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Fig.1 Enthalpy, diffetences of various TaB, phases relative to the C2/m-II phase as a function of pressure.

%t TaB WY C2/m-1 18y C2/m-11 #8701 Amm2 HERRE NS THRESHER.
Table’J<Struetdral parameters of the C2/m-1, C2/m-11 and Amm?2 phases of TaBy, at different pressures.

Phases Pressure  Lattice parameters (A, ©) Wyckoff position (fractional)
(GPa) Atoms X y z

a= 8412 Ta(4i) 0.87238 0.50000 0.65741
b=3.026 B(4i) 0.84703 0.50000 0.28370

C2/m-1 0 c=6.776 B(4i) 0.10152 0.50000 0.98266
a=v=90 B(41) 0.19852 -0.00000 0.08029
B=99.190 B(41) 0.08028 0.00000 0.60435
a=3.072

c2/m-Al 0 b=5.285 Ta(2a) 0.00000 0.00000  0.00000
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c=5.131 B(8j) 0.07684 0.32990  0.33232
a=v=90
B =96.435
a= 2968
b=5.078 Ta(2a) 0.00000 0.00000  0.00000
C2/m-11 40 c= 4941 B(8j) 0.08531 0.32998  0.33576
a=v=90
B=97.299
a=9.258 B(8f) 0.65853 0.17009  0.90990
A 100 b=4.901 B(4d) -0.00000 0.16674  0.91985
c= 2.889 B(4e) 0.50000 0.83264  0.19928

a=pf=y=90 Ta(4c) 0.16853 - //§g4zo1o

HIE 1AL, = TaBy S5 AW EARK B R 751K C % H 1 I AT R 45
(1) B JZ 3L A T2 BB R G5 A s Amm2 G589 MR I H B 8 (0 AR ARAE, IET Ta JZ M I 5=
KON BEE Ta ZZ L ZE B 45 BHA . 5 ERMFS JrHI ) C2/m-11 A0 H.
AMFFHINZ B &% . WK 2, 45 EEHWZE/STT G B /= AL A THIE B
JEZIA) Ta JE 548 it —D 734 C2/m-11 AR B 7 PG EER ITVH5E 7 L7 sk ok £
(ELF), S8R 2(b)ffim. B—B A XA A W] % AIRAFAE, FB2 X I ELF {H KT
0.75, XMW B I 7 2 [MAFAE BRI AT AR . ALEZ 4RI B R 22 I8 LT SR A
JERES, KW Ta—B MHEIFEHEAAFT B—B Fifibo H1 Bader AT 0 HT R AL R4S Ta
JirrHE B RTMEEEHETL 132 £ MEAFRRA €& TR L. Ik,

C2/m-11 Al TaB, EHH B-B MY Ta \fézg AR FISEAE R & BB AE . Ta 1 B LT
oA MR RS R T R R I T4 A %5\ FREE |7 I T e P 2 3 2 R R

K] 2 (a) TaB, C2/m-11 A i AR £5 K B, (b)) 40 GPa 7156, C2/m-11 #H TaBy4 #£(001) [ K1t Ta A1 B FT7EF-1H
(¥ P 7 JR 4R £ (BLF)
Fig.2 (a) Crystal structure of TaB4 C2/m-II phase, (b) Electron localization function (ELF) on the (001) plane and the plane
containing the nearest-neighbor Ta-B pair at 40 GPa.
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Fig.3 Phonon spectra of C2/m-I1 TaB, at (a) 0 GPa, (b) 20 GPa, and (c) 40 GPa.
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i 0 A2 A R R 1Y) Born-Huang 7 e g IR, RIS WEAT PRt Pugh LHEA
1.90, Ui IZAHRIHPIERAE, X5 2501 &R AL 0 ME R A o L i M S R
TE AN B-B LA EM L 451, T 2500 5 S AARE J1: T Ta-B 2 [A) 4 J& M AH BLAE FAE
EREEA—wBHAILAE ), X5 ELF R 20 H 8 “B Va7 I M EH . Ta-B [ H-FEiR”
(2 A BB R E A ELEAE . SR F] Chen 54 H AOREEE SO AL 201, 5775 3 H 4k [ICAE P (E N 14.5
GPa, 54 EIILY) a-MoB, (152 GPaYBIACHB, (16.0 GPa) BULLK ZrB, (4] 14.5
GPa) PRSI RE A TAHIE KT, RITZAMEIBAE - E KPR R /1, EEMB T C2/m-1-
TaBy 4516 1 JZARFL A s S (R R A 1Y

F2C2Um-1 18 TaB, EEE T NEER . BRIAKEL v 7 Pugh tk B/G 4N, HEDFSHMBAIINH GPa,
Table 2 Mechanical constants of C2/p#<l-TaB, under ambient pressure. All mechanical parameters are expressed in GPa,

except for Poisson's ration(v) and Pugh's ratio (B/G), which are dimensionless.

