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Theoretical phase diagram of solid hydrogen
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2. Calculation method.



1. Calculation of the ions trajectories 

determined by the solution of 

the Newton’s equations of motion

with forces obtained within the DFT

2. Equilibration of the system

3. Calculation of parameters of the system:

Proton-proton pair correlation function g(r)

Pressure

Conductivity

METHOD
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Kramers-Kronig transformation
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3. Validation.



Initial configuration
Monocline structure 

with C2/c space group

24 atoms in the unit cell

Density: 1.14 g/cm3

Pressure: 302 GPa

Number of particles: 192
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C.J. Pickard, R.J. Needs // Nature Phys. 3, 473 (2007)



MD at initial density

Conductivity: 0.58 (Ohm·cm)-1
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4. Molecular phase at high pressure



MD at density 1.55 g/cm3

Conductivity at density 1.55 g/cm3: 5.32 (Ohm·cm)-1



Pair correlation function at pressure 585 GPa
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Space group: Cmca

C.J. Pickard, R.J. Needs // Nature Phys. 3, 473 (2007)



Comments 

We do nothing to create structures. 

We use the structure with C2/c space group as 

are initial conditions in each case. 

Formation of one or another molecular structure

is a result of equilibration 

at the quantum molecular dynamics simulation



5. Conducting phase



MD at density 1.563 g/cm3

Conductivity at density 1.563 g/cm3: 85300 (Ohm·cm)-1



Space group: I41/amd

Н.Н. Дегтяренко, Е.А. Мазур. Устойчивая структура 

металлического водорода при давлении 500 ГПа 

// Письма в ЖЭТФ, 104, №5, с. 329 – 333 (2016)



Pair correlation functions at pressure range 607 - 836 GPa
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Comments 

We do nothing to create 

a new conducting structure. 

We use the structure with C2/c space group as 

the initial condition in each case. 

Formation of the conducting structure

is a result of equilibration 

at the quantum molecular dynamics simulation



Theoretical phase diagram of solid hydrogen

200 300 400 500 600

0

100

200

300

400

I4
1
/amd

C
m

c
a
-4

Mixed Phases (Pc)

Cmca-12

 

 

T
e
m

p
e

ra
tu

re
 (

K
)

Pressure (GPa)

C2/c

S. Azadi PRL 

112, 165501 (2014)



6. Conclusions

Wigner and Huntington and all subsequent authors

considered only the proton lattice formation 

at the transition to the conducting state. 

The PCF peak arises at a distance 0.92 Å 

at a density of 1.563 g/cm3 and a pressure of 607 GPa, 

and it remans at the same distance up to the 836 GPa.

The distance 0.92 Å corresponds to the interatomic 

separation in H3
+

Formation of the intermediate dielectric molecular phase

and the final conducting phase is observed

during one and the same molecular dynamic trajectory





1. Ionization

2. Subsequent equilibration
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Mechanism of

the phase transition


