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THEORETICAL AND PRACTICAL SPECIFIC ACTIVITIES
AND OTHER PROPERTIES OF COMMON RADIONUCLIDES

S. A. Reynolds

SUMMARY

Half-lives were carefully selected, and specific activities
were calculated for 161 commonly used radioisotopes with
half-lives greater than 12 hr. Practical specific activities

of many bombardment products are listed, based where applicable
upon critically evaluated neutron cross sections and fission
yields, as well as analytical data. Up-to-date decay parameters
for a number of additional nuclides are given. The information
can be applied by manufacturers and users of radioisotope mate-
rials, radiochemical analysts, and others.

INTRODUCTION

The radioisotopes program at ORNL has resulted in the production of radio-
nuclides by neutron irradiation, accelerator bombardment, and isolation
from natural sources.! Yields, in terms of theoretical and practical
specific activities, are listed for many of them. Half-life values and
other data serve to improve some data given in the Isotope User's Guide.?
This information was originally compiled for use at ORNL and is being
published because it may be of use to others who produce or apply
radionuclides.

SPECIFIC ACTIVITIES

The half-life values for the 161 nuclides in Table 1 were taken from the
"Radioactive Atoms" table,3 issues of Nuclear Data, ORNL work,* and other
recent literature. They supersede the selections in the Isotope User's
Guide. The isotopic specific activities were calculated as usual. Expo-
nentials are represented in the tables in "E" format, i.e., KEn means k
times 10 to the power n. The present values replace those tabulated
earlier.® 1In many cases, only the theoretical specific activity is listed,
since the product is of high abundance because of production by accelerator,
(n,p) reaction, or decay of a parent, or because the material is isotopi-
cally enriched electromagnetically or by diffusion. Specific activities
are useful for calculating curie contents of actinide preparations, for
example, for which mass analyses are known.



‘Table 1. Theoretical and Practical Specific Activities

.Theoretical op of ‘og of Practical
. . Specific Target Radio- Specific
Nuclide Half-Life Activity  Nuclide nuclide Activity Remarks
’ (Ci/g) (barns)a (barns) (Ci/g)
26A1 7.4E5 vy 1.9E-2
241 Am 433y 3.43
243 Am 7.4E3 y 0.20
122gy 2.7 d 4.0ES5 6.2 R 1.4E3 7 d at 2E1S5
124gp 60.2 d 1.75E4 3.4 R 6.5 2.7E2 120 4 at 8El4
125gp 2.77-y 1.03E3
37Ar 35 d 1.01E5
39Ar 269 y 3 2.7 8% abundance
73As 80 d 2.2E4
ThAs 17.8 d 9.9E4 ~
76s 26.3 h 1.6E6 4.3 1.5E3 2.5 d at 2E15
77As 38.7 h 1.05E6
131Ba 12 d 8.3E4 11 R 7.4E2 21 d at 8El4
133mpg 38.9 h 6.1E5 ,
133Ba 10.5 y 2.6E2 8.5 48 1 y at 8El4
135mBg 28.7 h 8.1E5 26 3 d at 2E15 (TM-3111)
140B4 12.8 d 7.3E4 2.3E4 FP, 28-d irradiation
249BK 314 d 1.67E3 '
20684 6.24 d 1.02E5
207Bi 30 v -5
210Bi 5.0d 1.24E5 0.019 R 1.8 7 d at 2E15
82pr 35.4 h 1.08E6 3R 8.4E2 2.5 d at 2E15
109¢q 1.26 y 2.6E3 1.1 700 4 Max 130 d at 8El4
115mCqd 44 d 2.6E4 0.036 - 3.2 90 d at 8El4
115¢cd 53.5 h 5.1E5 0.30 R 76 7 d at 2E15
b1lca 1.3E5 y 6.7E-2
45Ca 164 d 1.77E4 0.9 2.3E2 1 y at 8El4
Y7ca 4.53 d 6.1ES 0.77 3.6E2 7 4 at 2E15



Table 1. Continued

Theoretical op of og of Practical
. . Specific Target Radio- Specific
Nuclide Half-Life Activity Nuclide nuclide Activity - Remarks
(ci/g) (barns)? (barns) (Ci/g)

252¢f 2.64% y 5.37E2

l4c 573) y 4. 46

14lce 32.5 2.9E4 4.6E3 FP, 60-d irradiation
lttce 284 d '3.2E3 7.2E2 FP, 1y ’
128¢g 32.6 h 7.4E5

