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R-3m, 2 TPaI41/amd, 0.7 TPa

Metallic hydrogen: TC is 217-356 К at ~500 GPa

Metallic sulfur hydride: TC is up to 203 К at 155 GPa

In addition PH2, SiHx and H3Se were also synthesized (Tc < 100 K)
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The maximum TC ~ 250-260 K
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LiH6       NaH7 FeH5 LaH10 YH6-9 UH7-9 ThH9-10 CeH9-10 BaH12 PrH9 NdH9 EuH9

Molecular 
hydrides

Metallic hydrides Magnetic metallic hydrides

YH6 BaH12 (H2, H3
- группы )

Different hydrogen form – different physical properties
Magnetism suppresses superconductivity
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DFT calculations, statistical analysis, experiment and the use of neural networks show that the distribution 
of BINARY superconducting hydrides has a pronounced maximum for d0-d1 elements + Mg (“lability belt”).
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F(A,B) = F(B,A)
F(A,A) = maxTC (A)

F(1,A)=F(A,A)

Fact 1: we do not have enough 

calculated ternary systems to get reliable 

results from the AI model. 

Number of studied ternary systems ~15

Fact 2: we can consider binary systems (~ 50)

as degenerate ternary. In this case the model points to 

combination of elements from the d-belt as the promising 

area for research.

15 layers of 12 neurons in a layer
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La-H

Atomic number

max TC

In ternary hydrides, even higher TC can be 

achieved at lower pressure and hydrogen 

content than in binary hydrides.
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RESULT:

95 % of ternary systems have Tc< 150 K, 

and just 48 systems have Tc > 250 K 



Doping of known superhydrides: YH6 and LaH10
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R-3m-LaXH20 (180 GPa)

Direct calculations show that there may be the SECOND 

GROUP of HTSC ternary hydrides: a combination of 

metals and non-metals (Y,Te)H12, (La,Ne)H20



Theoretical investigation of La-Y-H ternary hydrides 

Analysis shows that (La,Y)H4,6,10 substituted 

superhydrides are close to CH (in 10-30 meV/atom) 

and can be synthesized, especially at high temperatures.
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Experiment 1: La-Y-H ternary hydrides with JC up to 3500 A/mm2

This YH10 should be room-temperature superconductor with TC > 300 K

These ternary hydrides are 

SOLID SOLUTIONS 

and their X-ray diffraction 

is similar to XRD of pure 

La or Y hydrides. 

The main difference is 

the unit cell volume.   
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Experiment 1: La-Y-H ternary hydrides: (La,Y)H4, (La,Y)H6, (La,Y)H10

Critical temperature depends on external magnetic field 

within the BCS model of superconductivity

LaY
La2Y
La4Y
LaY4
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+15 oC

Experiment 2: C-S-H system 

16



Theoretical investigation of C-S-H system, search for stable phases 
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S2H7 (1D infinite H-H-H chains)

3D convex hull of C-S-H 
almost do not contain stable 
ternary hydrides. 

Most part of ternary C-S 
hydrides have positive formation 
enthalpy. 

PRB 2020: CSH7

10.1103/PhysRevB.101.134504
TC values ranging from 100 K to 
190 K



Fm-3m-SCH16 (300 GPa, XH8) Fm-3m-S3CH12 (300 GPa, XH3)
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Graphene-like hydrogen stabilized by infinite polymeric chains [-S-CH3-]n with pentacoordinate carbon may be 

responsible for room-temperature superconductivity in C-S hydrides

Theoretical investigation: C-S-H system, h-CSH16 as an interesting model system

This structure was found in NPU (Xi’an, Haiyang Niu group)

One of the found ternary structures was P-62m-CSH16 which consists of 2D layers of hydrogen stitched with polymer [-S-CH3-]n
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Experiment 2: C-S-H system, electron phonon interaction 
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QE, VASP calculations
confirm this universal idea:
TC(300 GPa) > 250 K
and several vHs are placed 
close to the Fermi level

1000 K




