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Neutron-induced nuclear reactions for Cu and Nb target at 134 and 184 MeV 
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Study on hot fusion reaction of 248Cm+48Ca!296Lv* using GARIS  
KAJI, D., MORIMOTO, K., HABA, H., WAKABAYASHI, Y., TAKEYAMA, M., YAMAKI, S., 
TANAKA, K., HASEBE, H., HUANG, M., KANAYA, J., MURAKAMI, M., YONEDA, A., YOSHIDA, 
A., YAMGUCHI, T., TOKANAI, F., YOSHIDA, T., GAN, Z., Ma, L., GEISSEL, H., HOFMANN, S., 
MAURER, Y., FUJITA, K., NARIKIYO, Y., TANAKA, T., YAMAMOTO, S., ASAI, M., KATORI, K., 
MORITA, K. 
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Target: 290 µg/cm2 248Cm2O3 on 2 µm Ti backing  
Projectile: 249.6 MeV@ÌÍNÎ 48Ca11+  
Intensity: I = 0.92 pµA 
Total dose: 4.3×1018 

Magnetic rigidity: 2.17 Tm 
Filled gas: pure He at P = 73 Pa    
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On the improvement of material properties and performance of nuclear targets 

(Advanced Science Research Center, JAEA1, University of Mainz2,
Helmholtz-Zentrum Dresden Rossendorf, HZDR3, Helmholtz Institute Mainz4, GSI 
Helmholtzzentrum für Schwerionenforschung5, European Commission, Institute for 
Transuranium Elements6, Technical University Dresden7) Vascon A.1,2,3, Wiehl N.2,4, 
Runke J.5, Drebert J.2, Reich T.2, Trautmann N.2, Cremer B.6, Kögler T.3,7, Beyer R.3,
Junghans A.R.3, Eberhardt K.2,4, Düllmann Ch.E.2,4,5 

The success of nuclear science experiments depends to a large extent on the used targets. Molecular 
plating (MP) is one of the most widely applied methods for the production of thin layers to be used as 
targets for accelerator and reactor science. The element of interest is electrodeposited from an organic 
medium either in the constant current or in the constant voltage mode and layers of acceptable 
uniformity are quickly produced with quantitative yields. To date, drawbacks of the MP technique have 
been mainly related to the properties of the produced layers, which are frequently defective, with surface 
cracks, and sometimes with poor structural rigidity (see Figure 1a). Such properties negatively affect the 
experiments to be performed, especially the irradiation ones. For these reasons, in the last years efforts 
have been undertaken to improve the quality of the obtained layers. Constant current density electrolysis 
experiments have been performed with lanthanides as model elements for the studies. Plating 
parameters like roughness of the deposition substrate, plating solvent, electrolyte concentration, and 
applied current density have been varied and their effects on the material properties of the produced 
targets have been investigated with multiple characterization techniques. The combined use of as 
smooth as possible substrates (e.g., Ti-coated Si wafers) and low volatility solvents (e.g., 
N,N-dimethylformamide -DMF-) has turned out to be effective for the production of smooth defect-free 
layers (see Figure 1b). The comparison between the performance of these layers and conventional MP 
targets has been studied in ! spectroscopy experiments with sources containing 147Sm (!, T1/2 = (1.070 ± 
0.009) · 1011 y). Improvements in relative detection efficiency of as much as 15% have been achieved. 
In the symposium, the plating parameters that have a crucial influence on the material properties and 
performance of nuclear targets will be discussed. Results of the application of the optimized MP 
procedure to the production of actinide targets (i.e., Pu) will be also shown.  

1A04

Figure 1. 147Sm layers 
grown on Ti-coated Si 
wafers using pyridine a) 
and DMF b) as plating 
solvents. 

