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Isotopes Produced by Cyclic Photon-Activation

Yoshihide KONDO

(Received Sept. 20, 1976)

Cyclic activation is one of the useful methods to obtain high sensitivity in activa-
tion analysis. We have tried the cyclic activation using photonuclear reactions with
16-MeV bremsstrahlung from a electron linac. The elements used for this experiment
are as follows : Cl, As, Y, Mo, Pd, Ag, In, Ba, Ce, Nd, Sm, Er, Hf, W, Au and Pd.
The experiment is performed on a condition of activation (or counting) time : 28
seconds, sample transport time: 2 seconds, repeated for 5 cycles by a 2-channel transfer
system. Gamma-ray spectra of the activated samples are measured by the 40-cm3 Ge
(Li) detector, which is placed at a distance of 8cm from the samples. The gamma-ray
spectra of 6 elements of Ag, Ba, Ce, Er, Hf and Au are shown, and the radioactivity

intensities for detected gamma-energies are obtained.
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Block diagram of 2-channel pneumatic transfer system

Vinyl tubes of 4.5mm inner diameter are used as pneumatic

trarsfer tubes.

A : magnet switch, B:2-way magnet switch,

C : activation position, D :counting position, E:sample changer.
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Table 1 List of isotopes Produced by cyclic activation with 16-MeV bremsstrahlung.
T - -
Targel |ADUINCe| peaction | product | PALNfe | Cammacnergy | Activity

C1-35 75.53 (1, ) *C1-34m i 32 m 0.146 2.7
*C1-34 ! 1.6 s 0.511 29

As-T5 100 (r, n) *As-74 j 18 4 0.511 3.1

) ! 0. 595 1.3
Y-89 100 @ Y-89m | 16 s 0.909 260
Mo-92 15.86 | (1, n) +Mo-9lm | 1.1m 0.511 110
) | 0.653 40

3 1.208 7.7

1.508 7.5
Pd-108 26.7 (7, n) Pd-107m 21 s 0.214 320
Pd-110 11.8 (7, n) Pd-109m 4.7m 0.189 120
Ag-107 51.35 (7, n) *Ag-106 24 m 0.512 2600
0.623 60

0.873 9.4
(r, ) Ag-107m 4 s 0.093 200
Ag-109 48. 65 (r, n) Ag-108 2.4 m 0.434 65
0.633 150
(rn ) Ag-109m 40 s 0. 088 230
In-113 4.23 (r, n) *In-112m 21 m 0. 155 53
*In-112 14 m 0.511 39

0.618 3.2

(v, ™) In-113m 1.7 h 0.392 3.9
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Table 1 (continued)
Target |Abundance : Half-life Gamma-energy Activit
nuclide (%) Reaction Product of product 1 (MeV) (counts/n}{g)
In-115 95.77 | (r, ) : In-115m 4.5 n 0.337 29
-137 11.32 ' |
52*138 71 66 g :1)) } | Ba-13mm 2.5m 0.662 960
Ce-140 88. 48 (r, n) " Ce-139m 55 s 0. 754 750
I Ce-139 140 4 0. 166 6.0
Nd-142 27.13 (r, n) i *Nd-141m 1.0m 0. 756 140
*Nd-141 2.6 h 0.145 1.6
‘ 0.511 12
Nd-150 5.60 (r, n) Nd-149 1.7 h 0.114 68
0.156 18
0.211 74
0.270 34
0.327 8.4
0.424 8.5
0.540 7.2
0.655 6.0
Sm-144 3.16 (r, n) *Sm-143m 1.1m 0. 750 8.0
- *Sm-143 8.8 m 0.511 280
‘ 1.055 2.6
Sm-154 22.53 (7, n) Sm-153 2.0 4 0. 069 4.3
0.103 33
— !
g:g; 3?3‘7‘ E; :1)) } o Er167m 2.3 s 0.208 890
Hf-174 0.163 | (r, n) . «Hf-173 23.6 h 0.130 320
0. 300 3.5
Hi-177 18. 56 r, ™ } Hf-17Tm 1.1 s | 0. 228 1.1
Hf-178 27.1 (r, n) 0.281 17
0.378 2.5
Hf-178 27.1 (r, ™ } Hf-178m 4.3 s 0. 089 510
Hf-179 13.75 (r, n) 0.326 31
0.426 41
HIi-179 13.75 r, ™ } Hi-179m 19 s 0.161 280
HI-180 35.22 (r, n) 0.214 10000
W-180 0.135 | (r, n) *W-179m 6.7 m 0.222 3.1
W-183 14.4 (r, ™ } W-183m 53 s 0.103 45
W-184 30.6 (r, n) 0.108 72
0.161 31
0.210 5.0
W-186 28.4 (7, n) W-185m 1.6 m | 0.131 56
0.174 45
Au-197 100 (r, ) *Au-19 6.2 d 0.333 11
0. 356 37
0. 426 2.2
(r. ™ Au-197m 7.8 s 0.131 46
| 0.202 19
‘ 0.279 1000
Pd-204 1.40 (r ,n) *Pb-203m 6.2 s 0.825 3.5
*Pb-203 2.2 4 0.279 3.6
Pd-207 21.7 (r, ™ } Pb-207m 0.80s 0.570 2.2
Pd-208 52.3 (1, 1) | 1.064 1.0

