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Fig.1 Design of DAC (a), configuration of sample chamber (b), and
photograph of the high-pressure chamber (c)!

Matthias™ & B, , 7£ & 714 5.5 GPa I} , 4 J@ A A7 (5 8 5 4%
AREART 1.3 KW S sk, 9F H LR R & D
() 388 KT T 5 5 24 K /73K 3 14 GPa B, 55 AR iR FE R
5K EA. 19704, Wittig®” K I, 765 715 11 GPalt},
SRR E N 1.5 K EA RIS ;1996 4,
Okada 25"V R B, 764 FEAK T 3 K, Je 1/ T 85 GPa 11
BUR 4B WATTEE S, F BB SRR e
(R o S 2R PG, £E 150 GPa B, HoilR S AR IR A B
ISKEF. Woh, mEEREHE G H — k& Bt R B R
48 S B ME L 1968 4F , Wittig A1l Matthias!" & 3L, 7E & 1 R
10 GPa I} , BT B AE7E 46 AR IR B R 4.7 K A A il F v
P, (RIS, SIS  Ff ALY v 1R AR S Lk
FLILJFE A, Luo S5 3E 4 & 76 2 50 A8 5 ra e T
RS HmE T & BT K.

AR —3212, A8 8 70 3= A7 7E T A S = i
SHEEA . F1E 1968 4, Ashcroft! ™2 i , A FEA N
SRR, S TR AE ol 2 R Ry, R o &5
MR T B RS T R S 8O A S AR IR S
o B E T AP EERN, S0 7 R A EHAR
R R R ) 4 R S, LR R E D 100~
240 K" SR - E S R R AT DUR RO AR IR B D 300~
350 K W4 @ AU, SR, A & @ A LASE I, 2
BATYAA A ISR

i LRI, WEE R BB 4 KA B S ERIERER
& JE R B R T B EIR TN 300 K 75 45 (18 S5 AR iR
P 04 J A 8 T A 18 5 A AR R R LA ORI X
6], 2979 300 Ko 8-S 44 il £ BT 75 100 1 77 TR 0 LA 4
KGR, £ 400 GPa.  H1T 4 J@ S B om0 1 5k,
i B W it P 1) 8 BRI 2% A, X B PR ) T s R A
BRI, S5 T w0 1) %, 5 L5 25 R A 1) 4%
SPE K AL T, AN BE Bl bl SRS B S AR IR
2019 4, Pickard 25" & tH T I FH AT AT PR B S 50 S Sk 45
AV SRR TS A, WATENME RS A A
X NR:

T,

S - ‘¢

[ T2 \gn, + P*
X, TR SRR B (KD, PR 3 (GPa)
I A CO VG AN, ik 544 MgB, 7EM 55 % )
T (P=0 GPa) T[] S(MgB,)=1, iX %/~ HAE %5 T 5 Tl
% HBA LIRS HAME . B8 SAARLE ISR ) Rk
AR I B D 390 KB, % DR RIS FH ) 2 AR =

Q)

H He
WIS Ambient pressure superconductor
Li Be B s N 0 F Ne
0.0004]] 0.026 11 0.6
Na Mg s High pressure superconductor Al Si P S al e
1.18 8.2 13 17.3
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
29 19.6 0.5 54 2.1 0.87 1.1 5.35 24 8 1.4
Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sh Te 1 Xe
7 19.5 || 0.85 || 9.25 || 0.92 || B2 0.5 (10.0003 0.5 34 3.7 3.9 7.5 1:2
Cs Ba Hf Ta w Re Os Ir Pt Au || Hg Tl Pb Bi Po At Rn
1.3 5 038 || 45 |[ 001 || 1.7 || 07 || 01 415 || 24 || 7.2 || 85
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
S La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
anthanicles (ol B 27 0.1
i Ac Th Pa u Np Pu Am || Cm Bk Cf Es Fm || Md No Lr
e 14 || 14 || 13 1.0

K2 BT ER R

Fig.2 Periodic table of superconducting elements'”



* 280 W] B RS TR

555 %

SR S(H)=10, 1L 2 H A, SR 8 AR AT
W RS 3 R, B gt AR s — 1
JR BRSSO RS A, 95 0 S T AR SR SL 6 UE S A S
BrAE , 35 o [ S o R T S

