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High-pressure phase transitions in Calcuim Borohydride from
first-principles calculations
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( College of Science, Yanbian University, Yanji 133002, China )

Abstract: The phase transformation behavior of Ca(BH, ), under high pressure is investigated, using the first
principle of the plane wave pseudo-potential technology based on the density function theory (DFT). The
results indicates that high-pressure -Ca(BH, ), phase become space group P4 with the volume contraction of
4.4% when pressure-induced structural phase transition happened at 3.72 GPa. The analysis of electronic
density of states showed that 3-Ca(BH, ), possess nonmetallic character with finite energy gaps of 5.0 eV.
Moreover, according to the analysis of the charge transfer and Mulliken population analysis, electrons are
transferred from the calcium atom to the [BH, ] unit when 3-Ca(BH, ), phase transformation takes place. In
addition, there exists ionic interaction between Ca®>" and [ BH, ]~ unit, covalent bond formed between B and H
atoms within the unit.
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¢=14.361(4.34)" x 0.7552  0.7607 0.1345  0.5170  0.7460  0.9699

T R B4R a b 205 2 SCHRTO TR 13 THP 1Y 552 5 X4 1

a-Ca(BH ), #15 p-Ca(BH, ), Ml (4 4 B &
SRS AL SC RN 1 Frox. BB 1 RN, AR A AR
JESRS AL KA T 4 4% R BPHE BL %, ) —
LA B 1 PR ECA o« -Ca(BH, ), 5 B-
Ca(BH, ). #H (45 22 Bl = 77 19 28 A6 G 3R &, H 181 7]
HI Ca(BH, ), 1Y 45 14 A 728 H 5% fi 02 3.72 GPa.

110 0.09
0.06
3.72 GPa
E 0.03 \
E 0.00
P 100
i -0.03
~ 0 1 2 3 4 5
~ P/GPa
90l L AVIV=44%
—=— [ddd
—e—P-4
80 1 1 1
0 2 4 6 8
P/GPa

a-Ca(BH, )25 ﬂ-Ca(BH; )ZW*F\KJ‘EEgEE"J
TUXR(FBEABREHERNTEXR)

S RER P4, /m B9 B-Ca(BH, ), A AT

LS5 R R AE RS B R Y Y5 L S L RE R P4
SRR AL TS AN P4, /m W S5, 1% 45 3
BLI B-Ca(BH, ), M ZS [ BEHR P4 TR P4, /m.
5T Ca(BH, ), i 7R 25 4 1 B2 ML 115
Ca(BH, ), 514 [ 75 1 @ 80 ih 26 F A T g B %
B 2 R IEE SR K 0 GPa I ,a-Ca(BH, ), FH¥
A B AR Ul B AR R T s R . |3 T
7N S AEARZS R 58 5 3.72 GPa i ,a-Ca(BH,),
BT R AT Sy 10 WY A AR O R A
51K, | 4 R 18 3.72 GPa Iif, 3-Ca(BH,),
I CP4) f) 7P 7135 6 4 A A FLUH X T e o B 7
FHRACAT W] B-Ca(BH, ), 45 Jy 2= & .
RIRFE Ca(BH, ), fi 14 25 44 AH 22 (9 4 B2 AL
il 5 23 A7 JH: 2 7 AR A R AR B R & 0 A (BOP) L i
R 2 s, BEE B A H B 71 B 7 3
i, Ca JEF (14 B F- 0820, Ui BH i E 22l Ca
T BH, ¥ %, B0 Ca®" 5[ BH, ] ¥.oC 2 [A1 /7 ¢



Bl

B0 45 B IR CaCBH, ), S5 F) FH 2 B9 45 — 1 R BRI 50 37

BTHMHEAEM. B-Ca(BH,), i B Fl H Ji 7 [ 1
KR 1.129 A, a-Ca(BH,), ) B A H JEF il 1)
SR N 1,227 AL UEIRE K BE IR 19 R KL
SN NFEFE T LA H L, B-H B BOP & T Ca-H
& G R, B R A BOPLy K T % JE A0 B
BOPS, - X 2 R 250 19 A (L 45 B JR 719 s A
pHFAES HIETM s BT AR L35, it
AT LAHE[BH, 1™ Boodh iy B A H R Z [BAFAE
LA SR AE .

%

S O
T T
w

(=T ]
T T

phonon frequencles/ THz
—_ N W g (Y e

(=3

r Y V4 I" phonon density of states
B2 0GPakfa-Ca(BH,).HIEFBEXRMAE
FEEE

Ca
601 L A

OF [ Total

X I Y VA I" phonon density of states
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