REVIEWS OF
MODERN PHYSICS

Vorume 16, Numser 1

January, 1944

Table of Isotopes

GLENN T. SEABORG

Department of Chemistry, University of California, Berkeley, California

HE following table presents a complete list
of all the artificial and natural radioactive

isotopes and stable - isotopes known to date

(covering publications received prior to June 1,
1944) together with a number of important
features associated with them.

The first and second columns give the atomic
numbers and the mass numbers associated with
the isotopes. The degree of certainty of each
assignment of a radioactive isotope is indicated,
in the column headed ‘‘class,” with a letter ac-
cording to the following code:

A =isotope certain (mass number and ele-
ment 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 in-
adequate half-life determination).

The percent abundance of the stable isotopes
is listed in column four.

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

B~ =negative beta-particles,
B* = positive beta-particles (positrons),

v =gamma-rays,
‘a=alpha-particles,
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 v.” Annihilation
gamma-rays are not listed.

The half-life, followed by the relevant refer-
ence, is given in the sixth column. Usually for
the cases 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 some cases of natural radio-
activities an average value, taken from an inter-
national committee summary report (C60), is
used.

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 (K32) extra-
polated value has been reported, this is listed,
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followed by the designation “K.U.” For alpha-
particles the mean-range-in-air vs. energy rela-
tionship of Holloway and Livingston (H81) was
used. The methods used for the determination
of the energy of the particles (alpha and beta)
are described in each case with the aid of the
following symbols: abs.=absorption; cl. ch.
=cloud chamber (with magnetic field in case
of "beta-particles); spect.=magnetic deflection
(magnetic spectrograph or spectrometer or coun-
ter in magnetic field); calor. = calorimetric meas-
urements; ion. ch.=measurement of pulse sizes
in ionization chamber; coincid. abs.=Dbeta- and
gamma-coincidence counters with absorbers; and
coincid. =beta- and gamma-coincidence counters.
The alpha-particle energies which are listed are
those of the main group for each of the isotopes
which have more than one group.

The symbols used to describe the methods
employed for the determination of the gamma-
ray energies have the following meaning: abs.
=absorption; cl. ch. recoil =secondary electrons
in cloud chamber with magnetic field; cl. ch. pair
= positron-electron pairs in cloud chamber with
magnetic field; coincid. abs.=secondary elec-
trons with coincidence counters and absorbers;
spect. conv.=internal-conversion electrons with
magnetic spectrograph; spect.=secondary elec-
trons with magnetic spectrograph; abs. of e~
=absorption of internal-conversion electrons;
coincid. =gamma-gamma-coincidence counters;
Be-y-n reaction = measurement of neutron energy
from Be-y-n reaction; and D-y-n reaction
=measurement of neutron energy from D-y-n
reaction. When internal-conversion electrons are
emitted, the energy listed is always that of the
corresponding gamma-ray transition. Only the
main gamma-rays are listed for the natural
radioactive isotopes.

When a semicolon is used, it means that the
values listed on each side of it are independent
determinations of the same item, e.g., inde-
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pendent determinations of the half-life or of the
energy of the radiation of a radioactivity. In
another usage the semicolon separates the sym-
bols in the “type of radiation’’ column and the
energy values and symbols in the ‘“energy of
radiation” columns when there is more than one
type of decay (8-, 8%, a, K, or 1.T.) for the radio-
activity.

The observed nuclear reactions (giving the
target element, projectile, and outgoing particle, *
in order) by which the radioactive isotopes are
formed, and the corresponding references are
listed in the last column (p = proton, #n=neutron,
a=alpha-particle, d =deuteron, y =gamma-ray).
The neutron-induced fission reactions of the
heavy elements 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. Similarly, the radioactivities of
the three heavy natural families (except for the
three parents of these families) are listed as
produced by the decay of their immediate parent
isotopes. The natural radioactivities without
parents are listed as produced by a ‘‘natural
source,” followed by a reference to the original
discovery.

No attempt has been made to list all of the
publications connected with a given radio-
activity since it has been the aim to keep the
table as compact as possible. As a rule references
to the original discoveries are not given when
better data are available in more recent pub-
lications. The references which are listed usually
give a key to the complete literature.

The half-lives of H3?, Be!®, C, and CI?* have
been estimated from measured intensities of the
radioactivities together with the corresponding
values for the yields.
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Table of Isotopes

Isotope Percent Type of - Energy of radiation in Mev
A Class abundance radiation Half-life Particles y-rays Produced by
H 99.98(H?70)
H2 0.02(H70)
H3 A ' 31 yr.(04) 0.015(03,N6) D-d-p(A7,A16)
abs., cl.ch. Be-d-H3(06,A.16)
Li-n-H3(04)
B-n-H3(C15)
N-n-H3(C15)
Hes ~1075(A7,
A30)
Het 100(T20)
Hes A 8- 0.8 sec.(B1) 3.7(B1,B2) cl.ch. Be-n-a(B1,P1,B3)
(Li-n-p) (K1)
Lis 7.5(H71)
Li7 92.5(H71) -
Lis A 8 0.88 sec.(L1) 12(87)(B4) cl.ch. Li-d-p(C1,L1,R14,D1)
B-n-a(L24)
(Li-n-v) (K1)
Be? A K,y 43 days(R13,A18) 0.485(Z1) coincid. Li-d-»(R1,R13,Z1)
abs. B-p-a(R1,M1)
Li-p-n(H30,H2)
Be? 100(N30)
Bel0 A B8~y 108 yr.(M22) ~0.5(M22) abs. <0.5(M22) abs. Be-d-p(M22)
Bro 18.4(020)
Bu 81.6(020)
B2 A ' 0.022 sec.(C2,B22) 12(B4) cl.ch. B-d-p(C2,F1,B5)
Cuo A Bt 8.8 sec.(B27,D26) 3.4(D26) cl.ch. B-p-n(B27,D26)
cn A B+ 20.5 min.(S8,T8)  0.95(D26) cl.ch. B-d-n(F1,C4,Y1)
. ' B-p-v(C3,B23)
B-p-n(B23)
N-p-a(B23)
C-n-2n(P2)
Ci2 98.9(N31)
Cu 1.1(N31)
Cu A 8- >108 yr.(K24) 0.145(R21) abs. No y(R21) C-d-p(R17,R21)
N-n-p(R21)
N1 A Bty 9.93 min.(W14,T8) 0.92, 1.20(L22) 0.28(R2) cl.ch. recoil ~ C-d-n(H3,V1,C4,F1)
spect. . C-p-v(H3,C4)
B-a-n(E1,R3)
N-n-22(P2,H44)
N-d-H3(B7)
N1 99.62(V20)
Nis 0.38(V20)
N1 A4 B~ 8 sec.(C5,N1) 6.0(?)(F1) cl.ch. . N-d-p(F1)
O-n-p(C5)
F-n-a(N1,P1,N4)
O1s A s 126 sec.(M3,B20)  1.7(F1) cl.ch. N-d-n(M3,F1)
O-y-n(B20,H44)
O-n-2n(P2)
N-p-v(D2)
C-a-n(K3)
016 99.76(S60)
o 0.041(M50)
o118 0.20(S60) :
(24 B~ 31 sec.(N1) F-n-p(N1,A1)
Fr A gt 70 sec.(N2) 2.1(K4) cl.ch. 0-d-n(N2,F1)
N-a-n(R3)

O-p-v(D2)
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Table of Isotopes— Continued

Isotope Percent Type of Energy of radiation in Mev
VA A Class abundance radiation Half-life Particles y-rays Produced by
9 Fi8 A Bt 112 min.(S1) 0.7(Y2) cl.ch. Ne-d-a(S1)
O-p-n(D2)
F-n-2n(P2)
0-d-n(D22,Y2,W2)
F-d-H3(B7,K2)
F-y-n(H44)
F1e 100(A30)
F20 A B8-,v(B50, 12 sec.(C1) 5.0(F1,B50) 2.2(B50) cl.ch. recoil  F-d-p(F1,C1)
C47) cl.ch, F-n-~(N1)
Na-n-a(N1)
10 Nel® A gt 20.3 sec.(W7) 2.20(W7) cl.ch. F-p-n(WT)
Ne20 90.00(V20) -
Ne2t 0.27(V20)
Ne22 9.73(V20)
Ne A 8- 40 sec.(A1,B6) 4.1(P21) abs. Na-n-p(A1,N1,P1)
Mg-n-a(A1,B6)
) Ne-d-p(P21,W24)
11 Na2 B 23 sec.(C27) Ne-p-n(C27)
Ne-d-n(P21)
Na22 A Bty 3.0 yr.(L3) 0.58(L3) cl.ch. 1.3(02) spect. Mg-d-a(L3)
F-a-n(L3,M4)
Ne-d-n(L3)
Na2 100(S61)
Na2t A B~y 14.8 hr.(V1) 1.4(L21,549) 1.4, 2.8(E7,12,E8) Na-d-p(L4,V1)
spect. spect.; 2.87(G16) Na-n-v(A1)
Be-y-n reaction, Mg-n-p(Al)
D-v-n reaction; Al-n-a(Al)
2.69,3.22,3.61(010) Mg-d-a(H4)
. cl.ch. pair
Nazs E B8~y 62 sec.(H54) 2.8(HS54) abs. Al 0.035(H54) abs. Al Mg-v-p(H54)
12 Mg® B+ 11.6 sec.(W7) 2.82(W7) cl.ch. Na-p-n(W7, D9) ,
Mg-v-n(H43,H44)
Mg 77.4(A31)
Mg2s 11.5(A12)
Mg26 11.1(A12)
Mg?? A B~y 10.2 min.(H4) 1.8(C13) cl.ch. 0.64, 0.84,1.02(12) Mg-d-p(H4)
spect. Mg-n-y(Al)
Al-n-p(A1)
13 Al A st 7.0 sec.(W7,F2) 2.99(W7) cl.ch. Na-a-n(M4,F2)
Mg-p-n(W7,D9)
Mg-p-v(C29)
Al-y-n(H43,H44,H58)
Al 100(A31)
Alzs A 8- y(W17) 2.4 min.(A1,Ms, 3.3(Co) cl.ch. 1.8(12) spect. Al-d-p(MS5)
E2) ‘ Al-n-y(A1)
Si-n-p(Al)
P-n-a(Al)
Mg-a-p(E2,R3)
Al2e A B~ 6.7 min.(B25) 2.5(B25) cl.ch. Mg-a-n(B25,H21,KF3)
and-abs.
14 Si7 A gt 4.9 sec.(K10,C27) 3.74(M21) cl.ch.; Al-p-n(K8,M21,C27,B8)
3.54(B8) cl.ch. Mg-a-n(K10)
Si28 89.6(M51)
Size 6.2(M51)
Siso 4.2(M51)
Sist A 8- 170 min.(N3,A13) 1.8(K4) cl.ch. No v(N3) Si-d-p(N3)
Si-n-v(Al)
P-n-p(A1,P2)
S-n-a(S2,C9)
15 P2 A B* 4.6 sec.(W11) 3.63(W11) cl.ch. Si-p-n(W11)
p3o A B* 2.55 min.(R3,B49) 3.0(B48,B49) Al-a-n(R3,C7)
cl.ch.; 3.5(M26) S-d-a(S2)
spect. P-n-2n(P2)

P-y-n(B20)