(a) (b)

On the improvement of material properties and performance of nuclear targets  
Vascon A., Wiehl N., Runke J., Drebert J., Reich T., Trautmann N., Cremer B., Kögler T., Beyer R., 
Junghans A.R., Eberhardt K., Düllmann Ch.E.
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Investigation of p-process around mass number 140 (I) -147Sm(γ,p) reaction and its reverse process- 
KINOSHITA, N., SEKIMOTO, S., OHTSUKI, T., MASUMOTO, K., HAMAJIMA, Y., 
YOKOYAMA, A. 
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Investigation of p-process around mass number 140 (II)  !(p,γ) cross section measurements on proton 
rich nuclei!
HAYASHI, K., UENO, S., KINOSHITA, N., TAKAHASHI, N., YOKOYAMA, A.
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Investigation of p-process around mass number 140 ( ) model calculation of isotopic abundance 
based on proton capture reaction
UENO, S., KINOSHITA, N., HAYASHI, K., YOKOYAMA, A.
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Coprecipitation behavior of element 104, Rf, with Sm hydroxide 
KASAMATSU, Y., TOYOMURA, K., YOKOKITA, T., SHIGEKAWA, Y., TAKAHASHI, N., HABA, 
H., KOMORI, Y., KANAYA, J., HUANG, M., MORITA, K., MURAKAMI, M., KIKUNAGA, H., 
MITSUGASHIRA, T., YOSHIMURA, T., OHTSUKI, T., TAKAMIYA, K., SHINOHARA, A. 
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Fig. 1. Schematic of online coprecipitation experiment. 
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Development of a rapid solvent extraction apparatus for rutherfordium 
NAKAMURA, K.,YOKOKITA, T., KASAMATSU, Y., KUDOU, Y., YOSHIMURA, T., 
TAKAHASHI,  N., SHINOHARA,  A. 
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Fig.1 Variation in distribution ratios of 88Zr and175Hf
As afunction of hydrochloric acid concentration with 

0.01 M Aliquat 336-carbon tetrachloride
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Extraction behavior of Nb and Ta with Aliquat 336 in HF solution  
SATO, D., MURAKAMI, M., HABA, H., KIKUNAGA, H., OOE, K., GOTO, S., KUDO, H.
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On-line reversed-phase chromatography of group-5 elements, Nb and Ta, for the chemical experiment 
of dubnium (Db) 
TSUTO, S., MURAKAMI, M., OOE, K., SATO, D., GOTO, N., KOYAMA, T., NAGAOKA, T., 
MOTOYAMA, R., HABA, H., KOMORI, Y., TOYOSHIMA, A., KITAYAMA, Y., FUKUDA, Y., 
KUDO, H. 
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1 Nb
Ta

0.5 mL 2

Ta

Db

[1] M. Murakami et al., 5th Asia-Pacific Symposium on Radiochemistry ʹ13 (APSORC13) 24-NCP-07 (2013)
[2] H. Haba et al., Radiochim.. Acta 95, 1 (2007)
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Mass asymmetry fission that was observed by 7Li + 186W reaction. 
TAMURA, N.,HIROSE, K.,NISHIO,K.,NISHINAKA, I.,MAKII, H.,ORLANDI, R.,LEGUILLON, R., 
SMALLCOMBES, J.,ANDREYEV, A.,OHTSUKI, T.,TSEKHANOVICH, T.,MOLLER, P.,OOE, K., 
GOTO, S.,KUDO, H.. 

2

1

7Li + 186W
JAEA York Univ CENBG

R Orlandi

R. Léguillon J. Smallcombe A. Andreyev I. Tsekhanovich

1.

132Sn Z = 50 N = 82

180Tl β+ 180Hg
[1][2]

180Hg Z = 80 N = 100
50 40

2 90Zr Z = 40 N = 50

P. Möller J. Randrup
1 180Hg

W Ir
Ir 3

2.
2 7Li 

+ 182,184,186W 189,191,193Ir
MWPC 2 2 MWPC

7Li + 186W

[1] A.N.Andreyev et al., Phys. Rev. Lett 105, 252502 (2010).
[2] J.Elseviers et al., Phys. Rev. C88, 044321 (2013).
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,eoHg Calculated by P. MOiier llANL) and J. Randrup ILBNL) 

l叫叫IMMI叫j — 

l 
I 

Neutron Numbeほさー
7Li +186W ➔ 193lr* 

P. Miiller, 10• ASRC International Workshop, 
• Nuclea『 Fissionand Structu『eof Exotic Nuclei", 2013.March, Takai, Japan 
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Variation measurements of decay constants of Tc-99m as a chemical tracer 
KIKUNAGA, H., TAKAMIYA, K., OHTSUKI, T.

