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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, B2, 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—TIsotope certain (mass number and element
certain)

B—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:

B—Negative beta-particles
B+—Positive beta-particles (positrons)
y—Gamma-rays
e—Internal conversion electrons
K—K-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 4.” 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

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.

cl.

When internal conversion electrons are emitted
the energy listed is always that of the corre-
sponding gamma-ray transition.
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TABLE 1. Stable isotopes of the elements.
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PERCENT PERCENT
zZ ELEMENT A ABUNDANCE REFERENCE z ELEMENT A ABUNDANCE REFERENCE
1 H 1 99.98 H27 22 Ti 46 7.95 N9
2 .02 47 7.75
48 73.45
2 He 3 ~107% Al 49 5.51
4 100 T8 50 5.34
3 Li 6 7.9 S24 23 \% 51 100 A12
7 92.1
24 Cr 50 4.49 N1i0
4 Be 9 100 N8 52 83.77
53 9.43
5 B 10 18.4 03 54 2.30
11 81.6
25 Mn 55 100 S26
6 C 12 98.9 N16
13 1.1 26 Fe 54 6.04 N10
56 91.57
7 N 14 99.62 V6 57 2.11
15 0.38 58 0.28
8 (0} 16 99.76 S27 27 Co 57 0.17 S26
17 0.04 M20 59 99.83
18 0.20 S27
28 Ni 58 68.0 L30
9 F 19 100 A12 60 27.2
61 0.1
10 Ne 20 90.00 Vé 62 3.8
21 0.27 64 0.9
22 9.73
29 Cu 63 68 A12
11 Na 23 100 S24 65 32
12 Mg 24 77.4 A12 30 Zn 64 50.9 Ni4
25 11.5 66 27.3
26 11.1 67 3.9
68 174
13 Al 27 100 A12 70 0.5
14 Si 28 89.6 M21 31 Ga 69 61.2 S24
29 6.2 71 38.8
30 4.2
32 Ge 70 21.2 A12
15 31 100 A12 72 27.3
73 7.9
16 S 32 95.0 N9 74 37.1
33 0.74 76 6.5
34 4.2
36 0.016 33 As 75 100 N8
17 Cl 35 75.4 N17 34 Se 74 0.9 A12
37 24.6 76 9.5
77 8.3
18 A 36 0.307 Ni14 78 24.0
38 0.061 80 48.0
40 99.632 82 9.3
19 K 39 93.3 Ni4 35 Br 79 50.6 B25
40t 0.012 N14, (1S25) 81 49.4
41 6.7 N1i4
36 Kr 78 0.35 N8
20 Ca 40 96.96 N9 80 2.01
42 0.64 82 11.53
43 0.15 83 11.53
44 2.06 84 57.10
46 0.0033 86 17.47
48 0.19
37 Rb 85 72.3 B26
21 Sc 45 100 A12 871 27.7 B26, (tH26)

1 Natural radioactivity.
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TABLE 1.—Continued.

PERCENT PERCENT
zZ ELEMENT A ABUNDANCE REFERENCE Z ELEMENT A ABUNDANCE REFERENCE
38 Sr 84 0.56 N13 52 Te 120 <0.1 D14
86 9.86 122 2.9 Al2
87 7.02 123 1.6
88 82.56 124 45
125 6.0
39 Y 89 100 D1t 126 19.0
128 32.8
40 Zr 90 48 Al3 130 33.1
91 11.5
gi f% 53 I 127 100 N8
96 LS 54 Xe 124 0.094 N8
126 0.088
41 Cb 93 100 S26 128 1.90
42 Mo 92 15.5 M22 };2;(9) 2%;
94 8.7 131 21.17
95 16.3 6.96
o 16.3 132 26.9
: 134 10.54
97 8.7 136 8.95
98 25.4
100 8.6 55 Cs 133 100 N8
44 Ru gg S, Al2 56 Ba 133(2) (O).g)g; N13
lgg ii 134 2.42
135 6.59
ig; gg 136 7.81
0 3 137 11.32
138 71.66
45 Rh 101 0.08 S26
103 9.5 57 La 139 100 A12
46 Pd 102 0.8 S26 58 Ce igg <} B}g
104 9.3 <
105 2% 140 90 A12
108 572 142 10 A12
108 26.8
110 135 59 Pr 141 100 A12
47 Ag 107 52.5 A13 60 Nd 142 25.05 M23
109 47.5 1 276
48 cd 106 14 N14 ﬁg o
108 1.0 148 6.8
110 12.8 1% o
111 13.0
12 24.2 62 Sm 144 3 Al4
113 123
114 29 48t i (1W10)
116 3
149 15
49 In 113 45 S24 igg 22
115 95.5 132 2
50 S 112 1.1 INE
! 114 0.8 63 Eu 151 49.1 L31
115 0.4 153 50.9
116 15.5
117 9.1 64 Gd 152 0.2 D12
- I
119 9.8 )
120 28.5 156 22.6
122 5.5 157 16.7
124 6.8 }gg %gg
51 Sb 121 56 A12 '
123 44 65 Tb 159 100 Al4

+ Natural radioactivity.
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TABLE I.—Continued.

PERCENT

PERCENT

Z ELEMENT A ABUNDANCE REFERENCE zZ ELEMENT A ABUNDANCE REFERENCE
66 Dy 158 0.1 D12 76 Os 184 0.018 N11
160 1.5 D12 186 1.59
161 21.6 Al4 187 1.64
162 24.6 188 13.3
163 24.6 189 16.1
164 27.6 190 26.4
192 41.0
67 Ho 165 100 Al4
77 Ir 191 38.5 S26
68 Er 162 0.25 D12 193 61.5
164 2.0 D12
166 35.2 Al4 78 Pt 192 0.8 S26
167 23.5 194 30.2
168 29.3 195 35.3
170 9.8 196 26.6
198 7.2
69 Tm 169 160 Al4
79 Au 197 100 D16
70 Yb 168 0.06 D12
170 2 D12 80 Hg 196 0.15 N8
171 8.8 Al4 198 10.1
172 23.5 199 17.0
173 16.7 200 23.3
174 37.2 201 13.2
176 11.8 202 29.6
204 6.7
71 Lu 175 97.5 M24
1761 2.5 M24, (1H28) 81 Tl 203 29.1 N13
205 70.9
72 Hf 1722 <0.1 Di1
174 0.3 D11 82 Pb 204 1.48 N15
176 5 A13 206 23.59
177 19 207 22.64
178 28 208 52.29
179 18
180 30 83 Bi 209 100 N13
73 Ta 181 100 D11 90 Th 232t 100 D17
74 W 180 ~0.2 D13 91 Pa 231t —_ G8
182 22.6 A12
183 17.3 92 U 234t 0.006 N1i2
184 30.1 235t 0.71
186 29.8 238t 99.28
75 Re 185 38.2 A12
187 61.8

t Natural radioactivity.

The 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, #=neu-
tron, e =alpha-particle, d =deuteron, vy =gamma-
ray). The heavy element, neutron-induced, fission
reactions are included and are designated by
such symbols as U-n, Th-z, and Pa-x#. 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-#, etc.) but is listed as produced

by the beta-decay of its immediate parent
isotope.

No 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 relative
abundances of the known stable isotopes is
included for convenience.
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TaBLE I1. Radioactive isotopes which have been produced by artificial means.
The literature has been covered up to December 1, 1939.

