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1．はじめに
Ce 13

37
137La 147Pm 159Tb
165Ho

Eu Gd Dy Er Tm Yb

1
151Eu γ

155Gd 161Dy

f

f

155Gd 161Dy

166Er

2．線源の作成
155Gdメスバウアー線源 Gd 6

9
155Gd

86.5 keV
155Eu Pd 155Eu

Pd 155Eu/SmPd3

Prowse 2

154Sm2O3 98.6% 231 mg 5 cm3

154Sm(HCOO)3
PdHx Sm(HCOO)3

Pd Sm 1 3

1000 18
154SmPd3 SmPd3 XRD

β-PdHx a = 401.8 pm SmPd3

a = 410.1 pm SmPd3

Sm2O3

SmPd3

Prowse

SmPd3

312 mg 154SmPd3

Eγ Γnat Ig Ie a µg µe Qg Qe T1/2 *
keV mm s−1 % µN µN 10

−24 cm2
10

−24 cm2

151Eu 21.53 1.32 5/2+ 7/2+ 47.8 +3.472 +2.591 +0.903 +1.28 151Gd EC 120 d 151Eu(p,n) 702
155Gd 86.55 0.487 3/2 – 5/2+ 14.80 –0.259 –0.525 +1.30 +0.112 155Eu β– 4.96 y 154Sm(n,γ)155Sm(β– ) 235
161Dy 25.65 0.367 5/2+ 5/2 – 18.9 –0.480 +0.594 +2.507 +2.506 161Tb β– 6.91 d 160Gd(n,γ)161Gd(β– ) 259
166Er 80.58 1.87 0+ 2+ 33.6 0 +0.632 0 –1.9 166Ho β– 1.12 d 165Ho(n,γ) 127
169Tm 8.41 7.98 1/2+ 3/2+ 100 –0.232 +0.515 0 –1.2 169Er β– 9.4 d 168Er(n,γ) 137
170Yb 84.26 2.03 0+ 2+ 3.05 0 +0.674 0 2.12 170Tm β– 130 d 169Tm(n,γ) 181

* 1

表1 希土類元素の主なメスバウアー遷移の核データ

解　説



4N5 100

µm JRR-3M HR-1
6 10

13 cm−2 s−1
67

155Eu/154SmPd3 (n, γ) 
155mSm β− T1/2 = 22 min 155Eu

T1/2 = 4.96 y 155Eu 231 MBq

161Dyメスバウアー線源 Dy 4

6
161Dy 25.67 keV

γ

161Tb / GdF3

160GdF3

Gd3+ F−

GdF3

GdF3

160Gd2O3 98.2% 90 mg 173

mg
300 12

160GdF3 113

mg 6 mg 3 mm

Aldrich 90

JRR-3M HR-2 = 1.4 10
14

cm−2 s−1
72

161Tb /
GdF3 242 MBq 3

166Erメスバウアー線源 Er 5 5

166Er
Al2Ho HoPd3

Ströhr 3

Ho0.4Y0.6H2 Ho Y
2 3 Ho0.4Y0.6

Ho Y

200 mg Ho0.4Y0.6

1 850

200 Torr

1

Ho0.4Y0.6H2

55 mg 10 mm
4N5 JRR-3M PN-1
6.0 10

13 cm−2 s−1
9

166Ho / Ho0.4Y0.6H2 1.48 GBq
26.9 h 7 10

90Y T1/2 = 64.1 h 2.28 MeV β−
100 %

155Gd 166Er

28Al
2.24 m

161Dy 10

mg

100 µm
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3．スペクトルの測定
155Gd 166Er

γ

D2

121Sb
127I 197Au

4

2

Fe(Au)
12 K

161Dy

57Fe

4．メスバウアー測定の例
155Gdメスバウアースペクトル

100 mgGd cm−2

1

1

1 Gd2O3
155Gd

Gd2O3

Mn2O3

A
B

A
δ e2qQ

0.51 5.53 mm s−1 B
δ e2qQ 0.50 10.85 mm s−1 Gd3+

4f7

f 4f
4f

Gd3+ e2qQ Gd3+

Gd2O3 e2qQ

155Gd 57Fe
Ig = 3/2

Ie = 5/2 5

5

e2qQ Gd2O3 B

1/10 Ig = 3/2
Ie = 1/2
2
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3/2 5/2
e2qQ

