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Table 1 Parameters of the equation of states for two structures of BeP, N,

9 N’ VI Vi
E(V)=—1;Bi| (4= B)) 5 — (14— 3B0) (55 + (16 = 3B0) (s [+ Eo (D

Structures Method E,/(eV) a/(nm) ¢/(nm)  V,/(nm*) Bgos/(GPa) Bo
GGA(This study) —54.19 1. 264 37 0.83001 0.063 84 216.9 2. 36
GGA —52.84 1. 27841 0. 83922 0. 06599 220.0
Phenakite-BeP, N,
LDA —58. 82 1.26318 0.82922 0.06366
Experiment 1.26897  0.83469
GGA(This study) —53.49 0.747104 0.05213 267.8 4. 04
Spinel-BeP, N, GGA —51.23 0.756465 0.05411 263.0
LDA —57.72 0.746550 0. 05201 291.0

3.2 £HMET

IR 5 ¥ X BePo Ny B AH A2 Fe 9 BE AT 1H 58 . 18 S8 1 580 T o 45 44 19 o i 6 A 55 KRR Y G &R ity
e ARFN 1.1V, 240 E] 0. 8V, , i Vi S % N By i MR R 45 R anEl 1 iR . BEBE A BeP. N, [ fE
AP R M SR A BeP. N, MBERARFC R MM LAAE — R A UL 8 1 SR A YT 1) ) 277 15 5]
WIS FE AR AR DT, R X Rh o Bk IR AT SR AR AH A R 1A A 25 GPa( LIl 1), 5 Pucher 10 Y 46 28
£ 24 GPal'™ Fe g4

S K6 AR A FE F7 38 7T LASE a2 1158 Gibbs H HfiE (G) KW 52

G=E, +pV+TS (2
TR 2 R TR LS O, Gibbs B HAE S48 CHD A% B



676 = JiS L i 2% Eitd %26 &

H=EFE, +pV (3)
FELE MR TIT ks AR S5 40 02 e FaUE 1 . 8 & AR S5 R AR ), PRAS A I e AR TSR A SR
& 2 7w : BeP, N, (0 R E0EE M55 75 15 )10 21. 8 GPa, b Pucher T (9 AHZS 3% 24 GPa B/, HEHE
B GGA Ty 35 TE 55 110 19 ol 245 ) SF- i 437 ' 5t J B 6B 119 25 (B K /NS 17 Pucher™ ™) 3155 1) 0 i 45 44
() G RE T AH 22 5K B 5 Pucher ™ it (9 IR 25 AR TE 1R 25 . 3 4K Pucher THA A RE R, X
A FE R RE A T SEAE AT TS I I AS BIF 5 R iR FROC R M & WO Y 25 2R 5 Puchert ™ R H]
VASP FAE 5 ok 0 45 SR Ak #3300 L EUR F R AT A0 1A A 9 A AR S R 7 14 GPa B,

25
1470 1§ —+— Phenakite-BeP,N, —— Spinel-BeP,N, »
\ —o— Spinel-BeP,N, _ 20+ — Phenakite-BeP,N,
< —1475k > sl
3 LA \ \ - g1 7,=21.8 GPa
B \ / s
5 \ \ / g 10r
= =
g -tasop |\ 2
\B / £ st
/. o e
~1485F \u«'/ of <
004 006 008 010 0 5 10 15 20 25 30
V/(nm?) p/(GPa)
1 BeP,N, HYREH-IRBIC Rl 2 K2 BeP,N, K Gibbs H M fig-1& 3 5 % ih &
Fig.1 Total energy versus volume for BeP, N, Fig. 2 Gibbs free energy versus pressure for BeP, N,