RaApI0- ENERGY OF
ELEMENT RADIATION (MEV)
TYPE OF
Z A Crass RADIATION HALF-LIFE PARTICLES ~Y-RAYS PRODUCED BY OBSERVERS

1 | H3 A 8- ~150 d.(A7) ,;o .02(A7) D-d-p(AT7) A7

2 | Hes A 8- 0.8 s.(B1) 3. 7(Bl B2) Be-n-a(B1, P1, B3) B1, N1, K1,
cl. ch. (Li-n-p)(K1, N1) P1, B2, B3

3 |Lis A B~ a 0.88 s.(L1) 12(87) (B4) Li-d-p(C1, L1, R14, D1) | L1, B4, C1,
cl. ch. B-n-a(L24), D1, R14, K1,

(Li-n-y) (K1) L24
4 | Be? A K, ~ 43 d.(R1) 0.45(R1, M1)| Li-d-n(R1, R13) R1, M1, HI,
abs. Pb. B-p-a(R1, H2, R13
Li-p-n(H1, H2)

5 | B12 A 8- 0.022 s.(C2, B22) | 12(B4) B-d-p(C2, F1, BS) C2, F1, B4,
cl. ch. , B22

6 | Cu A Bt 21.0 m.(R11) 1. 15(F1) B-d-n(F1, C4, Y1) F1, C3, VY1,
cl. ch B-p-v(C3, B23) C4, P2, B23

B-p-n(B23) R11
N-p-a(B23)
C-n-2n(P2)

7 | N3 A B, v 9.93 m.(W12) 0.92, 1.20 0.28(R2) C-d-n(H3, Y1, C4, F1) H3, E1, Y1,
(L22) cl. ch. recoil | C-p-y(H3, C4) R2, C4, F1,
spect. B-a-n(E1, P2, B20 L22

N-n-2n(P2) W12
Nis A B 8 s.(C5, N1) 6.0(F1) N- d—A(Fi) F1, C5, P1,
cl. ch. O-n-p(CS5) Nl, N4
F-n-a(N1, P1, N4)
8 | 0w A Bt 126 s.(M3, B20) 1.7(F1) N-d-n(M3, F1) M3, F1, B2o,
cl. ch. O--y-n(BZO) P2, D2, K3
O-n-2n(P2)
N-p-v(D2)
C-a-n(K3)
O A B~ 31s.(N1) F-n-p(N1, A1) N1, A1
9 | Fu7 A g+ 70 8.(N2) 2. 1(K4) 0-d-n(N2, F1) N2, K4, F1,
cl. ch N-a-n(R3) , D2
O-p-v(D2)
F1e A g+ 112 m.(S1) 0.7(Y2) Ne-d-a(S1) S1, D2, P2,
cl. ch. O-p-n(D2) Y2, B20
F-n-2n(P2)
O-d-n or
0-d-y(Y2)
F2o A B8~ 12 5.(C1) 5.0(F1) F-d-p(F1, C1) F1, C1, N1
cl. ch. F-n-y(N1)
Na-n-a(N1)
10 | Net® A gt 20.3 s.(W7) 2120(W7) F-p-n(WT7) w7
cl. ch
Ne2s A 8- 40 s.(A1, B6) Na-n-p(A1, N1, P1) A1, N1, B6,
Mg-n-a(A1l, B6) P1
11 | Na22 A g+ 3.0 y.(L3) 0.58(L3) 1.3(02) Mg-d-a(L3 L3, M4, 02
cl. ch. spect. F-a-n(L3, M4)
Ne-d-n(L3)
Na24 A B~y 14.8 h. (V1) 1.4(L21) 1.0, 2.0, Na-d-p(L4, V1) L4, A1, R4,
spect. 3.0(R4) Na-n-y(A1) H4, Vi, L21
cl. ch. recoil | Mg-n-p(A1)
Al-n-a(Al)
Mg-d-a(H4)
12 | Mg23 A B 11.6 s.(W7) 21.82§1W7) Na-p-n(W7, D9) W7, D9
cl. ch.
Mg?? A By 10.2 m.(H4) 1.8(C13) 0.9(R4) Mg-d-p(H4) H4, A1, R4,
cl. ch. cl. ch. recoil | Mg-n-y(A1) C13
Al-n-p(A1)
13 | Alze A B* 7.0 s.(W7, F2) 2.99(W7) Na-a-n(M4, F2) M4, F2, W7,
cl. ch. . Mg-p-n(W7, D9) D9
Al A - 2.4m.(A1, M5, E2) 3.3(C6) 2.3(C6) Al-d-p(MS5) Ms, Cé6,
cl. ch. cl. ch. recoil | Al-n-y(A1) A1, E2, R3
Si-n-p(A1)
P- n-a(Al)
g-a~ﬁ£ R3)
Al A B 6.7 m.(B27) 2.5(B27) Mg-a-#(B27, H21, F3) B27, H21, F3
cl. ch. and
abs.
14 | Si27 A 3.7 s.(K8) Al-p-n(K8) K8
Sist A 8- 170 m.(N3) 1.8(K4) No y(N3) Si-d-p(N3) N3, K4, A1,
cl. ch. Si-n-y(A1) P2, 82, C9
P-n-p(A1, P2)
S-n-a(S2, C9)
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TABLE I1.—Continued.
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Rapr1o- ENERGY OF
ELEMENT RADIATION (MEV)
TYPE OF
z A CLass RADIATION HALF-LIFE PARTICLES Y-RAYS PRODUCED BY OBSERVERS
15 | P30 A B+ 2.55 m.(R3) 3.6(A2) Al-a-n(R3, C7) C7, R3, A2,
spect. S-d-a(S2) S2, P2, B20,
P-n-2n(P2) A7, B23
P-y-n(B20)
Si-p-n(B23)
Si-He3-p(AT7)
P32 A B~ 14.30 d.(C8) 1.69(L5) No v (K4) P-d-p(N3) N3, L5, C8,
spect. P-n-y(A1) Al, K4, S2,
S-n-p(A1) F3
Cl-n-a(A1)
S-d-a(S2)
Si-a-p(F3)
16 | St F s+ 26 m.(P2) S-n-2n(P2) P2
S36 A 8- 88 d.(L6) 0.107(L6) Cl-n-p(A3, L6) A3,L6
spect.
17 | CI13¢ A gt 33 m.(S2, B21) 2.5(B21) P-a-n(F2, R3, B21) F2, R3, S2,
abs. S-d-n(S2) P2, B20, B21
Cl-n-2n(P2)
Cl-y-n(B20)
Clae A 8+ K, B~ >1y.(G9) Ot;l(ﬂ )(G9) 8-3-7583)) G9
-d-p
Cls8 B B~y 37 m.(VI) 4. 8(K4) 2.0, 2.5¢R7) Cl-d-pEK‘;, VvI) K4, R7, VI,
cl. ch cl. ch. recoil | Cl-n-y(A1) HS, At
K-n-a(HS)
18 | A® G - 4 m.(P2) K-n- p(P2) P2
Al A B~y 110 m.(S3) 2.7(K4) 1.37(R8) A-d-p(S3 S3, K4, RS,
cl. ch. cl. ch. recoil | K-n- p(HS) HS
A-n-(S3)
A3, 37 F 1.1 hr.(K3) S-a-n(?)(K3) K3
19 | K38 A Bt v 7.7 m.(HS, R3) 2.3(R3) Cl-a-n(HS, R3) HS, R3, P2
abs. Ca-d-a(HS
K-n-2n(P2
K42 A B8~ 12.4 h.(HS) 3.5(K4) K-d-p(HS) HS, K4, Al
cl. ch. K-n--y(HS Al)
Ca-n-p(HS)
Sc-n-a(HS)
K43, 44 C 8- 18 m.(W1, W8) Ca-n-p(W1, W8) Wi, W8
20 | Cad® F s+ 4.5 m.(P2, W8) Ca-n- 2n(?)(P2 ws) P2, W8
Catt B K, y(W8) 8.5 d.(W8) 1.1(W8) Ca-d-p(W. w8
abs. Pb Ca-n-2n(W8)
Cas A - 180 d.(W8) 0.2, 0.9(W8) | 0.7(W8) Ca-n-y(W8) W8, Ws
abs. abs. Ca-d-p(W8, WS5)
Sc-n-p(W8)
Cat A B~ v 2.5 h.(W8) 2.3(W8) 0.8(W8) Ca-d-p(W8) W8
abs. abs. Ca-n-y(W8)
Ca®? B 8- 30 m.(W8) Ca-d-p(WS% w8
Ca-n-y(W8
21 | Sct2 A g+ 13.4 d.(W8) 1. 4(W8) abs. K-a-n(W8) w8
Sc#3 A B+ 4 h.(W3) 1.3(W. 1.0(W8) Ca-a-p(F4, W3) F4, W3, D2,
cl. ch abs. Pb Ca-d-n(W3) D9, W8
Ca-p-n(D2, D9)
Scit A I1.T., e~(W8) 52 h.(W3) 0.25(W8) Sc-n-2n(B9 B9, W3, D2,
abs. of e~ ~a-n(W3) W4, D9, W8
Ca-d-n(W3)
Ca-p-n(D2, D9)
. Ti-d-a(W4)
Sct4 A g+ 4 h.(B9) 1. 6(W3) Sc-n-2n(B9) B9, W3, D2,
cl. ch K-a-n(W3) D9, B20, W8
Ca-d-n(W3)
Ca-p-n(D2, D9)
Sc-y-n(B20)
Sc44(52h.)1.T. (WS)
Scie A B8, v K(WS5) 85 d.(W5) 0.26, 1.5(87) | 1.25(W8) Sc-d-p (W1, W Wi, W5, W8,
(W8) abs. abs. Pb Sc-n-y(W1) W4
Ti-d-a(W1)
Ca-a-p(W8)
Ti-n-p(W4)
Sc#? B 8-, v 63 h.(W8) 1.1(W8) abs. Ca-a-p(W8), Tl-n—p(WS) w8
Sci8 A B8~, y(W8) 44 h.(W8) 5 1.4(W8) | 0.9(W8) Ti-n-p(W4, P2, W8) W4, P2, W8
abs. V-n-a(W4, P2, WS)
Sc4? A 8- 57 m.(W8) 8(W8) No v(W8) Ca-d-n(W8) w8
ab Ti-n-p(W8)
Ca#9(2.5 h.)8~ decay (W8)
22 | Tist A B~ y(W4) 2.9 m.(W4) Ti-d-p(W4) W4, Al
Ti-n-y(W4, A1)
Tist A - 72 d.(W5) 0.36(W5) 1.0(WS) Tl-d-p(Ws) W5, W8
abs. coincid. abs. | Ti-n-y(W8)
23 | V47 B K 600 d.(W5) N((x‘%*;;)r No v(W5) Ti-d-n(WS) W5
P
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Rapi1O-
ELEMENT

