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OBJECTIVES OF RESEARCH PROJECT 

One of the most irreplaceable features of the Mossbauer spectroscopy is to extract several information such as elec-

tronic states and magnetic properties for a specific isotope. The main objectives of this project research on advanced 

isotope-specific investigation on the frontier of materials science by the methods of Mossbauer spectroscopy. Devel-

opments of Mossbauer spectroscopy provides more useful and valuable methods in modem materials science. 

In this project research, each group performed their research by specific isotopes: 

61Ni in R6P9-1; 197Au in R6P9-2, R6P9-3; 57Fe in R6P9-4 to R6P9-12; and other isotopes in R6P9-13, R5Pl-14. 

MAIN SUBJECTS AND RESULTS OF THIS REPORT 

Main subjects and results are as follows: 

(R6P9-1, T. Kitazawa) 61Ni Mossbauer spectroscopy of the PbMn晒 Te301s-typeoxides 

Y. Doi et al. investigated magnetic behavior of low-dimensional Ni chain system in Mg-doped 

PbMn2(Nio.9sMgo.os)6 Te301s. The 61Ni Mossbauer spectra of the compound showed unexpectedly little broadening 

due to internal magnetic field. The result may imply the magnetic interactions are weakened by the incorporation of 

diamagnetic Mg2+ ions. 

(R6P9-2, H. Ohashi) Differences in 197 Au Mossbauer Spectra between Adsorbed Gold S皿 plesPrepared with 

Different Acidity 

H. Ohashi et al. investigated mechanism of partial reduction of Au(III) catalysts in different preparation condi-

tions. The 197 Au Mossbauer spectra were measured in Au(III) catalysts adsorbed on Mn02 prepared from acidic so-

lution and alkaline solution. It was found the皿 ountof gold(O) varied greatly depending on preparation conditions. 

(R6P9-3, Y. Kobayashi) Recoilless Fraction on 197Au Mossbauer Spectroscopy of Au Particles Supported on Ti02 

and Si02 

Y. Kobayashi et al. evaluated Debye temperatures of Au particles on Ti02 and Si02. It was found that of Au/Ti02 

is lower than that of metallic Au, while Au/Si02 is similar to metallic. It is considered to be due to fme particle size. 

(R6P9-4, M. Tabuchi) Utilization of Fe ion in Fe and Ni substituted Li畑 03positive electrode material for lith-

ium-ion battery 

M. Tabuchi et al. evaluated the change of Fe oxidation value before and after charging of the electrode materials. 

(R6P9-5, S. Ishiwata) Search for novel spin-charge ordered phases in anomalously high-valence iron oxides 

Z. Ma et al. investigated the behavior of magnetic transition of Ba1-xLaxFe03 (x = 0.1, 0.2, 0.25 and 0.33) and 

evaluated spin-charge ordered phase in charge disproportionation ofFe4+ to Fe3+ + Fe竺
(R6P9-6, K. Shinoda) An Intensity Tensor of Quadrupole Doublet due to Fe Ions Occupying M-sites of Hom-

blende 

K. Shinoda et al. evaluated intensity tensor of hornblende single crystal successfully. 

(R6P9-7, S. Takai) Temperature Dependence of Mossbauer Spectra of Fe203-Ah03 Solid Solution in the Al-rich 

Region 

S. Takai et al. evaluated composition dependence of QS value, which is due to deviation from spherical symmetry. 

(R6P9-8, T. Ohto) Mossbauer Measurement of Spin-Crossover Complex 

T. Ohto confrrmed the spin crossover behavior in reduced graphene oxide template at high temperature of 410 K. 

(R6P9-10. Y. K皿1ihara)Research on Magnetism and Electronic Phase in a H-doped Iron-based Superconductor 

Y.K皿 iharaet al. studied temperature dependence ofH-doped SmFeAs01.x凡toevaluate Debye temperature. 

(R6P9-11, K. Yonezu) Experimental Preliminary Approach on the Precipitation Mechanism of Banded Iron For-

mation (BIF): Precipitation Behavior of Iron-bearing Siliceous Deposit Formed at Higher Temperature 

K. Yonezu et al. prepared the scales皿 plesfrom geothermal power plant and evaluated iron-baring compounds. 

(R6P9-13, R. Masuda) 166Er Mossbauer spectroscopy ofErB66 

R. Masuda et al. evaluated the hyper「inefield of Er in magnetic ordering of ErB66 at 20K. 

(R6P9-14, S. Kitao) Search of 166Er Mossbauer Single-Line Materials 

S. Kitao et al. evaluated 166Er Mossbauer spectra of ErF3 at about 20K, which is a candidate for single-line Er 

material. It is unfortunately found that a broadened component was observed in 166Er Mossbauer spectrum. 

The experiments have not been performed in this term in R6P9-9 and R6P9-12. 
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PR9-1 

61 Ni Mossbauer spectroscopy of the PbMn2Ni6 Te3018-type oxides 

Y. Doi1,2, H. Fukuda1, K. Kitase1, T. Kitazawa1,2, S. Kitao3, Y. Kobayashi3, T. Kubota4, and M. 
Seto3. 

1 Department of Chemistry, Faculty of Science, Toho University, Japan 
2 Research Centre for Materials with Integrated Properties, Toho University 
3 Institute for Integrated Radiation and Nuclear Science, Kyoto University 
4Agency for Health, Safety and Environment, Kyoto University 

INTRODUCTION: The compounds featuring low-dimensional arrangements of magnetic ions are 
known to exhibit distinctive magnetic behaviors at low temperatures. Among them, one-dimensional 
chain systems have attracted a great deal of interest since the proposal of Haldane's conjecture, 
which has led to the discovery of various quantum phenomena, such as the spin-gap behavior 
observed in Ni2+ (S = 1) chains. Recently, we investigated the compound PbMnぶi6恥 01s,which 
contains zigzag Ni2+ chains, and found that it exhibits low-dimensional magnetic behavior and an 
antiferromagnetic transition at 86.0 K arising from the collinear ordering of both Ni2+ and Mn2+ 
magnetic moments[11. Furthermore, this compound has very recently been identified as a potential 
candidate for a novel ferrotoroidic material [21. The fundamental magnetic properties of this 
compound are primarily gov-emed by the Ni2+ chain structure. To gain further insights into the local 
environment and magnetic characteristics of Ni2+ ion, we conducted the 61Ni Mossbauer 
spectroscopy measurements. 

