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Physical properties of BaN, crystal structure
under high pressure
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Abstract: Based on the first-principle CALYPSO crystal structure prediction method, the phase transition be-
havior and physical properties of BaN, crystals were studied at a pressure of 0-100 GPa. The study found that
BaN; crystals have an «-BaN, phase structure with a space group of C2/c¢ under normal pressure; when the
pressure is 31 GPa, the crystal structure changes from «-BaN, phase to 8-BaN, phase with a space group of
P2, /c. Calculation of the energy band structure of a-BaN, phase and 8-BaN; phase shows that «-BaN, phase
has metallic characteristics and $8-BaN, phase has semiconductor properties. Calculating Bader charge transfer
shows that the charge transfer from Ba atom to N atom, where N atom is the acceptor and Ba atom is the donor.
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iZ I CALYPSO B AF 78 0~100 GPa Y H SR 5 X BaN, i 347 45 14 75000 A 400 4 4 1
2 FE AN 4 5 AL S5 04 O Ak (3 7 %5 B 77 sR B 1 VASP S04 % 34 R 4 v 1 3858 40 - 1
P T2 18] B9 38 e S B BB R T T Bk BE 3 ) (generalized gradient approximation, GGA) T fY
Perdew-Burke-Ernzerh(PBE) 28 #: St 1Z pR 2. R BE ML SL T 1 meV/atom , £ HE 1 W SO K 15 31 -
T K WTRE A 600 e V. 76 28 — A HL UK X, B 43 2R JHl Monkhorst-Pack W 4% J7 30, W 4% [B] #E R 0.2
nm L 7EZS A REAS AR (0 15 0T PR AL I S BRI R I B0 0,001 eV/AL I
Materials Studio #{F fi ) CASTEP #E5uiT5 BaN, &4 1 58417 K i 74544, il PHONOPY
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2.1 EAERATHREEN

T A ERS B ARAR% 2 8O T 6L 7R 0~ 100 1P —A g-phase(C240)
GPa JE A9 Bl P9, %F 000 B9 BaN, 5 1 25 #g 30 17 1 1k DS
AL 0 K & MIBAXG=H-TSJLP G

HEATHT A R H ke, T IR, S R 1, 7T 1 f\\\\
FHAE B RACES B Pl AE. K8 22 6 Bl 5 28 k1 i 48 i 1 1

FiR. BB L AT RVE L FER R T A IR C2/c (1 Sk [ . . . .
S5 K 49 010 1 Co-BaN, A 5 24 JE J B3 31 GPa B, U o
P2, /c MM BERIRT C2/c 4549, 25 MM C2/c 451

AR EREN P2, /c 458 (B-BaN, D).

1 TG HY BaN, SRR o -BaN, A H1 B-BaN, 4 25 5 4% S 500 5 710 % . o -BaN,
FHA B-BaN, FHIY AR ZE M AN 2 Pros. B 2 ] DLE L #E o -BaN, AHZ5 0 H /U F B9 HES 5 =88 9K
ST WAL R B DAL S B A BB @ =7.211 A, b =4.441 A, ¢ =7.410 A, a =7 =90.0°, B =
104.7°. Ba J&. 7 1) Wyckoff & /& 4e (0.000,0.205,0.250), N Ji T 1 Wyckoff 517 J& 8/ (0.296,
0.146,0.045). Ba Ji 7 5 T 4R A9 N J5UT [l A9 BE 85 4 2.675 A, N JFLT15 N T2 [l g fk I A1.234 A,
£ p-BaN, #4548, FRE T 1 HES 7 R 4 A SR 3 H2 0 EUEE L AR S 1 S W U o =5.351
A, 5=11.007 A, c =4.258 A, a =7=190.0", §=142.3°. Ba JEEF ) Wyckoff {7 /& 4e (0.528,1.140,
0.928) . N JfL 1 Wyckoff &4 B, 5351~ 4e (—0.012,0.463,0.356) Fil 4e (0.025,0.343,0.443).
Ba J5 7 5 80480 N T2 M BB R 2.622 A, N 75 N FEF 2 i f g Kk 1.342 A,

AH/(eV/fu)

1 BaN, RREEHHYIE = th 2k

£ 1 o-BaN, 1870 f-BaN, HHRESHMEFHLE
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5 fir &
a=7.211 b=4.441 c¢=7.410 Bal 4e(0.000,0.205.0.250)
-BaN, 0 GP C2/c
arha 4 e a=90.0° B=104.7° 7=090° N1 8/(0.296,0.146,0.045)

