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M, A TR T A B BO, /NI 00 A5 3% 1221710 A, 4% /\ T A 22 [8) 8 25 B 7 B Pl A B F i i, AL
BE 5 OB MBI 12 Fl 6, — MM &, A 240l ABO, BUESEKA 4544, AL B, O &1
78 TN P 1 M R D )

Ra+Ro = 1.4141(Ry + Ro) (1)

A Ry Ry MR, 435I AL B IO BT 1948 t WEZHTF, —IEN T, ¢ F 0.78~1.05""" Z [1]
BF, AT ZH BSR4 48, XY 1= 1 I, 1R 2R R FRAR A AR S5 )

M T Be?', Zr*', O B 724240 5 0.17, 072, 1.21AUS 191 2w 1t s i) JLAn] 45 ¥ £ i, AR 8 =X
(1), JLRh T H BB A I Zre o5 3 & M0 T A7 5 Y ZrBeO, 454k 450, LA ZL 14 0.989, JE #4321 31
MUK 4549 . Zead Z2 MR Ak, e ST 11 ZeBeO, i i 1Y ff A 5 80k 0.346 1 nm.
1.2 &R

T35 #F Materials studio 2017 # {4 1) CASTEPP” i i S il o 78 % Bz PRELSHEZL TP R AT X
6 % 31 {0l (General gradient approximate, GGA ) 5 11227231 H v 32 # 56 Bk pR 3% ¥ Perdew-Burke-
Ernzerhof( PBE) p& £1", JL{aJ 4% #4411k % F Broyden-Fletcher-Goldfarb-Shanno (BFGS) 55 7%: 12201, 75 F BE ik
TR T i 107 5 3%, A BLIH X B RS R LA G s il 6 x 6 x 6 I K S E . H S ESEICR
Zr WG B, 18 B 7 525 i 22 R 8 R AR P PR AR S 1 AT A, BRI i A
SR Be(15°25%) | Zr(4s*4p®4d’ss®) . O(2s°2p*), VT #EBE E,, 7 898.0 eV, Z5H4 1Y [ 16 UL AL I S
BB N T RAZFE 5.0x107* nm, fie K N R TSR E 0.02 GPa, JF 18] i fie KA 5.AE H 77 0.01 eV/nm, 45
P ) AR BE UL BN T 5%107 eV/atom,
2 HEERRSH
21 MAEWERRRANDFEREMN

2 B 1L A T AR E (1) ZeBeO; fai A4 4, PR A 2R IR DG 52 96 Bl , 7 e i+ 55 7 1
Materials project - 5 5045 P2 v A5 FT A JC 2 4ok v 38 1155 (0 00 A5 245 4 i e 508, AR 95 7 T % F- &
s R G R (5 Y AL S SRR AY ) B Be, Zr, O JCRATE M4 A 075, 234 1 BT A R
PE, XTI 2 a. by ¢ #E 0.138~0.432 nm (/s il P R 7 $2 30T 8 5 &8 00 M P 45 DT B S, TUAEL (]
0.01 nm) Ky ] P4 43 Sl BT AR A T 4540 78 40 it B, Bt 7405 435 SR 3408 b A% 6 B7E 0.34 nm BRFIE 1) 57
TSR S50, UL ES R0 A B Z — ek G h iR e A . 2P L a = 0.34 nm S L AEES R
R ZrBeO, [ Fh kS B o 5 R BERY AR L MR, an &l 1 B, il A5 A fICRE B -2 627.83 eV Ab T Fhi&
B a = 0.347 nm BEIT, % 0 A A B0 ST AR TR, PR A AR IS A5 B S BT RS H Bk 0.346 1 nm Y F5 EK
W asA, K 2 Fios, fASCSEO T3 1.
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Fig. 1 Lattice constants (a) vs. total energy (£) of ZrBeO, Fig. 2 ZrBeO; crystal model
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FT 1 ZrBeO, RERIREBH
Table 1 Lattice parameters of ZrBeO, model

Compound Lattice/nm Wykoff coordinates Volume/(10° nm®)  Bond Length/nm Bond population
Zr(0.00, 0.00, 0.00)a
. Be-00.173 0 Be-O (3) 0.66
ZrBeO; cubic 0.346 1 Be(0.50, 0.50, 0.50)a 41.4473
Zr-0 0.244 7 Zr-0 (3) 0.61

0(0.50, 0.50, 0.00)a

JE L ZBeO, 45 G REPY N E;= E,— E; — Ey,— 3Eq, o E A EEH 5853 DAL 5 B A5 2K B ZrBeO, 1Y
MEBEE (-2 627.83 eV), E,.. Ey,. E, 539 Zr, Be, O [¥. [ R FREHE, E, H-38.27eV(-7.65 eV/atom),
U] ZrBeO, #5EK W 14 A AT B0k A # 1 R e k.