z A

CrLass

TYPE OF
RADIATION

HALF-LIFE

ENERGY OF
RADIATION (MEV)

PARTICLES v-RAYS

PRODUCED BY

OBSERVERS

23 | Ve

24 | Crst

25 | Mns?
Mns2
Mns2
Mn54

Mnbé

26 | Fess
Fess

Feb59

27 | Co®s

Coss

Cos8

Coso

CoB8, 60

28 | Nis?
Niss

29 | Cuss, 6o
Cuss, 60
Cus!

Cus?

Cus4

Cuss

30 | Zns3

B

o o

OO

B*; K, v(Ws)

B

g+

Bty
B*, v; K(H6)
K, v(L7)

By

a+

K, e
By
Bty
K, v, e (L10)

ﬁ+

By

ﬁ+
ﬁ* K(A4)

B*

g7 B%; K(A4)

8-

B‘l‘

16 d.(W4)

33 m.(W4)
3.7 h.(W4)

3.9 m.(W4)

26.5 d.(W8)

46 m.(L7)
21 m.(L7)
6.5 d.(L7)
310 d.(L7)

2.59 h.(L7)

8.9 m.(R3)
~4 y.(V4)
47 d.(L20)

18.2 h.(DS5)
270 d.(L10)

70 d.(L.10)

7 y.(L10)
11 m.(H7)

36 h.(L11)
2.6 h.(L11)

81 s.(D4)

7.9 m.(D4)
3.4 h.(T1, R3)

10.5 m.(H8)

12.8 h.(V2)

5 m.(A1)

38 m.(D4, B20)

1.0(W4) 1.05(R4)
cl. ch. cl. ch. recoil

1.9(W4)
abs.

0.5(2), 1(W8)
coincid. abs.
2.0(L7)
abs.

2.2(H6) 1.2(H6)
0.77(H6) 1.0(H6)
0.85(L7)
abs. Pb

1.2, 2 9(310) 1.65(M6,
cl. ch. K. U. | L29)
coincid. abs.

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

1.50(L21) 0.16, 0.21,

spect. 0.8, 1.2(C20)
cl. ch. recoil

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

0.67(L11)
abs.

1.9(L11) 1.1(L11)
abs. abs. Pb

0.9(R3) No 7(G2)
abs.

2.6(C13)
cl. ch.

8. No ~(T6)
0 66(ﬂ+) (T6)
spect.

2.9(S5)
cl. ch. K. U.

2.3(S18)
abs.

Ti-d-n(W4)
Sc-a-n(W6)
Cr-d-a(W4)
Ti-p-n(D9)
Ti-d-n(W4)
Ti-a-p(W4)
Ti-p-n(D9)
V-n-2n(W4)
Ti-d-n(W4)
Ti-a-p(W4)
V-n-y(W4, P2, Al)
V-d-p(W4)
Cr-n-p(W4, P2)
Mn-n-a(W4, P2, A1)

Ti-a-n(W8)
Cr-d-p(W8)
Cr-n-y(W8)

Cr-d-n(L7)
Cr-p-v(D2, D4)
Fe-d-a(DS5, 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(A1l)
Mn-d-p(L7)
Fe-d-a(L7)
Fe-n-p(A1)
Co-n-a(A1)
Cr-a-p(R3)

Cr-a-n(R3)
Fe-n-2n(1L20)
Fe-d-p(L23)
Mn-p-n(V4)
Fe-d-p(L20)
Co-n-p(L20)

Fe-d-n(DS5, L8)
Fe-p-y(L9)

Fe-d-2n(L9, B24, P4)
Ni-d-a(L11)
Fe-p-n(L9)
Fe-d-n(L9, B24, P4)
Mn-a-n(L9)
Ni-d-a(L11)
Fe-p-n(L9)
Co-d-p(L9, B24)
Co-n-y(R9, L9)
Ni-n-p(VS)

Ni-n-p(H

Fe-a-n(L11)
Ni-n-2n(?)(L11)
Ni-d-p(L11)
Ni-n-y(H8)
Cu-n-p(H8)
Zn-n-a(H8)
Ni-n-2n(H8)

Ni-p-n(D4)

)
Cu-n-2n(H8)
Cu-y-n(B20)
Co-a-n(R3)
Ni-p-n(S18)
Ni-p-v(S18)
Cu-d-p(V2)
Cu-n--y(HB)
Cu-n-2n(H8)
Ni-p-n(S18, D4)

H8)

Cu-n-y(A1)
Zn-n-p(H8)
Ga-n-a(CS5)