EXPERIMENTS: Polycrystalline samples of PbMn2Ni6Te:i01s and its Cd-and Mg-doped deriva-
tives were synthesized via a conventional solid-state reaction method. The starting materials used 
were PbO, CdO, MnO, NiO, MgO, and Te02. Stoichiometric mixtures of these oxides were thor-
oughly ground, pressed into pellets, and calcined in a muffle furnace at 973-1073 K for 12-36 
hours. Phase purity and structural characterization were confirmed by powder X-ray diffraction 
combined with Rietveld refinement, revealing that all samples crystallize in the hexagonal structure 
with space group P63/m, identical to that of undoped PbMn2Ni6Te301s. For 61Ni Mossbauer 
spectroscopy meas-urements, approximately 0.5 g of powdered sample was loaded into a 10 mm  
diameter sample holder. 

RESULTS: Figure 1 presents the 61Ni Mossbauer spectrum 

of Mg-doped PbMn2(Nio.9sMgo.os)6 Te叫 at20 K. The spec-
trum appears to exhibit a single peak; however, it shows slight 
broadening compared to that of the standard Nis6 V 14 alloy, 
suggesting the possible presence of magnetic hyperfine split-
ting. The Neel temperature of the compound is approximately 
80 K, indicating that the Ni2+ ions are situated in an internal 

magnetic field generated by long-range antiferromagnetic or-
dering. Curve fitting yields an internal field of approximately 
4.6 T, which is unexpectedly small given the relatively high 
transition temperature. This result may imply that the mag-
netic interactions are weakened by the incorporation of dia-
magnetic Mg2+ ions, which likely disrupt the exchange path-
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Fig. 1. The 61Ni Mossbauer spectrum of 
Mg-doped Pb珈 Ni贔 018,

ways. 

REFERENCES: 

[1] Y. Doi et al., J. Inorg. Chem., 54 (2015) 10725-10731. 

[2] R. Nakamura et al., J. Phys. Soc. Jpn., 93 (2024) 063703. 
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PR9-2 

Differences in 197 Au Mossbauer Spectra between Adsorbed Gold Samples 

Prepared with Different Acidity 

H. Ohashi, M. Taguchi, S. Ikeda, T. Okuyama, N. Takahashi, Y. Kobayashi1, S. Kitao1 

Faculty of Symbiotic Sy如emsScience, Fukushima University 
1Institute for Integrated Radiation and Nuclear Science, Kyoto University 

INTRODUCTION: Gold catalysts have been very famous as heterogeneous catalysts. When 
preparing gold catalysts from Au(III) compounds, it was known that the preparation conditions dif-
fer depending on the support metal oxides. Preparation of Au/Mn02 from HAuCl4 compounds 
was known to be difficult. This was because Au(III) ions were partially reduced to Au(O) on the 
surface of Mn 02. 
We have investigated the mechanism of this automatic reduction to Au(O)[l]. As a conclusion, the 
Au(III) component with relatively high IS and QS values was important. However, the reason why 
Au(III) ions were effectively reduced to Au(O) was unknown. In this study, we focused on the slow 
ligand substitution of Au(III) ions and aimed to observe the change in 197 Au Mossbauer spectrum 
when Au(III) aqueous solution was prepared from the alkaline side and the acidic side. 

EXPERIMENTS: Manganese dioxide was added to the HAuC14 aqueous solution to adjust the 

pH 6 from acid media or alkaline media, and the mixture was stirred. The solution of ionic strength 

was adjusted to 0.10 M with NaCl. The suspension solution was filtered using 0.45 μm membrane 

filter, and the filtrate was dried at 30oC for 12 hours. The amount of gold was 

approximately 5wt%. 

197 Au Mossbauer spectra were measured at Kyoto University Research Institute of Nuclear Sci-

ence. The 197Pt isotope (Tl/2 = 18.3 h), y-ray source feeding the 77.3 keV Mossbauer transition of 

197A u, was prepared by neutron irradiation of iso-
topically enriched 196Pt metal at the Kyoto Univer-

sity Reactor. The measurement temperature was 20 
K, and the measurement was performed by the 
transmission method. 

RESULTS: Figure 1 shows 197 Au Mossbauer 

spectra at 20 K for the sample of Au(III) adsorbed on 
Mn02. It was found that the amount of gold(O) varied 
greatly depending on whether the aqueous solution 
was acidic or alkaline (Table 1). 

REFERENCE: 
[1] H. OHASHI, K. YONEZU, D. KAWAMOTO, 
and T. YOKOYAMA, Anal. Sci., 37 (2021) 
1321-1330. 
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Fig. 1. 197 Au Mossbauer spectra at 20 K for 
the sample of Au(III) adsorbed on Mn02. (a) 
prepared from acid solution, (b) from alkaline. 

Table 1 Mossbauer parameters for Au(III) adsorbed on Mn02 samples. (a) Au loaded 5wt%, stirred with 
pH 6 adjusted from acid solution, (b) Au loaded 5wt%, stirred with pH 6 adjusted from alkaline solution. 

