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TABLE of all the radioactive isotopes
known to date (covering publications re-

ceived prior to December 1, 1939) is presented
together with a number of important features
associated with them. (The natural radioactivi-
ties are not included. ) Radioactive isotopes have
now been reported for all elements with atomic
number less than 85. Except for a few modifica-
tions the table follows the plan devised by
Livingston and Bethe (L25). The references to
the literature are designated each with a letter
and a number (e.g. , A1, A2, B1, 82, etc.) and the
relevant references are listed beside each item.
The list of references is given at the end of the
paper.

The degree of certainty of each assignment is
indicated, in the column headed "class, " with a
letter according to the following code:

A—Isotope certain (mass number and element
certain)

8—Isotope probable, element certain
C—One of few isotopes, element certain
D—Element certain
E—Element probable
F—Insufficient evidence
G—Probably in error (e.g. impurity or inade-

quate half-life determination).

The fourth column lists the type of radiation,
with the following meaning for the symbols:

P=Negative beta-particles
P+—Positive beta-particles (positrons)

y—Gamma-rays
e=Internal conversiqn electrons
X—X-electron capture

I.T.—Isomeric transition (transition from
upper to lower isomeric state)

In the few cases where it is certain that no
gamma-rays are emitted this fact is expressed
explicitly by the symbol "no p." Annihilation
gamma-rays are not listed.

The half-life, followed by the relevant refer-
ence, is given in the fifth column. For the case
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where more than one value for the half-life has
been reported an attempt has been made to
list the best value (an experimental value near
the mean or one determined with a strong
sample).

In the column headed "Energy of Radiation, "
the energy value is followed by the corresponding
reference and by a description of the method
used for the energy determination. The beta-
particle energies correspond to the observed

upper limits of the spectra; in those cases where

only the Konopinski-Uhlenbeck extrapolated
value has been reported this is listed, followed

by the designation "K.U." The methods used
for the determination of the energy of the
particles are described in each case with the aid
of the following symbols:

abs.—absorption
cl. ch.—cloud chamber with magnetic field

spect.—electron magnetic spectrograph or spec-
trometer.

The symbols used to describe the methods em-

ployed for the determination of the gamma-ray
energies have the following meaning:

abs.—absorption
cl. ch. recoil —secondary electrons in cloud cham-

ber with magnetic field

cl. ch. pair —positron-electron pairs in cloud
chamber with magnetic field

coincid. abs.—secondary electrons with coinci-
dence counters and absorber

spect. conv.—internal conversion electrons with
magnetic spectrograph

spect.—secondary electrons with magnetic spec-
trograph

abs. of e=absorption of internal conversion
electrons.

When internal conversion electrons are emitted
the energy listed is always that of the corre-
sponding gamma-ray transition.
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TABLE OF INDUCED RADIOACTI VITI ES

TABLE I. Stable isotopes of the elements.

ELEMENT

He ~10 &

100
A11
T8

PERCENT
ABUNDANCE REFERENCE

99.98 H27
.02

22

ELEMENT

46
47
48
49
50

PERCENT
ABUNDANCE

7.95
7.75

73.45
5.51
5.34

REFERENCE

10

12

Li

Be

Si

A

10
11

16
17
18

20
21
22

24
25
26

28
29
30

32
33
34
36

36
38
40

7 9
92.1

100

18.4
81.6

98.9
1.1

99.62
0.38

99.76
0.04
0.20

100

90.00
0.27
9.73

100

77.4
11.5
11.1

100

89.6
6.2
4.2

100

95.0
0.74
4.2
0.016

75.4
24.6

0.307
0.061

99.632

S24

03

N16

V6

S27
M20
S27

A12

V6

S24

A12

M21

A12

N9

N17

24

25

27

28

30

32

33

V

Cr

Fe

Co

Ni

CU

ZIl

As

Se

50
52
53
54

54
56
57
58

58
60
61
62
64

63
65

64
66
67
68
70

69
71

70
72
73
74
76

74
76
77
78
80
82

100

4,49
83.77
9.43
2.30

100

6.04
91.57
2.11
0.28

0.17
99.83

68.0
27.2
0.1
3.8
0.9

50.9
27.3
3.9

17.4
0.5

61.2
38.8

21.2
27.3

7.9
37.1
6.5

100

0.9
9.5
8.3

24.0
48.0
9.3

N10

S26

N10

S26

L30

A12

N14

S24

A12

N8

20

93.3 N14
0.012 N14. ()S25)
6.7 N14

96.96 N9
0.64
0.15
2.06
0.0033
0.19

35

36

79
81

78
80
82
83
84
86

50.6
49.4

0.35
2.01

11.53
11.53
57.10
17.47

825

t Natural radioactivity.

100 A12
Rb 72.3

27.7
826

826, (tH26)
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ELEMENT

Sr

ZI40

41

Mo

44

Rh

Pd46

C&1

Sn50

Sb

f Natura1 radioactivity.

LIVI NGOOD AND G. T. SEABORGJ J.
TAaLE I.—Continued.

PERCENT
ABUNDANCE REFERENCE ELEMENT

0.56
9.86
7.02

82.56

N13 52 120
122
123
124
125
126
128
130

86
87
88

Di 1100

48
11.5
22
17
1.5

90
91
92
94
96

A13

12753

Xe 124
126
128
129
130
131
132
134
136

100 S26

1S.S
8.7

16.3
16.8
8.7

25.4
8.6

92
94
95
96
97
98

100

M22

Cs 133

5

12
14
22
30
17

A1296
98
99

100
101
102
104

130
132
134
135
136
137
138

Ba

S260.08
99.92

ioi
103 57 La 139

136
138
140
142

0.8
9.3

22.6
27.2
26.8
13.5

S26102
104
105
106
108
110 141Pr

142
143
144
145
146
148
150

60A13107
109

52.5
47.5

1.4
1.0

12.8
13.0
24.2
12.3
28.0
7.3

106
108
110
iii
112
113
114
116

N14

Sm 144
147
148t
149
150
152
154

62

S244.5
95.5

113
iis

1.1
0.8
0.4

15.5
9.1

22.5
9.8

28.5
5.5
6.8

112
114
115
116
117
118
119
120
122
124

151
153

Eu63

152
154
155
156
157
158
160

64

A1256
44

121
123 Tb

PERCENT
ABUNDANCE

&0.1
2.9
1.6
4.5
6.0

19.0
32.8
33.1

100

0.094
0.088
1.90

26.23
4.07

21.17
26.96
10.54
8.95

100

0.101
0.097
2.42
6.59
7.81

1 1.32
71.66

100

&1
&1
90
10

100

25.95
13.0
22.6
9.2

16.5
6.8
5.95

3
17
14
15
5

26
20

49.1
50.9

0.2
1.5

20.7
22.6
16.7
22.6
15.7

100

REFERENCE

D14
A12

N8

N13

A12

Dls
D15
A12
A12

A12

A14

(t%10)

L31

D12
D12
A14

A14



TABLE OF I N DUCE D RAD IOACT I V IT I ES

TABLE I.—Continued.

67

69

70

71

72

ELEMENT

Df

Ho

Lu

Ta

158
160
161
162
163
164

162
164
166
167
168
170

169

168
170
171
172
173
174
176

175
176t

172&
174
176
177
178
179
180

180
182
183
184
186

185
187

PERCENT
ABUNDANCE

0.1
1.5

21.6
24.6
24.6
27.6

100

0.25
2.0

35.2
23.5
29.3
9.8

0.06
2
8.8

23.5
16.7
37.2
11.8

97.5
2.5

&0.1
0.3
5

19
28
18
30

0.2
22.6
17.3
30.1
29.8

38.2
61.8

REFERENCE

D12
D12
A14

A14

D12
D12
A14

A14

D12
D12
A14

M24
M24, C,

'tH28)

Di 1
D11
A13

D11

D13
A12

A12

77

78

80

90

ELEMENT

Os

Hg

Pb

Bi

184
186
187
188
189
190
192

191
193

192
194
195
196
198

196
198
199
200
201
202
204

203
205

204
206
207
208

209

2321

23it

234t
235$
238t

PERCENT
ABUNDANCE

0.018
1.59
1.64

13.3
16.1
26.4
41.0

38.5
61.5

0.8
30.2
35.3
26.6

7.2

100

0.15
10.1
17.0
23.3
13.2
29.6
6.7

29.1
70.9

1.48
23.59
22.64
52 ~ 29

100

100

0.006
0.71

99.28

REFERENCE

S26

S26

D16

N13

D17

N12

t Natural radioactivity.