TABLE OF

ISOTOPES

Table of Isotopes— Continued

Isotope Percent Type of Energy of radiation in Mev
VA A Class abundance  radiation Half-life Particles y-rays Produced by
15 Si-p-n(B23,B49)
Si-He3-p(AT)
p3t 100(A31)
p32 A 8- 14.30 days(C8) 1.69(LS5) spect.; No v(K4) P-d-p(N3)
1.75(W29) P-n-vy(A1)
spect.; 1.71 S-n-p(Al)
(S49) spect. Cl-n-a(Al)
S-d-a(S2)
Si-a-p(F3)
16 S3 A B8+ 3.2 sec.(W11,K10) 3.85(W11,E4) P-p-n(W11,V4)
cl.ch. Si-a-7(K10)
S-y-n(H43,H44,H58)
S82 95.1(N32)
S3 0.74(N32)
S 4.2(N32)
S3e A 8- 87.1 days(HS53) 0.107(L6) spect.; Cl-n-p(A3,L6,1.58,K13)
0.120(K13) abs. S-d-p(C25,K13)
Al Cl-d-a(K13)
Sse 0.016(N32)
17 Cps A ' 2.4 sec.(W11) 4.13(W11) cl.ch. S-d-n(H31)
S-p-n(W11)
Cl3¢ A gt 33 min.(S2,B21) 2.5(B21) abs. P-a-n(F2,R3,B21)
S-d-n(S2)
Cl-n-2n(P2)
Cl-y-n(B20,H44)
S-a-p,n or S-a-d(S45)
Cpss 75.4(N33) :
CIse A B KB~ >10% yr.(G8,05)  0.64(87)(G8) abs. Cl-n-v(G8)
(G8) , Cl-d-p(G8)
cpr 24.6(N33)
Cps A By 37 min.(V1) 1.1, 2.8, 5.0(W16, .1.65,2.15(C28,12) Cl-d-p(K4,V1)
W17) spect., spect. Cl-n-v(A1,K18,A15)
(W17) coincid. K-n-a(HS)
abs.
18 Ass A 8+ 1.88 sec.(E4) 4.4(E4,W11) cl.ch. Cl-p-n(W11)
S-a-2(K10)
Ass 0.307(N34)
A3 A 34 days(W18) Cl-d-2n(W18)
Cl-p-n(W18)
K-d-a(W18)
Ca-n-a(W18)
S-a-n(W18)
A3s 0.061(N34)
A3 G B~ 4 min.(P2) K-n-p(P2)
As0 99.632(N34)
A4 8-y 110 min.(S3) 1.5(K4) cl.ch. 1.37(R8) cl.ch. recoil  A-d-p(S3)
(K.U.) K-n-p(HS5)
A-n-y(S3)
19 K38 A [:3d 7.7 min.(H5,R3)  2.3(R3) abs. Cl-a-n(H5,R3)
Ca-d-a(HS5)
K-n-2n(P2)
K-y-n(H43,H44)
K3o 93.38(Cs1)
K40(H88,S62) A 0.012 B~(T31,C61), 1.42 X10%yr. 0.40(H83),0.725  2(K52) abs. Fe Natural source(T31,C61)
(N34) v(K52); (B71); 4 X108 (L6) spect.; 1.3
K(75%) yr.(T30) (H87) abs.
(T30)
Kt 6.61(C51)
K# 8- 12.4 hr.(H5) 3.5(K4) cl.ch. K-d-p(HS)
K-n-v(HS,A1)
Ca-n-p(H5)
Sc-n-a(HS5)
Kasad C B8~ 18 min.(W1,W12) . Ca-n-p(W1,W12)
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Table of Isotopes— Continued

Isotope Percent Type of Energy of radiation in Mev .

VA A Class abundance radiation Half-life Particles ~y-rays \ Produced by
20 Ca® F B+ 4.5 min.(P2,W12) Ca-n-2n(?) (P2,W12)

Ca3® E 1.06 sec.(H44) Ca-y-n(H44)

Cato 96.96(N32)

Catt B K,yv,e™ 8.5 days(W12) 1.1(W12) abs. Pb, Ca-d-p(W12)

(W12) abs. of e~ Ca-n-2n(W12)

Cat2 0.64(N32)

Ca#® 0.15(N32)

Catt 2.06(N32)

Cats A B~y 180 days(W12) 0.2,0.9(W12) abs. 0.7(W12) abs. Pb Ca-n-y(W12)

Ca-d-p(W12,W5)
- Sc-n-p(W12)
Caté 0.0033
(N32)
Cat8 0.19(N32)
Cats B8~y 2.5 hr.(W12) 2.3(W12) abs. 0.8(W12) abs. Pb Ca-d-p(W12)
Ca-n-y(W12)
Cat® B B~ 30 min.(W12) Ca-d-p(W12)
Ca-n-y(W12)
21 Sc¢ A Bt 0.87 sec.(K10) 4.94(E4) cl.ch, Ca-d-n(K10,E4)

Sci2 F gt 13.5 days(W10) 1.4(W10) abs. K-a-2(W10)

Sc#3 A By 4 hr.(W10) 0.4,1.4(W10) 1.0(W10) abs. Pb; Ca-a-p(F4,W10)
abs.; 1.13(H1) 1.65(H1) Ca-d-n(W3)

Ca-p-n(D2,D9,H1)

Scit A LT.e y 52 hr.(W10) 0.27(H9,S19) spect. Sc-n-2n(B9,H1)

(W10) conv.; 0.28, 1.33 K-a-2(W10,H1)
(H1) Ca-d-n(W3,S19,H1)
Ca-p-n(D2,D9)
Ti-d-a(W4)

Sc# A Bty 4.1 hr.(W10) 1.5(W10) abs., 1.80(H1) Sc-n-2n(B9,H1)
(S19) spect.; K-a-#(W10,H1)
1.33(H1) Ca-d-n(W3,S19,H1)

Ti-d-a(H60)
Ca-p-n(D2,D9)
Sc-vy-n(B20)

Sc# (52 hr.) I.T.(W10)

Scis 100(A31)

Scis A B-v,K(W5) 85 days(W5) 0.26, 1.5(87) 1.25(W10) abs. Pb Sc-d-p(W1,W5)
(W10) abs. Sc-n-y(W1)

Ti-d-a(W1)
Ca-a-p(W10)
Ti-n-p(W4)
Sc#? F By 63 hr.(W10) 1.1(W10) abs. Ca-a-p(W10)
Ti-n-p( W10)
Scis A B8-,v(W10) 44 hr.(W10,M2) 0.64(S19) spect.; 1.35(M2,M30) spect.; Ti-n-p(W4,P2,W10,M30)
0.57(H1) 1.33(H1) abs. V-n-a(W4,P2,W10)
Ca-d-2n(S19,M2,H1,M30)
Ti-d-a(H60)
: Ca-p-n(H1)

Sc#® A B~ 57 min.(W10) 1.8(W10) abs. No y(W10) Ca-d-n(W10)

Ca# (2.5 hr) B~ decay
(W10)
Ti-n-p(W10)
Sc F 8- 3.4 days(H1) 0.46(H1) No y(H1)
22 Tis A B8* 3.08 hr.(A17) 1.2(A17) cl.ch. Ca-a-n(A17)
‘ Sc-p-n(A17)

Sc-d-2n(A17)
Ti-n-2n(A17)
Ti-y-n(H45)

Tise 7.95(N32)

Ti4? 7.75(N32)

Tis8 73.45(N32)

Tido 5.51(N32)

‘Tiso 5.34(N32)

Tist A B-v(W4) 2.9 min(W4) . Ti-d-p(W4)

Ti-n-v(W4,A1)

Tist A B~y 72 days(W5) 0.36(W5) abs. 1.0(WS5) coincid. abs, Ti-d-p(W5)

Ti-n-v(W8)
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Table of Isotopes— Continued

Isotope Percent Type of Energy of radiation in Mev
A Class abundance radiation Half-life Particles y-rays- Produced by
23 V4 B Bt 33 min.(W4,07) 1.9(W4,07) abs. Ti-d-n(W4,07)
Ti-p-n(D9,07)
Vis A B+ K,y 16 days(W4) 1.0(W4) cl.ch.; 1.05(R4) cl.ch. recoil; Ti-d-n(W4)
(Ws, 0.58 (H60) 1.50(H60) Sc-a-n(W6)
H60) abs. Pb Cr-d-a(W4)
Ti-p-n(D9)
V49 B K 600 days(W5) Nog*tore (W5)  Noy(Ws) Ti-d-n(W5)
Vo A B+ 3.7 br.(W4) V-n-2n(W4)
Ti-d-n(W4)
, Ti-a-p(W4)
A% 100(A31)
Vs A B8~ 3.9 min.(W4) 2.05(D24) abs. V-n-v(W4,P2,A1)
V-d-p(W4)
Cr-n-p(W4,P2)
Mn-n-a(W4,P2,A1)
24 Cr# A Bty 41.9 min.(07) 1.45(07) abs., 0.18,1.55(07) abs. Pb  Ti-a-2(07)
cl.ch. Cr-n-2n(07)
Crso 4.49(N35)
Crét B K,v.e~ 26.5 days(W13) 0.5, 1(W13) abs. Pb, Ti-a-n(W13)
(W13) abs. of e~ Cr-d-p(W13,A14)
' Cr-n-vy(W13)
Cr-n-2n(A14)

Crb2 83.78(N35)

Cr8s 9.43(N35)

Cri 2.30(N35) ,

Crbs B 1.6-2.3 hr.(A14, Cr-n-y(D14,A14)

D14) Cr-d-p(A14)
25 Mn® A g 46 min.(L7) 2.0(L7) abs. Cr-d-n(L7)
. Cr-p-v(D2,D4)

Mn52 A Bty 21 min.(L7) 2.2(H6,H12) cl.ch. 1.2(H6) Fe-d-a(D5,L7)

Cr-p-n(H6,H12)

Mn3? A B*v,K(H6, 6.5 days(L7) 0.77(H6,H12) 1.0(Ho6) Fe-d-a(L7)

H12) cl.ch. Cr-p-n(H6,H12)

Mns A K,y(L7) 310 days(L7) 0.85(L7) abs. Pb; Fe-d-a(L7)

0.835(D35) Cr-d-n(L7)
spect., coincid. V-a-n(L7)
Cr-p-n(D9)

Mnss 100(S63) .

Mnss A By 2.59 hr.(L7) 0.75, 1.05, 2.86 0.7,1.7(B26,B14) Mn-n-y(A1)

: (E12) spect., cl.ch. recoil; 0.845, Mn-d-p(L7)
coincid.; 1.04, 1.81, 2.13(E9,E12) Fe-d-a(L7)
2.88(T8) spect. spect.; 0.800(G3) Fe-n-p(Al)

spect. Co-n-a(Al)
Cr-a-p(R3)
26 Fess A Bt 8.9 min.(R3) Cr-a-n(R3)
Fe-n-2n(L20)
Fe-v-n(H43)
Fes 6.04(N35)
Fess A K.~ ~4 yr.(V4) Fe-d-p(L23)
Mn-p-n(V4)
. Cos5 8+ decay(L10)

Fse 91.57(N35)

Feb? 2.11(N35)

Fess 0.28(N35)

Feb? A B8y 47 days(L20) 0.26, 0.46(D16) 1.10, 1.30(D16) spect. Fe-d-p(1.20,D16)
spect., coincid. Co-n-p(1.20)
abs.

27 Co% A Bty 18.2 hr.(DS) 1.50(L21) spect. 0.16,0.21,0.8,1.2 Fe-d-n(L10)
) (C20) cl.ch. recoil Fe-p-v(19,1.10)

Cos6 A 8+, v,K(E9) 72 days(L10) 1.2(L10) abs., 1.7(C17) abs. Pb, co-  Fe-d-2n(L10,P3,J1)

(C17) cl.ch., co-
incid.; 1.50(E9,
E12) spect., co-
incid.

incid.; 1.05(L10)
abs. Pb; 0.845,1.26,
"1.74,2.01, 2.55, 3.25
(E12) spect., coin-
cid.

