE RSB B S
Articles you may be interested in

AR R S AR AT A 5T A AR P B BT AT

Study on the electronic structure and elastic constants of uranium dioxide by first principles technique
PP 2EH%.2015, 64(9): 097101  http://dx.doi.org/10.7498/aps.64.097101

Mg, Si & PIE K H T 1 HL i Ve Re it 72
Electron transport properties of Mg>Si under hydrostatic pressures
YHE 24,2015, 64(7): 077103  http://dx.doi.org/10.7498/aps.64.077103

B, Pk B-SigNy I L1~ 45 K A 22 1% LA 5%
Electronic structures and optical properties of boron and phosphorus doped 3-SizNy
PP 22 H%.2015, 64(6): 067102  http://dx.doi.org/10.7498/aps.64.067102

100 25 B R o A A Y A SR 0 K T R IS R R
Influence of edge reconstruction on the electron transport in zigzag graphene nanoribbon
PP 2EH%.2014, 63(11): 117102  http://dx.doi.org/10.7498/aps.63.117102

¥ Stone-Wales [ zigzag % f 55845 40K i 1) FEL 22 RG24 1 RE T 72
Electronic and optical properties of zigzag graphene nanoribbon with Stone-Wales defect
YE % 4.2011, 60(1): 017102  http://dx.doi.org/10.7498/aps.60.017102


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.096103
http://dx.doi.org/10.7498/aps.64.096103
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I9
http://wulixb.iphy.ac.cn/CN/abstract/abstract63999.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63999.shtml
http://dx.doi.org/10.7498/aps.64.097101
http://wulixb.iphy.ac.cn/CN/abstract/abstract63734.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63734.shtml
http://dx.doi.org/10.7498/aps.64.077103
http://wulixb.iphy.ac.cn/CN/abstract/abstract63705.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63705.shtml
http://dx.doi.org/10.7498/aps.64.067102
http://wulixb.iphy.ac.cn/CN/abstract/abstract59501.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59501.shtml
http://dx.doi.org/10.7498/aps.63.117102
http://wulixb.iphy.ac.cn/CN/abstract/abstract17553.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract17553.shtml
http://dx.doi.org/10.7498/aps.60.017102

38 % 4R Acta Phys. Sin.

Vol. 64, No. 9 (2015) 096103

IR E#HEITEY C1sBoM (M = Li, Ti, Fe) i
S RETT B

EEMET ETRA BRE
(TG A2 225

WHRA  frg JLE

, FiRL 210098)

(2014 4£ 7 A 28 HikHl; 2014 4 11 A 23 HILEMESH )

A SCAE F 25 FE 2 B B L (density functional theory, DFT) FF ) Sf FE UL 6L (generalized gradient ap-
proximation, GGA) W} 7t 7 &4 8 I 7 Liv i3I & J8 )5 T Ti fl Fe J& FAEM 1 E #1)f C1sB2M (M = Li, Ti,
Fe) KIf# & PERE. WIFERI, CisBe BT BHIBAUE I, W Coo MBI T RA EmME &6t -V
REZr T A 0: CreBaLi X Ha AWK AE JJ 8255, CraBaoFe Xt Ho AWK I AE JJid 5, 1M C1sBoTiXf Ha -1 2505 fff
BEA T 0.45—0.59 eV ZIi], St TPy s b 1AL 2R B 2 8] (0.2—0.6 eV), BRI ] DLSBL i T B AT fig 4L
C18B2M (M = Li, Ti, Fe) BEWS IR I 1O Ho B H 5 2 730 0 4, 6 Al 4. i EHLEL 3B Al Sl CrgBaoLi 458
Tk B <5 R B RO ) L7 SRR H, T C1sB2Ti Ml C1gBoFe 2l I 42 J& J5 1 5 Ha Z 18] () Kubas /£ H
KM ME Ho. H1T CisBoTi BEABCKHIMEERH, SOnT DLSEIL R 3 4, PRI T R s B4 K it S kL