&he observed nuclear reactions (giving the
target element, projectile and residue, in order)
by which the radioactive isotopes are formed,
and the corresponding references, are listed in
the next to the last column (p =proton, n =neu-
tron, n =alpha-particle, d =deuteron, y =gamma-
ray). The heavy element, neutron-induced, fission
reactions are included and are designated by
such symbols as U-n, Th-n, and Pa-n. In those
cases where the radioactive fission product is
known to be the second (or later) element in a
chain decay its production is not designated by
these symbols (U-n, etc.) but is listed as produced

by the beta-decay of its immediate parent
isotope.

Xo attempt has been made to list all of the
publications connected with a given radioactivity
since it has been the aim to keep the table as
compact as possible. References to the original
discoveries are not given when better data are
available in more recent publications. The refer-
ences which are listed usually give a key to the
complete literature.

A list of the mass numbers and rela tive
abundances of the known stable isotopes is
included for convenience.



J. J. LIVINGOOD AND G. T. SEABORG

Txitt, E II. Radioactioe isotopes which haec bees prodstced by artificial means

The literature has been covered Np to December l, lP39.

RADIO-
ELEMENT

ENERGY OF
RADIATION (MEV)

1 H'

2 Hes

3 Lis

4 Bev

TYPE OF
CLASS RADIATION

A p

A P

A p, a

A K, y

HALF-LIFE

150 d.(A7)

0.8 s.(81)

0.88 s.(L1)

43 d.(R1)

PARTICLES

~.02(A7)
abs.
3.7(81, 82)
cl. ch.

12(P ) (84)
cl. ch.

y-RAYS

0.45(R1, M 1)
abs. Pb.

PRODUCED BY

D-d-p(A7)

Be-n-a(Bf, Pi, 83)
(Li-n-p) (Ki, N 1)

Li-d-p(C1, Lf, R14, Di)
B-n-a(L24}.
(Li-n-y) (K1}

Li-d-n(R1, R13)
B-p-a{Rf, M 1)
Li p-n(H1, H2)

A?

OBSERVERS

Bi, Ni, Ki,
Pi, 82, 83

Li, 84, C1,
D1, R14, K1,
L24

Ri, Mi, Hi,
H2, R13

0.022 s.(C2, 822) 12{84)
cl ~ ch.

B-d-p(C2, F1, BS) C2, Fi, 84,
85, 822

6 Cii

Nis

A p+, y

21.0 m. (R11)

9.93 m. (W12)

8 s.(CS, Nf)

1.15(F1)
cl ~ ch.

0.92, 1.20
(L22)
spect,

6.0{F1)
cl. ch.

0.28(R2)
cl. ch. recoil

B-d-n(F1, C4, Yi)
B-p-y(C3, 823)
8-p-n(823)
N-p-a(823)
C-n-2n(P2)

C-d-n(H3, Yi, C4, F1)
C p-y(H3, C4)
B-a-n(E1, R3)
N-n-2n(P2)
N-d-+F1)
0-n- p(C5)
F-n-a(N 1, P 1, N4}

Fi, C3, Yi,
C4, P2, 823
R11

H3, E1, Yi,
R2, C4, Fi,
P2, 820, L22,
W12
Fi, CS, Pi,
Ni, N4

8 0»

0»
9 Fiv

Fls

Fss

A p

A P+

31 s.(N1)

70 s.(N2)

112 m.{S1}

2.1(K4)
cl. ch.

0.7(Y2)
cl. ch.

12 s.(C1} 5.0(F1)
cl. ch.

126 s.{M3, 820) 1.7(F1)
cl. ch.

N-d-n(M3, F1)
0-y-n(820)
0-n-2n(P2)
N-p-~{D2)
C-a-n(K3)
F-n-p(N1, A1)

O-d-n(N2, F1)
N-a-n(R3)
0-p-v(DZ)
N e-d-a(S1)
0-p-n(D2)
F-n-Zn(PZ)
0-d-n or
0-d-1(YZ)
F-d-p(F1, 6 1)
F-n-p(N 1)
Na-n-a{N 1)

M3, Fi, 820,
P2, D2, K3

Ni, A1

N2, K4, Fi,
R3, D2

S1, D2, P2,
Y2, 820

Fi, Ci, Ni

10 Ne»

11 Na»

Na&4

20.3 s.(W7)

40 s.(A1, 86)

3.0 y.(L3)

14.8 h. (V1)

2.20(W7)
cl. ch.

0.58(L3)
cl. ch.

1.4(L21)
spect.

1.3(02)
spect.

1.0, 2.0,
3.0(R4)
cl. ch. recoil

F-p-n(WZ)

Na-n-p(A1, Ni, P1)
Mg-n-a(A1, 86)

Mg-d-a(L3)
F-a-n(L3, M4)
Ne-d-n(L3)
Na-d-p(L4, V1)
Na-n~(A1)
Mg-n-p(A 1}
A f-n-a(A1)
Mg-d-a(H4)

A1, N1, 86,
P1

L3, M4, 02

L4, Ai, R4,
H4, Vi, L21

12 Mg» A P+

A P, y

11.6 s.{W7)

10.2 m.{H4)

2.82(W?)
cl. ch.
1.8(C13)
cl. ch.

Na-p-n(W7, D9)

0.9(R4) Mg-d-P{H4)
cl. ch. recoil M g-n-y(A1)

Al-n-p(A 1)

W?, D9

H4. A1, R4.
C13

13 Alss

A1»

Al»

A P+

A P, p

6.7 m. (827} 2.5(827)
cl. ch. and
abs.

7,0 s.(W7, F2) 2.99(W7}
cl. ch.

2.4 m. (A1, M5, E2) 3.3(C6)
cl. ch.

2.3(C6)
cl. ch. recoil

Na-a-n(M4, F2)
Mg-p-n(W7. D9)
Al-d-p(MS)
Al-n-y(A1)
Si-n-p {A1)
P-n-a(A 1)
Mg-a-p(E2, R3)
Mg-a-n(827, H21, F3)

M4, F2, W7,
D9
MS, C6,
Ai, E2, R3

827, H21, F3

14 Si&&
Sisi

3,7 s.(K8)
170 m. {N3) 1.8(K4)

cl. ch.
No y(N3)

AI-p-n(K8)
Si-d-p{N3)
Si-n-y(A 1)
P-n-p(A1, P2)
S-n-a(S2, C9)

K8
N3, K4, Ai,
P2, S2, C9
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TAB?.E II.—Continued.

RADIo-
ELEMENT

ENERGY OF
RADIATION (M EV)

p»

16 S»
Sas

TYPE oF
CLASS RADIATION

A P+

HALF-LIFE

2.55 m. (R3)

14.30 d.(CS)

26 m. {P2)
88 d.(L6)

PARTICLES

3.6(A2)
spect.

1.69(LS)
spect.

0.107(L6)
spect.

y-RAYS

No & (K4}

PRODUCED BY

Al-a-n(R3, C7)
S-d-a (S2)
P-n-2n(P2)
P-y-n(820)
Si-p-n{823}
Si-He3-p(A7)
P-d-p(N3)
P-n-y(A 1)
S-n-p(A1)
C1-num(A 1)
S-d-a(S2)
Si-a-p(F3)

S-n-2n(P2)
Cl-n-p(A3, L6)

OBSERVERS

C7, R3, A2,
S2, P2, 820,
A7, B23

N3, L5, C8.
Ai, K4, S2,
F3

P2
A3, L6

17 Cl'4

Cl'4

( 138

A p+

A p+, K, p

p ~ v

) 1 y.{69)
37 m. (VI)

0.7(p-) (G9)
abs.
4.8(K4}
cl. ch.

33 m. {S2, 821) 2.5(821)
abs.

