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Fae SR i A MERE, R NagBs HAT e 1
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SER 5, AR A R 2 G e RTE
¥ B—B KA AT 2.854—4.632 eV 1 1.521—
1.605 Az [H], 5 SCRik B2 HRAE A0 AH D 45 5 f K 25
3R 3.9% FN 7.3%. Tk, A Alml Al R 1
ANFEWIASS S AL FCE Na J5 745 M Ak, i
E T Na 7 FHRAES G0, P45 T B,Nay (n =
3—10) MR ELE M. W 1 iR, 78 BsNay B %
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AT Hrp— AR J7; 78 ByNay #1 BsNa,
AT, WA Na JiF 04567 B DT HIT
WS R PR P, S5 B H AN L [ —F i
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T B B Fmmm, Hrh—Mii Na 556 75
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Ay TS, Fih 247 L 78 BgNay Fll BgNay A& HT,
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V7 B A Na J5 7 T 281 o0 B JEF T,
BgNay, A #% 1Y) Na J5 - f 5] 25 [ 09 25 0 5 7
BioNa, FFEH, B4~ Na JFF500l 245 G IR 4 /Y
WA B T L.

# 1AM T Na JRHEM B, (n = 3—10)
BERIMIESEL. 17E Na 1R FBIE B, (n = 3—10)
ghfyrh, Na 5 B R FZ AF B 7E 2.355—
2.669 AZ ],  By,Li, (n = 1—>5) BI#E Li 5T
#| B JFETHPEAIER (2.098—2.188 A) W&k 20,
XA T Na JEFHERH Li PR, B4 Na
JEF 2 B (B AT 4.043—6.574 AZ [H], Na
JRFZ [ RE B e, HLAE RIRAE I EIgs &

P’ 2,

BjNay B,Na,

‘ﬁ'*ﬁ*'ﬁ'
-

B7Nay BsNay

BENT 1.876—2.967 eV Z[a], W KT H B ARy
WERAE (1.113 eV), ARGk T Na JF 77 %k
TH0 AT RE ISR AEA TR B3 S S0 I R R B AR T
FE Y2 8] R B A7 55, 3 A, N 1T RIE
B,Na, (n = 3—10) HI#%#) HOMO-LUMO #ep#Ab
T 1.867—3.546 eV Z[H].

# 1 7F B,Nay(n = 3—10) Ff%EH, Na JLT A4
A6 (B,), HOMO-LUMO REBR (E,), Na—B- 44 i &
(dNaiB)7 Na—Na qZ. y}JEﬁ % (dNaiNaL Na Jf? % Eg NBO

EEJ%_ (QN@)

Table 1. The average binding energy (E) of Na atoms,
HOMO-LUMO energy gap (F,), average bond lengths of
natrium-boron (dy,—p), natrium-natrium (dy,—n.) and
NBO charge of Na atoms (Qy,) in the B,Na, (n = 3-10)

clusters.

[Zif7/3 Ey,/eV Eg/ eV dy, s/ A dnaNa/ A Ona/e

BsNa,  1.876  2.807 2.519 4.332 0.837
ByNa, 1.756  1.901 2.355 4.043 0.868
BsNa, 1.859  1.867 2.406 4.440 0.899
BgNay, 2,520  2.745 2.536 5.189 0.902
B7Na,  2.162 2474 2.646 5.079 0.894
BgNay, 2,967  3.320 2.424 4.849 0.979
BgNa, 2,572 3.546 2.669 4.667 0.972
BypNay 2120 2.348 2.359 6.574 0.979

NBO H fij 43+ #H7 &, 7F B,Na, (n = 3—10)
A&, Na Ji 4 A IEF 7 0.837e—0.979¢, X5
BAS Na JiFEMi B, (n = 3—10) H#% ¥ Na i
FHL T (0.79e —0.98¢) FEAR—F B JLH 24 Na
A3 B R FF, Na B T-AE8 0 i 757
#| B i+ I, ffif3 Na JiFH E R 7, 177 B R4