KHIA): Coo, C1sBo, iEMERE, %2 MR
PACS: 61.48.—¢, 71.20.Tx, 71.15.Mb

1 5 =

AReTRPE N N R R RRRER . —, F
AT fe ek D> FATTRb A AR O, A BT e 4
BRAZIE 0] . A SRR B B B A %
¥ (hydrogen gravity density, HGD)(3& [& g i
(department of energy, DOE) il 5 1] 2017 4F 1] fifi
AEEHR NS5 wt%), RIFHRI#RII5E, AR T
B 775 O R R L3 Ak 2 R B ) A
L AE il T B R SR A 5 2 TR A Y 3
B 7T, I A EE R B TR R At AR
TEAE AR R B R 55 P RS AT R S B E IR
RN AAE AL — ok U, BRAR A i S AR
AN Hy B9V 350 Fff g (average adsorption energy
per Ho, Enq/Ha) R AT T4 2 W B RN BRI 2
f] (0.2—0.6 eV) 35,
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BRI E IR C A BUN % 2 RTE R SR
W TR I, 75 & B 2 TR P <8 J S 1 Be % D 35 4
RHMEARE ). FOAVEAERE RS, HBETEN
B E WG CIR A B TR m ik R i S
fE. it Li%s O wF 5 R BLES 44 B (¥R th 26 55
B, SRR B MBy 91KE X EA
B B W B ;. Zhao 25 (N AF 58 % 1L ScaoBeo-
nHo HIREEE FEN 8.6 wt%. AXFTJE %N, Coo 2 HHT
/N IR B B, Liang 55 B R R AL B A
TRRBEARTED Coo—n By [ SRE TE K KR
i, FerP R AR E 2 CrsBo S5 1. Rk, JRATTAT A
I 22 B 57 B ACS 24 10 C1sBo N B AT B 1 i
AMERE.

AP SCER AT N, B H AT LR, B EH AR E
i B R T B A 8T B CisBo M it S REHIT F2
HAT VEGERE. AT SN, Li i 72 i = /MY

* EFRERRBIFEES HES: 11104062, 10947132) FHEEK A 0EHIZRT H (5 2014102941048, 201410294035X) % i)

PR
T BfE/EE. E-mail: temnj@163.com
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B4 R T, Ti R 2l U &8 5 7 R ANE TR
DI, Fe JfFid 48 )5 7 ANE TR Z M
JEF, X =M 5 T A R AR R R, 9F HL
X =0 JEFAE 0 BB 99 K AR 22 AR B R4 1) it
PR RE O MO X = - AB ) CisBa (i
S PEREHEAT A TT R H A — @ AR, Bk, &
S T 4 I B 4 R R F Lis i S R T T
Fe Ji T2 C1sBoM (M = Li, Ti, Fe) & & 1%
AMERE. BB E A TR, B A
REBHE, @RISRV 4 H.

2 HEF*

A ST A Bt R A Dmol® 34 e mk 12
TH A R % 2 R 3L (density  func-
tional theory, DFT) !4 du g = SCHf B 3T A
(generalized gradient approximation, GGA). & HX
PBE(Perdew-Burke-Ernzerhof) S A& IEFTH)
1 R B8 FE 1) RUEUA SR 1 L1 DNP(Double Nu-
merical plus polarization) Z&2H. DNP J: 41 5 /& i
HFhadm T AHE TP RS SEIE A E
— A, R16-31(d, p) JE 4 ks B — 3 1),
A S IS 4 R R T A R A AR 2
(DFT Semi-core Pseudopotentials, DSPP) ffj#% &b
7, R HARGE R H 42 - (all electron) 1%
WE T AT EFMERERE TS HE T
B 55 AH BAEH, AT T E I R rh 5] N2 T TS
(Tkatchenko-slcheffler) 22 56 (1) #2 (4 #UAH B.4E M
ZIETT (DFT-D). JUfr &t At LaE & A B2 A7
R WSO, WSR2 il 2.721 x 1074
eV, 0.05442 eV /A F10.005 A. A7 FE MK R 1
R 52 A H far 5 B 2 RSSO IR, B VA B i Siobs
#2721 x 107° eV. IJa, A HITAERK
NBO Hifif (natural bond orbital) >k 4341 J5i ¥ [A]
() FLRT R 1 L.