2.0, 2.5(g.7)
cl. ch. recoil

P-a-n(F2, R3, 821)
S-d-n(S2)
Cl-n-2n(P2)
Cl-y-n{ 820)
Cl-n~(G9)
Cl-d- p(G9)
Cl-d-p(K4, VI)
Cl-n-y(A1)
K-n-a(HS)

F2, R3, S2,
P2, 820, 821

K4, R7, VI ~

H5, Ai

18 A»
A41

ASSED 37

K43, 44

20 Ca»
Ca41

Ca~

Ca49

Ca49

21 Sc4&
Sc43

Sc44

Sc«

Sc47
Sc48

G p
A P, y

A P+, y

4 m, (P2}
110 m. (S3)

1.1 hr. (K3)

7.7 m. (HS, R3)

12.4 h. (HS)

c p

P p+
B K, y(WS}

A p, y

18 m. (W1, Ws}

4.5 m. (P2, WS)
S.S d.(WS)

180 d. (WS)

2.5 h. (W8)

30 m. (WS)

13.4 d. (Ws)
4 h.{W3)

4 h.(B9)

A p, y', K(W5} 85 d.{WS}

p ~ v
A P, y(WS)

63 h. (W8)
44 h. (W8)

57 m. (WS)

A I.T„e-(WS) 52 h. (W3)

2.7(K4)
cl. ch.

1.37{R8)
cl. ch. recoil

2.3(R3}
abs.

3.5(K4)
cl. ch.

1.1(W8)
abs. Pb

0.2, 0.9(W8) 0.7 (W8}
abs. abs.

2.3(WS)
abs.

0.8(W8)
abs.

1.4(W8} abs.
1.3(W3)
cl. ch.

a.0{ws}
abs. Pb

0.25{W8)
abs. of e

1.6(W3}
cl. ch.

1.1(WS} abs.
0.5, 1.4{W8)
abs.
1.8(WS}
abs.

0.9(W8)
abs.
No y(WS)

0.26, 1.5(P ) 1.25(WS}
(WS} abs. abs. Pb

K-n-p(P2)
A-d-p(S3)
K-n-p(HS)
A-n-y(S3)
S-a-n(?) (K3)

Cl-a-n(H5, R3)
Ca-d-a(H5)
K-n-2n (P2)
K-d-p(HS)
K-n-y{HS, Aa)
Ca-n-p(H 5)
Sc-n-a{H5)
Ca-n-p(W1, WS}

Ca-n-2n(?) (P2, WS)
Ca-d-p(W8)
Ca-n-2n(W8)
Ca-n-&(WS)
Ca-d-p(WS, WS)
Sc-n-p(WS)
Ca-d-p(W8)
Ca-n-y(WS)
Ca-d-p(W8}
Ca-n-&(WS)

K-a-n(WS)
Ca-a-p(F4, W3)
Ca-d- n(W3}
Ca-p-n(D2, D9)
Sc-n-2n(89)
K-a-n{W3}
Ca-d-n{W3)
Ca-p-n(D2, D9)
Ti-d -a(W4)
Sc-n-2n(89)
K-a-n(W3}
Ca-d-n(W3)
Ca-p-n{D2, D9)
Sc-y-n(820)
Sc«{52h.)I.T.(W8)
Sc-d-p(W1, WS)
Sc-n-y(w 1)
Ti-d-a(W 1)
Ca-a-p(WS)
Ti-n-p(W4)
Ca-a-p(ws), Ti-n-p(W8)
Ti-n-p(W4, P2, W8)
V-n-a(W4, P2, W8}
Ca-d-n(WS)
Ti-n-p(W8)
Ca4~(2.5 h.)P decay (Ws)

P2
S3, K4, R8,
HS

HS, R3, P2

HS, K4, A1

Wi, Ws

P2, WS
WS

W8, WS

WS
F4, W3, D2,
D9, WS

89, W3, D2,
W4, D9, WS

89, W3, D2,
D9, 820, Ws

wa, WS, Ws,
W4

WS
W4, P2, W8

22 Ti4&

V47

A P, y(W4}

p v

2.9 m.{W'4)

72 d.(W5)

600 d.{W5)

036(WS)
abs.

No P+or
e-{WS}

1.0(WS)
coincid. abs.

Ti-d-p(W4)
Ti-n~(W4. A1)
Ti-d-p(WS)
Ti-n-y{WS}

No y(WS) Ti-d-n(WS}

W4, Ai

WS, WS
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TABLE II.—Continued.

RADIo-
ELEMENT

ENERGY OF
RADIATIoN (M Ev)

Z A

23 V'6

V60

TYPE OF
CLASS RADIATION

A p+; K, p(WS)

HALF-LIF E

16 d.{W4)

33 m. (W4)

3.7 h. (W4)

3.9 m. (W4)

PARTICLES

1.0{W4)
cl. ch.

1.9(W4)
abs.

y-RAYS

1.05(R4)
cl. ch. recoil

PRODUCED BY

Ti-d-n(W4)
Sc-a-n(W6)
Cr-d-a(W4)
Ti-p-n(D9)
Ti-d-n(W4)
Ti-a-p(%4)
Ti-p-n{D9}
U-n-2n(W4)
Ti-d-n(W4)
Ti-a-p(W4)
V-n-y(W4, P2, A1}
V-d-p(W4}
Cr-n-p(W4, P2)
Mn-n-a(W4, P2, Ai}

OBSERVERS

W4, R4, W6,
W5, D9

W4, D9

Ai, W4, P2

24 Cr» B K, e, y,
P+(') (W8)

26.5 1.{W8) 0.S(r), 1(W8) Ti- -n{W8)
coincid. abs. Cr-d-p(W8)

Cr-n-y(W8)

25 MI1»

Mn»

Mn6~

Mn66

Mri66

46 m. (L7)

A p+, y 21 m. (L7)

A P+, y, K(H6) 6.5 d.(L7)

A K, y(L7) 310 d.(L7)

2.59 h.{L7)

2.0(L7)
abs.
2,2(H6)

0.77(H6)

1.2(H6)

1.0(H6)

0.85(J 7)
abs. Pb

1.2, 2.9(B10) 1.65(M6,
cl. ch. K. U. L29)

coincid. abs.

Cr-d-n(L7)
Cr-p-y{D2, D4)
Fe-d-a(DS, L7)
Cr-p-n(H6)
Fe-d-a(L7)
Cr-p-n(H6)
Fe-d-a {L7)
Cr-d-n(L7)
V-a-n(L7)
Cr p-n(D9}
Mn-n-y(A1)
Mn-d-p(L7)
Fe-d-a(L7)
Fe-n-p(A1)
Co-n-a(A1)
Cr-a-p(R3)

D2, L7, D4

L7, H6, DS

L7, H6

L7, D9

A1, L7, 810,
M6, R3, L29

26 Fe»

27 Co»

A P+

A K, e

p v

A p+, y

8.9 m. (R3)

4 y.(V4)

47 d. (L20)

18.2 h. (DS)

0.4, 0.9(L20) 1.0(L20)
abs. abs. Pb

Cr-a-n(R3)
Fe-n-2n(L20)
Fe-d-p(L23)
Mn-p-n(V4)
Fe-d-p(L20)
Co-n-p(L20)

1.50(L21)
spect.

0.16, 0.21, Fe-d-n(DS, L8)
0.8, 1.2(C20) Fe-p-y(L9)
cl. ch. recoil

R3, L20

L23, V4

L20

DS, L8, L21,
L9, C20

Co6'

068

060

C066, 60

'J3 K, y, e (L10) 270 d.(L10)

70 d.(L10)

7 y.{L10)

11 m. (H7)

0.16, 1.5(R9) 1.3(L9)
abs. abs, Pb

Fe-d-2n(L9, 824, P4)
Ni-d-a(L11)
Fe-p-n(L9)
Fe-d-n{L9, 824, P4)
M n-a-n (L9)
Ni-d-a(L1 1)
Fe-p-n(L9)
Co-d-p(L9, 824)
Co-n-y{R9, L9)
Ni-n- p (VS)
Co-n-p(H7, L8)
Ni-n-p(H8)

Lio, 824, P4,
L9, L11

L10, 824, P4,
L9, L11

R9, L9, L10,
824, V5

H7, H8, L8

28 Ni"
Ni6'

A p+

A p, y

36 ll. (L11)

2.6 h. (L12)

0.67 (L1 1)
abs.
1.9(L1 1)
abs.

