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Fig. 1. Discovery time of superconductors and critical temperature. Ball denotes conventional supercon-

ductor. Star denotes copper-based superconductor. Triangle denotes iron-based superconductor. Square

denotes interface superconductor.
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Fig. 2. (a) The crystal structure of cubic phase of H3S; (b) temperature dependence of the magnetiza-
tion of sulfur hydride at a pressure of 155 GPa in zero-field cooled (ZFC) and 20 Oe field cooled (FC)
modes (black circles) [13]; (¢) XRD patterns of sulfur hydride at 150 GPa[24]; (d) pressure dependence

of superconducting transtion temperature T; of sulfur hydride by theoretical predicted and experimental

measured [12:13,24,26,27]
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B Lb = ey, M2 T P6/mmm-TeH  1X Ff
BT R D)) B RN Te SR IR T2
BEWS 5Se K%, 1M H Te G2 M H 7 PEZE L
SHISe/IN. P6/mmm Hal 48 S AR EIRK,
TOEH ISR A ARSI RN, &K T H-I
R PIEAEE — N F AN Hal, & A7 7E A
i 5 A IE 32 Pnma (100246 GPa) RNl R-3m
(246—300 GPa) 3. 7& Pnma M, i HI K
Ho 73 F 0, MUERL T R T A%. R-3m AHH,
Ho 7 FHITH R, TR TR, i — 2R A
HAEH 5 R B Pnma f1 R-3m 1 240 GPa {7,
35 3.8 K133 K, KILE T H R-3m B S
T e IR — M Prma (876 Hy 70 T50) 12
=TI 8 £

AN, 256 FAE6.8 GPafl7.5 GPa bl Fifsy
ST R R R ME LA UK He 20 T 3 2 AL
Y SiHy(Hy)o A GeHy(Hy)o 046 B J5 BRI 7T 1
EAE R R T IS 5 e R RE )
i, MHy (M = Si, Ge) ISR H A4 THFE, MH,
55 Hy 4 -F B0 2 1) 32 2 2 Yo 4 BL B3 A B4R A
XF T SiHy (Ha)2 KK X (6.8 GPa), SE5u A FE i
FEHZ A RS F-43m 04571 [4m2 [65 =701

Pmn2; 9 5 ANERE IR TR T R 4R 454 Pl
(125 GPa) fll Ccca (248 GPa) ™, 41l 3 (c) AR,
Ccca 1t 250 GPall T, H98—107 K, Hy 73T H.JG
() 4R 3l 0] B RS R S 1) DT BRI 1%, AT GeHy
(Ho)o, B4R H TR Z |EE M, Hh P2, /c
GER)REE AR AE T 220 GPa bl b, FEAG RN E 1
250 GPa ) T, 76—90 K [

T S g5 AT UK I =S 1) &6 Ho
Iy T H TS FE 8 o = AN RE X
fICAIX 22 HAE S n = Rz 51 &1, X
IPRBN F 25 H IR A O, 1m0 X 38 32 2
HHy 77 T T RS S 200 2) K R Hy 7
FERL TN AR 2R () HL A AR A DR\ IR DT R AR H /N ()
T-10%), A A5 A4S G DTk g K 1) A2 HR X ) IR BT
3) R Hy 47 1 B ook AR G I DT AR /), (H 2
B H I8 B AR R B AR S RSINE, A
BRI wiog, RETEHE i T 7 AL E Tt

4 GHH AT ETHE LAY

19114, 3% - I i3 17 1 s 3o 52 4% 4%
ROLT =& BB 7 HY . 1935 4F, /R 7R M5 H
AT EATEIE= AR AR KEE, H
H—H8 K 50.873 A. 20 tH 22 80 4E AR, i 4%
R S I R RS T HY B B S 90 SEAR
BN EEARRE. LTEMREREMEEE DRI
T HT, 2006 4F X s 700 5 A R bR R R i A7
fEHT. T ="H; &1, #HitdeH HLHY
B, I Bl Hy ANEROE 7T g2 70 il 1 Ho 56
H-, #2028 90 4K, 25 — 1 R B H SR L Hy
753 fe T B A A /ME (701, T — B3 2003 4E A48
o S e NI F e B A7 TS AR T R R
14 B RbH; 5 9] CsH3 1*9)) BaHg g [P0 Al
InHy P, KHe M 25 BT BRI Hy 575,
1f HyF, HsF, HsF, HsC1 A HsBr R T =ME
(1T 47 80 0070810 B2 U P4 /mmm-Bals
A R-3-InH;3 1Em T & @, 8552 E S 5
938 K 140 K [P0:51]