Sample (a) 
Sam世

ComponentA 
r /mms・1 IS /mms・1 
2.49 0.01 
2.40 0.01 

ComponentB 
IS /mmsー1 QS /mms-1 
3.24 2.90 
3.17 3.27 

ComponentA 
Area(%) 
68.3 
82.3 

ComponentB 
Area(%) 
31.7 
17.7 
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PR9-3 

Recoilless Fraction on 197 Au Mossbauer Spectroscopy of Au Particles Supported 

on Ti02 and Si02 

Yasuhiro KOBAYASHI1, Hironori OHASHI2 and Makoto SET01 

1Institute for Integrated Radiation and Nuclear Science, Kyoto University 
2Facul ty of Symbiotic Systems Science, Fukushima University 

INTRODUCTION: The recoilless fraction is a parameter that reflects lattice vibrations and pro-
vides important knowledge in physics, chemistry, etc. In 197 Au Mossbauer spectroscopy, the en-
ergy of y-rays is higher than 57Fe, so differences and changes in the recoilless fraction appear sig-
nificantly. We have succeeded in estimating the Debye temperature not from the absolute amount 
of spectral absorption area but from its temperature dependence curve and estimated that of 
Au(OH)3 and Au2S [1]. We applied this technique to Mossbauer measurements of Au-supported 
catalysts. The characteristics of Au-supported catalysts change depending on the supporters. To 
investigate the influences of the supporters on the Au particles, we measured the 197 Au Mossbauer 
spectrum and the recoilless fraction. 

EXPERIMENTS: Prepared samples were Au particles on a Ti02 supporter (Au/Ti02) and Au par-
tides on a Si02 supporter (Au/Si02). The Au contents were 2~ 1 Owt% in Au/Ti02 and 2wt% in 
Au/Si02. The Ti02 or Si02 powder was put in the HAuCl4 aqueous solution, and Au(OH)3 was 
precipitated on the powder surface by adjusting the pH while stirring. The obtained powder was 
dried and calcined at 300°C for 4 hours to prepare the sample [2]. 
Using KUR, the 197Pt y-ray sources for 197 Au Mossbauer measurements were prepared by neutron 

irradiation to 98%-enriched 196Pt metal foil. The y-ray source and samples were cooled to the 
same temperatures using a helium refrigerator. 

RESULTS: In the 197 Au Mossbauer spectra of the Au/Ti02 and Au/Si02 samples, all components 
showed a single peak like metallic Au. It was found that Au was chemically in the metallic Au 
state in all samples. No interface or surface components were observed, even in the Au 2wt% 
Au/Ti02 sample, which is considered the smallest Au particles. 
The Debye temperatures of the Au/Ti02 samples and Au/Si02 sample obtained from the temper-
ature change of the spectral absorption area. It was close to that of bulk metallic Au in the Au 
1 Owt% Au/Ti02 sample. However, it was lower than metallic Au in the Au 2wt% sample. This 
is thought to be due to a decrease in the recoilless fraction due to fine particle size. On the other 
hand, the Au 2wt% Au/Si02 sample had a Debye temperature close to that of metallic Au, suggest-
ing that the particles were not as small as those in Au/Ti 02. In X-ray diffraction, the peaks of me-
tallic Au were not observed in the 2wt% Au/Ti02 sample due to the fine particle size, whereas it 
was observed in the Au/Si02 sample. The results of the recoilless fractions are consistent with the 
X-ray diffraction. The lattice vibrations affect the adsorption and movement of adsorbed mole-
cules on the Au particle surface. Therefore, it is thought to affect catalytic activity. 

REFERENCES: 
[1] Yasuhiro kobayashi et al., Interactions, 245 (2024) 42. 
[2] Luong Xuan Dien et al., Applied Catalysis B: Envirorunental, 241 (2019) 539-547. 
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PR9-4 

Utilization of Fe ion in Fe 

material for lithium-ion battery 

and Ni substituted LhMn03 positive electrode 

M. Tabuchi and Y. Kobayashi1, 
National Institute of Advan四 IndustrialScience an麟 chnology(AIST) 
1 Institute for Integrated Radiation and Nuclear Science, Kyoto University 

INTRODUCTION: Large scale lithium-ion battery (LIB) is needed for EV and ESS applications. 
To stabilize a cost of the LIB, low-cost positive electrode material is necessary. Especially, utiliza-
tion of Fe ion redox is attractive. Fe and Ni substituted恥 Mn03is a suitable positive electrode ma-
terial for above object [1, 2]. In this report, Lii+x(Feo.2NiぃMno.7)1-x02(O<x<l/3) was selected to 
check the change in valence state of Fe ion using 57Fe Mossbauer spectroscopy during the electro-
chemical activation process. 

EXPERIMENTS: The sample was prepared by coprecipitation-calcination method [2]. After 
calcination in air, the sample was calcined by reductive atmosphere (4%H2-96%N2 gas) at 425 °C 
for 3h. The electrochemical activation process was constructed as follows; The charged capacity 
increased from 80 mA1咋 (1st)by 40 mAh/g step until 200 mAh/g (4th) after discharged to 2.0 V 
for Li/sample cell. At 5th cycle, the cell charged to 4.8 V and then discharged to 2.0 V to finish ac-

57 tivation process. The active material was sealed in Al-laminate sheet for J'Fe Mossbauer measure-

ment. The isomer shift (IS) value was calculated using a -Fe as standard material. 