1.1(L11)
abs. Pb

Fe-a-n (L11)
Ni-n-2n(P) (L11)
Ni-d-p(L11}
Ni-n-y(H8)
Cu-n- p(H8)
Zn-n-a(H 8)
Ni-n-2n(H8)

Lii
Lii, H8

Cu66, 60

Cu66, 60

Cu61

Cu62

Cu64

p+
p+

a p+; K(A4)

81 s.(D4)
7.9 m. (D4)
3.4 h.(T1, R3}

10.5 m. (H8)

5 m. {A1)

p; p+; K{A4) 12.8 h. (V2)

0.9(R3)
abs.

No y(G2)

2.6{C13)
cl, ch.

2.9(SS)
cl. ch. K. U.

0.58(p-}, No p(T6)
0.66(P+) (T6)
spect.

Ni-p-n(D4)
Ni-p-n(D4)
Ni-d-n(T 1}
Ni-p-n(D4)
Ni-p-y(D4)
Ni- -p(R3)
Cu-n-2n(H8)
Cu-y-n(820)
Co-a-n(R3}¹ip-n(S18)
Ni-p-&(S18}
Cu-d-p(V2}
Cu-n-y(H8)
Cu-n-2n{H8)
Ni-p-n(S18, D4}
Zn-n-p(H8}
Cu-n-y(A 1)
Zn-n- p(H8)
Ga-n-a (CS)

D4
D4
Ti, D4, R3,
G2, A4

H8, 820, R3,
S18, C13

V2, H8, T6,
S18, D4, A4

Ai, H8, CS,
SS

30 Zn66 38 m. (D4, 820) 2.3(S18)
abs.

Zn-n-2n(H8, P2) H8 820 P2
Zn-y-n(820), Cu-d-2n(L33) D4, R3, S18
Cu-p-n(S18, D4) L33
Ni-a-n(R3)



TABLE OF I N DUCE D RAD IOACTI VI TI ES

TABLE II.—Continued.

RADIO-
ELEMENT

Z A

30 Z 1166

Znsg

Znsg

TYPE OF
CLASS RADIATION

A P+;K, y, e

A I.T., y(K11)

HALF-LIFE

250 d.(L12)

13.8 h. (L12)

S7 m. (L12)

ENERGY OF
RADIATION (M EV)

0.47 (K1 1)
abs. Pb

1.0(L12)
abs.

No y(L12)

PARTICLES y-RAYS

0.4(P+) {D9) 1.0(L12)
cl. ch. abs. Pb

PRODUCED BY

Zn-d-p{L12)
Cu-d-2n (P4)
Cu- p-n(8 12)
Zn-n-p ($6)
Gass K deCay (Lio)
Zn-d-p(L12, K11, V?)
Zn-n-p(T2, L12)
Ga-d-c(L12)
Ga-n-p(L12)
Zn-d-p(L12, K11, V7)
Zn-n-y(T2)
Ga-d-a(L12)
Ga-n-p(L12}
Znsg(13. 8 h.) I.T. (Ki 1)

OBSERVERS

L12, P4, 812,
$6, D9, L10

L12, T2, Kii,
V7

L12, HS, T2,
K11, V7

31 Ga«
Ga65
Gass

Gasv

Gas s

Gavo

Ga»

32 Ges9
Ge»

Gesv, sg, v1

Ge75, 77

Ge73, 77

p+
A K, e
A p+

A K, y, e

A p, e-, y

p+
B p+

p-
C

48 m. (813)
15 m. (A4, L10)
9.4 h. (813, R3)

83 h. (A4)

3.1(M?)
abs.

68 m. (R3} 1.9(R3, M7)
abs.

14 h. (S6, L20) 2.6{L28)
abs.

29 m. {S6)
37 h. (M8) 1.0(M8}

abs.

19S d. (M8)
81 m. (S6}

8 h. (S6)
6—10 d.(S6, L28)

20 m. {820, Ai) 5.0(p )(MS)
abs.

0.0925 (Vi,
H25)
spect. conv. ;
0.1, 0.25(A4)
abs. Cu, Pb

0.054,
o.117(V7)
spect. conv.

1.0(S?)
abs. Pb

Zn-p-n(813)
Zn-d-n(A4, L 10)
Cu-a-n(M7, R3)
Zn-p-n(813)
ZII-d-n(A4, G6, V7)
ZII-e-p (M 8)
Zn-p-n{813, V7)

Cu-a-n(R3, M7)
Ga-n-2n(P2)
Ga-y-n(820)
Zn-p-n(D2, 813)
Zn- p-y(P) {D2)
Zn-d-n(G6, V7)
Ga-n-y(A1)
Ga-n-2n(P2)
Ga-y-n(820)
Z11-p-n(D2, V7)
Zn-a-p(MS)
Ga-d-p(L20)
Ga-n-&(S6)

Ge-n-2n (S6)
Z 11-a-n(M 8)
Ge-n-&($6)
Ge-d- p(S6)
Ga-d-2n(L28)
Zn-a-n(M8)
Ge-n-y(S6)
Ge-d-p(S6}
Ge-n-p ($6)
Ge-n-& {S6)
Ga-d-2n(L28)

813
A4, Lio
M7, 813, R3.

A4, M8, 813,
G6, V7, H25

R3, P2, 820,
D2, M7, 813,
G6, V7

A1, P2, 820,
D2, MS, 813,
Vi

S6, $7, L20,
L28

S6
M8, $6, L28

M8
$6

S6
S6, L28

33 As»»
As71, 73

As»
As74

Asvs

As»
s78

34 Se»
Se79, 81

Sevg, sl

Se83

Se
Se

35 81 78

Brso

F p+
F p+

p+
A P, P+

50 h. (S6)
88 m. {S6)
26 h. (V4)
17 d.($8)

A p, y,
P+ ~ K ~(Q}
($23)

26.8 h. (W9)

19 m. (L32}

D
D

A p+, e-, y

30 m. (L32)

sev. h. (815)
sev. d.(815)

6.4 m. (S9)

A I.T., e
(Slo, V3, V7)

4.4 h. (813)

D P, y($6) 55 d.(S6)
p- 65 m. (S9)

A 48 d.(D9)
C I.T., e (L32) 57 m. (S9, L32)

12(p ).
o 9(P+) ($8)
cl. ch. K. U.
1,1, 1.7, 2.7
{P )(S23,
W9); 0.7,
2 6(P+)
(S23}cl. ch.

1.5(L32)
abs.

2 3(P+) ($9)
abs

3 .2, 2.2, 1.5
{S23)
cl. ch. pair

0.093

(L32)
spect. conv.

0.046, 0.108
(Ui)
spect. co11v.

0.049; 0.037
or 0.025(V?}
spect. co11v.

G -d-n(S6)
Ge-d-n(S6)
Ge-p-n(V4)
As-n-2n(S8, C11)
Ge-d-n(S8)
Se-d-u(FS)
As-d-p(C11, T3)
As-n-y (C 11)
Br-n-a (C 11)
Ge-p-n(U4)
Se-d-n(F8)
Ge-d-n(S6, S8)
Br-n-a($9, C11)

As-p-n(D9)
Se-d-p(S9, L32)
Se-n-y($9, H10)
Br-n- p(S9, L32)
Se-p-n(820)
Se-d-p(S9, L32)
Se-n-&(S9, H1O)
Se-p-n(820)
Br-n-p(L32)
Sevg, 81(5? m) I T (L32)
Se-d-p(L32)
Se-n-y(L32)
Th-n(8 15)
Th-n(815)

Se-d-n(S9)
As-a-n (S9}
Br-y-n(820, CS)
Br-n-2n{H 10)
Se-p-n(813, V7)
Br-n-p{$9, Sio, A2)
Br-d-p(S9)
Se-p-n(813, V7)
Br-y-n(820)
Br-n-2n(P2)

S6
$6
V4
$8, C 1 1, F8

C11, T3, S23,
W9, V4, F8

$8, $6
$9, Ci i

D9
S9, Hio, 820,
L32

820, S9, Hio,
L32

L32

815
815

$9, C5, 820,
Hio, B13, V7

$9, $10, A2,
813, 820, P2,
V?, D19



J J

RADIo-
ELEMENT

TYPE OF
CLASS RADIATION

Br88

Br82

Br88

Br~82

Br+82

BI+82

Kr?9, 81

Kr888'
36

I,T., e

KI 86, 8?