H I 3 A= 7RI, DrozdovEE YR B 1 4F 200 GPa
R B T AR IR 9 203 K H,S s Drozdov 452
EHRIE T 7E 170 GPa = JE T B A S8 AR E 250 K
) LaH,,, X 72 24 Fi Be 8 sl Dy il 2% (0 B A 5 e b S 70 It
1 vl S A, HTAT HEIME R BRS04 1.3, 2005
F ,Monteverde ZP VR B T £ 30 GPa J5 /1 N ARG 5 4%
AR B 166 K 1 45 7% 1] HgBa,Ca,Cu, 0y, F 1T 17
M E R B S THIA3.5.

DRI o, A SC 38 3% 24 1 BB 6 B T ) 2% 1 3 Bl LA 4
e 8 T A I ) v iR 548 HLS  LaH 1 HgBaCaCuO
RGN G, a8 I g b ) A T2 R OW 25 A, BA3R
13 Be A% ) £ B iy SAH I s i R S A 1 S 58 T vk
% L2, RS TG H i T &I SR TR
SRR RIS R USRS
2 HSSRBHK

G AU ) A B L TR A B B R ZEHE T 350 GPa
PR e PG, DALt , ““ ey B AT o 26 <6 JR S0 BT e 16 07 9
TR T . 2004 4F , Ashcroft™ ¥ B HY 1“4k 2 Tl
FE 457 77 R 57 18] 1 H 230t Sk AT 2031, AR
TERARKE 7 FSeBl & @i, 4k, — RAE S0
i8R B T, W1 CaHH,S A1 LaH, 55

2014 4, Li 5P TR B0 A0 5023 10 TC I 45 74 T3
5% IRANHEFE T 10~200 GPa JE 7736 ] Py [ 74 H,S
ShRE, T T H,S 7 160 GPa 1 & N AELEE S oL, HitE
SHARRFE T=80 K. 2015 4, Drozdov 25" it 512 56 56
WE T Li SR T 25 K [RIR, LT T=203 K 1)
BrE S, FOMH,S MITE S R R AR HS M. S

9
vl W8
. 7
MgHb
6
5
Se!
4
3
§<<1 2
1
: 0
400 500

3 B AR AT PR A R S Bl 4 A
Fig.3 Scatter distribution diagram of the feasibility value coefficient

S of some superconductors!'”

SR I U — DR B T 12 A D HL S AT

Drozdov Z5"1%5 T JE T i Fe 450 1] £ HLS ey i
SR BRI RE . B bl Bl KA G R4
JB R 5 ER A T, 41235 DAC, {8563 T fiti 2 8] (8] B& A
20~100 mm; #2355 PR 40 R 99.5% 1) H,S A8 S B4
EIMNE AR IL %, I DAC N RIREE 38, A H 2
200 K, 158 H,S KA AL s 28 S A B AIG ilR FELiR 25 A0 1) R 22
2 DAC i 26, M S H,S AR F L, K5, %
DAC #3220 K PLZ K 2 R I H,S, 7E I fE R i —
RN 77 s i e E A HNE AR T, R 71 1E 65 GPa 72 45 R
FefaoE , fAR AL A mi i Sk

Xof Ak S e i AR AT I AR, 2 R 7798 2
107 GPa i, Bifb S A S A8, o Sk . K44
T AN [E] R 7R A S 5 A e BELBE T D 0 AR AL
251, Forp, ] 4b R 8 [ R B I da B0 1 A 1Y)
T, W 68 = F TR B 0 H S50 10 AT TR B0 1 e 1 7, 28
R T R R B /& I SCHR[2313K 43 19, 32 (5 B /2 H
[F) b 7 43R AT R AR ) T

H 4\ 50, 24 K 718 107 GPa, Bt & BF 5 I T R %
G, BB N T 34 MRS UM T 1107 Q) ,iX
KPR AL, NS, SRR RRET
~25 Ko 24 38 et , B & 1) 5 5 AR U E T B 2 3%
hne 34 P>160 GPaltf, Fj T 7 AR B T 2R, T #%
A 250 Ko ZR B RTIR , 386 K% 7 ml DL 2 32 Ak
S-SR T, LR R AT AR BT R K, Rk
AT AL RIARAL , B AR TGN