Ni-d-a(L10,C17)
Fe-a-n,p(L10)
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Isotope
A

Class abundance

Type of
radiation

Percent

Half-life

Energy of radiation in Mev

Particles

y-rays

Produced by

27

28

29

30

Co57

Cod8

Co59
Cot0

Cofo

Nis?

Niss
Niso
Niét
Nié2
Nis3

Niet

Cuss.
Cuss.

Cu8!

Cus?

Cus6s
Cus4

Cuss
Cuss

Zn®

Znb¢

60

A

A

[ BN

K,v.e™;
B*(L10)

B+,7,(10%)
(D35);K,y
(90%)
(D35)

100(M52)
87y

LT. v.e™
(L10,D17);
68-,v(D17,
N10)

ﬁ+

67.4(V21)
26.7(V21)
1.2(V21)
3.8(V21)

0.88(V21)

B8+
ﬁ+
B+ K(A4)

B+

70.13(E20)
B7i8YK
(A4)

29.87(E20)

B+

50.9(N34)

270 days(L10)

72 days(L.10)

5.3 yr.(L10)~

10.7 min.(L10)

36 hr.(L11)

2.6 hr.(L11)

81 sec.(D4)
7.9 min.(D4)
3.4 hr.(T1,R3)

10.5 min.(H8)

12.8 hr.(V2)

5 min.(A1)

38 min.(D4,B20)

0.26(8+) (L.10)
0.4(L10) abs.;
0.470(E13,D35)

spect.; (E13),
coincid.

0.300(D17) spect.,
coincid.abs.

1.35(87)(N10)
spect.

0.67(L11) abs.

1.9(L11) abs.

0.9(R3) abs.

2.6(C13) cl.ch.

0.58(87);0.66(8*)
(T6,T11,T8)
spect.

2.9(S5) cl.ch.
(K.U.); 2.58
(G15)

2.3(S18) abs.,
(T11,T8) spect.

0.117, 0.130, 0.202,
0.215(P3) spect.

0.6(L10) abs. Pb;
0.805(D3S) spect.,
coincid.

1.10, 1.30(D17) spect.,

coincid.

0.056(1.T.)(D17)
spect. conv.; 1.5

(with 87)(N10) abs.

Pb

1.1(L11) abs. Pb;
0.280,0.65,0.93
(G3) spect.

No v(G2)

IS

No v(T6)

Fe-d-n(19,B24,P4,1.10)
Fe-p-v(L10)
Fe-d-n(1.9,B24,P4,1.10)
Mn-a-1#(19,L.10)
Ni-d-a(L11)
Fe-p-n(L9)
Ni-n-p(V5,L10)
Fe-a-n,p(L10)
Fe-p-v(L10)

Co-d-p(1.9,B24,1.10,D17,
N10)

Co-n-y(R9,L9,1.10)

Ni-d-a(L10)

Co%0 (10.7 min.) I.T. (L10,
D17)

Co-n-y(H7,L8,L10,D17)

Ni-n-p(H8,L10)

Co-d-p(N10)

Fe-a-n(L11,N11,D18)
Ni-n-2#(L11,N11,D18)
Ni-y-n(H45)

Ni-d-p(L11,N11)
Ni-n-y(H8,N11)
Cu-n-p(H8)
Zn-n-a(HS8)
Ni-»-2n(H8,D18,N11)

Ni-p-n(D4)
Ni-p-n(D4)
Ni-d-n(T1)
Ni-p-n(D4)
Ni-p-v(D4)
Ni-a-p(R3)
Cu-n-2n(H8)
Cu-y-n(B20,H44,H45)
Co-a-n(R3)
Ni-p-n(S18)
Ni-p-v(S18)
Cu-d-H3(XK22,K14)

Cu-d-p(V2)
‘Cu-n-y(H8)
Ni-p-2(S18,D4)
Zn-n-p(HS)
Cu-n-2n(HS8)
Cu-vy-n(H45)

Cu-n-v(A1)
Zn-n-p(HS8) -
Ga-n-a(C5)
Cu-d-p(L31)

Zn-n-2n(H8,P2)
Zn-y-n(B20)
Cu-p-n(S18,D4)
Ni-a-7(R3)
Cu-d-2n(L31,T8)
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Isotope Percent Type of Energy of radiation in Mev
z A Class abundance radiation Half-life Particles y-rays Produced by
30 Znss A Bt K,v,.e” 250 days(LL12) 0.4(8+)(D9) cl.ch. 0.45, 0.65, 1.0(W15, Zn-d-p(L12)

- 13) cl.ch. recoil; Cu-d-2n(P4)
1.14(D19,M34) Cu-p-n(B12)
spect. Zn-n-y(S6)

Gats K decay(1.10)

Znss 27.3(N34)

Zns7? 3.9(N34)

Znss 17.4(N34)

Znse A I.T.v(K11) 13.8 hr.(.12) 0.439(H9,G3) spect. Zn-d-p(1.12,K11,V7)
conv. Zn-n-y(T2,L12)

' Ga-d-a(L12)
Ga-n-p(1.12)
Zno A B8~ 57 min.(L12) 1.0(L12) abs. No v(L12) Zn-d-p(L12,K11,V7)
Zn-n-v(T2)
Ga-d-a(L12)
Ga-n-p(L.12)
Zn®® (13.8 hr,) L.T.(K11)
Zn™® 0.5(N34)
31 Ga®t B st 48 min.(B13) Zn-p-n(B13)

Gats A K.~ 15 min.(A4,L10) 0.054,0.117(D9) Zn-d-n(A4,L10)
spect. conv. Zn-p-y(D9)

Gass A Bt 9.4 hr.(B13,R3) 3.1(M7) abs. Cu-a-n(M7,R3)

Zn-p-n(B13)

Gat? A K,v,e~ 83 hr.(A4) 0.0925, 0.180, 0.297 Zn-d-n(A4,G6,V7)
(H9) spect.conv., Zn-a-p(MS8)
spect.; 0.292(G3) Zn-p-n(B13,V7)
spect.; 0.094, 0.174,

0.187, 0.301(C21)

spect.

Gass A B+ 68 min.(R3) 1.9(R3,M7) abs. : Cu-a-#(R3,M7)

Ga-n-2n(P2)
Ga-y-7(B20)
Zn-p-n(D2,B13)
Zn-p-y(?)(D2)
Zn-d-n(G6,V7)
Ge-d-a(S29)

Gast® . 61.2(S61)

Ga70 A B~y 20 min.(B20,A1) 1.68(S25) cl.ch. Ga-n-y(A1)

(K.U.) Ga-n-2n(P2)
Ga-y-n(B20)
Zn-p-n(D2,V7)
Zn-a-p(M8)
Ge-d-a(S29)
Ge-n-p(S29)

Gant 38.8(S61)

Ga™ A : Y 14.1 hr.(S6) 1.71(825) cl.ch. 1.17,2.65(M30) spect. Ga-d-p(L20)

’ (K.U.) Ga-n-y(S6)
Ge-n-p(S29)
Gan D B~ 9 days(S29) 0.8(S29) Ge-d-a(S29)
32 Gest® E ~195 days(M8) Zn-a-n(M8)
Ge™0 21.2(A31)
GeTt A K,e=(?) 11 days(S30) 0.6(S30) abs. of e~ Ga-d-2n(S30)
(S30) . Ge-d-p(S30)
Ge™t A B* 40 hr.(S30) 1.2(S30) abs. Zn-a-n(M8)
Ge-n-v(56,529)
Ge-d-$(56,530,529)
Ga-d-2n(S30)
Ge-n-2n(S25,S29)
Se-n-a(S29)

Ge?2 27.3(A31)

Ge™ 7.9(A31)

Ge™t 37.1(A%)

GeTs A 8-,v(S30) 89 min.(S30) 1.1(S25,S29) cl.ch. Ge-n-v(S6,529)

(K.U); 1.2 Ge-d-$(S6,529,S30)
(S30) abs. Ge-n-2n(S29,S30)

As-n-$(S29,S30)
Se-n-a(S29,S30)
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Isotope Percent Type of Energy of radiation in Mev
VA A Class abundance radiation Half-life Particles ~y-rays - Produced by
32 Ge's 6.5(A31)
Ge?? A B(S29) 12 hr.(S30) 1.9(S25,S29) cl.ch. Ge-n-v(S6,S29)
(K.U) Ge-d-p(S29,S30)
Se-n-a(S30)
33 Asm L st 26 hr.(V4) Ge-p-n(Va)
Agm,1 D K,e"(E10) 90 days(S26) 0.052(E10) spect. Ge-d-n(S26, E10)
conv.,
As D Bt 50 hr.(S29) 0.6(S29) N Ge-d-n(S29)
As™ A B~.B%,v(S26) 16 days(S26) 1.3(87),0.9(8%) 0.582(D15) spect. As-n-2n(S26,C11)
(S26) cl.ch. Ge-d-n(S26,5S29,14)
(K.U) Se-d-a(F8)
Ge-p-n(D9)
A5 100(N30)
As78 A B8~viBt K, 26.8hr. (W9,W19) 1.1, 1.7, 2,7(8") 3.2,2.2,1.5(823) cl.ch. As-d-p(C11,T3)
~(?)(S23) (S23,W9,W19) pair; 1.94, 0.83(M6) As-n-v(C11)
cl.ch.; 0.7, 2.6 spect.; coincid. Br-n-a(C11)
(8+)(S23) cl.ch.; (M35) Ge-p-n(V4)
coincid.(M35) Se-n-p(S26)
Se-d-a(F8)
AsT8 A 8-y 65 min.(S9) 1.4(S26) cl.ch. 0.27(S26) abs. Pb Br-n-a(59,C11,S26)
(K.U) Se-n-p(S26)
34 Se™ 0.9(A31)
Se’s B K,v.e~ 48 days(D9); 160 0.50(D9) spect.conv.; As-p-n(D9)
days(K30) several <0.3(K30) As-d-27(K30)
spect.conv.
Se’s 9.5(A31)
Se?? 8.3(A31)
Ses . 24.0(A31)
Se79.81 C LT..e” 57 min.(S9,L30) 0.099(H9) spect.conv. Se-d-p(S9,L30)
(L30) Se-n-v(S9,H10)
Br-n-p(S9,L30)
Se-y-n(B20)
Se9.81 C 8 19 min.(L30) 1.5(L30) abs. Se-d-p(89,1.30)
' Se-n-v(S9,H10)
Se-y-n(B20)
Br-n-p(L30)
Se™.8 (57 min.) I.T. (L30)
Seso 48.0(A31)
Sesz 9.3(A31)
Sess A 8 30 min.(L30) Se-d-p(L30)
Se-n-v(L30)
Se D Several hrs.(B15) Th-n(B15)
) Se D Several days(B15) Th-n(B15)
35 Br A Bte y 6.4 min.(S9) 2.3(8*)(S9) abs. 0.046,0.108(V7) spect. Se-d-n(S9)
conv, As-a-n(S9)
Br-y-n(B20,C5)
Br-n-2n(H10)
Se-p-n(B13,V7)
Br79 50.6(B60) .
Brso A LT.e 4.4 hr.(B13) 0.049, 0.037 or 0.025 Br-n-v(S9,510,A2)
(S10,V3, (V7) spect. conv.; Br-d-p(S9) )
V7,G22) 0.037(G22) abs. Al Se-p-n(B13,V7)
. Br-y-n(B20)
Br-n-2n(P2)
Th-n(?) (P12,P16)
Brso A B~y 18 min.(S9,S10) 2.0(A2) spect. <0.5(B13,S9) abs. Br-n-v(S9)
Br-d-p(S9)
Se-p-n(B13)
Br-y-n(B20)
Br-n-2n(P2)
Bréo (4.4 hr). L.T. (S10,S31,
D20)
Brst 49.4(B60)
Brs2 A B~y 34 hr.(S9) 0.465(R6,D21); 0.547, 0.787, 1.35(R6, Br-n-¢(K5,S9)
(D23) coincid. D15) spect.; (D23) Br-d-p(S9)
coincid. Se-p-n(B13,R7)
Se-d-2n(S9)