Bal 4e(0.528,1.140,0.928)
—5.351 b=11.007 c¢=4.258
g-BaN,  31GPa P2 /c ’ ‘ NI 4e(—0.012,0.463,0.356)
=90.0° =142.3° =90.0°
“ B 7 N2 4e(0.025,0.343,0.443)
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2.2 EAERATRELEHNEENY

i 4 235 K B R R P ER R A5 R I A ) 2R RN B D) AR R IR R S5 AL By ) 2 AR e 1 Ak R R T A T
TE 7 AR A B A S Ay D0 % BH R AR 45 4 A B A Bl Dy 2 R L O T LI BaN,
TR EE A B 3 2 Ra e e L A3 93 e -BaN, M A B-BaN, AAY 7 T3, an /&l 3 Frs. 18 3 /T LA L 75 4%
FI 19 Brillouin X P, WA AH 3K 4 30 40, 28 BH P9 S AH B 3l ) 82 8 1. o -BaN, #H7E# T 9 5 K
2 S %k 46 THz, f-BaN, M7E 31 GPa T B fie KIG2F RN 38 THz. W AH S5 K4 (19 IR A X 45 32 22
S BaN BTk, w00 X s =Bl N BT SRR,
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JE I 31 GPa JE - F BB BUAS (AH) . 2 AH<Z0, Ui B Sl A 45 44 ELA 4 ) 244 e k.
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3 .

Ah . AH,, (BaN,) A a-BaN, #F1 8-BaN, HIAIE B ks . Hoo (BaN,) Sk a-BaN, #HF1 g-BaN, 45 FaE
B B AR RS s Hoy (Ba) F Hoy (ND) 7R AR RS Ba JLF#1 N T 4. 2315, o -BaN, MHIHTE
WG N —0.149 eV/atom, B-BaN, A HITE k& —5.404 eV/atom. X &5 R 16, % 15 F 1 « -BaN, Al
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T ST BaN, 19 HL T 25 04 B R 5 (0 28 46 L 7158 o -BaN, AHAT B-BaN, HH 1) B8 45 4 Al il T 5 % &
221 o -BaN, AHAI B-BaN, A &R S5 A4 (4 f - RE T S5 A [T, an 181 4 iR, &L 4 AT LA S o -BaN, fH4S
o B el RS A A 9 0K T BT A A AE B, HLUEE OB OK T L R B M B B R R AE. B-BaN, AHES S
WM AT Z A 1 4% 0.318 eV MY B, UL B-BaN, MHZ5H R T2 R, E TR FER BT LG
L TORBERAL A% E 22 R Ba J 719 d FUE R N 19 p BB 7. 78 f-BaN, AHH il TR AL
MR E FE R N R s BUE . p BUEM Ba 5110 p BUE s BB sT#k.

H, T R 38k PR 2 Celectronic location finder, ELF) &2 iF i A 25 44 £k 2% Al B8 A0 B AR UG, R ik, AR SO
B a-BaN, HF1 p-BaN, AH 8 H 7~ Jay dal ok £, T 55 ok 55 {8 17 20 01 1 B 0.8 F 0.85, 45 R ANl 5 s, i



% 330 M A SR BaNy A 540 11 4 2 S5 213

5Ca) FIE 5(b) AT LAF 5 a -BaN, #Fl f-BaN, AHZ5H N J# Bl & A7 7E B S 09 o Jm) 38, 3R I /U
5[] DA S f R X AE 7

J T HEGE a-BaN, 1 B-BaN, 1 FH GO, 715 BaN, 1) Bader HLATFE RSN 25 a0k 2 fir
/R 2 ATAD . N9 M (3.04) 38 F Ba JRF I HL 6 M (0.89) , Hop N R /232 3, Ba JiL T /2
3, Ba JEFF N JE 22 8] 0 H g AR Bt FI B VE . o -BaN, A Ba JE 10 N JR 7574 85 (14 B fof
i M0.88 e, B-BaN, A Ba JiFm N JHEFHEBHEM RN 0.93 .
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Ba 2 9.12 0.88
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B-BaN, 16.4 GPa P2,/c N 4 5.28 —0.28
N 4 5.65 —0.65
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£ 0~100 GPa Ju[H 4 . 4 3z I CALYPSO # A4 X BaN, i (4 #E 47 45 4 0 W 7 - % R i BaN,
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