RESULTS: The as-prepared (asp.) and first charged (le) 
sample's XRD pattern can be fitted by a single-phase of 
monoclinic恥 Mn03structure, whereas fifth charged (5c) and 
then discharged (5d) samples had monoclinic NaNi02 one. 
Both structures belong to layered rock-salt one. 
57Fe Mossbauer spectra (Fig. 1) for the as-prepared sam-
ple fitted by two symmetric doublets. The main A component 
(90%, IS=+0.34 mm/s) was assigned as high-spin trivalent Fe 
[3], whereas minor B one (10%, IS=-0.22 mm/s) was at-

tributed as tetravalent state (4+ o state, O< 8 <0.5) [3]. After 

first charging (lc), minor B (20%) and C (7%) components 
appeared. Both components had highly negative IS values 
(-0.32 and -0.46 mm/s for Band Cones, respectively). The B 
and C components were assigned as 4.5+ and 5+ states [4]. 
The fact indicates that attractive Fe3+/s+ redox coexisted with 
normal Fe3+/4+ one on initial charging. At the end of charging 

(5c) state, the lS values ofthe B (21% and C (8%) compo-
nents were raised to +0.15 and +0.li mm/s, respectlvely. § 

Fi. l 57F腎Mi::iSJbauerspectra for before 
ancl after charged samples. 

These components are assigned as 3.5+ state [3], indicating that oxidized Fe ion was reduced in-
completely at the end of charging. At the end of discharging (5d) state, all of Fe component was tri-
valent state. The result showed that the Fe3・5+ ion utilized on fifth discharging. In summary, at 
Lii +x(F eo.2NiぃMno7)ぃ02composition, constituent Fe ion act as redox center on both charging and 
discharging. The obtained result contributes to accelerate the development of low-cost positive 
electrode material. 
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REFERENCES:[1] M. Tabuchi et al., Electrochim. Acta, 303 (2019) 9-20. [2] M. Tabuchi et 
al., Mat. Res. Bull., 149 (2022) 11743. [3] G. Prado et al., J. Electrochem. Soc., 147 (2000) 
2880-2887. [4] F. Menil, J. Phys. Chem. Solids, 46 (1985) 763-789. 
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PR9-5 

Search for novel spin-charge ordered phases in anomalously high-valence iron oxides 

Z. Ma1, M. Onose1・2, H. Takahashi1, S. Kitao3, M. Seto3, S. Ishiwata1 

1 Graduate school of engineering science, Osaka University 
2 Department of Engineering, University of To加
3 Institute for Integrated Radiation and Nuclear Science, Kyoto University 

INTRODUCTION: Charge disproportionation of Fe4+, described by 2Fe4十→ Fe3++ Fe5+, was 
widely observed in perovskite-type iron oxides with anomalous high valence state, and is closely 
linked to the emergence of novel magnetic phases. For instance, charge disproportionation of iron 
was observed in Sn13La113Fe03, originated from the spin-charge ordering (SCO) phase, where the 
three-fold charge ordering was coupled with the six-fold spin ordering. [1] In our previous work, we 
revealed a plausible SCO phase in Ba1-xLaxFe03 when x = 0.2. In order to further understand the 
magnetic ordering, the valence of iron was studied with the Mossbauer spectra for Ba1-xLaxFe03 
with x = 0.1, 0.2, 0.25 and 0.33, measured below the phase transition temperature. 

EXPERIMENTS: Polycrystalline samples of BaぃLaxFe03 were synthesized by annealing 
Ba1-xLaxFeO既 withoxidizing agent(NaCl03) at 500 °C and 8 GPa for lh in a cubic-anvil-type 
high-pressure apparatus. The 57Fe Mossbauer spectra were measured with a 57Co source in Rh. The 
velocity was calibrated with a-Fe. 

RESULTS: Figure l(a) shows the Mossbauer spec-

tra for Ba1-xLaxFe03 with x = 0.1, 0.2, 0.25 and 0.33, 
measured below the phase transition temperature. 
The spectrum for x = 0 was reproduced from previ-
ous report.[2] The spectra for x = 0.1, 0.2, 0.25 and 眉
0.33 can be well fitted by the superposition of two ::, 
sexts corresponding to two Fe ions with different 
valence states, indicating charge disproportionation. 
As shown in Figures 1 (b-c), the sextet with an iso-
mer shift (IS) of approximately 0.5 mm/s and a hy-
perfine field (HF) around 45 T is attributed to Fe3+. 
The other sextet, with an IS of around 0.1 mm/sand 

x=O Feが............_.. (a) 

一Fe3• 9 9 9 9 1 9 

x=0.1 Fe,..>--+-+--+-+--< 36 K 

-10 -5 0 5 
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巻百
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コ-
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x in Ba1_,la,Fe03 an HF of approximately 25 T, is attributed to Fe5+. 
For x = 0.25 and 0.33, the charge disproportionation 

is consistent with the emergence of SCO I phase.[3] 
For x = 0.2, the ratio for Fe3+ and Fe5+ are 53% and 
4 7%, respectively, which is close to the expected ra-
tion of 3 :2, suggesting a novel SCO II phase. The 

Fig. 1. (a) The Mossbauer spectra for Ba1-xLaxFe03 
(x = 0.2, 0.2, 0.25 and 0.33) under phase transition 
temperature. (b) Isomer shift, and hyperfine field, (c) 
quadrupole splitting, (d) Full width at half maximum 
(FWHM) obtained by the fitting of the Mossbauer 

broadening of the sexts for the Fe3+ and Fe5+ is ob- spectra. 

served for lower La content x. The broadening of the 
peaks in x = 0.25 is attributed to the coexistence of HM  and SCO I phases, as it is at the boundary 
of the phase diagram. For x = 0.2, the significant broader peaks indicate spin fluctuations. 