Rb-z-a(S9,P2)
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Isotope Percent Type of Energy of radiation in Mev
VA A Class abundance radiation Half-life Particles y-rays Produced by
Brss A ' 140 min.(L30) 1.05(L30) abs. No v(S9) Se-d-n(S9)
: Ses g~ decay(S9,L30)
Th-»(B15,L30)
‘ U-n(L30,M9,S35)
Bré¢ A B~ 30 min.(S35) 4.5(B30) abs. U-n(D6,H22,H57,M9,S35,
B29)
Th-n(P12)
. Rb-#-a(B29)
Brss A 3.0 min.(S35,B29) U-n(S35,B29,543)
Br#7 B 50 sec.(S35) U-n(S35,B29,543)
Br>82 F 22 hr.(B15) Th-n(B15)
36 Kt 0.35(N30)
Kr79.81 C B+(B41) 34 hr.(B41) 0.4(C41) cl.ch. Kr-d-p(C45,59,C22)
Br-p-n(B41,C41)
Se-a-n(C45,C22)
Kr9.81 C LT.(?),e", 13 sec.(C41) 0.187(C41) spect. Br-p-n(B41,C41)
v;no B+ conv.
(C41)
Kr79.81 C LT.(?),e”,  55sec.(C41) 0.127(C41) spect. Br-p-n(B41,C41)
v; no g+ conv, Se-a-n(?)(K3)
(C41)
Krso 2.01(N30)
Krs 11.53(N30)
Krss 11.53(N30)
Kres A LT.e" 113 min.(L30) 0.029, 0.046(H9) Br#3 8~ decay(L30)
(L30) spect. conv, Se-a-n(C45,C22)
Kr-d-p(C45,C22)
Krss 57.11(N30)
Krss A ’ ' 4.0 hr.(C22) 0.85(B30) abs. Kr-d-p(S9,C45,C22)
Br8s g= decay (B29,543)
Sr-n-a(B29)
Rb-7-p(B29)
Krss 17.47(N30)
Kr87 B 8- 74 min.(S9) 4(B30) abs. Kr-d-p(S9)
Br87 8~ decay(B29, S43)
Krss A B~ 3 hr.(L27,H28) 2.5(W19) cl.ch. Th-n(H29,A5,L27)
(K.U) U-»(H28,H11,G9,G21,H46)
Kr8® B B~ 2.5 min.(H56) U-n(G9,G21,S41,H46,H47)
Kr>% D 8- <0.5 min.(H28) U-n(H28,H46,H47,H56)
Th-n(H29)
37 Rb# B 20 min.(HS1) Br-a-n(HS51)
Rbs#t B 6.5 hr.(H51) Br-a-n(HS51)
Kr-d-n(H51)
Rbs8s 72.8(N34)
Rb F 42 min.(H51) Kr-d-n(H51)
Rb F 200 hr.(HS1) Kr-d-n(HS1)
Rbs8s A B~ 19,5 days(H13) 1.56(H13) abs.; Rb-7-v(S9,520)
1.60(H32) spect. Sr-d-a(H13)
Rbs87 (H89, A 27.2(N34) pB(T31, 6.3 X1010yr.(S74) 0.132(L6) spect.; 0.034, 0.053, 0.082, Natural source (T31,C61)
H84) Cé1), 0.25(K53);0.13 0.102, 0.129(030)
~¥(030) (030) spect. spect. conv.
Rbss A B~ 17.5 min.(W19) 5.1(W19) cl.ch. Rb-7-v(S9,P2,520)
. Pa-n(G7)
Krs8 B~ decay(H28,L27,
H11,G21,W19,H46)
Rbs® B~v(G21) 15 min.(G9,G21) 3.8(G21) abs. Kr8® 8- decay(G9,G21,541,
H46,H47)
Rb=>s0 D 8- 80 sec.(H28) Kr> ( <0.5 min.) 8~ decay
(H28,H46,H47,H56)
38 Sra 0.56(N36)
Srss A K,y(D13) 65 days(D13) 0.8(D13,D25) abs. Pb Rb-p-2(D13,D25)
Sr8s A - LT.e v 70 min.(D25) 0.170(D25) spect. Rb-p-n(D13,D25)
(D25) conv.
Srss 9.86(N36)
Srs87 7.02(N36)
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38 Sr8r A I.T.e v 2.7 hr.(D11) 0.37(D11) spect. Sr-n-n(D13,R15,D25,R20)
(D11) . conv.;0.386(H9) Rb-p-n(D11)
spect.conv. Sr-d-p(D11)
Sr-n-y(D11,R15)
Y8 (80 hr.) K decay(D11,
D25)
Sr-p-p(?)(D25)
Zr-n-a(S46)
Srss 82.56(N36)
Srse A 8- 55 days(S24) 1.50(S24) cl.ch,; No v(S24) Sr-d-p(S11,524)
1.32(H32) Sr-n-v(S11,S24)
spect. Y-n-p(SlZ)
Rb8® B~ decay(G9,H28,G21,
H46,H47)
Zr-n-a(?) (S46)
Sr9o B ~5 yr.(H47) U-n(HA4T)
Sr>90 D 8- 2.7 hr.(G13) Rb>9% (80 sec.) B~ decay
(G13,H47,H56)
U-v(L2)
Sr>9 D 8- 7 min.(L26) U-n(Kr parent)(HS56,1.26,
H28,H47)
Srot B 8- 10 hr.(H47) U-n(Kr parent) (H56,H47,
G13,548)
" Zr-n-a(S48)
Sr>90 D ~2 min.(H47) U-n(Kr parent) (H56,H47)
.39 Y# B LT.e v 14 hr.(S24,D13) 0.5(D25) abs. Sr-d-n(S24,D13,D25)
(D25) Sr-p-n(D13,D25)
Y7 A K(D13) 80 hr.(D25) No v(?)(D25) Sr-p-n(D13,D25)
Sr-d-n(D13,524,D25)
Yss A g+ 2.0 hr.(S24) 1.2(S11) cl.ch. Sr-d-n(S11,S24)
’ (K.U.) - Y-n-2n(S11)
Sr-p-n(D13,D25)
Y8 B K,v(D25) 87 days(H33) 0.95, 1.92(R12) cl.ch.; Sr-p-n(D13,D25)
0.908, 1.89(D28) Sr-d-2n(P11,H33)
spect., coincid.; 1.87 Y-n-2n(H33)
(S32) Be-y-n; 1.9,
2.8(G10) D-y-n
Vs 100(D40)
Yoo A ' 60 hr.(S11) 2.6(S11) cl.ch. Y-d-p(S11)
(K.U.) VY-n-v(S11,S12)
Cb-n-(S42,513)
Zr-n-p(S46,548)
Zr-d-a(S46)
Sro 8~ decay(H47)
Y=>9% D B-,v(HS56) 3.5 hr.(H56) 3.6(B30) abs. Sr>% (2.7 hr.) B~ decay
(G13,H47,H56)
Zr-n-p(S46,548)
Yot B B~ v(B30) 57 days(H42,G13) 1.6(B30) abs, Srot 8~ decay (H47,G13)
Zr-n-p(S48)
Yo B 50 min.(G13) Srot 8~ decay (H47,G13)
Zr-n-p(S48)
Y=>9 D 11.5 hr.(H47) Sr>9 (7 min.) B~ decay
(H47,H56)
=90 D B~,v(H56) 20 min.(H47) Sr>9 (2 min.) B8~ decay
(H47,H56)
Zr-n-p(S48)
40 Zrse A B*(S12, 78 hr.(D25) 1.0(8*)(S12) cl.ch. No y(D25) Zr-n-2n(S12,5S46)
D13) (K.U), (D25) Y-p-n(D13,D25)
abs. Mo-n-a(S46)
Zr8® A e~,v,L.T. or 4.5 min.(D25) \ Y-p-n(D13,D25)
K (D13, -
D2s)
Zro 48(A31)
Zra 11.5(A31)
Zr% 22(A31)
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40 Zr% D B8~y 63 days(S46) 0.25(546) abs.; 0.94(M33) Zr-n-v(S46)
0.57, 0.29(M33) Zr-d-p(S46)
Mo-n-a(?) (S46)
U-n(H55,G18)
Zro 17(A31)
Zr9 D B~ 17.0 hr.(G18) 1(G18) abs. U-12(G18,H39)
Zr-n-v(S46)
Mo-#-a(S46)
Zros 1.5(A31)
Zro? E B~ 6 min.(S46) ~1.9(S46) abs. Zr-n-v(S46)
Zr E B8~ 18 min.(S46) Zr-n-v(S46)
Zr F B8~ 90 min.(S12) ~1.5(546) abs. Zr-d-?(S12,546)
Zr E 8- 70 hr.(S46) 1.17(S46) cl.ch. Zr-n-?(5S46)
(K.U)
41 Cb E 4 min. Zr-p-n(?)(D9)
Cb E 12 min. Zr-p-n(?)(D9)
Cb E 38 min. Zr-p-n(?)(D9)
Cb E 21 hr. Zr-p-n(?)(D9)
Cb E 96 hr. Zr-p-n(?)(D9)
Cbe2 A By 11 days(S42,S13)  1.38(S42) cl.ch. 1.0(M33) Cb-n-2n(S42,S13)
(K.U.); 0.59 Mo-n-p(S46)
(M33) Zr-p-n(M33)
Cb® 100(S63)
Ch9* LT.e ~55 days(S46) ~0.15(546,M33) abs. Zr% 8~ decay(S46,HSS)
) of ¢7; 0.94(M33)
Cbh¥ A B-,v(S42) 6.6 min.(S42) 1.4(842) abs. 0.4(S42) abs. Pb Cb-n-v(S42,5S13,P2)
Cbs D B8~ 75 min.(G18) 1(G18) abs. Zr% B~ decay(G18,546,H39)
Mo-n-p(S46)
42 Mo 14.9(V22)
Mo F 7 hr.(D9) Cb-p-n(?)(D9)
Mo9t.83 Cc Al 17 min.(B20,S12)  2.65(S46) cl.ch. Mo-n-2n(H10,512,546)
(K.U) Mo-y-n(B20)
Mo 9.4(V22)
Moo 16.1(V22)
Mo98 16.6(V22)
Mo?? 9.65(V22)
Mo 24.1(V22)
Mo?®? B B~y 67 hr.(S14) 1.5(S14) abs. 0.4(S14) abs. Mo-d-p(S14)
Mo-n-v(S14,S12)
U-n(H23,H41)
Th-n(H24)
Mo-n-21(S46)
Mot 9.25(V22)
Mot0t B By 14.6 min.(M25) 1.8(S40) cl.ch. 0.3, 0.9(M38) Mo-n-v(S40,522,546,M25)
(K.UJ); 1.0, U-n(H41,B28)
2.2(M38) .
Mo=101 D B~ 12 min.(H41) U-n(H41)
Mo E ~ ~60 days(HSS5) U-n(HS5)
43 439% B B*(?) 2.7 hr.(D4) Cb-a-1(K3)
Mo-p-n(D4)
R Mo-d-n(S14)
439 B I.T..e vy 6.6 hr.(S14) 0.136(S14) spect. Mo9% 8~ decay(S14,H41)
(S14) conv.; ~0.18(S14)
abs.
43101 B By 14.0 min.(M25) 1.1(S40) cl.ch. 0.30(M38) Mott" B~ decay(S40,S22,
(K.U);13 S46,H41,M25)
(M38)
43>101 D B~ <1 min.(H41) Mo>101 (12 min.) B~ decay
© o (H4D)
43 D K,e~ 90 days(C12) 0.097(H9) spect. conv. Mo-d-n(C12,C24)
43 D K,y 62 days(C12) Mo-d-n(C12,C24)
43 D K(?)e vy 110 hr.(E3) 0.6(E3) 0.05, 0.5(ES) Mo-p-n(E3,ES)
(Es)
43 E B8~,v(E3) 55 min.(ES) 2.5(ES) abs. Mo-p-n(E3,D4,E5)
43 E B8 36.5 hr.(D4) Mo-p-n(D4)
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43 43 E B~ 18 sec.(D9) Mo-p-n(D3,D9)