H,S sl 544 8 T340 & S G i 5 A, 3t
haEdi e FrrhE R 7 58 R E 1 i
M O B, o 775 TS R 2R A T 9K ae

Temperature/K
7O 1(|)0 290
a 107 GPa » -b
S 150r ¢
c} || ,9’(’7]?1« > .'.
) [ | 1s6GPa I .‘..
% 3.5 145 GPa Y 1001 . ;.
7 [ 155GPa
g " 161 GPa E” . .*&.:%
2 | || 177Gpa 50F ‘.. .
A1) - ’ R A
ER T : oL - -
s MH,‘ M 100 150 200 250
2 0.00 , , Pressure/GPa
E 0 100 200
Temperature/K

Pl 4 AR 70 B A SRR BELBE T 70 AR A MR A S0 5 e A i 2
B A2 1
Fig.4 Temperature dependence of the resistance of sulfur hydride
measured at different pressures (a) and pressure dependence of
7. ()"



1M ]

B 30 1) R 5 SR T 2 18] AR ELAE AP 7E 200 GPa
N, H,S i A Y Im 3 m, H A AR S i 1] S
FiiR. AE Im 3 m-H,S di A 2548 i, S5 F R AR AL T 2
AR T2 18], T St S SH S5 f kg . il il [R) 20
TR 3 X LR AT IR, S ZESE T Im 3 m-H,S [ 4 1A
SERCY, 45 LRI HLS BT AL T bee divkg b, 5 ER TN
ER . BhAh, DA GRS S A F] 160 meV [
i VR T, HLAE 200 GPa R ¥ 9 3 Y i, R A7 AE
76 meV 8T [E B, K gt , v LA H Eliashberg HLF 7 1
IX -5 IR R RE HLS il SR A T=203 K 1S
HPE.
3 LaH,=imBSHF

2012 4F, Wang Z5PVR L T CaH, & A AL &4, - 1l
FAE 150 GPa J& /) F B H T=220~235 K [ F 1% .
2015 4F, Li ™ N RIE T YH, & S &9, 3+ i 2 18
120 GPa JE 71 F , A T=251~264 K [t 5 stk . fE It
BEili b, SOM Ak HE T S A S &0 YH, A LaH, P
2019 4, Drozdov %6 i& T Fm 3 m-LaH, 7 170 GPa &
71K, B T=250 K f# S bk, IF Boe 2 H g bl
£ 1) T, B3 v 1) e i A

LaH,, /& i 8 3 & 38 % il 1 La (99.9%) #1 H,
(99.999%) 1L N EHN A . AR RS #
R AR G H P R R R IR La JBCE R
R S AL B AN ES A R IR AR R BORTE N, SR FIE T
EAH T HATH, O, M H,0 BIFR B & & /N T 0.1 mL/m”) ; H
0K DAC e 21 UAZE B, 78 H, U T K DAC 4T
I FoR H N E 22 0.1 GPa, I8 DAC, fE & Kt fE
JE B E IR 2 GPa /i 47 s SR G, WS ARZEEAL - HH
DAC; 5 5 it — ¥4 s 7) #2531 120~190 GPa [ FEAE(H
I HBEOE N, & A B LaH, o LaH,, [F#8 SR 5
S HET B T AR A L 6 BT

Bl6H, 206 R/6 Ml s L R/6 B AR R T T 655
i FRER 3 A8, R/ VR/BARGRAN R 2, RTSC A2 1 % Ui
T VEARBR . & 6 IT T, LaH,  7F 170 GPa 5 & T B
A B T=250 K AR S itk . 15 H,S 1 Tt i 386 K i
B K PR AR AS [F] 2, LaH,, 16 T Bt J7 028 46 £ BN

KI5 H,S iR 4519 (200 GPa)
Fig.5 Crystal structure of H,S at high pressure (200 GPa)"”)

R T R R B SR T R ) 5 ST T 281 -
12 oss R/6, RIOR/S, )
M

o 09} 250 k{g

S 5 t

g 06 2245} ﬁ *#

2O BTV f

5 | 2

2 o5l 2400 ,
’ 150 200 250 RTSC

Pressure/GPa

0.0

0 50 100 150 200 250 300

Temperature/K

K6 LaH, i T LI A A A Lt S AR BE B s 70 (K48 4k
Fig.6 Discovery of LaH,, superconductivity and its change of

superconducting critical temperature with pressure”!