REFERENCES: 

[1] J. Q. Li et al., Phys. Rev. Lett., 79 (1997) 297. 
[2] N. Hayashi et al., Angew. Chem., 123 (2011) 12755. 
[3] M. Onose et al., Phys. Rev. Mater., 4 (2022) 094401. 
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PR9-6 

An Intensity Tensor of Quadrupole Doublet due to Fe Ions Occupying M-sites 

of Hornblende 

K. Shinoda and Y. Kobayashi1 

Department of Geosciences, Graduate School of Science, Osaka Metropolitan University 
1 Institute for Integrated Radiation and Nuclear Science, Kyoto University 

INTRODUCTION: Hornblende is a typical amphibole mineral that widely occurs in igneous and 
metamorphic rocks. General chemical composition of hornblende is NaCa2(Mg, Fe2+, Al)s (Si, Al)s 
022 (OH)2. Hornblende is a major multi-site solid solution mineral that includes Ml, M2, M3 and M4 
sites. Mg and Fe2+ ions occupy the smaller Ml, M2, and M3 sites and Na and Ca ions occupy the 
larger M4 site. Pyroxene is also multi-site solid solution minerals the include Ml and M2 sites. The 
intensitytensorforFe ions atM-sites isimportantproperty foranalyzingM6ssbauerspectraofsing!e 
crystal of multi-site solid solution minerals. Although chemical dependences of intensity tensors in 
Ca-rich pyroxene [1] and Ca-poor orthopyroxene [2] are revealed, intensity tensor due to Fe ions in 

M-sites of amphibole is not revealed. The intensity tensor is a symmetric tensor of which components 
are I:xx, Jyy, Izz, Ixv, Ivz and Ixz. Ivz and Ixz of monoclinic crystal can be fix as O by its symmetry. 
The peak intensity (I) defined as lh/(I計I1),where I1 and lh are the lower and higher peak's intensity, 
respectively [3]. 
EXPERIMENTS: A single crystal of hornblende from Ikenohukuro, Sakai, Suwa, Nagano prefec-
ture, Japan was used for this study. Three crystallographically oriented thin sections perpendicular to 
a, band c were prepared by measuring X-ray diffraction methods. Nine Mossbauer spectra of oriented 
thin sections and one powder spectrum were measured. Cartesian coordinate (X Y Z) is set as XI I c*, 
YI/a, ZJ/b*. Mossbauer measurements were carried out in transmission mode on a constant accelera-
tion spectrometer with an Si-PIN semiconductor detector (XR-lOOCR, AMPTEK Inc.) and multi-

channel analyzer of 1024 channels. A 3. 7GBq 57Co/Rhof 4mm~ in diameter was used as y-ray source. 
An 57Fe-enriched iron foil was used as velocity calibrant. The two symmetric spectra were folded, 
and velocity range was土4mm/s.Mosswinn program was used for peak separation. 
RESULTS: Peak separation of powder sample was per-

formed by three quadrupole doublets of equal intensity peak "''o' ~ ,' ’“r'i'1,1'.’'9’i 

(I =0.5) assuming Fe ions at three M-sites. As the result, ＇•四

three kinds of successful peak separation were obtained. ，•四

Peak separations of single crystal were done in the three ,.,,,o' 
ways by fixing ISn, QSn and LWn (n=l, 2, 3) of powder sam- 巻コ7．紅,o'

゜ple, and unfixing peak intensity (I). For three different peak (.) 
,.a,o' 

separations, three intensity tensors c(q,%£.p, q = x, Y,Z)) 
'・"'がwere obtained by fixing Ivz and Ixz as 0. To examine the 

*"' 
validity of three intensity tensors, intensity tensors (I(＂），ぬ

”'o' 

by unfixing I yz and Ixz as O were also calculated. Comparing ~...,o'.s 
'（) ＊＇’'0 

•4 •3 •2 •1 0 1 
Velocity {mm/s) 

2 3 4 5 

I("）,％＆ and I(＂),％岱 thebest matched intensity tensor was se-

lected as the intensity tensor of this hornblende. Fig. I shows 

Mossbauer spectrum of hornblende single crystal under y-
ray //a-axis and the best peak separation among three differ-
ent parameters (ISn, QSn and LWn). 

Fig. 1. Mossbauer spectra of hornblende 
single crystal under y-ray //a-axis and a 
oeak seoaration with three OS doublets. 

REFERENCES: 
[1] D. Fukuyama et al., J. Mineral. Petrol. Sci., 117 (2022) 011. 
[2] K. Shinoda et al., J. Mineral. Petrol. Sci., 118 (2023) 020. 
[3] R. Zimmermann, Nucl. Instr. and Meth., 128 (1975) 537-543. 
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PR9-7 

Temperature Dependence of Mossbauer Spectra of Fe203-AI心 SolidSolution in 
the Al-rich Region 

S. Takai1, D. Luo1, T. Yabutsuka1, S. Kitao2, M. Seto2 

1Graduate School of Energy Science, K;vto University 
2 Institute for Integrated Radiation and Nuclear Science, Kyo幻University

INTRODUCTION: While a-Fe203 and a-A⑩ exhibit the corundum-type structure, the solid so-
lution range is much restricted around the endmembers of the composition. We have reported the 
successful preparation of Fe203-AlzQ3 solid solutions across the entire compositional range using 
mechanical alloying techniques starting from y-Fe幻3and y-Al幻3.The compositional dependence 
of the solid solution exhibits Vegard's law, and the radial distribution function obtained by EXAFS 
shows the gradual decrease at Fe-Fe distance, whereas it remains almost constant at Fe-0. We 
measured the Mossbauer spectra of (Fe幻3)1-x(AhOふ solidsolutions at room temperature in the 
previous study. The spectra change from sextet to doublet with increasing aluminum concentration, 
which should be ascribed to the spin interaction decrease due ca) LO, 
to the substitution of non-magnetic aluminum ions for iron. 
While the doublet profile is observed for the solid solution of 
x = 0.5 at room temperature, it changes to a sextet with de-
creasing temperature. The spin fluctuation is thought to be re-
stricted by reducing the temperature, and long-range spin in-
teraction becomes evident. In the present study, we deduced 
the magnetic parameters from fitting the spectra with the dou-
blet and sextet profiles. 