43 D K ~2 days(S14) Mo-d-n(S14)

44 Ru% F 20 min.(D7) Ru-#-2n(?)(D7,P2)

Ruse 5.68(E20)

Ru 2.22(E20)

Ru? 12.81(E20)

Ru!00 12.70(E20)

Rutot 16.98(E20)

Ru1ez 31.34(E20)

Ruto 18.27(E20)

Rul0s B B8~ 4 hr.(D7,L13, 1.5(B31) abs. Ru-#-y(D7)

N12) Ru-d-p(L13)
U-n(S33,N12,N13)
Th-»(S33)

Ru G 11 days(L13) Ru-d-?(L13)

Ru E 90 min.(K3) Mo-a-n(K3)

Ru D 45 days(N15) U-#(N12,N15)

Ru-d-p(1.13)

Ru D 8 4 min.(B31) 4(B31) abs. U-n(B31)

45 Rhio2 A B8-.B8%y 210 days(M23) 1.1(87)(M23) abs. Rh-1-212(M23)
(M23)

Rh13 100(C50)

Rh1os I.T.e"(P5) 4.2 min.(P5) 0.055-0.080(PS5) abs. Rh-#-vy(P5,A1,P2)
of ¢7; 0.069(09) . Ru-p-n(D9)
spect. conv.

Rhio A 8- 44 sec.(P5,A1) 2.3(C13) cl.ch. Rh-#-v(P5,A1)

Rh1% (4,2 min.) I.T.(P5)
Ru-p-n(L13)

Rh E 3 hr.(D9) Ru-p-7(?)(D9)

Rh E 10.7 hr.(D9) Ru-p-2(?)(D9)

Rh E 3 days(D9) Ru-p-z(?) (D9)

Rhtos B 8- 34 hr.(N12,N13)  0.5(N13) abs. Rul% g= decay(N12,D7,

L13)
Rh D B~ 24 min.(B31) 1.2(B31) abs. Ru (4 min.) 8~ decay(B31)
46 Pdie 0.8(S63)

Pdios 9.3(S63)

Pdios 22.6(S63)

Pdros 27.2(S63)

Pd1o7.109 c B 13 hr.(K6) 1.03(XK6) cl.ch. Pd-d-p(K6)

Pd-n-v(A1,K6)
Ag-n-p(FS)

Pdros 26.8(S63)

Pduo 13.5(S63) )

Pqdmt A B~ 26 min.(S33) 3.5(B31) abs. Pd-d-p(K6,A1)

Pd-n-v(K6,A1)
' U-n(S33,N14)
Th-n(S33)
Pduz A 17 hr.(S33,N14) U-n(S33,N14)
Th-n(S33)

47 Agi E 73 min.(E6) Pd-p-n(E6)
Agi E 16.3 min.(E6) Pd-p-n(E6)
Aglos E K,y 45 days(E6) 0.29, 0.42, 0.50, 0.62 Pd-p-n(E6)

(E6) spect.; 0.282,

0.345, 0.430, 0.650,

>1.0(D19) spect.

Agtos A B+ 24.5 min.(P6,D2)  2.04(F5).abs. No y(F5) Ag-n-2n(P6)

Pd-d-n(P6)
Cd-n-p(P6)
Rh-a-7(P6,K3)
Ag-y-n(B20)
Pd-p-y(D2)

Pd-p-n(D2,E6)
Ag-d-p,2n(K15,K31)
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47 Aglos A K,e~,v(H50, 8.2 days(P6,K6) 1.2(e™) (F5) abs. 1.06, 0.69(E6) spect.; Ag-n-2n(P6,K6)
P6,Fs, 1.63, 1.06, 0.72(?) Pd-d-n(P6,K6)
A4) (D19) spect. Rh-a-n(P6)
Pd-p-n(D2,E6)
Cd-n-p(P6)
. Ag-d-,2n(?) (K23)
Aglo? 51.9(P44) .
Aglo7¥,109% C I.T.,e” 40 sec.(A12) 0.093(V7,A12,H9) Cdio7.109 (6,7 hr.) K decay
spect. conv. (A12,H34) :
Cd107109 (158 days) K decay
' (H34)
Ag-n-n(A12)
s Pd107,100 8= decay (S33)
Ag-x-rays(F9)
Aglos A I’ 2.3 min.(A1,B20)  2.8(N4) cl.ch. Ag-n-y(Al)
Ag-y-n(B20)
Pd-p-n(D2,E6)
Cd-n-p(P6)
Ag-d-p(K12,K15)
Agloo 48.1(P44)
Agio A B8-,7(P6) 22 sec.(A1,P6) 2.8(G4) cl.ch. Ag-n-y(A1)
(K.U) Cd-n-p(P6)
Aglos.110 C K,v,e~ (K15, 225 days(L.14, 0.650, 0.925, 1.51 Ag-n-y(R10,L14,A8, M12)
H59) R10) (D19) spect.; 0.6 Ag-d-p(K12,K15,H59)
(K15) abs. Al
Agint A 8~ 7.5 days(K6,P6) '~0.8(B30) abs. No y(K6,P6) Pd-d-n(K6,P6)
Pd-a-p(P6)
Cd-n-p(P6)
. Pdu 8- decay(K6,S33,N14)
Agli2 A B vy 3.2 hr.(P6) 2.2(P6) cl.ch. Cd-n-p(P6)
In-n-a(P6)
U-n(N9)
Pdnz g~ decay(S33,N14)
48 Cdios 1.4(N34) .
Cduor.109 c K,y(D4,V7, 6.7 hr.(D4,RS5) 0.53(V7) abs. Pb Ag-p-n(D4,R5,V7,W11)
Wi, Ag-d-2n(K12,A12,H34,K15)
A12)
Cduor.109 C K 158 days(H34) Ag-d-2n(H34,K15)
Cquos 1.0(N34)
Cd1oe E gt © 33 min.(P2) Cd-n-2n(P2)
Cdue 12.8(N34)
Cdus 13.0(N34)
Cduz 24.2(N34)
Cdus 12.3(N34)
Cdm 28.0(N34)
Cdus A By 2.5 days(GS5) 1.11(C14) spect.  0.55(L57) cl.ch. re- Cd-d-p(C14)
coil; 0.65(M34) Cd-#-v(G5,M10)
spect. Cd-n-21n(G5)
U-n(N9,N14)
Cd E g-v(C14) 40 days(C14) 095.(C14)cl.ch. Cd-d-p(C14) '
Cdus T 7.3(N34)
Can7 B8 3.75 hr.(C14) Cd-d-p(C14)
Cd-n-v(M10,GS5)
i U-n(N9,N14)
Ca* D LT.e 48.7 min.(W30) 0.195(W30) abs. of e= Cd-#-n(D8)
U-n(N9,N14)
Cd-x-rays(F9,W30)
Cd-e=—e~(W30)
49 Inne D B+ 65 min.(B17) 1.6(B17) spect. Cd-p-n(B17)
Ag-a-n(K9)
Cd-d-2n(L57)
Iniz B*,v.e” 20 min.(B17) 1.7(B*)(LS7) cl.ch. 0.16(B17) spect. conv. Cd-d-n(L57)
Cd-p-n(B17)
Ini2 K,v,e™ 2.7 days(B17,C14) 0.17, 0.25(B17,C14) Cd-p-n(B17)
(L57) spect.conv. In-n-2n(C14)
Cd-d-n(L57)

Ag-a-n(LS57)
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49 Inu2 D LT.,v.e™ 16.5 min.(S34) 0.120(S34) abs. of e~ Ag-a-n(S34)
In-n-2n(S34)
Inn2 D B+.8-(?,y, 17.5min.(S34) 1.3(8%)(S34) abs.; 0.095(S34) abs. of e~ Ag-a-n(S34)
e (S34) 0.47(87?)(S34) In-n-21(S34)
abs. Inl2 (16.5 min.) L.T. (S34)
Inis 4.5(S61) .
Inus* A LT.,v.e” 105 min.(B17) 0.39(B17,L.57) spect.  Cd-p-n(B17)
(B17) conv. Sni® K decay(B17,522)
Cd-d-n(L57)
Ini A LT.e™ 48 days(B17) 0.19(B17,L.57) spect. In-n-vy(L15,M12)
(LS7, conv. Cd-p-n(B17)
L48) In-d-p(L57)
Cd-d-n(L57)
In-n-2n(L57) .
Inin A B8~ 72 sec.(L.15,B17) 1.98(L32) cl.ch. Ini4 (48 days) I.T.(L48,
L57)
In-n-2#(115,P2)
In-y-n2(B11,CS5)
Cd-p-n(B17)
Intts 95.5(S61)
Inne* A4 LT.e vy 4.1 hr.(G5,B18) 0.34(057) spect. conv. In-n-n(GS)
(L57) In-p-p(B18)
In-a-a(L16)
In-x-rays(P7,C10)
Cdns g~ decay(GS)
Cd-d-n(L57)
U-n(N14)
Inus A ' 13 sec.(A1,C14) 2.8(C14) cl.ch. No y(M11) In-n-y(A1,L15)
In-d-p(L15)
Cd-p-n(D9)
Intis A B8y 54 min.(A1,L15) 0.85(C14,C44) 1.8,1.4, 1.0, 0.6, 0.4, In-n-y(A1,M11)
spect., cl.ch. 0.2(C44) cl.ch. re- Cd-p-n(B17)
coil; 2.32, 1.31, In-d-p(L15)
1.12,0.428(D19)
* spect.
Inu? A B v.e” 117 min.(L32) 1.73(87)(C14) Cd7 8- decay (GS)
spect. Cd-d-n(C14,L57)
U-n(N14)
50 Sni2 1.1(A32)
Snii A K™y 70-105 days(L17, 0.085(B17) spect. In-p-n(B17)
B17) conv. Sn-d-p(L17)
: Cd-a-n(L17)
Snli¢ 0.8(A32)
Snlis 0.4(A32)
Snlie 15.5(A32)
Sn117 9.1(A32)
Sn!18 22.5(A32)
Sn=i19 E I’ 25 min.(L17) Cd-a-n(L17)
Sn=i1e E B8~ 3 hr.(L17) Cd-a-n(L17)
Sn<i19 E B8~ 13 days(L17) Cd-a-n(L17) .
Sni1® 9.8(A32)
Snize 28.5(A32)
Snizz 5.5(A32)
Sniz 6.8(A32) )
Sni2s B 8- 9 min.(L17) Sn-d-p(L17)
Sn-n-y(L17)
Sn<i26 D B8 40 min.(L17) Sn-d-p(L17)
Sn-n-y(L17)
. Sn-n-2n(P2)
Sn=i26 D 8~ 26 hr.(L17) Sn-d-p(L17)
Sn-n-y(L17)
Sn<ize D 8- 10 days(L17) Sn-d-p(L17)
Sn-n-y(L17)
Sn<12 D ~400 days(L17) Sn-d-p(L17)
Sn>128 D B8~ ~20 min.(H55) U-n(HS5S)
Sn>128 D 8- ~80 hr.(H55); U-n(HS5S,
~60 hr.(N15) N15)
Sn>125 D B~ ~70 min.(N15, U-n(N15,