131¢cg 9.7 4d 1.03E5 (

134cg 2.06 y 1.30E3 30 R 134 1.8E2 180 d at 8El4
137¢g 30 y 87 30 35% 137¢cs

36cy 3.0E5 y 3.3E-2 2.3E-2 69% 36c1 (TM-3677)
Sler 27.7 d 9.2E4 16 3.0E3 50 d at 8El4

56¢co 77.3 4 3.0E4

57Co 271 d 8.4E3

58¢o 71.3 4 3.16E4

60¢o 5.27 y 1.13E3 - 1E3

64cu 12.7 h 3.9E6 4.5 : 1.7E3 1 d at 2E15

67¢cu 61.8 h 7.6E5
2420 163 d 3.32E3
2htop 18.1 y 80.9
248cy 3.5E5 y 4.1E-2

1525y 13 y 1.8E2 5.3E3 5.3E3 64 TM-3611

154y 8y 2.9E2 480 1450 56 Max 7 d at 2E15

(TM-3611)

156py 15 d 5.6E4 , LE4 Calc. from TM-3501
15364 241 d 3.5E3 1.2E2 R 1E4 78 TM-2632

67Ga 78 h 6.0E5

72Ga 14.1 h 3.1E6 5 1.7E3 1 d at 2E15

68Ge 280 d 6.8E3

71Ge 11 4 1.7E5 3.5 4.6E2 21 d at 8El4



Table 1. Continued

Theoretical Jp of og of Practical
. . Specific Target Radio- Specific
Nuclide Half-life Activity Nuclide nuclide Activity Remarks
(Ci/g) (barns)a (barns) (Ci/g)
1950 184 d 3.6E3 ‘ .
1985y 2.70 d 2.4E5 4% (Eff) 6.2E3 7 d at 2E15 Cd shield
B (Ref. 15)
1994y 3.14 4 2.08E5
175yf 70 d 1.07E4 390 8E3 Max 60 d at 8El4
181yf 42.5 d 1.69E4 12.6 40 6.4E2 90 d at 8El4
35 12.3 y 9.64E3
Mlty 2.83d 4.1E5
11l4myp 49.5 d 2.3E4 7.7 R 6.7E2 100 d at 8El4
1231 13.2 h 1.9E6
1257 60 d 1.74E4
1291 1.57E7 y 1.7E-4 1.5E-4 86% (ORNL-4343)
: (Ref. 4)
1301 12.3 h 2.0E6 28 18 5.2E3 1 d at 2E15
131y 8.05 d 1.24E5 7.0E4 ORNL-4039
1927, 74 d 9.2E3 9, 3E2 1.1E3 3.9E3 Max 13 d at 8El4
1941, 19.4 h 8.3E5 120 1.6E4 2.5 d at 2E15
S5Fe 2.7y 2.4E3 2.2 1.1E2 1y at- 8El4
591e 44.6 d 5.0E4 1.1 1.9E2 90 d at 8El4
79xr 35 h 1.13E6 4.9 1.8E4 7 d at 2E15
85kr 10.7 v 3.9E2 1.7E2 447 abundance
(TM-3558)
13715 6E4 v 4E-2
14074 40.3 h 5.5E5 8.9 ~ 2.7 1.3E3 2.5 d at 2E15
203py, 52 h 3.0E5
197yg 64.1 h 2.5B5 . 3.1E3 1.7E5 Max 63 h at 2E15
203y, 46.7 d 1.4E4 4.9 ‘ 2.3E2 90 d at 8El4

99Mo 66.2 h 4. 8ES 0.15 R 42 7 d at 2E15
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Table 1. Continued
Theoretical op of op of Practical
. . Specific Target Radio- Specific
Nuclide Half-Life Activity Nuclide nuclide  Activity - Remarks
(Ci/g) (barns)? (barns) (Cci/g)
%Mo 66.2 h 4.8E5 6.5E4 FP, 7-d irradiation
147N4 11.0 d 8.1E4 6.4E3 FP, 28 d
237Np 2.14E6 y 7.05E-4
S9Ni 8E4 y 8E-2 A 85 3.3E-3 Max 200 d at 2E15
: (ORNL-4749)
63N1 100 y 57 15 23 20 1 y at 8El4
(Ref. 16) (Ref. 16) ~
66N 55 h 8.6E5 1.5(64) n65(65) 1.2 5 d at 2E15
’ Calc. from Ref. 17
92mNp 10.1 d 1.40E5
I4Nb 2.0E4 y 0.18 1.1 11 5E-3 1y at 8El4
95Nb 35.1 d 3.9E4
191pg 15 d 4.6E4L 13 8E2 28 d at 8El4
109pg - 13.5 h 2.1E6 12 R 2.6E3 1 d at 2E15
32p 14.3 d 2.85E5 2.5E5 ORNL-4196
33p 25 d 1.6E5 3.2E4 20% (TM-3414)
236py 2.85 y 5.32E2
238py 87.5 y 17.2
233py 2.44E4 y 6.14E-2
240py 6.54E3 y 0.229
24lpy 14.8 y 100
242py 3.87E5 y - 3.82E-3
k2g 12.4 h 6.0E6 1.3 8E2 "1 d at 2E15
43k 22.3 h 3.3E6
142py 19.2 h 1.15E6 12 18 2.4E3 2.5d at 2E15
143py 13.6 d 6.7E4 4.5E4 FP, 28 d
147py 2.62 y 9.28E2
148mpp 42 d 2.0E4 90 2.5E4 74 Max 1.3 d at 2E15