* Nuclides that cannot be produced by (n, 7) process.

Time — activation = counting : 28 sec, transport :

— 17 —

2sec (repeated for 5 cyeles



by 2-channel transper system)
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Detector : 40 cm3 Ge(Li), sample-to-detector distance : 8 cm.
Each of activity data is normalized for ¥YmAyu 279 KeV peak area.
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Fig. 2 Gamma-ray spectrum of Ag.

Sample——chemical form : metal foil, weight : 99.5mg, purity : 99.9%
Time—activation = counting : 28 sec, transport : 2sec (repeated for

5 cycles by 2-channel tranter system)

Detector : 40 cm3 Ge(Li), sample-to-detector distance : 8 cm.
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Gamma-ray spectrum of Ba. .
Sample —— chemical form : Ba(NOs);, weight : 188.3 mg, purity : 99 ¢
Time — activation = counting : 28 sec, transport : 2sec (repeated for
5 cycles by 2-channel transfer system)
Detector : 40cm3 Ge(Li), sample-to-detector distance : 8 cm.
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Gamma-ray spectrum of Ce.

Sample — chemical form : CeO;, Weight : 100.3 mg, purity : 99.9 9.

Time — activation = counting : 28 sec, transport : 2sec (repeated for
5 cycles by 2-channel transfer system)

Detector : 40cm3 Ge(Li), sample-to-detector distance : 8 cm.
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Fig. 5 Gamma-ray spectrum of Er.
Sample — chemical form : Er;O3, weight : 101.9 mg, purity : 99.9 9.
Time — activation = counting : 28sec, transport : 2sec (repeated for
5 cycles by 2-channel transfer system)
Detector : 40cm3 Ge(Li), sample-to-detector distance : 8 cm.
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Gamma-ray spectrum of Hf.
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Sample — chemical form : metal powder, weight : 100.3 mg, purity : 99 9.
Time — activation = counting : 28 sec, - transport : 2sec (repeated for

5.cycles by 2-channel transfer system)

Detector : 40cm3 Ge(Li), sample-to-detectior distance : 8cm.
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Fig. 7 Gamma-ray spectrum of Au.

Sample — chemical form : metal foil, weight : 199.4 mg, purity :99.9 %.
Time —— activation = counting : 28sec, trasport : Zsec (repeated for

5 cyctes by 2-channel transfer system)
Detector : 40cm3 Ge(Li), sample-to-detector distance : 8 cm.

RBRERIZINVL, Hr2OEEER>THRED
Te RIR T 2R ORMBUERIEL, KB AR T geif
RROEBERTE, RRORHE LT KR
RS IR DI A F v JHEDF 2 ER LD
BREICEHEBER LIS,

2 ¥ X ®

1) #8457 : Radioistopes, 22, 1396 (1973)

2) W.W. Givens, W.R. Mills, R.L. Cadwell :
Nucl. Inst. Methods, 80, 95 (1970)

3) S : Radioisotopes ITIRFETE,

4) Y. Sato, R. Miki, Y. Kondo, T. Azuma :
Ann. Rept. Rad. Cent. Osaka Pref., 13, 52
(1972).

5) C. M. Lederer, J. M. Hollander, I.Perlman :
Table of Isotopes, Six Edition, John
Wiley and Sons, Inc., New York (1967).

6) S. A. Lis, Ph. K. Hopke, J. L. Fashing :
J. Radioanal. Chem., 24, 125 (1975).

7) T. Kato : J. Radioanal. Chem., 16, 307

(1973).