2.2 ZrBeO, AR B H R MR E M

SETJT R RS B E L C L Cyl Gy TR TSRS AN 0 0 AR f e 1 MBS, THAR TS KT 45 A

ZrBeO; 7 0~300 GPa AN [F] & J7 T AU SRME R 450, W3R 2 B o 456 308 - fa e v =0
C1>0, Cyu>0, C;>ICpl, C;+2C;,>0 ()
HEATHIWT, Frt 30 ZeBeO, 76 R IRI R 1 T A E5 Bk 0™ 25 4 7E 1 2 J T 340l e e PR BEoR

R2 TEEATHEMER AREE . OYEE. HRKEE AN B/G,

Table 2 Elastic constants, bulk modulus, shear modulus, Young’s modulus, Poisson’s ratio, B,,/G,, under different pressures

p/GPa C, C, (oM By Gy E v B,/Gy
0 422.45 149.33 171.48 240.37 157.55 385.86 0.232 1.53

30 582.04 212.84 222.98 33591 206.74 514.65 0.245 1.62
50 775.37 315.82 306.78 469.01 273.25 686.43 0.256 1.72
100 1021.29 401.25 353.07 607.94 335.17 850.86 0.267 1.81
150 1 281.55 513.85 432.03 769.75 412.76 1.049.02 0.273 1.86
200 1515.13 614.39 500.17 914.63 479.62 1224.67 0.277 1.91
250 1778.26 731.79 580.32 1080.61 556.76 1425.47 0.280 1.94
300 2 256.08 940.80 723.01 1379.23 696.11 1 787.60 0.284 1.98

HLHE Voigt-Reuss-Hill T 0L, 37 Jy il R UKL By DT YD Gy 5 IR ALIE £ 31 HS Hov T BLAR 4
2 (3)~2k (6) P, SERIIE 2 R

1
By = 3 (Cii +2C10) 3)
1 5(C 1 —Cpp)Cy
Gy=—(C,,—-C,+3C 4
H 10( 11 2+ 44)+8C44+6(C|1—C12) 4
E =9ByGy/ 3By +Gy) %)
v =3By -2Gy)/[2(3By +Gy)] (6)

M 2 FREE FT LU Y, ZeBeO, MRS PERT i | BT D AR i AR M AR, BRI b W) o A B JE AR S A
R OIA O, 1 — M2 96 BRI W0 A5 JI B &l BE RA B AP . Gaol) 2 48 — 1k JRUBH AR Y — Fh 2k T 3L
U3 B A i A [T (A A i e 5 T ik

H, = [(HBe—O)ﬂl (HZr—O)"z]l/(”I“ll)

()

5
H* = AP'(")73 ®)
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PN J@YN B I@YNYQ) X[ N
A 4 MHHE, B 740, bR Be-O/Zr-O RFEHALZSE; P o An JRAH, Py pSRLAL 225 (%) Mulliken T &
A BB v WEARF (v, = Ving VR IARTR, n kB R BT S0 S B IO B8 ) 5 vk w2 AR 2 B 1) AR
EhRp. v R AN R RSy s R s N R B R RPN B B30 Q S R N SR Y
WEE BB, AR 2 i, TR B S ERE 2540 1Y) ZiBeO, # FE T i i 244 34.5 GPa, #E4d SiC Ay i,
TR N FH AL TR 2 R TE R 1o ARHIA A Ey Ay B AR A Ak S i A5 5 5 e R By W5 22
bl , ZRAEA B SZ 55 e s 7 A sf i) AC 4 23 T8 R ik R B2, e HR DRI 2447 O 19 0 40, (RIS EL A R T B v A
B, X — B AE By/Gyy 13BN IAIE: 38 F AN By/Gy > 1.75 ACEM B2 BIMERY, B /G, < 1.75 ACE MR 52 i b
(&R B/G=0.8). M2 PFa[ LI EAE I, 5% KT ZrBeO, AEfa i /7 7E, HN A M T b R}, bifi 5 55
FEFI38 K, bR i ) M AR

23 EFRERAODFEREN

)

3 45 T R S5 8 AL S 1 ZeBeO, 7 T »