Table 1. Continued

Theoretical o, of o of - Practical
- -, Specific Target Radio- Specific :
Nuclide Half-Life Aztivity Nuclide nuclide Agtivity Remarks
(Ci/g) (barns)? (barns) (Ci/g)
186Re 91 h 1.9E5 110 1.3E4 7 d at 2E15
188Re 16.9 h 9.9E5 75 1.2E4 2.5 d at 2E15
102gp 206 d 6.2E3
83Rpb 86 d 1.8E4
84pp 34 d 4.6E4L : .
86Rb 18.7 d 8.1E4 0.5 R 49 28 d at 8El4
37Ru 2.9 d. 4.6E5 0.2 R 60 9 d at 2E15 (TM-2910)
103gy 39.5 d 3.2E4 4.3E3 FP, 60 d
106Ry 1.01 y 3.3E3 85 FP, 1y
15lgy 90 y 26 ;
153gp 46.7 h 4.4LE5 2.0 3.5E4 7 d at 2E15
46gc 83.8 d 3.4E4 25 8 5.5E3 180 d at 8El4.
475¢ 3.4 d 8.2E5
75ge 120 4 - 1.4E4 55 5.8E3 Max 210 d at 8El4
3254 N5E2 y n22
110mp o 250 d 4.7E3 4.1 82 1.6E2 Max 135 d at 8El4
. (93 tot.) .
111pg 7.45 d 1.6E5
24Na 15.0 h 8.7E6 0.53 5E2 1 d at 2E15
85sr 64.5 d 2.4LEL 0.8 73 90 d at 8El4
89gy 50.5 d 2.9E4 6.4E3 " FP, 90 d
90gy 28.5 y 140 77 55% (ORNL-IIC-36)
35g 88 d 4. 2E4L ~
18274 115 d 6.2E3 2. R 8E3 16 Max 14 d at 8El4
95mype 61 d "2.3E4
97¢ 2.13E5 y '1.70E-2
121lmTe 154 d 7.0E3 0.34 30 1y at 8El4
123mpe 120 4 8.8E3 0.3 SE3 "l 3 d at 1E15 (TM-3708)

v
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Table 1. Continued
Theoretical Op of op of Practical
. . Specific Target Radio~ Specific
Nuclide Halt-Life Activity Nuclide nuclide Activity - Remarks
(Ci/g) (barns) (barns). (Ci/g)
125mye 58 d 1.8E4 4
1327¢ 78 h 3.0E5 1.3E5 FP, 7 d
1567 5.4 d 1.6E5
2047] 3.78 y 4.6E2 11 22 85 1 y at 8E14 (ORNL-4306)
229h 7.34E3 y 0:213
2301 7.7E4 y 2.02E-2
170y 128 d 6.0E3 115 R 92 2.1E3 Max 100 d at 8El4
171y 7E2 d 1.1E3
113gp 115 d 1.00E4 0.7 R 51 180 d at 8El4
181y 121.5 d 5.9E3 10 SE2 180 d at 8El4
185y 75 d 9.4E3 1.8 1.0E2 180 d at 8El4
187y 24 h 7.0E5 33 64 4.7E3 2.5 d at 2E15
. (CF-65-12-30)
188y 69 d 1.01E4 33(186) 64(187) 12 140 d at 8El4
233y 1.58E5 y 9.68E-3 .
234y 2.L8ES5y 6.16E-3
235y 7.04E8 y 2.16E-6
236y 2.L0E7 y 6.31E-5
238y 4.LTE9 y 3.36E-7
48y 16.0 d 1.7E5
123mye 8 ¢ 1.26E5 6.2(1271) 0.43(128%e) 40 120 d at 8El4
131mye 12.0 d 8.3E4 28(12971) 0.34(13%e) 30 120 d at 8El4
133%e 5.29 d 1.85E5 1.5E4 FP, 8% abundance
86y 14.7 h 2.5E6 .
87y 80 h 4.5ES
88y 107 d 1.4E4
90y 64.0 h 5.4E5
9y 59 d 2.4E4 2.3E4 FP, ~95% abundance

(ORNL-4343)



Table 1. Continued
Theoretical o, of og of Practical
. o Specific Target Radio- Specific
Nuc11de Half-Life Activity I\’-uclidea nuclide Activity Remarkg
(Ci/g) (barns) (barns) (Ci/g)
65zn 244 d 8.2E3 0.7 90 1y at 8El4
69mzn 13.8 h . 3.3E6
957r 65 d . 2.1E4 3E3 FP, 90 d

anpir . ; L R
"R" following the cross-section value indicates that resonance activation is significant.