K

99Tcm 99

[1, 2] KTcO4 Tc2S7

0.3% [3]
99Tcm

MCA

ADC MCA 99Tcm

mL
99Tcm 99Tcm 2

99Mo 2
99Tcm [TcCl6]2- Tc(IV)

TcO4
- Tc(VII)

400 kBq 99Tcm [TcCl6]2-

12 M HCl 5mL TcO4
-

 5mL

12M 99Tcm 0.1%
   6.0101±0.0023 h (TcO4

-)
12 M HCl  6.0170±0.0022 h ([TcCl6]2-)

Tc +7 KTcO4 Tc2S7
99Tcm

Tc

[1] K. T. Bainbridge et al., Phys. Rev. 90, 430 (1953)
[2] H. Mazaki et al., Phys. Rev. C 21, 344 (1980)
[3] H. Kikunaga et al., Proc. Radiochim. Acta 1, 113 (2011)
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Performance test of a gas-filled recoil separator GARIS-II for asymmetric fusion reactions 
KAJI, D., MORIMOTO, K., HABA, H., WAKABAYASHI, Y., TAKEYAMA, M., YAMAKI, S., 
TANAKA, K., HUANG, M., KANAYA, J., MURAKAMI, M., ASAI, M., MORITA, K. 

!!"#$%&'()*+ GARIS-II,-./0&12.345678  
(!"#$% 1&'()!* 2&+()!*&,-!() 4&.()/ 5&0123

4 6&5(! 7) ○67(8 1&9:;< 1&=>?@ 1&ABCD 1&E'FG 1,2&

'HIJK 1,3&LMNO 1,4&M. Huang1&PQRS 1&TUVW 1,5&XYZ[ 6&

9L\] 1,7 
9

:;<29

!"#$6^_"`%abcde&fghijklmnopqrjsatuvwxyz{

D|}~�r�������x���q.�p�����v����� GARIS-II���n�
z{p~����dx&241Aml���K����&40Ar�c�xy~lm� 0 v��&¡
�¢x 40Ar£¤�vwD|¥nop{&�����v�����¦�{�§:¨©(ª«¬g
­®ak¯°K±²³´µ¶n·}~�¦)n¸¹�{ºq[1,2]�:"`de&22Ne£¤�t
uvwxyz{D|}~�vwD|¥nop{&GARIS-II�»¼n½¾�q� 

=8 
¿ÀeÁ!"rjsa�Â6^_ÃÄd�

zq�ÅÆ¡¿ÀÇÈnÉÊxË}� 
Target: 300 µg/cm2 197Au on 60 µg/cm2 C
Projectile: 114 MeV 22Ne6+ 
Filled gas: pure He or He-H2 mixture (H2 36%)
 
>?@AB

Ì GARIS-II ÄÍÎÏK�&ÐÑÒÓvwx
Ñ}~«¬g­®ÔakªÕÑÖ¦�{

He-H2×uØÙ�ÚonÛÜ�{ºq�ÝÞ

eßà{&ÐÑÒÓvw 197Au(22Ne,5n)214Ac
xÑ�{ He-H2 ×uØÙnopqÏ¨áÀ

n�zq�â�ãxä��qåænçç 1xË
}� 
eßàx&��ØÙ¦�{ Pure Henop{èéêd� 214Ac ë ìí²¦¡~ Bρînï

�qð&��ØÙnñò{óô�õön�zq�ë �÷�øcgù�e 11%²púûüý
þ�&214Ac�ë /�ÿ 20%U!�q�"#e��ØÙMn$¨}~v�jsa�S%S&
'(ì)I*¡zq+x,-�&ð#e He-H2×uØÙ¦�.r/0�12ì)I*¡z{