Zn-n-2n(H8, P2)
Zn-y-n(B20), Cu-d 2n(L33)
Cu-p-n(S18, D4)
Ni-a-n(R3)

W4, R4, W6,
D9

5,
W4, D9
w4

Al, W4, P2

W8

D2, L7, D4
L7, H6, DS
L7, H6
L7, D9

A1, L7, BlO,
M6, R3, L29

R3, L20
L23, V4
L20

D5, L8, L21,
20

L10, B24, P4,
L9, L11

L10, B24, P4,
L9, L1

R9, L9, L10,
B 5

H7, HS, L8

Li1
L11, H8

D4

D4
T1, D4, R3,
G2, A4

H8, B20, R3,
S18, C13

V2, H8, T6,
S18, D4, A4

Al, HS8, Cs,
SS

H8, B20, P2
D4, R3, S18
L33
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30 | Znss A B*; K, v, e~ 250 d.(L12) 0.4(8%)(D9) | 1.0(L12) Zn-d-p(L12) L12, P4, B12,
cl. ch. abs. Pb Cu-d-2n(P4) S6, D9, L10
Cu-p-n(B12)
Zn-n-v(S6)
Gass K decay (L10)
Zns A 1.T., v(K11) 13.8 h.(L12) 0.47(K11) Zn-d-p(L12, K11, V7) L12, T2, K11,
abs. Pb Zn-n-y(T2, L12) vi7
Ga-d-a(L12)
Ga-n-p(L12)
Zns® A 8- 57 m.(L12) 1.0(L12) No v(L12) |Zn-d-p(L12, K11, V7) L12, HS, T2,
abs. Zn-n-y(T2) K11, V7
Ga-d-a(L12)
Ga-n-p(L12)
Zn%%(13.8 h.) I.T. (K11)
31 | Gas¢ B Bt 48 m.(B13) Zn-p-n(B13) B13

Gass A K, e 15 m.(A4, L10) Zn-d-n(A4, L10) A4,L10

Gass A gt 9.4 h.(B13, R3) 3.1(M7) Cu-a-n(M7, R3) M7, B13, R3,

abs. Zn-p-n(B13)

Gas? A K, v, e 83 h.(A4) 0.0925(V7, | Zn-d-n(A4, G6, V7) A4, M8, B13,
H25) Zn-a-p(M8) G6, V7, H25
spect. conv.; | Zn-p-n(B13, V7)

0.1, 0.25(A4)
abs. Cu, Pb

Gass A g+ 68 m.(R3) 1.9(R3, M7) Cu-a-n(R3, M7) R3, P2, B20,

abs. Ga-n-2n(P2) D2, M7, B13,
Ga-vy-n(B20) ,
Zn-p-n(D2, B13)
Zn-p-y(2)(D2)
Zn-d-n(G6, V7)
Gao A B, e,y 20 m.(B20, A1) 5.0(87)(M8) | 0.054, Ga-n-y(A1) A1, P2, B20,
abs. 0.117(V7) Ga-n-2n(P2) D2, M8, B13,
spect. conv. | Ga-y-n(B20) vi
Zn-p-n(D2, V7)
Zn-a-p(M8)
Ga? A B~ v 14 h.(S6, L20) 2.6(L28) 1.0(S7) Ga-d-p(L20) S6, S7, L20,
abs. abs. Pb Ga-n-v(S6) L28
32 | Gess E B+ 29 m.(S6) Ge-n-2n(S6) S6
Gent B Bt 37 h.(M8) 1.0(M8) Zn-a-n(M8) M8, S6, L28
abs. Ge-n-v(S6)
Ge-d-p(S6)
Ga-d-2n(1.28)
Geb7,69.71| | 195 d.(M8) Zn-a-n(MS8) M8
Ge?s. 17 E B8~ 81 m.(S6) Ge-n-v(S6) S6
Ge-d-p(S6)
Ge?s, 77 E 8- 8 h.(S6) Ge-n-y(S6) S6
Get9, 71 C 6-10 d.(S6, L28) Ge-n-2(S6) S6, L28
Ga-d-2n(L28)
33 | Ag™1, 78 F B+ 50 h.(S6) Ge-d-n(S6) S6