“CETIRAAAE R, B 7, S5 B 5 ) 8 R T K, 1A B B
= 2. (P=170 GPa, T=250 K Ji5 , T, B i 7738 K0 9k /s
FEX PSRRI T 6 3 fE i, ISR I T
i NESAR NN AN SN oo S )i ) BN N A A L)
DI I 2900 200 B I T FTRE D 1 B A SR
i€ 720,

LaH,, il S48 T 8 7 2 & S S il 3462,
BT ME AN EYESEE B ERGN. KR TS
GRIETEd SR EERE, BRHEAEEZ
() L5 I S U 45 4 , 45 JE - Ak T IR 5 4 o
Oy AR E FEMR GG B AL LT, F R0 B o e 5 4 R 9
KT Ak A5 v FR) PR 25 6 AT BE R 3 BB e e AR B 1 SR
K21, 78 300 GPa |, LaH,, i il it 5 4 1) 23 8] B
Fm 3 m, H & 4504 fec, &l 7 fis,

LaH,, 1T 0 32 7 88 5 A0 7T AR 2 S b i
FZIT Asheroft-Gillan 44 *7 T s 4 &0 d A% UM B2 —
Horpr 542 — A m B PRI, B 32 AR T ALk,
A 12N 6 A TT T, B G (L o0 1 La Ji 5
M B T — A 30 1 AT A

4 HgBaCaCuO =z Sk

1986 4 , Bednorz il Miiller™ & I T=30 K [fJ 58 — 1

K7 LaH,, 5 44549 (300 GPa)
Fig.7 Crystal structure of LaH,, at high pressure (300 GPa)™



+282 . W] B RS TR #55%

WAL R 14 La, Ba CuO,  ;: 1993 4, Tsuei 2507 & 31
T=130 K f¥J HgBa,Ca,Cu,0,,,; 2005 £ , Monteverde 5"
130 GPa [k /1 F , KI5 f£45 4411 HgBa,Ca,Cu,O,,, A A
A T=166 K [ T oM. HAl, HgBaCaCuO KR 2 T,
B e PR R SR A P R 5 A 2, R P o T 45 R IR A2 3
A E AR S A T B B A .

HgBa,Ca,Cu,O,, , i i it 5 14 1) & B AE iR % 3
FEA N AT (BT W16 AP FE J Hg-1223 B 5 1) 4
TEXITEFEF AT, N T HEBR H,0.0,F1 CO,, FE4H
s Al AD o LRSI FEC AN R - B Sk AR v AL
% it & ) Hg, CuBa,Ca2Cu,0, (0.0<x<0.2) ff] & 1k
HgO.BaO.CaO il CuO iR &7 B T 900 C 1 X 35, If:
W FH 42 ) 22 UM P 42U CBUE 208 0.22 MPa) () CoO
1 Co,0, IMIRA ) E T 1000 “C {14 1 55 — A X35 ik
F Ti A5 CRUE /N T 1~2 MPa) 7E % i i 4 Hh 500 °C
1B K, 30 JE A B0 25 1 He-1223 B 5 ; FiH Heg-1223 #E 5
7E300 C T HEAT S Ak (] XeF, #EAT S Ak B 7E A A0
WAL EE 20 hi S8 5 R UL IS 19 He-1223 Ff i 5 XeF, 1A
[ LA TR A, BN N 30 r 78 B D S v 0t B 5 s T
NHE A, 7E 200 C R IIFA 10~15 h, HEAT K, 15 5 $ 40
) Hg-1223 ¥ & , 46 FE Tk 31 95%. 38 i o 4% i1l 4% He-
1223 (17 J5URHEC L , AT AZRAS A [F]45 2% () HgBa,Ca,Cu, 0,
FE S o AN 5 24 1) HgBa,Ca,Cu 0, , i iR S 44 T Fifi i
FIH AL B 8 BTt