e2qQ

1 GdFe
(CN)6.4H2O 5

Gd3+ Fe3+ CN−

Gd3+ CN− N 8

0.61 4.07 mm
s−1 Fe KGdFe (CN)6.3H2O GdFe
(CN)6.4H2O K+ H2O

δ e 2qQ 0.60
4.81 mm s−1 e2qQ

Fe
Fe Fe2+

b 4

161Dyメスバウアースペクトル

30 50 mgDy cm−2

6

3 1

161Dy
2

DyFe(CN)6.4H2O 77 K
161Dy 6

GdFe(CN)6.4H2O

-0.45 mm s−1
77 K

Nowik-Wickman
7

1.7 ns

MΘD
2

7.4 10
6 K2

M

ΘD

4
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2 DyFe(CN)6.4H2O 161Dy

1
155Gd

a: Gd2O3 b: DyFe(CN)6.4H2O
c: KDyFe(CN)6.3H2O



M
57Fe
MΘD

2 (Fe) 5.7 10
6 K2

KDyFe
(CN)6.3H2O 161Dy 57Fe

EuFe(CN)6.4H2O
155Eu 57Fe

8 δ e2qQ

166Erメスバウアースペクトル 100 mgEr
cm−2

3

β- 12 K
9

12 K
3 4

[Er(pta)3(H2O)]
( Hpta= tBuCOCH2COCF3) [Er(dpm)3(H2O)]
( Hdpm = tBuCOCH2COtBu) [Er2(pta)6]

[Er(dpm)3]
Nowik-Wickman

τ 0.5
0.4 0.1 0.3 ns

τ
Er

587 558 382

998 pm

Er Er 1 nm
τ 0.3 ns

Er 7

6

7

-β- EDTA

e2qQ

5

e2qQ 0

7.0 4.3 mm s−1

5．おわりに
155Gd 161Dy 166Er

155Gd
161Dy

MΘD
166Er
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1961 Ghiorso 249−252Cf
10B 11B

8
257
103

Lawrence
(Lw)

genetic method 

257
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IUPAC Lw Lr
257Lr 0.65

8

1958

1965 Donets 243Am (18O,
5n) 103

256Lr
252Fm
256Lr 45 10)

1965 1968

103

1961
255Lr (t1/2=4.35s) 259Lr (t1/2=5.4s)

255Lr
21.5 103 5f

103

HILAC Cm
He

Cm 10
10Bq

1967

104 priority

IUPAC
109

1964 Flerov
242Pu (22Ne, 4n) 0.3

260
104

260
104

259
104 t1/2 4s

10 20

1966

Zvara 260
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Flerov
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priority
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Ghiorso
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249Cf

(12C, 4n) 3
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257
104

Ghiorso
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Zvara
104

Ghiorso
1976 Druin

260
104 0.3 20ms

priority
IUPAC 104

(Rf)

1968 Flerov 243Am 22Ne
256 ,

257
103 105

1970

105

2

10
−34cm2

Druin 1.4
Oganessian t1/2 = (1.8 0.6)s, =
(5.0 1.5) 10

−34cm2

Ghiorso 249Cf (15N,
4n) (1.6 0.3) 260

105

30 25.9
256Lr

260
105 3

Flerov 2

20

Niels Bohr
Otto

Hahn

105

IUPAC

(Db)

1 9 7 6 O g a n e s s i a n
207,208Pb+54Cr ns

106

Ghiorso 249Cf (18O, 4n) 
(0.9 0.2) 263

106
259Rf 255No 263

106

Ghiorso

106 Ghiorso

106

Seaborg (Sg)
IUPAC

102

260
105

hot fusion
Oganessian cold

fusion 107

Oganessian
cold fusion double magic

1

2

cold fusion

(GSI) Münzenberg Armbruster
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7

GSI
SHIP

107 109

114
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Although the subjects of nuclear chemistry and

radiochemistry were once prominent in the under-

graduate curricula of most US colleges and universi-

ties offering baccalaureate degrees in the physical

sciences and engineering, these courses have slowly

disappeared at many academic institutions due to

faculty retirements and decisions by university

administrators not to continue educational activities

in these areas.  At the same time, nuclear chemistry

and radiochemistry remain as a recommended

component of broad and balanced training in the

physical sciences, especially chemistry [1].  Also,

nuclear science applications are essential to the foun-

dation of many technologies at the beginning of the

21st century.  The National Research Council in the

US stated in 1988 that, "...The future vigor and pros-

perity of American medicine, science, technology,

and national defense clearly depend on continued

development of nuclear techniques and use of

radioactive materials.  Loss of know-how in the field

or failure to develop new uses for the technology

could seriously and adversely affect this country's

economic competitiveness in many technological and

industrial areas..." [2].  More recently, a report

prepared for the US Congress in 1998 concludes that

"... Too few isotope experts are being prepared for

functions of government, medicine, industry, tech-

nology, and science..." [3].  