p~�¦n34}~�ë �÷�í¸îd�«¬g­®ÔakÍ5¶e 589 cps(pure He)K�
120 cps (He-H2×uØÙ)û¦6Õ�&He-H2×uØÙ�·o»n¿ÀmxÛ7}~�¦ìdº

q�

Ì :89de&����:;n<à:"`dä��qÐÑÒÓxÑ}~ GARIS-II�»¼ (³
´µ¶=y¢«¬g­®Ôak>!")x±p{#]}~�
 
CADE

[1] D. Kaji et al., Nucl. Instrum. Methods B317, 311 (2013). 
[2] D. Kaji et al., JPS Conf. Proc. 1, 013051 (2014)
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Measurement of the first ionization potential of nobelium (No, Z=102)  
SATO, T. K., ASAI, M., KANEYA, Y., TSUKADA, K., TOYOSHIMA, A., VASCON, A., TAKEDA, 
S., MITSUKAI, A., NAGAME, Y., ICHIKAWA, S., MAKII, H., OSA, A., SAKAMA, M., OOE, K., 
SATO, D., SCÄDEL, M., KRATZ, J. V., STORA, T.

(No, Z = 102)

( 1 2 3 4 5

6 CERN7) 1 1 1,2 1

1 A. Vascon1 1,3 1,2 1,2

1,4 1 1 3 5 5 M. Schädel1

J. V. Kratz1,6 T. Stora7

100

(IP)
IP

IP IP
(No, Z = 102) IP

IP
natGe+11B, 151Eu/156Gd/162Dy+11B, 136Ce/141Pr/159Tb/141Nd/147Sm 

+11B 45Sc+11B 80Rb, 157Er, 162Tm, 168Lu, 142,143Eu, 143mSm, 148Tb, 
153,154Ho, 165Yb 49Cr

He/CdI2

(JAEA-ISOL) [1]

ISOL !
"

248Cm(13C, 4n) 257No 
( 24.5 ) No

2800 K 2900 K 5.5 eV~7 eV IP
IP- 257No 2900 K

0.8 % 2800 K 0.6%
No IP 6.6 eV No

6.65 eV[2]

[1] Sato, T. K. et al. Rev. Sci. Instrum. 84 (2013) 023304. 
[2] Sugar, J., J. Chem. Phys., 60 (1974) 4103. 
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Electrolytic reduction of Mo and W as lighter homologues of seaborgium (Sg) 
TOYOSHIMA, A., MIYASHITA, S., OOE, K., KITAYAMA, Y., LERUM, H. V., GOTO, N., KANEYA, Y., 
KOMORI, Y., MITSUKAI, A., VASCON, A., ASAI, M., SATO, T. K., TSUKADA, K., KITATSUJI Y., 
NAGAME, Y., SCHÄDEL, M., ATTALLH, M. F., GUPTA, N. S., OMTVEDT, J. P., TSUTO, S., 
OSHIMI, Y., KOYAMA, T., TANAKA, A., SATO, D., KASAMATSU, Y., YOKOKITA, T., 
SHIGEKAWA, Y., SHINOHARA, A., KOGA, K., KANEKO, M., YOKOYAMA, A., HABA, H., 
HUANG, M., KRATZ, J. V., PERSHINA, V.