R, 4 20 S S A JET, B 15 5 mf;:;2§§;;ii§;::j
R AR MR . R T A R TR A A 7 R R 5 18 N

Ve, 76 G (R0 Be JB T 00 ) 15 30 % U 2 4k 5 100

S GURIIEAS, T7E O A (W0 Ze BT et Mey 2 5

W JT 2 BE 5 KU, Be M1 Ze TR EH] 0 £ O

A5 K T 0, AT 74 5 S0 5 R B0 U8 A 7 -

2 W CHRALRESRO) S e P A 2 oL . 5 . J

T AT BN SRR E RS, X T R B B AT R
BRI AR A B IZAL S Y R o b AR AN TR s
TP RS RIS E 4 s . ATLLE H, & R
I, 7T AR W/, S ER R NE] 200 GPa B 7 RIS S o 7 273 K IR E T, XF AR fs T %
JE A1 200 GPa 11 ) 7 2 A5 40 CREAEL 2y i) U010 1) D) 1% B B4 ) , 45 SR S 78 200 GPa 1 T g ik sl B2
%, T LARTIACH ZeBeO, o fm e 2B BUARR E A o 1 T AR B0 7 S8 i ey, DRI S 300 =8 25 1 T v N T8 G,
{HR 2 4 5E B A% T AT REAEFE IZ AL B9 o R AT 2= A0 e (B 3 1 AN TG TR R ) ot — e B 1 ) 2%
5 3 T B A BEET), AT LT 2 Ak A W B 2 s BEAR R
40
351
301
25k
20

&3 FEFH ZrBeO, A Tfigik

Fig.3 ZrBeO, phonon spectra at zero pressure

— 50 GPa — 100 GPa — 150 GPa — 200 GPa

Frequency/THz
o

G F © zZ G F © Z G F © Z G F ©Q Z G
R4 AFES TR ZrBeO; 5 TRERE
Fig. 4 Phonon spectra of ZrBeO; at different pressures

RIXWTAFIEST ZrBeO, J5 5l KA 2 3 A A8, 7T LA AL 7 iU b 36 e i 00
ZrBeO, WAl ] TARAE o Be JE1 1Y s B A it {10 B 25 1 1 10 38 I i 22 sl N, p BUE A TR AEA 111 JF
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Uy Bl 7 38 R M3 0, BERAES ER A 4544 ZrBeO, #5 2P N, Be I FAREAL THES, T2 A s P+
BRAEH p BLIE, TN s-p 2440)5 5 O JE+ WUsE, X W] RS2 (IR E T ZrBeO, A fefe g M AR AR [ 4] 5 7] Bt il %5
JE 3G K, Be-O Bl AT Ja {22 9 14 I, B8 220 3 pa /)N, 1 B A1 B MR 1G R , Be-O Z (M1 45 & 51 5%, A
A VR ZE M AR E o WX T Ze i, s, p BUIE A Jo (8 Bl 07 38 ek /)N, o 938 A S (RS
Zr-O S AR B RV K 30N, 8 B 7 38 AR v, Ze-O 3% 37 ) B AR B AR, fL oy BE 2 4R v #)
O J5 Tt iz Lk Be-O e I XA AE, MR Fa [ Be. O JE L0 /\ TR A S5 44, Zr I 58 £ b i 3]« 3 i >4
F, A5k 0 45 M R g .

®3 TRENTRFHREMLFRNFEESH

Table 3 Atomic orbital and chemical bond population distribution at different pressures

p/ ) Bond Be-O Bond Zr-O
Atomic K )4 d - -
GPa Population Bond length/nm  Population Bond length/nm
0 Be/Zr/O(3) 2.34/2.26/1.82 1.11/6.31/4.89 0/1.84/0 0.63 0.173 0 0.62 0.244 7
50 Be/Zr/O(3) 2.31/2.18/1.79 1.24/6.24/4.92 0/1.91/0 0.69 0.162 5 0.53 0.2298
100  Be/Zr/O(3) 2.29/2.12/1.77 1.31/6.21/4.93 0/1.97/0 0.72 0.1577 0.47 0.2230
150 Be/Zr/O(3) 2.27/2.08/1.76 1.37/6.18/4.94 0/2.01/0 0.75 0.1542 0.40 0.2180
200 Be/Zr/O(3) 2.26/2.04/1.75 1.42/6.16/4.94 0/2.05/0 0.77 0.1513 0.33 0.2140

Sy B A Mt R R S R DA AR AR, 45 ORI R R MR RS & Be, Zr, O 4%
WA R, e S fiR . FE T RS R rp T IR 5 B, BEE TR S8 K, i 7 A% 5 1) s g
AJ7 G, A feal 56 B X Wi K, Jo AR = e X (8~28 V) 1 s Fll p ML f A W i, 130 W)
JE 138 KA F rp o 25 2 B LA ) v RE G BRAT B A, H 22 D) A A A R e e, R
s-p P2 [A)

