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Hydrogen storage technology

Compressed hydrogen

Liquid hydrogen

Metal Hydride

It is required for the green hydrogen economy

http:// www.hydrogen.energy.gov

More efficient, safety, economy, moderate condition, environmentally friendly

technology are strongly pursued.

Graphite or graphene based hydrogen storage

C:H = 1:1,  Hydrogen storage weight ratio is  7.69 w%

Desired target values:     
DOE (United States Department of Energy) :   Over 6  w% @ under 100ϴ
IEA (International Energy Agency) :                               5.0 w@ 80ϴ
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Realizing a Carbon-Based Hydrogen Storage Material

T. Roman, et al., JJAP. 45,(2006) 1765.

T Roman, W A Dino, H Nakanishi and H Kasai J. Phys.: Condens. Matter 21 (2009) 474219 

High-uptake graphene hydrogenation: a computational perspective



We want to treat the quantum behavior of the hydrogen in the 
material. Hydrogen is one of the key element for the future 
technology.                                                        

άŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎȅέΣ  άōƛƻǘŜŎƘƴƻƭƻƎȅέ 

Photosynthesis biochemistry

aqueous solution

hydrogen bond

electrolyte

mM >>Proton
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Conventional ab initio simulations can treat electrons by quantum 
mechanics. We have been developing the quantum simulation code 
for both the nuclei and electrons, Naniawa: .

Enzyme catalysis



What is Naniwa ? 
ÅNANIWA is a computational code for performing first 

principles quantum mechanical calculations.

ÅTwo kinds of Naniwa codes in Kasai lab.

Naniwa for quantum reaction: It is a quantum mechanical 
version of the first principles molecular dynamics (MD) 
calculations, for reactions.
άǿŜ Ŏŀƴ ǎƻƭǾŜ ǘƘŜ ǎŎŀǘǘŜǊƛƴƎ ǇǊƻōƭŜƳǎΣ ŀƴŘ ƻōǘŀƛƴ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ  ǎƻƳŜ ŜǾŜƴǘǎΣ 
ŀŘǎƻǊǇǘƛƻƴΣ ŘŜǎƻǊǇǘƛƻƴΣ ǊŜŦƭŜŎǘƛƻƴΣ ŜȄŎƛǘŀǘƛƻƴΣ ŜǘŎΦέ

Naniwa for quantum state: It is a  nucleus version of the first 
principles quantum state calculations.
ά²Ŝ Ŏŀƴ ǎƻƭǾŜ ǘƘŜ eigenvalue problem, and obtain the eigenstatesand their eigenenergies
ŦƻǊ ŀǘƻƳ όƴǳŎƭŜŀǊύ Ƴƻǘƛƻƴέ
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Our quantum simulationscheme: Naniwa 

Potential energy

for nucleus motions :

Wave function for 

nucleus motion

Derive  the  

various 

physical 

quantities

Solve the Schrödinger 
equation for nucleus 
motion

-Parameters are only 

atomic number of elements

-No fitting and no artificial procedure

Interactions between nucleus is calculated 

by DFT based first principle calculations

)(RnU
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Electron energy loss spectroscopy (EELS)

** G. Lee, et al., Surf. Sci. 498(2002) 229.

Our simulation 

result *
135 meV

Experimental 

data **
129 meV

5% error
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for Excited state

Surface-normal vibration 

energy of Hydrogen atom 

adsorbed on Cu(111) surface

No fitting parameters !

*K. Nobuharaet al., J.Appl. Phys. 96 (2004) 5020. 

Calculate the Eigen states 

for the atomic motions
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*G. Lee, et al., Surf. Sci. 498(2002) 229.

Comparison  between  our simulation Naniwa and experimental results

Surface-normal vibration excitation energy of hydrogen atom adsorbed on metal surface

No fitting parameters !

*K. Nobuharaet al., J.Appl. Phys. 96 (2004) 5020. 

Naniwa Experiment Error

H on Cu(111) 135 meV 129 meV* 4.7%

D on Cu(111) 104 meV 96 meV 8.3%

isotopeeffect 1.29 1.34 3.4%

Naniwa Experiment Error

H on Pd(111) 114 meV 124 meV ** 8.1%

** H. Conrad, et al, J. Vac. Sci. Technol. A5, 452 (1987). 

Electron energy loss spectroscopy (EELS)*

Vivrational excited stateGround state
Less than 10% error

Ratio in harmonic potential is ς ρȢτρτ



Comparison  between  our simulation Naniwa and experimental results

Momentum distribution of adsorbed hydrogen atom is observable in its ground state. 

Naniwa K. Fukutani et al., PRL 48(2002)116101.

NRA : Nuclear Reaction Analysis



(Positive) muon ˃

˃ Antimuon ------->positron Antimuonneutrino electron neutrino

Particle statistics Fermionic

Mass: m˃ 105.658369(9)MeV/c2

Electric charge: e

Spin: 1ѷ2

Mean lifetime : ˍ 2.19703(4)×10ҍсsec

Muon spin spectroscopy˃{w

Gyromagnetic ratio 135.53 MHz/T

Spin:1ѷ2

sensitivemagnetic measurement

positron emission

precession movement in 
the magnetic moment

Life time : ˍнΦн˃ǎŜŎ

------->

The primary decay mode of a pion is a purely 
leptonicdecay into a muon and a muon neutrino. 
And the muon is 100% spin polarized

Positive muoncatches an electron, and forms
the hydrogen like atom.

+˃ eҍ

Muonium
Its reduced mass and magnetic 
moment is different from a 
hydrogen atom.

Isotope of hydrogen
m˃ (1/9) mp

207 me
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