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Surface NMR experiment by a hyperpolarized molecular beam
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NMR is known to be a ﬁowerful tool for analyzing chemical states of
elements. Its application to the analysis of hydrogen on surfaces would provide valuable information
on the surface chemical processes. However, detection of NMR signals from a sample with
submonolayer thickness has been considered to be difficult due to the low sensitivity of the
conventional NMR measurement. Hyperpolarization has attracted much attentions since it greatly
enhances the intensity of the NMR signal. The purpose of the present study is to construct an
instrument which allows us to irradiate a sample surface with a hyperpolarized molecular beam and
detect the NMR signal from the polarized nucleus. A hyperpolarized molecular molecular beam
generated with a use of a hexapole magnet was combined with an UHV NMR apparatus, and its
performance was tested with bulk samples.



NMR

NMR
NMR up/dn ( Pn)
3 300K Py 10°
NMR ( )
NMR Xe
Xe NMR [PNAS, 38 (2004) 13715]
NMR Xe
H NMR
% NMR
NMR
NMR
NMR
€Y
NS
( ) IL#re(u: L:
ro: )
H>
H>
3.6mm, L=0.6m
SURMERIE %D]
K = HERERER—A
10meV 300K e LEED o mn s é -
H> —m’—‘['
80meV 10meV Q == BT SRR
,,,,,,,,,,,,,,,,,,, I ly DoDoooooO 1L
(Ar,Kr) — ‘l—‘
AI’ STBREY IR
10mev 1 NMR
Ar
Hz H2
GM 30K
50K H,
10meV H, Ar
1.5 Ty=90K
20meV H, Ty=180K
NMR CHs  Kr Kr

CoHa



160K

Ty=180K
20meV

NMR

( 180K)

10-%Torr
+ 0.5
0.1 /
(2) NWR

RF

80K

NMR
(b) ©
¢ )@@

(d)

( 8x10-6Pa)
NMR
NMR
H
NMR

NMR

D

/

CoHs

NMR

NMR

NMR

@)

inensity o, unis)

m«‘
50

ICF70
200K

200K

Side view Ambient pressure

Tank circuit Tuning
rods

; I F E = = RF
target i H::—= Jinput
coi I———”

beam

Target st29°

3. NMR

Ultra-high vacuum :

Magnetic field @

View port
Molecular beam spot

Support frame

THNMR in H,0 (5 x 2 1)
@4.003 T, 297 K. 1 atm

"H NMR in Si rubber ($ 2 x 11)
@ 4.003T, 297 K. 1 atm

200
180
160

20

C2aHa4

tiensity G, wit)

o ‘w,—j
w

AN

0w 40 20 0 20 40 60 s
Frequenes ()

4.

2 o
(@) /\ </ (b)
P
F
] "
00
R T T N AT
J—— Froueny (1)
H NMR in paraffin (2 x 2 x 2 mm) 0o H NMR in Si rubber (¢ 2x 11)
@ 4.003T, 297 K. 1 atm e @3.85 T, 297 K. Vacuum: 8 x10%Pa
(c) f @
g

_f _

0 %0 @ 40 20 0 2 0 @ s 1m0
Frequency (k112)

NMR




6 6 3 2

Maruyama Haruka Kurahashi Mitsunori Asakawa Kanta Hatakeyama Atsushi 107

Spin-dependent metastable He atom scattering from ferromagnetic surfaces: Potential application 2023

to polarized-gas production

Physical Review A 022811-1 8
DOl

10.1103/physreva.107.022811

Kurahashi Mitsunori 157

Spin and alignment effects in 02 chemisorption on Fe(110), Ni(111), and Co(0001) films grown on 2022

W(110)

The Journal of Chemical Physics

124703 124703

DOl
10.1063/5.0111934

de Willigen Maatje J. E. Kurahashi Mitsunori Juurlink Ludo B. F.

24

Alignment and impact angular dependence to 02 sticking and dissociation on Pt(111) and close-
packed steps

2022

Physical Chemistry Chemical Physics

18227 18235

DOl
10.1039/d2cp00934j

Tsuda Yasutaka Gueriba Jessiel Siaron Ueta Hirokazu Dino Wilson Agerico Kurahashi 2

Mitsunori Okada Michio

Probing Copper and Copper Gold Alloy Surfaces with Space-Quantized Oxygen Molecular Beam 2022

JACS Au 1839 1847
DOl

10.1021/jacsau.2c00156




Kurahashi Mitsunori Sun Xia 12

Observation of a Half-Metallic Interface State for Pyridine-Adsorbed H/Fe304(100) 2021

The Journal of Physical Chemistry Letters 8489 8494
DOI

10.1021/acs. jpclett.1c02391

Kurahashi Mitsunori 92

Use of hexapole magnet and spin flipper combined with time-of-flight analysis to characterize 2021

state-selected paramagnetic atomic/molecular beams

Review of Scientific Instruments

013201 013201

DOl
10.1063/5.0031903

11 5 3

02 co

2023

2023

2023




Mitsunori Kurahashi

Application of hyperthermal spin and alignment-controlled 02 beam to surface reaction analysis.

The 11th International Conference on Reactive Plasmas / 2022 Gaseous Electronics Conference (ICRP-11 / GEC 2022)

2022

Scattering of spin polarized metastable helium atoms on ferromagnetic surfaces.

The 15th Asia-Pacific Physics Conference (APPC15)

2022
Pt(111) 02 Pt 02
77
2022
82

2021




He

41

2021

H. Maruyama, M. Kurahashi, K. Asakawa, A. Hatakeyama

Spin polarization measurement of metastable He atoms scattered from Fe304(100)

The 9th International Symposium on Surface Science (1SSS-9)

2021
02, H2
2020
/H/Fe304(100)
2020

2020




He

2021

https://samurai.nims.go.jp/profiles/kurahashi_mitsunori?locale=ja
https://samurai.nims.go.jp/profiles/kurahashi_mitsunori

(Goto Atsushi)

(30354369)

(82108)