Kr85, 8?

Kr(?)
Kr«

Rb82, 84

Rb» «
R188

Rb8$, 88

K, y(D9}
K, y(D9)I.T., e, y{D18)

Sr86
Sr85
Sr828C

B
B
A

Sr89

Sr 99

Sr 98
D
D

Y88
Y8?

B
B

K(D9)
K(D9)

K, y, e (D18)
Y88

Y

Y ~90

Y

Zr» P+(S12, D9)40

y, I.T. or K(D9)
p

Zr89
Zl

Zl
Zr

Zr

Cb
Cb
Cb
Cb

Cb92

41

Cb94

Mo»
Mo91, 98

8' Radioactive isomer of stable nucleus.

LI VI NGOOD AND G. T.

TABLE II.—Continued.

ENERGY OF
RADIATION (MEV)

PARTICLES

2.0(A2}
spect.

HALF-LIFE

18 m.(S9, S10)

y-RAYS

(0.5
(B13, S9)
abs.

34 h. (S9} 0.7(B13) 0.65(KS)
cl. ch. recoil
and abs.

140 m. (L32) No y(S9}1.05{L32)
abs.

40 m. (D6)
22 h. (815)
3.8 h. (H22)

18 h. (S9)
113 m. (L32)

74 m. (S9}

4.5 h. (S9)

1-2 m. (K3)
3 h. (L27)

0.049{L32)
abs. of e

1.5 m. (R3)
9.8 m. {R3)
18 m. (S9)

18 d.(S9)

~60 d.(D18}
70 m, (D9)
2.7 h.(D18) 0.37(D18)

spect. conv.

1.50(S28)
cl. ch.

55 d.(S2S} No y(S28)

7 m. (L26)
6 h. (L26)

80 d.(D9)
14 h. (S28, D9)

85 h.(D18)

2.0 h.{S28)

60 h.{S11)

70 h.(S12)

3.5 h. (L26)
80 d.(D9)

70 h. (S12, D9)

1.2{S11)
cl. ch. K. U.
2.6(S11)
cl. ch. K. U.

1.3(S12)
cl. ch. K. U.

1.0(P+}(S12)
cl. ch. K. U.

4 m. (D9}
17-40 h,
(S12, H13}
10-30 m. (P2, S12)
2.5-5 h.(S12, P2)

1.25 (S12)
cl. ch. K. U.

90 m. (S12)

4 m. (D9)
12 m. (D9)
38 m. (D9)
21 h.(D9)
96 h. (D9)
11 d.(s13) 1.0(S13)

cl. ch. K. U.
7.5 m. (S13)

7 h. (D9)
17 m. (B20, S12) 1.8(S12)

cl. ch. K. U.

SEABORG

PRODUCED BY

Br-n-y(S9)
Br-d-p(S9)
Se-p-n(B 13)
Br-y-n(B20)
Br-n-2n(P2)
Br8o(4.4 h.) I.T.(S10)
Br-n~(K5, S9)
Br-d-p(S9)
Se-p-n(B 13)
SeM-2n(S9)
Rb-n-e{S9, P2)
Se-d-n{S9)
Se88 P decay (S9, L32)
Th-n(B15, L32)
U-n(L32)
U-n(D6, H22)
Th-n{B15)
U-n(H22)

Kr-d-p {S9)
Br» P decay (L32)

Kr-d-p(S9)
s 42-n(?) {K3}
Kr-d-p(S9)
Se-o-n(?) (K3)
Se-~-n(?)(K3}
Th-n(AS, L27)
U-n(H22, H11)

Br-c-n(?}(R3)
Br-a-n(?}{R3)
Rb-n-y(S9, P2)
Pa-n(G7)
Kr88 P- decay
(L27, Hii, AS)
Rb-n-y(S9)

Rb-p~(D iS)
Rb+n(D9)
Rb-p-n(D18)
Sr-d-p(D 18)
Sr-n-y(D18)
Y8? (85 h.) K decay
Sr-d-p{S11, S28)
Sr-n-y(s 1 1, S28)
Y-n- p(S12)
U-n(L26}
U-n(L26)
U-n(L26}

Sr+n(D9)
Sr-d-n(S28, D9)
Sr+n{D9)
Sr+n(D18)
Sr-d-n(D18, S28)
Sr-d-n(S11, S28)
Y-n-2n(S11)
Y-d-p{S11}
Y-n-y(s 1 1, S12)
Cb-n-a(S13)
Zr-n-p(S12)
Zr-d-a(?) {S12)
Sr 9o {6h.) P decay (L26)
Sr+n(?) (D9)

Zr-n-2n{S12)
Y-p-n{D9)
Y+n(D9}
Zr-n-y(H 13, S12)

Zr-n-?(P2, S12)
Zr-n-?(S12, P2)
Zr-d-? (S12)
Zr-d-? (S12)

Zr p-n{?)(D9)
Zr+n(?) (D9
Zr-p-n(?) (D9
Zr+n(?) (D9
Zr-p-n(? }(D9)
Cb-n-2n(S13)

Cb-n-y(S13, P2)

Cb-p-n(?) (D9)
Mo-n-2n(H 10, S12}
Mo~-n(B20}

OBSERVERS

S9, S10, V3,
A2, B13, B20,
P2

S9, K5, B13,
P2

S9, B15, L32

D6, H22
B15
H22

S9
L32

S9, K3

S9, K3

K3
H22, H11,
A5, L27

R3
R3
S9, P2, H11,
A5, L27, G7

D18, D9
D9
D18

S11, S12, L26,
S28

L26
L26

D9
S28, D9

D18, S28

S11, S28

Sii, S12, S13

S12

L26
D9

S12, D9

D9
S12, H13

S12, P2
S12, P2

S12

D9
D9
D9
D9
D9
S13

S13, P2

D9
S12, B20, H 10



TABLE OF INDUCED RADIOACTI VITIES

TABLH II.—Continled.

RADIO-
ELEMENT

ENERGY GF
RADIATIoN (M Ev)

TYPE OF
Z A CLAss RADIATIoN

42 Moss, 101 Q P

HALF-LIFE

67 h.(si4)

Molol

43 43sd p+(?)

24 m. (S12)

2.7 h. (D4)

43ss 101 C I,T., e-, p(S14) 6.6 h.(S14)

PARTICLES

1.5(S14)
abs.

1.3(Si2)
d. ch. K. U'.

&-RAYS

0.4(S14).
abs.

~.136(S14)
spect. conv.~.18(S14)
abs.

PRODUCED BY

Mo-d-p(S14)
Mo-n~(S14, S12)
U-n(H23)
Th-n {H24)
Mo-n-y(H10, S12)

Cb-a-n {K3)
Mo-p-n(D4)
Mo-d-n(S i4)
Moos 101 (67 h.)P- decay (S14)

OBSERVERS

S14, S12, H23.
H24

S12, H10

K3, D4, S14

S14

43
43
43
43
43
43
43

X, ~
K{?),e-, y(ES)
p, v(E3)
p
p
K

9o d.(C 12)
62 d.(C12)
110 h. (E3)
55 m. (E5)
36.5 h. (D4)
18 s.(D9)
~2 d.(S14)

0.6(E3) 0.05, 0.5(ES)
2.5(E5) abs.