TR FOR TR T VE R IR, AT B
RITVERE Coo HEAT LA S5 R EAL, 133 C—C R K
fF1.43—1.46 AJLR 2 W, BHEEN —20703 eV, fiE
Bl (energy gap, E,) N 0.62 eV. Wang %5 [0 {545
Bl Coo I C—CHKIEHE N1.41—1.54 A, BfitE
N —20720 eV; An % U7 (i fi PBE/GGA iH5H 7%
THEAS 3] Coo MIRERME N 0.56 eV. AT 45
Hixsegh B+, RWASCH KA ST

i)

=

3 HERpAM AT

PR BB, CigBe I F F 2 5
PR 1, 3-C1gBo F11, 14-C13Bo BA BT B E 14,
WE AR, 87Uk BTSN FRATT R I P A
gE M 454 fE (binding energy, ) FfRERRIEAT 11
AP RFN, BERE By € SONZ T TR B
JFFREBEZ MM LS FaERanEmE ",
REfS S iR RII 2R E M, 45 G e Rk R
Oyt E. AV EARE: (a) F (b) PIFh &5
(¥1 By 475149 135.13 eV #1135.11 eV, AEH B2k, %
B E AT Bl ) A A 4.

RE B B 7€ N i o 8 4 F $UIE (highest
occupied molecular orbital, HOMO) Fl & & & 5
53 F L8 (lowest unoccupied molecular orbital,
LUMO) x [a] ) fig & 2= 191 4k R 00 fg UK, wl
Wt B H R AR RO B R, R F - A = o 4 L
TERRIE B AR 7 8 0 RN, 1R R 3 7
SR E MR, FRATUH AR A B BB 2 ) N
2.08 eV H12.07 eV, AR L, R BRI
FeE MEAH Y.

BT 1, 3-CisB M — DM TLc I h 5 1
BT, BB A0 FL TR EAF B R, 6
ARSI 1, 3-C13Bo 53T — DG S 7T

1, 3-Cy3B2
(a)

Bl1 Ci1sBa MIBFIERERILH  (a) 1, 3-C18B2; (b)
1, 14-C18B2

Fig. 1. Two stable structures of C1gBa2. (a) 1, 3-
C18Bg; (b) 1, 14-C18Ba.

AL ICIRSIE 1, 3-C18B> BT —ILEE TR
SMALE, WK 2 (a) B, FRATS AT &8 )5 Tk
BTXEMAE B, Rad TSm0k, KIAE
Z AL SR T, Li A Ti 5T S £E CigBo
I B Lo O AL B 5 (K2 (a) H 28 (7) Ff
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P ), FeWl fit7/E B—C #EHFAL EJ7 (K2 (a) 28
(4) F i ), w2 (b), (c), (d) AT,

K2 (a) CigBo ' 7T ASEMALE; (b) CigBaLi; (c)
ClngTi; (d) C]_ngFe E@ﬁt{’t%*@

Fig. 2. (a) Seven different structures of Ci1g8B2; Op-
timized structures of (b) CigBaLi; (¢) Ci18B2Ti; (d)
Ci1gBaFe.

i% 1 C18B2M(M = Li, Ti7 Fe) E"] Eb *[] Eg, ﬁ{j eV
Table 1. F}, and Eg of C18BoM (M = Li, Ti, Fe), unit: eV.