EXPERIMENTS: Mossbauer spectroscopy was performed 
on (Fe203)0.s(Al幻3)o.sthrough the conventional transmission 
mode using a 57Co in Rh y-ray source (1.85 GBq). Liquid he-
lium and liquid nitrogen were employed as coolants below and 
above 77 K, respectively. The Doppler velocity scale was cali-
brated using an iron foil reference, and the spectral profiles 

were analyzed in Velocity Buffer File (VBF) mode. The profile 
fitting was carried out by RECOIL program to yield some 
magnetic parameters. 

RESULTS: Fig. 1 shows measured and fitted profiles of the 
Mossbauer spectra for on (Fe幻3)o.s(AlzQ3)o.s.Single doublet 
peaks are employed for the spectra of 300K, while sextet peaks 
are for 10 K. These combinations are used at intermediate tern-
peratures. Fig. 2 represents the quadrupole splitting obtained 
from the sextet and doublet components. The negative values of 
QS for sextet components indicate a weak-ferromagnetic state 
rather than antiferromagnetic for the measured temperature 
range. As for the doublet component, the QS values increase 
with decreasing temperature, which should be ascribed to the 
deviation from spherical symmetry due to the suppression of 
spin fluctuation. 
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Fig. 1 Measured and fitted Mossbauer 
spectra for (Fe203)05(Alz03)05. (a) 10 K, 
(b）40 K, and (c) 300 K. 
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Mossbauer Measurement of Spin-Crossover Complex 

T. Ohto 

Graduate School of Engineering, Nagoya University 

INTRODUCTION: Despite a clear demonstration of bistability in spin-crossover (SCO) materi-
als, the absence of long-range magnetic order and poor electrical conductivity limit their prospect in 
spintronic and nanoelectronic applications. Intending to create hybrid devices made of 
spin-crossover (SC0)-2D architecture, here, we report an easily processable Fe-based SCO 
nanostructures grown on 2D reduced graphene oxide (rGO). The heterostructure shows enhanced 
cooperativity due to formation of interfacial charge transfer induced inter-molecular interaction. The 
spin transition temperature is controlled by tuning the coverage area of SCO nanostructured net-
works over the 2D surfaces, thus manipulating hysteresis (aka memory) of the heterostructure. 
The enhanced magnetic coupling of the heterostructure leads to the spontaneous magnetization 
states with a large coercive field of~ 3000 Oe. Additionally, the low conductivity of the pristine 
SCO nanostructures is addressed by encapsulating them on suitable 2D rGO template, enabling de-
tection of magnetic bistable spin states during high-spin/low-spin conductance change. This adds 
spin functionality in conductance switching for realizing hybrid 2D spintronic devices. Ab-inito 
calculations, on the experimentally proposed nanostructures, corroborate the enhanced magnetic 
interaction in the proposed architecture facilitated by interfacial charge transfer and provide insights 
on the microscopic mechanism. 

***************************************************** 

EXPERIMENTS: Conventional 57Fe Mossbauer spectroscopy was performed using 57Co source 
in Rh matrix with nominal activity of 1.85 GBq. The velocity scale was calibrated with a-Fe. For 
the low temperature measurements, a mixture of the compound with silicone grease was used as the 
Mossbauer absorber. We pelletized mixture of the compound with BN and polyethylene powder for 
the room temperature ~ high temperature measurements. 

***************************************************** 

RESULTS: 
The 57Fe Mossbauer spectroscopy was performed for the low concentration and high concentration 
samples starting from room temperature (297K) to different temperatures until 41 OK high tempera-
ture to reveal the electronic states of Fe centres in the nanocomposites and to confirm the Fe II SCO 
behaviour in a rigorous and accurate way. The low spin and high spin states of Fe(II) can be clearly 
distinguished through their different hyperfine parameters in a quadrupolar interaction. 
＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 

REFERENCES: 
[1] B. Shatabda et al., submitted. 
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Research on Magnetism and Electronic Phase in a H-doped Iron-based 

Superconductor III 

Y. Kamihara, A. Matsuura, Y. Kobayashi 1, S. Kitao1, and M. Seto1 

Department of Applied Physics and Physico-Informatics, Faculty ofScience and Technology, Keio University 
1Institute for Integrated Radiation and Nuclear Science, Kyoto University 

INTRODUCTION: The research in 2024 is to clarify the bulk element specific magnetic proper-
ties of polycrystalline superconducting SmFeAsO叫 x(H-doped Smll 11) prepared by high tem-
perature and high pressure synthesis and SmF eAsOぃFx(F-doped Smllll) prepared by conven-
tional method.[1-5] 57Fe Mossbauer spectra are demonstrated for the H-doped Smllll at several 
low temperatures. Present spectra are very similar to that of superconducting F-doped Sm 1111. [ 5, 
6] 

EXPERIMENTS: The phase purity, lattice constants, and crystal structure of the sintered pow-
ders were examined by powder x-ray diffraction (XRD) Rigaku Rint2500 using Cu K alpha radia-
tion from a rotating anode. The magnetic moment (M) of polycrystalline H-doped Sml 111 was 
measured using a SQUID magnetometer (Quantum Design MPMS) at several temperatures (1) and 
magnetic fields (H). 57Fe Mossbauer spectroscopy was observed at T = 4.2, 10, 20, 50, 77, 300 K 
for the H-doped Smllll. The 57Fe Mossbauer spectroscopy was performed using 14.4 keV y-rays 
from a 57 Co source. 

RESULTS: Figure 1 exhibits 57Fe Mossbauer spectra at T = 4.2, 10, 20, 50, 77, 300 K for 
H-doped Smll 11. The Mossbauer spectra of H-doped Smll 11 were analyzed using the code 
Mosswinn [7], and the apparent isomer shift was determined. In this study, the spectrum was refined 
by considering the electronic state around the Fe nucleus as a mixture of singlet and doublet. Sub-
sequently, the obtained isomer shift (8) values, which were obtained at each T, were used along with 
the theoretical formula to refine the 8-T plot data. In 2025, we will derive and refine the Debye 
temperature for the H-doped Sm 1111. Magnetic phases of the H-doped Sm 1111 are paramagnetic at 
T = 4.2-300 K. 