%fF Rb-H & % 9] RbH; 7E 15220 GPa il
il N B ROE, IR KT 220 GPa B, J8E fR AR
52 RbHs, H A @ IRA AT DARF 42 3 250 GPa, HiX
PIAREC L Ak SR B T HLZR AL Hy #oc, W
K4 (a) fiTzr. Ho, RbHs-Cmem Z5F7E 100 GPa,
F, Hy HocH H-HE#KE K ~0.91 A RbH; 7
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TEPAS B A 41 Jamd FI Comm, 3% 5N FH K
A TE 2 A5 T2 W Hy o FHZ 7 i\, 1 1
Rb™ I Hy 2528 BB, 5 #5002 5= 5 .
A, 7£ 220 GPa [k 58 LA, RbH5-C'mem, RbH3-
T4y /amd M1 RbH3-Cmmm R EMH S EME. 5
RbH;3 LI 2, CsHa A [Hz] ™ [Cs] T B2 E A7
1ET 30—150 GPa K /73N, KT 40 GPalf, k&
H ARG HE Cmmm, 40 GPa LL L 14, /Jamd #HF&
S, A WS A AR M) CsHa-Cmmm 4514
W CsT T RO AT 1) = A 7%, 3 CLAAA J7 3t
B, Hy FGE)ZR. 5T Hy, BHN5ER H—H#
fRIBEK 23 A 0.931 A1 1.758 A.

z—d/A

1.5
(2)
Hj(gas phase) 2 GPa
Hs(RbHs)
Hs(RbHy)
1.0
2 GPa
100 GPa
0.5
17 GPa d 2
30 GPa - - -
0
1.8 2.0 2.2 2.4 2.6 2.8 3.0
d+z/A
(b)
H—H.-H—Cl H—H—H.Cl

[H—H —H]+Cl-

@)

- >})\“J >

B4 (a) fES4AAH. Ip-RbHge F11p-RbHs, H™ --- Ha
ZER BT () P 2 — d MMEBE 2 4+ d BB A2 K [49);
(b) Ce-HsCLEEFIF T R 8 bR $50 8 B FE 7484k, (61)

Fig. 4. (a) Difference between the z and d distances in

an H™ --- Hy fragment (see inset) plotted versus their
sum for an isolated H; molecule in the gas phase, Ip-
RbHg and lp-RbHj5 [45]; (b) electron localization func-

tion maps of Cc-H5Cl with increasing pressure (611,

BaHg a2 45 H2& Fddd, LA [H3)?~ [Ba)?*
fTE RAFAE PO o Hy~ 78 f R b i N 7 I HE
F, 70 GPaltf, Hy 7» ¥ W 7 7 ] H—H# {1
PH S 23 5 9 0.93F11.86 A. 24 [k 58 1 2 80 GPa,
BaHg H 6215 AN F20E, # BaHs BT &K, 4k4im/E
%150 GPa, BaHg X H #7560 & F, G H
W T A TEG A —P4/mmm F Imm2. 5 Fddd

ZERMIA TR, Imm2 85 8 W 1 Hy 9 A X8R, 3o
T H—H 8 18K AE 150 GPalid 4354 0.91 fl
0.94 A, i P4/mmm # H {77 1E 7T U &
R Hy s FFH-. FEEREERT, Bk =g
Al sz P4 @ AL, H BaHg-P4/mmm 7E 100 GPa i
R SFHAREFIAR) T 3038 K, B AR ATk R 2
K H Ho B [H] - I T

