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Abstract

First-principles calculation method based on density functional theory and crystal structure
search based on evolutionary algorithm was used to study the structural phase transition of hy-
drogen storage materials NaBHs and NaBH¢ under high pressures. We discussed the electronic
energy of the stable phase, band structure and lattice dynamics properties. NaBH; shows insula-
tion characteristics, and its band gap is about 5 eV, which is close to the band gap width of di-
amond, and is an ultra-wide band gap (UWBG) material. With the increase of H ratio, NaBH¢ shows
metallicity, indicating that NaBH, material can be modulated by the H content to realize the insu-
lator-metal transition. The calculation of the phonon spectrum also shows a phonon band gap of
up to about 1000 cm-! (~30 THz), which can be used as a potential phononic crystal material to
modulate the propagation of terahertz elastic waves.
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Figure 1. The crystal structures of (a) NaBH, and (b) NaBHg¢
[ 1. (a) NaBH,, (b) NaBHg B9 Ri&4544
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Table 1. The structural information of NaBH, and NaBHg
%2 1. NaBH, 71 NaBH; B9 @ A5 8

Structure Parameters (A) Atom X y z
Na -0.16590 0.25000 0.29590
B —0.08200 0.25000 —0.20000
NaBH, a =5.40200
Pnma b =3.30400 H1 —0.41260 0.25000 —0.44860
(100 GPa) ¢ =4.24700
H2 0.09210 0.49150 0.36400
H3 0.23620 0.25000 —0.42360
Na 0.00000 0.00000 0.57737
B 0.00000 0.00000 0.08333
NaBHs a=3.34773 H1 0.18646 0.37293 0.03870
R3m b =3.34773
(100 GPa) c =8.48000 H2 0.00000 0.00000 0.21829
H3 0.00000 0.00000 0.80161
H4 0.00000 0.00000 0.88728

2 [A] A R3m (No.160) /) NaBHg J& T =77 §: %, 100 GPa NS4 a=b=23.34773 A, c = 8.48
A, a=p=90°, y=120°, ‘EHIELSMARE 82.31 A3, FE7E 5 FIANSEMIO H, ST ES 14 Na &
T, 1B ETH6 MR T
100 GPa T Pnma-NaBH, Hi FAe i 2 s, Z0aisk®on H IR TRITOH, HansgEns B ET
DR, ZREIIZER S Na JEFIITTER, 2 R4 AR AR B 7 DTmk 0 KN o 7E B R ERAT TR I BE I A Re
BE ST OKEE S, WM NaBH, 2480k, WA/ 5 eV, X5 & RIA I B o8 B2, e 56 717 Bl
(UWBG)#1

EH ®EB ®Na

AL

O

e
N
A
|W

__________ EF

Energy (eV)

>

d
&

N
T

1
Z0 1 2 3 4 5 6
DOS (eV-'/cell)

TX SY ' zu R

Figure 2. Band structure, total density of states and projected density of states for Pnma-NaBH, at 100 GPa
[ 2. 100 GPa T Pnma-NaBH, HIE8 FREH, SR FSBEMEIUSEE

100 GPa | R3m-NaBHg ' B T8 B A& 3 T A E WK 3 fis, g amLEns H ETR
Tk, WHZLRR B E T TR, SEr4R R Na R Tk, ERMRITEIA —RersiR 7
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Figure 3. Band structure, total density of states and projected density of states for R3m-NaBH;g at 100 GPa. The inset graph
on the right panel shows a detailed DOS distribution from —1 eV to 1 eV
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Figure 4. Phonon dispersion and phonon DOS for Pnma-NaBH, at 100 GPa
[ 4. 100 GPa T Pnma-NaBH, B F & B ME FABE
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Figure 5. Phonon dispersion and phonon DOS for R3m-NaBHg at 100 GPa
[ 5. 100 GPa T~ R3m-NaBH, K T B B HI &R A FSEE

MIERZE R A 7 A il R R EORA TR . A ELERATT A 3 100 GPa ' R3m-NaBHs 4 1t i h £t ml
3 13 43 ARSI 43 7E 0 om ™ £ 1000cm ™ (ARG, B Naw B H JR 74357 5Tk, 75 1000~1800
om ) HRATEE XA Y F R H R T IRF TTER, mAIIX 3000~4500 ecm ™t AR B H R TR TR, miATIX
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1 4500 em ™ Z [AEAE/E —ANVEISMA FEA 1100 em ™ (R FiB e BEIG b, 7 BUTR Y0 Rl 38 e 08 £ 1 ok
], TSRV B AR AR ORI T AR R . L, = n S el AR i A
IR T R A R
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FPREIEZ M H R TRk, RS A TR H Nay By H R FILFEAFER], i B i 7
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