F 1 8a T A1, fi f£15 4% 1) HgBa,Ca,Cu, Oy, = i i 5
A T S Bl I 134 K0 FF i, 4 7E 30 GPa, ik B i KME T=
166 K 7545 J& » B 77 38 R B AIG , S 4 26 B (Hfg
CLEEZR) o T 5 S5 45 A VR S HBRZE (1R 5 e 0 2 i
2, F T BEE 71 AR B ) 26 B K AR AGRFAE , T
B 77 38 it s, HEORAEAR T 166 K £ 145 4%
TR PSR B A5 IR B, L T 1 g ) A4k it 2 A
bho Hh 1 8b FI AN, 8 ik BRI R 4 R, L TORE R )

170

AR A, il 20 35 AT P 2R BUAFAE , AR AR BT AR R 4 IR R
vt , FLHE S AR R P E A [ S 5 T A5 BT PR, 3K 150 B
JEAR REIk /NS 4R RE i T 152

K9 45t T HgBa,Ca,_ Cu,0,,, ., (n=1,2,3) ff] & &
S5 A, L ECH BRI A I AR () P4/mmm &5 /Y. 5K
534 SE A T A ], 3 H 22 B A1) 1) HgO . BaO
H CuO, J7 21 1, (R Bk = A & 1Y) CuO, “F1fl , c Z T/,
B g MR T RO D R A S R S e
5 CuO, E MR T (M THA K. LR 7
A E| CuO, & 1 Bk B A S5 A, sl & 7= AR 3
T, 40 10 Fi R . HgBaCaCuO & i #8544k 2 A LA
A bk W S R AR T, S R R I AR A
ARG o Z BN A s 8OR T IR DA B AT 4
R R

Btz A, G T P e D R, N 11 8 B R
1) R JIAE O 2 , 1T LU LA A R ASE 2R (1 £y B SR AT B A,
WO, Y K 38 K, #1453 HgBaCaCuO H %
JEIRIFEIRIN P BE 1 77 30082 B 77 38 KT 34K, B 0
SBREZ MERES S TRE, THZ A& 24
JIRE|— e RE G, EESFNBREAENE, AN
TR 777805 B8 e 77 38 KA ik )s , § 80 R 1T 5
KA, TP,

dT, _ony (9T, +(6Tc) (2)
P op \om, ), \oP ]

b B8 VLR IS 5 I8 A%, 55 2 TUA 1 454 1Y
WE (5B AT RID I I IR o BR8N A L 2%
P78 Cny) B IS A7 3800 2022 7, (RF AN UM E 2 3
BURAR G FE B 3 T i RO e — PRI 2R,

5 HRIE

AR AL R AR T iR SR R B AR JL LT R
GEMMXT TP S HEN THFPAS, ST GRIEEAE 71D

170

Pressure/GPa

=

2 150}
5

BEppe

phase
160+ Alhara et al. 1223+1234 A
Alhara et al, 1223+1234 B

140}/ e

130L
0

10 20 30 40

Pressure/GPa

8 A[F#57% 11 HgBa,Ca,Cu, Oy, , 17 5 1 A IR BB I 7 1784k

Fig.8 Change of superconducting transition temperature with pressure of different doped HgBa,Ca,Cu,O,, " (a) normal sample; (b) uniaxial

compressional sample



B B R BT R BRI R S A ] T T

° 283 .

H
8 Bf HgBa,Ca, ,Cu O
O Ca
©Cu
©®o0

2+2n+o

,f?jof_.c

¢ 0

lo—.ﬂ

2 0* t

[
Hg-1201 Hg-121

K9 Hg-1201.Hg-1212.Hg-1223 Fll Hg-1234 [¥] i AR 45 1
Fig.9 Crystal structures of HgBa,Ca,_,Cu,O,,, . for n=1 (Hg-1201),
n=2 (Hg-1212), n=3 (Hg-1223), and n=4 (Hg-1234)""!

