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W E R BN 22.6 GPa. 2445 I HUIR RhB, 4 #F
BEHE L 0.49—9.81 N (1)t & He Jist, HAASH B4 £
22.6—7 GPa Z [A1 424k, J5 K AhATT S BA SiOy Jy
JiE, K FH Bk O TR B R & T 1.0 pm JE 1Y
RhB; q JAE, R0 H LA B Rk 44 GPal'd thAh,
FE B J5 T, AN Wang 25 1°) 15 %% B 77 bR B8 1)
MEZETR, SR B EEUT B, KL RhB 1] REAA1E
B R —FeB 4544, FH 1M 7 M anti-NiAs 2514
FI| FeB 45 I M AHAR 58 A 22 GPa. {HJZ, flifi15F%
B Cmem G546, TR X Fh 45 04 B8 5 B8 A1
EAHE.
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HohredkWrae. A BN X & SOHBOREFR] A Monkhorst-
Pack 77 % 21 353 B EL 14 x 14 x 12, 8 x 10 x 8
A12 x 12 x 9 k mURRE BEAT 25 R RAL AT LT~ 25
AITHEL. S RENCSIO LA R 171 x 1076 eV-atom ™,
Re IS F 7 A esk. JL 4k 2 H Brodyden-
Fletcher-Goldfarb-Shanno % % 58 B 9 22, R AR
MM EREZMT1 x 10°°eV. R K E T
Hellmanne-Feynman /7 /N T 0.02 eV-A~1, & K1
B LA /N T0.001 A, f KB )/ T0.02 GPa.
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TIEZE R, EMNREINMIIHAIT: O, Coo,
C3s, Cy4, Cs5, Cgg, Cr2, C13, Coz. X TNAMAR,
ENTRBRLNMIHTC: Cry, Cs3, Cug, Cia, Cha.
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RBYITFR 1, 35 H Al 5256 K F e 4 5 1213, 3
ITXRTEE. IR AT DUE ) 1515 21 1 db Ak o £ior
SEAE R ZEAE 2% VLN, I B 5 H A B L AF

B L.
ARFIT R R, 340 2 R e R A 20 7 R AN T
5 T B A B R RE AR AR AOA.

G=E+PV TS, (4)

H, B, S, PRIV 43 537 N e i R 58 Ak
W FSTFEAET = 0 K& Fitir, Bk & A4
HEHHBEGERHME. H = E+ PV, H,
P = —0E/0V. —MRUL, THE AR R 51 7%
JE T FRAT RPN HE 11 BE 5 2R 10 A DR Sk 3R AH
A 5, AH S XA T IR AL RAR IR AE T H 2 1R
KERZE. FEASCHSE T RhB =AM (Cmem,
anti-NiAs Hl FeB) % B ()54, HTAER A4 2
B R s B IR A0 22 1H, 4 Cmem F FeB 4514 ()
J& X} anti-NiAs &5 1) e 248, sz S
JERRZ AR R 1 fs. A B AT DU A

#1  FJE N RhB =M SR a,b, ¢ () CPERR Vo (A3) 3% % C;; (GPa) k¥R By (GPa). BIYIHiE
Gy (GPa) BKIER Y (GPa) HFFRE O (K) AR MBI PI R LL 2R By /Gy AR o BIVIB A #E Vs (mes™1),
JEARPFTE Vp (m-s™1) AP E Vi (m-s™1)

anti-NiAs FeB Cmem
ES'S HR A [15] e (131 RhB1 1 £ Hp A [15] AL Bigfy 12
a 3.378 3.391 3.309 5.690 5.675 3.375 3.30
b 3.328 3.345 5.851 5.68
c 4.234 4.151 4.224 4.235 4.172 4.237 4.34
Vo 41.85 41.32 80.18 79.20 83.70
C11 415 438 342 366 426
Coo 380 386 415
Cs3 318 342 386 458 319
Caa 157 172 172 184 157
Css 106 98 156
Cése 101 109 110
Ci2 215 223 228 249 207
Cis 242 256 243 289 240
Cas3 293 299 243
By 281 296 290 310 281
Gu 103 102 90 87 106
Y 276 244 284
C] 520 479 524
Bu/Gu 2.720 2.90 3.24 3.56 2.63
o 0.336 0.360 0.332
Vs 3436.5 3083.6 3435.1
Vi 6918.8 6591.8 6844.2
Vin 3856.6 3471.6 3852.7
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Cus >0, Ch1 > |Cial,
(C11 + 2C12)C33 > 2075, (5)