CigB2Li (1) (2) () (4) (5 (6) (7)
By, 214 225 225 221 228 225 229

By 053 0.53 0.52 053 052 052 0.54
CisB2Ti (1) (2 B &) G © @
By, 429 4.28 3.7 355 429 429 5.09

By 0.85 0.84 0.53 0.31 085 0.85 091
CisBoFe (1) (20 3 ) () (6 ()
By, 2.08 1.97 212 259 177 168 2.03

Eg 095 1.05 088 1.14 0.78 0.73 1.04

FK14H T CgBaM(M = Li, Ti, Fe) (1) Ey, #1
E,. HFE1AHE X F CigBoLi Ml C1gBo Ti 1Ml &,
2 Li M TR F & B H e O A7 7 I K
LRI By, A By f5K, WL TH O _F 75 R P 4544
AR E; XFT CisBoFe 1 &, B—CHMAL E 7R
Bt &5 44 (55 (4) PR &5 49) 16 By, R0 B 23 5l N ek, i
CisBoFe ¥ B—C #1177 W B 45 K4 (1 30y ) 2 A

WOk e, BAT S AN EAR A, LA Ti R 1
1E Coo LI HIOAL_E 77 IS5 & R4 AN 1.59 eV
M 4.42 eV, /NTAE C1sBy FLIn IO AL E 5 1 45
HHE. B, TATA, Co H BIRTHIENB A
FIT & idx & E i 7 s G, SoCEkPRiaE ) B
Ji 7RI 9 LiJR T 5 B—CAL &Y I 45 A 5k FE A
—5 PV, C1gBoM(M = Li, Ti, Fe) IREFRE KT
CooM (M = Li, Ti, Fe) IRERIME (0.21 eV, 0.60 eV
F10.67 eV), BB JEF BB A TR R 1

iBah R E .

CisBoLi C15B2Ti

&

C13BsFe

3 C13B2M (M = Li, Ti, Fe) 254> % & st
Fig. 3. The difference charge density of C1g8BoM
(M = Li, Ti, Fe).

AFTE E0: CAIB AN 12 5 B 0.77 A
F10.82 A, Li, Ti, flFeJJETF425 5N 1.54 A,
1.45 A, Fi1.27 A, R, HH5EE M M—C RN
R RIN214 A, 201 AM184 A, NTFM5C
2 f1(2.31 A, 222 Af12.04 A), 0 M—C
HAA M E T CigBoM (M = Li, Ti, Fe) )
M—B /Mg 58223 A, 2.00 ART1.97 A,
BINF M5 BEIEGZEZ N (2.36 A, 2.82 AF12.09
A), AR M-BEARA — ST B3 %
HT Ci1gBaM (M = Li, Ti, Fe) i) % 43 Hifa 4 B,
Z 4y W B R B Sp(r) = poyspan(7) —
(pcysB, (1) + pas(r)). FHorr, Sp(r) & Ci1gBoM fE T
A 1R 22 43 FBLART B B poeBan (1), pCsBa (T), pa (T)
93 9 N C1gBa M, CigBo Al M 7E r 4b 1 J B a7 %5
JE. HEFRONEMEEERNXE. K3 A,
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CisBoLih Li 5 C, B Z B #8150 A i fif 4R 2K,
C1BoTi f1 C1gBoFe H Ti fl Fe 5 C, B Z A3 —
SE TR ANER, B Li— B A Li—C 8 L&A
e, Ti— BRI Ti—C 4 Fe— B4R Fe—C
W EA — e, 28 EATA, Li—B#MLi—C
BT AT B, T B T C#t.Fe—B
A Fe—C BN BERA — 3Lk, XEA—E
R 1

AT R R A & B A H G A b
77 W% B B C1BoLi 1 C1gBoTi, C—B#EMF4z by
W Bt 1K) CrsBoFe BEAT #E — 2 Ak ST 70, AT
C1BoLi E W Fff 1—7 /N Hy, CigBoTi LW 1—7
MNHy 43T, CigBoFe EWefft 154 Hy, K445 H
T C18BaLi-nHy(n < 8), C1gBaTi-nHa(n < 8),
C1sBoFe-nHy(n < 6) G5kt AL .