REFERENCES: 1.00 

[1] For a review, Y. Sakai, Ph. D thesis (Keio 
University, 2015). 
[2] K. Miyazawa et al., Appl. Phys. Lett., 96 
(2010) 07254. 
[3] P. M. Shirage et al., Phys. Rev. Lett., 105 
(1010) 037004. 
[4] Y. Muraba et al., Inorg. Chem., 54 度
(2015) 1 1567-l 1 573． 恩1.00
[5] Y. Kamihara et al., New J. Phys., 12，0:: 0.95 
033005 (2010). 
[6] Y. Kamihara et al., American Physical 
Society March Meeting, Dallas, USA 
(2011). 
[7] Z. Klencsar, Mosswinn Program (Budapest, 

Fig. 1. 57Fe Mossbauer spectra at T = 4.2, 10, 20, 
50, 77, 300 K for H-doped Sm 1111. 

2001). [http://www.mosswinn.com/]. 
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Experimental Preliminary Approach on the Precipitation Mechanism of 

Banded Iron Formation (BIF: Precipitation Behavior of Iron-bearing 

Siliceous Deposit Formed at Higher Temperature 

K. Yonezu1, E. Wanyonyi1, S. Juhri1, Y. Kobayashi2 and T. Yokoyama3 

1Department of Earth Resources Engineering, Faculty of Engineering, Kyushu University 
2 Institute for Integrated Radiation and Nuclear Science, K)Vto University 
3Department of Chemistry, Faculty of Sciences, Kyushu University 

INTRODUCTION: Banded Iron Formation (BIF) is chemically precipitated sedimentary rock 
at Precambrian age. Current iron resource widely used in our industries largely depends on 
BIF. Commonly the hydrothermal water, anoxic water was mixed with oxic seawater (e.g., 
Otake and Otomo, 2021). However, the formation mechanism of BIF was not yet clarified. In 
order to ap-proach the formation mechanism, we have done ambient temperature batch 
experiments, elevated temperature batch experiments and the experiments using natural system 
(geothermal fluid mixed with seawater and silica scale characterization formed at around 100 
degree C). Therefore, this study aims to understand the formation mechanism of iron-bearing 
siliceous deposits at higher temperature in Olkaria geothermal power plant in Kenya. 

EXPERIMENTS: Several scale samples were collected from multiple locations of the Olkaria ge-
othermal power plant, including separators, atmospheric silencers, brine lines, scrubbers, vent sta-
tions, and cooling towers. The samples were analyzed by XRD, XRF, petrograph and NMR (29Si 
and 27Al). 

RESULTS: As shown in Fig. 1, 27 Al NMR results suggested that most of Al is present as 
4-coordinated structure with minor 6 coordinated structure. Combined with the data from 
SEM-EDX, aluminum was seen to be uniformly distributed in the silica phase, especially in the 
samples from the separators, suggesting that the 4-coordinate aluminum ion (Al04 unit) was present 
at the silicon site (SiQ4 unit) in the silica phase by isomorphous substitution. The chemical compo-
sition of those samples are mainly composed of Si02, followed by Alz03 and Fe幻3(up to 2.3wt%). 
Mineralogically, those samples are amorphous phase. Additionally, 29Si NMR spectra indicated that 
the structure considered for Si was Q4. The detailed peak deconvolution was conducted and re-
vealed that there are several mineral phases in one sample as suggested by XRD pattern with the 
presence of opal. The role of Al in the precipitation of siliceous deposit was well discussed, howev-
er iron-bearing siliceous deposit in neutral to 
alkaline pH conditions with high temperature I a) II 52,Sppm b) II 563ppm J c) n 51.5pp,n d) [[52.5ppm 
has not yet discussed. For further discussion 
on the formation mechanism of iron-bearing 
siliceous deposit would be an important key to 
understand the formation mechanism of BIF. 

REFERENCES: 
[1] T. Otake et al., Shi-gen-Chishitsu, 71 
(2021) 57-73. 
[2] E. Wanyonyi et al., Geo-thermics 117 
(2024) 102871. 
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166Er Mossbauer spectroscopy of ErB66 

R. Masuda, F. Iga1, S. Kitao2, Y. Kobayashi2, K. Murakami, T. Kato, H. Shimizu, and M. Seto2 

Graduate School of Science and Technology, Hirosaki University 
:Graduate School of Science and Technology, Jbaraki University 
2 Institute for Integrated Radiation and Nuclear Science, Kyoto University 

INTRODUCTION: Boron-rich rare earth borides recently attract researchers as magnetical-
ly-diluted insulators. In fact, we can control the ratio of the constituent magnetic atom, i. e. rare 
earth atoms; REB4, REB6, REB12, and REB66 (RE=rare earth) are typically stable. Erbium atom is a 
rare earth element with L=6 and S=3/2 (J = 15/2) and ErB66 is a semiconductor boride with diluted 

magnetic atoms. Its crystal structure is cubic Fm3c, same as other rare earth REB66-The clear mag-
netic ordering is seen below 0.5 K as the maximum in the ac susceptibility measurement and above 
the temperature, a spin glass state is discussed [1]. Recently, 166Er Mossbauer spectroscopy using 

166Ho (T112=26.81!) sourc~ is ~vailab_le in KU.RN§. [2~3]. Therefor~, Vfe performed 166Er Mossbauer 
spectroscopy to observe the electronic state ofErB66 infoicroscopic viewpoint. 