1 2 3 4

Hans Vegeland Lerum5 3 1,6 7,8 1,6 Alessio Vascon1

1 1 1 1 1 Matthias Schädel1 Mohamed Fathy 
Attallah5 Nalinava Sen Gupta5 Jon Petter Omtvedt5 3 3 3

3 3 8 8 8 8 2 2

4 7 Minghui Huang1,7 Jens Volker Kratz9 Valeria Pershina10

Sg
265Sg 10

1 Sg 2
3 4 6

4 Sg 93mMo
176W 2 3

7Li 11B
93mMo 176W He/KCl

3 !L
0.4 V -1.4 V vs. Ag/AgCl

TOA 1 30

" D D

/
0.2 M TOA 1

D Mo D -0.4 V
W

W Mo

1A17

100

101

102

103

-1.5 -1 -0.5 0 0.5

176W
93mMo

D

Applied potential / V

1 0.4 V -1.4 V 0.1 M
/0.1 M 0.2 M TOA

93mMo 176W
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Evaluation of Redox Conditions at Dredged Trenches in Tokyo Bay by Mössbauer 
Spectroscopy and Neutron Activation Analysis.
YAMAGATA, T., SHOZUGAWA, K., OKUMURA, R., TAKAMIYA, K., MATSUO, M.

(INAA)
Fe, Mn, U, Th, Ce

Fe
2011 8 ( )

0.6 cm
INAA

1.1 GBq 57Co/Rh Velocity= 10.0 mm/s maghemite(ɤ-Fe2O3)
pyrite(FeS2)

57Fe
Fe3+ Fe2+

maghemite
pyrite pyrite

INAA U, Th, Ce Th/U, Ce/U

Th, Ce U

pyrite
pyrite

U
Fe, Mn

Fe
U pyrite

1B01

57Fe
3.5 - 4.1 cm 20.0 - 20.8 cm
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Difference of spin state in anion-mixed assembled crystals bridged by 1,2-bis(4-pyridyl)ethane  
DOTE, H.,NAKASIMA, S..

1,2- (4- )

( 1 N-BARD2)○ 1 2

1,3- (4- ) (bpp)
1) NCS NCBH3 NCS

X NCS (0 0 2)
1) NCS NCBH3

1,2- (4- )
(bpa) bpa

(2mmol)
(2mmol, ) ( ) 10ml bpa(2mmol)

20ml 30

0.2mmol bpa p-
(2mmol) 20ml NCS

NCBH3 X

bpp NCS NCBH3 NCS
X (2 0 -2) (1 1 -2) NCS

2

bpp

p-

NCS

NCBH3 p-

NCBH3 p-

1) H. Dote et al., J. Radioanal. Nucl. Chem., accepted (2014).
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Synthesis and Mössbauer Spectroscopic Observation of Valence-trapping and Detrapping of two 
Polymorphs of Mixed-valence Trinuclear Iron Pentafluorobenzoate Complex. 
OGISO, R1; SAKAI, Y1; ONAKA, S1; NAKAMOTO, T2; TAKAHASHI, M3; TAKAYAMA, T1;
OZEKI, T4; KOBAYASHI, Y5;

Fe3+
2Fe2+O(C6F5COO)6(C5H5N)3·CH2Cl2

1 2 3 4 5

1 1 1 2,1 3 1 4

5

Fe Fe O(RCOO)6L3

Fe3O(C6F5CO)6(C5H5N)3CH2Cl2

57Fe
X

Fe3+
2Fe2+O(C6F5COO)6(C5H5N)3CH2Cl2

IR
57Fe-

XRD

1) Y. Sakai, et al. Hyp.  Int.,  205  (2012) 1  

2) S. Onaka et al. Dalton Trans., 43  (2014) 6711 
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OGISO, R., SAKAI, Y., ONAKA, S., NAKAMOTO, T., TAKAHASHI, M., TAKAYAMA, T., 
OZEKI, T., KOBAYASHI, Y., 

〖はじめに〗

〖実験〗

渥合置子僅ペンタロルオロ宣息詈酸餃三績餡信の 2 つ鬱鬱OO合賦とヌス

バウアー分児該による置子管卜 9 ップ／デトラップの観瀾

〖結果と考察〗

21[])5 

。 43



Determination of formation energy of oxygen vacancies in zinc oxide doped with Al and In impurities 
KOMATSUDA, S.,SATO, W., OHKUBO, Y.

