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Institute of Materials Structure Science

* Researches of the structure and functionality
of materials using accelerators.

— Synchrotron radiation, neutrons, muons and slow
positrons

— investigate a wide range of materials from those
at the atomic level to polymers and biomolecules.



“Quantum Beams” of IMSS
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Institute of Materials Structure Science
(Tsukuba)

* Synchrotron Radiation

Facility (Photon Factory, PF)
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Institute of Materials S

* Muon facility
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* Neutron facility



Neutron

mass: 1.67 x 1024 g (= proton)
charge: zero Wavelength 1

spin:1/2 A 2
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History of neutron flux
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. Japan has long history of pulsed neutron source



Hydrogen can be cation and anion

v About 90% of v About 63% of

elements in universe elements in human body



Hydrogen

Changes materials function
— Hydrogen can be an electron donor and acceptor

Key element of renewable energy
— Hydrogen storage materials
— High Tc superconducting materials

Key element of our life

— Hydrogen bond
— H20

Most difficult element (atom) to observe
— only one electron: difficult to detect with X-ray
— neutron is the most powerful tool for the direct observation



What's happen if metals absorb
hydrogen

sample provided by Atsumitec Co. Ltd.



Hydrogen absorption

Hydrogen molecule (a few bar)

‘ adsorption on the

dissociation
to atoms ™.

120% by the
absorption

almost same density as liquid can be realized at room temp.




Neutron & Hydrogen

* Neutron scattered by nuclear

— proton (H*) is observable | Neutrons 1 Xrays
2] H
. Q negative !
e Large incoherent cross-
. . @
section of *H
. « . 57 56 54 o SO
— advantage to individual atom Fe "EcliEe
movement observation by j D ° @ Fe 4
— disadv. to atomic structure d -Pb o

observation -> use 2H

— but often isotope effect
between 1H and 2H is large



Neutron total scattering instrument

BL21 NOVA
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inch 800mm
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[ Scattered neutron

Neutron detector

*  Wide-Q measurement including small angle scattering : 0.03 A1~ 100 Al
* Accessible r._, of Pair Distribution Function : ~ 200 A

* High Intensity Powder Diffractometer: AQ/Q ~ 0.35 % NEDO
 Ableto ordered and disordered phase HydroStar

e  Minimum sample amount:~ 1 mg
 Magnetic structure measurement : ~ 0.3 pz(d < 6.5 A @ 0.6%)



Analysis of LaD, above ten-thousands bar

It was found that LaD (mono-hydride) and LaD; exist
above 11 GPa bar

(a)LaD, XRD 13.1 GPa
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Both neutron and X-ray were necessary to find LaD
Ab-initio calc. supported the existence of LaD and LaD,

ab-initio calculation
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Machida, et al.,
Phys. Rev. Lett.

108, 205501 (2012).



Novel hydrogen storage materials
developments

Ab-initio calc. predicted novel hydride
with Cr and synthesized under high-
pressure. X-ray was to used find the
condition

Tohoku Univ. : Takagi & Orimo

Neutron diffraction confirmed

hydrogen position
MLF BL21 (NOVA)

Establishment of synthetic method of
high-density hydrogen storage

Open the way to synthesize very
compact hydrogen storage material

Atomic structure of
Mg,;CrHg

7 hydrogens
connected to Cr and
forms pentagonal

bipyramid CrH, ion

(Courtesy : Tohoku Univ. Orimo lab)

Tohoku Univ. IMR/AIMR, JAEA. KEK. Toyota Central

Lab.

Takagi, S., et al., Angewandte Chemie, 2015: on line




Nine hydrogen around Mo/W/Nb/Ta

hydrogen

(a) LisMoHy; LisWH 4 (b) LigNbH,, LicTaHy,



The periodic table
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Level of H 1s (o bond) electron at
Fermi level
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* At 94 GPa, the band gap will be disappear?

= High-Tc superconductivity realized with
hydrogen ?



Hydrogen & Superconductivity

BCS theory

— Transition temperature, Tc X 1/\/171
— If the hydrogen can commit the electron conductivity, Tc can be room temp?

~—
H,S (2015) T o H2RoKESF
— 150 GPa, Tc =200 K [,
S attRokES 3

N

Pd-H/D (2016) W" TREBRAROKE

— 10 MPa 52-61 K (not confirmed) T 3B i8> DHa
R 3,
La-H (2019) Super conduction at the core
— 188 GPa, Tc = 260K of Jupiter?
H(2019)

— 425 GPa, metallic phase observed (not confirmed)

Structure of hydrogen is essential to understand the
pressure effect on the super conductivity




Summary

* Material science with 4 qguantum beams at
IMSS, KEK

— Synchrotron radiation, neutrons, muons and slow
positrons

— Variety of experiments!

* Hydrogenous materials studies with neutron
at J-PARC MLF were introduced.



