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

E(V)=— ]+Eo (D

Structures Method E,/(eV)  a/(nm) ¢/(nm)  V,/(nm*) Bgos/(GPa) By
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
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Fig.1 Total energy versus volume for BeP, N, Fig. 2 Gibbs free energy versus pressure for BeP, N,
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Fig. 3 Lattice constant versus pressure Fig.4 The dependence of cell volume on pressure
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Table 2 Calculated By ,Gy , By /Gy and E as a function of pressure

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

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

3.3 BTFEH
X R T WIRP S5 BeP, N, B REHT 2544 RIS %6 BEAT T AT SE TR0 A 17 45 5T B L 7 X 28 7

JERTTIR , E— PP R T R A R A . BT 5 DR R TR R T PR Z5H B9 BeP, N, Y ESH K .
P 5 () R 7n AR REDE A1 45 M 10 B S 5, mT LUAE M BB R T o A9 320 19 O, Y ) 2 1) Ry B O

Ho o T SRR T | 54 T0RS Bl AN W1, 56 T g A0 DX 31 R T B A0 A R - 52 i AN DR T el 1 IR BE O 1) 7%
2y B R D W RORTX SR E A T R BEE TR SR A KN, 2 TR SRS F] 10 GPa I B SR
WS WA R . AR 5Ca) JfE—6.5 eV AR HY B — SR W A e, a1 P Sk 1 BT 7R . A e s s F
15 GPa I 240 3 B — B0 A9 (s AW . 7E TR 3R K 3] 20 GPa LA B, —6.5 eV Ab By I A8 15 4F 4 35
[l a] LLAE 2, W8 5 Ca) Wi Sk 2 s, B e J7 O ST, 5 Sk 2 B 25 % HE W i 0 /1N L IF A 20 GPa )i
THK . AT TS 2 W] Bk B 2540 BeP, Ny 7 1 B 85 A AL AR S L AT 5132 i B A1 45 44 BeP, N, B S
JE AL .



678

=]

&

L7

H

¥ %26 &

TEANTFE TR R E5H BeP, N, B9 S S5 BEANTET 5 (b) BTz o B8 A 28595 2 B0 A 2 e 7™ A= FIH 2K

Wt 25 s 3 ) T 48 O L Rl ) A 1)
oK 1T BT A

IS4
w

B &b by

151 BB Y L

50

40F

301

20

10t

TDOS(Total density of state)

Phenakite-BeP,N,

Energy/(eV)

10

B 5Ca)  R[RJESE N fEBA 254 BeP, Ny B8 E

Fig.5(a) Total density of state of phenakite-type structure

BeP; N, under different pressure

TDOS(Total density of state)

Fo o T B oK ThT 7285 %5 JEE 1) 728 A A T8 6 ) s g A ) 3t
W AN o s B 25 B R 1) A BE T 1 R 3l s bl RS sl AN BB, i R i AR B IR
TR ol 7 0 TR ) DA A X 5 2 AT

40

30

201

10

MUW
Mw
Ot . . ; . .

Spinel-BeP,N,

|10 GPa

&l 5(b)

Fig. 5(b) Total density of state of spinel-type structure
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R3 AEEHTHEMEN BeP, N, WEBBEFHMEREL

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/(1077C) Band gap  Charge transfer/(10 "C)  Band gap
Be p N /(eV) Be p N /(eV)
0 0.93 1.92 1.93 18 1,18 1.22 . 20 4.37 0.73 1.62 0.99 3.9
S 0. 94 1.94 1.95 .19 1,19 1.23 .21 4.43 0.74 1. 64 1. 00 4.05
10 0.95 1.96 1.96 .20 1.20 1.24 .22 4,47 0.74 1. 65 1.01 4.13
15 0.95 1.97  1.97 .21 1,21 1.214 1.23 4.49 0.74 1. 66 1.02 4. 20
20 0.96 1.98 1.99 .22 1.22 1.25 .23 4,54 0.74 1.67 1.02 4.27
25 1.01 1.96 1.96 .22 1.22 1.25 .24 4.50 0.74 1. 68 1.02 4. 35
30 1.02 1.97 1.97 .23 1.23 1.26 .25 4.53 0.74 1.67 1.03 4.43
4 & ®

HTHEZ RS (DFT) R BB (GGA) W PBE JE 3 58 e BRI, T30 T Rk 45 4
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P— N B L M 8 58 L K SR 5 BOP Rl G5 M TE e D AR R Al B SUR S8 i SRR, B Be P ] N % 4% H i R
A EH A . FEE VR L & BURE B A7 2540 BeP, N, A7 BRAS AL A2 /N T 42 i A 45 44 BeP, N, A7 B
AL BB INE R 9 BeP, N, ELA B0 B 4 21k
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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 ,Chengdu 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 results
are in good agreement with experimental and other theoretical results. The energy gap slightly increa-
ses 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 B /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 pres-
sure,it is found that the energy band width and charge transfer for the two structures increase 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
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