1A R I s A e Ve 2% A

Ci1 >0, Cyp>0, C33>0,

Cyy >0, Cs5>0, Cg >0,

C11 4 Cog + C33 + 2(Cha + C13 + Ca3) > 0,
(C11 + Caa — C12) > 0,

(C11 4+ C33 —2C13) > 0,

(Cag + C53 — 2C53) > 0. (6)

BAR, A FEAR B A R T Cyy BIE
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PITade B S i T T2 ) A AR RE 1.
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Voigte-Reusse-Hill #1180
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JE 35 T H anti-NiAs 45 ¥ 1 FeB 45 #4) ) 3 2% [ 57
P XN SRR, SRR R SRYE AP, AS) A
ASy AT BLE R o 204 B

AP = Cs33/Ch1, (11)
AS] = (C11 + C33 — 2C13) /4C 4, (12)
ASy =2C4/(C11 — Ch2), (13)

Hrr, AP, ASy A1 ASy 73 5l & AR T 48 S AN
AN BIDNB % ) . kTR A AR R U,

HAP = AS; = ASy = 1, WU ZA R 951
SR, R A& S P T EA AR
JE5E FH AP, AS; F1AS, TEE 6 () Hem . ME
R PUE Y, ASy ZANT 1 HLBE S He 5 385 KT o/,
ASy KT 1 H B F R 3E KT oR, AP /N
1 H B & & o B B ORI A B R AR 4. 1X i B
anti-NiAs-FeB & %% [a] 5 £ 1), JF H 89 913 %5 17 5+
P il A s 56 Y 184 DR 189K, 77 s 240 30 % 1) S 1 52 )
JE 58 [P R AR /).

F*2  BEJET anti-NiAs fl FeB £5#1¥] By /Gy S5 o

anti-NiAs FeB
38,/ GPa Bu/Gu o 38,/ GPa By /Gy -
0 2.720 0.3363 0 3.236 0.3599
4 2.765 0.3386 26 3.214 0.3591
8 2.808 0.3408 30 3.209 0.3588
12 2.851 0.3430 34 3.206 0.3587
16 2.892 0.3450 38 3.213 0.3590
20 2.938 0.3472 42 3.215 0.3591
24 2.975 0.3489 46 3.220 0.3593
s IR 2 S 9]
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% o - P A= Ci+ 0354— 2013’ 14
% il - ii A — 4C55 15
g 10| 2_022+C33—2023, (15)
Z 08| 4C¢6
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L 22| \\\\\“\*\\K\N W) & SR T T R I R A, A,
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Abstract

The structural phase transition, elastic, electronic properties and hardness for boride rhodium (RhB) under high
pressure are systematically investigated by using the pseudopotential plane-wave density functional. The obtained lattice
parameters, bulk modulus and elasitc constants are in good agreement with the available experimental and previous
theoretical results at zero pressure. Furthermore, the mechanism of the high pressure structural phase transition is
studied in detail. Our results show that RhB undergoes a structural phase transition from anti-NiAs-type to FeB-type at
25.3 GPa, which is in good agreement with other reported theoretical result. We also predict the pressure induced elastic
constants, bulk modulus, shear modulus, Young’s modulus, Poisson’s coefficients, and elastic anisotropy factors, and find
that the pressure has an important influence on the elastic properties. The calculated electronic density of states reveals
that the pressure will strengthen the orbital hybridization between the Rh states and B states, the nonlocal effect and
the strength of the covalent bond. Finally, on the basis of the Mulliken overlap populationanalysis, we obtain that the
hardness of anti-NiAs-RhB is 18.1 GPa, which is compatible to the experimental value.

Keywords: high pressure, phase transition, elastic properties, electronic structure
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