Mo-d-n(C 12, C24)
Mo-d-n(C12, C24)
Mo-p-n(E3, E5)
Mo-p-n{E3, D4, E5)
Mo- p-n{D4)
Mo-p-n(D3, D9}
Mo-d-n(S14)

C12, C24
C12, C24
E3, ES
E3, D4, ES
D4
D3, D9
S14

44 Russ
Rulod

Rule
Ru
Ru
Ru

B p-
F p-
G
F

20 h.{D7)
39 h.(L13)
11 d.(r.i3)
90 m. (K3)

F 20 m. (D7)
B p 4 h.{D7,L13)

Ru-n-2n(?) (D7, P2)
Ru-n-y(D7)
Ru-n-2n(D7, P2)
RU-d-p(L 13)
Ru-n-y(D7)
RU-d-? (L13)
Ru-d-? (L13)
Mo-a-n(K3)

D7, P2
D7, P2, L13

D7
I 13
L13
K3

Rh»d A I.T., e (PS)

Rhlod

Pdl1 1

Rh»d B p

Rh Cr' p"
Rh E
Rh
Rh E
Pd107, 100 C P-

4.2 01.(S29)

44 s.(PS, Ai)

46 d.(L13}

1.1 h. (P2)
3 }1.(D9)
10.7 h.(D9)
3 d.(D9)

13 h.(K6)

17 m. (K6}

23(C 13)
cl, ch.

1.O3(K6)
cl. ch.

0.055-
0.080(PS)
abs. of e

Rh-n-y{PS. A 1, P2)
Ru-p-n(D9)

Rh-n-y(PS, A1)
Rh10d (4.2 m.) I.T.(P5)
RQ-p-n(D9)
Ag-n-a(G3)
Ru»d P- decay (D7}
Ru-d-n(L 13)
Rh-n-? (P2)
Ru-p-n(?) (D9)
Ru-p-n(? }(D9)
Ru-p-n(? }(D9)

Pd-d-p(K6)
Pd-n-y(A 1, K6)
Ag-n-p{FS)
Pd-d-p(K6, A1)
Pd-n-y(K6, A 1}

PS, C13, A1,
P2, D9, S29

P5, C13, G3,
Ai, D9

D7, L13

P2
D9
D9
D9

K6, A i, FS

K6, A1

Ag102
Ag 104

Ag lsd

I

A p+

Ag 100 A K(?),e, y
(P6, A4, F5)

Aglds

Ag 1 11

Agl12

Anllo A P- ~(P6)
Ag108, 110 Q P

73 m. (E6)
16.3 m. {E6)
45 d.{E6)

24.5 m. (P6, D2) 2.04(FS)
abs.

0.29, 0.42,
0.50, 0.62
(E6) spect.
No y(FS)

8.2 d.(P6, K6) i.2(e-}, (FS) i.O6, O.69
abs. E(6}spect.

2.3 m. (A1, 820} 2.8(N4)
cl. ch.

7,5 d.(K6, P6) No y
(K6, P6)

3.2 h.{P6) 2.2(P6)
cl. ch.

22 s.(A1, P6) 2.8(G4)
cl. ch. K. U.

225 1.{L14,810)

Pd-p-n(E6}
Pd-p-n(E6)
Pd-p-n{E6)

Ag-n-2n(P6}
Pd-d-n(P6)
Cd-n-p(P6)
Rh-a-n(P6, K3)
Ag-y-n{820}
Pd-p-~{D2}
Pd-p-n(D2, E6)
Ag-n-2n(P6, K6)
Pd-d-n(P6, K6)
Rha-n(P6}
Pd-p-n(D2, E6}
Cd-n-p(P6)
Ag-n-$(A1)
Ag~-n(820)
Pd-p-n(D2, E6)
Cd-n-p(P6)
Ag-d-p(K 12)
Ag-n-y(A 1)
Cd-n-p(P6)
Ag-n-y(R10, Li4,
A8, M12)
Ag-d-p(K12)
Pd-d-n{K6, P6)
Pd-a-p(P6}
Cd-n-p(P6p
Pd» P decay (K6)
Cd-n-p (P6)
In-n-a(P6)

E6
E6
E6

P6, 820, D2,
FS, K3, E6

P6, R2, D2,
FS, K6, A4,
E6

Ai, 820, N4,
D2, P6, E6,
K12

Ai, G4, P6

Rio, L14, AS,
M12, K12

K6, P6

P6

48 Cdl07, 100 C' K, e- ~(D4, V7 6,7 h. (D4, RS)
F11)

0.093{V7)
spect. conv.
0.53(V7)
abs. Pb

Ag-p -n(D4, R5, V7, W 1 1} D4, RS, V7,
Ag-d-n(K12} K12, W11
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TABLE II.—Cont&sued.

RADIO-
ELEMENT

48 Cd'06
Cd»6

»?

49 In110

In»'

In112

In»2

In114

In»58

Inile

In lie

In»?

50 Sn»'

Sn~»6
Sn~l I 2

Sn»6
$n ~126

Sn»6

Sn ~126

Sn 1«
Sn126

CLASS

E
A

TYPE OF
RADIATION

p+
P, v

A P

D I.T., 8

D P+

P+, y, e-

HALF-LIFE

33 m. (P2)
2.5 d.(G5)

3.75 h, (C14)

SO m. (D8)

6S m. (817)

20 m. (817, L1S}

72 s.(L15, 817)

ENERGY OF
RADIATION (MEV)

PARTICLES y-RAYS

1.11(C14)
spect.

0.8(C 14)
cl. ch. recoil

1.6(817)
spect.
2.15@+) 0.16(817)
(C14) cl. ch. spect. conv.

A I.T., y, e-{817) 105 m. {817)

8 P, y, e 48 d.(817)

A I.T., e, p(C14) 4.1 h. (G5, 818}

1.75{P )
(C14) cl. ch.

0.17, 0.25
(817, C14)
spect. conv.
0.39(817}
spect. conv.
0.19(B17)
spect. conv.
0.34(C 14}
spect. conv.

P-, p, e-

A K, e, y

F P-
p-
p-

D P

13 s.{A1, C14)

54 m. (A1, L15}

2.1 h.{C14)

70-105 d. (L17,
817)

25 m. (L17}
3 h.(L17)
13 d.(L17)
40 m. (L17)

2.8(C14)
cl. ch.

0.85 (C 14)
spect.

1.73(P )
(C14) spect.

No y(M11)

1.8, 1.3, 1.0,
0.4, 0.2(C15}
cl. ch. recoil
0.388(C 14)
spect. conv.

0.085(8 17)
spect. conv.

26 h.(L17)

10 d.{L17)

400 d.(L17)
9 m. {L1?)

D P, y, e {817} 2.7 d.(817, C14) 1.?3(P )(D9}

PRODUCED BY

Cd-n-2n(P2}
Cd-d-p(C 14)
Cd-n-p{GS, M 10)
Cd-n-2n(G5)
Cd-d-p(C 14}
Cd-n-y(M 10, G5)
Cd-n-n(D8)

Cd-p-n(B 17)
Ag-a-n(K9)
Cd-d-2n(?) (L15)
Cd-p-n(817)
Ag-a-n(K3, K9)
In-n-2n(L15, P2)
In-y-n(811, C5)
Cd-p-n(8 17)
Cd-p-n(8 17)
In-n-2n(? }(C 14)

Cd- p-n(817)
Sn»6 K decay (817, S22)
In-n-y(L15, M 12)
Cd-p-n(8 17)
In-n-n(GS)
In P-P(818)
In-a-a(L16)
In-x-rays (P7, C 10)
Cd»' P decay (G5}
In-n-y(A1, L15)
In-d-p(L15)
Cd-p-n(D9)
In-n-y(A1, M11)
Cd-p-n(B 17)
In-d-p(L15)
Cd»? P decay (Gs)
Cd-d-n{C14)

In-p-n(817}
Sn-d-p(L17)
Cd-a-n(L17}
Cd-a-n(L17}
Cd-a-n(L17)
Cd-a-n(L17}
Sn-d-p(L17)
Sn-n-y {L17)
Sn-n-2n(P2)
Sn-d-p(L17}
Sn-n-y(L17)
Sn-d-p(L17)
Sn-n-y(L17)
Sn-d-p(L17)
Sn-d-p(L 17)
Sn-n-y(L17)

OBSERVERS

P2
Gs, C14, Mio

Gs, C 14, M 10

D8

817, K9

Lis, 817, K3,
C14, K9

C5, 811, P2,
L15, 817, K9

817, C14, D9

817, S22

M12, L15, 817,
C14
GS, 818, L16,
C14, P?, C10

Ai, C14, Mii,
L15, D9

A1, M11, Lis,
C15, 817, C14

Gs, C14

817, L17

L17
L17
L17
L17, P2

Li?