The federal agency within the US government that

is most affected by the loss of academic infrastruc-

ture in nuclear and radiochemistry is the US Depart-

ment of Energy (DOE).  The DOE maintains large

nuclear facilities and national laboratories across the

US.  Many of the nuclear facilities are in need of

clean-up and environmental remediation from

radioactive contamination.  The national laboratories

are essential components of the foundation of Amer-

ican investment in research and technology develop-

ment.  Most DOE facilities and national laboratories

are projecting the need to replace large numbers of

nuclear scientists and engineers as the scientists of

the Cold War era retire.  Workforce studies at these

sites show that 40% or more of the nuclear workers

are over 55 years of age, and 60% are over 45 years

old [4].  Consequently, concern about finding

adequately trained personnel among college gradu-

ates at all degree levels exists at all DOE facilities.  

One of the ways that DOE is addressing this need

for trained personnel is by supporting a summer

educational program in nuclear and radiochemistry

for undergraduate students offered by the American

Chemical Society (ACS).  Each year, twenty-four

undergraduates are provided an opportunity to

complete a six-week course in nuclear and radio-

chemistry at one of two locations in the US, either

Brookhaven National Laboratory in Upton, NY or

San Jose State University in San Jose, CA.  Twelve

students are accommodated at each site, and all of

their expenses are covered, including travel, living

expenses, tuition and fees, textbooks, laboratory fees,

etc.  Upon successful completion of the course, the

students receive college credits that can be applied

towards earning their BS degrees.

The goals of the ACS Summer Schools in Nuclear

and Radiochemistry are:

1.  to provide fundamental training opportunities

in nuclear and radiochemistry principles,

particularly to students from institutions that

12
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do not have such programs, 

2.  stimulate interest in students who are making

important choices about their future careers to

consider the fields of nuclear and radiochem-

istry, and 

3.  generate awareness and acceptance of nuclear

technologies and application in society.

Participants are selected from a nation-wide pool

of applicants who are currently enrolled as under-

graduates seeking BS degrees, preferably in disci-

plines of physical sciences or engineering.  Materials

covered in the course include nuclear structure,

radioactive decay, nuclear reactions, interactions of

radiation with matter, the nuclear fuel cycle, and

applications of nuclear and radiochemistry in medi-

cine, geology, astronomy, and archeology.  In addi-

tion to receiving lectures and laboratory experiences

in nuclear and radiochemistry, students also partici-

pate in field trips to nuclear research and operating

facilities in close proximity to their sites.  Also,

prominent scientists who conduct research in various

areas of nuclear and radiochemistry are invited to

present their work at the Summer Schools.  This

activity provides the students opportunities to build a

professional network within the community of US

nuclear scientists and engineers.

The students also receive career counseling and

information about graduate study and job opportuni-

ties in nuclear areas.  Upon completion of the course,

the students return to their home institutions to

complete their BS degrees.  Even after leaving the

program, students are offered considerable assistance

in finding graduate programs and subsequent summer

positions in nuclear fields.  Every year, students are

asked to comment on their experiences in the

Summer Schools, and this information is used to

improve the program and plan for subsequent years.

As much as possible, participants are tracked upon

completion of the course to assess retention in

nuclear and radiochemistry.  The Summer Schools

have a demonstrated track record of retention of

students in the nuclear field.  Even for those students

who pursue other non-nuclear fields, many report

that their experiences in the Summer Schools were

very influential in their development and their aware-

ness of the advantages of nuclear technologies in our

society.

Since its inception in 1984, the American Chem-

ical Society's Summer Schools in Nuclear and Radio-

chemistry have served a total of 396 undergraduate

students.  For almost twenty years, it has provided a

small, but steady supply of students into graduate

programs of nuclear physics, nuclear chemistry,

radiochemistry, nuclear medicine, and other areas.

These students earn PhD's in these areas, and many

of them enter into careers working for DOE, either

directly as employees at DOE facilities or national

laboratories or indirectly in industrial positions or as

faculty members at universities conducting research

supported by DOE.  This program does not amelio-

rate the loss of academic infrastructure in nuclear and

radiochemistry in the US, nor will it alone be suffi-

cient to address the projected work force crisis for

nuclear workers at DOE facilities and national labo-

ratories.  It has, however, enabled many students to

enter this field of study during their academic

training, many of whom report that they would not

have considered this area of study without their

Summer School experiences.  Additional information

about the ACS Summer Schools in Nuclear and

Radiochemistry can be found at the website of the

ACS Division of Nuclear Chemistry and Technology

[5].
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the Committee on Science of the U.S. House of

Representatives.  A link for this report can be

found at http://www.cofc.edu/~nuclear.