£ 25| H T CigBoLi-nHa(n < 8), Ci1gByTi-
nHa(n < 8), A1 CigBoFe-nHy(n < 6) 1 Hy HI°F
YW B BE (average adsorption energy, E.q), & 4E

C13BoLi-Hsy CsBsoLi-2Hs

C15B2Li-3Hy

C15B,Ti-H, C15B,Ti-2H, C15B,Ti-3H,
H
Fe
B
C
ClngFe-Hg 018B2F6-2H2

C15BsLi-4Hy

(2)

CsB,Ti-4H,
(b)

ClngFe-3H2

(c)

Wt (continuous adsorption energy, E.), Eg, M
AVH Pty B LT Qar AT Qe AP, A 0r T 1172
MR B 8 22 (Eaa) 58 SCH

_ E018B2M + nEHz - EclngM—nHQ

Eaq = n , (D)
X F, EcBom, EciaBom—niy, Bu, 77 3 N
C1sBoM, C1sBoM-nHy F1H, [ B REE. & T
(SR RE B 2 SR 7]

E. =Ec,BoM—(n-1)H, T Fn,
— Ecy4ByM—nH,- (2)

1A 2% ()32 5 B R ABRAER, PR P Ho ik PR

H# 2 Af Hl: CigBoLi fEMR PR 26 5 AN 4 T
) 2 28 B BE A 0.03 €V, CrgBoTi #E MR Bt 2 7 AN
Oy T ELEWL T AE N 0.01 eV, CigBoFe FEWL 45 5
ANE Gy T I & SRR B RE DN 0.03 eV, HI AT LA
Wr C18BaLi, C13BoTifl C1sBaoFe & K 1) it & 4 H
SN 4, 6, 44

C13BsLi-5H,

C13BsLi-6H,

C1sBoLi-THo

-~

C15B,Ti-5H, C15B,Ti-6H, C15B,Ti-7H,

CisBoFe-4H,

018B2F6-5H2

K4 (a) CigBoLi-nHa (n < 8), (b) C1sB2Ti-nHa (n < 8), fl (c) C1gBaFe-nHa (n < 6) £t ALK

Fig. 4. Optimzed structures of (a) Ci1gB2Li-nHy (n < 8), (b) C18B2Ti-nHa (n < 8), and (c) C1gB2Fe-nHa (n < 6).
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%2 Ci1gBoM(M = Li, Ti, Fe) {f] Eg fl Qas, C1sBa M-nHy(M = Li, Ti, 1 Fe) [f] Eaq, Ec, Bg, Qu ¥ Qu
Table 2. Eg and Qs of C1gBa M (M = Li, Ti, Fe), Faq, Ee, Eg, Qu and Qu of C1gBaM-nHa(M = Li, Ti, and Fe).

Ci18BoLi Ci1gBaLi-Hy CigBgLi-2Hy CigBoLi-3Ho

Ci18B2Li-4Hz C18B2Li-5Hs CigB2Li-6Hy CigBaLi-7THo

BEaa/eV  — 0.13 0.14 0.17
E./eV — 0.13 0.16 0.22
Ee/eV  0.54 0.52 0.52 0.54
Qu/e  0.89 0.79 0.69 0.62
Qu/e — 0.03 0.03 0.03

0.15 0.18 0.16 0.15
0.19 0.03 —0.06 —0.02
0.53 0.54 0.54 0.54
0.62 0.62 0.59 0.16
0.03 0.02 0.02 0.03

C18B2Ti C18B2Ti-Ha Ci1gB2Ti-2Hy Ci1gB2Ti-3H2

C18B2Ti-4Hy C18BoTi-5Hy C18BoTi-6Hy C18BoTi-7Ho

Eapa/eV  — 0.58 0.59 0.54
E./eV — 0.58 0.60 0.45
Eg/eV 091 1.01 1.16 1.13
Qu/e 054 0.32 —0.04 —0.35
Qu/e — 0.07 0.09 0.10