AgT1, 73 F B* 88 m.(S6) Ge-d-n(S6) S6

As™ ID Bt 26 h.(V4) Ge-p-n(V4) V4

AsT4 A B, B* 17 d.(S8) 1.2(87), As-n-2n(S8, C11) S8, C11, F8

0.9(8%)(S8) Ge-d-n(S8)
cl. ch. K. U. Se-d-a(F8)
AsT8 A B~ v; 26.8 h.(W9) 1.1, 1.7, 2.7 3.2, 2.2, 1.5 | As-d-p(C11, T3) C11, T3, S23,
8% K, v(?) (87)(S23, (S23) As-n-y(C11) W9, V4, F8
(S23) W9); 0.7, cl. ch. pair Br-n-a(C11)
2.6(8%) Ge-p-n(V4)
(S23) cl. ch. Se-d-a(F8)
As?? D B~ v(S6) 55 d.(S6) Ge-d-n(S6, S8) S8, S6
AsT8 A I 65 m.(S9) Br-n-a(S9, C11) S9, C11
34 | Se™s A 48 d.(D9) As-p-n(D9) D9
Se79, 81 C 1.T., e~ (L32) 57 m.(S9, 1.32) 0.093 Se-d-p(S9, 1.32) S9, H10, B20,
Se-n-v(S9, H10) L32
(L32) Br-n-p(S9, L32)
spect. conv. | Se-y-n(B20)
SeT9. 81 C 8- 19 m.(L32) 1.5(L32) Se-d-p(S9, L32) B20, S9, H10,
abs. Se-n-v(S9, H10) L32
Se-v-n(B20)
Br-n-p(L32)
Se?. 81(57 m.) I.T.(L32)
Sess A |p 30 m.(L32) Se-d-p(L32) L32
Se-n-y(L32)
Se D sev. h.(B15) Th-n(B15) B15
Se D sev. d.(B15) Th-n(B15) B15
35 | Bris A Bt e, v 6.4 m.(S9) 2.3(8+)(S9) | 0.046, 0.108 S9, CS, B20,
abs V7) H10, B13, V7
spect. conv.
n(B13, V7)
Brso A 1.T., e~ 4.4 h.(B13) 0.049; 0.037 | Br-n-v(S9, S10, A2) S9, S10. A2,
(s10, V3, V7) or 0.025(V7) | Br-d-p(S9) B13, B20, P2,
spect. conv. | Se-p-n(B13, V7) , D19
Br-y-n(B20)
Br-n-2n(P2)
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35 | Br#o A B~ v 18 m.(S9, S10) 2.0(A2) <0.5 Br-n-v(S9) S9, S10, V3,
spect. (B13, S9) Br-d-p(S9) A2, B13, B20,
abs. Se-p-n(B13) P2
Br-y-n(B20)
Br-n-2n(P2)
Bréo(4.4 h.) 1.T.(S10)
Brsz A B~y 34 h.(S9) 0.7(B13) 0.65(K5) Br-n-y(K5, S9) S9, XS, B13,
cl. ch. recoil | Br-d-p(S9) P2
and abs. Se-p-n(B13)
Se-d-2n(S9)
Rb-n-a(S9, P2)
Brss A 8- 140 m.(L32) 1.05(L32) No v(S9) Se-d-n( 9) S9, B1S, L32
abs. Sess g- decay (89, L32)
Th-n(B15, L32)
U-n(L32)
Br>82 D 40 m.(D6) U-n(D6, H22) D6, H22
Br>82 F 22 h.(B15) Th-n(B1S B1S
Br>#2 D 3.8 h.(H22) U-n(H22) H22
36 | Krm. 81 E 18 h.(S9) Kr-d-p(S9) S9
Krss A 1.T. e 113 m.(L32) 0#49(}32) Brss ﬂ decay (L32) L32
abs. of e~
Krss, 87 E 8- 74 m.(S9) Kr-d-»(S9) S9, K3
Se-a-n(?) (K3)
Krss, 87 E B~ 4.5 h.(S9) Kr-d-p(S9) S9, K3
Se-a-n(?;(KS)
Kr(?) F 1-2 m.(K3) -a-n(?)(K3) K3
Krés A 8- 3 h.(L27) Th-n(AS, L27) H22, H11,
U-n(H22, H11) , L27
37 | Rb82, 8¢ F gt 1.5 m.(R3) Br-a-n(?)(R3) R3
Rbs2, 84 F g+ 9.8 m.(R3) Br-a-n(?)(Rs) R3
Rb#8 8- 18 m.(S9) b-n-v(S9, P2) S9, P2, H11,
Pa~n( 7) AS, L27, G7
Krs8 8- decay
(L27, H11, AS)
Rbse, 88 c B8 18 d.(S9) Rb-n--y(s9) S9
38 | Srss B K, 7(D9) ~60 d.(D18) Rb-p-n(D18) D18, D9
Srss B K, v(D 70 m.(D9) Rb-p-n(D9) D9
Srark A 1.T. e, 7(D18) 2.7 h.(D18) 0.37(D18) Rb-p-2(D18) D18
spect. conv. | Sr-d-p(D18)
Sr-n-v(D18)
Y81 (85 h.) K decay
Srse A B~ 55 d.(S28) 1.50(S28) No v(S28) | Sr-d-p(S11, S28) S11, S12, L26,
cl. ch. Sr-n-y(S11, S28) S28
Y-n-p(S12)
U-n(L26)
Sr>%0 D - 7 m.(L26) U-n(L26) L26
Sr>%0 D 8- 6 h.(L26) U-n(L26) L26
39 | ys B K(D9) 80 d.(D9) Sr-p-7(D9) D9
Y81 B K(D9) 14 h (S28 D9) Sr-d-n(S28, D9) S28, D9
Sr-p-n(D9)
Y81 A K, v, e (D18) 85 h.(D18) Sr-p-n(D18) D18, S28
Sr-d-n(D 18, S28)
Yss A Bt 2.0 h.(S28) 1.2(S11) Sr-d-n(S11, S28) S11, S28
cl. ch. K. U. Y-n-2n(S11)
Yoo A 8- 60 h.(S11) 2. 6(Su) Y-d-p(S11) S11, S12, S13
cl. ch. K. U. Y-n-y(S11, S12)
Cb-n-a(S13)
Y D 8- 70 h.(S12) 1.3(S12) Zr-n-p(SlZ) S12
cl.ch. K. U Zr-d-a(?)(S12)
Y >0 D 3.5 h.(L26) Sr>% (6 h.) 8~ decay (L26) | L26
Y E 80 d.(D9) Sr-p-n(2)(D9) D9
40 | Zr®e A B*(S12, D9) 70 h.(S12, D9) 1.0(8%)(S12) Zr-n-21(S12) S$12, D9
cl.ch. K. U. Y-p-n(D9)
Zrs® A v; I.T. or K(D9)| 4 m. (D9) Y-p-n(D9) D9
Zr D B8~ 17-40 h 1.25(S12) Zr-n-y(H13, S12) S12, H13
(S12, H13) cl. ch. K. U
Zr F 10-30 m.(P2, S12) Zr-n-? (P2, Slzg S12, P2
Zr F B 2.5-5 h.(S12, P2) Zr- -?(512 P2 S12, P2
Zr-d-2(S12
Zr F [ 90 m.(S12) Zr-d-2(S12) S12
41 [ Cb E 4 m.(D9) Zr-p-n(2)(D9) D9
Cb E 12 m.(D9) Zr-y-ng? (D9 D9
Cb E 38 m.(D9) Zr-p-n(?) (D9, D9
Cb E 21 h.(D9) Zr-p-n(?) (D9 D9
Cb E 96 h.(D9) Zr-p-n(?) (DY) D9
Cb#2 B 8- 11 d.(S13) él 0(%13) Cb-n-2n(S13) S13
. C
Ch E B 7.5 m.(S13) Cb-n-v(S13, P2) S13, P2
42 | Mo% F 7 h.(D9) Cb-p-2(?)(D9) D9
Moot 93 (o st 17 m.(B20, S12) 1.8(512) Mo-n-2n(H 10, S12) S12, B20, H10
cl.ch. K. U Mo-y-n(B20)