Block layer, +2+p (control carriers)

—

[Cu0,]*"

l

K10 HE L T4k CuO, Zrn B

Fig.10 Diagram of the CuO, layer of cuprate superconductor™”

FEH B AT BRI AE . B, AR A TOR T
150 KO ) el B 44, s o VA TR K Aar e
3 UG, 1T DUE I R — SRR T R A
A ARy A A Y™, NI 3RAS 5 T o3k
PR T v 0 T R 2 4 B0 7 18 A S5 R % 12
AR AR T R AT 2 B . H R AR 1 e
(KTF 200 GPa) L3R i T,CKF 150 KO [ it 544 B
B BA LR FAME (ST D, TiARZ RS = S1E
1 e TR A, BB ) A TR 47 5 T B 3
IR, i HE 45 2% 1) HgBaCaCuO FE i 18 T #5 45 I
FE B B T IR B AR (R b s 8 A G ) H,S  LaH, i %%
BT I AR TS B A, X L] 5 il e 5 A 1 5
W TTVERT U R 583 1 G T e IR AR d A S5 AL B 1
WH, IR T AL B R SRS T T SR
R R4 Ja B e il T 7k B A i s Ak T 42
THEMLEIG B LRSS %

SE

[1] Wang H, Li X, Gao G Y et al. WIREs Computational Molecular
Science[J], 2018, 8(1): 1330

[2] Duan D F, Liu Y X, Ma Y B et al. National Science Review[J]],
2017, 4(1): 121

[3] Bridgman P W. Proceedings of the American Academy of Arts and

References

Sciences[J], 1909, 44(8): 201
[4] Weir C E, Lippincott E R, Vanvalkenburg A et al. Journal of
Research of the National Bureau of Standards Section A-Physics
and Chemistry[J], 1959, 63(1): 55
[5] Anzellini S, Boccato S. Crystals[J], 2020, 10(6): 459
[6] Dubrovinskaia N, Dubrovinsky L, Solopova N A et al. Science
Advances[J], 2016, 2(7): 1600341
[7] Flores-Livas J A, Boeri L, Sanna A et al. Physics Reports[J],
2020, 856: 1
[8] Wittig J, Matthias B T. Physical Review Letters[J], 1969,22(13): 634
[9] Wittig J. Physical Review Letters[J], 1970, 24(15): 812
[10] Okada S, Shimizu K, Kobayashi T C et al. Journal of the
Physical Society of Japan[J], 1996, 65(7): 1924
[11] Wittig J, Matthias B T. Science[J], 1968, 160(3831): 994
[12] Luo H, Desgreniers S, Vohra Y K et al. Physical Review Letters[J],
1991, 67(21): 2998
[13] Ashcroft N W. Physical Review Letters[J],1968, 21(26): 1748
[14] Zhang L J, Niu Y L, Li Q et al. Solid State Communications[J],
2007, 141(11): 610
[15] Cudazzo P, Profeta G, Sanna A et al. Physical Review Letters[J],
2008, 101(2): 029901
[16] Mcmahon J M, Morales M A, Pierleoni C et al. Reviews of
Modern Physics[J], 2012, 84(4): 1607
[17] Pickard C J, Errea I, Eremets M 1. Annual Review of Condensed
Matter Physics[J], 2020, 11: 57
[18] Bi T, Zarifi N, Terpstra T et al. Reference Module in Chemistry,
Molecular Sciences and Chemical Engineering[M]. Amsterdam:
Elsevier, 2019
[19] Drozdov A P, Eremets M I, Troyan [ A et al. Nature[J], 2015, 525
(7567): 73
[20] Drozdov A P, Kong P P, Minkov V S et al. Nature[J], 2019, 569
(7757): 528
[21] Monteverde M, Acha C, Nuifiez-Regieiro M et al. Europhysics
Letters[J], 2005, 72(3): 458
[22] Ashcroft N W. Physical Review Letters[J], 2004, 92(18): 187002
[23]1LiY W, Hao J, Liu HY et al. The Journal of Chemical Physics[J],
2014, 140(17): 174172
[24] Einaga M, Sakata M, Ishikawa T et al. Nature Physics[J], 2016,
12(9): 835
[25] Duan D F, Liu Y X, Tian F B et al. Scientific Reports[J], 2014, 4:
6968
[26] Bernstein N, Hellberg C S, Johannes M D et al. Physical Review
BI[J], 2015, 91(6): 060511
[271LiY W, Wang L, Liu HY et al. Physical Review B[]], 2016, 93(2):
020103
[28] Sun Ying(#h %), Liu Hanyu( Xl € ¥), Ma Yanming( & ¥% 44).
Acta Physica Sinica()BE2E3)[J], 2021, 70(1): 017407
[29] Zhao Wendi( &% 3 i), Duan Defang( Bt £ 75), Cui Tian(# H).
Chinese Journal of High Pressure Physics( {5 JE %) ¥ %% ) [1],
2021, 35(2): 020101
[30] Capitani F, Langerome B, Brubach J B et al. Nature Physics[J],