BgNasy

B 1 B,Na, (n=3—10) BIFE 1L 45 4
Fig. 1. Optimization structures of B,Na, (n = 3-10) cluster.
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FHLfAr. B, 7E BsNay 25489, Na JFF I A9 H faf
4 0.837e, T B Ji+ L AYH i ~-0.558¢. A 1 it —
5081 Na i 15 B HFEZRIFFERPLEE, DL ByNa,
AR, AT A%, K 2 Ui, M
K 2 T LI, Na i) 3s3p #iE5 B £ 2s2p Hil
TEREHN—7.436, —5.649 F1-4.768 eV 4t & 4= T 1/
HE, WIATE Na R T5 B H#E 2 88 A =8
UER T, Nafy 3p i R4 T3, 5 B 2p
BB HESMR DRI E T RIS R Na () 3p #UiE I,
Na 9 3p LIS 5 T 59/ s, X Na i 5 B
VR SS B IE T LA BS -5 A 32 R /R 4 i
BCSHRRE.
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Fig. 2. TDOS and PDOS of B3Na,, the vertical dashed line
indicates the HOMO level.

3.2 B,Na, (n = 3—10) FEHES

e, 78 B,Nay (n = 3—10) F#EH A4 Na
JEF JE FCE — AN T, S0 T H—H 8K
BoNHBES TR 0.743 A, bz 5 &
gy F e LU A 7 W BHE Na i+ 1, &5+
5 Na JiFZ RIAE R BB AT 2.379—2.492 AZ
6], &5 T 19 F- 40 B BB AL 7F 0.063—0.127 eV i
BN, & 1 H—H 8K g K (0.748—
0.750 A), X5 By,Li, (n = 1—5) BISEWIHHIE >
T H—H B KR8 20, 55, Ry
IS B AR 0PI Na J5L T8 FBlZ A
WINE T, RRIET a5 Ak, BRTX 26 iR A

XA T R B R i S PR RE. TSR R
W, SRR FCE 12 N80T, 174G
AL B 11 12 NS5 FE LT Na &
¥, Ui Na I W0 2 b B A Rt
£ B,Nay (n = 3—10) Hl#EH, A5 R 2 H8H%
10 NES T, BB Na J57 5 I 5 %00
T, AU AT IR F] 11.57%—20.45% (5 23 50,
RO K F i+ 48 Mg J7 7l I 4 & Sc JR 118
TP 3 () i U BE, B, Mgy (n = 4—10) fe ZHE
IR I 2—4 A5, A B 2.48%—8.10%
(B0, B,Scy (n = 3—10) HFERESS 1 FImL
M 2—8 207, A E R 3.19%—9.43% (it
80 B,Na, (n = 3—10) BIFEW &7 1Y
JUff &5 Fgn sl 3 firs, WA S5 A S BT SIHE
%2 . ESr TR R R BE I R oA Y
AL ANE 4 Fi7R. FEX gk b B S R A T
Bomny3E oK, Ao R REZ el )N, E o F
Na JEF 1B AT Prsl R, & R & 5 F 3 ik
K, EATZEHFAE A, 588015
Na JEFHE B AT, W HREZ #T8/N. BsNay 25465
A0 B RAE BN, SRR RE AL T 0.061—
0.063 eV /H, Z 8], T ByoNay 454 X &4 F B W%
BRHE B R, P HM AR AL T 0.095—0.111 eV /H,
Z 18], 24 B,Nay (n = 3—10) ISR A IS5 T
i, 00 TR REAL T 0.063—0.095 eV/H,
B, E5rF3] Na JiF BP0 B AL TE 2.535—
2.590 AJuFEl. £ 34 T B,Na, (n = 3—10)
%2 7E B,Nay(Hy), (n = 3—10) B+, S5
FHTIBRE (Eu), B FITHHEE (dyv),
S TH Naf T 2 080 F BB (dyem),
Na—B FIHB (dy,—p) LA LAE AR
Table 2. The average adsorption energy (E,q), av-
erage bond lengths of hydrogen-hydrogen (dy—),
natrium-hydrogen molecule (dy, ), natrium-boron

(dya—p) and gravimetric density of Hy of B,Nay(Hy);
(n = 3-10) cluster.