EIn-HiE & DB InHs-P2, /m &5 ¥ 76
120 GPaltf JF 46 fR #5420 H £ 233 GPa, #—
Ik £ 5 8 InHs §9% ##, InHs-R-3 45 74 % H H
MRz, 2R — B R R F2 € #1300 GPa. InHj 7E
200 GPaff [ R-3AHH L T BH 28 8 1) Hy 53,
In J&F U RCBCALZON 6 IR &5 0. Fod, Hy 5
JeH B H T E# K 2 0.872 A, In JiLT 2 7]
JH BN 2.545 AL bAh, BT T R I R B
Bader 73 715 H In 1 H 2 [ 5102 55 148, HLHl
FE M In FERE B H IR 7. @it iF S ae g5, Rl
InH3-R-31£ 200 GPa N2 4 @b, b 5B e i
HBSEA R N 34.1—40.5 K, - H T.BEE /11
Hhnvi R0, i AR R A RO AR OK T
AR LA B E N (B ) B 77 538 i AH s/

KHg 7775 M E iR R 1) 70—166 GPa
SN C2/m ARIE AR, 2 E5EKT 166 GPal,
C2/c IG5 FaE, — HRFLEH] 300 GPa. H
1, C2/m M A Hy 4y 1800, IHIL T H
2R (1) Hy > 1 500, Ho A1 Hg 5 oc 35 [A) 240 A — 4k
WROPREE ). ER T 40 SR o R B A 2 T 4 1
R, 5 H 7 NKFER R H, 52550 Hy 30
&, WIS Hy 6. 100 GPa i, Hy ¥ HIR
T Z 1A PE 20 )08 0.85 F11.00 A, 24 [k sm i &
166 GPalf, Hy 251 5.0 5 % i Hy BTG, 424
B 4ERUIR G, 5 KR T2 E S, Xt
S C2/c85H. it TS5 HTHE, KL C2/m
FNHAELAR, 1T C2/c AHTE I AR 2 I He 35 ¥ N &
— & B, XN C2/cH, 2 ANH R TR, H
4k S LS R, JF S T HAE 166 GPa i)
S AR IR FE N 58.66—69.84 K.

20154, 7E @ T B kKM IE = /A HT &
B TR A AE TR B e A A Hs C1 A H Br
H (6179801 5 A E HoF, HaF MIHsF At R 3L T
Hi 4% TG, 4551 LA [H]°H [HF2)°~ (6 = 0.75),
[H3]0F[F]°~ (6 = 0.73) Ml [H3]0F[HF5)°~[Hy] K&
NfEE, REelfafE LMETRE 5
RS ALY Hs Cl A [HsH[Cl)~ [Hy] (078 R A8 & 1748
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F 120250 GPa J& 77370 il (61800 gh 4y 23 [ By
Ce. 220 GPa F HsClb & HE 4> FHEK 5 5l
90.879, 0.876 F10.880 A, Lk T %L =M,
SIS HY oy A AR il i i H R ]
B K . Mulliken 47 &+ T J5) 35 2R 2R Bader HL faf
Sy MR 3Rk, TETHLE B T HY 4RO
TR RE, Wil 4 (b) Fror. RIHE F1 5 800 H A
MH JETEF 3 Cl, 15 H—CL I g Kb
i, B WL T Hy A1CI-. B4 ESLEY
H,Cl, H3Cl 1 H,CL/E s & T Haefa g 778, X)L
A R A FAEAE Hy 70T 508, HoCLAE 341 GPa LA
IR R-3m 2548, BB TN L AE 450 GPa [
T, }943.9—44.8 KB,

HBr 5 HoS K BL, & & F A A f e, &
64 GPa 25 il i B IR ALY Ho Br AL Br (7).
5 H;CLAHL, 75 HsBr 0 H I T [H3] T [Cl]~ [Hy)
B, 7F103—140 GPa il N UL Ce S5 M AETE (5
H;Cl-Ce 5 451), 2 Ja ¥ Nae & BAK K Pmn2,
45K, 7E 140 GPaltf, HsBr-Pmn2; Z5 ) Hyt
TS 8 0.903, 0.903F10.911 A, HA4E
464 W HyBr, HyBr, HyBr M1 H;Br £ & & K
REfE € fF1E, #RAFEHy 7> T 50, HoBr bl C2/c
iR R B AEAE T 30180 GPa, FEX A4+ 4
TS HBr 4> THEM — N Ha 730 T H T, EATZ 1A
HUERERNEERR T EREH. ZEX
BAFE, —HF240 GPa A4 L Cmem G ¥ Fa €
e, BAL TR HAE 240 GPalI T, N121 K. 5
H—ClUL &R, £ H-Br b &9+ ¥ T H,yBr,
LA P63 /mme Z5 1% E FAAE T 240—300 GPa, Hit
T HAE 240 GPa I T, N 2.4 K.