HS55)

H55)
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50 Sn>12s D B ~11 days(H55) U-n(HSS)

Sn~128 o 8- ~4-5 hr.(H55) U-n(H55)

51 Sb E B~ 3.5 min.(D9) Sn-p-n(D9)
Sbue,18 E gt 3.6 min.(R16) In-a-n(L16,R16)
Shi20 A g 17 min.(H10,1.18) 1.53(A10) Sb-n-2n(P2,H10)

cl.ch. Sh-v-#(B20)
Sn-d-n(L18) ~
Sn-p-n(D9)
Sb-d-H3(K14)

Shr2t 56(A31)

Sbi22 A By 2.8 days(L.28) 0.81, 1.64(A10, 0.96(M35) coincid. Sb-d-p(L18)
M35) cl.ch,, abs.; 0.80(M34) Sb-z-y(A1,L18)
abs. spect. Sn-d-2n(L18)

. Sn-p-n(D9)

Shiz 44(A31)

Sbi24 A B~y 60 days(L18) 1.53(M35) abs.; 1.82(M35) coincid. Sb-d-p(L18)
0.74, 2.45(H35, abs.; 1.75(X16) Be- Sb-n-y(L18)
H49) spect. ~-n reaction I-n-y(L18)

Sh128 D B8~ 3 hr.(L18) Sn-d-n(L18)

Sb=126 D ~45 days(L.18) Sn-d-n(L18)

Sb=128 D ) ~2 yr.(L18) Sn-d-n(L18)

Sh>128 D ' 60 min.(N15) Sn>126 (70 min.) B~ decay

(N15)

Sb127 A B8~ 80 hr.(A6) U-n(A6)

Shi2e A B~ 4.2 hr.(A6) U-n(A6) -

Sb>131 D 8- <10 min.(A6) U-n(A6)

Sb>131 D 8- 5 min.(A6) U-n(A6)

Sbss A 8- <10 min.(A6, U-n(A6,521,W21)

W2t) Th-n(S21,W21)

52 Tei20 <1(A31)

Tel2l K,e~(S15, 125 days(S15) coincid. Sh-d-2n(S15)

08) (Y3) Sn-a-n(S15)
Sb-p-#(S15)
Tel22 2.9(A31)
Tel22.124 E L.T.,e (?) 30 days(K17) 0.0820, 0.0883, 0.136, Sb-d-n(?)(K17)
. 0.1573,0.2108,
0.615(K17) spect.
conv,

Tel® 1.6(A31)

Te2 4.5(A31)

Tel2s 6.0(A31)

Tel28 19.0(A31)

Tel2? A I.T.e™ 90 days(S15) 0.086(H9) spect.conv,. Te-d-p(S15)

(S15) I-n-p(S15)
Te2? A 8~ 9.3 hr.(S15) Te-d-p(S15,T4)
I-n-p(S15)
Te-n-2n(T4)
Te®? (90 days) 1.T.(S15)
Sb27 8~ decay(A6)
Te128 32.8(A31)
Te129 A LT.e” 32 days(S15) 0.102(H09) spect.conv. Te-d-p(S15,T4)
(S15) Te-n-2n(T4)
U-n(HS5S5)
Tel29 A B~ 72 min.(S15,A6) Te-d-p(S15,T4)
’ Te-v-n(B20)
Te-n-2n(H10,T4)
Te!2® (32 days) I.T.(S15)
Sb129 B~ decay(A6)
Tels0 33.1(A31)
Telt LT..e” 30 hr.(S15,A6) 0.177(H9) spect.conv. Te-d-p(S15)
(S15) U-n(A6,H22)
Tetst 4 8- 25 min.(S15) Te-d-p(S15)
Te-n-y(S15)
U-n(A6)

Tetd! (30 hr.) 1.T.(S15)
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Te>131 D 8- 43 min.(A6) Sb>131 ( <10 min.) 8~ decay
(A6,H22)
Th-n(P12)
Te>13t D B~ 77 hr.(A6) ~0.3(B30) abs. Sb>B1 (5 min.) 8~ decay(A6,
H22)
Th-n(H24)
Tels A B 60 min.(A6,W21) Sbi3 8= decay(A6,H22,521,
wa1)
Tel3s A 8- <1 min.~15 min, U-n(S21,W21)
(W21,S21) Th-»(S21,W21)
Te D B8~ ~1 min.(HS55) U-n(HSS)
53 Iz A s+ 4.0 days(L19,D9) Sb-a-n(L19)
’ Te-p-n(D9)
126 A B~y 13.0 days(L19,T4) 1.1(L19) abs. 0.5(L19) abs. Pb Sb-a-1(L19)
' I-n-2n(T4,L19)
Te-d-n(L19)
Te-p-n(D9)
Iiz7 100(N30)
128 A By 24.99 min.(H36) 1.85(B14) cl.ch. 0.4(L19) abs. Pb I-n-v(A1,T4)
or 1,05, 2.10 Te-d-2n(L19)
(B14) cl.ch. Te-p-n(D9)
(K.U)
130 A B=y 12.6 hr.(L19) 0.61, 1.03(R23) 0.417,0.537,0.667, Te-d-2n(L19)
spect., coincid. 0.744(R23) spect. Te-p-n(D9)
conv., spect., coin-  Cs-n-a(W21)
cid. Th-n(?) (P15)
I A By 8.0 days(L19) 0.687(T7) cl.ch.;  0.4(L19) abs. Pb; Te-d-n(L19,R19)
0.595(D29,D30, 0.367, 0.080(D30, Tew! 8~ decay(S15,A6,H22)
D31) spect., D31) spect., spect.  U-a(F10)
coincid. conv., coincid.
1> D By 2.4 hr.(A6) ~1.35(B30) abs. 0.85(B30) abs. Te>181 (77 hr.) 8~ decay(A6,
: H22,P12)
U-a(F10)
I>18 D B8~ 54 min.(A6) . Te>B! (43 min.) B8~ decay
(H22,A6,P12,P15)
Th-n(D6)
: U-a(F10)
s A ' 22 hr.(A6,W21) 1.1(P13) cl.ch. Teld B8~ decay-(H22, A6,
S21,W21)
U-a(F10)
1138 A 8- 6.6 hr.(S21,D27, Tes g decay(S21,W21)
w21)
I187 E 30 sec.(S35) U-n(S35,543)
I " E 1.8 min.(S35) U-n(S35)
54 Xe '0.094(N30)
Xei2s 0.088(N30) .
Xet27 B LT.(?),e~, 75 sec.(C41) 0.175,0.125(C41) I-p-n(B41,C41)
v(C41) spect. conv.
Xet2? B e~y(C41) 34 days(C41) 0.9(C41) abs. of e~ I-p-n(C41)
Xelzs 1.90(N30) .
Xe129 26.23(N30)
Xetso 4.07(N30)
Xest 21.17(N30)
Xels2 26.96(N30)
Xeld A LT..e" 7.0 days(R22); 0.2-0.3(B30,S47)  0.083(H25) spect. 1138 8- decay(S21,D27,W21)
(S27); 5.4 days abs. conv, Xe-d-p(C22) :
B~(S47) (C22) Te-a-n(C22)
@) Xe-n-y(R22)
Cs-n-p(W21)
Ba-n-a(W21,S47)
Xetn 10.54(N30)
Xens A B-v(B30) 9.4 hr.(S21,W21)  0.95(B30) abs.Al; 1135 8~ decay(S21,D27,W21)
0.9(S47) abs. Al Xe-d-p(C22)
Ba-n-a(W21,547)
Xel3s A B8-,v(B30)  15.6 min.(R22) 0.7(B30) abs. Al; 1185 8~ decay(G11)

0.6(S47) abs. Al

Xe-n-v(R22)
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54 Xelds 8.95(N30)
Xe13? D 68 min.(C22) Xe-d-p(C22)
Xe1s? D 8- 3.4 min.(R22) 4(B30) abs, Al 1137 B~ decay (S43)
Xe-n-v(R22)
Xelss D B~ 17 min.(G21) U-n(H28,H22,G9,G21,547)
Xels9 A 8 <0.5 min.(H28) U-n(H28,H22,H11)
Th-n(H29,A5)
Xeo D 8- <0.5 min.(H28) U-n(H28)
Th-n(H29)
55 Cs® 100(N30)
Cstt A B~(K26) 3 hr.(K26) 1(K26) abs. Cs-n-v(A1,M16,K26)
Cs-d-p(K26)
Cstat A B8-,v(K26) 1.7 yr.(K26) 0.9(K26) abs. Cs-n-v(A8,520,K26)
' Cs-d-p(K26)
Csi38 D 8- 33 min.(H28) 12.6(G21) abs. Xes8 B= decay(H28,H22,
G9,G21)
Pa-n(G7)
Ba-n-p(S47)
Cst39 A B8~ 7 min.(H28) Xe9 g8~ decay(H28,H22,
; H11)
Csl40 D 8- 40 sec.(H28) Xeuo 8- decay(H28)
56 Bawo 0.101(N36)
Bais2 0.097(N36)
Balss A LT.e "y 38.8 hr.(W28) 0.30(D9) spect.conv.; Ba-n-22(K26,W22)
(C30) 0.276(C30) spect. Cs-p-n(D9,W28)
conv. Cs-d-21(C30,W28)
Ba-d-p(W22)
Bals# 2.42(N36)
Ba3s 6.59(N36)
Balss 7.81(N36)
Ba¥? 11.32(N36)
Ba1ns 71.66(N36)
Bate A 8-y 86 min.(P8,H28)  1(K26) abs.; 2.3 0.6(K26) abs. Pb, Cu  Ba-d-p(P8,K26)
(B30) abs. Ba-n-y(Al,P2)
La-n-p(P8)
Cs13 8~ decay(H29,H22,
Hi1)
U-v(L2)
. Ce-n-a(W22)
Ba D 3 min.(A1,P2) Ba-n-?(A1,P2,K26)
Bal¢ A 8- ~300 hr.(H28, 1.2(B30) abs. Csl0 8- decay(?)(G21)
G21)
Ba>uo ' 6 min.(H48) U-n(H48)
Th-n(H15,H14)
U-v(L2)
Ba>ue D 8- 18 min.(H48) U-n(H48)
Th-n(H15,H14)
U-v(L2)
Ba>140 E 8- <1 min.(H14) U-n(H14)
57 Law¥7 B K,v(W23, 17.5 hr.(W23) 0.88(W23) abs. Pb. Ba-d-n(W23,M24)
M24) Ba-p-n(W23,W22)
Laws F 2.2 hr.(P2) La-n-2n(?)(P2)
Lat®® 100(A31)
Lauo 8-y 40.0 hr.(W23) 1.41(W23) abs. 2.00(W23,M24) abs. La-d-p(P8,W23,M24)
Al, spect. Pb; 2.04(M27) La-n-y(P9,M13,W23,M24,
spect. G14)
Ce-n-p(W23)
Ba-d-v(?)(W23)
Ba“0 g- decay(H48,H28,
H22,G21)
La>u0 8- 74 min.(H48) Ba>40 (6 min.) 8~ decay
(H48)
La>u0 8- 3.5 hr.(H48) Ba>140 (18 min.) 8~ decay