(ZnO)
13

111In( 111Cd) (PAC) ZnO
Al In [1,2] ZnO

100 ppm Al 100 ppt 111In( 111Cd)

111In Al
Zn [2]

100 ppm Al-doped ZnO 111In( 111Cd)
PAC Al In

ZnO
Al Zn 100 ppm Al(NO3)3 9H2O

ZnO
1273 K 3 111In

1373 K 2 PAC
1123 K 1~25 PAC

Fig. 1(a) 1373 K PAC 111In
Al Fig. 1(b) 1(c)

1123 K 100
25 PAC
Fig. 1(b) Fig. 1(a) 111In(

111Cd) ZnO Zn
(t = 200 ns ) Fig. 

1(c)
In Al

[1] S. Komatsuda, W. Sato, S. Kawata, and Y. Ohkubo: J. Phys. Soc.
Jpn., 80 (2011) 095001.
[2] S. Komatsuda, W. Sato, and Y. Ohkubo: J. Radioanal. Nucl. Chem.,
in press.
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Fig. 1. (a) PAC spectrum of 111In( 111Cd) in 
100 ppm Al-doped ZnO annealed in air at 
1373 K.  PAC spectra of 111Cd( 111In) in 
100 ppm Al-doped ZnO annealed in vacuum 
at 1123 K (b) for 100 min and (c) for 25 h
after the measurement of the spectrum (a).
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Dynamics of 111Ag in a superionic conductor AgI 
SATO, W., MIZUUCHI, R., IRIOKA, N., KOMATSUDA, S., KAWATA, S., TAOKA, A., OHKUBO, Y. 

Fig. 1. TDPAC spectra of 111Ag( 111Cd) 
in PVP-AgI measured at the temperatures 
indicated. 
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! ! !

! !

 
 

 

AgI
AgI ! ! 420 K Ag+

!

poly-N-vinyl-2-pyrrolidone (PVP) AgI
! [1] Ag+

111Ag("111Cd)
" TDPAC Ag+

[2]  
 PVP AgNO3 NaI PVP

AgI PVP-AgI TEM
!  

! Pd KUR 110Pd(n, ") 111Pd 111mPd
111Pd

111mPd ## 111Ag
111Ag PVP-Ag(111Ag)I

111Ag("111Cd) TDPAC  
Fig. 1 PVP-Ag(111Ag)I

111Ag("111Cd)
Ag+

333 K
!

Ag+

 
[1] R. Makiura et al. Nature Mater. 8, 476 (2009). 
[2] W. Sato et al. Chem. Phys. Lett. 609, 104 (2014). 
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Medical Radioisotope Production with Accelerator Neutrons by 40 MeV Deuterons  
TSUKADA, K., SATO, N., WATANABE, S., ISHIOKA, N. S., HATSUKAWA. Y. 
HASHIMOTO, K., KIN, T., KAWABATA, M., SAEKI, H., NAGAI, Y. 
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Fig. 1 A γ-ray spectrum of the 100MoO3 sample irradiated with 
neutrons, which was taken 4 hours after the end of irradiation.  
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Production and utilization of astatine and iodine radioisotopes using 7Li ion beams
NISHINAKA, I., YOKOYAMA, A., WASHIYAMA, K., AMANO, R., MAEDA, E., TANIGUCHI, T., 
MURAKAMI, K., WATANABE, S., SUZUKI, H., ISHIOKA, N. S., HASHIMOTO, K., MAKII, H..
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[1]M. R. Zalutsky and M. Pruszynski, Current Radiopharmaceuticals 4(2011)177-185.
[2] 56 1B01(2012). [3]K. Nishio et al., Phys. Rev. C 
62(2000)014602-1-12 .
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67Cu (6