284 .

W] B RS TR

5 55%:

2017, 13(9): 859

[31] Wang H, Tse J S, Tanaka K et al. Proceedings of the National
Academy of Sciences of the United States of America[l], 2012,
109(17): 6463

[32] LiY W, Hao J, Liu HY et al. Scientific Reports[J], 2015, 5: 9948

[33] Peng F, Sun Y, Pickard C J et al. Physical Review Letters[J],
2017, 119(10): 107001

[34] Liu H Y, Naumov I I, Geballe Z M et al. Physical Review B[J],
2018, 98(10): 100102

[35] Liu LL, Wang C Z, Yi S et al. Physical Review B[J],2019, 99(14):
140501

[36] Bednorz J G, Miiller K A. Zeitschrift fiir Physik B-Condensed
Matter[J], 1986, 64(2): 189

[37] Tsuei C C, Chi C C, Newns D M et al. Chinese Journal of
Physics[J], 1993, 31(6): 795

[38] Lokshin K A, Pavlov D A, Putilin S N et al. Physical Review B[J],
2001, 63(6): 064511

[39] Mark A C, Campuzano J C, Hemley R J. High Pressure Research[J],
2022, 42(2): 137

[40] Akimitsu J. Proceedings of the Japan Academy, Series B[],
2019, 95(7): 321

[41] Neumeier J J, Zimmermann H A. Physical Review B[J], 1993,
47(13): 8385

[42] Liarokapis E, Lampakis D, Palles D et al. Journal of Physics and
Chemistry of Solids[J], 2006, 67(9-10): 2065

[43] Chu C W, Gao L, Chen F et al. Nature[J], 1993, 365(6444): 323

[44] Needs R J, Pickard C J. APL Materials[J], 2016, 4(5): 053210

[45]Jin L H, Liu G Q, Feng J Q et al. Superconductivity[J], 2023, 8:
100060

Preparation and Research Progress of High-Temperature Superconductors Based on
High Pressure Technique

Hu Le', Yang Fang', Hou Hongli’, Zhang Shengnan®, Wang Qingyang’, Liu Jixing®, Yan Guo'”, Zhang Pingxiang"’
(1. College of Superconducting Materials and Application Technology, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

(3. Xi’an Juneng Medical Engineering Technologies Co., Ltd, Xi’an 710028, China)

Abstract: In the field of superconducting materials research, from the discovery of elemental mercury as a superconductor to the preparation of
nickel-based superconductors, the study on physical properties and microscopic mechanisms of superconducting materials has greatly promoted
the development of condensed matter physics. The development of practical high-temperature superconductors based on new preparation
techniques plays an extremely important role in the fields of strong and weak electricity. As a new means, the high-pressure experimental
technique has become one of the powerful tools for exploring novel superconductors and increasing their superconducting transition temperature
(T). Focusing on three high-temperature superconductors with relatively high superconducting transition temperatures (exceeding 150 K),
including H,S, LaH,, and HgBaCaCuO, this paper summarizes the research progress in their preparation techniques and clarifies the preparation
strategies of practical high-temperature superconductors. It is concluded that high pressure facilitates the preparation of LaH,, a hydrogen-rich
compound superconductor with a special crystal structure, so that it can obtain a higher superconducting transition temperature. At the same time,
high pressure can also affect copper oxide superconductors in a similar way of changing doping, thereby changing their superconductivity. High
pressure technique is an effective way to fabricate high-temperature superconductors with special crystal structures (layered and caged).
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