(H48)
Th-n(C16)
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57 La>140 E B <30 min.(H14,H15) Ba>14 (<1 min.) B~ decay
(H14,H15)
La>140 r ' 15 min.(HSS) U-n(HSS)
La>140 F B8~ 13 days(HSS) U-n(H55)?
58 Ceus <1(D41)
Ces8 <1(D41)
Cet39 r Bt 2.1 min.(P9) Ce-n-2n(?) (P9)
Celd0 89(A31)
Celdo¥ B I.T.y(P14) 140 days(P14) 0.21(P14) La-d-n(P14)
Ba-a-n(P14)
Cel4t A B8y 30 days(P14) 0.65(P14) 0.2(P14) Ce-d-p(P14)
Ce-n-y(P14)
Ce-n-2n(P14)
" Ba-a-n(P14)
Pr-n-p(P14)
Cetata43 C 15 days(R11) 0.12(R11) spect. Ce-n-y(R11)
Cel42 11(A31)
Cel#3 B B~ 36 hr.(P14) Ce-d-p(P14)
Ce-n-y(P14)
Ce D B 310 days(B30, U-n(Xe parent) (B30,H55)
H55) :
Ce D 8- <20 days(HSS5) U-n(Xe parent) (HS5)
Ce D I'n ~15 min.(G19) U-n(HS55,G19)
Ce D B ~4-5 hr.(H55) U-n(HS5)
Ce D B~ ~40 hr.(HSS) U-n(HS55) -
59 Pruo A Bg* 3.5 min.(P9) 2.40(D32) cl.ch. Pr-n-2n(P9,A1,W25,D32)
Prut 100(A31)
Pru2 By 19.3 hr.(D32) 2.14(D32) spect. 1.9(D32) abs. Pb Pr-n-v(P9,P2,M13,A1,W25,
D32)
Nd-n-p(P9,P2)
Pr-d-p(D32)
Ce-p-n(D32)
La-a-n(D32)
Priss B 8- 13.5 days(P14) 0.95(P14) Ce88 8~ decay(P14)
: U-n(H55)?
Pr B B~ 25 min.(G19) Ce (~15 min.) B~ decay
(G19)
Pr D 8- 17 min.(HSS) 3.1(B30,H55) abs. Ce (310 days) B~ decay
(HSS)
60 Ndut E Bt 2.5 hr.(K19) 0.78(K19) Nd-d-H3(?) (P9,K19)
Nd-#-22(P9,K19,1.25)
Pr-p-n(K19)
Nd-y-n(L25,K19)
Ndu2 25.95(M53)
Ndm 13.0(M53)
Ndmu 22.6(M53)
Ndus 9.2(M53)
Ndue 16.5(M53)
Ndu7.149 E B~ 47 hr.(W25,L25) 0.95(W25) abs. Nd-d-p(P9,L.25)
Nd-z-v(P9,L25,W25)
Nd-n-2x(?) (P9)
Ndus 6.8(M53)
Ndrse 5.95(M53)
Ndust E B~ 21 min.(P9) Nd-7-v(P9,M18)
61 61 r 8- 12.5 hr.(P9) Nd-d-»(P9)
61 E K or L.T., ~200 days(W25) 0.67(W25) abs. Pr-a-n(W25,K21)
v¥(W25) ) Nd-d-n(K20,K21)
61 E B~y 5.3 days(K20) 2(K20) Nd-p-7(K20)
Nd-d-»(K20,K21,L25)
. Nd-a-p(K21,L25)
61 E B~y 2.7 hr.(K20) 2(K20) Nd-p-n(K20,L25)
Nd-d-»(K20,L25)
Nd-a-p(L25)
61 E By 1.7(K20) Nd-d-»(K20)

16 days(K20)
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62 Smi# 3(A33)
Sm7 17(A33)
Sm48(W40) A 14(A33) «(H85,1L.74) 1.4 X10" yr.(H86); 2.0(H86) cl.ch. Natural source(1185,L74)
Smue 15(A33) 1.7 X 101 yr.(W40)
Sm!150 5(A33)
Sm!1s2 26(A33)
Sm1s¢ 20(A33) )
Sm D B8~ 21 min.(P9) 1.8(K19) Sm-#n-y(P9,A1,M13,H17,
(L25)
Sm-n-22(?) (P9,K19)
Sm-y-n(L25)
. Sm-d-p(L25,K19)
Nd-a-7(K19)
Sm D LT.(W25) 46 hr.(P9) ~0.6(M31) abs.of e~ Sm-n-y(P9,H20,R11,H17,
W25,L25)
Sm-n-2n(?) (P9,K19)
Sm-d-p(L25,K19)
Sm-y-7(L25)
Nd-a-7(K19)
Sm E 60 days(K19) Sm-d-p(K19,1.25)
Sm-n-v(K19).
Nd-a-n(K19)
63 Eulb E Bt 27 hr.(P9) Eu-#-2n(?)(P9,R11)
Eu!st 49.1(L60)
Eu!s? B B877,e~(T6); 9.2 hr.(P9) 1.88(87)(T6) 0.123, 0.163, 0.725 Eu-n-v(P9,M13,H17,H20,
K()(R2) spect. (T6) spect.conv. F11)
Eu-n-22(?) (P9)
Eu-d-p(F7,F11)
Eus . 50.9(L60)
Euls B B-v(R11,  5-8 yr.(F11) 0.9(R11) spect. Eu-n-v(S20,R11,F7,F11)
F7) Sm-d-27(?) (K20)
. Eu-d-p(F11)
Eu E 40 days(K20) Sm-d-n(K20)
64 Gd2 0.2(W41)
Gd1s¢ 2.86(W41)
Gdss 15.61(W41)
Gd1se 20.59(W41)
Gdrs7 16.42(W41)
Gd1ss 23.45(W41)
Gd1se.161 E 8 hr.(A1,H17) Gd-n-v(A1,H20,H17)
Gd1eo ) 20.87(W41) .
Gd F B ,y(F11) 155-170 days Eu-d-n(F11)
(F11) .
65 Tbse 100(A33)
Tbiso 8- 3.9 hr.(H16,M13) Tb-n-y(H17,P9,M13,H20)
Thie A B,v(B33) 72 days(B33) 0.70(B33) abs. Al Th-n-v(B33)
66 Dylss 0.1(D42)
Dy160 1.5(D42)
Dytet 22(A31)
Dy162 24(A31)
Dy163 24(A31)
Dy164 28(A31)
Dyiss A By 2.5 hr.(H17,P9, 1.20(C31) abs., 1.1(C31) abs., coincid. Dy-n-y(H17,H20,P9,M13,
M13) coincid.; 1.18 Ma31)
(D33) spect.;
1.40(E11) cl.ch.
Dy(?) F B* 2.2 min.(P9) Dy-n-2(P9)
67 Ho4 F 8- 47 min.(P9) Ho-n-2n(?) (P9)
Ho16s 100(A33) .
Hotés B B8~ 35 hr.(H17) 1.6(H20) abs.; 1.9 Ho-n-y(H17,H20,P9,M31)
(M31) abs.
68 Erte2 0.1(W42)
Erie4 1.5(W42)
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68 Erlss F B8t 1.1 min.(P9) Er-n-2n(?) (P9)

Erle6 32.9(W42)

Er1é7 24.4(W422

Er168 26.9(W42) )

Er169,171 C 7 min.(M13)- Er-n-y(M13,M18)

Erteoan c 8- 12 hr.(H17,P9) Er-n-y(H17,H20,P9,R24)

Er170 14.2(W42)

69 Tmi? 100(A33)
Tmi70 A 105 days(H20) Tm-n-v(H20,N7)
70 Ybiss 0.06(W43) ’
Ybi7o 4.21(W43)
Ybi1 14.26(W43)
Ybi72 21.49(W43)
Ybi7s 17.02(W43)
Yb74 29,58(W43)
Yb175.177 C 3.5 hr.(H17,M13) Yb-n-v(H20,H17,M13,P9)
Ybire 13.38(W43)
Yb(?) G 41 hr.(P9) Yb-1-v(?) (P9)
71 Lut 97.5(M54)

Lut76(HS0, A 2.5(M54) 8-(HS80, 7.3 X101 yr.(L70) 0.215(L.70) abs.  0.260(F16) Natural source(H80)

M54) L70), Al, spect.; 0.40
v(F16) (F16)
Lul76.177 C B~ 3.4 hr.(F16) 1.150(F16) abs. Lu-n-y(H20,H17,M13,M18,
F16) ’

Lul76,177° C 8- 6.6 days(F16) 0.440(F16) abs. Lu-n-y(H17,H20,F6,F16)
72 Hfin 0.18(MS55)

Hf17e 5.30(MS5S5)

Hf177 18.47(M55)

Hf178 27.13(M55)

Hf179 13.85(MS55) .

Hf180 35.14(MS55)

Hf18 A B8 55 days(H19) Hf-n-y(H19)

73 Tals0 A 14-21 min.(B11, Ta-y-n(B11)
01) (Ta-n-2n)(?)(01)

Talso A K,e=,v(01); 8.2 hr.(O1) <0.5(¢)(?)(01) Ta-n-2n(01,P2)

B~ abs.

Tald! 100(D40)

Talsz A 8-y 97 days(O1) 1.0(H37) abs.; 1.6(Z2) Ta-n-v(01,F6,H37)
0.98, 0.32, 0.050 ' Ta-d-$(01,22)

(22)
74 Wise ~0.2(D43)

Wisz 22.6(A31)

Wwiss 17.3(A31)

Wiss 30.1(A31)

Wwiss B B~ y(M36) 77 days(M36) 0.55-0.65(F12) W-n-v(M36,F12)
abs. Al; 0.64~ W-n-212(M36,F12)
0.72(F12) cl.ch. W-d-p(F12)

Re-d-a(F12)

Wiss 29.8(A31)

Wisz B B-,vy(M36) 24.1 hr.(F12) 1.4(F12) abs. A1, 0.87(F12) abs. Pb; W-n-v(M14,A1,M36,F12)
cl.ch., (C31) 0.90(C31) coincid.  W-d-p(F12)
abs., coincid. abs., coincid.; 0.94

(M30) spect.;0.135,

0.101, 0.086(V6)

spect.conv,
Re E B+(C42) 30-55 min.(C32, W-p-2(D9,C32)

DY)
Re E 13 min.(C42) W-p-n(C42)
Re1st B K@),y 52 days(F12) 0.85(F12) W-p-2(D9,C42,F12,C32)
W-d-n(F12) '