TANE E L Eaas/eV dIFH/A dNa*Hz/A dNa*B/A Hy/%
B;Nay(Hy)p  0.063  0.749 2.561 2.550  20.45
B,Nay(Hs);p  0.066  0.749 2.578 2.379 1843
BsNay(Hy)p  0.073  0.749 2.569 2474 16.77
BeNag(Hs);p  0.085  0.749 2.552 2.672  15.39

(Hy)

(Hy)

(Hy)

BNay(Hy);p 0.077 0.748 2590  2.620 14.22
BgNag(Hy)yp  0.088 0748 2553 2477 13.21
BgNay(Hy);p 0.087 0.748 2583  2.668 12.33
ByoNay(H,)yo 0.095 0.749 2535 2433 1157
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Fig. 3. Adsorption configurations of hydrogen molecules on B,Na, (n = 3-10) clusters.

W B 050 T BT 9 NBO HLf 20 A 0. 24 Na
J7F5 B, (n = 3—10) B4 &1, Na Ji&Fm B
JE PR BT, il Na U7 IE B, B T
WA, RS R ARG, AE LR R
TE BB JRy Sl F 37 rh B BE AR Ak, ELAH A AR D B Y
HL AT, 8 2o AR AR T M TE Na J5t 5 J8 Rl A
I, B,Na, (n = 3—10) HIFEW I T4 S0 110

H—H SR AR R P (0.748—0.750 A), {H)E
WA KW, SR TN (AT
B, B,Nay (n = 3—10) W& 5722 )5, Na i
T3 B AR AT 2.379—2.672 A,
FE I B 25 T2 BiTHY Na-B FHES M A 1K, B A
I3 F W X B, Nay (n = 3—10) H#E Y JLA 45
FSZAAR /).
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Fig. 5. The desorption states of the BsNay(H,) ;o cluster at 77, 200 and 300 K.
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Fig. 7. The potential energy versus time for the B,Nay(H,),( system at 77, 200 and 300 K.
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Abstract

Hydrogen is widely regarded as an ideal alternative energy source because of its high efficiency, abundance,
pollution-free and renewable properties. One of the main challenges is to find efficient materials that can store
hydrogen safely with fast kinetics, favorable thermodynamics, and high hydrogen density under ambient
conditions. The nanomaterial is one of the most promising hydrogen storage materials because of its high
surface-to-volume rate, unique electronic structure and novel chemical and physical properties. In this study,
the hydrogen storage properties of Na-decorated B, (n = 3-10) clusters are investigated using dispersion-
corrected density functional theory and atomic density matrix propagation (ADMP) simulations. The results
show that Na atoms can stably bind to B, clusters, forming B,Na, complexes. The average binding energies
(1.876-2.967 eV) of Na atoms on the host clusters are significantly higher than the cohesive energy of bulk Na
(1.113 eV), which effectively prevents Na atoms from gathering on the cluster surface. Furthermore, when Na
atoms bind to B,, (n = 3-10) clusters, electrons transfer from Na to B atoms, resulting in positively charged Na
atoms. Hydrogen molecules are moderately polarized under the electric field and adsorbed around Na atoms
through electrostatic interactions. The H-H bonds are slightly stretched but not broken. The Na-decorated B,
clusters can adsorb up to 10 hydrogen molecules with average adsorption energies of 0.063-0.095 eV/H, and
maximum hydrogen storage densities reaching 11.57%-20.45%. Almost no structural change is observed in the
host clusters after adsorbing hydrogen. Molecular dynamics simulations reveal that the desorption rate of
hydrogen molecules increases with temperature rising. At ambient temperature (300 K), B,Na, (n = 3-8)
clusters achieve complete dehydrogenation within 262 fs, while BgNa, and B;)Na, clusters exhibit a
dehydrogenation rate of 90% within 1000 fs. The Na-decorated B, (n = 3-10) clusters not only exhibit excellent
properties for hydrogen storage but also enable efficient dehydrogenation at ambient temperature. Thus, B,Na,

(n = 3-10) clusters can be regarded as highly promising candidates for hydrogen storage.
Keywords: boron clusters, hydrogen storage performance, adsorption energy, density functional theory
PACS: 88.30.R—, 36.40.—c, 31.15.es DOI: 10.7498 /aps.74.20250194
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