EXPERIMENTS: The Mossbauer spectroscopy was performed at Tracer Laboratory at KURNS 
using cryostat by a refrigerator by cooling both source and sample. The source was (166Ho,Y)H2 
powder synthesized by the neutron irradiation to the dihydride with natural Ho, that is, Ho consisted 
of only 165Ho. The irradiation condition was 2.5 hours under lMW KUR operation. The sample was 
non-enriched ErB66 powder, that is, including 33.5 % of 166Er, shaped to the pellet of 10 mmcp. The 

y-rays from the source penetrated the sample and were detected by a CeBf3 scintillator. The detail of 
the Mossbauer measurement system is shown in ref. [3]. 

RESULTS: The Mossbauer spectrum of ErB66 at 20 K is shown in Fig. 1. The magnetic hyperfine 
splitting is clearly shown even at 20 K, by far higher than the temperature of maximum of the ac 
susceptibility. This result is clear evidence for the existence of a kind of magnetic ordering, which is 
discussed as spin-glass state. Furthermore, the spectrum was not a typical shape of the simple one 
element with magnetic splitting. It can be analyzed by a model with the distribution of magnetic 
hyperfine fields. The normal distribution of magnetic hyperfine fields with the mean of 628 T and 
the standard deviation of 38.4 T explains the spectra, as shown in Fig. 1. The existence of such dis-
tribution agrees with the spin-glass state and implies that the glass state includes the distribution of 
atomic magnetic moments. Ifwe use the conversion factor 87.1 TlμB derived from the 166Er Moss-

bauer spectroscopy of antiferromagnetic Ef3Ge4 [4], these parameters correspond to the mean of 
7.21 μB and the standard deviation of 
0.441μB. 

REFERENCES: 
[1] H. Kim et al., J. Supercond. Nov. 
Magn., 25 (2012) 2371-2375. 
[2] S. Nakamura, et al., Hyperfine 
Interact., 241 (2019) 75. 
[3] S. Kitao et al., Hyperfine Interact., 244 
(2023) 10. 
[4] D. H. Ryan et al., Hyperfine Interact., 
153 (2004) 43-55. 
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Fig. 1 The Mossbauer spectrum of ErB66 at 20 K. 
The red dots are experimental data and the 

line is a fitting with a distribution of the 
magnetic hyperfine interaction. 
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Search of166Er Mossbauer Single-Line Materials 

S. Kitao1, Y. Kobayashi 1, H. Yamashita2, R. Masuda3, and M. Seto1 

2 

INTRODUCTION: 
The Mossbauer spectroscopy is one of the most powerful methods to investigate electronic states and magnetic proper-
ties by extracting the information of a specific isotope. Mossbauer spectroscopy in general is performed for quite lim-
ited isotopes, such as 57Fe and 119Sn. On the contrary, the neutron irradiation facility at Kyoto University Reactor (KUR) 
at KURNS can be used to produce various radioactive isotopes for the Mossbauer sources. Moreover, some isotopes can 

be complementa骰訊roducedb邸hifh-energyY-ray irradiation convertedfromelectron beam from the electron linear 
accelerator (KURNS--LINAC). We have been developing practical methods for Mossbauer spectroscopy for various 

isotopes. Mossbauer spectroscopy are available at present in following isotopes(source in parentheses): 61Ni(61Co), 

12sTe(12smTe), 1291(129Te, 129mTe), 161Dy(161Tb), 166Er(166Ho), 169Tm(169Er), 110Yb(110Tm), 191 Au(197Pt), etc. 

Among these isotopes, 166Er Mossbauer spectroscopy is one of the most useful methods for studies of electronic or 

magnetic state for Er compounds. For some former studies, HoAh was used as a Mossbauer source [1]. However, the 
measurement temperature had not to be cooled below around 40 K, since HoAh has magnetic transition at 25 K. To 
overcome this disadvantage, another source material, Hoo.4 Yo.6止 hadbeen successfully synthesized with similar meth-
od in the references [2,3] and confirmed a single-line 166Er Mossbauer spectra as low as 18K [4]. As for 166Er Mossbau-

er spectroscopy, not only the source material, but also single-line Er compound is important. The single-line Er com-
pound can also be used as a reference material for synchrotoron-radiation-based Mossbauer spectroscopy. Although 
ErH2 can be used as a single-line Er compound, it has disadvantages of low recoilless fraction and degradation at ambi-
ent atmosphere. Er-Al alloys can also be used as a single-line Er compound, which is stable at ambient atmosphere. 
However, the recoilless fraction is still low. Therefore, it is important to search for another useful single-line Er com-
pound. 
In this report, a study of an Er compound, ErF3 is described. ErF3 is expected as a compound with high recoilless frac-

tion. However, the Mossbauer spectra of ErF3 has not been well known at low temperature. 

EXPERIMENTS AND RESULTS: 
The source material Hoo.4 Y o.6圧 hasbeen synthesized by 
hydridation of Hoo.4 Yo.6 alloy. The neutron irradiation was 
performed at pneumatic tube of KUR for 150 minutes at 
lMW operation or 30 minutes at 5MW operation. The 166Ho 

source with a half-life of 26.8 h was obtained and used for 
the 166Er Mossbauer measurement for 2 or 3 days. The 
source material can be irradiatedrepeatedly, when it is kept 

in a vacuum desiccator after use to avoid degradation. The 
ErF3 was purchased from Mitsuwa Chemicals Co., Ltd. The 
measurement temperature was controlled by keeping both 
the source and the absorber in a He-gas filled space using a 
closed cycle He-refrigerator. 
The obtained spectra ofErF3 at about 20K are shown in Fig. Fig. 1. 166Er-Mossbauer spectrum of ErF3 using 

1. The spectrum showed that magnetic splitting was not 166Hoo.4 y 0_6圧 sourceat about 20 K. 
clearly observed. However, the spectra contained a broad-

ened component. It may result from relaxation phenomenon 
of magnetic ordering. Therefore, ErF3 is unfortunately found to be unsuitable for a single-line material. However, it is 
worth researching on property of ErF3 to search for another candidate for single-line compounds in related compounds. 
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