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Hydrogen economy

Hydrogen economy

Means to store energy from renewables

Mobile applications

Cars, Trucks, Forklifts, Ships, Cell Phones

Stationary applications

Energy buffer in power plants

Home storage

Does the storage capacity of a nano 

material depend on its surroundings?

How much can you stretch a metallic 

glass with hydrogen in one dimension? 



Hydrogen economy





Super lattices





Vanadium phase diagram

Lattice parameter:

dFe = 2.87 Å

dV = 3.03 Å

Film clamped to the substrate

Expansion only possible out of plane

V tetragonal distorted

Oz sites preferably occupied



Resistivity and optical transmission





• Ultra high vacuum P : 1e-10 mbar

• Temperature sensor on the sample

• T : 293 - 493 K

• P : 1e-4 - 1e3 mbar

• Ultra pure hydrogen and deuterium

• Optical Transmission 

• Optical Reflectance possible

• Raman scattering possible

In-situ gas loading environment on Super ADAM



Neutron reflectometry

Hydrogen concentration manifests as changes 
in refractive index for neutrons neutrons



Lattice expansion



Finite size effect



Finite size scaling

Condition for critical point:

Finite size scaling calculated from mean interaction:
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How much can you stretch a metallic glass with 

hydrogen in one dimension? 

J. Bylin, P. Malinovskis, A. Devishvili, R. Scheicher, G. K. Pálsson, Phys Rev. B. 106, 104110 (2022).



Diffusion

Diffusion equation:



Hydrogen diffusion

50 nm film of vanadium

21 ML of vanadium



H diffusion measured with neutrons



Resonant enhancement



Calculating the wave field



Incoherent scattering

Phys. Rev. Lett. 123, 016101 (2019). 



Incoherent scattering



Hydrogen loading

Phys. Rev. B 103, 235423 (2021)



Summary

Hydrogen economy

Transition metal hydrides

Proximity effect

Finite size effect

Strain effect

Resistivity as a measure for order

Optical transmission as a measure for hydrogen concentration

Ion beam analysis as real space method

Neutron reflectometry
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