Re-n-2n(F12)
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75 Rel8s 38.2(A31)
Re!ss B 8- 90 hr.(S16) 1.05(Y4) cl.ch. No'v(C42) Re-n-v(S16,K7,Y4,F12)
Re-n-2n(S16,Y4,F12)
W-p-n(D9,C32)
Re-d-p(F12)
W-d-2n(F12)
Rel8? 61.8(A31) .
Relss B B~y 18 hr.(P2) 2.5(S16) cl.ch. 0.8(M34) spect. Re-n-y(P2,K7,516,Y4,F12)
(K.U.) Re-d-p(F12)
76 Os's4 0.018(N37)
Ost8s 1.59(N37)
Os187 1.64(N37)
Ost88 13.3(N37)
Ost8? 16.1(N37)
Ogt90 26.4(N37)
Ostot B B~v(S36) 32 hr.(S36) 1.5(S36) abs. Al Os-n-v(K7,536,Z3)
Os-n-2n(?)(S36)
Ost92 41.0(N37)
Ost98 B B~,v(S36) 17 days(S36) 0.35(S36) abs. Al Os-n-v(S36,Z3)
{
77 Irn 38.5(S63)
Ir1sz.104 (o) ' 1.5 min.(M15) Ir-n-y(M15)
Ir1o2.104 C 8-,v(M34, 19 hr.(M15,A1) 2.2(A2) spect.; 1.35(M34) spect. Ir-n-v(M15,A1,P2,J4)
wW29) 2.18(W29) Au-d-a,p(?)(C18)
spect.; 2,11
(W29) abs. Al
Tr192,194 C B~y 60 days(M15,F6) 0.63(M34) spect.; Ir-n-yv(M15,F6,]4)
0.307, 0.467, 0.603
. (D34) spect.
Irss 61.5(S63)
78 Pt1o2 0.8(S03)
Pt1os 30.2(S63)
Pt19s 35.3(S63)
Pt1os 26.6(S63)
Ptrock D - I.T..e (?) 80 min.(S37) Hg-n-a(S37)
(S37) Pt-d-p(S37)
Pt1o7 B8 18 hr.(M15) 0.65(S37) abs.; Pt-n-v(M15,S37) -
. 0.72(K27) abs. Pt-d-p(C19,S37,K27)
Pt-n-21(S37)
Hg-n-a(S37)
Pt1o7 B B-v(K27) 3.3 days(Mi5) Pt-n-y(M15,P2)
Pt-d-p(K27)
Pties 7.2(S63)
P19 A 8- 31 min.(M15) 1.8(S37,K27) abs. Pt-n-y(M15,A1,M14,S37)
' Pt-d-p(C19,K27,S37)
Hg-n-a(S37)
79 Aules B I’ 13 hr.(M15) Au-n-2n(M15)
Auts B B v.e” 4-5 days(M15); 0.36(C43) 0.41(C43) Au-n-2n(M15)
(K27) 5.6 days(L29, Pt-d-n(K27)
. K27)
Aute? 100(D44)
Aus A B8~y 2.7 days(M15,A1) 0.8(M15,R2) abs. 0.28,0.44,2.5(R2,S17) Au-n-y(M15,A1,P2,D33)
and cl.ch.; 0.78 cl.ch. recoil, (C31) Au-d-p(C18,K28)
(C31) abs., co- coincid. Hg-n-p(S37)
incid.
Aut®? A B-,v(K27) 3.3 days(M15) 1.01(K27) abs. 0.45(K27) abs. Pt19® g~ decay(M15,K27)
Hg-n-p(S37)
Pt-d-n(K27)
Ay200.202 D B8~ 48 min.(S37,M32) 2.5(S37) abs. Hg-n-p(S37,M32)
Tln-a(M32)
80 Hge 0.15(N30)
Hg1o7 A K,y,e~ 23 hr.(F13) ~0.20(F13) abs. of Au-d-2n(F13,W26,K28)
(F13) e~; 0.161, 0.130 Hg-n-2n(F13,W26)

(H38) spect.conv.;
0.125, 0.157(V8)
spect.conv.

Hg-n-v(F13,W26,M15,A9)
Pt-a-n(S37)
Hg-d-p(K29)
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Hgto7 A K,v,e” 64 hr.(F13) ~0.09(F13) abs.of e™; Au-d-2n(F13,W26)
(F13) 0.075(H38) spect. Hg-n-2n(F13,W26)

conv, Hg-n-v(F13,W26)

Hg19s 10.1(N30)

Hgo? 17.0(N30)

Hg199k,200%,204% I.T..e, 43 min.(H10,M15) ~0.53(F13) abs. of e~ Hg-n-22(M15,H10,P2)

: y(F13) Hg-n-n(?) (F13,W26)
Hg-d-p(K29)
Pt-a-n(?)(S37)

Hg200 23.3(N30)

Hg20t 13.2(N30)

Hg202 29.6(N30)

H 203,208 C . B~ v(F13) 51.5 days(F13) 0.46(F13) abs. Al 0.30(F13) abs. Pb Hg-n-v(F13,W26,S37)

. Hg-d-p(K29)
Tl-n-p(M32)

Hg2o4 6.7(N30)

Hg20s A B8 5.5 min.(K29, 1.62(K29) abs. Al Hg-d-p(K29)

Ma32) ’ Hg-n-v(F13,W26)
Tl-n-p(M32)
Pb-n-(M32)

Tl D K(t),e™; 10.5 hr.(K29) 1.0(X29) abs. Pb Hg-d-2n(K29)
v(K29)

Tl D K(),e” 44 hr.(K29) Hg-d-2n(K29)
(K29)

Tl200 r 4 min.(K3) . Au-a-n(?)(K3)

Tl200 F 3.8 hr.(K3) . Au-a-n(?)(K3)

TI202 B K®),y.e” 11.8 days(F14); 0.40(M32) Hg-d-2n(K29)

(K29, 13 days(M32) . Tl-n-2n(F14,M32)
M32)

Ti203 29.1(N36)

Tlem B B 4.23 min.(F17) 1.6(F17) abs.; No y(F17) Tl-n-y(P10,P2,H10)
1.77(X29) Tl-d-p(F17,K29)
abs. Al Tl-n-2n(F17,P2,H10)

TI205 70.9(N36)

Tl208 B B~ 3.5 yr.(F14) 0.87(F14) cl.ch. No v(F14) Tl-n-v(F17,F14)

Tl-d-p(F17,F14)

AcC'"207 A B8-,7(C60)  4.76 min.(C60, 1.47(S71) abs. Al AcC21 o decay

S70) Pb-n-p(B16)

Th(C’’208 A B7,7(C60) 3.1 min.(C60) 1.82(S72) abs. 2.62(R40) ThC22 o decay
paper

RaC’210 A I'n 1.32 min.(C60) 1.80(L71) cl.ch. RaC? « decay

Ph2os B Bt 10.25 min.(K29) 1.66(K29) abs. Al Tl-d-2n(K29)

Pb203 B L.T(F) or 52 hr.(F17,F14) * ~0.45(F17,F14,K29) Tl-d-2n(F14,K29,F17)
K(®),e~ abs. of e-, (F14,M32, Pb-n-22(M32)
y(F14, 1.33) abs. Pb, (L33)

K29,L33, spect., (M32) spect.

M32) conv.,0.27(L33,
M32) spect. conv.,
abs.Pb

Pb20+ 1.5(N38)

Pb20##,208 C LT.(?),y.e- 68 min.(M32); 65 1.1(F14) abs. of e, Pb-n-v or
(F14, min,(F14) abs. Pb; 0.90(M32)  Pb-n-#(D10,M32)
M32) Tl-d-n(F14)

Pb20s 23.6(N38)

Ph207 22.6(N38)

Pb208 52.3(N38)

Phb209 A B~ 3.0 hr.(TS5) 0.70(K29,F14) Pb-d-p(T5,K29,F14,F15)

abs.; 0.750 Pb-n-y(M32)
(M32) Bi-n-p(M32)
RaD210 A B-v(R40) 22 yr.(C60) 0.0255(L72) spect. ~ 0.047(R40) RaC'’210 8- decay
RaC”2!t o decay

AcB21 A B~,v(S71) 36.1 min.(S70) 0.5, 1.40(S71) abs. 0.8(S71) abs. AcA25 ¢ decay
Al

ThB212 A B~,v(R40) 10.6 hr.(C60) 0.36(S72) spect. ThA?6 o decay

RaB2u A 8-,v(R40)  26.8 min.(C60) 0.65(S72) spect. RaA28 ¢ decay

Pb* D LT..e” 1.6 min.(W27) ~0.3(W27) abs. of e~ Pb-x-rays(W27)
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83 Bj27 A K, 6.4 days(K29) 0.74(K29) abs.of e=;  Pb-d-n(F15,F14,K29)
~(L33) 0.93(F14) abs.of e~;
1.1(F14) abs. Pb
Bj209 100(N36)
RaE10 A I’ 5.0 days(C60) 1.17(F30,N40, RaD2!0 8~ decay
L76) spect. Bi-d-p(L13,C26,H27)
Bi-n-v(M29)
AcCat A «(99.68%)  2.16 min.(C60) 6.619(cr) (H81) AcB21 8- decay
(C60),y spect.
(R40) ;8-
(0.32%)
(C60),y
(Co60)
ThC22 A «(33.7%) 60.5 min.(C60) 6.054(a) (B70, ThB22 8~ decay
(K50),y HB81) spect.;2.20
(R40);8~ (87)(S72) spect.
(66.3%)
(Ks50),y
(C60)
RaCzn A «(0.04%) 19.7 min.(C60) 5.502(a)(L73) 1.8(R40) RaB24 8- decay
(C60);8~ h spect.; 3.15(87)
(99.96%) (S72) abs. Al,
(Co0), spect.
v(R40)
84 Po20 A a,v(R40) 140 days(C60) 5.298(HS81) spect. RaE20 8- decay(L.13,C26,
H27)
Bi-d-n(V4,C26,H27)
AcC’2u A a 5X1073sec.(C60)  7.434(L73) spect. AcC21 8~ decay
85211 K decay(C46,C23)
ThC’212 A « 3 X1077 sec.(D50) 8.776(B70,H81) ThC22 8~ decay
spect.
RaC’214 A a 1.5 X10 ¢ sec. 7.680(B70,H81) RaC214 8- decay
(D50,R41,W50) spect.
AcA2s A a 1.83 X103 sec. 7.365(L73) spect. An?!® « decay
(W50)
ThA2s A a(~100%); 1.58X1071sec. 6.774(a) (B70, Tn220 o-decay
B-(0.014%) (W50) H81) spect.
(K33)
RaA28 A @(99.96%); 3.05 min.(C60) 5.998(a)(B70,H81) Rn?2 a decay
B8-(0.04%) spect.
(K51)
85 8521 A a(60%) 7.5 hr.(C46,C23) 5.94(a) (C46) abs. Bi-o-22(C46,C23)
(C46);
K (40%)
(C46)
85216 1 a(K33) Short ( <54 sec.) 7.64(K33) ion.ch. ThA26 8- decay(K33)
(K33)
85218 r a(K51) Several sec.(?) 6.63(K51) ion.ch. RaA?28 8~ decay(K51)
(K51)
86 An2? A a 3.92 sec.(C60) 6.824(H81,L73) AcX?8 o decay
spect.
Tn220 A a 54.5 sec.(C60) 6.282(B70,H81) ThX2% o decay
spect.
Rn222 A a 3.825 days(C60) 5.486(B70,H81) Ra?? «a decay
spect.
87 8722 (AcK) E B8-,v(P41, 21 min.(P40,P43) 1.20(P42,P41) cl.  >3(P41) cl.ch. pair Ac? a decay (P40)
P43) ch.

88 AcXa A a,v(R40) 11.2 days(C60) 6.717(L73) spect. RdAc?" a decay
ThX224 A a 3.64 days(L71) 5.681(B70) spect. RdTh228 o decay
Ra226 A a,v(C60) . 1590 yr.(C60) 4.791(L73) spect.  0.19(R40) I0%0 & decay
MsTh;228 A 8- 6.7 yr.(C60) 0.053(L72) spect., Th22 « decay
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