* Radioactive isomer of stable nucleus.
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42 | Mo#9, 101 C By 67 h.(S14) 1.5(S14) 0.4(S14). Mo-d-p(S14) S14, S12, H23,
abs. abs. Mo-n-y(S14, S12) H24
U-n(H23)
Th-n(H24)
Motos B 8- 24 m.(S12) 1}.3(?112) Mo-n-y(H10, S12) S12, H10
cl.c
43 | 43% B BH(?) 2.7 h.(D4) Cb-a-n(K3) K3, D4, S14
Mo-p-n(D4)
Mo-d-n(S14)
439, 101 C I.T., e~, v(S14) | 6.6 h.(S14) ~0.136(S14)| Mo?®. 101 (67 h.) S14
spect. conv. | 8~ decay (S14)
';0.18(Sx4)
abs.
43 D K, e~ 90 d.(C12) Mo-d-n(C12, C24) C12, C24
43 D K, 62 d.(C12) Mo-d-n(C 12, C24) C12, C24
43 D K(?z. e, v(ES5) | 110 h.(E3) 0.6(E3) 0.05, 0.5(E5)| Mo-p-n(E3, ES5) E3, ES
43 E 8-, v(E3) 55 m.(ES) 2.5(ES) abs. Mo-p-n(E3, D4, ES) E3, D4, E5
43 E - 36.5 h.(D4) Mo-p-2(D4) D4
43 E 8- 18 s.(D9) Mo-p-n(D3, D9) D3, D9
43 D K ~2 d.(S14) Mo-d-n(S14) S14
44 | Ru% F 20 m.(D7) Ru-z-2n(?)(D7, P2) D7, P2
Ru!03 B 8- 4 h.(D7, L13) Ru-n-y D7, P2, L13
Ru-n-2n(D7, P2)
Ru-d-p(L13)
Rutos B = 20 h.(D7) Ru-n-y(D7) D7
Ru F 8- 39 h.(L13) Ru-d-?(L13) L13
Ru G 11 d.(L13) Ru-d-?(L13g L13
Ru E 90 m.(K3) Mo-a-n(K3 K3
45 | Rh1os A 1.T., e~(P5) 4.2 m.(S29) 0.055- Rh-n-y(PS5, A1, P2) P5, C13, A1,
0;)80({?5) Ru-p-n(D9) P2, D9, S29
abs. of e~
Rhios A B8~ 44 s.(PS, A1) 2.3(C13) Rh-n- (PS Ps, C13, G3,
cl. ch. Rhiot (4.2 m D I T.(P5) Al, D9
Ru- g-n(
Ag-n-a(G 3)
Rh10s B 8- 46 d.(L13) I}%ul?; ﬁ( degay (D7) D7, L13
u-d-n
Rh G 8- 1.1 h.(P2) Rh-n-2(P2) P2
Rh E 3 h.(D9) Ru-p-2(2)(D9) D9
Rh E 10.7 h.(D9) Ru-p-n(2)(D9) D9
Rh E 3 d.(D9) Ru-p-2(?) (D9) D9
46 | Pdwr1el  C B~ 13 h.(K6) 1.03(K6) Pd-d-p(K6) K6, A1, F5
cl. ch. Pd-n-y(A1, K6)
Ag-n-p(F5)
Pdmt A I's 17 m.(K6) Pd-d-»(K6, A1) K6, A1
Pd-n-y(K6, A1)
47 | Agroz E 73 m.(E6) Pd-p-n(E6) E6
Aglod E 16.3 m.(E6) Pd-p-n(E6) E6
Ag1os E K 45 d.(E6) 0.29,0.42, Pd-p-n(E6) E6
0.50, 0.62
(E6) spect.
Aglos A gt 24.5 m.(P6, D2) | 2.04(F5) No v(F5) Ag-n-2n(P6) P6, B20, D2,
abs. Pd-d-n(P6) F5, K3, E6
Cd-n-p(P6)
Rh-a-n(P6, K3)
Ag-y-n(B20)
Pd-p-v(D2)
: Pd-p-n(D2, E6)
Aglos A K@), e 8.2 d.(P6, K6) 1.2(e™), (FS) | 1.06,0.69 Ag-n-2n(P6, K6) P6, R2, D2,
(P6, A4, FS) abs. E(6) spect. | Pd-d-n(P6, K6) FS5, K6, A4,
Rh-a-n(P6 E6
Pd-p-n(D2, E6)
Cd-n-p(P6)
Aglos 4 8- 2.3 m.(Al, B20) 2.8(N4) Ag-n-y(A1) A1, B20, N4,
cl. ch. Ag-y-n(B20) D2, P6, E6,
Pd-p-n(D2, E6) K12
Cd-n-p(P6)
Ag-d-p(K12)
Aglio A B8~ v(P6) 22 s.(A1, P6) 2.8(G4) Ag-n-v(A1) Al, G4, P6
cl.ch. K. U Cd-n-p(P6)
Ag10s, 110 C B~ 225 d.(L14, R10) Ag-n-y(R10, L 14, R10, L 14, A8,
A8, M12) M12, K12
Ag-d-p(K12)
Agitl A 8- 7.5 d.(K6, P6) No v Pd-d-n(K6, P6) K6, P6
(K6, P6) Pd-a—p(P6)
Cd-n-p(P6
Pdm g- decay (K6)
Aguz A 8-y 3.2 h.(P6) 2.2(P6) Cd-n-p(P6) P6
cl. ch. In—n-a(PG)
48 | Cdron. 100 C K, e=, v(D4, V7,| 6.7 h.(D4, R5) 0.093(V7) Ag-p-n(D4, R5, V7, W11) | D4, RS, V7,
Wwi1) spect. conv. | Ag-d-n(K12) K12, Wit
0.53(V7)
abs. Pb
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48 | Cdros E B 33 m.(P2) Cd-n-2n(P2) P2
Cqus A B~ v 2.5 d.(GS5) 1.11(C14) 0.8(C14) Cd-d-p(C14) GSs, C14, M10
spect. cl. ch. recoil | Cd-n-v(GS, M10)
Cd-n-2n(GS)
Cdu? A B~ 3.75 h.(C14) Cd-d-p(C14) G5, C14, M10
Cd-n-y(M10, GS)
Ca* D 1.T. e~ 50 m.(D8) Cd-n-n(D8) D8
49 | Inuo D g+ 65 m.(B17) 1.6(B17) Cd-p-n(B17) B17, K9
pect. Ag-a-n(K9)
Intto D B*, v, e 20 m.(B17, L15) | 2.15(8* 0.16(B17) Cd-d-2n(?) (L15) L15, B17, K3,
(C14) cl. ch.| spect. conv. | Cd-p-n(B17) C14, K9
Ag-a-n(K3, K9)
In2 B 8- 72 s.(L15, B17) In-n-2n(L15, P2) C5, B11, P2,
In-y-n(B11, C5) L1S, B17, K9
Cd-p-n(B17)
Inn2 D B, v, e (B17) 2.7 d.(B17, C14) 1.73(87)(D9)| 0.17, 0.25 Cd-p-n(B17) B17, C14, D9
(B17, C14) | In-n-2n(2)(C14)
spect. conv.
Intek A I1.T., v, e~(B17) | 105 m.(B17) 0.39(B17) Cd-p-n(B17) B17, S22
spect. conv. | Sn113 K decay (B17, S22)
Inti4 B B v, e 48 d.(B17) 1.75(87) 0.19(B17) In-n-y(L15, M12) M12 L1S, B17,
(C14) cl. ch. | spect. conv. | Cd-p-n(B17)
Inlis*x A I1.T., e, v(C14) | 4.1 h.(GS, B18) 0.34(C14) In-n-n(GS5) GS B18, L16,
spect. conv. | In-p-p(B18) Cl4 P7, C10
In-a-a(L16)
In-x-rays (P7, C10)
Cdus 8- decay (GS)
Inus B B~ 13 s.(A1, C14) 2.8(C14) No y(M11) | In-n-y(Al, L15) At, C14, M11,
cl. ch. In-d-p(L15) L15, D9
Cd-p-n(D9)
Inlie B B~ v 54 m.(A1, L15) 0.85(C14) 1.8, 1.3, 1.0, | In-n-y(A1, M11) A1, M11, L15,
spect. 0.4, 0.2(C15)| Cd-p- n(Bﬂ) C15, B17, C14
cl. ch. recoil In-d-ﬂ( 5)
Inl? A B, v, 2.1 h.(C14) 1.73 0.388(C14) | Cd7 g~ decay (GS) G5, C14
(C14) spect. | spect. conv. | Cd-d-n(C14)
50 | Sntid A K, e v 70-105 d.(L17, 0.085(B17) | In-p-n(B17) B17, L17
B17) spect. conv. | Sn-d-p(L17)
Cd-a-n(L17)
Sn<i19 E B8~ 25 m.(L17) Cd-a-n(L17) L17
Sn=119 E B~ 3 h.(L17) Cd-a-n(L17) L17
Sn=<ne E B~ 13 d.(L17) Cd-a-n(LL17) L17
Sn=126 D B8~ 40 m.(L17) Sn-d-p(L17) L17, P2
Sn-n-y(L17)
Sn-n-2n(P2;
Sn=126 D B~ 26 h.(L17) Sn-d-p(L17 L17
Sn-n-y(L17)
Sn<126 D B8~ 10 d.(L17) Sn-d-p(L17) L17
Sn-n-y(L17)
Sn<126 D ~400 d.(L17) Sn-d-p(L17) L17
Sniz B B 9 m.(L17) Sn-d-p(L17) L17
Sn-n-vy(L17)
51 | Sb E B~ 3.5 m.(D9) Sn-p-n(D9) D9
Sbie, 118 E B+ 5 m.(L16) In-a-n(L16) L16
Sbi20 A B+ 17 m.(H10, L18) | 1.53(A10) Sb-n-22(P2, H10) H10, B20, P2,
cl. ch. Sb-y-n(B20) L18, A10, D9
Sn-d-n(L18)
Sn-p-n(D9)
Sb122 A 8- 2.8 d.(L28) 1.64(A10) 0.5(L28) Sb-d-p(L18) L18, A1, A10,
cl. ch. abs. Pb Sb-n-y(A1, L18) D9, L28
Sn-d-2n(L18)
Sn-p-n(D9)
Sb1z4 A B~ 60 d.(L18) 1.8(L28) 0.8(L28) Sb-d-p(L18) 118,128
abs. abs. Pb Sb-n-y(L18)
I-n-a(L18)
Sh=<126 D 8- 3 h.(L18) Sn-d-n(1.18) L18
Sh=126 D ~45 d.(L18) Sn-d-n(L18) L18
Sb=128 D ~2 y.(L18) Sn-d-n(L18) L18
Sh127 A B~ 80 h.(A6) U-n(A6) A6
Sb129 A B8 4.2 h.(A6) U-n(A6) A6
Sb>131 D B8~ <10 m.(A6) U-n(A6) A6
Sbh>131 D B <10 m.(A6) U-n(A6) A6
Sb>131 D B 5 m.(A6) U-n(A6) A6
52 | Tet2t A K, e 120 d.(S15) Sb-d-217(S15), Sn-a-n(L10)| S15, L10
Sb-p-n(S15)
Tel2? A 1.7.(S15) 90 d.(S15) ’Il‘e-d (p(SlS) S15
-n-p
Tel?? A B~ 10 h.(S15, T4) Te- d-(p(Sl)S T4) S15, A6, T4
I-n-p(S
Te-n-2n(T4)
Te2? (90 d.) I.T. (S15)
Sb127 8- decay (A6)
Te129 A 1.T.(S15) 30 d.(S15, T4) Te-d-p(S15, T4) S15, T4
Te-n-2n(T4)

