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J. Phys.: Condens. Matter 34 (2022) 173001 Topical Review
IA Periodic table of binary hydride superconductors 0
H He
1 1A N ImA | IVA VA VIA | VIIA
LiH: | BeH: Compounds Fe H X( < 1 ) Fe H 5 BH: C N (0] F Ne
2 | 300177 | 40046 Pressure (GPa) T(K) —> 360125
CaH, CaH, | |
NaHe AlHs | SiH; PH3 HaS H2Cl | ArHs
3 | w2 IIB | IVB VB VIB | VIIB | VIII IB [IB | 20132 | 275139 | 20083° | 155203° | 45044 | 150072
KHypo | Cale | ScHe | TizHi3 | VHs CrHz Mn FeHs CoHs NiH3 CuzH Zn GaHs GeHs AsHs HiSe HBr Kr
4 | 150134 | 1722150 | 300233 | 350149 | 20063 | 8131 15034 | 13035 1303 | 400028 12090 | 1s0100 | 350130 | 20016 | 14027
RbHi;2 | StHie | YHs | ZrHio | NbHy | MoHn | TcHs RuHjs RhH PdH Ag Cd InHs | SnHis SbHs TeHs Hal XeH
S | 150133 | 300259 | 201243 | 300199 | 300117 | 250176 | 3007 1004 025 020 20034 | 30086 15095 | 17095 | 24024 10029
CsH; | BaHy: | 57-71 | HfHp | TaHg | WHu | ResH | OsH IrH PtH AuH Hg Tl PbHs | BiHs | PoHs At Rn
6 | 10090 | 14020* | La~Lu | 300213 | 300124 | 300152 13 1002.1 807 n2s | 2021 200162 | 200110 | 15033
FrH; | RaH;; | 89-103 Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
7 | 10068 | 200116 | Ac~Lr
. LaHe CeH PrHs NdHs PmH;o SmHio EuHjo GdH o TbHio DyHo HoHs ErHis TmHs YbHs LuHs
Lanthanides
151280 | 951150 1269 | moass | 25063 | 25058 | 25069 | 30023 | 40085 | 40025 15037 15032 5019 200121 | 200227
Actinid AcHyo | ThHje | PaHy UHs NpH- PuHs | AmHs | CmHs Bk Cf Es Fm Md No Lr
ctinides 200204 | t74i61* | 15063 5035 5096 5082 50031 50094
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FeH: (2017, France)

Synthesis of FeHs: A layered structure
with atomic hydrogen slabs

C.M. Pepin et al., Science (2017)
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(A) Powder x-ray diffraction pattern and Rietveld refi

structure (iron atoms only) at 130 GPa for A = 0.3738 A. Vertical ticks
correspond to the Bragg peaks for I4/mmm-FeHs and hexagonal
close-packed-rhenium (gasket material). The conventional reliability
factors for the Rietveld refinement are (in %) RBraggg.ps, = 8.72,

Ry =19.3, Ryn = 17.3. (Inset) Image plate. (B) Molar volume per formula
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Fig. 2. Hydrogen in the host lattice. (A) Evolution of the stoichiometry
and of the structures of iron hydrides synthesized in excess of hydrogen as
the pressure increases. (B) Volume expansion by adding one H to FeH,,
compared to the equation of state of pure atomic hydrogen. The volume

expansion is determined as the slope of the equation V(FeH,,) versus
stoichiometry at various pressures. (C) Comparison of the nearest H-
distances in AlHz (29), H3S (30), FeH,, FeHs (19), metal H (25), and
as a function of pressure.
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CaH, (2022, China) Hr— R

e
1

. &1 High-Temperature Superconducting Phase in Clathrate Calcium Hydride CaH,
ﬂ? ‘ up to 215 K at a Pressure of 172 GPa
»

L. Ma et al., Phys. Rev. Lett. (2022)

BNy .
- Also from Z. Li et al., Nature Comm. (2022)
(b) 40
—_ 0.8
=] T . -
— 2 0 T,~210K 55
e B[ g | veen T B,=221 GPa ° data
SO I —— fit
= z 50 4 B,=3
— 30} & 02
. & V,=53.59
@ M=% 200 250 300
% 251 Temperature (K) t:‘;\ 451
E Tt w
DG Depmron ~
= e g
S 20 EEIT @) - > 40
- ==--CAL_im-3m CaH,
a cell_1 v cell_.2 o cell 3
15 ! . -
120 140 160 180 200 35 a=3.308 A — | \O’.
Pressure (GPa) 1 @150GPa %200
30+
FIG. 1. (a)Synchrotron x-ray diffraction pattern of the clathrate
calcium hydride from cell_1 obtained following laser heating of T T T T T T T
Ca and BH;NH; at 190 GPa and the Rietveld refinement of the 0 50 100 150 200 250
clathrate CaHj structure. (b) Experimental EOS from the different
samples in this Letter in comparison with that of the predicted P (GPa)
clathrate CaHy. The EOS data from cell_1, cell_2, and cell_3

were marked with red triangles, blue inverted triangles, and green
rhombus, respectively. The superconducting transition with T, ~

; . Fig. 5 The structure characterizations. The pressure dependence of unit
210 K was observed in the electrical measurement for cell _1 at 3 . . .
190 GPa as shown in the top inset. cell volume of the CaHg. The red line is the fit to equation of stat.
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