I.17

L17
L17

$b124

Sb~126

Sb~126

Sb~126
Sb12?

'

Sb126
Sb 181

Sb~131

Sb ~121

D P
D
D
A Pp-
D P
D P
D P

51 Sb E P
Sb»e, 118 P P+
Sb120 A P+

3.5 m. (D9)
S'm. (L16)
17 m. (H10, L18)

2.8 d. (L28)

60 d.(L18)

3 h.{L18)
~45 d.(L18)
~2 y.{L18)
80 h.(A6)
4.2 h.(A6)
& 10 m. (A6)
&10 m. (A6)
5 m. (A6)

1.53(A10)
cl. ch.

1.8(L28)
abs.

0.8{L28)
abs. Pb

1.64(A10) 0.5(L28)
cl. ch. abs. Pb

Sn-p-n(D9}
In-a-n(L 16)
Sb-n-2n{P2, H io)
Sb-y-n(820)
Sn-d-n(L18)
Sn-p-n(D9)
Sb-d-p (L 18)
Sb-n-p(A1, L18)
Sn-d-2n(L18)
Sn-p-n {D9)
Sb-d-p(L 18)
Sb-n-v(L18)
I-n-a(L18)
Sn-d-n(L18)
Sn-d-n(L18)
Sn-d-n(L18)
U-n(A6)
U-n(A6}
U-n(A6}
U-n(A6)
U-n(A6)

D9
L16
Hio, 820, P2,
L18, Aio, D9

L18, Ai, Aio,
D9, L28

L18, L28

L18
L18
L18
A6
A6
A6
A6
A6

52 Te»'

Te12?

Te12?

Te122

A K, e

A I.T.(S15}

A P

I.T.(S15}

120 d.(S15)

90 d.(S15)

10 h.{S15,T4)

30 d.($15, T4)

Sb-d-2n(S15), Sn-a-n(L 10)
Sb-p-n{S15)
Te-d-p(S15)
I-n-p{S1S)
Te-d-p(S15, T4}
I-n-p(S15)
Te-n-2n(T4)
Te»? (90 d.) I.T. {Sis)
Sb»? P decay (A6)
Te-d-p(S15, T4)
Te-n-2n(T4)

$15, L10

Sis

$15, A6, T4

$15, T4

*Radioactive isomer of stable nucleus.
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TABLE II.—Continued.

RADIO-
ELEMENT

Z A

52 Te»0

Te131

Te»1

Te«131

Te«»1

Te «131

Te «131

53 1»4

f»0

I133

I130

I131

I«131

I«131

I «131

I«131

54 Xe»'
Xe1»

Xe«»0

Xe«131

Xe«»1

55 Cs»4
Cs134
Cs130

Cs«139

TYPE OF
CLASS RADIATION

A I.T.(S15)

A p

D p

A p+

A p-, p

A
A
A 'p

D p

ENERGY OF
RADIATION (M EV)

HALF-LIFE

70 m. (S15, A6)

PARTICLES y-RAYS

30 h. (S15, A6)

25 m. (S15)

0.5(L19)
abs. Pb

25 m. (A1)

12.6 h, (L19)

8.0 d. (L19)

2.4 h. (A6)

54 m. (A6)

1.2, 2.1(B19) 0.4(L19}
cl. ch. abs. Pb

0,83{TZ)
cl. ch.
0.687 (T7)
cl. ch.

0.6(L19}
abs. Pb
0.4(L19)
abs. Pb

6.6 h. (S21}

22 h. (A6)

~100 s.{W11)
&0.5 m. {H11,
H12}

1S m. (H22)

4.5 d.{S21)

9.4 h. (S21)

1.5 h. (A1)
1 y. (A8)

6 m. (H22)

33 m. (H22)

43 m. (A6)

6O m. {A6)

77 h. (A6)

~.5 h. (S21)

4.0 d.{L19,D9)

13.0 d.{,L19, T4) 1.1(L19)
abs.

PRODUCED BY

Te-d-p(S15, T4)
Te-y-n(B20)
Te-n-2n(H10, T4)
Te»' (30 d.) I.T. (S15)
Sb»' p decay (A6)
Te-d-p(S 15)
U-n(A6, H22)
Te-d-p(S15)
Te-n-&(S 15)
U-n(A6)
Te»1 (30 h.) I.T. {S15)Sb»' (&10 m.)
p decay {A6, H22)
Sb-»1 ((1O m.)
P decay (A6, H22)
Sb»1 (5 m.)

'

P- decay (A6, H22}
Th-n(H24}
U-n(S21)

Sb-u-n(L19}
Te-p-n(D9)
Sb-a-n(L19)
I-n-2n(T4, L19)
Te-d-n(L19)
Te-p-n(D9)
I-n-y(A1, T4)
Te-d-2n {L19)
Te-p-n(D9)
Te-d-2n(L19)
Te-p-n (D9)
Te-d-n(L19)
Te»1 P decay
{S15,A6, H22)
Te«»1 {77 h.)
P decay (A6, H22)
Te«»1 (43 m.}
P decay (H22, A6)
Th-n(D6)
Te«»1(~.5 h.)
P decay(S21)
Te«»1 (60 m.)
P decay (H22, A6, S21)

I-p-n(W11}
U-n(H22, H11)
Th-n(A5)
U-n{H22, H11)
Th-n(A5)
I«»1 (22 h.)
P decay (S21)
I«»1 (6 h.)
P decay (S21)

Cs-n-y(A1, M 16)
Cs-n-y(A8, S20)
Xe»0 P decay
(H22, H12, H11, A5)
Xe«»0 ( 15 m.) P decay
(H22, H11, H12, A5)
Pa-n(G7)

OBSERVERS

S15, B20, Hio,
A6, T4

S15, A6, H22

S15, A6

A6, H22

A6, H22

A6, H22, H24

S21

L19, D9

L19, T4, D9

Ai, L19, B19,
D9, T4

L19, D9, TZ

L19, S15, T7,
A6, H22

A6, H22

H22, D6, A6

S21

A6, H22, S21

W11
H11, H22, AS,
H12
Hil, AS, H22

S21

S21

A 1, M16
A8, S20
EI22, H11, AS,
H12
H22, H11, H12,
A5, 67

56 Ba

Ba
a«130

Ba«140

Ba«140

S7 La133
I al40

I a 140

La«140

I a«130

D e, y

A p

30 h.(K10)

86 m. (P8, I-122}

3 m. (A1, P2)
300 h. (H22)

14 m. (H22)

&1 m. (H14)

2.2 h. (P2)
31 h. (P9)

2.5 h. (H22)

(30 m. (EI 14, H 15)

36 h. (H22)

o.8(P9)
cl. ch.

O.23 (K10)
abs.

Ba-n-v(K 10)

Ba-d-p(P8)
Ba-n-y(A1, P2)
La-n-p(P8)
Cs»0 P decay
(H22, Hli, AS, H12)
Ba-n-? {A1, P2)
Cs 1» (33 m.) P decay
(H22, H11, H12, A5)
Th-n(H24}
U-n(H22, H12, H14)
Th-n{H15, H14)
U-n(H14)

La-n-2n(?) (P2)
La-d- p(P8)
La-n-y(P9, M13)
Ba 1«(14 m.) P decay
(H22, H14, H15)
U-n(B1S)
Th-n(C16)
Ba«14o (&1 m. )
p decay (EI14, H15)
Ba»9 (300 h.) P decay
{H22, H14, B15)

K10

P8, Ai, P2,
H22, H12, H11,
A5

A1, P2
EI22, H14, H12,
H11, A5, EI24

H22, H14, H12,
H15
H14

P2
P8, P9, M13

E422, H14, H15,
C16, B15

H14, H15

H22, H14, B15
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TABLE II.—Continued.

RADIO-
ELEMENT

TYPE OF
A. CLASS RADIATION

{ el89 F P+
Celil, 148 C

HALF-LIFE

2.1 m. (P9)
15 d.(R11)

ENERGY OF
RADIATION (M EV)

PARTICLES 7-RAYS

0.12(R11)
spect.