(4)  Personal communication with W. Keogh of Los

Alamos National Laboratory; personal commu-

nication with E. Leber of Pacific Northwest

National Laboratory; personal communication

with D. Kaplan of Westinghouse Savannah

River Company.
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14

2002



1. 2002 46

2002 46

2002 9 23 25 3

2.7

1957

1 45

1999

2000

2001

2002

1999

2.7

2.7
2 7

1 2

1

2

2.7

2002

46 1

3 89 59

200

D r . S i g u r d . H o f m a n n
Synthesis and Properties of Superheavy

Elements

OHP

3

15

2002

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

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

＊

放射化学討論会ニュース



24

37

23 25 3

89

k0

100

25 1

49

50

1

2

Cern

9 23

16

2002



90

9 24

50

2. 2003 47

2003 47

2

15

2003 10

1-295-1,
http://www.izuminomori.or.jp/

10

15 20

JR 15

20

JR 
15

17

2002



1．施設の概要

2 JRR-3M JRR-4
NAA

2

NAA
NAA

2．JRR-3M
JRR-3M 1990

20 MW 10
13n/cm2.s

26 1

7

11 30 3

10
13n/cm2.s 5

1

Cd NAA
PN-3 Cd 300

(n, p), (n, α) 

10
14n/cm2.s 1

Al
JRR-3M

3．JRR-4
JRR-4 1965

1998

NAA
JRR-4 6

4

1 40

3.5 MW
NAA 100 kW 350

kW JRR-4
8 26 11 8

2 17 21

T-, S-, D-, N-
10

13n/cm2.s 6 6

10
12n/cm2.s

JRR-4 JRR-3M

NAA
JRR-3M

NAA
Cd
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PEN Al

JRR-4

BNCT
BNCT

B

4．利用方法

029-282-5594 FAX 029-282-6763
URL http://rrsys.tokai.jaeri.go.jp/
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3. AMS-9
“The Ninth International Conference on Acceler-
ator Mass Spectrometry” (AMS-9)
“AMS-9 Workshop on Meteoric 10Be in Environ-
mental Systems: Applications and Limitations to
Chronologic and Rate Studies”

“AMS-9 Workshop on Application of Cosmogenic
Nuclides to Geoarchaeology”

9 “The Ninth
International Conference on Accelerator Mass
Spectrometry” 14 9 9

14 9 13

256

26 81

9

Pre Conference Workshop
9 6 “Workshop on Mete-

oric 10Be in Environmental Systems: Applications
and Limitations to Chronologic and Rate Studies”

(AMS-9 Workshop I)

10 papers 58 9 7

“AMS-9 Workshop on Application of Cosmo-
genic Nuclides to Geoarchaeology”

11 papers+1 poster
54

3

1977

25

3

13 63

AMS

Oxford
Radiocarbon

17

Keynote address (2) New AMS Facility (6) 
New AMS Facility and Technical Developments
(5) Future Problems (5) Current AMS Labs (4)
Current AMS Labs and Technical Progresses(8)
Technical Progresses (8) Atmospheric Science (4)
Archeology (4) Special Lecture (2) Biomedical
and Biochemical Sciences (5) Glaciology, Cosmo-
geochemistry and Astrophysics (13) Oceanog-
raphy (5) Hydrology (4) Sedimentology and Soil
Science (6) Sedimentology, Soil Science and
Forensic Problems (6) Nuclear Safeguards (6)
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Nuclear Safeguards and Heavy Nuclides (4) AMS
standards, Intercomparison, 14C Calibration (4)
Summary and closing of AMS-9

Special Lecture
“New features in nuclear

structure far from the stability line”

SHE
2

New AMS Facilities (3) Status of current AMS
Facilities (14) Technical Progresses (Ion Source)
(3) Technical Progresses (Detection Method) 6)
Technical Progresses (Sample Preparation) (14)
Technical Progresses (Data Acquisition and
Analysis) (2) Technical Progresses (Others)  (8)
Atmospheric Sciences (9) Archeology & Cultural
property science (14) AMS Standards and Refer-

ence Materials (2) Radiocarbon Calibration (5)
Oceanography (6) Hydrology (5 Surficial
geology-A (15) Surficial geology-B (11) Glaciology
(7) Cosmochemistry and Astrophsics (7)
Biomedical and Biochemical Sciences (7) Nuclear
Safeguards (4) Heavy nuclides (4) Environmental
Pollution (3)

Workshop I
10Be

Workshop II

AMS Labora-
tory Tour

excursion program
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ISMS
(International Society for µSR Spectroscopy) 


