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Variation measurements of decay constants of Tc-99m as a chemical tracer
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3,300,000 990,000

Tc-99m Tc-99m Cr-5

Cr-51

The decay constants of some nuclides which decay via the internal conversion and e
lectron capture process are changed with changing environmental factors such as its chemical states. Examp
les of this type of nuclides are metastable state of Tc-99 (Tc-99m) and Cr-51. There is a possibility that
the variation measurement of the decay constants with radiation detection is able to use as a chemical tr
acer.

In this study, an apparatus for precise measurement of the decay constants was developed at first. The de
cay constants of these nuclides were precisely measured with various chemical states to investigate the ef
fects of chemical states on the decay constants of nuclides. In the case of Cr-51, the relative difference
s of the decay constant between chemical states of Cr-51 were compared with a simple theoretical model.



Y
Y
K
99Tcm 99
99Tem  142.7
keV 2.2 keV
140.5keV vy
99Tc 2.2 keV
M
9Tem Bainbridge
KTcOs4 Tc2S7 ReTcSz Te(metal) 4
0.1-0.2%
(1]
Mazaki
@ 4ASTcOs Tc2S7z  Te(metal)
( [2-3])
7Be ( [4])
99Tcm
99Tcm
Tc
0 +7
+3 +4  9Tcm 0
+7
99Tcm
99Tcm
9Tcm  9Mo
TcOs
TcOs
Tc
+7

9Tcm ECD

+4

9Tcm  DTPA
99Tem
99Tem
99Tem
99Tem
[5]
MCA
ADC
mL
99Tem
99Tem
TcOs
S1Cr
+3 +6

2.5x 1013

99Tem

0 +7

Tc

MCA
99Tem

[TcCle]>
+7

Tc

99Tcm

51Cr

[6]
0.5%



0, +3, +6
[6]
0
0 +3,+6
1
Ge HPGe
HPGe
HPGe
137Cs
Pile-up
ADC MCA
CAEN DT-5780P
FT-002Rb 10 MHz
National
Instruments Labview
natNi(y, xn)
5TNi  99Tcem
7_:_9”&%'\’\
] HP-Get& 35
1370S

SRR [

A= TNFIoOv—

Bl 7E #RiTR

1

99Tcm
99Tcm

99Tem 2

99Mo
99Tcm
[TcClelz  Te+
TcOs Tc™
2
99Tcm
400 kBq  99Tcm
[TcClel2 12 MHCI 5mL
6mL
TeO4s 5mL
6mL
[TcClslz TcOu
1800
20
28 99Tem (6.01 h
[7) 4.6 2
510y
51Cr 3
1. Cr0
2. Cr203 Cr3*
3. KoCrOs Cr6*
51Cr  natCr(y, xn)5!Cr
100 mg Cr Cr20s3
KoCr207
30 MeV 120 pA
8
Cr20s3
800
5 KoCr207
250 mg K2Cr207 3
mL
CrO42z
Ka2CrO4
Cr20s KaoCrOq
(5]
Cr203 Cr KzCrO4
Cr
7200
95 51Cr (27.702 d
[7) 34



dead-time 20% kHz
2% dead-time
0.5 kHz 57N1
4-6kHz 99Tem
35.62+0.12 h

6.0101+£0.0023 h
57Ni: 35.60+0.06 h  99Tcm: 6.01+0.01 h

99Tcm
Y 2
140.5 keV ~ 99Tcm
Pile-up
Pile-up 661.5 keV
137Cg
[5]
107 4 %
10°4 f g
2 10°4 :
210
S w0g I e
E 10°4 ' ij\w“ _f
w0l ‘ £
|
101_ ‘1 www\
|
ool . ’ MMWM‘WM fu L
0 500 1000 1500
Energy / keV
2 TcO4- Y
3(a)
3(b) R(t) 99Tc/137Cs
0.6%
99Tem (1)

[TeClel2
6.0170+£0.0022 h TecOy
6.0101+0.0023 h 2

0.1%
TeoS7  TeOy +7
0.3% (2, 5]

Te

Te

99Tcm
Tc

(a)

R(f)

T,,(TcO,) = 6.008 + 0.004 h

0.1 1 1 1 1
. 1.0 | . (6)
;S()v()-. ° '.. .'.Oo..o ®e%ee, LA XL
_St “ sl ** .
Lof N 1 " L " L " 1 1 N 1 J
0 5 10 15 20 25 30 35
Elapsed time /
3 TcO*
51Cy
4(a)
4(b) pile-up
R(#) 51Cr/137Cs
0.6%
51Cr
27.68+0.02 d

27.702+0.004 d[7]

0 500 1000 1500 2000
Elapsed time / 7

4 Cr
5 +6 0
A(Cret)  A(Cr9)}/ A(Cr0)
(6.4+3.7)x10 +3
0 A(Cr3y)  A(Cro)}/
ACro 1.4x 10+ 68%
Kakiuchi and Mukoyama [6]
+6 +3

A(Cret)  AMCr3)j/ A(Cr3+)



(5.3+2.1)x104
A(Cré)  A(Cr9)}/ A(Cr0)
51Cr
A(Cr%) A(Cr3*) A(Cr6+)

%10

MCr)-a(Cr”)
MCr)
-
T
— 5

)
T

ol ® This work
O Kakiuchi and Mukoyama
1
(Cr)~(Cr")
This work

1
(C™~(CrY)
This work

[

(CrH—(Cr™)

Kakiuchi and Mukoyama

5 Cr

(6] Hartree-Fock-Slater
{A(CréY)  A(Cr0)}/
A(Cr3)  A(Cr9}/ A(Cro)
2.63x 103 (1.22 1.65)

A(Cr0)

x 103

(2) 99Tem

[1] Bainbridge et al., Phys. Rev. 90, 430
(1953)

[2] Mazaki et al., Phys. Rev. C 21, 344
(1980)

[3] Leuenberger et al., Helv. Chim. Acta,
55, 5961 (1972)

[4] Ohtsuki et al., Phys. Rev. Lett., 93,
112501 (2004); Nir-El et al., Phys. Rev.
C 75, 012801(R) (2007)

[5] Kikunaga et al., Proc. Radiochim. Acta,
1, 113 (2011)

[6] Kakiuchi et al., Bull. Inst. Chem. Res.,
Kyoto Univ., 59, 27 (1981)

[7] Firestone, R. B.; Shirley, V. S. Eds.:
Table of Isotopes, 8th ed. (Wiley & Sons,
New York, 1996)

H. Kikunaga, K. Takamiya, H. Hirose, and
T. Ohtsuki, Comparison of the decay
constants of %Cr with metal, oxide, and
chromate chemical states., Journal of
Radioanalytical and Nuclear Chemistry,

(in press)

H. Kikunaga, K. Takamiya, H. Hirose, and
T. Ohtsuki, Comparison of the decay
constants of 51Cr with various valence
states., The 5th Asia-Pacific Symposium on
Radiochemistry 13 (APSORC13), 2013 9
25 ,

o
KIKUNAGA, HIDETOSHI

00435645