0.53 0.51 0.45 0.39
0.48 0.44 0.16 0.01
1.52 1.57 1.57 1.57
—0.41 —0.92 —-0.91 —0.93
0.11 0.13 0.10 0.09

Ci1sBoFe Ci8BaoFe-Ha CigBoFe-2Hy CigBoFe-3Ha CigBaFe-4Ha CigBsFe-5Ho

Epa/eV  — 0.80 0.62 0.69
E./eV — 0.80 0.21 1.04
Eg/eV  1.14 1.14 1.18 1.44
Qum/e 063 0.41 —0.20 —0.69
Qu/e — 0.05 0.12 0.15

0.64 0.69
1.29 0.03
2.01 2.01
—1.26 —1.26
0.17 0.14

CisBoLi-nHy 1 Ho () °F 3 W [ B8 7E
0.13—0.18 eV 2 [A], WZ Fff G L 52/, Wi %¢ H Ha 1
BRSO UR I, BT LiJE 15 B R 7 bR
I FECLLE 1 iR R, B LR &5 1)
A& J1 AN, CisBaFe-nHy H Hy 1)V 33 W B BE 35 K
F0.6 eV, It C1sBoFe X Hy B W 85 38, 24 Hy
B S50 B BEAE 0.2—0.6 eV 22 A1, S B AR st B
SN HEAT P21 R, CrgBoFe Xt Hy f9 0% Ft
B AF] T Hy IR, CigBoTi-nHs H Hy HIF-13
W B BEAE 0.45—0.59 eV Z [H], A, C13B2Ti-nHa
X Ho 25 2y SEELBL R B . AHELAST &, CisBoTi-nHa
— 7 EAEBRIIMEEEE, 7 — 7 T 2 S
Hy HRTIER K, BT A C1sBoTi B A ST A il S
RE, X RN H A 70 b ok B Ti R P B I & B
RURBI R T fil S g — 35 2o,

M 2 A5 X T CisBoLi-nHy K R, B Ho
W B ECH f3E N, By AR/ BOA, Li2 s )R
JRF, A R TASKRECN T 7RI B Hy ()3 72
W Li S5 1) E LA B D, 1 H CrgBoLi
W2 B B4 g 4 2 (R ~F 380 LT IR 38 R A2 KR A%
b, Bk, FATTINA, TEIR B Hy ()3 2 91, Li #1 Ho

ARG % N R NI o ey (e
S FL R A T AR BB /N R RE B, GX & C g BoLi
Hy FIW B AE BN JERIAL T 36T CrgBo Ti-nHy
CisBoFe-nH, 1M &, 6% Ho " M H 3G 00, E,
SRR, FE 53 BITEIR B 5 AN 44N Hy I, By 1A F]
PRI, IX MR T CisBoTi Fl CigBoFe 23 HIE W b
55T ASFIEE 5 A Hy I 2L W B e B 2080 I &
M Ti Fl Fe J5 7 BTy (1 HLAT Qg SR, TEIRPR Ha 1
IERE R Ti A Fe JR 7 b i (1) 1F HL A7 18347 98/ I
HAR B A S rARs, 43 ) E IR B AR B R 2R 44
Ho B L faf ik B AN, R, FRATTANTE C1gBoTi F
C18BoFe W fff Ho (ISR, Ti il Fe 5 Hy 2 [B]1HIT
HLT EE RS 143 Ti Fl Fe J5 7 1 i AM2 LT HUE H0E
WIEE. RN, T Fe Al &, Ti AN T
AT REBE S22 IR LT, DAL L 5 BRI Ay ) L A
HELLE HE Fe 2 W B — A Hy, X R T Ti M4
HA K w1 A

SRS 4R R T EM R, SR TR
WS B T FR 18 LRI T A 3

nyg =18 —ny —nd —ng, (3)

by NERETHME TN, —HgESR
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JE 5 FAB BRI 5E s g, man 23 0l A2 5 JEC FIAH 208 ) 3
fih 4 J8 T B AR 0 BB R TR R &R R T
Ti, Fef)3d &, Li, Ti, Fe R FHIns 455953, 4,
8.