5H,FMH,CIAR, &EFHHILEYF
BRI Hst 4> T HI0. HI KL 6.7 GPanh &
IIENICE R Hy Al Lo, R F XU T &4
B L&Y Hol, HyI R HsI, 1 & 4 &4
HI, F1 HI3 AN g Fa s A7 4E 02, HoT A1 H,T ) 5 e 45
14 J 5 B AR RT TR 41,

5 HWERE

AR SO iy AR LR S S A R TS Hy
T IT A Hs 701 H 0 I AL & WA AR S
faE s R EAE . &Eie. B3 ik
i AT T W . @R b BUR B,
AR TAMNE S S AL T §EA AR

(1) R 5 e A I R, S 5 A EE A R IE 5% Tm-3m-
HsS7E & & T, ik 200 K, B T Im-3m-
MHg (M = Mg, Ca, Y) £ 300, 150 fi1 120 GPa
) T, 3 A F) 263, 235 F1264 K, Pm-3m-SioHg 7£
275 GPa 14139 K, Pm-3n-GaHs 7£ 120 GPa i
T, N12 K. ¥ FEHEAH 0 FHRIGHESNE
Y, LG 3 R IR B AR, W P63/ mmc-SbHy,
f£150 GPalf) T, ik #1118 K, Cecca-SiHy(Ha) 1E
250 GPa ) T, N 107 K, 52 RO LU A2, Hhde
M P63 /mme-Hal 1) T, B, 7£ 120 GPa R
H 6 K, Hy 0 T C/E X R A A4 M
WTHEBBIRNF. HAKE, &6 Hy 0 FHIC
s S EVA R &R S SRR E. 55,
R B A A IR R A R I R
1 (P S AR ) U R ST T A S5 R, s F
] P63/mmec-SbHy A IEAE Ceca-SiHy (Ha)o 1E =1
FHIT. =B 7 100 K, A3 75 Im-3m-H3S
Im-3m-MHg (M = Mg, Ca, Y)7E & & F i T, 45
R T 200 K. F7E 20 20 70 4K, 25 4 1S4
B 5K Matthias fR¥E QAN E B LA S8 S5
A P R RS T 6 AR, B35 441K Matthias
rules (5255 RUE BILTE B RIX J LA L4 O & 4 4T
fil, (H 2 H A H —% “high symmetry is good, cubic
symmetry is best” X} T & & A A WK Ui iL A & H
). Sz, Fell B ARG R B R N A 1)
RS EAR R N 200 K, X4 K E S A YR
FIENTHH =, WG B84, Wit
B PR AT R R & B A IR R ) A
FAE.
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Abstract

Metallic hydrogen can be realized theoretically at high pressure, which suggests that it will be a room-temperature
superconductor due to the high vibrational frequencies of hydrogen atoms. However, the metallic state of hydrogen is not
observed in experiment at up to 388 GPa. Scientists have been exploring various new ways to achieve hydrogen metalliza-
tion. Hydrogen-rich compounds can be metallized at much lower pressures because of chemical pre-compression. More-
over, because such materials are dominated by hydrogen atoms, some novel properties can be found after metallization,
such as high T superconductivity. Therefore, hydrogen-rich compounds are potential high-temperature superconductors,
and this method is also believed to be an effective way to metalize hydrogen, which has aroused significant interest in
lots of fields, such as physics, material science, etc. In a word, hydrogen-rich compounds are expected to become a new
member of superconductor family: hydrogen-based superconductor. Very recently, the theoretical prediction and the
successful experimental discovery of high-temperature superconductivity at 200 K in a sulfur hydride compound at high
pressure have set a record, which inspired further efforts to study the superconductivity of hydrogen-rich compounds.
The present review focuses on crystal structures, stabilities, interaction between atoms, metallization, and superconduc-
tivity of several typical hydrogen-rich compounds at high pressures. Furthermore, higher T, superconductors can be

expected to be found in hydrogen-rich compounds in the future.
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