R R 5
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

DOI: 10.11858/gywlxb.20251257

SET H, S F RSN RBSE LM R

mAY, B, ALY
(1. TR RFYER S EAR R S BRI A SR, WL T 3152115
2. EMRREMB L, FH KFE - 130012)

E: ZEAFTHE LaSeHy WA RASEARAT ERSHAATABEN - HHONE. ARXEATELET
BRI R —ETERREERAENITNES, NOALARENEFEZREFREELNELE
METATHEABR, AXGFR T HFRADMNE T ETN S L5 6 5 77 8 8 &HT 1) Bagdf it T — M LI
EEnlSHFRe—H o THANY, AEFFANTE L2 TETSSHSWRENIZRFAFNFHESI
FRETHONA EHoTEAMST, ARALANANEERTANTY, YEEHOTIRAL L BERE
t, ALY FTAEMRLEN M. BEH, BSETWARAFEFAT R EHNINERIAKE, TEZTLHBEY
RIAL. oA TREAAY T B FTRNH NG TELHREFHERG I NERE . LEAMHESETH S
RETTAREBREER/GER, ARITRE. BEEZZEESHRIT A AREA.

xHE: g oo TREENY; REEe; BERES
FESHES: 0521.2 HEAFRIRFE: A

H 1911 4F Kamerlingh Onnes B IX{ERHRINE.2 K B SRR, FHiRESFMENRZG
L2 B SRS BN LR 2 AU ) E KB Pk e — . B S, SRR I AR IE——F HLfH
Fseayiiitt CRUIEBrgh a8 WeAHARA ST . R FALBLIANE], SRR 7 0w I SR
AR HE SARM IS 375 18 HE 5 7 31 Bardeen—Cooper—Schrieffer (BCS) HIBAELE, fi
J5 7 B L = AR B S e R . BAT, ERWERMN, e SR
HgBa,Ca,CusO0s.s M I i I AL E6 A8 MRS (T,) A3k 133 KB, #£ 23 TJKIH (GPa) AMJE /) T afk—
HIRTEE 164 KW, AWVERCRT, 8 40 K 8- AR sl Sk, 245 H, Sl S m
‘OEARZ, Wik 758 EE (298 KD , RSV H IR B % O R R 8 .

2014 4, T[RRI IS LR . HaS MBS TN 5 SEEG IR R B, AR 155 GPa F I
SRR E TIL 203 KIS, X — R IR & E S FARE IR = IR S RO BT B
Wb, BT KA i e A A 22 HhoRE 4 00 I 2 B8 vy 18 S 3 AR IS, 49 LaH, 0 7E£ 250 GPa
NRI LSRR RAT A IR T, EAEN R EZENRIIESH, R AR
SR EE . G T, R EEAE A S YR BRI RO IR R S R ST Rk ) E
wARne M, B 1R T 1911 E RS, NRIEE FEARE ER R,

“Wks H W 2025-11-11; &EHB: 2025-12-08
HEWH: EFREATRITR (2022YFA1402304, 2023YFA1406200); [E5 EHAARI#HS (12304021)
EZ i BN (1996—), #z, 11, BIEEIA G, F8MNHEE YR KT N5
E-mail: weixinmiao@nbu.edu.cn
WEWIEE: x| A (1991—), B, -t FFEFIAR, TENFESE NRERSYRE SRR
E-mail: liuzhao@nbu.edu.cn
BWEE: £ B 94—, B, it #I, FTENFHSE NRESYREM SR, E-mail:

cuitian@nbu.edu.cn



R R 5
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

EEMEL B NFE: R FREM H, T RENY) . R PSS A TR
BT R 2 D BEE A, BRI . R, R, REAASRET. AT EIFER. BEIR.
ERAK kagome ZYSES S AEI2: 17 Hy 20 F RSN 35 2 i R 58 2R B 1 Hy 5006, BORE H,
T EETAMBEERR. BHARY, FEFREMY, LHERGRREMNEIY), @ RIHE
I SRR RES), G, T ERER B B BGE SR BRI A R T IR AR LaSc,Hyys %A RLF
RO EIAR, £ 250-260GPa )L 1R, B ENIA X TR (DAC) XTHFTHE &M btiE &
VAT FR 4] £ 1 4. [RIBHR ST X SR ATH B B S, SR AR S5 5 S T B TR Y
LaScoHyy RV AL i — 505, X —RIMrEEANRENEHRTFRRBGA TR T =R T
Rtko SR, LERIE AN TR = I DUSEI A T sE s, RS S5 310 H
B (I 2 fras) , X E #1127 HAEBURE 1564 T ISEPRRL A« Rk, dndf] 75 SN 7
W N iR B =BT, 02 505 RSP EL AT B A i R (1) SRR R 2 )