PRODUCED SY

Ce-n-2n(?) (P9)
Ce-n-y(R11)

P9
R11

OBSERVERS

59

61

Priho, 149 C P+
PrliQ g p-

Ndli'

Nd149

Nd lsl

61

Sm

Fuls0 Q P+
EulsQ, 1«C P- y 0-(T6) ~

K(?)(R2)

EulSQ 1«C P-, y{R11,F7)

Euls8, 164 P
Eul68, 164 F

3.S m. (P9)
18.7 h.(P9)

84 h.(P9)

2.0 h.(P9}

21 m. (P9)

12.5 h.(P9)

21 m. (P9)

46 h. (P9)

27 h. (P9)
9.2 h. (P9) 1.88(P ) (T6) 0.123,0.163,

spect. 0.725(T6)
spect. conv.

&1 y.(F?, S20) 0.8(R11)
spect.

12 m. (F7)
1O5 m. (F7)

Pr-n-2n or Pr-n-y(P9, A 1}
Pr-n-y{P9, P2, M13, Ai)
Nd-n-p(P9, P2)

Nd-d-p(P9)
Nd-n-y(P9)
Nd-n-2n(? }(P9)
Nd-d- p(P9)
Nd-n~(P9)
Nd-n-2n(?) (P9)
Nd-n-y(P9, M18)

Nd-1-n(P9)

Sm-n-y{P9, Ai, M13,
H 17)
Sm-n-2n(?) (P9)
Sm-n-y(P9, H20, R11,
H 17)
Sm-n-2n(2) {P9)

Eu-n-2n(?) (P9, R11)
Eu-n-y(P9, M13, H17,
H20)
Eu-n-2n(?) (P9)
Eu-d- p{F7)
Eu-n-y(S20, Ri 1, F7)

Eu-d- p(F7)
EU-d-p(F7)

P9, A1
P9, P2, M13,
A1

P9

P9, M18

P9

P9, Ai, H17,
M 13

P9, H20, H17,
R11

P9, R11
P9, R2, H17,
T6, M13, H20,
F7

S20, R11, F7

F7
F7

65

GdlSQ, 101

Tb108 g P-

8 h. (A1, H17)

3.9 h.{H16, M13) Tb-n-y(H17, P9, M13,
H20)

H17, P9, M13,
H20

Gd-n-y(A1, H20, H17) A1, H17, H20

67

68

69

70

?1

Dyl06

Dy(?)

HO704
HO180

Fr186 F p+
Er109, 171

Fr109, 171 C P-

Tm»o A

Yb{76, 177

Yb(?} G

I u178, 177

Lu»0, »7 C

Rare F
Earth

H f181

2.5 h. (H17, P9,
M 13)
2.2 m. (P9)

47 m. (P9)
35 h.{H17)

1 ~ 1 m. (P9)
7 m. (M13)
12 h.{H17, P9)

105 d.(H20)

3.5 h.{Hi?, M 13)

41 h.(P9)

4 h. (H17, H20,
M 13)
6 d.
(H17, H20, F6)
2.3 d. (S4}

55 d.(H19}

1.9{N4)
cl. ch.

1.6(H20)
abs.

Dy-n~(H17, H20, P9,
M 13)
Dy-n-? (P9)

Ho-n-2n(?) (P9)
Ho-n-y(H17, H20, P9)

Er-n-2n(?) (P9)
Er-n-y{M13, M18}
Er-n~(H17, H20, P9,
R12)

Tm-n-y(H20, N?)

Yb-n~{H20, Hi?,
M13, P9)
Yb-n-y(? }(P9)

Lu-n-y{H20, H17,
M13, M18)
Lu-n-y(H17, H20, F6)

U-n(M19, S4)

Hf-n-y{H 19)

H17, H2O, P9,
M13, N4
P9

P9
H17, H20, P9

P9
M13, M18
H17, P9, R12,
H20

H20, N7

H20, Hii, M13,
P9
P9

H20, H17, M13,
M 18
H20, H17, F6

M19, S4

H19

Tal80

Ta180

Ta189

W186~ 187

A Z. 8-, &(01);
p {?)

A p

14-21 m.
{811,01)
8.2 h.(01.)

97 d.(01)

23 h.(M14)

&0.5 {8-}?
(01) abs.

Ta-~-n(811)
{Ta-n-2n) (?)(01)
Ta-n-2n {01.P2)

Ta-n-y(01, F6)
Ta-d-p(01}

W-n-y{M14, A1)

B11,01
01, P2

01, F6

A1, M14

75 Re
Re
Re180

Re188

Os191, 198 C p

Irl98, 194 { P
rlQQ, »4 C P

IrlQQ& 194 ' C p

55 m. {D9)
14 d.(D9}
90 h. (S16)

18 h.{P2}

40 h. (K?)

1.S m. {MiS)
19 h. (M15, A1)

60 d.(M15, F6)

1.2(S16)
cl. ch. K. U.

2.5(S16}
cl. ch. K. U.

2.2(A2)
spect.

W p-n(D9)
W-p-n(D9)
Re-n-y(S16, K7)
Re-n-2n(S16)
W-p-n(D9)
Re-n-y(P2, K7, S16)

Os-n-y(K7)

Ir-n-y(M 15)
Ir-n-y{M15, Ai, P2, Ji)
Au-d~, p{?)(C18)
Ir-n-y(M15, F6, J1)

D9
D9
S16, K?, D9

S16, K7, P2

M15
Mis, Ai, P2,
C18, A2, J1
M15. F6, Ji
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TABLE II.—Continued.

RADIO-
ELEMENT

78 Pt197

Pt197
P t199

Au»6
Au196
Au196

TYPE OF
CLASS RADIATION

B p

B p-
B P
A p", y

HALF-LIFE

18 h. (M 15)

3.3 d. (M 15)
31 m. (M15)

13 h. (M 15)
4-5 d.(M15)
2.7 d.(M1S, A1)

ENERGY OF
RADIATION (M EV)

PARTICLES y-RAYS

0.8{M15, 0.28, 0.44,
R2} abs. and 2.5(R2, S17)
ci. ch. cl. ch. recoil

PRODUCED BY

Pt-n-~(M15)
Pt-d- p(C19)
Pt-n-~(M15, P2)
Pt-n-~(M15, A 1, M14)
Pt-d-p(C 19)

Au-n-2n (M 15)
Au-n-2n(M 15)
Au-n-y(M1S, A1, P2)
Au-d-p(C18)

OBSERVERS

M15, C19

M15, P2
M15, Ai, C19,
M 14

M15
M15
M15, Ai, C18,
R2, S17, P2

80

81

Au199 A
Au G

Hg192

Hg203, 206

T1200 Ffl200 F
fl204, 206

T1204, 206

K, e-, y
(R11, A4)

3.3 d.(M15)
17 m. {P2)

43 m. (H10, M15}

25 h.{M15)

4 m. (K3)
3.8 h.{K3}
4 m. (P10, H10)
97 m. (P10. M16)

&0.4(M 15)
, abs.

Pt»9 P decay (M15)
Pt-n-y(?) (P2)

(0.25(M15) Hg-n-2n(M15, H10, P2)
abs.

Hg-n-&(M15, A9)

Au-a-n(?) (K3)
Au-a-n(/) (K3)
Tl-n-y(P10, P2, H10)
Tl-n-y(P10, M16, P2)

M1S
P2

M15, H10, P2,
R11, A4
M15, A9

K3
K3
P10, H10, P2
P10, M16, P2

84

90

91

92

++231
Th»3

Pa233

+239

B p
A p

F p

B p

Pb206 B
Pb209 B

Bi210 A

Po210 A

Po F

80 m. (D10}
3.0 h. (TS)

5 d.(L13)

136 d. (L13)

7.5 h. (C23)

24.5 h. (NS)
26 m. (M17}

25 d. (M17)

23 m. (11, S4)

6, 7.5(C23)
abs.

Pb-n-2n(D 10)
Pb-d-p(TS)

Bi-d-p (L13)

Bi»0 P decay (L13)
Bi-d-n(V4)
Bi-a{32 Mev)

D10
T5

L13

L13, V4

C23

Th-n-2n(NS)
Th-n-y(M 17)

NS
M17

U-n-y(H18, H14, I 1,
S4, M19)

H18, H14, Ii,
M19, S4

Th»3 P decay (P)(M17) M17
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