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Chemical states of localized Fe atoms in hydrides by in-beam Mossbauer
spectroscopy
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In-beam Mossbauer spectroscopy was carried out at the heavy-ion accelerator
in NIRS. Short-lived Mossbauer probe nuclei 57Mn (half-life 1.45 minutes) were obtained by the
projectile fragmentation reaction between 58Fe accelerated to 500 MeV per nucleon and a Be thick
target. The in-beam Mossbauer spectra were measured by on-line technique with a gas flow
parallel-plate avalanche counter (PPAC). The electronic and chemical states of 57Fe in lithium
aluminum hydride and ice were discussed, together with the Mossbauer parameters and the results of
density function calculations. The apparatus for solid hydrogen was designed and the electron
density calculation of Fe atoms at interstitial sites in the hydrogen matrix was performed.

-57 -57



SFe SMn Ty, =1.45
Mn B 14.4 keV %
Fe
[1] 02 (O)Fe(O2)
(O2)Fe0, CH.
(CH4)Fe(CH,)
DFT [2]
LiH LiD B
SFe L H
(3]
20 MeVv
straggling range
10°
(4]
SMn 80 % 14.4 keV B SMn B
B y
B -y
57Fe in-situ
B -y

[1] Y. Kobayashi, “Chapter 3. In-Beam Mdssbauer Spectroscopy Using a Radioactive Beam and
a Neutron Capture Reaction”, in Mdssbauer Spectroscopy — Applications in Chemistry, Biology,
Nanotechnology, ed. by V. K. Sharma, G. Klingelhofer, and T. Nishida, John Wiley & Sons,

New Jersey (USA), (2013) p.58-70.

[2] S. Tanigawaet al., Hyp. Int., 237, 72 (2016) doi s10751-016- 1261-1.
[3] Y. Sato et a., Hyp. Int., 237, 74 (2016) doi s10751-016-1299-0.
[4] T. Nagatomo et al., Nul. Inst. Meth. B 269 (2011) 455-459.

57M n
57M n
B STFe
B -y
Fe
HIMAC
SB2 SMn Ty =145 58Fe
S8Fe 8Fe(CsHs), ECR LINAC
%8Fe 500 MeV/nucleon
20mm Be 1
5Mn RI
Pb 4 mm

Al 4 mm



20mm

Fig. 1
V% PPAC PPAC
SFe SUS
14 keV Y
PPAC
B B -y
B B -y 10
TDC Time-to-Digital Converter
KODAQ
(5]
DFT
Fe
F. Neese ORCA
Fe [6] ORCA
Fe
5Mn ¢25 mm
5 mm
SUS
6 K Si
H =R T YRR E D ~107° Pa
8 K
[5] S. Fukuda, K. Omataet al., IEEE Trans. Nucl. Sci., NS41-1(1994)117.
[6] M. Roemelt, S. Ye, F. Neese, Inorg. Chem., 48 (2009) 784-785.
Fig. 2 13
2 Fe? AEqg
6 Fe(H20)e?*
6 H20 Fe?*
77 150
Fe**
Fe Fe?*
Fe( H 20) 62+ SFe
DFT 4 H,0O Fe? icelc
4 Fe(H20)4?* DFT
13K OH- Fet 3 H.O
FeOH(H:0)** 77K 130K
Fe(OH) 2(H20)- [7]
17K LiAIH4 SFe
Fig. 3 2
(6 =—0.22 mm/s, AEg = 0.65 mm/s) Fe Al3*
FeHs DFT
(0=-1.5 mm/s, AEg= 1.1 mm/s) Li*
Fe Fe FeH4 Al
(8]
SFe DFT
Fe
Fe
Fe Fe
H:

Tablel 2
2019 6



150K WK

300

]
8

8
Normalized intensity (%)

Relative intensity (%)

w
3

]
8

o ¢ 4 2 0 1 4 e
Velocity (mm/s) Velocity (mm/s)
Fig. 1. In-beam emission Mdssbauer spectra Fig. 2. In-beam emission M{ssbauer spectra
of 5’Fe after ’Mn implantation into ice at of 5'Fe after ’Mn implantation into LiAlH4
13, 77, and 150 K [7]. a 17K [8].
Table 1 Fe
n Fe-Ha( ) A 1.S5./ mm/s Q.S./ mm/s
1 2.67298 2.238 0.193
2 4.63124 2.245 0.156
3 5.11476 2.242 0.188
4 5.97929 2.248 0.149
5 6.36116 2.248 0.151
6 7.40053 2.248 0.151
Table 2 Fe
n Fe-Ha( ) A 1.S./ mm/s Q.S./ mm/s
1 2.31558 2.025 0.530
2 3.85425 2.027 0.547
3 4.43310 2.030 0.540
4 5.39989 2.030 0.547
5 5.82128 2.029 0.550
6 6.94196 2.029 0.549
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