Practical specific activities are those actually realized at ORNL, or
calculated for readily obtainable conditions. For neutron-capture products,
listed cross sections are 0p, the thermal cross section for formation of a
particular nuclide, and op for its destruction, unless otherwise noted.
The values are compatible with those compiled® for the 1972 Chart of the
Nuclides, except for a few determined locally, or found in recent litera-
ture. The yields were calculated as usual,’ and the specific activities
are actual, taking into account any transmutations during irradiation.
Isotopically pure targets were assumed, and flux values were those typical
of the ORNL High Flux Isotope Reactor (HFIR), 2E15 for a week or less,

and 8El4 for longer irradiations. '"Max" indicates time of maximum yield
of the product at the given flux. Unless dictated otherwise, desirable
bombardments of 1-2 half-lives (50-75% "'saturation') were chosen, Ref-
erences to Oak Ridge National Laboratory documents (ORNL, TM, IIC, and

CF) are given under "remarks," and call-outs are listed for outside
publications. Values were compared with an earlier table,® which gave
curies per gram of target for a variety of fluxes.

Because of the uncertainties in most cross sections, corrections for
effects causing errors of 10% or less were ignored if they made calcula-
tions more tedious. Resonance activation was not included, but its
occurrence is indicated by "R" in cases where it would be comparable

to thermal activation of a thin sample in a typical reactor spectrum.
Self-shadowing was also not considered, although its effect can be quite
large. These two effects are qualitatively compensating.

For fission products (FP), allowance was made for isotopic composition,
as calculated from fission yields.? Secondary neutron capture by fission
products was ignored. In some cases, actual compositions found for ORNL
products are noted.

RADIOISOTOPE CHARACTERISTICS

Up-to-date values for decay parameters of 17 radionuclides, now known to
be significantly different from those given in the Isotope User's Guide,
are listed in Table 2. It must be noted that most of the nuclides have
other properties listed in the Guide which remain unchanged. MNuclear
Data is the source of most of the adoptions and should be consulted for
details. Intensities of K x rays are included here for several nuclides
for which those are the most significant radiations. Important recent
developments in other areas discussed in the Guide include a survey10

of the radioactivity standards situation by a National Research Council
panel, continuing contributions by the National Bureau of Standards,ll’12
revisions (now in progress) of an NCRP handbook!3 and the Users’' Guides
for Radioactivity Standards, and a review of ORNL assay methods.!* It
should be noted that many radionuclides decay to active daughters, whose
disintegration rates can be less than, equal to, or greater than those
of the parents, depending on the relative values of the half-lives, and
the time of production or separation.’



" Table 2.

Changes in Radionuclide Properties

Nuclide Half-Life Photons®
133, Cs K x rays (118)
1405, 0.030 (14)
| 0.537 (24)

10ge 1.6E6 y (Ref. 18)
cd—109g 7 Ag K x rays (100)
. 0.088 (3.8)
67cu ‘ 0.185 (47)
155g, 4.8y )
67Ga Zn K x rays (25)
0.093 (42)
0.185 (24)
0.300 (17)
- 0.394 (4.6)
124y Te K x rays (57)
v— (46)
0.603 (62)
0.723 (10)
1.69 (11)
, Others
1257 ‘Te K x rays (136)
1291 Xe K x rays (68)
S5pe Mn K x rays (2A)
79% ¢ Cr K x rays (51)
191mgg Os x rays
193mp, nGg,0 d
195mp,. 4.0d 0.099 (12)
0.129 (3)
Pt x rays
108my N127 y 0.434 (90)
0.614 (91)
0.223 (91)
Pd, Ag x rays
181y Ta K x rays (60)

aEnergies in MeV; percentages in parentheses.
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CONCLUSION

The values for half-lives, cross sections, and other characteristics have

been selected to assure reasonable accuracy in applications in such fields
as biomedicine, analysis, and source technology. Questions about the '
values selected and about ORNL work should be directed to the author, and

additional information would be gratefully accepted.

10.

11.

12,
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