P34 5T & RIA R R S5 BeP, N, YA X 546 40 a/a0 Al /o Cao Tl co RRFE T
A AR H RO XA V/V, (V, BARFRTFIEBD 5HE p MR, BE 3 Fl L EHA85H1
FEXT A R a/an Bl o/ co FRARFIEAEENT , HLAR fh A 45 K0 0 AH T (A 85 88 @ /a0 270N, BRI RE B A1 45 4
1 a.c S G0 45 . /8T 5 GPa BRI L 43 41 45 44 70 & WA 0 A ks 8 88 a/ae AT AHTFT Y
R4 %, RATC SN REPE A NI 5 A 5 1Y BeP, N, 19 1125 4 W S 4T T IR ABFSEN, & PRk
B A 45 BeP, Ny B9 Sy S 0 S Ve 0 &, A&l 4 TR 16/ T 5 GPa FEBR IR, 22 A 4514 0 4 WA A A
SRRV /V, A 0 R 46 5%, 8ad LA LA 0T T LA L 4R S A 4548 BeP, N, & —Ffifit Fie 46 4 kL. 77
KF 5 GPa IR BL T L 22 A1 4548 BeP, N, (XS S48 # 4K a/ a0 FAHXHRFR V/V, 19 406 56 b 4 NI 25
FABERE /I o 1 o By 5 4 B AR T A 8K @/ a0 TR V/ V., 9 F 455 3R L AR b A 4544 BeP, N, /IR £,
VAR R & R T 22 i A 45 4 BeP, N, BT J5 46 1 bb Rk B 25 A 2K, i 2o i 1 4 1 W LA Ut BH R4 ) A B
B AR AT GY & 0, RE 8% A1 45 R4 S A 2546 BeP, N, f T B8 5 4 WA A 0 8 A LG L AR AE AR K 25 0E . AR
5t e 2 W A N ST P AR B 0 X Rk A 45 R R AR A 45 ) BeP, N, R BE HEAT T IE 4B 9T, K IR
B A7 28548 BeP, N, FIAR it 41 25 44 BeP, N, I B 8 5, K29k 40 A1 43 GPa ', JE 8 #2305 18 1 41kt
45 GPalWfl . A5 b F 45 258 28 1 40 e A e v el B2 W A5 1Y

TERE T R 1R X BB AT 4540 RIS 47 45 49 BeP, N, BOIR BRI By, L 37 IR & Gy o M S 15 57
PIRE 10 LUAE B /Gy Al IRBE E SEAT TRFS, 45 18 T 3K 2. BESA 4540 BeP, N, WA B By
i 7 1) S8 000 T 4 1 38 5 2R A 454G BeP, N, (WA BB & By BEE 7 0938 AT — e m i sh. m& 2l
LA L 7E 5 GPa B 38/ e /ME L 10 GPa B IN TR 2, 78 15 GPa B 805 — 4~ fe/IMA , BBl K )
B . T Bu /Gy W LLRAEY) BT 8 M M TE By /Ga B8R ) BT 0 ) VB GE E W By /Gy >
175 REMBHRIEM: , By /G <<1. 75 B BHEMEME (S RIA By /Gr=0.8)"", IR 2 A %1 P Fh 45
I8 BeP, N, #J% T et A RE, 2R 45 B9 BeP, N, L RERE A1 4549 BeP, N, B G, M Fh 454 BeP, N,
TEARFEN T Bu/Gu WITHZRILE 2. BEE KT IN, BeP. N, BB A 50 Bu /Gy R 3N,
Uk B Bt 7 B4 360, BB A 454 BeP, N, () JE R YR RL AR . FE R J1 3K B 25 GPa J5 . By /Gy (H il i



% 6 T ET BeP, Ny 454 AH AL Rl B 5 4544 19 5 — 1k JeU 3R 31 5 677

1. 75, UWIRER A1 2544 BeP, N, B8 pUE EPERRL . X E 2R M T4 I et fEHA 450 19 57
DIBE iR Gy AR K, MR A1 451 BeP, Ny fEA R IR ) T B S IR Gy MRS By Bl TR ) 24
RSB, S BOR A ATEEH BePo Ny 19 By /Gy (EAE LA K UL B AR 41 258 BeP, N, — ELORFFIEE
P BB E R LARAE ARG W . Bk A R JEE il 5P ) 39 RT3 55 . Bt T 7 O, R R R Y
W J3E it — 20 1 5

0:99 -\§i |
D

—— ala, diamon\ .
0.97F o ala, phenakite-BeP,N, —+~ Diamond

—— c/c, phenakite-BeP,N, \ = Fhenalate-Bebl,

: 0.90} incl-BeP,
—o— ala, spinel-BeP,N, —o— Spinel-BeP,N,

N

(=3
el
(92}

/7
//

X

xlx,
=)
=)
o

Viv,

X

I ~.
N

/

(),()6 1 1 1 1 L 1 n 1 n 1 n 1 n 1 1 1 i 1

0 5 10 15 20 25 30 0 5 10 15 20 25 30
p/(GPa) p/(GPa)