MR 2 /T 40, C18BoM (M = Li, Ti, Fe) 454
Wi Li, Ti, Fe & T W A7 B 1A R I B A AR
R B L JE . 2 BB B La AN T J5 1 W B E T e R i
O B T5, T Fe R W 7E C—B 8 i Ar 107, (H
52 el 5 CH B # U, R CsBaM (M =
Li, Ti, Fe) Ming 25145, 5, 2. RN Bl#A HAh

4 )8 5T, Ptk C1gBo M (M = Li, Ti, Fe) [ ny
N0, BT AR 2 C1sBo M (M = Li, Ti, Fe)
RE M BT 1 B 2 SR T 2 H ng 2390009 10, 9, 8, BP
Hi KA TR H A5, 4.5, 4. 514 R
P 3 50: CisBoLi Sbrfis &/ THUIS 45 R, Btk
ik A RER 2. CreBoFe I KAE A H 7 & HL
T, eAb, CisBoTi 7EMR B 28 6 A2 W Bt e
BB N R EATA — e s, B v T R T
4.5 NES T, B BRI AR

(a) isolated Li : B (e) isolated Ti " By (1) isolated Fe
1 . I
_____ 1 |
s \ l
..... ' . 1
p ’I .I\ 1 '.
—d I - B :
L il ' N\ 1 \‘ .
L 1 Y L L .
—10 -5 0 5 —10 -5 0 5 —10 -5 5
(b) Li in ClngLil (f) Ti in ClgBQTi |Ef (]) Fe in ClngFe
:Ef ’?I.' :
I L |
—~ "
Z : i ‘-; |
~ I LA il
g I Loy A
= - - :
° | 7\ [ =4 e - .
% —10 -5 0 5 —10 -5 0 5 —10 -5 0 5
<
3
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Fig. 5. Partial density of states of isolated atom M, H in C18BaM-nHy, M in C18B2M and M in C18BaM-nHs.

ik — D BR A Sy TAE Coo M IR B AL EE,
K54 H T (a)—(d) CigBaLi, (e)—(h) C1B2Ti,
(1)—(1) CisBoFe W b & 73 7 Bl J5 10 20 U 25 %5
(PDOS). 7 %5 [ i i of 25 #iAE 2 k47 ¥ 4 2%
J& FE I 3RS, JRITF REN0.15 eV, TEX B, H
(HOMO+LUMO) /2 NZKFe LR (Er) R/, 1EAL
P R EUE O eV b, M 5 AT AT, CisBo M-nHy H

(1 Ho 1) s BB IS % 8 B A E —10——5 eV
b, X RLF AT o BUERS, T Fermi f 21 Fff i
A B WX BT Ho 10 o SOBERS, RS 5 S
AL H—H B8R W2, C1gBoM-nHy H1H) M i
T2 % E 3 70 5 A B Ho 1 AH [F) A B A 5 28
LI o A, R4 JE IR T M5 Hy {7755 AH BAE
H. EAREERE, £ Hy 2 J5 C1sBoLi-4Hy 5
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C18BoTi-6Ha (C1sBaFe-4Hy ) 19745 %5 5 43 41 5 HH 2
LA R Li B 1 p SUIE S5 AL MR R K
AR RS FFEREIT —10 eV /NG BN 5 H A% B
RAE BN IR KA RER 5y 2, 11 Ti k1 Al Fe
JE 718 d $UIE 45 %5 FE {E Fermi g 2 ML A5 BT 1K,
[FIISE —10——5 eV BEAGEF L PN 7 4 H T ik
fRIRELL. X FWILi 5 Ti, Fe W Hy (LI 2 A
(1, BILi i 75 Hy Z (R I3 RAFUE I 2L,
BUE L Li 27 TR R 3 R WP Hy; 1 Ti 51
Al Fe J& 7K 3d BLIELE —10——5 eV BEZTEHE N S
Ho (1 s BUTE K A2 T B S5 1) £ B o F s 3 8 I
FeAb. B SCER AT A, LU AR R M 3d #uE )
Ho B R PE S AL P8 8 Kubas /EH (Kubas
interaction) %1, FRATILE K 2 o ) B4 A0 B 5 HR i
A% B UL C1gBoTi Al CigBoFe I B 5H i i %
&8 R 75 Hy 2 [ H55R ) Kubas 1 H R Bt — 52
HHWHy 47 F.