natC(d,n) 67Cu

1,2 1 1 1 1

1 1 2 2

67Cu 62 141 keV
185 keV

50 200 MeV
68Zn(p,2p)67Cu RI 66,67Ga, 
64Cu

natC(d,n) 68Zn(n,x)67Cu x=n’p, d
67Cu Zn DOTA, 

TETA

40 MeV, 2 µA natC(d,n)
68ZnO ISOFLEX

99.291%, 638 mg, 1 cm! 5 67Cu
ZnO 5 g ZnO 10 M NaOH

pH 3.8 Zn-Cu Chelex-100
AG1-X8 67Cu NaI BIOSCAN

67Cu 2 M HCl
0.1 M pH=5.5 0.22 µm DOTA, TETA

0.1 M 67Cu 40 2
TLC 1 1 10

Cu-Zn 3H(d,n)4He
14 MeV ZnO 64Cu, 65Zn
natC(d,n) 67Cu +

67Cu
RI 67Cu

25-100 "M 67Cu-DOTA 99% 67Cu-TETA 
97% natC(d,n)

67Cu

67Cu

1B08

Production of 67Cu for Cancer Therapy Using Fast Neutrons from natC(d,n) Reaction
HASHIMOTO, K., KAWABATA, M., SAEKI, H., TSUKADA, K., SATO, N., MOTOISHI, S., 
NAGAI, Y., WATANABE, S., ISHIOKA, S. N.
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Preparation of 191Pt for cancer treatment 
HAYASHI, Y., TAKAHASHI, N., YOSHIMURA, T., IKEDA, H., WATABE, T., KANAI, Y., 
HATAZAWA, J., SAKABAYASHI, K., OGAWA, K., ODANI, A., SHINOHARA, A., 

191Pt

(CDDP)

Pt RI
191Pt Ir Os

natPt(p, xn)191Au 191Pt Pt RI

191Pt 191Pt-CDDP

191Pt
(RCNP) AVF 46 - 60 MeV

20 !m natPt
natPt(p, xn)191Au 191Pt 191Pt

RI
6 mm "# 2 mm natPt

21 - 155
191Pt

191Pt natPt Scheme. 1
191Pt 191Au

191Pt natPt

Au 191Pt 191Pt
natPt

191Pt 85%
191Pt

1%
191Pt-cisplatin 191Pt

191Pt-CDDP
RCNP 3.0 MBq 191Pt 0.53 MBq [1] 191Pt

191Pt-cisplatin 191Pt-cisplatin ddy
8 0.1 ml 1 24 4

$-

1B09

Scheme. 1 purification of 191Pt

[1] J. D. Hoeschele et al., Radiochimica Acta. 31. (1982).
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Isolation of At-211 from an irradiated Bi target using a wet chemistry approach 
WATANABE, S., BALKIN, E.R., HAMLIN, D.K., GAGNON, K., CHYAN, M.-K., WILBUR D.S. 
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Bi 211At  

 

AG 1x8 AG MP-50 (Biorad Inc.)

(mPEG)-2000 PEG

(200-800 mg) 211At

Scandronix MC-50 28 MeV ! Bi (300 

mm x 20 mm x 0.17 µm thickness)

(pH 5-10) 211At

(Na2S2O5)

(TBAB)

Capintec CRC-15t  

211At 8M 99%

61-91% 1M

15-29% PEG 8M 8M 96-99
211At

6% PEG

60-79% pH 

10-11 75% 211At pH 13-14

90% 211At

PEG 60% Bi
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[1] E.R. Balkin et al., Appl. Sci., 3, 636-655 (2013) 
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（原子力機構＼ワシントン大 2、アルバータ大 3) 0渡辺 茂樹 、

