
- 10 -



- 11 -



Peak intensity of quadrupole doublet of cordierite by single crystal Mössbauer 
microspectros-copy 

γ

 single crystals of natu-
ral cordierite were used for this study. 

Crystallo-
graphically oriented thin sections perpendicular to c* was 
prepared by measuring X-ray diffraction patterns by using 
X-ray precession camera. Mössbauer spectra of thin sec-
tion of single crystal of cordierite were measured under γ-
ray parallel to the c*-axis.

Mössbauer measure-
ments were carried out in transmission mode on a constant 
acceleration spectrometer with an Si-PIN semiconductor 
detector (XR-100CR, AMPTEK Inc.) and multi-channel 
analyzer of 1024 channels. A 3.7GBq 57Co/Rh of 4mmφ in
diameter was used as γ-ray source. An 57Fe-enriched iron
foil was used as velocity calibrant. The two symmetric 
spectra were folded and velocity range was ±5mm/s. 
Thickness corrections of raw spectra were not done.  

Fig.1 Mössbauer spectrum of hexagonal cordierite meas-
ured under γ-ray parallel to the c*-axis.

 Fig.1. Mössbauer spectrum of hexagonal cordierite meas-
ured under γ-ray parallel to the c*-axis. Isomer shift, Q-
splitting, line width and intensity of quadruploe doublet 
were 1.21, 2.30, 0.32 mm/s and 0.31, respectively. Ortho-
rhombic cordierite shows quite resemble spectrum to the 
hexagonal cordierite The Mössbauer parameters were also 
the same values. The results suggest that the second neigh-
boring atoms give little effect to electric gradient at Mössa-
bauer nuclei.  
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  INTRODUCTION: 
  Though sulfide deposition-precipitation (SDP) meth-
od was a kind of new DP method, it was a very unique 
method and different from DP on several points such as 
preparation pH. However, until now, the structure of 
gold sulfide as a precursor synthesized by the SDP 
method was unknown.  
  On the other hand, Mössbauer effect (recoilless nu-
clear resonance) is the phenomenon of resonant absorp-
tion of γ-radiation, emitted at the radioactive decay of a 
nucleus in a radioactive material, which act as absorber. 
This method is widely used in material research that 
contains iron (57Fe) and tin (119Sn), which are easy to 
obtain radioactive isotopes that are radiation sources. 
However, 197Au Mössbauer spectroscopy has not been 
widely used because radiation source, 197Pt has short 
half-life.  
  The purpose of this study was to analyze the state of 
gold valence and Au-S bond on gold sulfide synthesized 
by a similar method of SDP using 197Au Mössbauer 
spectroscopy. 

EXPERIMENTS: 
The gold sulfide (Au2Sx) and activated carbon 

supported gold sulfide were synthesized by the similar 
SDP method already reported[1]. Samples obtained were 
characterized by X-ray Absorption Fine Structure 
(XAFS) and 197Au Mössbauer spectroscopy. Au L3 edge
XAFS spectra were measured at Kyushu University 
Beamline (SAGA-LS/BL06). 197Au Mössbauer spectra 
were measured at Kyoto University Research Institute of 
Nuclear Science. The 197Pt isotope (T1/2 = 18.3 h), γ-ray
source feeding the 77.3 keV Mössbauer transition of 

197Au, was prepared by neutron irradiation of 
isotopically enriched 196Pt metal at the Kyoto University 
Reactor. The measurement temperature was 14 - 20 K, 
and the measurement was performed by the transmission 
method. 

RESULTS: 
The 197Au Mössbauer spectra for the Au2Sx and acti-

vated carbon supported gold sulfide were showed in 
Fig.1. It showed that the Mössbauer spectrum of Au2Sx 
consisted of doublets in shape. Based on the value of 
IS-QS derived from the synthesized Au2Sx and 
Na3[Au(S2O3)2], the chemical state of gold in Au2Sx was 
estimated to be monovalent (Au(I)). Shown in Fig.1 (a), 
the spectrum of activated carbon supported gold sulfide 
did not appear when accumulating over 2,500,000 γ-ray- 
counts.  Since XANES spectrum of the sample were 
similar to that of Au2Sx,  chemical state of gold in the 
sample was estimated to be Au2Sx.  These results sug-
gested that recoil-free fraction of the sample was quite 
small, which were exceptionally rare phenomenon. We 
are going to discuss the details on the fraction. 

Fig.1.197Au Mössbauer spectra for activated carbon sup-
ported Au2Sx (a) and Au2Sx (b) prepared by similar SDP 
method. 