* Radioactive isomer of stable nucleus.
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52 | Te® A B~ 70 m.(S15, A6) Te-d-p(S15, T4) S15, B20, H10,
Te-y-n(B20) , T4
Te-n-2n(H10, T4)
Te!? (30 d.) I.T. (S15)
Sb12% 8~ decay (A6)
Te!3t A 1.T.(S15) 30 h.(S15, A6) Te-d-p(S15) S15, A6, H22
U-n(A6, H22)
Te1dt A B~ 25 m.(S15) Te-d-p(S15) S15, A6
Te»n»‘y(SIS)
U-n(A6
Tels1 (30 h.) I.T. (S15)
Te=131 D B~ 43 m.(A6) Sb>131 (<10 m.) A6, H22
B~ decay (A6, H22)
Te>131 D B8 60 m.(A6) Sb>131 (<10 m.) A6, H22
B~ decay (A6, H22)
Te>131 D 8- 77 h.(A6) Sb>13t (5 m.) A6, H22, H24
B~ decay (A6, H22)
Th-n(H24)
Te>131 D 8- ~0.5 h.(S21) U-n(S21) S21
53 | In2¢ A Bt 4.0 d.(L19, D9) Sb-a-n(L19) L19, D9
Te-p-n(D9)
1126 A B v 13.0 d.(L19, T4) 1.1(L19) 0.5(L19) Sb-a-n(L19) L19, T4, D9
abs. abs. Pb I-n-2n(T4, L19)
Te-d-n(L19)
Te-p-n(D9)
128 A By 25 m.(A1) 1.2, 2.1(B19)| 0.4(L19) I-n-y(A1, T4) A1, L19, B19,
cl. ch. abs. Pb Te-d-2n(L19) , T4
Te-p-n(D9)
1130 A By 12.6 h.(L19) 0.83(T7) 0.6(L19) Te-d-2n(L19) L19, D9, T7
cl. ch. abs. Pb Te-p-n(D9)
1131 A B~y 8.0 d.(L19) 0.687(T7) 0.4(L19) Te-d-n(L19) L19, S15, T7,
cl. ch. abs. Pb Te131 B~ decay A6, H22
(S15, A6, H22)
=131 D 8- 2.4 h.(A6) Te>131 (77 h) A6, H22
B~ decay (A6, H22)
I>131 D 8- 54 m.(A6) Te>131 (43 m.) H22, D6, A6
B~ decay (H22 A6)
Th-n(D6)
1= D 8- 6.6 h.(S21) Te>181(~0.5 h.) S21
B8~ decay(S21)
1>131 D B8 22 h.(A6) Te>13t (60 m.) A6, H22, S21
B~ decay (H22, A6, S21)
54 | Xew? E ~100 s.(W11) I-p-n(W11) Wit
Xelse A 8- <0.5 m.(H11, U-n(H22, H11) H11, H22, AS,
H12) Th-n(AS) H12
Xe>139 D I' ~15 m.(H22) U-n(H22, H11) H11, A5, H22
Th-n(A5)
Xe>11 D 4.5 d.(S21) 1>131 (22 h.) S21
B~ decay (S21)
Xe>1t D 9.4 h.(S21) 1>11 (6 h.) S21
B~ decay (S21)
55 | Csi34 A 1.5 h.(A1) Cs-n-y(A1, M16) Al, M16
Csi34¢ A ~1y.(A8) Cs-n-v(A8, S20) A8, S20
Cs139 A B 6 m.(H22) Xel3 g~ decay H22, H1t, AS,
(H22, H12, H11, AS5) H12
Cs>139 D B~ 33 m.(H22) Xe>139 (~15m.) B~ decay | H22, H11, H12,
(H22, H11, H12, AS) A5, G7
Pa-n(G7)
56 | Ba D e, v 30 h.(K10) O.b23(K10) Ba-n-v(K10) K10
abs.
Ba139 A B~ 86 m.(P8, H22) Ba-d-p(P8) P8, P2,
Ba-n-y(A1, P2) HZZ H12 H11,
La-n- p(PS) AS
Cs!3 8- d
(H22, Hll AS H12)
Ba F 3 m.(Al, P2) Ba-n-?(A1, P2) Al, P2
Ba=>13 D B~ 300 h.(H22) Cs>139 (33 m.) B~ decay 122, H14, H12,
(H22, H11, H12, AS) H11, A5, H24
Th-n(H24)
Ba~140 D 8- 14 m.(H22) U-n(H22, H12, H14) H22, H14, H12,
Th-n(H15, H14) H15
Ba>10 E B~ <1 m.(H14) U-n(H14) Hi4
57 | Las8 F 2.2 h.(P2) La-n- 2n(?)(P2) P2
Lat4e A B~ 31 h.(P9) 0.8(P9) La-d-p(P8 P8, P9, M13
cl. ch. La—n-'y(PQ M13)
La=>140 D B~ ~2.5 h.(H22) Ba>140 (14 m.) 8~ decay H22, H14, HI15,
(H22, H14, H15) C16, B15
U-n(B15)
. Th-n(C16)
La>140 E |8 <30 m.(H14, H15) Ba~140 (<1 m.) H14, H15
B~ decay (H14, H15)
La=13 D |8 36 h.(H22) Ba>1% (300 h.) B~ decay | H22, H14, B15
(H22, H14, B15)




42

J. J. LIVINGOOD AND G. T. SEABORG

TaBLE I1.—Continued.