【緒言】 半減期 は、 a 線放出核種を用いた内用放射線治療への利用が期待されて

いる。 の製造では、 a 反応により を生成させた後、乾式蒸留法により

ターゲットから分離する方法が一般的に用いられている。しかし、乾式蒸留法は の回

収率が安定しないことから、湿式法を用いた分離を検討してきた。その結果、平均回収率

土 で定常的な製造を実現した。 を内用放射線治療で利用するには製造の自

動化が必須であるが、湿式法におけるジイソプロピルエーテル を用いた の抽出・

逆抽出の過程は、水相と有機相の混和性のため自動化に適さない。そこで本研究では、自動

化に適したカラム法を用いた ターゲットからの の分離を検討した。

【実験】樹脂には陰イオン交換樹脂

いは、合成したポリエチレングリコール

ポリプロピレン製カラムに樹脂

、陽イオン交換樹脂 、ある

導入樹脂（以下、 樹脂）を用い、

を充てんしてカラムを作成した。 は、ワシン

トン大学医学部の により加速した のビームを ターゲット

に照射することにより生成させ、湿式法による精製後、硝酸、

塩酸およびホウ酸緩衝液 に添加し、 試料液とした。樹脂への吸着に対する効果

を検討するため二亜硫酸ナトリウム を加えた試料液をあわせて調製した。各試料液

をカラムに加えた後、塩酸あるいは水で洗浄した。その後、溶離液として臭化テトラブチル

アンモニウム 水溶液、水酸化ナトリウム水溶液、あるいはアンモニア水を用いて溶出

した。アンモニア水は溶出後に蒸留により除去した。試料液、洗浄液、溶離液の放射能量は

それぞれ を用いて測定し、その値から吸着率、溶出率を算出した。

【結果と考察】 の陰イオン交換樹脂への吸着率は、 塩酸溶液では であったのに対

し、ホウ酸緩衝液では であった。一方、陽イオン交換樹脂への吸着率は 塩酸溶液

では と低下した。 樹脂への吸着率は 塩酸および 硝酸では ％であっ

た。還元剤を含砂場合でも同等の吸着率を示した。陰イオン交換樹脂からの の回収率は、

いずれの溶離液を用いても 以下となった。 樹脂からの回収率は、アンモニア水を用い

ると であった。溶出後、蒸留によるアンモニア水の除去を行った結果、溶離液が

の場合では の がアンモニアとともに蒸留されたのに対し、 の場合で

は約 の が残清に残り、アンモニア水と分離することができた。以上の結果から、イ

オン交換樹脂はカラム法に適さず、 樹脂を用いることで、回収率約 で ターゲット

から を分離できることが明らかとなった。今後は、回収率の向上を目指した溶出条件の

最適化を行うとともに、分離の自動化に向けた検討を進める予定である。
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Conversion of Stable Geometrical Isomers between Pentavalent and Tetravalent Uranium Complexes 
with Salophen-type Ligand 
Morimoto, K., Matsuda, K., Nakatsuka, K., Shinohara, A., and Yoshimura, T.. 
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Lu-177 6.7 176Yb (n, 
!) 177Yb (T1/2=1.911 h) " 177Lu 
1,4,7,10-tetraazacyclododecan-N,N ,N ,N -tetraacetic acid DOTA 177Lu-DOTA-

177Lu
177Lu Fe 177Lu

177Lu
DOTA diethylenetriamine- N,N,N ,N ,N -pentaacetic 

acid (DTPA) 177Lu
Mg Cu Yb Mg Ca Fe Cu Zn
Yb

5 #L 177Lu(III) (Lu 5.0 x 10-5 M ) 5 #L Mg(II) Cu(II) Yb(III) 2.5 x 10-5

M 2.5 x 10-3 M 0.875 #L (3 M, pH=6.0) 10 #L
DOTA DTPA (5.0 x 10-5 M) 40$C 1.5

177Lu-DOTA 177Lu-DTPA 177Lu
177Lu 177Lu-DOTA 

177Lu-DTPA

1 DOTA DTPA 177Lu
Lu

DOTA Fe Yb Cu Zn DTPA Fe Zn

177Lu
177Lu Mg Ca

Fe Cu Zn Yb

1 Lu
Lu

DOTA Mg, Ca < Fe < Yb < Cu < Zn Mg < Ca < Zn < Fe < Cu < Yb

DTPA Mg, Ca < Zn < Fe < Cu < Yb Mg < Ca < Fe < Zn < Cu < Yb
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Complexation of 177Lu with bifunctional chelators in the presence of competing metals
WATANABE, S., HASHIMOTO, K., ISHIOKA, N. S.

- 58 -