REFERENCE: 
[1] H. Ohashi et al., "Method for dispersing and
immobilizing gold fine particles and material obtained 
thereby", Patent No. 5010522. 
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INTRODUCTION: 
The Mössbauer spectroscopy is a powerful method for 

various investigations of electronic states, magnetic 
properties, chemical properties, and so on. One of re-
markable features is that this method can extract the in-
formation of specific isotope. Although about one hun-
dred of Mössbauer energy levels are known, recent 
Mössbauer activities are quite limited to 57Fe and 119Sn, 
whose sources are commercially available. In order to 
promote studies for other less-common Mössbauer iso-
topes, we have been developing short-lived Mössbauer 
sources by neutron irradiation at Kyoto University Reac-
tor (KUR). Moreover, some short-lived isotopes can be 
complementarily produced by high-energy -ray irradia-
tion using the electron linear accelerator 
(KURNS-LINAC). We have already developed prepara-
tion methods of the Mössbauer sources for various iso-
topes (source nuclides in parentheses): 61Ni(61Co), 
125Te(125mTe), 129I(129Te,129mTe), 161Dy(161Tb), 166Er(166Ho), 
169Tm(169Er), 170Yb(170Tm), 197Au(197Pt), etc. Among 
these researches, an improvement of 166Er Mössbauer 
spectroscopy is described in this report. 
The 80.6keV level of 166Er is the most useful for Er 

Mössbauer spectroscopy. Since the natural abundance of 
165Ho is 100 %, 166Ho with a half-life of 26.8 hours can 
be obtained as the Mössbauer source without by-product 
nuclides even by neutron irradiation of natural Ho. As for 
the source material, we had used HoAl2, by arc-melting 
method from Ho and Al. Several 166Er experiments have 
already been performed using HoAl2 at KUR[1]. Howev-
er, since HoAl2 has a Curie temperature of about 25 
K[2,3], the source temperature had to be kept above 40 K 
to avoid line broadening by magnetic splitting. To over-
come this disadvantage, rare-earth dihydrides can be used 
as single-line compounds at the temperatures down to 4 
K[4]. 

EXPERIMENTS AND RESULTS: 
In this study, we have synthesized rare-earth dihydrides 

for 166Er Mössbauer experiments, Ho0.4Y0.6H2 as the 
source and ErH2 as the absorber. The synthesis procedure 
is basically similar to that in ref. 4. We used TiH2 instead 
of H2 gas bombe for the H2 gas source[5]. Since the TiH2 

decomposes by heating and generates H2 gas, this method 
is convenient and safer for the H2 gas handling. The 
Ho0.4Y0.6 was prepared by the arc-melting method from 
Ho and Y metals. The Ho0.4Y0.6, doubly-rapped with Ti 
and Ta foils, was evacuated in quartz tubes in an electric 
furnace. The pelletized powder of TiH2, rapped with Ti 
foil, is separately evacuated in quartz tubes in another 
electric furnace. Two tubes are connected by a tube 

through a liquid N2 trap with a valve. The valve was open 
and the evacuation was stopped when the hydridation 
proceeded. The furnace for the Ho0.4Y0.6 was kept at 
850 °C before and during the hydridation. The tempera-
ture of the furnace for the TiH2 was changed from about 
400 to 800 °C to control the pressure of decomposed H2. 
After the hydridation, the quartz tube of Ho0.4Y0.6H2 was 
quenched into the water. The ErH2 is prepared similarly 
using Er metal. The obtained Ho0.4Y0.6H2 was sealed into 
coin-shaped polyethylene container using polystyrene 
resin. Typical irradiation condition for the Ho0.4Y0.6H2 

containing 20 mg Ho was 15-min irradiation using the 
pneumatic tube in 1 MW operation of KUR to obtain 140 
MBq of 166Ho. The observed Mössbauer spectrum of 
ErH2 using 166Ho source in Ho0.4Y0.6H2 at the temperature 
of 18 K is shown in Fig. 1. Since the recoilless fraction of 
Er compounds is low at high temperature, the sample and 
the source were necessary to be cooled. The gamma-rays 
with the energy of 80.6 keV have been measured by a 
CeBr3 scintillation detector. The obtained spectrum suc-
cessfully showed a single-line shape, indicating both the 
Ho0.4Y0.6H2 source and the ErH2 absorber has a sin-
gle-line shape. This source and absorber are useful for 
various application in Er Mössbauer studies even for the 
low temperatures. Moreover, the preparation method of 
rare-earth dihydrides is applicable to synthesize a sin-
gle-line source or absorber for other rare-earth Mössbauer 
spectroscopies. 
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