300

L (298 K) (S, B§6GPa
" @ traditional superconductor L ol h@183GPa

. & LaN Y@ 70GPa
250 - % copper-based superconductor : YH@201GPa -
| A iron-based superconductor ; ? (L=Y)H,@176GPa

@ hydrogen-based superconductor : gﬁggfggapa
200 - : 9 \.s@155GPa -
— + HgBaZCam1¢umo2m+2+d (L%.(:E)Hgim@'IOOGPa—

X (164 K) /% @ThH,(@174GPa—— 164 K

5 150 - HgBa,Ca,Cuy0, : @ThH,@170GPa -
~ . ______TiBaCaCuDg K T . Freon temperature |

Bi.Sr.Ca.CuO CeH,,@95GPa
100 L Gy 75N ! QLaH;%@QQGPa i
e YCUTRRON (56 K)Liquidnitrogen temperature
i SmFe:ASOwF NdFeAsO1_éFX 1

50 L (La,Ba)zcuo4* VeE; . @ CeH,@88GPa
Nb,Sn  Nb,Ge g @ Ba,_KiFe,As,
D P tenectoN @ @@, (200 A ——232K
0 L "ad 9 | . |( - ) L LaFeAsQ,,Fy ! 1
1900 1920 1940 1960 1980 2000 2020 2040
years

B BRI 1 525 3 o 4 PRI
Fig.1 The'evolution of critical temperature of superconducting materials over time.
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Fig.2The mechanisms through which electropositive element-doped polyhydrides can undergo metallization anthshape cage-like hydrogen

structure.
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Fig.3The mechanisms of chemicalpre-compression.
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Fig.4(a) Structure, (b) three-dimensional isosurface of the electron localization function (ELF), (¢) phonon dispersion curves,

phonon density of states (DOS), and Eliashberg spectral function a?F(o) together with the integral M(w), (d)Electronic band
structure and projected DOSof H,-molecular-type hydridesNaH .
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Research Progress on High-Temperature H,-Molecular-Type Hydride under

High Pressure

WEI Xinmiao!, LIU Zhao'*, CUI Tian'-2*
(1.Institute of High Pressure Physics, School of Physical Science and Technology, Ningbo University,
Ningbo 315211, Zhejiang, China,
2. College of Physics, Jilin University, Changchun 130012, Jilin, China)

Abstract: The synthesis of the room-temperature superconductor LaScHjsrepresents a significant
milestone in the field of superconductivity research. A central goal of subsequent studies is to lower the
stabilization pressure required for hydrogen-rich superconductors, thereby, establishing a theoretical
foundation and technical pathway toward achieving low-pressure roem<temperature superconductivity.This
paper reviews recent advances in the prediction and experimental synthesis of hydride materials, with a
particular focus on a promising strategy for realizing high-temperature superconductivity at reduced
pressures—namely, H,-molecular-typehydride. The superconducting mechanism dominated by molecular
H; units is redefined, offering a new perspective for<indetstanding phonon-mediated superconductivity.In
H,-molecular-typehydrides, a nearly free-electron gas/behavior has been clearly observed. These
delocalized electrons exhibit metallic bonding, characteristics while retaining fragments of molecular
hydrogen. This finding indicates that the essential’condition for superconducting transition is the formation
of a Fermi Sea hosting Cooper pairs, rather than complete dissociation into atomic hydrogen.The
generation mechanism of the free-electron gas in these materials can be effectively explained using a finite
potential well model. The distinetiveselectronic properties of these compounds under high pressure,
combined with enhanced electron=phonon ¢oupling, establish a novel paradigm for designing low-pressure,
high-temperature, and potentially room-temperature superconductors.

Keywords: high pressure; hydrogen molecular hydrides; electron-phonon coupling; high-temperature

superconductivity
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