Rabpio- ENERGY OF
ELEMENT RADIATION (MEV)
TYPE OF
Z A CLraAss RADIATION HALF-LIFE PARTICLES Y-RAYS PRODUCED BY OBSERVERS
58 | Cel3® F ‘N 2.1 m.(P9) Ce-n-2n(?)(P9) P9
Cemut 13| 15 d.(R11) 0.12(R11) Ce-n-y(R11) R11
spect.
59 | Prido, 142 C Bt 3.5 m.(P9) Pr-n-2n or Pr-n-y(P9, A1) | P9, A1l
Pri2 A B~ 18.7 h.(P9) Pr-n-y(P9, P2, M13, A1) | P9, P2, M13,
Nd-»n-p(P9, P2) Al
60 | Nduw? E B 84 h.(P9) Nd-d-p(P9) P9
Nd-n-v(P9)
. Nd-n-22(?) (P9)
Ndue E B8 2.0 h.(P9) Nd-d-p(P9) P9
Nd-n-y(P9)
Nd-n-22(2) (P9)
Ndst 8- 21 m.(P9) Nd-n-v(P9, M18) P9, M18
61 |61 F B 12.5 h.(P9) Nd-d-n(P9) P9
62 | Sm 8- 21 m.(P9) Sm-z-y(P9, A1, M13, P9, A1, H17,
H17) Mi13
Sm-n-2n(?) (P9)
Sm D B~ 46 h.(P9) Sm-n-v(P9, H20, R11, P9, H20, H17,
H17) R11
Sm-n-22(2) (P9)
63 | Eutso E gt 27 h.(P9) Eu-n-2n(?) (P9, R11) P9, R11
Eussz.164|  C |87, v, eX(T6); |9.2h.(P9) 1.88(87)(T6) | 0.123,0.163, | Eu-n-y(P9, M13, H17, | P9, R2, H17,
K(®)(R2) spect. 0.725(T6) H20) T6, M13, H20,
spect. conv. | Eu-n-2n(?)(P9) F7
Eu-d-p(F
Eus2, 154 C -, v(R11, F7) >1y.(F7, S20) 0.8(R11) Eu-n-4(S20, R11, F7) S$20, R1t, F7
spect.
Eu1s2, 154 E 12 m.(F7) Eu-d-p(F7) F7
Eu1s2, 154 E 105 m.(F7) Eu-d-p(F7) F7
64 | Gd1ss, 181 E 8 h.(A1, H17) Gd-n-y(A1, H20, H17) A1, H17, H20
65 | Thieo A B~ 3.9 h.(H16, M13) Tb-n-y(H17, P9, M13, H17, P9, M13,
H20) H20
66 | Dy6s A B~ 2.5 h.(H17, P9, 1.9(N4) Dy-n-y(H17, H20, P9, H17, H20, P9,
M13 cl. ch. M13) Mi3, N4
Dy(?) F Al 2.2 m.(P9) Dy-n-?(P9)
67 | Hoeé F B- 47 m.(P9) Ho-n-2n(?) (P9) P9
Ho1ss B B~ 35 h.(H17) li)6(H20) Ho-n-y(H17, H20, P9) H17, H20, P9
abs.
68 | Er16s F B+ 1.1 m.(P9) Er-n-2n(?) (P9) P9
Er169, 171 C 7 m.(M13) Er-n-y(M13, M18) M13, M18
Epe.in| C | g 12 h.(H17, P9) Er-n-y(H17, H20, P9, H17, P9, R12,
R12) H20
69 | Tm1?0 A 105 d.(H20) Tm-n-y(H20, N7) H20, N7
70 | Yb1s, 177 C 3.5 h.(H17, M13) Yb-n-y(H20, H17, H20, H17, M13,
Mi13, P9 P9
Yb(?) G 41 h.(P9) Yb-n-v(?) (P9) P9
71 | Lue, 117 C 4 h.(H17, H20, Lu-n-y(H20, H17, H20, H17, M13,
M13) M13, M18) Mi18
Lu7e, 177 fol 6d. Lu-n-y(H17, H20, F6) H20, H17, F6
(H17, H20, F6)
Rare F 2.3d.(S4) U-n(M19, S4) M19, S4
Earth
72 | Hf181 A B~ 55 d.(H19) Hf-n-y(H19) H19
73 | Ta1so A 14-21 m. Ta-y-n(B11) B11, O1
(B11, O1) (Ta-n-22n) (2)(O1)
Talso A é(.(;)‘, ¥(01); 8.2 h.(Ot) é)(;.)s(eb‘)? Ta-n-2n(01, P2) 01, P2
- abs.
Ta1s2 A - 97 d.(01) Ta-n-y(01, F6) 01, F6
Ta-d-p(01)
74 | Wiss 187 | C 23 h.(M14) We-n-y(M14, A1) A1, M14
75 | Re E 55 m.(D9) W-p-n(D9’ D9
Re E 14 d.(D9) W-p-n(D9 D9
Re18é B 8- 90 h.(S16) 1.2(S16) Re-n-y(S16, K7) S16, K7, D9*
cl.ch. K. U. Re-n-21n(S16)
W-p-n(D9)
Re18s B B~ 18 h.(P2) 2.5(S16) Re-n-y(P2, K7, S16) S16, K7, P2
cl. ch. K. U.
76 |OswL. 13| C |8 40 h.(K7) Os-n-y(K7) K7
77 | Ir1o2, 194 C 8- 1.5 m.(M15) Ir-n-y(M15) Mi1s
Tr192, 194 C 8- 19 h.(M 15, A1) 2.2(A2) Ir-n-y(M15, A1, P2, J1) M1s, Al, P2,
spect. Au-d-a, p(?)(C18) C18, A2, J1
Ir1e2, 194 [ B~ 60 d.(M 15, F6) Ir-n-y(M15, F6, J1) M15, F6, J1
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78 | Pt197 B B~ 18 h.(M15) Pt-n-y(M15) Mi1s, C19
Pt-d-p(C19)
Pto7 B B~ 3.3 d.(M15) Pt-n-y(M15, P2) M1s, P2
Ptee A B8~ 31 m.(M15) Pt-n-y(M15, A1, M14) M15, At, C19,
Pt-d-p(C19) M14
79 | Auss B |p- 13 h.(M15) Au-n-2n(M15) M15
Au19 B B~ 4-5 d.(M15) Au-n-2n(M15) M15
Auws A |8y 2.7 d.(M15, A1) | 0.8(M15, 0.28, 0.44, | Au-n-y(M15, A1, P2) M5, A1, C18,
R2) abs.and | 2.5(R2, S17) | Au-d-p(C18) R2, S17, P2
cl. ch. cl. ch. recoil
Au9® A B~ 3.3d.(M15) Pt19? g8~ decay (M15) M15
Au G 17 m.(P2) Pt-n-y(?) (P2) P2
80 | Hg197 B K, e, v 43 m.(H10, M15) | <0.4(M15) | <0.25(M1S5) | Hg-n-2n(M 15, H10, P2) M15, H10, P2,
(R11, A4) abs. abs. R11, A4
Hg203, 208 C 25 h.(M15) Hg-n-y(M15, A9) Mis, A9
81 | Tl200 F 4 m.(K3) Au-a-n(?)(K3) K3
T1200 F 3.8 h.(K3) Au-a-n(?)(K3) K3
‘T1204, 208 C B~ 4 m.(P10, H10) Tl-n-v(P10, P2, H10) P10, H10, P2
T1204, 206 C B~ 97 m.(P10, M16) Tl-n-v(P10, M 16, P2) P10, M16, P2
82 | Pb20s B 80 m.(D10) Pb-n-22(D10) D10
Pb208 B B~ 3.0 h.(TS5) Pb-d-p(TS) TS
83 | Bj20 A B~ 5d.(L13) Bi-d-p(L13) L13
84 | Po210 A a 136 d.(L13) Bi2t0 8- decay (L13) L13, V4
Bi-d-n(V4)
Po F a 7.5 h.(C23) 657.5((:23) Bi-a(32 Mev) C23
abs.
90 | Uv21 B |g 24.5 h.(NS) Th-n-2n(N5) Ns
Th23s A B~ 26 m.(M17) Th-n-y(M17) M17
91 | Pa233 F B~ 25d.(M17) Th23 8- decay (2)(M17) | M17
92 | U B B- 23 m.(I1, S4) U-n-y(H 18, H14, I1, H18, H14, 11,
S4, M19) M19, S4
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