B3 Al RO ik 9 28 Ak B4 diors (B i 1 AR 1k
Fig. 3 Lattice constant versus pressure Fig. 4 The dependence of cell volume on pressure
%2 B]Is(}I[\BII/(}II *u ElﬁEﬁE@ﬁ{‘K*%
Table 2 Calculated By ,Gy ,By/Gy and E as a function of pressure

Pressure Phenakite-BeP, N, Spinel-BeP, N,

/(GPa) By, /(GPa) Gy/(GPa) By/Gn E/(GPa) By/(GPa) Gy/(GPa) By/Gu E/(GPa)

0 205. 87 157. 43 1.31 376.35 275.21 268.18 1.03 607. 29
5 221.91 154. 42 1. 44 376.03 256. 28 267.82 0.97 595. 89
10 239. 14 158. 90 1.50 390. 27 355. 46 300. 86 1.18 703.98
15 268.51 158.63 1.63 395.08 300. 19 294. 30 1.02 665. 45
20 277.49 162. 34 1.71 407. 54 326.72 311.29 1.05 708.78
25 295.23 164.13 1. 80 415. 40 334.97 314.75 1. 06 719.03
30 313.27 166. 15 1. 89 423.56 357.54 322.36 1.11 743. 60
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Table 3 Variation of charge transfer and band gap of BeP, N, in two structures under different pressures

Phenakite-BeP, N,

Spinel-BeP, N,

Pressure
/(GPa) Charge transfer/ (107" C) Band gap  Charge transfer/(107"C)  Band gap
Be P N /(eV) Be P N /(eV)
0 0.93 1.92 1.93 1.18 1.18 1.22 . 20 4. 37 0.73 1.62 0.99 3.9
5 0.94 1.94  1.95 1.19 1.19 1.23 .21 4,43 0.74 1. 64 1. 00 4.05
10 0.95 1.96 1.96 1.20 1.20 1.24 .22 4.47 0.74 1.65 1.01 4.13
15 0.95 1.97 1.97 1.21 1.21 1.214 1.23 4.49 0.74 1. 66 1.02 4. 20
20 0.96 1.98 1.99 1.22 1.22 1.25 .23 4,54 0.74 1.67 1.02 4.27
25 1.01 1.96 1.96 1.22 1.22 1.25 .24 4.50 0.74 1. 68 1.02 4. 35
30 1.02 1.97 1.97 1.23 1.23 1.26 .25 4.53 0.74 1.67 1.03 4.43
4 & i’

HF Ry S (DFT) SR BRI (GGA) W PBE JE 20 B3 e JC B0, 118 T a8 4 454
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First-Principles Investigations on Structural Transformation and
Electronic Properties of BeP,N, under High Pressure

DING Ying-Chun,LIU Hai-Jun,JIANG Meng-Heng,
CHEN Min,CHEN Yong-Ming

(College of Optoelectronics Technology ,Chengdu University
of Information Technology sChengdu 610225 ,China)

Abstract: Total energy of BeP,N, as a function of unit cell volume was calculated for phenakite and
spinel-type structures using the density function theory (DFT). According to the Brich-Murnaghan’s
equation of state,the bulk modulus B, and B, =dB/dp for these two structures were obtained. The
calculated results are all in good agreement with other theoretical data available in the literature, which
indicate that BeP,N, will transform from phenakite to spinel-type with increasing pressure. The re-
sults are in good agreement with experimental and other theoretical results. The energy gap slightly
increases with pressure in the phenakite and spinel-type phases. The compression ratio of a/a, and
V/V, were calculated. We find the the compression ratio of a/a, and V/V, of spinel structure BeP; N,
is the same that of diamond at lower 5 GPa. The By ,Gy.By /Gy and E were also calculated at high
pressure. By analyzing the changes of the total electronic density of states (TDOS) and the band gap
under pressure,it is found that the energy band width and charge transfer for the two structures in-
crease with increasing pressure. Moreover,the Be—N,P—N bond length is shortened and the electric
charges are redistributed.

Key words: first-principles; phase transition;density functional theory;electronic density of states