i

A LA 45 A A A BT 01 C1Bo o Li JE 71 T J5
F B A% T WP A2 B R A T & B T 0 T O AL
E 77, 1 Fe J& I e £ 58 W B A B AL T CrsBa 1)
B—CHEM AL EJ7. tEK K& 22 5y v s 2% B2 ] 4y
Mro] %0, 1i5 C1gBe 2 18] 2 5 & 7 8, 1fi Ti Fl
Fe 5 Cy1sBo I B BEA &1 1 XA Ittt P
IV Bt BE 23 A1 AT J0: CigBoLi X Hy R BT BE AL /N,
C18BoFe X Hy HIWN B B K. C13BoTi X} Hy AP
BIWRBRE AT 0.45—0.59 eV Z [8], AT 4 FE IRt
Fk £ B 2 18] (0.2—0.6 V), A LASZHLH IR R A
g, CigBoM (M = Li, Ti, Fe) W ) Hy %1
Harnlh4, 6 f14. HEER, 485+ B i NBO
HAL g DA S 75 5% P55 P 2 M mT i, CrgBoLi 22 i Li
BT T BB L R W B H 23, 1T Cs B2 Ti Al
C13BoFe F Zid it 4 J& J5i 15 Ho Z 18] () Kubas 1
FSRW B Hy 20 1. BT CieBo Ti BEA B KM i A
HH, XTRASEIL AT g g A, £ C1sBoTi A I
RBCHT B K S RE, A 1A A TH R 2
A DUA SIS 70 SR AR AR P AT B 1R 45 5

4 %

SE 30
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Calculations of the hydrogen storage of the boron
carbon Fullerene C,sB,M (M = Li, Ti, Fe)*
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Abstract

The generalized gradient approximation of density functional theory is applied to study the hydrogen storage
capacity of the alkali metal atom Li, transition metal atoms Ti and Fe decorated C1sB2M (M = Li, Ti, Fe) fullerenes. It
is found that the metal is bonding to C13B2 stronger than to C2o. When the average adsorption energy of C1gB2Li-nHz is
low, and the binding of Hs to C1sB2Fe is too strong, C1sB2Ti-nH2 has the average adsorption energy between 0.45—0.59
eV, which is in the range from 0.2 to 0.6 €V, so it can realize the reversible adsorption of Hz. A maximum number of
H; adsorbed on to Co0B2M (M = Li, Ti, Fe) should be 4, 6, and 4, for Li, Ti, and Fe respectively; this agrees well with
the 18 electronic rule. C1gB2Li adsorbs Hs molecules mainly through the static electronic field formed by Li ions, while
Ci18B2Ti and Ci3B2Fe adsorb Hz mainly through the Kubas interaction. Therefore, C18B2Ti can not only adsorb more

H2 molecules, but also realize the reversible hydrogen storage.

Keywords: Cqg, C13B2, hydrogen storage, density functional
PACS: 61.48.—c, 71.20.Tx, 71.15.Mb DOI: 10.7498/aps.64.096103
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