M Be Ji 14 FL 4310 25 %% B2 I b, R W48 H v i 1 XSl L s-p 2 AR BB e T 38 Bk Y]
o O JETF U A5 B B Bl 7 728 A AS R 0 B 4, 5 i DX sl A T b A A 2 B A I, i A A1 i IX
B A /NI W AR R, 6 W RE ek DX Y H 4 R TR N CEVARR B A BN ), W 2 Zre-0 3
W 1) S TR R R AR . M VE AR Ze ST oy AR I P R B, B R R, s LA d BLiE
AL, X 5 WA R P IETEAR BN B A %, Be-O. Zr-O b2 5 (PR 2 1T LU I BE B2 ( Pseudogap,
RIVEE 2 K BE TN 43 530 A5 PR AR 06, T P A~ 2 06 2 1) 1) 245788 B AN S 280 ) BT, — J oAy G it 0 B 1L
1 I e A0 G 0I5, ST D W SR A PR . Be-O B Y I AE R 95 HURE T O TN TR Y p T 3
Be Ji T 345 I 1Y p HLF 20 0 OB B, Zre-O B8 58 FE BRI T O 5 F Ml LAY p HLF 3 Zr i+ S IR
d TR . B 5(b)~ & 5(d) HEUEFR E AT B2, Be-O 2 Ay Te AN P B R g 385 KT B fnb 344 58 5
Zr-O B MR H T Ze 19 o 03 Bl TR 3G 02 T H 30 A % FR 17 100 T AR A AR G 2 4, LR
Bt SE 14 R PUBILIE 43 24 0T W i sl /)N, T LA 0 S A MR A LR B R BE T R, R OGS B T A B
O BT M T Zr J5T4M Bl B0 FE 7 BT 30 (BRI Ze-O S 0 35— Jo I s 498 KT S i 4 )

24 MAABFERETEHELEZFHME

T T AL SR B T RE 2540, REHF 25 A IR Ak & W 2 AT T B2 RE B 1.918 eV (12 Tk
AL M A e B4 M A 6 2 R T B8 (32 50 T LG BT Ik B ) 455 SR 3 U, %R REAE 2241 BE 300 nm,
AT LGB 500 nm., £140 Bt 700~900 nm A7 45858 1 W e, AT UL B 600 nm BT A AT S AR BT # . it
BT IZMORG A HL R EBE A SRR Y AR AR OR R LR, 5 R IA RS R e L A&, A IR A
P e e U B RS 1. 5 RSB MR ARAER E T, A DG T B A5 SR B B UK,
BAE R SCHEEMRL L, DR % A
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Fig. 5 Total density of state of ZrBeO; electrons and partial density of states of each atom at different pressures

TE 2 B BRE J LA 45 MRS E P« R 2 MUBRAR E P i SR L, 25 T % 2 e B8 (DFT) HEZR, fii
J OB B AR F- T8 D7 1 (GGA) A T 85 Bk F 2Y ZrBeO, HARAY S ARAIRY . 45 45 RETTHE R I, %40
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T BA Py AR Vs R 80, R BUBERE | BT UIRLR | A7 IRBRE AYTH R, i IR L& B 9 ) 27
9if 8 5 Al BE TS SR W, 24 e R BE RIS SiC AR UM AN R BIARA L B/ Gy THER WL, AR
FE 388 s B8 T 23 e Mtk 1 B PR AR AR o HERL T ZiBeO, 75 FRETS, 45 R K ZrBeO; TEIRHE L T
B 1A ARE o Xt oA TR R TR R T RETE | A IR B0E A A R, IR
TS A A T R T P AR BEWE S R WIBEE TR N, Be 5T sp 24K JE I U Be-O i B
BATHE | Ze-O B B - H LT 1Y BR, FE 200 GPa FfFI I RS 2l ) 2k TR -
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First-Principles Study on Structural Stability of Perovskite ZrBeO,
WEN Xinzhu, PENG Yuyan, LIU Mingzhen
(Institute of Engineering and Technology, Yang-En University, Quanzhou 362014, Fujian, China)

Abstract: Based on density functional theory, a ZrBeO, crystal model of perovskite structure was
constructed. The binding energy of the crystal model was calculated, and the thermodynamic stability of the
structure was calculated. The elastic constant of the structure under different pressures was calculated, and
ZrBeO, was calculated according to it. The bulk modulus, shear modulus, Young’s modulus, Poisson’s ratio,
B,/G,; and other parameters, the calculation results show that the material has mechanical stability, and the
material changes from brittle to ductile with increasing isostatic pressure; the hardness of ZrBeO, under zero
pressure is 34.5 GPa, which indicates that the crystal should be superhard material. The calculated phonon
energy spectrum show that ZrBeO, is thermodynamically unstable under low temperature and zero pressure.
The phonon spectrum, different atomic orbitals and chemical bond values at different pressures show that the
Be-O covalent bond formed by the impurity of Be atom is enhanced and the Zr-O bond ion bond component
is enhanced with the increase of pressure. The lattice dynamics tend to be stable.

Keywords: ZrBeO,; stability; first principles; crystal structure
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