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Bl 1 LuThH,, (KR PR E AL
Fig. 1 Stable crystal structure of the LuThH,, system
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e SRR T, H—H 8K A3 A B T oA &0 1 00 N 2549, 12 3 4 8 1b 0T il e = vk 1 i
Mo B2 P E T REA S5 K 7R, 200 F1 300 GPa R C2/m #H . 200 GPa T 1Y) Cmmm F¥I47 £ 55 e 2F
i K RE G, R T ATTAE R A SR N B & JE A, IR, A8 r S A S it Pk e, B i T
M4%, F2 il FAREAE T 2R Lu i T £J8 Th JE T8 H R4 6 7% 5 1Y ook, of L
A, fESOKTHAL H R A 5 0 T8 B, W] RB G 7~ i 45 0 B R A
23 BEMR

McMillan 23 20 AT LA 3158 38 43 9 5 1 8 S 5, ER 38 FH 79 R A 3 CFL s R 0 4
>R R, 1957 4E, Allen %) X} McMillan 75 22647 TIE IF, 133

Wi 1.04(1+2)
= exp|l-——m———
12 A= (1+0.622)

e R PEARAE T3, wiog AP T IR A X RO BI{E

T.

(1

061101-3



%39 % XTSRS : 8 FE T LuThH, /) Sb (A4 4 AR S0 T % 6

4 4
5 2 5 2
50 . 50 . .
g l 2 1 1
D2 | , w2 | i
—4 i t —4 i i
1 1 1 1
r F 0] V4 ro 2 4 6 8 10 r F o V4 ro 2 4 6 8 10
DOS/(states'eV™") DOS/(states'eV™")
(a) C2/m under 200 GPa (b) C2/m under 300 GPa
7 7 "\‘L‘r‘iu 0N
RN 7RI
2 2K T NAF 22K TNy
SN NTATN 2NN
P Y N > TDOS 3 i Y/ i
m=2 ! AW —L H-2 RN\
i 1/ | I E u i i
I 1 1\ —Th 1 | 1\
“AUA AN —H “ALA L £ LA
I z T Y I SR Z0O 2 4 6 8 10 I z TY I SR Z0 2 4 6 8 10
DOS/(stateseV™") DOS/(states-eV™")
(¢) Cmmm under 200 GPa (d) Cmmm under 300 GPa

B2 LuThH,, B C2/m AHF Crmm FIAYREHF GE A TS 2 B
Fig. 2 Energy band and DOS for C2/m and Cmmm phases of LuThH,,
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Fig. 3 Phonon spectra, PHDOS, spectral functions and electroacoustic coupling constants
for C2/m and Cmmm phases of LuThH,, under high pressures
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Table 1 Superconducting transition temperature, logarithmic average of phonon frequency,
electroacoustic coupling constant for C2/m and Cmmm phases of LuThH,, at high pressures

Phase Pressure/GPa

T/K wWioe/K A
C2/m 200 65.8 778.752 1.248
Cmmm 200 70.7 837.101 1.256
C2/m 300 60.0 763.235 1.191

4

=R

3 i

K 3 T2 B o BRAR A 5 — PR TR B85 9%, 76 300 GPa R &%f Lu-Th-H K R0 1 : 1 : 10 191k

SEC L AT AR R, RS TR (B B R B ) 2 AR A C2/m AR Cmmm A o HLFS R AT A4S
R W, LuThH,, 19 C2/m FF Cmmm FIAE 200 GPa JE J1 F 20 H1 B A 65.8 F1 70.7 K (148 554 A8 6 ¥
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Crystal Structure and Superconducting Properties of LuThH,, at High Pressure
DENG Yuxin, WANG Zexi, LI Tianyuan, WANG Shida, WANG Jinhua
(School of Science, Tianjin University of Technology and Education, Tianjin 300222, China)

Abstract: Using particle swarm optimization and first-principles calculations, the crystal structures,
electronic properties, and superconducting behavior of the ternary hydride LuThH,, under high pressure are
investigated. Our study uncovers two thermodynamically stable phases with space group symmetries of
C2/m and Cmmm. Spectral function and electron-phonon coupling calculations show superconducting
transition temperatures (7.,) of 65.8 K and 70.7 K under 200 GPa for the C2/m and Cmmm phases of
LuThH,,, respectively. At 300 GPa, the T, of the C2/m phase reaches 60.0 K. Further analysis reveals that the
H atoms make critical contributions to the superconducting properties of LuThH,,, by which the high-
frequency vibration of the H atoms enhances 7.

Keywords: hydride; high pressure; first principles; superconductivity
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