Ci 695 Ci, 107 G 149

Cyp 605 Cis 107 B 282

Cs3 581 Cy 129 E 379

Cus 29 Cis -12 v 0.28

Css 200 Cys -58 B/G 1.90

Ceé 251 Css -20 Hv 14.5
Cys 4

2.2 TaB, B SHEME D

PP HERY, C2/m-1-TaBy AMUEAT R 3N 52 Rase v, M HAERE S a0 7= TR
SR RIS (AR o 25 R8BI 1B 2T BEXS i -7 AR & P AR L awk, it —
AT VAR T IR - TR SR B 4(@)R7R T C2/m-11 M TaB4 7£ 40 GPa FHIH
TR MBS K MTH AR . W E i P aT DUR Y, 2 26 BE v A LN IX AN 7] X A s
[ FREPOREED, RY]  C2/m-11 M TaB, BRI RFFIE. ARt DR IX s RGeS T
TR ER B AG, T 40 GPa NHFOKI, WK 4b)Fn. F#TCKRBEL N2 K BET
FEAT LI X W A POKT Fr, P TSN 2 PORIIRFIE, SR AT R — Bl 455
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Fig.4 (a) The electronic band structure, density of states and (b) Fermi surface of TaB, €2/m-If,phase at 40 GPa.
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Fig.5 Phonon spéctrum, phonon density of states (PHDOS), Eliashberg spectral function for C2/m-1I-TaB, at 40 GPa.
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Fig.6 Electronic band structure and density of states{DOS) of ¢2/m-11-TaB4at (a) 0 GPa and (b) 20 GPa.
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Fig.7 Pressure dependence of the electron-phonon coupling constant A (orange line), logarithmic average phonon frequency

rog (purple line), electronic density of states at the Fermi level Ngy(green line), and superconducting transition temperature

T. (blue bars) for C2/m-11-TaB4 from 0 to 40 GPa.
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Structural Phase Transitions and Physical Properties of TaB4 under High Pressure

SHI Limin', YIN Chaoyi?, CHEN Xin?
(1. Wenyuan School, No.21 Middle School Education Group, Mudan District, Heze 274009, Shandong,
China;
2. Key Laboratory of Quantum Materials under Extreme Conditions in Shandong Province, Qufu Normal
University, Qufu 273165, Shandong, China)

Abstract: Crystal structure searches based on the particle swarm optimization algorithm combined with first-
principles calculations were performed to systematically investigate the crystal structlifes, stability, electronic
properties, mechanical properties, and superconductivity of the boron-rich transition<metal boride TaB,
under high pressure, with particular emphasis on the intrinsic relationship between“crystal structure and
superconductivity. The results show that the C2/m-I phase, which is stable at/amibient pressure, undergoes a
structural phase transition at approximately 2.5 GPa, giving rise to a new,mongclinic C2/m-II phase. Phonon
calculations reveal that this new phase remains dynamically stable aftér decompression to ambient pressure,
suggesting the possibility of its metastable existence under ambient ‘eonditions. Electronic structure
calculations indicate that C2/m-I1I-TaB, exhibits metallic behavier~Electron—phonon coupling calculations
further demonstrate that this phase exhibits phonon-mediated\ superconductivity, with a superconducting
transition temperature (7c) of up to 13.5 K at ambient pressure./The electron—phonon coupling is mainly
associated with low-frequency phonon modes involving/Fa_atoms. Mechanical property calculations show
that C2/m-11-TaB,4 has a Vickers hardness of appreximatelyy14.5 GPa, indicating a moderate hardness. These
results expand our understanding of the structural diversity of boron-rich compounds in the Ta—B system and
provide a theoretical basis for elucidating the intrinsic relationships among crystal structure, lattice
vibrations, and superconductivity in transition-metal borides.

Keywords: high pressure; transitionsmetal borides; first-principles calculations; superconductivity
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